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t-QUARK MASS

We first list the direct measurements of the top quark mass which employ
the event kinematics and then list the measurements which extract a top
quark mass from the measured tt cross-section using theory calculations.
A discussion of the definition of the top quark mass in these measurements
can be found in the review “The Top Quark.”

For earlier search limits see PDG 96, Physical Review D54 1 (1996). We
no longer include a compilation of indirect top mass determinations from
Standard Model Electroweak fits in the Listings (our last compilation can
be found in the Listings of the 2007 partial update). For a discussion of
current results see the reviews " The Top Quark” and " Electroweak Model
and Constraints on New Physics.”

t-Quark Mass (Direct Measurements)
The following measurements extract a t-quark mass from the kinematics of tt events.
They are sensitive to the top quark mass used in the MC generator that is usually
interpreted as the pole mass, but the theoretical uncertainty in this interpretation is
hard to quantify. See the review “The Top Quark” and references therein for more
information.

OUR AVERAGE of 172.76 + 0.30 GeV is an average of top mass measurements from
LHC and Tevatron Runs. The latest Tevatron average, 174.30 £+ 0.35 + 0.54 GeV,
was provided by the Tevatron Electroweak Working Group (TEVEWWG).

VALUE (GeV) DOCUMENT ID TECN COMMENT

172.76+ 0.30 OUR AVERAGE Error includes scale factor of 1.2.

172.6 + 25 1 SIRUNYAN 20AR CMS  jet mass from boosted top
172.69+ 0.254+ 0.41 2 AABOUD 19AC ATLS 7, 8 TeV ATLAS combination

172.26+ 0.07+ 0.61 3 SIRUNYAN 19AP CMS  leptonjets, all-jets channels

17233+ 0.4 085 4SIRUNYAN  19AR CMS dilepton channel (es, 2e, 211)

172.95+ 0.77t 885 5 SIRUNYAN 17 CMS  t-channel single top production

172.44+ 0.134+ 0.47 6 KHACHATRY..16AK CMS 7, 8 TeV CMS combination
174.30+ 0.354+ 0.54 T TEVEWWG 16 TEVA Tevatron combination
e o o We do not use the following data for averages, fits, limits, etc. e o o

172.08+ 0.39+ 0.82 8 AABOUD 19AC ATLS ¢ + > 4j (2b)
172.34+ 020+ 070  9SIRUNYAN  10AP CMS > 6 jets ( > 2b)
172.25+ 0.08+ 0.62 10SIRUNYAN  18DECMS ¢ + > 4j (2b)

173.72+ 055+ 1.01 11 AABOUD 17AHATLS > 5 jets (2b)

174.95+ 0.40+ 0.64 12 ABazZOV 178 DO £ + jets and dilepton channels

170.8 + 9.0 I3SIRUNYAN 17N CMS  jet mass in highly-boosted tT
events

17222+ 0.18°7 08 4 SIRUNYAN 170 CMS  Dilepton channel
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172.994+ 0.41+
172.84+ 0.34+
173.32+ 1.36+
173.93+ 1.61+
172.35+ 0.16+
172.324+ 0.25+
172.82+ 0.19+

173.68+ 0.20 "

173.5

175.1

+ 3.0 +

+ 14 £

172.99+ 0.48+

171.5

+ 19 +

175.07+ 1.197

174.98+ 0.58+
173.494+ 0.69+
173.93+ 1.64+

173.9
174.5

+ 09 T
+ 06 +

172.85+ 0.71+

172.7

+ 93 £

173.18+ 0.56+

172.5
173.7
173.9
172.5

+ 14 £
+ 28 £
+ 19 +
+ 04 +

173.49+ 0.43+

172.4
172.3
172.1
176.9

174.94+

174.0
175.5
173.0

169.3
170.7

174.8

180.5
172.7
171.1
171.9
171.2

165.5
174.7
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2.3
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1.6
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0.98
1.3
1.0
0.9
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1.24
2.4
4.6
0.9

3.2
2.6

1.2
1.0

3.6
1.2
2.1
1.1
2.9

3.1
2.0

15 AABOUD
16 AABOUD
17 ABAZOV
18 ABAZOV

19,20 KHACHATRY..
19,20 KHACHATRY.
19,21 KHACHATRY..

22 KHACHATRY..
23 KHACHATRY.

24 AAD
25 AAD
26 AALTONEN

27T AALTONEN
28 ABAZOV

16T ATLS
16T ATLS
16 DO
16D DO

16AK CMS
.16AK CMS
16AK CMS

16AL CMS
.16cB CMS

15AWATLS
15BF ATLS
15D CDF

14N CDF
14c DO

29 CHATRCHYAN 14C CMS

30 AALTONEN

134 CDF

31 CHATRCHYAN13s CMS

32 AAD

33 AALTONEN
34 AALTONEN
35 AALTONEN
36 AALTONEN
37 ABAZOV
38 ABAZOV

121 ATLS
12a1 CDF
12aL CDF
12AP TEVA
126 CDF
12AB DO
12AB DO

39 CHATRCHYAN 12BA CMS
40 CHATRCHYAN 128BP CMS

41 AALTONEN  11AC CDF
42 AALTONEN  11AK CDF
43 AALTONEN 11E CDF
44 AALTONEN 11T CDF
45 ABAZOV 11P DO

46 ABAZOV 11R DO

47 CHATRCHYAN11F CMS
48 AALTONEN  10AE CDF
49 AALTONEN 10c CDF
50 AALTONEN 10D CDF
51 AALTONEN 10 CDF
52 AALTONEN  09AK CDF
53 AALTONEN 09) CDF
54 AALTONEN 09k CDF
55 AALTONEN 09L CDF
56 AALTONEN 090 CDF
57 AALTONEN 09X CDF
58 ABAZOV 09AH DO

Page 2

dilepton channel

combination of ATLAS

2L+ Ep + >2j (> 2b)

L+ Ep + 2> 2j (> 2b)

¢4+ > 4j (2b)

> 6 jets (2b)

(ee/up)+Ep+ > 2beu+ > 2b

semi- + di-leptonic channels

t— (W — tv)(b—
J/pX = ptpT X)
small Zp, > 6 jets (2b-tag)
¢ + jets and dilepton

0+ BEp + > 2

small Zp, 6-8 jets ( > 1b-tag)

L+ Ep + 4 jets (> 1 b-tag)
> 6 jets ( > 2 b-tag)
Ep 4+ >4jets(>1Db)

B+ >4 jets (> 1 b), MT

{+Ep+ > 4j (0,1,2b) template

Th + B +4j (> 1b)

CDF, DO combination

6-8 jets with > 1 b

0+ Er +>2j((VWT)

UA-Ep+ > 2) (VWTH+MWT)

UAEp+ > 2j (> 1b), AMWT

(+B 7+ > 4 (> 2b)

L+ Ep + 4 jets ( > 1 b-tag)

Repl. by AALTONEN 13H

¢ + jets and dilepton

L+ B + 4 jets ( > 1 b-tag),
p1(£) shape

L+ Ep + 4 jets (> 1 b-tag)

dilepton + 7 + > 2 jets

dilepton + K + jets

L+ Er + 4 jets ( > 1 b-tag),
ME method
dilepton + b-tag (MT2+NWA)

L+ Ep + 4 jets (b-tag)

> 6 jets, vtx b-tag

£+ E7 + jets (soft u b-tag)
L+ Ep + 4 jets (b-tag)

6 jets, vtx b-tag

{ + jets, L4 + jets

dilepton

2L + Ep (v ¢ weighting)
dilepton + b-tag (VWT+MWT)
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1707 T ‘313 + 35 9900 AALTONEN  08c CDF dilepton, o, constrained
1715 + 1.8 + 1.1 61 ABAZOV 08AHDO £+ B + 4 jets

177.1 + 4.9 + 47 6263 AALTONEN 07 CDF 6 jets with > 1 b vix
1723 7108 1108 G4 AALTONEN 078 CDF > 4 jets (b-tag)

1740 £ 22 + 48  O5AALTONEN 070 CDF > 6 jets, vtx b-tag
170.8 + 2.2 + 1.4 66,67 AALTONEN 071 CDF lepton + jets (b-tag)
173.7 + 4.4 T 21 63,68 ABazOV 07F DO lepton + jets

176.2 + 9.2 + 3.9 99 ABAzOV 07w DO dilepton (MWT)

1795 + 7.4 + 56 99 ABAZOV 07w DO dilepton (VWT)

1645 + 3.9 + 3.9 67,70 ABULENCIA 070 CDF dilepton

1807 T132 + 86  TLABULENCIA 07J CDF lepton + jets

1703 © 41 T 12 6772 Agazov 06U DO lepton + jets (b-tag)
1732 T 28 & 32 7374 ABULENCIA 06D CDF lepton + jets

1735 T gg + 1.3 60,73 ABULENCIA 06D CDF lepton + jets

1652 &+ 6.1 + 3.4 67,75 ABULENCIA 06G CDF dilepton

170.1 + 6.0 + 4.1 60,76 ABULENCIA 06v CDF dilepton

178.5 +£13.7 + 7.7 77,78 ABAZOV 05 DO 6 or more jets

180.1 + 3.6 + 3.9 7980 ABazOV 04G DO lepton -+ jets

176.1 + 5.1 + 53 8l AFFOLDER 01 CDF lepton + jets

176.1 + 6.6 82 AFFOLDER 01 CDF dilepton, lepton+jets, all-jets
172.1 4+ 52 + 4.9 83 ABBOTT 996 DO di-lepton, lepton-tjets
176.0 + 6.5 84,85 ABE 998 CDF dilepton, lepton-tijets, all-jets
167.4 +10.3 + 4.8 8586 ABE 998 CDF dilepton

168.4 +12.3 + 36 80 ABBOTT 98D DO dilepton

1733 + 56 + 55 80,87 ABBOTT 98F DO lepton + jets

1759 + 4.8 + 53 86,88 ABE 98E CDF  lepton + jets

161 +17 +10 86 ABE 98F CDF dilepton

172.1 &+ 52 + 4.9 89 BHAT 98B RVUE dilepton and lepton+jets
173.8 + 5.0 90 BHAT 988 RVUE dilepton, lepton-tjets, all-jets
1733 + 5.6 + 6.2 80 ABACHI 97E DO lepton + jets

186 +10 + 57 8691 ABE 97R CDF 6 or more jets

199 i’%? +22 ABACHI 95 DO lepton + jets

176 4+ 8 +£10 ABE 95F CDF  lepton + b-jet

174 +10 13 ABE 94 CDF  lepton + b-jet

LSIRUNYAN 20AR based on 35.9 fb~1 of pp data at /s = 13 TeV. The products of the
hadronic decay of a top quark with p > 400 GeV, in the £ + jets channel of tt are
reconstructed as a single jet. The top quark mass is determined from the normalized
differential cross section measurement in the Miet distribution.

2 AABOUD 19AC is an ATLAS combination of 7 and 8 TeV top-quark mass determination
in the dilepton, lepton + jets, and all jets channels.

3SIRUNYAN 19AP based on 35.9 fb—1 of pp data at /s = 13 TeV. A combined mea-
surement using the lepton+jets and all-jets channels through a single likelihood function.
See SIRUNYAN 18DE and SIRUNYAN 19AP below.

4 SIRUNYAN 19AR based on 35.9 fb—1 of pp data at /s = 13 TeV. Obtained from a
simultaneous fit of the cross section and the top quark mass in the POWHEG simulation.
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The cross section is used also to extract the MS mass and the strong coupling constant
for different PDF sets.
5SIRUNYAN 17L based on 19.7 fb— 1 of pp data at /s = 8 TeV. m; is reconstructed from

a fit to the invariant mass distribution of puv b, where pmiss and W mass constraint

are used to reconstruct ¥ momentum. The number of events for various contributions,
except for the t-channel single top one, are fixed to the values extracted from simulation.

6 KHACHATRYAN 16AK based on 19.7 fb—1 of pp data at /5 = 8 TeV. Combination of
the three top mass measurements in KHACHATRYAN 16AK and with the CMS results
at /s = 7 TeV.

" TEVEWWG 16 is the latest Tevatron average (July 2016) provided by the Tevatron

Electroweak Working Group. It takes correlated uncertainties into account and has a X2

of 10.8 for 11 degrees of freedom.

8 AABOUD 19AC based on 20.2 fb—1 in pp collisions at /s = 8 TeV. Uses optimized
event selection to suppress less-well-reconstructed events and template fits to determine
1r:'nt together with a global jet energy scale factor and a relative b-to-light-jet energy scale

actor.

9 SIRUNYAN 19AP based on 35.9 fb—1 of pp data at /s = 13 TeV. A kinematical fit is ap-
plied to each event assuming the signal event topology. m; is determined simultaneously
with a jet energy scale factor (JSF). The second error represents stat.+JSF. Modeling
uncertainties are larger than in the measurements at /s = 7 and 8 TeV because of the
use of new alternative color reconnection models.

10 SIRUNYAN 18DE based on 35.9 fb—1 of pp data at \/s = 13 TeV. m; is determined
simultaneously with an overall jet energy scale factor constrained by the mass of the
hadronically decayed W. Compared to the Run 1 analysis a more advanced treatment of
modeling uncertainties are employed, in particular concerning color-reconnection models.

11 AABOUD 17AH based on 20.2 fb—1 of pp data at /s = 8 TeV. Uses template fits to
the ratio of the masses of three-jets (from t candidate) and dijets (from W candidate),
to suppress jet energy scale uncertainty. Large QCD background is modelled using a
data-driven method.

ABAZOV 17B is a combination of measurements of the top quark mass by DO in the
lepton+jets and dilepton channels, using all data collected in Run | (1992-1996) at /s
= 1.8 TeV and Run Il (2001-2011) at /s = 1.96 TeV of the Tevatron, corresponding

to integrated luminosities of 0.1 fb~1 and 9.7 fb— 1, respectively.

13SIRUNYAN 17N based on 19.7 fb—1 of pp data at /s = 8 TeV. The fully hadronic
decay of a highly-boosted t is reconstructed in the ¢+jets channel and unfolded at the
particle level. The sensitivity of the peak position of the Miey distribution is used to test

quality of the modelling by the simulation.

14 SIRUNYAN 170 based on 19.7 fb—1 of pp data at /s = 8 TeV. Analysis is based on
the kinematical observables M(b¢), Mo and M(b{v). A fit is performed to determine
my; and an overall jet energy scale factor simultaneously.

15 AABOUD 16T based on 20.2 fb—1 of pp data at /s = 8 TeV. The analysis is refined
using the p1 and invariant mass distributions of £+b-jet system. A combination with
measurements from /s = 7 TeV data in the dilepton and lepton+jets channels gives
172.84 £ 0.34 4+ 0.61 GeV.

16 AABOUD 16T is an ATLAS combination of 8 TeV top-quark mass in the dilepton channel
with previous measurements from /s = 7 TeV data in the dilepton and lepton + jets
channels.

17 ABAZOV 16 based on 9.7 fb—1 of data in pp collisions at /s = 1.96 TeV. Employs im-
proved fit to minimize statistical errors and improved jet energy calibration, using lepton
+ jets mode, which reduces error of jet energy scale. Based on previous determination in
ABAZOQV 12AB with increased integrated luminosity and improved fit and calibrations.

18 ABAZOV 16D based on 9.7 fb—1 of data in pp collisions at /s = 1.96 TeV, using
the matrix element technique. Based on previous determination in ABAZOV 11R with

increased integrated luminosity. There is a strong correlation with the determination in
ABAZOV 16. (See ABAZOV 178B.)
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19 KHACHATRYAN 16AK based on 19.7 fb—1 of pp data at /s = 8 TeV. Combination of
the three top mass measurements in KHACHATRYAN 16AK and with the CMS results
at /s = 7 TeV gives 172.44 + 0.13 + 0.47 GeV.

20 The top mass and jet energy scale factor are determined by a fit.

21 yses the analytical matrix weighting technique method.

22 KHACHATRYAN 16AL based on 19.7 fb—1 in pp collisions at /s = 8 TeV. Determined
from the invariant mass distribution of leptons and reconstructed secondary vertices from
b decays using only charged particles. The uncertainty is dominated by modeling of b
fragmentation and top pT distribution.

23 KHACHATRYAN 16CB based on 666 candidate reconstructed events corresponding to
19.7 b1 of pp data at /s = 8 TeV. The measurement exploits correlation of m; with
M(J/4£) in the same top quark decay, using a high-purity event sample. A study on
modeling of b-quark fragmentation is given in Sec.3.3.

24 AAD 15AW based on 4.6 fb—1 of pp data at /s = 7 TeV. Uses template fits to the ratio
of the masses of three-jets (from t candidate) and dijets (from W candidate). Large
background from multijet production is modeled with data-driven methods.

25 AAD 158F based on 4.6 fb~—1 in pp collisions at /s = 7 TeV. Using a three-dimensional
template likelihood technique the lepton plus jets ( > 1b-tagged) channel gives 172.33 £+
0.75 & 1.02 GeV, while exploiting a one dimensional template method using my the
dilepton channel (1 or 2b-tags) gives 173.79+0.54 +1.30 GeV. The results are combined.

26 AALTONEN 15D based on 9.1 fb~1 of pp data at /s = 1.96 TeV. Uses a template
technique to fit a distribution of a variable defined by a linear combination of variables
sensitive and insensitive to jet energy scale to optimize reduction of systematic errors.
b-tagged and non-b-tagged events are separately analyzed and combined.

27 Based on 9.3 fb~1 of pp data at /s = 1.96 TeV. Multivariate algorithm is used to
discriminate signal from backgrounds, and templates are used to measure my.

28 Based on 9.7 fb~1 of pp data at /s = 1.96 TeV. A matrix element method is used
to calculate the probability of an event to be signal or background, and the overall jet
energy scale is constrained in situ by m;,. See ABAZOV 156 for further details.

29 Based on 3.54 fb~1 of pp data at /s = 7 TeV. The mass is reconstructed for each
event employing a kinematic fit of the jets to a ttbar hypothesis. The combination

with the pervious CMS measurements in the dilepton and the lepton+jets channels gives
173.54 £ 0.33 4+ 0.96 GeV.

30 Based on 8.7 fb— 1 in pPp collisions at /s = 1.96 TeV. Events with an identified charged
lepton or small [/ are rejected from the event sample, so that the measurement is
statistically independent from those in the ¢ + jets and all hadronic channels while being
sensitive to those events with a 7 lepton in the final state.

31 Based on 5.0 fb~1 of pp data at /s =7 TeV. CHATRCHYAN 13s studied events with
di-lepton + K + > 2 b-jets, and looked for kinematical endpoints of MT2, MT2p,
and subsystem variables.

32 AAD 121 based on 1.04 fb—1 of pp data at /s = 7 TeV. Uses 2d-template analysis
(MT) with m; and jet energy scale factor (JSF) from m,, mass fit.

33 Based on 8.7 fb—1 of data in pp collisions at 1.96 TeV. The JES is calibrated by using
the dijet mass from the W boson decay.

34 Use the ME method based on 2.2 fb~1 of data in pp collisions at 1.96 TeV.

35 Combination based on up to 5.8 fb—L of data in pp collisions at 1.96 TeV.

36 Based on 5.8 fb~ ! of data in pp collisions at 1.96 TeV the quoted value is m; =
172.5 + 1.4(stat)+1.0(JES)=£1.1(syst) GeV. The measurement is performed with a
liklihood fit technique which simultaneously determines m; and JES (Jet Energy Scale).

37 Based on 4.3 fb— 1 of data in p-pbar collisions at 1.96 TeV. The measurement reduces
the JES uncertainty by using the single lepton channel study of ABAZOV 11p.

38 Combination with the result in 1 fb— 1 of preceding data reported in ABAZOV 09AH as
well as the MWT result of ABAZOV 11R with a statistical correlation of 60%.

9Based on 5.0 fb—1 of pp data at /s = 7 TeV. Uses an analytical matrix weighting
technique (AMWT) and full kinematic analysis (KIN).
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40 Based on 5.0 fb~ 1 of pp data at /s = 7 TeV. The first error is statistical and JES
combined, and the second is systematic. Ideogram method is used to obtain 2D liklihood
for the kinematical fit with two parameters mtop and JES.

41 Based on 3.2 fb~ 1 in pp collisions at /s = 1.96 TeV. The first error is from statistics
and JES combined, and the latter is from the other systematic uncertainties. The result
is obtained using an unbinned maximum likelihood method where the top quark mass
and the JES are measured simultaneously, with A jpg = 0.3 £ 0.3(stat).

42Based on 5.7 fb— 1 in pPp collisions at /s = 1.96 TeV. Events with an identified charged
lepton or small [/ are rejected from the event sample, so that the measurement is
statistically independent from those in the ¢ + jets and all hadronic channels while being
sensitive to those events with a 7 lepton in the final state. Supersedes AALTONEN 07B.

43 AALTONEN 11E based on 5.6 fb— 1 in pPp collisions at /s = 1.96 TeV. Employs a multi-
dimensional template likelihood technique where the lepton plus jets (one or two b-tags)
channel gives 172.2 + 1.2 4+ 0.9 GeV while the dilepton channel yields 170.3 2.0 = 3.1
GeV. The results are combined. OUR EVALUATION includes the measurement in the
dilepton channel only.

44 Uses a likelihood fit of the lepton p distribution based on 2.7 fb~1 in pp collisions at
/s = 1.96 TeV.

45Based on 3.6 fb~ 1 in pp collisions at /s = 1.96 TeV. ABAZOV 11P reports 174.94 +
0.83+£0.78£0.96 GeV, where the first uncertainty is from statistics, the second from JES,
and the last from other systematic uncertainties. We combine the JES and systematic
uncertainties. A matrix-element method is used where the JES uncertainty is constrained
by the W mass. ABAZOV 11P describes a measurement based on 2.6 fb~1 that is
combined with ABAZQOV 08AH, which employs an independent 1 fb—1 of data.

46 Based on a matrix-element method which employs 5.4 fb~1 in pPp collisions at /s =
1.96 TeV. Superseded by ABAZOV 12AB.

47 Based on 36 pb_1 of pp collisions at y/s = 7 TeV. A Kinematic Method using b-tagging
and an analytical Matrix Weighting Technique give consistent results and are combined.
Superseded by CHATRCHYAN 12BA.

48 Based on 5.6 fb—L in pp collisions at /s = 1.96 TeV. The likelihood calculated using
a matrix element method gives m; = 173.0 £ 0.7(stat)4-0.6(JES) £0.9(syst) GeV, for
a total uncertainty of 1.2 GeV.

49 Based on 3.4 fb— ! of pp collisions at /s = 1.96 TeV. The result is obtained by combining
the MT2 variable method and the NWA (Neutrino Weighting Algorithm). The MT2
method alone gives m; = 168.0‘1’2‘g(stat):|:2.9(syst) GeV with smaller systematic error
due to small JES uncertainty.

50 Based on 1.9 fb—1 in pp collisions at /s = 1.96 TeV. The result is from the mea-
surement using the transverse decay length of b-hadrons and that using the transverse
momentum of the W decay muons, which are both insensitive to the JES (jet energy
scale) uncertainty. OUR EVALUATION uses only the measurement exploiting the de-
cay length significance which yields 166.9tg'g(stat):l:2.9 (syst) GeV. The measurement
that uses the lepton transverse momentum is excluded from the average because of a
statistical correlation with other samples.

51 Based on 2.9 fb—1 of pp collisions at /s = 1.96 TeV. The first error is from statistics
and JES uncertainty, and the latter is from the other systematics. Neural-network-based
kinematical selection of 6 highest E jets with a vtx b-tag is used to distinguish signal
from background. Superseded by AALTONEN 12G.

52Based on 2 fb~1 of data at Vs = 1.96 TeV. The top mass is obtained from the mea-
surement of the invariant mass of the lepton (e or u) from W decays and the soft u in
b-jet. The result is insensitive to jet energy scaling.

53Based on 1.9 fb— ! of data at v/s = 1.96 TeV. The first error is from statistics and jet
energy scale uncertainty, and the latter is from the other systematics. Matrix element
method with effective propagators.

54 Based on 943 pb_1 of data at /s = 1.96 TeV. The first error is from statistical and
jet-energy-scale uncertainties, and the latter is from other systematics. AALTONEN 09K
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selected 6 jet events with one or more vertex b-tags and used the tree-level matrix element
to construct template models of signal and background.

55Based on 1.9 fb~ ! of data at /s = 1.96 TeV. The first error is from statistical and
jet-energy-scale (JES) uncertainties, and the second is from other systematics. Events
with lepton + jets and those with dilepton + jets were simultaneously fit to constrain
my; and JES. Lepton + jets data only give m; = 171.8 4 2.2 GeV, and dilepton data

only give m; = 171.21’2“;’ GeV.

56 Based on 2 fb—1 of data at v/s = 1.96 TeV. Matrix Element method. Optimal selection
criteria for candidate events with two high pr leptons, high ¥, and two or more jets
with and without b-tag are obtained by neural network with neuroevolution technique to
minimize the statistical error of my.

57 Based on 2.9 fb~1 of data at V8 = 1.96 TeV. Mass m; is estimated from the likelihood
for the eight-fold kinematical solutions in the plane of the azimuthal angles of the two
neutrino momenta.

58 Based on 1 fb—1 of data at Vs = 1.96 TeV. Events with two identified leptons, and
those with one lepton plus one isolated track and a b-tag were used to constrain m;. The
result is a combination of the YWT (v Weighting Technique) result of 176.2 £ 4.8 £ 2.1
GeV and the MWT (Matrix-element Weighting Technique) result of 173.2 + 4.9 4+ 2.0
GeV.

59 Reports measurement of 170.71_@'3 + 2.6 + 2.4 GeV based on 1.2 fb—! of data at Vs

= 1.96 TeV. The last error is due to the theoretical uncertainty on o,3. Without the
cross-section constraint a top mass of 169.71‘2'3 4 3.1 GeV is obtained.

60 Template method.

61 Result is based on 1 fb~1 of data at /s = 1.96 TeV. The first error is from statistics
and jet energy scale uncertainty, and the latter is from the other systematics.

62 Based on 310 pb~1 of data at Vs = 1.96 TeV.

63 Ideogram method.

64 Based on 311 pb_1 of data at /s = 1.96 TeV. Events with 4 or more jets with Ep» >
15 GeV, significant missing Ep, and secondary vertex b-tag are used in the fit. About
44% of the signal acceptance is from T7v + 4 jets. Events with identified e or u are
vetoed to provide a statistically independent measurement.

65Based on 1.02 fb—1 of data at /s = 1.96 TeV. Superseded by AALTONEN 12G.

66 Based on 955 pb—1 of data Vs = 1.96 TeV. m; and JES (Jet Energy Scale) are fitted
simultaneously, and the first error contains the JES contribution of 1.5 GeV.

67 Matrix element method.

8 Based on 425 pb_1 of data at /s = 1.96 TeV. The first error is a combination of statistics
and JES (Jet Energy Scale) uncertainty, which has been measured simultaneously to give
JES = 0.989 + 0.029(stat).

69 Based on 370 pb—! of data at /s = 1.96 TeV. Combined result of MWT (Matrix-
element Weighting Technique) and vWT (v Weighting Technique) analyses is 178.1 +
6.7 + 4.8 GeV.

70Based on 1.0 fb— 1 of data at Vs = 1.96 TeV. ABULENCIA 07D improves the matrix
element description by including the effects of initial-state radiation.

71 Based on 695 pb_1 of data at /s = 1.96 TeV. The transverse decay length of the b
hadron is used to determine m;, and the result is free from the JES (jet energy scale)
uncertainty.

72Based on ~ 400 pb_1 of data at /s = 1.96 TeV. The first error includes statistical and
systematic jet energy scale uncertainties, the second error is from the other systematics.
The result is obtained with the b-tagging information. The result without b-tagging is

160.2 750112 Gev. Superseded by ABAZOV 08aH.

73 Based on 318 pb_1 of data at /s = 1.96 TeV.
74 Dynamical likelihood method.
75 Based on 340 pb_1 of data at /s = 1.96 TeV.
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76 Based on 360 pb— ! of data at Vs = 1.96 TeV.

77 Based on 110.2 4+ 5.8 pb~ 1 at /5 = 1.8 TeV.

78 Based on the all hadronic decays of tt pairs. Single b-quark tagging via the decay chain
b — ¢ — u was used to select signal enriched multijet events. The result was obtained
by the maximum likelihood method after bias correction.

79 Obtained by re-analysis of the lepton + jets candidate events that led to ABBOTT 98F.
It is based upon the maximum likelihood method which makes use of the leading order
matrix elements.

OBased on 125 + 7pb— 1 of data at Vs = 1.8 TeV.

81 Based on ~ 106 pb— 1 of data at Vs= 1.8 TeV.

82 Obtained by combining the measurements in the lepton + jets [AFFOLDER 01], all-jets
[ABE 97R, ABE 99B], and dilepton [ABE 99B] decay topologies.

83 Obtained by combining the DO result m; (GeV) = 168.4 £ 12.3 & 3.6 from 6 di-lepton
events (see also ABBOTT 98D) and m; (GeV) = 173.3 & 5.6 & 5.5 from lepton+jet
events (ABBOTT 98F).

84 Obtained by combining the CDF results of m; (GeV)=167.4 £10.3 & 4.8 from 8 dilepton
events, m; (GeV)=175.9 + 4.8 & 5.3 from lepton+jet events (ABE 98E), and m,
(GeV)=186.0 £+ 10.0 & 5.7 from all-jet events (ABE 97R). The systematic errors in
the latter two measurements are changed in this paper.

85 See AFFOLDER 01 for details of systematic error re-evaluation.

86 Based on 109 + 7 pb~ ! of data at Vs = 1.8 TeV.

875ee ABAZOV 04G.

88 The updated systematic error is listed. See AFFOLDER 01, appendix C.

89 Obtained by combining the D@ results of m;(GeV)=168.4 £ 12.3 &+ 3.6 from 6 dilepton
events and m;(GeV)=173.3 £ 5.6 £ 5.5 from 77 lepton-jet events.

90 Obtained by combining the D@ results from dilepton and lepton+jet events, and the
CDF results (ABE 998B) from dilepton, lepton+jet events, and all-jet events.

91 Based on the first observation of all hadronic decays of tt pairs. Single b-quark tagging
with jet-shape variable constraints was used to select signal enriched multi-jet events.
The updated systematic error is listed. See AFFOLDER 01, appendix C.

t-Quark Mass from Cross-Section Measurements
The top quark MS or pole mass can be extracted from a measurement of o(tt) by
using theory calculations. We quote below the MS mass. See the review “The Top

Quark” and references therein for more information.
VALUE (GeV) DOCUMENT ID TECN COMMENT

16251 2-1 OUR AVERAGE

162.9j:0.5:|:1.04_'%'% 1 AAD 196 ATLS (+FEr+ >5j (2b))
160.0 748 2 ABAZOV 11s DO o(t) + theory
e o o We do not use the following data for averages, fits, limits, etc. o o o
3 ABAZOV 09AG DO cross sects, theory + exp
4 ABAZOV 09rR DO cross sects, theory + exp

L AAD 196G based on 20.2 fb—1 of data in pp collisions at /s = 8 TeV. Normalized tt
+ 1-jet differential cross section as a function of ttj invariant mass is measured in the
£ + jets mode. The unfolded parton-level distribution is compared with the NLO QCD
prediction. The three errors are from statitics, systematics, and theory.

2Based on 5.3 fb~ L in pp collisions at /s = 1.96 TeV. ABAZOV 11S uses the measured

tt production cross section of 8.131_(1)'83 pb [ABAZOV 11E] in the lepton plus jets

channel to obtain the top quark MS mass by using an approximate NNLO computation

(MOCH 08, LANGENFELD 09). The corresponding top quark pole mass is 167.51_2'3
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GeV. A different theory calculation (AHRENS 10, AHRENS 10A) is also used and yields
mMS = 1545129 Gev.

3Based on 1 fb—1 of data at Vs = 1.96 TeV. Uses the ¢ + jets, ££, and £T + jets
channels. ABAZOV 09AG extract the pole mass of the top quark using two different
caleulations that yield 169.17 2" GeV (MOCH 08, LANGENFELD 09) and 168.27 22
GeV (KIDONAKIS 08).

4Based on 1 fb~1 of data at Vs = 1.96 TeV. Uses the ££ and {7 + jets channels.
ABAZOV 09R extract the pole mass of the top quark using two different calculations

that yield 1733728 Gev (MOCH 08, LANGENFELD 09) and 171.57 22 GeV (CAC-
CIARI 08).

t-Quark Pole Mass from Cross-Section Measurements

VALUE (GeV) DOCUMENT ID TECN COMMENT
172.5+0.7 OUR AVERAGE
173.1 720 1 AAD 20Q ATLS e+ pu + 1or 2 bjets
171.1+0.4+091 57 2 AAD 196 ATLS (+Ep+ >5j (2b-)
173.240.940.841.2 3 AABOUD 17BC ATLS e + p + > 1b jets
170.6+2.7 4SIRUNYAN 17w CMS £+ >1j
172.8+1.1733 5 ABAZOV 16F DO (¢, {+jets channels
173.81 13 6 KHACHATRY..16AWCMS e + u + B + >0
173.773:3 7 AAD 15BWATLS  (+Fp+ > 5 (2b-tag)
172.973:2 8 AAD 14AY ATLS ppat /53 =7, 8 TeV
e o e We do not use the following data for averages, fits, limits, etc. o o o
170.5+0.8 9SIRUNYAN  20BVCMS  tF normalized multi-
differential cross sections
176.7 139 10 CHATRCHYAN14 CMS ppat /s = 7 TeV

1 AAD 20Q based on 36.1 fb~1 of pp data at /s = 13 TeV. The result is obtained from
the inclusive cross section measurement and the NNLO-+NNLL prediction.

2 AAD 19G based on 20.2 fb—1 of data in pp collisions at /s = 8 TeV. Normalized tt
+ 1-jet differential cross section as a function of ttj invariant mass is measured in the
£ + jets mode. The unfolded parton-level distribution is compared with the NLO QCD
prediction. The three errors are from statitics, systematics, and theory.

3 AABOUD 178BC based on 20.2 fb~1 of pp data at /s = 8 TeV. The pole mass is
extracted from a fit of NLO predictions to eight single lepton and dilepton differential
distributions, while simultaneously constraining uncertainties due to PDFs and QCD
scales. The three reported uncertainties come from statistics, experimental systematics,
and theoretical sources.

4SIRUNYAN 17W based on 2.2 fb~ 1 of pp data at /s = 13 TeV. Events are categorized
according to the jet multiplicity and the number of b-tagged jets. The pole mass is
obtained from the inclusive cross section measurement and the NNLO prediction.

5 ABAZOV 16F based on 9.7 fb—1 of data in pp collisions at /s = 1.96 TeV. The result is
obtained from the inclusive cross section measurement and the NNLO+NNLL prediction.

6 KHACHATRYAN 16AW based on 5.0 fb—1 of pp collisions at 7 TeV and 19.7 fb—1 at
8 TeV. The 7 TeV data include those used in CHATRCHYAN 14. The result is obtained
from the inclusive cross sections.

7 AAD 15BW based on 4.6 fb—1 of pp data at /s = 7 TeV. Uses normalized differential
cross section for tt + 1 jet as a function of the inverse of the invariant mass of the tt
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+ 1 jet system. The measured cross section is corrected to the parton level. Then a fit
to the data using NLO + parton shower prediction is performed.
8 AAD 14AY used o(tt) for ey events. The result is a combination of the measurements

my =171.4 £ 2.6 GeV based on 4.6 fb—1 of data at 7 TeV and my =174.1 £ 2.6 GeV

based on 20.3 fb—1 of data at 8 TeV.

9SIRUNYAN 20BV based on 35.9 fb—1 of pp data at /s = 13 TeV. The error accounts
for both experimental and theoretical uncertainties. Events containing two oppositely
charged leptons are used. The pole mass is particularly sensitive to the tt invariant mass
distribution close to the threshold. However, the Coulomb and soft gluon resummation
effects are not taken into account, hence, an additional theoretical uncertainty of order
+1 GeV is assumed.

10 CHATRCHYAN 14 used o(tt) from pp collisions at /s = 7 TeV measured in CHA-
TRCHYAN 12AX to obtain m;(pole) for ag(mz) = 0.1184 £ 0.0007. The errors have
been corrected in KHACHATRYAN 14K.

m; — my

Test of CPT conservation. OUR AVERAGE assumes that the systematic
uncertainties are uncorrelated.

VALUE (GeV) DOCUMENT ID TECN COMMENT
—0.16+0.19 OUR AVERAGE
—0.154+0.194+0.09 1 CHATRCHYAN17 CMS ¢ + Ep +2>4j(>1bj)
0.67-0.6140.41 2 AAD 14 ATLS £+ Ep + > 4j (> 2 b-tags)
~1.95+1.1140.59 3 AALTONEN 138 CDF ¢+ Ep + > 4j (0,1,2 b-tags)
—0.444-0.464+0.27 4 CHATRCHYAN 12y CMS ¢ + P + >4
0.8 £1.8 +0.5 5 ABAZOV 11T DO £+ Ep + 4 jets (> 1 b-tag)
e o e We do not use the following data for averages, fits, limits, etc. o o o
—3.3 +1.4 +1.0 6 AALTONEN 11k CDF Repl. by AALTONEN 13E
3.8 £3.4 +1.2 7 ABAZOV 09AA DO L+ Ep + 4 jets (> 1 b-tag)

1 CHATRCHYAN 17 based on 19.6 fb—1 of pp data at /s = 8 TeV and an average top
mass of 172.84 £ 0.10 (stat) GeV is obtained.

2Based on 4.7 fb— 1 of pp data at /s = 7 TeV and an average top mass of 172.5 GeV/c2.

3Based on 8.7 fb— L of pPp collisions at /s = 1.96 TeV and an average top mass of 172.5
GeV/c2.

4 Based on 4.96 fb—1 of pp data at /s = 7 TeV. Based on the fitted m; for ¢t and ¢~
events using the ldeogram method.

5Based on a matrix-element method which employs 3.6 fb~ L in pPp collisions at /s =
1.96 TeV.
Based on a template likelihood technique which employs 5.6 b~ L in pPp collisions at /s

= 1.96 TeV.
7Based on 1 fb— ! of data in pp collisions at 4/s = 1.96 TeV.

t-quark DECAY WIDTH

VALUE (GeV) CL% DOCUMENT ID TECN  COMMENT

1.42+8:%g OUR AVERAGE Error includes scale factor of 1.4.

1.7640.33 70 [ 1 AABOUD 18A7 ATLS  (+Fp+ > 4j (> 1 b)
1.36+0.027 314 2 KHACHATRY..14E CMS  ((+Ep+2-4jets (0-2b-tag)
2.00" 97 3 ABAZOV 121 DO T(t— bW)/B(t — bW)
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e o ¢ We do not use the following data for averages, fits, limits, etc. @ o o

< 6.38 95 4 AALTONEN 13z CDF  (+Ep+ > 4j ( > 0 b),
direct
1.9970-92 5 ABAZOV 118 DO Repl. by ABAZOV 12T
> 1.21 95 5 ABAZOV 118 DO I(t— Wbh)
<76 95 6 AALTONEN ~ 10AC CDF £ + jets, direct
<13.1 95 7" AALTONEN  09M CDF m(rec) distribution

1 Based on 20.2 fb—1 of pp data at \/s = 8 TeV. I, is measured using a template fit to
the reconstructed invariant mass of the b-jet of the semileptonically decaying top quark
and the corresponding lepton, and the angular distance between j, and j; in hadronic
top decay. Signal templates are generated by reweighting events at parton-level to Breit-
Wigner distribution with different [, hypotheses for m; = 172.5 GeV. The result is
consistent with the NNLO SM prediction of 1.322 GeV.

2Based on 19.7 fb~ 1 of pp data at /s = 8 TeV. The result is obtained by combining the
measurement of R = (t — Wb)/I(t - Wq (q=b,s,d)) and a previous CMS mea-
surement of the t-channel single top production cross section of CHATRCHYAN 12BQ,
by using the theoretical calculation of I'(t — W b) for m; = 172.5 GeV.

3Based on 5.4 fb—1 of data in pp collisions at 1.96 TeV. re— bW)= 1.871_8'28

GeV is obtained from the observed t-channel single top quark production cross section,
whereas B(t — bW) = 0.90 £ 0.04 is used assuming ZqB(t — gqW) =1. The result

is valid for m; = 172.5 GeV. See the paper for the values for m; = 170 or 175 GeV.

4 Based on 8.7 fb— 1 of data. The two sided 68% CL interval is 1.10 GeV < My <4.05
GeV for my = 172.5 GeV.

SBased on 2.3 fb~ ! in pp collisions at /s = 1.96 TeV. ABAZOV 11B extracted

[y from the partial width I'(t — Wb) = 1.92t8'g€1; GeV measured using the t-

channel single top production cross section, and the branching fraction brt - Wb =

0.962t8‘882(stat)i’g'ggg(syst). The I'(t — W b) measurement gives the 95% CL

lowerbound of I'(t — W b) and hence that of .

6 Results are based on 4.3 fb—1 of data in pP collisions at /s = 1.96 TeV. The top quark
mass and the hadronically decaying W boson mass are reconstructed for each candidate
events and compared with templates of different top quark width. The two sided 68%
CL interval is 0.3 GeV< Iy < 4.4 GeV for m; = 172.5 GeV.

7 Based on 955 pb_1 of pp collision data at /s = 1.96 TeV. AALTONEN 09M selected
tt candidate events for the £ + [ + jets channel with one or two b-tags, and examine
the decay width dependence of the reconstructed m; distribution. The result is for m;
=175 GeV, whereas the upper limit is lower for smaller m,.

t DECAY MODES

Mode Fraction (I';/T) Confidence level
h Wgq(g=bs, d)
My Wb
M3 eveb (11.10+0.30) %
[4 pvy b (11.40+0.20) %
g T b (10.7 £0.5 ) %
6 qqb (66.5 £1.4 ) %
7 ~vq(g=u,c) [a] < 1.8 x 10~4 95%

rg Htb, HT = ru,
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AT = 1 weak neutral current (T1) modes

o Zq(g=u,c) TI [b]< 5 x 104 95%
Mo Hu T1 < 12 x 1073 95%
M1 Hc T1 < 11 x 1073 95%
Mo €794 (q=d,sb; ¢d=u,c) T1 < 16 x 1073 95%

[a] This limit is for ['(t — ~q)/T(t — Wb).
[b] This limit is for [(t — Zq)/T(t — Wb).

t BRANCHING RATIOS

F(Wb)/T(Wq(q=b,s,d)) M2/l
OUR AVERAGE assumes that the systematic uncertainties are uncorrelated.

VALUE DOCUMENT ID TECN COMMENT

0.957+0.034 OUR AVERAGE Error includes scale factor of 1.5. See the ideogram below.

0.87 +0.07 LAALTONEN 146 CDF  £0+Fp+ > 2j (0,1,2 b-tag)

1.01440.00340.032 2 KHACHATRY..14E CMS  (0+Fp + 2,3,4] (0-2b-tag)

0.94 +0.09 3 AALTONEN 136 CDF  (+Ep+ > 3jets ( > 1b-tag)

0.90 +0.04 4 ABAZOV 11X DO

e o ¢ We do not use the following data for averages, fits, limits, etc. o o o

0.97 359 5 ABAZOV 08M DO £+ n jets with 0,1,2 b-tag

1.03 7919 6 ABAZOV 06K DO

112 7921 +0.17 7 ACOSTA 054 CDF  Repl. by AALTONEN 13G
+0.26 +0.17 8

0.94 7925 +0.17 AFFOLDER  01C CDF

1 Based on 8.7 fb—1 of data. This measurement gives ]th] =0.93 + 0.04 and |th’ >
0.85 (95% CL) in the SM.

2Based on 19.7 fb—1 of pp data at \/s = 8 TeV. The result is obtained by counting the
number of b jets per tt signal events in the dilepton channel. The tt production cross
section is measured to be o(tt) = 238 £ 1 £ 15 pb, in good agreement with the SM
prediction and the latest CMS measurement of CHATRCHYAN 14F. The measurement
gives R > 0.995 (95% CL), or |Vp| > 0.975 (95% CL) in the SM, requiring R < 1.

3Based on 8.7 fb—1 of pp collisions at /s = 1.96 TeV. Measure the fraction of t —
W b decays simultaneously with the tT cross section. The correlation coefficient between
those two measurements is —0.434. Assume unitarity of the 3x3 CKM matrix and set
|Vep| > 0.89 at 95% CL.

4 Based on 5.4 fb—1 of data. The error is statistical and systematic combined. The result
is a combination of 0.95 4+ 0.07 from ¢ + jets channel and 0.86 4+ 0.05 from ££ channel.
’th‘ = 0.95 4 0.02 follows from the result by assuming unitarity of the 3x3 CKM matrix.

5 Result is based on 0.9 b1 of data. The 95% CL lower bound R > 0.79 gives |th’ >
0.89 (95% CL).

6 ABAZOV 06K result is from the analysis of tT — {fv + > 3 jets with 230 pb_1 of
data at /s = 1.96 TeV. It gives R > 0.61 and ‘th‘ >0.78 at 95% CL. Superseded by
ABAZOV 08mM.

7 ACOSTA 05A result is from the analysis of lepton + jets and di-lepton + jets final states

of tt candidate events with ~ 162 pb_1 of data at /s = 1.96 TeV. The first error is
statistical and the second systematic. It gives R > 0.61, or ‘th‘ > 0.78 at 95% CL.

8 AFFOLDER 01C measures the top-quark decay width ratio R= r(Wb)/T(Wq), where
g is a d, s, or b quark, by using the number of events with multiple btags. The first
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error is statistical and the second systematic. A numerical integration of the likelihood
function gives R> 0.61 (0.56) at 90% (95%) CL. By assuming three generation unitarity,

Vep|= 0977318 or |V, | > 0.78 (0.75) at 90% (95%) CL is obtained. The result is
based on 109 pb_1 of data at /s= 1.8 TeV.

WEIGHTED AVERAGE
0.957+0.034 (Error scaled by 1.5)

2

X
- - AALTONEN 14G CDF 1.5
- - KHACHATRY... 14E CMS 3.2
- - AALTONEN 13G CDF 0.0
~~~~~~~ ABAZQOV 11X DO 2.0
6.8

(Confidence Level = 0.080)

| J

0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

r(Wb)/r(Waq(q=b,s, d))

I-(eVe b) /Ttotal rs/r
VALUE DOCUMENT ID TECN COMMENT
0.111+0.003 1 AAD 15CC ATLS  f+jets, £4-+jets, £p+jets

1 AAD 15cc based on 4.6 fb—1 of pp data at /s = 7 TeV. The original value is given by
13.3 £+ 0.4 £ 0.5%, which includes electrons from the decay of 7 leptons. It is assumed
that the top branching ratios to leptons and jets add up to one and that only SM
processes contribute to the background. The event selection criteria are optimized for
the £7}, + jets channel. We have converted the original value to eliminate contributions
of electrons from 7's, by using the AAD 15CC measurements of the branching ratios to p
and 7 channels, as well as the PDG values of 7 branching ratios into e and p channels.

I'(u Vu b)/ Mtotal Fa/T
VALUE DOCUMENT ID TECN COMMENT
0.114+0.002 1 AAD 15CC ATLS  f+jets, £4+jets, £p+jets

1 AAD 15cc based on 4.6 fb—1 of pp data at /s = 7 TeV. The original value is given by
13.4 + 0.3 £ 0.5%, which includes muons from the decay of 7 leptons. It is assumed that
the top branching ratios to leptons and jets add up to one and that only SM processes
contribute to the background. The event selection criteria are optimized for the £7) +
jets channel. We have converted the original value to eliminate contributions of muons
from 7's, by using the AAD 15CC measurements of the branching ratios to p and 7
channels, as well as the PDG values of 7 branching ratios into e and 7 channels.
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r(‘T Vr b)/ ltotal Is/T
VALUE DOCUMENT ID TECN COMMENT

0.107 +0.005 OUR AVERAGE

0.1050-£0.0009 40.0071 LSIRUNYAN ~ 20v CMS  ¢7y + >3 jets (> 1b-tag)
0.112 +0.009 2 AAD 15CC ATLS  (+jets, L4-+jets, £7p+jets
0.096 -£0.028 3 AALTONEN  14A CDF {47+ > 2jets ( > 1b-tag)

e o o We do not use the following data for averages, fits, limits, etc. e o o

4 ABULENCIA 06R CDF 7 + jets
5 ABE 97v. CDF {7 + jets

LSIRUNYAN 20V based on 35.9 fb—1 of pp data at /s = 13 TeV. tT events are selected
in the tT — (€vy)(Tpv,)bb mode, where 7, refers to the hadronic decays of 7. The
branching ratio is determined with respect to the tt inclusive cross section extrapolated
from the light dilepton mode. The ratio of the tt production cross sections in the £7p,
and ¢4 channels yields 0.973 £ 0.009 + 0.066, consistent with lepton universality.

2 AAD 15CC based on 4.6 fb—1 of pp data at /s = 7 TeV. The original value is given by
7.0 £ 0.3 4+ 0.5%, which includes only the hadronic decay of T leptons. It is assumed that
the top branching ratios to leptons and jets add up to one and that only SM processes
contribute to the background. The event selection criteria are optimized for the £7) +
jets channel. We have converted the original value to include leptonic decays of 7's, by
using the AAD 15CC measurements of the branching ratios to e and p channels, as well
as the PDG values of T branching ratios into e and u channels.

3 Based on 9 fb—1 of data. The measurement is in the channel t¥ — (bLv)(bTv), where

7 decays into hadrons (74), and £ (e or p) include £ from 7 decays (7). The result is
consistent with lepton universality.

4 ABULENCIA 06R looked for t T — (€vp) (Tv,)bbeventsin 194 pb~1 of pp collisions at

v/s = 1.96 TeV. 2 events are found where 1.00 £ 0.17 signal and 1.29 4 0.25 background
events are expected, giving a 95% CL upper bound for the partial width ratio I'(t —

Tvq) / Tgp(t = Tvq) <52
5 ABE 97V searched for tT — (¢vy) (Tv,.)bb events in 109 pb~ 1 of pp collisions at

/s = 1.8 TeV. They observed 4 candidate events where one expects ~ 1 signal and ~ 2
background events. Three of the four observed events have jets identified as b candidates.

r(‘l? b)/ Mtotal Fe/T
VALUE DOCUMENT ID TECN COMMENT
0.665-0.004+0.013 1 AAD 15CC ATLS  (+jets, ({+iets, £7)+jets

L AAD 15cC based on 4.6 fb— 1 of pp data at \/s = 7 TeV. Branching ratio of top quark
into b and jets. It is assumed that the top branching ratios to leptons and jets add up
to one and that only SM processes contribute to the background. The event selection
criteria are optimized for the 7y + jets channel.

F(vq(q=u.c)) /Teotal r7/T

VALUE CL% DOCUMENT ID TECN COMMENT

<28 x107° 95 1 AAD 208 ATLS B(t — ~u), left-handed
t u~y coupling

<61 x1075 95 1 AAD 208 ATLS B(t — ~u), right-handed
t u~y coupling

<22 x1074 95 1 AAD 208 ATLS B(t — ~c), left-handed
tc~ coupling

<18 x10~4 95 1 AAD 208 ATLS B(t — ~c), right-handed
tc~y coupling

<13 x1074 95 2 KHACHATRY..16AS CMS  B(t — ~yu)

<17  x1073 95 2 KHACHATRY..16A5 CMS  B(t — ~¢)

<59 x1073 95 3 CHEKANOV 03 ZEUS B(t — ~yu)
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e o ¢ We do not use the following data for averages, fits, limits, etc. @ o o

<0.0064 95 4 AARON 09A H1 t— yu

<0.0465 95 5 ABDALLAH  04c DLPH B(yc or yu)

<0.0132 95 6 AKTAS 04 H1I  B(t— ~u)

<0.041 95 7 ACHARD 02) L3 B(t = ~c or vu)
<0.032 95 8 ABE 986 CDF  tT — (Whb) (yc or yu)

1 AAD 208 based on 81 fb— ! of data in pp collisions at /s = 13 TeV. FCNC through
single top production in association with a photon is searched for in the mode £+ + ¥
+ 1j (b-tag). Anomalous FCNC left-handed and right-handed couplings are searched
for, which result in different kinematical properties of top decay such as the lepton
distribution. Limits are set on the tq+y couplings in an effective field theory.

2 KHACHATRYAN 16AS based on 19.8 fb~1 of data in pp collisions at /s = 8 TeV.
FCNC through single top production in association with a photon is searched for in the
mode i + v + Z7 + > 1j (0,1b). Bounds on the anomalous FCNC couplings are given
by Kiyry < 0.025 and Kicy < 0.091.

3 CHEKANOV 03 looked for single top production via FCNC in the reaction eip — et
(t or T) X in 130.1 pb_1 of data at /s=300-318 GeV. No evidence for top produc-
tion and its decay into bW was found. The result is obtained for m;=175 GeV when
B(y¢c)=B(Z q)=0, where q is a u or ¢ quark. Bounds on the effective t-u-y and t-u-Z
couplings are found in their Fig. 4. The conversion to the constraint listed is from private
communication, E. Gallo, January 2004.

4 AARON 09A looked for single top production via FCNC in eip collisions at HERA with
474 pb_l. The upper bound of the cross section gives the bound on the FCNC coupling
Iitu,.y//\ < 1.03 TeV_l, which corresponds to the result for my = 175 GeV.

5 ABDALLAH 04C looked for single top production via FCNC in the reaction ete  —

tcor tuin 541 pb_1 of data at 1/5s=189-208 GeV. No deviation from the SM is found,
which leads to the bound on B(t — +q), where q is a u or a ¢ quark, for my =
175 GeV when B(t — Zg)=0 is assumed. The conversion to the listed bound is from
private communication, O. Yushchenko, April 2005. The bounds on the effective t-g-y
and t-g-Z couplings are given in their Fig. 7 and Table 4, for m; = 170-180 GeV, where
most conservative bounds are found by choosing the chiral couplings to maximize the
negative interference between the virtual v and Z exchange amplitudes.

6 AKTAS 04 looked for single top production via FCNC in et collisions at HERA with
118.3 pb_l, and found 5 events in the e or i channels. By assuming that they are due
to statistical fluctuation, the upper bound on the t u~ coupling Ktuqy < 0.27 (95% CL)
is obtained. The conversion to the partial width limit, when B(vc) = B(Zu) = B(Z¢)
= 0, is from private communication, E. Perez, May 2005.

7 ACHARD 02J looked for single top production via FCNC in the reaction ete™ — tc
or tu in 634 pb_1 of data at y/s= 189-209 GeV. No deviation from the SM is found,
which leads to a bound on the top-quark decay branching fraction B(yq), where g is a u
or ¢ quark. The bound assumes B(Z q)=0 and is for m;= 175 GeV; bounds for m;=170
GeV and 180 GeV and B(Z q) # 0 are given in Fig. 5 and Table 7.

8 ABE 98G looked for tT events where one t decays into gy while the other decays into
bW. The quoted bound is for I'(yq)/T(W b).

I'(H"‘ b, Ht » TV.,-)/rtota| g/l
VALUE (%) CL% DOCUMENT ID TECN
<0.25 95 1 AABOUD 18BWATLS

1L AABOUD 18BW based on 36.1 fb— 1 of pp data at /s = 13 TeV. In the mass range of
myy = 90-160 GeV, assuming the SM cross section for the tt production, the upper

limit for the branching fraction B(t — bH1) x B(HT — Tv,) ranges between 0.25%
and 0.031%.
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(Zq(g=u.c))/Tiotal Fo/T
Test for A T=1 weak neutral current. Allowed by higher-order electroweak interaction.

VALUE (units 10_3) CL% DOCUMENT ID TECN COMMENT

< 0.17 95 1 AABOUD 18AT ATLS t — Zu

< 0.24 95 1 AABOUD 18AT ATLS t — Zc

< 0.22 95 25IRUNYAN  17E CMS t — Zu

< 0.49 95 2S5IRUNYAN  17E CMS t — Zc

<07 95 3 AAD 16D ATLS t— Zq(q=u, c)

< 05 95 4 CHATRCHYAN14s CMS t— Zq(q = u, c)

e o o We do not use the following data for averages, fits, limits, etc. o o o

< 0.6 95 5 CHATRCHYAN14s CMS t— Zq(g=u, c)

<21 95 6 CHATRCHYAN13F CMS t— Zq(q=u, c)

<73 95 7 AAD 12BT ATLS ¢ — (10 0% 4 Bp + jets

<32 95 8 ABAZOV 11M DO t— Zq(q=u,c)

<83 95 9 AALTONEN  09AL CDF  t — Zgq (q=c)

<37 95 10 AALTONEN  08ADCDF  t — Zq (g =u, )

< 159 x 102 95 11 ABDALLAH 04c DLPH ete™ — Fcortu

< 137x102 95 12 ACHARD 02) L3 eTe™ — Tcortu

< 14 x102 95 13 HEISTER 02Q ALEP ete™ — Fcortu

< 137x102 95 14 ABBIENDI 01T OPAL ete™ — Fcortu

< 17 x102 95 15 BARATE 00s ALEP ete™ — Fcortu

<33 x102 95 16 ABE 986 CDF tT — (Wb) (Zc or Zu)

1

1

1 Based on 36.1 fb~1 of pp data at /s = 13 TeV. The final states tt — (e ity

+ jets (¥, 0 =e, 1) are investigated and no significant excess over the SM background
contributions is observed.
2SIRUNYAN 17E based on 19.7 fb~1 of pp data at /s = 8 TeV. The final states tt —

e 0F 4 jets (¢, ¢! = e, u) are investigated and the cross section o(pp — tZq —
Cvbet e~ q) = 101’? fb is measured, giving no sign of FCNC decays of the top quark.

3 AAD 16D based on 20.3 fb~1 of pp data at /s = 8 TeV. The FCNC decay is searched
for in tT events in the final state (bW)(gZ) when both W and Z decay leptonically,
giving 3 charged leptons.

4 CHATRCHYAN 145 combined search limit from this and CHATRCHYAN 13F data.

SBased on 19.7 fb— 1 of pp data at /s = 8 TeV. The flavor changing decay is searched
for in tt events in the final state (bW)(qZ) when both W and Z decay leptoically,
giving 3 charged leptons.

6 Based on 5.0 fb—1 of pp data at \/s = 7 TeV. Search for FCNC decays of the top quark
intt — ¢t Z’iy + jets (¥, 0 = e, ) final states found no excess of signal events.

" Based on 2.1 fb— 1 of pp data at /s = 7 TeV.

8Based on 4.1 fb—1 of data. ABAZOV 11M searched for FCNC decays of the top quark

intt — (T 0ty 4 jets (¢, ¢/ = e, p) final states, and absence of the signal gives
the bound.
Based on pp data of 1.52 fb—1. AALTONEN 09AL compared tt -+ WbWb — fvbjjb
and tt - ZcWb — {Lcjjb decay chains, and absence of the latter signal gives the
bound. The result is for 100% longitudinally polarized Z boson and the theoretical tt
production cross section The results for different Z polarizations and those without the
cross section assumption are given in their Table XII.

OResult is based on 1.9 fb—1 of data at Vs =196 TeV. tt - WbZq or ZqZq
processes have been looked for in Z + > 4 jet events with and without b-tag. No signal
leads to the bound B(t — Zg) < 0.037 (0.041) for m; = 175 (170) GeV.

L ABDALLAH 04C looked for single top production via FCNC in the reaction ete  —
tcortuinb4l pb_1 of data at 1/s=189-208 GeV. No deviation from the SM is found,
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which leads to the bound on B(t — Zq), where q is a u or a ¢ quark, for m; =
175 GeV when B(t — < q)=0 is assumed. The conversion to the listed bound is from
private communication, O. Yushchenko, April 2005. The bounds on the effective t-g-y
and t-g-Z couplings are given in their Fig. 7 and Table 4, for m; = 170-180 GeV, where
most conservative bounds are found by choosing the chiral couplings to maximize the
negative interference between the virtual v and Z exchange amplitudes.

12 ACHARD 02J looked for single top production via FCNC in the reaction ete™ — tc

or tu in 634 pb_1 of data at y/s= 189-209 GeV. No deviation from the SM is found,
which leads to a bound on the top-quark decay branching fraction B(Z q), where q is
a u or ¢ quark. The bound assumes B(vyq)=0 and is for m;= 175 GeV; bounds for
m ;=170 GeV and 180 GeV and B(~q) #0 are given in Fig. 5 and Table7. Table 6 gives
constraints on t-c-e-e four-fermi contact interactions.

13 HEISTER 02Q looked for single top production via FCNC in the reaction ete™ = Tc

or tuin 214 pb_:l of data at y/s= 204-209 GeV. No deviation from the SM is found,
which leads to a bound on the branching fraction B(Z q), where g is a u or ¢ quark. The
bound assumes B(yq)=0 and is for m;= 174 GeV. Bounds on the effective t- (c or u)-
~ and t- (c or u)- Z couplings are given in their Fig. 2.

14 ABBIENDI 01T looked for single top production via FCNC in the reaction ete™ = Tc
or tu in 600 pb_1 of data at \/s= 189-209 GeV. No deviation from the SM is found,
which leads to bounds on the branching fractions B(Zq) and B(y¢q), where g is a u
or ¢ quark. The result is obtained for m;= 174 GeV. The upper bound becomes 9.7%
(20.6%) for m,= 169 (179) GeV. Bounds on the effective t- (c or u)-y and t- (c or
u)-Z couplings are given in their Fig. 4.

15 BARATE 005 looked for single top production via FCNC in the reaction ete™ = Tcor
tuin 411 pb_:l of data at c.m. energies between 189 and 202 GeV. No deviation from
the SM is found, which leads to a bound on the branching fraction. The bound assumes
B(yq)=0. Bounds on the effective t- (¢ or u)-vy and t- (¢ or u)-Z couplings are given
in their Fig. 4.

16 ABE 986 looked for tT events where one t decays into three jets and the other decays
into g Z with Z — ££. The quoted bound is for ['(Zq)/T(W b).

r(H")/rtotaI F10/T

VALUE (units 1073) CL% DOCUMENT ID TECN COMMENT

<1.2 95 1 AABOUD 19s ATLS combination of t = Hu
(H—> Ww, 2z, 7,
Y7, bb)

e o ¢ We do not use the following data for averages, fits, limits, etc. o o o

<5.2 95 2 AABOUD 195 ATLS t— Hu (H — bb)

<1.7 95 3 AABOUD 19s ATLS t— Hu(H — 77)

<1.9 95 4 AABOUD 18X ATLS t — gw (H—> ww, 72Z,
TT

<4.7 95 5SIRUNYAN  188CCMS t— Hu (H — bb)

<2.4 95 6 AABOUD 17AV ATLS t— Hu (H = ~v7)

<5.5 95 " KHACHATRY..171 CMS t— Hu(H—> WW, ZZ,
T, Y7, bE)

<6.1 95 8 AAD 15COATLS t— Hu (H — bb)

<7.9 95 9 AAD 14AAATLS t— Hgq (q=u.c; H > )

1 AABOUD 195 based on 36.1 fb—1 at Vs = 13 TeV of pp data. The searches using
H — bband H — 7,7 are combined with searches in diphoton and multilepton final

states. The upper limit on the Yukawa coupling |YtuH’ < 0.066 (95% CL) is obtained.

2 AABOUD 195 based on 36.1 fb—1 at /s = 13 TeV of pp data. Uses events with
one isolated lepton and multiple jets (several of them b-tagged with high purity). A
multivariate analysis is performed to distinguish the signal from backgrounds.

https://pdg.Ibl.gov Page 17 Created: 6/1/2021 08:32



Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update

3 AABOUD 195 based on 36.1 fb—1 at /s = 13 TeV of pp data. Uses events with one
or two hadronically decaying 7 and multiple jets. A multivariate analysis is performed to
distinguish the signal from backgrounds.

4 AABOUD 18X based on 36.1 fb— 1 at Vs = 13 TeV of pp data. £{¢(same sign) + > 4]
mode and ¢£¢ + > 2j mode are targeted and specialized boosted decision trees are used
to distinguish signals from backgrounds.

5 SIRUNYAN 18BC based on 35.9 fb— 1 at /s = 13 TeV of pp data. Two channels pp —
tH and pp — tt in final states with one isolated lepton and >=3 jets with >=2 b
jets are considered assuming a single t Hu FCNC coupling. Reconstructed kinematical
variables are fed into a multivariate analysis and no significant deviation is observed from
the predicted background.

6 AABOUD 17AV based on 36.1 fb—1 at v/s = 13 TeV of pp data. Search for tT events,
where the other top quark decays hadronically or semi-leptonically.

7" KHACHATRYAN 17! based on 19.7 fb— 1 of pp data at 1/s = 8 TeV, using the topologies
tt - Hqg+Wb, where g=u, c.

8 AAD 15C0 based on 20.3 fb— ! at /s = 8 TeV of pp data. Searches for tt events,
where the other top quark decays semi-leptonically. Exploits high multiplicity of b-jets
and uses a likelihood discriminant. Combining with other ATLAS searches for different
Higgs decay modes, B(t — Hc) < 0.46% and B(t — Hu) < 0.45% are obtained.

9 AAD 14AA based on 4.7 fb—1 at V5 =7 TeV and 20.3 fb~1 at /5 = 8 TeV of pp
data. The upper-bound is for the sum of Br(t — Hc) and Br(t — Hu). Search for tt
events, where the other top quark decays hadronically or semi-leptonically. The upper

bound constrains the H-t-c Yukawa couplings \/|Y{'ICL’2 + |Y£:R|2 < 0.17 (95% CL).

r(HC)/rtotal M1 /T

VALUE (units 10_3) CL% DOCUMENT ID TECN COMMENT

<11 95 1 AABOUD 19s ATLS combination of t = Hc
(H—- WWwW, 2z, T,
Y7, bb)

e o o We do not use the following data for averages, fits, limits, etc. o o o

< 4.2 95 2 AABOUD 195 ATLS t— Hc (H — bb)

<19 95 3 AABOUD 19s ATLS t— Hc(H— 77)

< 16 95 4 AABOUD 18X ATLS t — ;ﬂ: (H> Ww, Z22Z,
TT

< 4.7 95 5SIRUNYAN  188CCMS t — Hc (H — bb)

< 22 95 6 AABOUD 17aV ATLS t — Hc (H — ~7)

< 4 95 " KHACHATRY..171 CMS t— Hc(H—> WW, ZZ,
T, Y7, bE)

< 5.6 95 8 AAD 15COATLS t— Hc (H — bb)

<79 95 9 AAD 14AAATLS t— Hq (g=u,c; H — ~7)

<13 95 10 CHATRCHYAN14R CMS t— Hc (H —» >24)

< 5.6 95 11 KHACHATRY..14Q CMS t — H)c (H — ~~ or lep-
tons

L AABOUD 195 based on 36.1 fb—1 at Vs = 13 TeV of pp data. The searches using
H — bband H — 7,7 are combined with searches in diphoton and multilepton final

states. The upper limit on the Yukawa coupling ’thH’ < 0.064 (95% CL) is obtained.
2 AABOUD 195 based on 36.1 fb—1 at Vs = 13 TeV of pp data. Uses events with

one isolated lepton and multiple jets (several of them b-tagged with high purity). A
multivariate analysis is performed to distinguish the signal from backgrounds.

3 AABOUD 195 based on 36.1 fb—1 at /s = 13 TeV of pp data. Uses events with one
or two hadronically decaying 7 and multiple jets. A multivariate analysis is performed to
distinguish the signal from backgrounds.
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4 AABOUD 18X based on 36.1 fb— ! at Vs = 13 TeV of pp data. ££(same sign) + > 4j
mode and £££ + > 2j mode are targeted and specialized boosted decision trees are used
to distinguish signals from backgrounds.

5 SIRUNYAN 18BC based on 35.9 fb— 1 at /s = 13 TeV of pp data. Two channels pp —
tH and pp — tt in final states with one isolated lepton and >=3 jets with >=2 b
jets are considered assuming a single t Hc FCNC coupling. Reconstructed kinematical
variables are fed into a multivariate analysis and no significant deviation is observed from
the predicted background.

6 AABOUD 17AV based on 36.1 fb—1 at v/s = 13 TeV of pp data. Search for tT events,
where the other top quark decays hadronically or semi-leptonically. The upper bound on
the H-t-c Yukawa couplings is 0.090 (95% CL).

7 KHACHATRYAN 17 based on 19.7 fb—1 of pp data at /s = 8 TeV, using the topologies
tt - Hqg+Wb, where g=u, c.

8 AAD 15C0 based on 20.3 fb—1 at /s = 8 TeV of pp data. Searches for tt events,
where the other top quark decays semi-leptonically. Exploits high multiplicity of b-jets

and uses a likelihood discriminant. Combining with other ATLAS searches for different
Higgs decay modes, B(t -+ Hc) < 0.46% and B(t -+ Hu) < 0.45% are obtained.

9 AAD 14AA based on 4.7 fb~—1 at Vs =7 TeV and 20.3 fb—1 at Vs = 8 TeV of pp
data. The upper-bound is for the sum of Br(t — Hc) and Br(t — Hu). Search for tt
events, where the other top quark decays hadronically or semi-leptonically. The upper

bound constrains the H-t-c Yukawa couplings \/‘ Y-E:L ’2 + ‘Y-E:R‘Q < 0.17 (95% CL).

10Based on 19.5 fb—1 of pp data at /s = 8 TeV. Search for final states with 3 or more
isolated high E charged leptons (£ = e, u) bounds the t — Hc decay in tt events
when H decays contain a pair of leptons. The upper bound constrains the H-t-c Yukawa

couplings \/]YE:LP + |Y{{_R’2 < 0.21 (95% CL).

11 KHACHATRYAN 14Q based on 19.5 fb—1 at \/s = 8 TeV of pp data. Search for final
states with > 3 isolated charged leptons or with a photon pair accompanied by > 1

lepton(s).
—_—l . . —
r(£+ qq (q—d.s.b. q’—u,c))/rtota| r12/r
VALUE CL% DOCUMENT ID TECN COMMENT
<1.6 x 10—3 95 1 CHATRCHYAN 140 CMS w + dijets
e o ¢ We do not use the following data for averages, fits, limits, etc. @ o o
<17 x 1073 95 1 CHATRCHYAN140 CMS e + dijets

1 Based on 19.5 fb—1 of pp data at /s = 8 TeV. Baryon number violating decays of the
top quark are searched for in tt production events where one of the pair decays into
hadronic three jets.

t-quark EW Couplings

W helicity fractions in top decays. Fg is the fraction of longitudinal and
F, the fraction of right-handed W bosons. Fy 4 A is the fraction of V4A
current in top decays. The effective Lagrangian (cited by ABAZOV 08AI)
has terms f{’ and f{i for V—A and V+A couplings, f% and fg for tensor
couplings with bp and by respectively.

F

VAOLUE DOCUMENT ID TECN  COMMENT

0.693+0.013 OUR AVERAGE

0.693+0.009+0.011 L AAD 20y LHC  ATLAS+CMS combined
0.726+£0.066 £0.067 2 AALTONEN 13D CDF Fo = B(t = Wyb)
0.682+0.030£0.033 3 CHATRCHYAN 13BH CMS Fo = B(t — Wyb)
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0.67 +0.07 4 AAD 1286 ATLS  Fy = B(t — Wyb)

0.72240.062£0.052 5 AALTONEN 12z TEVA Fy = B(t = Wyh)

0.669+0.078+£0.065 6 ABAZOV 11c DO Fy=B(t =+ Wyb)

0.01 +0.37 +0.13 " AFFOLDER 008 CDF  Fy = B(t — Wyb)

e o o We do not use the following data for averages, fits, limits, etc. o o o

0.70 +0.05 8 AABOUD 17BBATLS Fy =1 — fi, Repl by
AAD 20Y

0.681+0.012+0.023 9 KHACHATRY..168U CMS ~ Fy = B(t — Wy b), Repl
by AAD 20

0.70 £0.07 £0.04 10 AALTONEN  10Q CDF  Repl. by AALTONEN 127

0.62 +0.10 +0.05 11 AALTONEN 09Q CDF  Repl. by AALTONEN 10Q

0.425+0.166+£0.102 12 ABAZOV 088 DO  Repl. by ABAZOV 11cC

0.85 335 +0.06 13 ABULENCIA 071 CDF  Fy = B(t — Wyb)

0.74 T3-22 14 ABULENCIA 06U CDF  Fy = B(t — Wyb)

0.56 +0.31 15 ABAZOV 056 DO Fy=B(t = Wyh)

1 AAD 20Y based on about 20 fb—1 of pp data at /s = 8 TeV for each experiment. The
first error stands for the sum of the statistical and background uncertainties, and the
second error for the remaining systematic uncertainties. The measurements used events
with one lepton and different jet multiplicities in the final state. The result is consistent
with the NNLO SM prediction of 0.687 & 0.005 for m; = 172.8 £ 1.3 GeV.

2Based on 8.7 fb~ 1 of data in pPp collisions at /s = 1.96 TeV using tt events with £ +
K + > 4jets( > 1 b), and under the constraint Fy + F4 + F_ = 1. The statstical
errors of Fy and F__ are correlated with correlation coefficient p(FO,F+) = —0.69.

3Based on 5.0 fb—1 of pp data at /s = 7 TeV. CHATRCHYAN 13BH studied tt events
with large 1 and £ + > 4 jets using a constrained kinematic fit.

4Based on 1.04 fb~ 1 of pp data at /s = 7 TeV. AAD 128G studied tt events with large
K and either £ + > 4j or £¢ + > 2j. The uncertainties are not independent, p(Fq,F_)
= —0.96.

5Based on 2.7 and 5.1 fb— ! of CDF data in ¢ + jets and dilepton channels, and 5.4 fb—1
of DO data in £ + jets and dilepton channels. Fp = 0.682 £ 0.035 & 0.046 if F =
0.0017(1), while F = —0.015 & 0.018 + 0.030 if Fy = 0.688(4), where the assumed
fixed values are the SM prediction for m; = 173.3+ 1.1 GeV and m), = 80.399 + 0.023
GeV.
Results are based on 5.4 fb— ! of data in pp collisions at 1.96 TeV, including those of
ABAZOV 08B. Under the SM constraint of fO = 0.698 (for m; = 173.3 GeV, myy =
80.399 GeV), fy = 0.010 £ 0.022 £ 0.030 is obtained.

7 AFFOLDER 008 studied the angular distribution of leptonic decays of W bosons in t —
Wb events. The ratio F( is the fraction of the helicity zero (longitudinal) W bosons
in the decaying top quark rest frame. B(t — W+ b) is the fraction of positive helicity
(right-handed) positive charge W bosons in the top quark decays. It is obtained by
assuming the Standard Model value of F.

8 AABOUD 17BB based on 20.2 fb— 1 of pp data at /s = 8 TeV. Triple-differential
decay rate of top quark in the t-channel single-top production is used to simultaneously
determine five generalized W t b couplings as well as the top polarization. No assumption
is made for the other couplings. See this paper for constraints on other couplings not
included here. The paper reported f{, and we converted it to .

9 KHACHATRYAN 16BU based on 19.8 fb— 1 of pp data at /s = 8 TeV using tT events
with £ + Fp + > 4 jets( > 2 b). The errors of Fy and F_ are correlated with a
correlation coefficient p(FO, F_) = —0.87. The result is consistent with the NNLO SM
prediction of 0.687 & 0.005 for m; = 172.8 &+ 1.3 GeV.

10 Results are based on 2.7 fb~1 of data in pp collisions at /s = 1.96 TeV. Fy result is
obtained by assuming F_|_ = 0, while F+ result is obtained for Fo = 0.70, the SM value.
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Model independent fits for the two fractions give Fy = 0.88 + 0.11 + 0.06 and F+ =
—0.15 4 0.07 £ 0.06 with correlation coefficient of —0.59. The results are for m; =
175 GeV.

11 Results are based on 1.9 fb~1 of data in pp collisions at /s = 1.96 TeV. F result is
obtained assuming F+ = 0, while F+ result is obtained for FO = 0.70, the SM values.
Model independent fits for the two fractions give Fy = 0.66 + 0.16 + 0.05 and F+ =
—0.03 + 0.06 + 0.03.

12Based on 1 fb~ 1 at /5 = 1.96 TeV.

13 Based on 318 pb—1 of data at Vs = 1.96 TeV.

14 Based on 200 pb—1 of data at Vs =19 TeV.t - Wb — flvb (£ =-eorp). The
errors are stat + syst.

15 ABAZOV 056G studied the angular distribution of leptonic decays of W bosons in tt
candidate events with lepton + jets final states, and obtained the fraction of longitudinally
polarized W under the constraint of no right-handed current, F_|_ = 0. Based on 125

pb—1 of data at Vs = 1.8 TeV.

F_

VALUE CL% DOCUMENT ID TECN COMMENT

0.315+0.010 OUR AVERAGE

0.315+0.006 +0.009 1 AAD 20y LHC  ATLAS+CMS com-
bined

0.310+£0.022+0.022 2 CHATRCHYAN 138H CMS F_=B(t— W_b)

0.32 +0.04 3 AAD 1286 ATLS F_ = B(t - W_b)

e o o We do not use the following data for averages, fits, limits, etc. o o o

> 0.264 £ 0.044 95 4 AABOUD 17BB ATLS F_ = f1(1 — fii_)
Repl. by AAD 20Y

0.323+0.0084+0.014 5 KHACHATRY...168U CMS F_ =B(t - W_b),

Repl. by AAD 20Y

1 AAD 20Y based on about 20 fb~1 of pp data at /s = 8 TeV for each experiment. The
first error stands for the sum of the statistical and background uncertainties, and the
second error for the remaining systematic uncertainties. The measurements used events
with one lepton and different jet multiplicities in the final state. The result is consistent
with the NNLO SM prediction of 0.311 & 0.005 for m; = 172.8 & 1.3 GeV.

2Based on 5.0 fb— 1 of pp data at /s = 7 TeV. CHATRCHYAN 13BH studied tt events
with large ¥ and £ + > 4 jets using a constrained kinematic fit.

3Based on 1.04 fb~1 of pp data at \/s = 7 TeV. AAD 12BG studied tt events with large
K and either £ + > 4j or £ + > 2j. The uncertainties are not independent, p(Fp,F_)
= —0.96.

4 AABOUD 178B based on 20.2 fb~1 of pp data at /s = 8 TeV. Triple-differential
decay rate of top quark in the t-channel single-top production is used to simultaneously
determine five generalized W t b couplings as well as the top polarization. No assumption

is made for the other couplings. The authors reported f{ = 0.30 4-0.05 and fii_ < 0.120

which we converted to F_ = f1(1 — fii') See this paper for constraints on other

couplings not included here.

5 KHACHATRYAN 16BU based on 19.8 fb—1 of pp data at /s = 8 TeV using tT events
with £ + Ep + > 4 jets( > 2 b). The errors of Fy and F_ are correlated with a

correlation coefficient p(FO, F_) = —0.87. The result is consistent with the NNLO SM
prediction of 0.311 + 0.005 for m; = 172.8 £ 1.3 GeV.
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Fy
VALUE CL% DOCUMENT ID TECN COMMENT
—0.005+0.007 OUR AVERAGE
—0.008-£0.005+0.006 1 AAD 20Y LHC  ATLAS+CMS com-
—0.045+0.044+0.058 2 AALTONEN 13D CDF F+b2elg(t — W, b)
0.008£0.012+0.014 3 CHATRCHYAN13BHCMS  F, = B(t — W, b)
0.01 +0.05 4 AAD 128G ATLS  F, = B(t — W, b)
0.023+0.041+0.034 5 ABAZOV 11c DO F, =B(t - W, b)
0.11 +0.15 6 AFFOLDER 008 CDF F, = B(t — W, b)
e o o We do not use the following data for averages, fits, limits, etc. o o o
< 0.036 + 0.006 95 7 AABOUD 1788 ATLS F, = f f], Repl. by
AAD 20y
—0.004-£0.005-:0.014 8 KHACHATRY..168UCMS  F_ = B(t — W, b),
Repl. by AAD 20Y
—0.033:£0.034£0.031 9AALTONEN 12z TEVA F, =B(t — W, b)
—0.01 £0.02 £0.05 10 AALTONEN  10Q CDF  Repl. by AALTO-
NEN 13D
—0.04 +£0.04 £0.03 11 AALTONEN 09Q CDF  Repl. by AALTO-
NEN 10Q
0.119-£0.090+0.053 12 ABAZOV 088 DO  Repl. by ABAZOV 11cC
0.0564-0.080+0.057 13 ABAZOV 070 DO F, =B(t —+ W, b)
0.05 T3l +o.03 14 ABULENCIA 071 CDF  F, = B(t — W, b)
< 0.26 95 14 ABULENCIA 071 CDF  F_ = B(t — W, b)
< 027 95 15 ABULENCIA 06U CDF  F, =B(t — W, b)
0.00 +0.13 +0.07 16 ABAZOV 05L. DO F,_ =B(t— W,b)
< 0.25 95 16 ABAZOV 05. DO F, =B(t— W,b)
< 024 95 17 ACOSTA 050 CDF F,_ = B(t — W, b)

1 AAD 20Y based on about 20 fb~1 of pp data at /s = 8 TeV for each experiment. The
first error stands for the sum of the statistical and background uncertainties, and the
second error for the remaining systematic uncertainties. The measurements used events
with one lepton and different jet multiplicities in the final state. The result is estimated
from the measurements of fj and F_ assuming unitarity. The value is consistent with

the NNLO SM prediction of 0.0017 + 0.0001 for m; = 172.8 4 1.3 GeV.

2Based on 8.7 fb— 1 of data in pp collisions at /s = 1.96 TeV using tt events with ¢ +
Ep 4+ >4 jets( > 1 b), and under the constraint Fo + F_|_ + F_ = 1. The statstical
errors of Fy and F__ are correlated with correlation coefficient p(Fy,F ) = —0.69.

3Based on 5.0 fb—1 of pp data at /s = 7 TeV. CHATRCHYAN 13BH studied tt events
with large ¥ and £ + > 4 jets using a constrained kinematic fit.

4 Based on 1.04 fb— 1 of pp data at /s = 7 TeV. AAD 128G studied tt events with large
K and either £ + > 4j or £4 + > 2j.

5 Results are based on 5.4 fb—1 of data in pp collisions at 1.96 TeV, including those of
ABAZOV 08B. Under the SM constraint of fO = 0.698 (for my = 173.3 GeV, my, =
80.399 GeV), fy = 0.010 £ 0.022 £ 0.030 is obtained.

6 AFFOLDER 008 studied the angular distribution of leptonic decays of W bosons in t —
Wb events. The ratio Fq is the fraction of the helicity zero (longitudinal) W bosons
in the decaying top quark rest frame. B(t — W+ b) is the fraction of positive helicity
(right-handed) positive charge W bosons in the top quark decays. It is obtained by
assuming the Standard Model value of F.

7" AABOUD 178B based on 20.2 fb~1 of pp data at /s = 8 TeV. Triple-differential
decay rate of top quark in the t-channel single-top production is used to simultaneously

https://pdg.Ibl.gov Page 22 Created: 6/1/2021 08:32



Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update

determine five generalized W t b couplings as well as the top polarization. No assumption
is made for the other couplings. The authors reported f{ = 0.304+0.05 and fii_ < 0.120

which we converted to F+ =f fii_. See this paper for constraints on other couplings
not included here.

8 KHACHATRYAN 16BU based on 19.8 fb— 1 of pp data at /s = 8 TeV using tt events
with € + Fp + > 4 jets( > 2 b). The result is consistent with the NNLO SM prediction
of 0.0017 4 0.0001 for m; = 172.8 &= 1.3 GeV.

9Based on 2.7 and 5.1 fb—1 of CDF data in ¢ + jets and dilepton channels, and 5.4 fb—1
of DO data in £ + jets and dilepton channels. Fp = 0.682 £ 0.035 & 0.046 if F =
0.0017(1), while F, = —0.015 & 0.018 + 0.030 if Fy = 0.688(4), where the assumed
fixed values are the SM prediction for m; = 173.3 4+ 1.1 GeV and my, = 80.399 - 0.023
GeV.

10 Results are based on 2.7 fb~1 of data in pp collisions at /s = 1.96 TeV. Fy result is
obtained by assuming F+ = 0, while F+ result is obtained for FO = 0.70, the SM value.
Model independent fits for the two fractions give Fy = 0.88 &+ 0.11 + 0.06 and F+ =
—0.15 4 0.07 £ 0.06 with correlation coefficient of —0.59. The results are for m; =
175 GeV.

11 Results are based on 1.9 fb~1 of data in pp collisions at /s = 1.96 TeV. F result is
obtained assuming F+ = 0, while F+ result is obtained for FO = 0.70, the SM values.
Model independent fits for the two fractions give Fy = 0.66 + 0.16 + 0.05 and F+ =
—0.03 + 0.06 £ 0.03.

12Based on 1 fb~ 1 at /5 = 1.96 TeV.

13 Based on 370 pb_1 of data at /s = 1.96 TeV, using the ¢ + jets and dilepton decay
channels. The result assumes Fy = 0.70, and it gives F+ < 0.23 at 95% CL.

14 Based on 318 pb_1 of data at /s = 1.96 TeV.

15Based on 200 pb~1 of data at \/s = 1.96 TeV. t - Wb — fub ({ = e or u). The
errors are stat + syst.

16 ABAZOV 05L studied the angular distribution of leptonic decays of W bosons in tt
events, where one of the W's from t or t decays into e or p and the other decays
hadronically. The fraction of the “+" helicity W boson is obtained by assuming F
= 0.7, which is the generic prediction for any linear combination of V and A currents.
Based on 230 + 15 pb_1 of data at /s = 1.96 TeV.

17 ACOSTA 05D measures the m% 1b distribution in tt production events where one or
both W's decay leptonically to £ = e or pu, and finds a bound on the V+A coupling of
the t bW vertex. By assuming the SM value of the longitudinal W fraction Fy = B(t —
WO b) = 0.70, the bound on F_|_ is obtained. If the results are combined with those of
AFFOLDER 008, the bounds become Fy,| 4 < 0.61 (95% CL) and F < 0.18 (95

%CL), respectively. Based on 109 + 7 pb—1 of data at /5 = 1.8 TeV (run I).

Fvia

VALL-/'-E CL% DOCUMENT ID TECN COMMENT

< 0.29 95 1 ABULENCIA 07G CDF Fyia= B(t - Whbg)

e o ¢ We do not use the following data for averages, fits, limits, etc. @ o o
—0.06+0.22+0.12 1 ABULENCIA 07G CDF Fyia= B(t - Whbg)

< 0.80 95 2 ACOSTA 050 CDF  Fyy 4 = B(t = Whp)

1 Based on 700 pb—1 of data at /s = 1.96 TeV.
2 ACOSTA 05D measures the m% Tb distribution in tt production events where one or

both W's decay leptonically to £ = e or u, and finds a bound on the V-+A coupling of
the t b W vertex. By assuming the SM value of the longitudinal W fraction Fy = B(t —
WO b) = 0.70, the bound on F+ is obtained. If the results are combined with those of

AFFOLDER 008, the bounds become Fy, 4 < 0.61 (95% CL) and F < 0.18 (95
%CL), respectively. Based on 109 + 7 pb_1 of data at /s = 1.8 TeV (run ).
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i

VALUE CL% DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. @ o o

—0.11 <f R <016 95 1 AAD 20y LHC ATLAS—{—CMS com-
/el <037 95 2 AABOUD 1788 ATLS t—cft::;endel single top

}2’ < 0.16 95 3 KHACHATRY..17G CMS  t-channel single-t prod.

—0.20 <Re(Vyp f{i)<0.23 95 4 AAD 12BG ATLS Constr. on Wtb vtx

(Vi F19)2 < 0.03 95 5 ABAZOV 128 DO Single-top

112 < 0.30 95  %ABAZOV 121 DO single-t + W helicity

yf}fiP < 1.01 95 7 ABAZOV 09) DO [fF| =1, |fl|=|flt|=0

2 <25 o5  8aBazov o8 DO |2 =1 8%2

L AAD 20Y based on about 20 fb—1 of pp data at /s = 8 TeV for each experiment.
The measurements used events with one lepton and different jet multiplicities in the final
state. The measurements of FO and F_ are used to set the limit. The limit is obtained
by assuming the other couplings to have their SM values.

2 AABOUD 178B based on 20.2 fb—1 of pp data at /s = 8 TeV. Triple-differential decay
rate of top quark is used to simultaneously determine five generalized W t b couplings as
well as the top polarization. No assumption is made for the other couplings. See this
paper for constraints on other couplings not included here.

3 KHACHATRYAN 176G based on 5.0 and 19.7 fb~1 of pp data at \/5 = 7 and 8 TeV,
respectively. A Bayesian neural network technique is used to discriminate between signal
and backgrounds. This is a 95% CL exclusion limit obtained by a three-dimensional fit
with simultaneous variation of (f{/ f{%, fé%)

4Based on 1.04 fb— 1 of pp data at \/s = 7 TeV. AAD 12BG studied tt events with large
K and either £ + > 4j or £4 + > 2j.

5Based on 5.4 fb—1 of data. For each value of the form factor quoted the other two
are assumed to have their SM value. Their Fig. 4 shows two-dimensional posterior
probability density distributions for the anomalous couplings.

6 Based on 5.4 fb~1 of data in pp collisions at 1.96 TeV. Results are obtained by com-
bining the limits from the W helicity measurements and those from the single top quark
production.

"Based on 1 fb— 1 of data at pPp collisions /s = 1.96 TeV. Combined result of the W
helicity measurement in tt events (ABAZOV 08B) and the search for anomalous tb W
couplings in the single top production (ABAZQOV 08Al). Constraints when f{’ and one of
the anomalous couplings are simultaneously allowed to vary are given in their Fig. 1 and
Table 1.

8 Result is based on 0.9 fb— 1 of data at /8 =1.96 TeV. Single top quark production events
are used to measure the Lorentz structure of the t bW coupling. The upper bounds on
the non-standard couplings are obtained when only one non-standard coupling is allowed
to be present together with the SM one, ff = V’t'fb.

i

VALUE CL% DOCUMENT ID TECN COMMENT
e o ¢ We do not use the following data for averages, fits, limits, etc. @ o o
~0.08 <l <005 95 1 AAD 20Y LHC  ATLAS+CMS com-
5 /5] < 0.29 95 2 AABOUD 178B ATLS t—cl'kl);r:wendel single top
i| < 0.057 95 3 KHACHATRY..17G CMS  t-channel single-t prod.
—-0.14 < Re(fL)< 0.11 95 4 AAD 12BG ATLS Constr. on W tb vtx
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(Vep 5)2 <013 95 5 ABAZOV 128 DO Single-top

t5]2 < 0.05 95 6 ABAZOV 120 DO single-t + W helicity
]f§|2 <0.28 95 7 ABAZOV 0o) Do |ff| =1, |fR|=|f|=0
52 <os 95 8ABAZOV  08ai DO |2 =1.47100

1 AAD 20Y based on about 20 fb—1 of pp data at /s = 8 TeV for each experiment.
The measurements used events with one lepton and different jet multiplicities in the final
state. The measurements of FO and F_ are used to set the limit. The limit is obtained
by assuming the other couplings to have their SM values.

2 AABOUD 178B based on 20.2 fb—1 of pp data at /s = 8 TeV. Triple-differential decay
rate of top quark is used to simultaneously determine five generalized W t b couplings as
well as the top polarization. No assumption is made for the other couplings. See this
paper for constraints on other couplings not included here.

3 KHACHATRYAN 176G based on 5.0 and 19.7 fb—1 of pp data at /s = 7 and 8 TeV,
respectively. A Bayesian neural network technique is used to discriminate between signal
and backgrounds. This is a 95% CL exclusion limit obtained by a three-dimensional fit

with simultaneous variation of (fL, f%, fé%)

4Based on 1.04 fb— 1 of pp data at \/s = 7 TeV. AAD 12BG studied tt events with large
K and either £ + > 4j or £4 + > 2j.

5Based on 5.4 fb—1 of data. For each value of the form factor quoted the other two
are assumed to have their SM value. Their Fig. 4 shows two-dimensional posterior
probability density distributions for the anomalous couplings.

6 Based on 5.4 fb—1 of data in pp collisions at 1.96 TeV. Results are obtained by com-
bining the limits from the W helicity measurements and those from the single top quark
production.

"Based on 1 fb— 1 of data at pPp collisions /s = 1.96 TeV. Combined result of the W
helicity measurement in tt events (ABAZOV 08B) and the search for anomalous tb W
couplings in the single top production (ABAZQOV 08Al). Constraints when f{’ and one of
the anomalous couplings are simultaneously allowed to vary are given in their Fig. 1 and
Table 1.

8 Result is based on 0.9 fb—1 of data at /s =1.96 TeV. Single top quark production events
are used to measure the Lorentz structure of the t bW coupling. The upper bounds on
the non-standard couplings are obtained when only one non-standard coupling is allowed

to be present together with the SM one, f{’ = V:fb.
¥
VALUE CL% DOCUMENT ID TECN COMMENT

e o e We do not use the following data for averages, fits, limits, etc. o o o

—0.04 < It <0.02 95 1 AAD 20 LHC  ATLAS+CMS com-
bined

~0.12 <Re(f§/fi)<o.17 95 2 AABOUD 1788 ATLS  t-channel single top

—0.07 <Im(f3'/f;)<0.06 95 2 AABOUD 17BB ATLS  t-channel single top

—0.18 <|m(f§)<0.06 95 3 AABOUD 171 ATLS t-channel single top

—0.049 <f§‘2 <0.048 95 4 KHACHATRY..17G CMS  t-channel single top

—0.36 <Re(f£/fi)<o.1o 95 5 AAD 16AK ATLS  Single-top

—0.17 <Im(f3"/f;)<0.23 95 5 AAD 16AK ATLS Single-top

—0.08 < Re(f)< 0.04 95 6 AAD 128G ATLS  Constr. on W tb vix

(Ve )2 < 0.06 95 7 ABAZOV 126 DO Single-top

512 <012 95 8 ABAZOV 120 DO single-t + W helicity

|52 < 0.23 95 9 ABAZOV 09) Do |fh|=1, yf{?\:yfél\:o

2 <03 o5 10aBazov  o08ai Do [fE[2 = 14703
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L AAD 20Y based on about 20 fb—1 of pp data at /s = 8 TeV for each experiment.
The measurements used events with one lepton and different jet multiplicities in the final
state. The measurements of FO and F_ are used to set the limit. The limit is obtained
by assuming the other couplings to have their SM values.

2 AABOUD 178B based on 20.2 fb— 1 of pp data at /s = 8 TeV. Triple-differential decay
rate of top quark is used to simultaneously determine five generalized W t b couplings as
well as the top polarization. No assumption is made for the other couplings. See this
paper for constraints on other couplings not included here.

3 AABOUD 17! based on 20.2 fb—1 of pp data at /s = 8 TeV. A cut-based analysis
is used to discriminate between signal and backgrounds. All anomalous couplings other
than Im(f)gL are assumed to be zero. See this paper for a number of other asymmetries

and measurements that are not included here.

4 KHACHATRYAN 17G based on 5.0 and 19.7 fb— ! of pp data at /s = 7 and 8 TeV,
respectively. A Bayesian neural network technique is used to discriminate between signal
and backgrounds. This is a 95% CL exclusion limit obtained by a three-dimensional fit

with simultaneous variation of (fL, f%, fé%)

5 AAD 16AK based on 4.6 fb— 1 of pp data at /s = 7 TeV. The results are obtained from
an analysis of angular distributions of the decay products of single top quarks, assuming
fﬁ:f%:o. The fraction of decays containing transversely polarized W is measured to
be F, + F_ = 0.37 &+ 0.07.

6 Based on 1.04 fb~1 of pp data at /s = 7 TeV. AAD 12BG studied tt events with large
K and either £ + > 4j or £4 + > 2j.

"Based on 5.4 fb—1 of data. For each value of the form factor quoted the other two
are assumed to have their SM value. Their Fig. 4 shows two-dimensional posterior
probability density distributions for the anomalous couplings.

8Based on 5.4 fb~1 of data in pp collisions at 1.96 TeV. Results are obtained by com-
bining the limits from the W helicity measurements and those from the single top quark
production.

9Based on 1 fb~1 of data at pP collisions /s = 1.96 TeV. Combined result of the W
helicity measurement in tt events (ABAZOV 08B) and the search for anomalous tb W
couplings in the single top production (ABAZQOV 08Al). Constraints when f{’ and one of
the anomalous couplings are simultaneously allowed to vary are given in their Fig. 1 and
Table 1.

O Result is based on 0.9 fb— 1 of data at /8 =1.96 TeV. Single top quark production events
are used to measure the Lorentz structure of the t bW coupling. The upper bounds on
the non-standard couplings are obtained when only one non-standard coupling is allowed

to be present together with the SM one, ff = V’t'fb.

|fLv V|
Assumed that the top-quark-related CKM matrix elements obey the relation ’th’,
|Vts| < |th] and a form factor fyj, is determined for each production mode and
centre-of-mass energy.

VALUE DOCUMENT ID TECN COMMENT

0.995+0.021 OUR AVERAGE

0.98840.024 1 SIRUNYAN 20Az CMS 13 TeV, t-channel single top
1.02 +0.04 +£0.02 2 AABOUD 19R LHC  ATLAS + CMS at 7, 8 TeV

1 SIRUNYAN 20Az based on 35.9 fb—1 of pp data at /s = 13 TeV. Final states enriched
in single top quark t-channel events are used. Several theories beyond the standard model
are considered, and by releasing all constraints among the involved parameters. Under
the standard model assumption of CKM unitarity, the values are found to be |th’ >
0.970 and V4|2 + [V4|? < 0.057, both at 95% CL.

2The combination of single-top production cross-section measurements in the t-channel,
t W, and s-channel production modes from ATLAS and CMS at /s = 7 and 8 TeV.
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Fzvy/|Vea2 + Vi 2|
Assumed that the top-quark-related CKM matrix elements obey the relation
‘thHVts‘ < ’th‘ and a form factor fLV is determined for each production
mode andcentre-of-mass energy.

VALUE DOCUMENT ID TECN COMMENT
e o ¢ We do not use the following data for averages, fits, limits, etc. @ o o
0.24+0.12 1 SIRUNYAN 20AZ CMS  t-channel single top

Lwe report the square root of SIRUNYAN 20AZ result based on 35.9 fb— 1 of pp data at

/s = 13 TeV measured ’th’2 + ‘Vts‘z = 0.06 £ 0.06 using final states enriched in
single top quark t-channel events by releasing all constraints from unitarity of the CKM
matrix within the SM. Under the standard model assumption of CKM unitarity,the values

are found to be [Vy| > 0.970 and [Vy4|? + |V;4|% < 0.057, both at 95% CL.

Chromo-magnetic dipole moment u,=gsfi;/m;
VALUE L% DOCUMENT ID TECN  COMMENT

e o e We do not use the following data for averages, fits, limits, etc. o o o

+0.013+0.016 1 ,
—0.0247 3053 0013 SIRUNYAN  20AMCMS  /+jets
—0.014 < j; <0.004 95 2SIRUNYAN  19BXxCMS  ££ + > 2j ( > 1b)
—0.053 <Re(j1;)<0.026 95 3 KHACHATRY..16A1 CMS (£ + > 2j ( > 1b)

1 SIRUNYAN 20AM based on 35.9 fb—1 of pp data at /s = 13 TeV. t¥ with low and
high boosts are reconstructed through a fit of the kinematic distributions. The ¢q
initial subprocess is separated using different dependencies of the distributions on the

initial states, and the linearized forward-backward asymmetry is measured to be A%)B =

40.095 +0.020
0.048 _ 5087 —0.029°

2S5]IRUNYAN 198X based on 35.9 fb—1 of pp data at 4/s = 13 TeV. A set of parton-level
normalized differential cross sections is measured to extract coefficients of the spin-
dependent tt production density matrix. The coefficients are compared with the NLO
MC simulations and with the NLO QCD calculation including EW corrections.

3 KHACHATRYAN 16Al based on 19.5 fb—1 of pp data at /s = 8 TeV, using lepton
angular distributions as a function of the tt-system kinematical variables.

Chromo-electric dipole moment d; = ggd;/m,

VALUE CL% DOCUMENT ID TECN COMMENT

e o e We do not use the following data for averages, fits, limits, etc. o o o

|d;| <0.03 95 LSIRUNYAN ~ 20AMCMS  (+jets

—0.020 < Elt <0.012 95 2 SIRUNYAN 19BX CMS  ¢¢ + >2j(>1b)
—0.068 <Im(8t)<0.067 95 3 KHACHATRY..16A1 CMS ¢4 + >2j(>1b)

1 SIRUNYAN 20AM based on 35.9 fb—1 of pp data at /s = 13 TeV. tt with low and
high boosts are reconstructed through a fit of the kinematic distributions. The gg@
initial subprocess is separated using different dependences of the distributions on the

RO

initial states, and the linearized forward-backward asymmetry is measured to be FB =
0.095 4 0.020
0.048 0087 £ 0'039-
2SIRUNYAN 198X based on 35.9 fb—1 of pp data at /s = 13 TeV. A set of parton-level
normalized differential cross sections is measured to extract coefficients of the spin-
dependent tt production density matrix and constrain the anomalous chromomagnetic
and chromoelectric dipole moments of the top quark. The coefficients are compared with
the NLO MC simulations and with the NLO QCD calculation including EW corrections.
3 KHACHATRYAN 16Al based on 19.5 fb—1 of pp data at \/s = 8 TeV, using lepton
angular distributions as a function of the tt-system kinematical variables.

https://pdg.Ibl.gov Page 27 Created: 6/1/2021 08:32



Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update

Spin Correlation in tt Production in pp Collisions
C is the correlation strength parameter, f is the ratio of events with correlated t and t
spins (SM prediction: f = 1), and & is the spin correlation coefficient. See " The Top
Quark” review for more information.

VALUE DOCUMENT ID TECN COMMENT
e o ¢ We do not use the following data for averages, fits, limits, etc. o o o
0.89-+0.22 1 ABAZOV 16A DO f (L€ + > 2 jets, £ + > 4 jets)
0.85-0.29 2 ABAZOV 128 DO f (04 + > 2 jets, £ + > 4 jets)
1.157 042 3 ABAZOV 128 DO f(£+ Ep + >4 jets)
0.60 920 4 AALTONEN  11ARCDF &k (£ + Bp + > 4 jets)

0.40 :
0.747 043 5 ABAZOV 11AE DO f (L6 +Ep + > 2 jets)
0.1040.45 6 ABAZOV 11AF DO C (L4 +Ep + > 2 jets)

LABAZOV 16A based on 9.7 fb—1 of data. A matrix element method is used. It corre-

sponds to evidence of spin correlation at 4.20 and is in agreement with the NLO SM

- +0.01
prediction 0.80 " 0.02

2This is a combination of the lepton + jets analysis presented in ABAZOV 12B and the
dilepton measurement of ABAZOV 11AE. It provides a 3.1 o evidence for the tt spin
correlation.
Based on 5.3 fb— 1 of data. The error is statistical and systematic combined. A matrix
element method is used.

4 Based on 4.3 fb—1 of data. The measurement is based on the angular study of the top
quark decay products in the helicity basis.The theory prediction is kK ~ 0.40.

5Based on 5.4 fb~ 1 of data using a matrix element method. The error is statistical and
systematic combined. The no-correlation hypothesis is excluded at the 97.7% CL.

6Based on 5.4 fb~1 of data. The error is statistical and systematic combined. The
NLO QCD prediction is C = 0.78 £ 0.03. The neutrino weighting method is used for
reconstruction of kinematics.

Spin Correlation in tt Production in pp Collisions
Spin correlation, fSM' measures the strength of the correlation between the spins of
the pair produced tt. fg;, =1 for the SM, while fgy,; =0 for no spin correlation.

VALUE DOCUMENT ID TECN COMMENT
e o ¢ We do not use the following data for averages, fits, limits, etc. @ o o
0.900.0740.0940.01 1SIRUNYAN 198X CMS Gy in €0 + > 2j (> 1b)
1.134+0.32+0.327 019 1SIRUNYAN 198X CMS  C,..in 00 + >2j (> 1b)
1.0140.0440.05+0.01 LSIRUNYAN 198X CMS  C,,, in 00 + > 2j (> 1b)
0.9440.1740.26+0.01 1SIRUNYAN  19BXCMS  C,j+Cp,. in £6 + > 2]
(>1b)
0.980.0340.0440.01 1SIRUNYAN 198X CMS  (Cpp+Cppt-Cpppy)/3 in £4
T >2j (> 1b)
0.74+0.07+0.19 0.0 LSIRUNYAN 198X CMS  Alab in o+ > 2j (> 1b)
—0.08 cos¢ - =
+0.09 1 . .
1.05:£0.03+0.08 7993 SIRUNYAN 198X CMS Ay gy in €0+ > 2]
(>1b)
1127912 2 KHACHATRY..16A1 CMS  £0 + >2j ( > 1b)
0.72+0.08 701 3 KHACHATRY..16X CMS -+ 4,5]
1.2040.05+0.13 4 AAD 155 ATLS A¢(£f) in €0+ > 2j( > 1b)
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1.1940.09:£0.18 5 AAD 14BB ATLS A@(£f) in €0 + > 2j events

1.1240.1140.22 5 AAD 14BB ATLS A(¢j) in £ + > 4j events

0.87+£0.114+0.14 5,6 AAD 14BB ATLS S-ratio in £ + > 2j events

0.75+0.19+0.23 5,7 AAD 14BB ATLS  cosO(¢£T )cosO(£™) in £ +
> 2j events

0.83+£0.14£0.18 5,8 AAD 14BB ATLS  cosf(£1)cosf(£™) in €0 +
> 2j events

1 SIRUNYAN 198X based on 35.9 fb—1 of pp data at /s = 13 TeV. A set of parton-
level normalized differential cross sections sensitive to coefficients of the spin-dependent
tt production density matrix is measured. The distributions and coefficients are com-
pared with the NLO MC simulations and with the NLO QCD calculation including EW
corrections. Three errors are from statistics, experimental systematics, and theory.

2 KHACHATRYAN 16Al based on 19.5 fb—1 of pp data at /s = 8 TeV, using lepton
angular distributions as a function of the tt-system kinematical variables.

3 KHACHATRYAN 16X based on 19.7 fb—1 of pp data at /s = 8 TeV. Uses a template
fit method. Spin correlation strength in the helicity basis is given by Ap = 0.23 £

+0.05
0.037502-

4 AAD 15J based on 20.3 fb—1 of pp data at /s = 8 TeV. Uses a fit including a linear
superposition of A¢ distribution from the SM NLO simulation with coefficient fg s and

from tt simulation without spin correlation with coefficient (1 — fgp ).
5Based on 4.6 fb— 1 of pp data at \/s =7 TeV. The results are for m; = 172.5 GeV.

6 The S-ratio is defined as the SM spin correlation in the like-helicity gluon-gluon collisions
normalized to the no spin correlation case; see eq.(6) for the LO expression.

" The polar angle correlation along the helicity axis.

8 The polar angle correlation along the direction which maximizes the correlation.

t-quark FCNC Couplings k%9 /A and k%9 /A

VALUE (Tev—1)

CL%

DOCUMENT ID

TECN

COMMENT

e o o We do not use the following data for averages, fits, limits, etc. e o o

<0.0041 95 L KHACHATRY..176 CMS  |x!%9|/A

<0.018 95 L KHACHATRY..176¢ CMS  |xt€9|/A

<0.0058 95 2 AAD 16As ATLS  ktu9 /A

<0.013 95 2 AAD 16As ATLS &9 /A

<0.0069 95 3 AAD 128P ATLS 149 /A (19 = 0)
<0.016 95 3 AAD 128P ATLS  tt€9/A (tt49 = 0)
<0.013 95 4 ABAZOV 10k DO KtUg/A

<0.057 95 4 ABAZOV 10k DO xfC9/A

<0.018 95 5 AALTONEN 09N CDF  s!%9/A (ki€ = 0)
<0.069 95 5 AALTONEN 09N CDF  k!€9/A (%9 = 0)
<0.037 95 6 ABAZOV 07v DO kU9/A

<0.15 95 6 ABAZOV 07v DO kCtI/A

1 KHACHATRYAN 176G based on 5.0 and 19.7 fb—1 of pp data at /s = 7 and 8 TeV,
respectively. t-channel single top production is used. The result corresponds to B(t —

ug) < 20x107° or B(t — cg) < 4.1x10™4,

2 AAD 16AS based on 20.3 fb— 1 of pp data at /s = 8 TeV. The results are obtained from
the 95% CL upper limit on the single top-quark production o(gqg — t)-B(t = bW)
< 3.4pb, B(t —» ug) < 40x1072 and B(t - cg) < 20 x 1072,

3Based on 2.05 fb~ 1 of pp data at /s = 7 TeV. The results are obtained from the 95%
CL upper limit on the single top-quark production o(qg — t)-B(t — bW) < 3.9 pb,
for g=u or g=c, B(t = ug) < 57 x 1072 and B(t — ug) < 2.7 x 10~ 4.
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4Based on 2.3 fb~1 of data in pPp collisions at v/s = 1.96 TeV. Upper limit of single top
quark production cross section 0.20 pb and 0.27 pb via FCNC t-u-g and t-c-g couplings,
respectively, lead to the bounds without assuming the absence of the other coupling.

B(t— u+ g)< 20x10 % andB(t > c+ g) < 3.9x 10~3 follow.

5Based on 2.2 fb—1 of data in pP collisions at /s = 1.96 TeV. Upper limit of single top
quark production cross section o(u(c) + g — t) < 1.8 pb (95% CL) via FCNC t-u-g

and t-c-g couplings lead to the bounds. B(t - v+ g) < 3.9 10~% and B(t— c+
g) < 5.7 x 1073 follow.

6 Result is based on 230 pb_1 of data at /s = 1.96 TeV. Absence of single top quark
production events via FCNC t-u-g and t-c-g couplings lead to the upper bounds on the

dimensioned couplings, KU’tg//\ and /-@Ctg//\, respectively.

t-Quark Yukawa Coupling from tt Kinematic Distributions in pp Collisions
The ratio of t-quark Yukawa coupling to its standard model predicted value.
VALUE DOCUMENT ID TECN  COMMENT

e o e We do not use the following data for averages, fits, limits, etc. o o o

1167024 1SIRUNYAN  20BH CMS 00 (f=e,u) + jets ( > 2bj) + Bp
1.07170:34 2SIRUNYAN  198BY CMS  {-+jets, 7 threshold

L SIRUNYAN 208H based on 137 fb—1 of data at /s = 13 TeV. Kinematic distributions
of tt are compared with predictions by different values of the top Yukawa coupling in
loop corrections, where the scaling of the SM coupling is used within the x-framework.
The K cut applies only to the same-flavor dilepton, not ey events.

2SIRUNYAN 198BY based on 35.8 fb— ! of data at /s = 13 TeV. Experimental sensitivity
is enhanced in the low M, region. The distributions of M < ]yt — yﬂ, and the number

tt’
of reconstructed jets are compared with predictions by different Yukawa couplings which

include NNLO QCD and NLO EW corrections.

o(Htt) /o(Htt)gpm
VALUE L% DOCUMENT ID TECN  COMMENT

e o o We do not use the following data for averages, fits, limits, etc. @ o o

+0.33+0.21 1 _
1437531015 AAD 20z ATLS Htt (H — ~7)
+0.29+0.21 2 _
138705201 SIRUNYAN  20As CMS  HtE (H — ~7)
0.7240.2440.38 3SIRUNYAN  19R CMS Htt(H — bb, tf—
{+jets or dilepton)
0.9 £0.7 +1.3 4SIRUNYAN  188DCMS Htt (H — bb, tt —
all jets)
1267031 5SIRUNYAN  18L CMS  combination of CMS
<6.7 95 6 AAD 15 ATLS HtE H — v
2.8 +£1.0 7" KHACHATRY..14H CMS H — bb, m7h, 77,

W W /Z Z(leptons)
1 AAD 207 based on 139 fb—1 of pp data at 13 TeV. Assuming a CP-even coupling the
tt H process is observed with a significance of 5.2 &, and the measured OiTH B,y =

Y
164t8§2t8%z fb. A CP-mixing angle |a’ > 43° is excluded at 95% CL.

2SIRUNYAN 20AS based on 137 fb— 1 of pp data at 13 TeV. The ttH process is observed

with a significance of 6.6 o, and the measured o,z ;- B’Y’Y = 1561_8%81_883 fb. The

fractional contribution of the CP-odd component is measured to be ftc?]y = 0.00 4+ 0.33.
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3SIRUNYAN 19R based on 35.9 fb—1 of pp data at 13 TeV. Multivariate techniques are
employed to separate the signal from the dominant tt+jets background. The result is
for my = 125 GeV. The measured ratio corresponds to a signal significance of 1.60
above the background-only hypothesis.

4SIRUNYAN 188D based on 35.9 fb—1 of pp data at 13 TeV. A combined fit of signal
and background templates to data is performed in six event categories separated by jet
and b-jet multiplicities. An upper limit of 3.8 is obtained for the cross section ratio.

5SIRUNYAN 18L based on up to 5.1, 19.7, and 35.9 fo—1 of pp data at 7, 8, and 13
TeV, respectively. An excess of events is observed, with a significance of 5.2 standard
deviations, over the expectation from the background-only hypothesis. The result is for
the Higgs boson mass of 125.09 GeV.

6Based on 4.5 fb~1 of data at 7 TeV and 20.3 fb~ 1 at 8 TeV. The result is for my
= 125.4 GeV. The measurement constrains the top quark Yukawa coupling strength

parameter k; = Yt/Y‘th tobe —1.3 < r; < 8.0(95% CL).

7 Based on 5.1 fb—1 of ppdataat?7 TeV and 19.7 fb—1 at 8 TeV. The results are obtained
by assuming the SM decay branching fractions for the Higgs boson of mass 125.6 GeV.
The signal strength for individual Higgs decay channels are given in Fig. 13, and the
preferred region in the (xy/, Hf) space is given in Fig. 14.

Single t-Quark Production Cross Section in pp Collisions at /s = 1.8 TeV
Direct probe of the t bW coupling and possible new physics at /s = 1.8 TeV.

VALUE (pb) CL% DOCUMENT ID TECN COMMENT

e o e We do not use the following data for averages, fits, limits, etc. o o o

<24 95 1 ACOSTA 04H CDF pp— tb+ X, tgh+ X
<18 95 2 ACOSTA 02 CDF pp— thb+ X

<13 95 3 ACOSTA 02 CDF pp— tgb+ X

1 ACOSTA 04H bounds single top-quark production from the s-channel W-exchange pro-
cess, qla — tb, and the t-channel W-exchange process, q/g — qtbh. Based on
~ 106 pb~1 of data.

2 ACOSTA 02 bounds the cross section for single top-quark production via the s-channel
W-exchange process, ¢'G — tbh. Based on ~ 106 pb_1 of data.

3 ACOSTA 02 bounds the cross section for single top-quark production via the t-channel
W-exchange process, ¢/ g — qth. Based on ~ 106 pb_1 of data.

Single t-Quark Production Cross Section in pp Collisions at /s = 1.96 TeV
Direct probes of the t bW coupling and possible new physics at /s = 1.96 TeV.
OUR AVERAGE assumes that the systematic uncertainties are uncorrelated.

VALUE (pb) CL% DOCUMENT ID TECN COMMENT
e o ¢ We do not use the following data for averages, fits, limits, etc. @ o o
3531122 1 AALTONEN 16 CDF s + t-channels (04+Fp +
' 2,3j (> 1b-tag))
2.2510-29 2 AALTONEN ~ 15H TEVA t-channel
3.3010-52 2,3 AALTONEN 154 TEVA s + t-channels
1127361 4 AALTONEN 14k CDF  s-channel (00+Ep+2,3]
' (> 1b-tag))
+0.44 5 -
1417545 AALTONEN  14L CDF  s-channel ({+Ep+2j ( >
’ 1b-tag))
+0.26 6
1.297 55, AALTONEN  14M TEVA s-channel (CDF + DO)
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3.04 7921 7TAALTONEN 140 CDF s+ t+ Wt (L + Ep + 2
’ or 3 jets ( > 1b-tag))
1107933 8 ABAZOV 130 DO s-channel
3.07 7928 8 ABAZOV 130 DO t-channel
4.11193-20 8 ABAZOV 130 DO s + t-channels
0.98-0.63 9 ABAZOV 11AAD0  s-channel
2.90+0.59 9 ABAZOV 11AAD0  t-channel
3.4370:73 10 ABAZOV 11ADD0 s + t-channels
18 91 11 AALTONEN ~ 10AB CDF  s-channel
0.8 +0.4 11 AALTONEN  10AB CDF  t-channel
4.9 T35 12 AALTONEN 10U CDF  Ep + jets decay
3.1419-2¢ 13 ABAZOV 10 DO  tchannel
1.0540.81 13 ABAZOV 10 DO  schannel
<73 95 14 ABAZOV 10) DO 7 + jets decay
23 10 15 AALTONEN ~ 09AT CDF - + t-channel
3.94-0.88 16 ABAZOV 09z DO s + t-channel
2.2 fg-g 17 AALTONEN ~ 08AH CDF  s- 4 t-channel
47 +1.3 18 ABAZOV 08l DO s + t-channel
4.9 +1.4 19 ABAZOV 07H DO  s- + t-channel
< 6.4 95 20 ABAZOV 05p DO pp— tb+ X
< 5.0 95 20 ABAZOV 05p DO  pp— tgb+ X
<10.1 95 21 ACOSTA 05N CDF pp— tgb+ X
<13.6 95 21 ACOSTA 05N CDF  pp— tb+ X
<17.8 95 21 ACOSTA 05N CDF pp— thb+ X, tgb+ X

1AALTONEN 16 based on 9.5 fo—1 of data. This includes, as a part, the result of
AALTONEN 14K. Combination of this result with that of AALTONEN 140 gives a s +

t cross section of 3021_823 pb and |Vp| > 0.84 (95% CL).

2 AALTONEN 15H based on 9.7 fb— ! of data per experiment. The result is for my
= 172.5 GeV, and is a combination of the CDF measurements (AALTONEN 16) and
the DO measurements (ABAZOV 130) on the t-channel single t-quark production cross
section. The result is consistent with the NLO4+NNLL SM prediction and gives ’th’ =

1.027 098 and |V, > 0.92 (95% CL).

3 AALTONEN 15H is a combined measurement of s-channel single top cross section by
CDF + D0. AALTONEN 14M is not included.

4 Based on 9.45 fb—1 of data, using neural networks to separate signal from backgrounds.
The result is for my = 172.5 GeV. Combination of this result with the CDF measurement

in the 1 lepton channel AALTONEN 14L gives 1.361’8‘%5 pb, consistent with the SM

prediction, and is 4.2 sigma away from the background 6n|y hypothesis.

SBased on 9.4 fb— 1 of data, using neural networks to separate signal from backgrounds.
The result is for my = 172.5 GeV. The result is 3.8 sigma away from the background
only hypothesis.

6 Based on 9.7 fb—1 of data per experiment. The result is for my = 172.5 GeV, and is a
combination of the CDF measurements AALTONEN 14L, AALTONEN 14K and the DO
measurement ABAZQOV 130 on the s-channel single t-quark production cross section.

https://pdg.Ibl.gov Page 32 Created: 6/1/2021 08:32



Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update

The result is consistent with the SM prediction of 1.05 4+ 0.06 pb and the significance
of the observation is of 6.3 standard deviations.

7 Based on 7.5 fb—1 of data. Neural network is used to discriminate signals (s-, t- and
Wit-channel single top production) from backgrounds. The result is consistent with the
SM prediction, and gives |V p| = 0.95 & 0.09(stat + syst) +0.05(theory) and |V;p| >
0.78 (95% CL). The result is for m; = 172.5 GeV.

8Based on 9.7 fb— ! of data. Events with £ + B + 2 or 3 jets (1 or 2 b-tag) are analysed,
assuming m; = 172.5 GeV. The combined s- + t-channel cross section gives ’th f{"

= 1.1210:09 ‘th’ > 0.92 at 95% CL for f{’ = 1 and a flat prior within 0 <

—0.08’

V2 < 1.
9Based on 5.4 fb—1 of data. The error is statistical + systematic combined. The re-
sults are for my = 172.5 GeV. Results for other m; values are given in Table 2 of

ABAZOV 11AA.

OBased on 5.4 fb~ 1 of data and for m; = 172.5 GeV. The error is statistical + systematic
combined. Results for other m; values are given in Table Ill of ABAZOV 11AD. The
result is obtained by assuming the SM ratio between t b (s-channel) and tgb (t-channel)

productions, and gives ]th f{’| = 1.021'8‘%(1), or ]th| > 0.79 at 95% CL for a flat
prior within 0 < ’th‘z < 1.
11 Based on 3.2 fb— 1 of data. For combined s- + t-channel result see AALTONEN 09AT.
12 Result is based on 2.1 fb~1 of data. Events with large missing E and jets with at

least one b-jet without identified electron or muon are selected. Result is obtained when
observed 2.1 o excess over the background originates from the signal for m; = 175 GeV,

giving |V yp| = 1241’8%3 =+ 0.07(theory).

13 Result is based on 2.3 fb—1 of data. Events with isolated {+ ET + 2,3, 4 jets with
one or two b-tags are selected. The analysis assumes m; = 170 GeV.

14 Result is based on 4.8 fb—1 of data. Events with an isolated reconstructed tau lepton,
missing E» + 2, 3 jets with one or two b-tags are selected. When combined with
ABAZOV 097 result for e + p channels, the s- and t-channels combined cross section

is 3.847 082 pb.

15Based on 3.2 fb~1 of data. Events with isolated ¢ + K + jets with at least one
b-tag are analyzed and s- and t-channel single top events are selected by using the
likelihood function, matrix element, neural-network, boosted decision tree, likelihood
function optimized for s-channel process, and neural-networked based analysis of events
with ¥ that has sensitivity for W — 7v decays. The result is for m; = 175 GeV,
and the mean value decreases by 0.02 pb/GeV for smaller m;. The signal has 5.0
sigma significance. The result gives ]th] = 0.91 £+ 0.11 (stat+syst)£0.07 (theory), or

|Vip| > 0.71 at 95% CL.

16 Based on 2.3 fb~1 of data. Events with isolated £ + ¥ + > 2 jets with 1 or 2 b-tags
are analyzed and s- and t-channel single top events are selected by using boosted decision
tree, Bayesian neural networks and the matrix element method. The signal has 5.0 sigma
significance. The result gives ]th] = 1.07 £ 0.12, or |th| > 0.78 at 95% CL. The
analysis assumes m; = 170 GeV.

17 Result is based on 2.2 fb—1 of data. Events with isolated ¢ + K + 2, 3 jets with
at least one b-tag are selected, and s- and t-channel single top events are selected by
using likelihood, matrix element, and neural network discriminants. The result can be

interpreted as |V p| = 0.88t8‘%g(stat + syst)+0.07(theory), and |V;p| > 0.66 (95%

CL) under the |Vp| < 1 constraint.

18 Result is based on 0.9 fb—1 of data. Events with isolated ¢ + ET + 2, 3, 4 jets with
one or two b-vertex-tag are selected, and contributions from W + jets, tt, s- and t-
channel single top events are identified by using boosted decision trees, Bayesian neural
networks, and matrix element analysis. The result can be interpreted as the measurement
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of the CKM matrix element |Vp| = 1.31F70:3% or |V > 0.68 (95% CL) under the
]th| < 1 constraint.

19 Result is based on 0.9 fb—1 of data. This result constrains Vip 10 0.68 < |th| <1
at 95% CL.

ABAZOV 05P bounds single top-quark production from either the s-channel W-exchange
process, qla — tbh, or the t-channel W-exchange process, q/g — qth, based on
~ 230 pb~1 of data.

21 ACOSTA 05N bounds single top-quark production from the t-channel W-exchange pro-
cess (q/g — qtbh), the s-channel W-exchange process (q’ﬁ — tb), and from the
combined cross section of t- and s-channel. Based on ~ 162 pb_1 of data.

t-channel Single t Production Cross Section in pp Collisions at /s = 7 TeV
Direct probe of the t bW coupling and possible new physics at /s = 7 TeV.

VALUE (pb) DOCUMENT ID TECN COMMENT

e o ¢ We do not use the following data for averages, fits, limits, etc. @ o o

67.5+ 5.7 1 AABOUD 19R LHC  combination of ATLAS+CMS
68 + 2 + 8 2 AAD 1481 ATLS ¢ + Ep + 2j or 3]

83 + 4 120 3 AAD 12CH ATLS  t-channel £+ Ep+ (2,3)j (1b)
67.2+ 6.1 4 CHATRCHYAN 128Q CMS  t-channel £ + Er+ >2j(1b)
83.64+29.8+ 3.3 5 CHATRCHYAN11R CMS  t-channel

L AABOUD 19R based on 1.17 to 5.1 fb~1 of data from ATLAS and CMS at 7 TeV.

2Based on 4.59 fb~ 1 of data, using neural networks for signal and background separation.
o(tq) =46 £ 1 £ 6 pband o(tq) = 23 £ 1 + 3 pb are separately measured, as well
as their ratio R = o(tq)/o(tq) = 2.04 £ 0.13 £ 0.12. The results are for m; = 172.5
GeV, and those for other m; values are given by eq.(4) and Table IV. The measurements

give |Vyp| = 1.02 £ 0.07 or |Vyy| > 0.88 (95% CL).
3Based on 1.04 fb—1 of data. The result gives ’th‘ = 1.131‘8'%%l from the ratio
o(exp)/o(th), where o(th) is the SM prediction for |V,| = 1. The 95% CL lower

bound of |V;| > 0.75 is found if |Vyp| < 1 is assumed. o(t) = 591’%2 pb and

o(t) = 331’%3 pb are found for the separate single t and t production cross sections,
respectively. The results assume m; = 172.5 GeV for the acceptance.

4 Based on 1.17 fb— 1 of data for £ = w, 1.56 fb—1 of data for { = e at 7 TeV collected
during 2011. The result gives V| = 1.020 + 0.046(meas)+0.017(th). The 95% CL

lower bound of |th’ > 0.92 is found if ]th| < 1 is assumed. The results assume m;,
= 172.5 GeV for the acceptance.

5Based on 36 pb_1 of data. The first error is statistical + systematic combined, the
second is luminosity. The result gives |V;,| = 1.114 + 0.22(exp)£0.02(th) from the

ratio o(exp)/o(th), where o(th) is the SM prediction for [V;p| = 1. The 95% CL lower
bound of |Vy,| > 0.62 (0.68) is found from the 2D (BDT) analysis under the constraint

0< |Vpl? <1

t-channel Single t Production Cross Section in pp Collisions at /s = 8 TeV

VALUE (pb) DOCUMENT ID TECN COMMENT

e o e We do not use the following data for averages, fits, limits, etc. e o o

87.7+5.8 1 AABOUD 19R LHC  combination of ATLAS+CMS
o611 2 AABOUD 17T ATLS (+Ep+2j (1bj)

83.6+2.3+7.4 3 KHACHATRY..14F CMS (+Ep+>2j(1,2 b, 1 forward j)
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1L AABOUD 19R based on 12.2 to 20.3 fb—1 of data from ATLAS and CMS at 8 TeV.
2 AABOUD 17T based on 20.2 fb—1 of data. A maximum-likelihood fit to neural-network

discriminant distributions is used to separate signal and background events. Individual

cross sections are measured as o(tq) = 56.71’%'3 pb and o(tq) = 32.9tg'g pb, while

their ratio is given by o(tq)/o(tq) = 1.72 & 0.09. A lower limit |V;p| > 0.92 (95%
CL) is obtained. Measured total and differential cross sections are described well by the
SM.

3Based on 19.7 fb—! of data. The t and T production cross sections are measured
separately as oy _ ., (t) = 53.8 = 1.5 £ 4.4 pb and o;_.j, (t) = 27.6 = 1.3 & 3.7 pb,
respectively, as well as their ratio R;_.;, = Ut—ch.(t)/at—ch.(?) =1.95+0.10 £ 0.19,
in agreement with the SM predictions. Combination with a previous CMS result at /s
= 7 TeV [CHATRCHYAN 128Q] gives |V;,| = 0.998 & 0.038 & 0.016. Also obtained
is the ratio R8/7 = 04_.p. (8TeV) /oy _.p (TTeV) = 1.24 £ 0.08 £ 0.12.

s-channel Single t Production Cross Section in pp Collisions at /s = 8 TeV

VALUE (pb) DOCUMENT ID TECN COMMENT

e o ¢ We do not use the following data for averages, fits, limits, etc. @ o o
4.9+1.4 1 AABOUD 19R LHC  ATLAS + CMS
48+08719 2 AAD 16U ATLS £+ Ep +2b
13.4+7.3 3 KHACHATRY..16AZ CMS £ + B + 2b
5.044.3 4 AAD 15A ATLS (+ Ep +2b

L AABOUD 19R based on 12.2 to 20.3 fb—1 of data from ATLAS and CMS at 8 TeV.

2 AAD 16U based on 20.3 fo—1 of data, using a maximum-likelihood fit of a matrix element
method discriminant. The same data set as in AAD 15A is used. The result corresponds
to an observed significance of 3.20.

3 KHACHATRYAN 16AZ based on 19.7 fb~1 of data, using a multivariate analysis to
separate signal and backgrounds. The same method is applied to 5.1 fb—L of data
at /s = 7 TeV, giving 7.1 £ 8.1 pb. Combining both measurements, the observed
significance is 2.50. A best fit value of 2.0 4= 0.9 is obtained for the combined ratio of
the measured values and SM expectations.

4 AAD 15A based on 20.3 fb—1 of data, using a multivariate analysis to separate signal
and backgrounds. The 95% CL upper bound of the cross section is 14.6 pb. The results
are consistent with the SM prediction of 5.61 4 0.22 pb at approximate NNLO.

t-channel Single t Production Cross Section in pp Collisions at /s = 13 TeV

VALUE (pb) DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. o o o

130+ 1+19 1SIRUNYAN 20D CMS o(tq), L+ET+ >2§
77+ 1412 LSIRUNYAN 200 CMS  o(%q), (+Ep+ >2

156+ 54+27+ 3 2 AABOUD 17H ATLS o(tq), £+Ep+2 ] (1b, 1 forward j)
91+ 4+18+ 2 2 AABOUD 17H ATLS o(tq), £+Ep+2 ] (1b, 1 forward j)

154+ 84+ 9+194+4  3SIRUNYAN 17AACMS  o(tq), u+ > 2 (1b)
85410+ 4+114+2  3SIRUNYAN 17AACMS  o(Eq), u+ > 2 (1b)

1 SIRUNYAN 20D based on 35.9 fb—1 of data. Different categories of jet and b jet
multiplicity and multivariate discriminators are used to separate signal and background
events. The cross section ratio is measured to be o(tq)/o(tq) = 1.68 + 0.02 + 0.05.
CKM matrix element is obtained as |f; 1, V| = 0.98 & 0.07(exp) +0.02(theo) where
f7,1/ is an anomalous form factor. All results are in agreement with the SM.

2 AABOUD 17H based on 3.2 fb—1 of data. A maximum-likelihood fit to neural-network
discriminant distributions is used to separate signal and background events. The third
error is for luminosity. The cross section ratio is measured to be o(tq)/o(tq) = 1.72 £
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0.09 + 0.18. A lower limit |V ;| > 0.84 (95% CL) is obtained. All results are in
agreement with the SM.

3SIRUNYAN 17AA based on 2.2 fb~1 of data. A multivariate discriminator is used
to separate signal and background events. The four errors are from statitics, experi-
mental systematics, theory, and luminosity. The cross section ratio is measured to be
o(tq)/o(tq) = 1.81 £ 0.18 £ 0.15. CKM matrix element is obtained as |V | =
1.05 £ 0.07(exp) £0.02(theo). All results are in agreement with the SM.

ttH Production Cross Section in pp Collisions at /s = 13 TeV

VALUE (fb) DOCUMENT ID TECN COMMENT
e o ¢ We do not use the following data for averages, fits, limits, etc. @ o o
67090 T 110 1 AABOUD 18BKATLS H — bb, WW* 77, vv, ZZ*

1 AABOUD 188K based on 79.8 fb—1 of data. The observed significance is 5.80 relative
to the background-only hypothesis. The measurement is consistent with the NLO SM

prediction of 5071_38 fb. See Table 3 and Fig. 5 for measurements of individual modes.
Combined with the measurements at 7 and 8 TeV, the observed significance is 6.30.

Wt Production Cross Section in pp Collisions at /s = 7 TeV

VALUE (pb) DOCUMENT ID TECN COMMENT

e o ¢ We do not use the following data for averages, fits, limits, etc. e o o

16.3+4.1 1 AABOUD 19R LHC  ATLAS + CMS combined
16 *3 2 CHATRCHYAN13C CMS  t+W channel, 20+Ep+1b

L AABOUD 19R based on 1.17 to 5.1 fb— 1 of data from AT %g and Cl\ésoft 7 TeV.
2Based on 4.9 fb—1 of data. The result gives Vip = 1.01t0'13(exp)t0‘04(th). Vip >

0.79 (95% CL) if V4, < 1 is assumed. The results assume m; = 172.5 GeV for the
acceptance.

W't Production Cross Section in pp Collisions at /s = 8 TeV

VALUE (pb) DOCUMENT ID TECN  COMMENT

e o o We do not use the following data for averages, fits, limits, etc. o o o

23.14+3.6 1 AABOUD 19R LHC  ATLAS + CMS combined
230413132411 2 AAD 168 ATLS 20+Fp+1b

23.4+54 3 CHATRCHYAN 14AC CMS  t+W channel, 2+E+1b

L AABOUD 19R based on 12.2 to 20.3 fb~1 of data from ATLAS and CMS at 8 TeV.

2 AAD 168 based on 20.3 fb~1 of data. The result gives |V | = 1.01£0.10 and |V 4| >
0.80 (95% CL) without assuming unitarity of the CKM matrix. The results assume m,
= 172.5 GeV for the acceptance.

3Based on 12.2 fb~! of data. Events with two oppositely charged leptons, large K
and a b-tagged jet are selected, and a multivariate analysis is used to separate the
signal from the backgrounds. The result is consistent with the SM prediction of 22.2 4+
0.6(scale) £1.4(PDF) pb at approximate NNLO.

Wt Production Cross Section in pp Collisions at /s = 13 TeV

VALUE (pb) DOCUMENT ID TECN COMMENT

e o e We do not use the following data for averages, fits, limits, etc. o o o

04 +10 T38 42 1 AABOUD 184 ATLS ¢to= + >1j

63.1+ 1.8+ 6.4+2.1 25IRUNYAN  18DL CMS e puF 4+ > 1j(b-tag)
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1 AABOUD 18H based on 3.2 fb~1 of data. The last error is from luminosity. A multivari-
ate analysis is used to separate the signal from the backgrounds. The result is consistent
with the NLO+NNLL SM prediction of 71.7 &+ 1.8(scale) & 3.4(PDF) pb.

2SIRUNYAN 18DL based on 35.9 fb—1 of data. The last error is from luminosity. A
multivariate analysis is used to separate the signal from the backgrounds. The result is
consistent with the NLO+NNLL SM prediction of 71.7 £ 1.8(scale) + 3.4(PDF) pb.

Z t Production Cross Section in pp Collisions at /s = 13 TeV
VALUE (fb) DOCUMENT ID TECN  COMMENT

e o o We do not use the following data for averages, fits, limits, etc. o o o

97+ 13+ 7 1 AAD 20AB ATLS 3¢ + 1.2j + 1bj
111+ 137 1 2SIRUNYAN  198F CMS 3¢ + > 2j ( > 1bj)
6004170140 3 AABOUD 18AE ATLS 3¢ + 1j + 1bj
123 33+ 23 4SIRUNYAN 18z CMS 3¢ + 1j + 1bj

1 AAD 20AB based on 139 fb—1 of data at 13 TeV. Neural networks are used to discriminate
tZ q signal from backgrounds. The result is for the cross section o(pp — teto— q),
including non-resonant dilepton pairs, for dilepton invariant masses above 30 GeV and is

consistent with the NLO SM prediction of 1021_3 fb.

2SIRUNYAN 19BF based on 77.4 fb~1 of data. Two BDT's are used in the analysis:
one to discriminate prompt leptons from non-prompt ones; and one to discriminate tZ g

signal from backgrounds. The result is for the cross section o(pp — tZq — tete— q)
for dilepton invariant masses above 30 GeV and is consistent with the NLO SM prediction
of 94.2 4+ 3.1 fb.

3 AABOUD 18AE based on 36.1 fb—1 of data. A multivariate analysis is used to separate
the signal from the backgrounds. The result is consistent with the NLO SM prediction

of 800 fb with a scale uncertainty of tg'i%.

4 SIRUNYAN 187 based on 35.9 fb—1 of data. A multivariate analysis is used to separate
the signal from the backgrounds. The result is for the cross section o(pp — tZq —
W blT ¢~ q) and is consistent with the NLO SM prediction of 94.2t%'g(scale) +
2.5(PDF) fb. Superseded by SIRUNYAN 19BF.

Single t-Quark Production Cross Section in ep Collisions

VALUE (pb) CL% DOCUMENT ID TECN COMMENT

e o ¢ We do not use the following data for averages, fits, limits, etc. o o o

<0.25 95 1 AARON 09A H1 etp o ettx
<0.55 95 2 AKTAS 04 H1 etp— efitx
<0.225 95 3CHEKANOV 03 ZEUS efp - eTtx

1 AARON 094 looked for single top production via FCNC in eip collisions at HERA with
474 pb_1 of data at /s = 301-319 GeV. The result supersedes that of AKTAS 04.
2 AKTAS 04 looked for single top production via FCNC in et collisions at HERA with

118.3 pb_l, and found 5 events in the e or u channels while 1.31 + 0.22 events are
expected from the Standard Model background. No excess was found for the hadronic

channel. The observed cross section of o(ep — et X) = 0.291’8'%2 pb at v/s = 319 GeV
gives the quoted upper bound if the observed events are due to statistical fluctuation.

3 CHEKANOV 03 looked in 130.1 pb_1 of data at /s = 301 and 318 GeV. The limit is
for /s = 318 GeV and assumes m; = 175 GeV.
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tT Production Cross Section in pp Collisions at /s = 1.8 TeV
Only the final combined tt production cross sections obtained from Tevatron Run | by
the CDF and DO experiments are quoted below.

VALUE (pb)

DOCUMENT ID

TECN  COMMENT

e o ¢ We do not use the following data for averages, fits, limits, etc. e o o
1 ABAZOV
2 AFFOLDER

5.69+1.214+1.04

1.7
65 114

03A DO
01A CDF

Combined Run | data
Combined Run | data

1 Combined result from 110 pb_1 of Tevatron Run | data. Assume m; = 172.1 GeV.
2 Combined result from 105 pb_1 of Tevatron Run | data. Assume m; = 175 GeV.

tT Production Cross Section in pp Collisions at /s = 1.96 TeV
Unless otherwise noted the first quoted error is from statistics, the second from sys-
tematic uncertainties, and the third from luminosity. If only two errors are quoted the
luminosity is included in the systematic uncertainties.

VALUE (pb)

DOCUMENT ID

TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. o o o

7.26+0.13170-57

—0.50
8.1 2.1
7.60£0.204+0.29+0.21
8.0 £0.7 £0.6 £0.5
7.09+£0.84
75 £1.0
8.8 £3.3 +£2.2
85 £0.6 +£0.7
7.64+£0.57+0.45
7.99+£0.554+0.76+0.46

+0.77
778 10 64

+0.63
7'56—0.56

6.27+£0.73+0.63+0.39
72 £05 £1.0 +0.4
7.8 £24 +£1.6 £0.5
7.70£0.52

6.9 £2.0
6.9 1.2 708 +o4
9.6 +1.2 708 +o6
901 +11 T30 +os6
+0.98
8.18 .87
+0.7 +0.6
75 +1.0 TO-7 08
8.18 7020 +0.50
7.62+0.85
+2.7
85 727

https://pdg.Ibl.gov

1 ABAZOV 16F DO €4, {+jets channels
2 AALTONEN ~ 14A CDF £+ 7, + > 2jets ( > lb-tag)
3 AALTONEN 14H TEVA/ZZL, {+jets, all-jets channels
4 ABAZOV 14K DO (+Ep+ > 4 jets ( > 1b-tag)
5 AALTONEN ~ 13AB CDF ¢4 + B + > 2 jets
O AALTONEN 136 CDF £+ Ep + > 3jets (> lb-tag)
" AALTONEN  12AL CDF 73, + Ep +4j ( > 1b)
8 AALTONEN 11D CDF £+ Ep + jets ( > 1b-tag)
9 AALTONEN 11w CDF £ + Ep + jets ( > 1b-tag)
10 AALTONEN 11y CDF By + > 4jets (0,1,2 b-tag)
11 ABaZOV 11E DO £+ Ep + > 2 jets
12 ABAZOV 11z DO  Combination
13 AALTONEN  10AA CDF Repl. by AALTONEN 13AB
14 AALTONEN 10 CDF > 6 jets, vtx b-tag
15 AALTONEN 10V CDF £ + > 3 jets, soft-e b-tag
16 AALTONEN 10w CDF £+ Bp + > 3 jets + b-tag,
norm. to o(Z — L&)
17 ABAZOV 100 DO > 6 jets with 2 b-tags
18 ABAZOV 10Q DO T}, + jets
19 AALTONEN  09AD CDF ¢4 + Ep / vix b-tag
20 AALTONEN  09H CDF ¢ + > 3 jets+Fp/soft u b-tag
21 ABAZOV 09AG DO ¢ + jets, ££ and £7 + jets
22 ABAZOV 09R DO ¢ and {7 + jets
23 ABAZOV 08M DO ¢ + n jets with 0,1,2 b-tag
24 ABAZOV 08N DO ¢ + n jets + b-tag or kinematics
25 ABULENCIA 08 CDF (T4~ (£ =e, p)
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83 £1.0 722 £05 20 AALTONEN 07D CDF > 6 jets, vix b-tag

7.4 +1.4 +1.0 27 ABAZOV 070 DO  £¢ + jets, vtx b-tag

45 T20 +14 +03 28 aBAZOV 07 DO > 6 jets, vtx b-tag

64 T3 +0.7 £04  29ABAZOV O7R DO £+ >4 jets

6.6 £0.9 +£0.4 30 aABAZOV 06X DO £ + jets, vtx b-tag

87 +0.9 T11 31 ABULENCIA 06z CDF £ + jets, vtx b-tag

5.8 +1.2 jg-? 32 ABULENCIA,A 06c CDF missing Ep + jets, vix b-tag
75 +21 t33 705 33 ABULENCIAA 066 CDF 6-8 jets, b-tag

89 +1.0 T11 34 ABULENCIA,A 06F CDF ¢ + > 3 jets, b-tag

86 T1° +os 35 ABAZOV 05Q DO £ + n jets

8.6732 £ 1.1+ 0.6 36 ABAZOV 05R DO di-lepton + n jets

67 13 T1% 04 37 aBAzZOV 05X DO £+ jets / kinematics

53 +33 713 38 ACOSTA 055 CDF £ + jets / soft u b-tag

6.6 +1.1 +15 39 ACOSTA 05T CDF £ + jets / kinematics

60 t12 T12 40 ACOSTA 05U CDF ¢ + jets/kinematics + vtx b-tag
56 +12 £0.9 41 ACOSTA 05V CDF £ + n jets

70 T2 +18 104 42acosTA 041 CDF di-lepton + jets + missing ET

1ABAZOV 16F based on 9.7 fb—1 of data. The result is for my = 172.5 GeV, and the my
dependence is shown in Table V and Fig. 9. The result agrees with the NNLO+NNLL

SM prediction of 7351‘8%% pb.

2Based on 9 fb—1 of data. The measurement is in the channel t¥ — (blv)(bTv), where
7 decays into hadrons (74), and £ (e or p) include £ from 7 decays (7). The result is
for my = 173 GeV.

3 Based on 8.8 fb—1 of data. Combination of CDF and DO measurements given, respec-
tively, by o(tt; CDF) = 7.63 £ 0.31 £ 0.36 £ 0.16 pb, o(tt; D0) = 7.56 £ 0.20 + 0.32 £+
0.46 pb. All the results are for m; = 172.5 GeV. The m; dependence of the mean value
is parametrized in eq. (1) and shown in Fig. 2.

4Based on 9.7 fb~1 of data. Differential cross sections with respect to myy, ‘y(top)‘,
ET(top) are shown in Figs. 9, 10, 11, respectively, and are compared to the predictions
of MC models.

5Based on 8.8 fb— 1 of pp collisions at 4/s = 1.96 TeV.

6 Based on 8.7 fb— 1 of pp collisions at /s = 1.96 TeV. Measure the tt cross section
simultaneously with the fraction of t — W b decays. The correlation coefficient between
those two measurements is —0.434. Assume unitarity of the 3x3 CKM matrix and set
|Vip| > 0.89 at 95% CL.

7 Based on 2.2 fb—1 of data in pp collisions at 1.96 TeV. The result assumes the acceptance
for my = 172.5 GeV.

8Based on 1.12 fb—1 and assumes m; = 175 GeV, where the cross section changes by
£0.1 pb for every F1 GeV shift in m;. AALTONEN 11D fits simultaneously the tt
production cross section and the b-tagging efficiency and find improvements in both
measurements.
Based on 2.7 fo— 1. The first error is from statistics and systematics, the second is from
luminosity. The result is for my = 175 GeV. AALTONEN 11w fits simultaneously a jet
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flavor discriminator between b-, c-, and light-quarks, and find significant reduction in the
systematic error.

10 Based on 2.2 fb~1. The result is for m; = 172.5 GeV. AALTONEN 11Y selects multi-jet
events with large Z, and vetoes identified electrons and muons.

11Based on 5.3 fb~1. The error is statistical + systematic 4+ luminosity combined. The
result is for my = 172.5 GeV. The results for other m; values are given in Table XIl and
eq.(10) of ABAZOV 11E.

12 Combination of a dilepton measurement presented in ABAZOV 117 (based on 5.4

fb_l), which vyields 7.361_8'?8 (stat+syst) pb, and the lepton + jets measurement
of ABAZOV 11E. The result is for my = 172.5 GeV. The results for other m; values is

given by eq.(5) of ABAZOV 11A.

13 Based on 2.8 fb— L. The result is for my = 175 GeV.

14 Based on 2.9 fb—1. Result is obtained from the fraction of signal events in the top quark
mass measurement in the all hadronic decay channel.

15Based on 1.7 fb~1. The result is for m; = 175 GeV. AALTONEN 10V uses soft electrons
from b-hadron decays to suppress W+jets background events.

16 Based on 4.6 fb~1. The result is for m; = 172.5 GeV. The ratio o(tt — {(+jets) /
o(Z/v* — £4) is measured and then multiplied by the theoretical Z /y* — ¢/ cross
section of o(Z /v* — ££) = 251.3 & 5.0 pb, which is free from the luminosity error.

17Based on 1 fb~1. The result is for m; = 175 GeV. 7.9 & 2.3 pb is found for m; =

170 GeV. ABAZOV 10I uses a likelihood discriminant to separate signal from background,
where the background model was created from lower jet-multiplicity data.

18 Based on 1 fb—1. The result is for m; = 170 GeV. For m; = 175 GeV, the result
is 6.31’%'%(stat):I:O.?(syst):I:O.4(Iumi) pb. Cross section of tt production has been

measured in the tt — T, + jets topology, where 7, denotes hadronically decaying 7
leptons. The result for the cross section times the branching ratio is o(t%) - B(tt —

Th + Jets) = 0.60 7033 0-1% + 0.04 pb for m; = 170 GeV.

19Based on 1.1 fb~1. The result is for B(W — {v) = 10.8% and m; = 175 GeV; the
mean value is 9.8 for my = 172.5 GeV and 10.1 for m; = 170 GeV. AALTONEN 09AD
used high p1 e or p with an isolated track to select tt decays into dileptons including £
= 7. The result is based on the candidate event samples with and without vertex b-tag.

20 Based on 2 fb—1. The result is for m; = 175 GeV; the mean value is 3% higher for my
= 170 GeV and 4% lower for m; = 180 GeV.

21 Result is based on 1 fb—1 of data. The result is for my = 170 GeV, and the mean value
decreases with increasing my; see their Fig. 2. The result is obtained after combining ¢
+ jets, £¢, and £ final states, and the ratios of the extracted cross sections are RZE/Zj

= 0.861_8'%3 and RET/EE—14) = 0.971_8'%3, consistent with the SM expectation of R

= 1. This leads to the upper bound of B(t — bH+) as a function of myy- Results are
shown in their Fig. 1 for B(HT — 7v) =1 and B(HT — ¢5) = 1 cases. Comparison
of the m; dependence of the extracted cross section and a partial NNLO prediction gives
my =169.1729 GeV.

22 Result is based on 1 fb—1 of data. The result is for m; = 170 GeV, and the mean value
changes by —0.07 [m;(GeV)—170] pb near the reference m; value. Comparison of the
m; dependence of the extracted cross section and a partial NNLO QCD prediction gives
my = 171.51’3'2 GeV. The £7 channel alone gives 76749435414 pb and the ¢/

12407407 —43-3.4-0.9
; +1.240.7+0.
channel gives 7.5 7 '] 206-05 pb.

23 Result is based on 0.9 fb—1 of data. The first error is from stat + syst, while the latter
error is from luminosity. The result is for m;=175 GeV, and the mean value changes by
—0.09 pb:[m;(GeV)—175].
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24 Result is based on 0.9 fb—1 of data. The cross section is obtained from the ¢ + > 3jet
event rates with 1 or 2 b-tag, and also from the kinematical likelihood analysis of the
£+ 3, 4 jet events. The result is for my=172.6 GeV, and its m; dependence shown in
Fig. 3 leads to the constraint m; = 170 4= 7 GeV when compared to the SM prediction.

25 Result is based on 360 pb_1 of data. Events with high p oppositely charged dileptons

Ve (¢ = e, p) are used to obtain cross sections for tt, Wtw—,and Z - +t+—
production processes simultaneously. The other cross sections are given in Table IV.

26 Based on 1.02 fb— ! of data. Result is for m; = 175 GeV. Secondary vertex b-tag and
neural network selections are used to achieve a signal-to-background ratio of about 1/2.

27 Based on 425 pb_1 of data. Result is for m; = 175 GeV. For m; = 170.9 GeV,
7.8 £ 1.8(stat + syst) pb is obtained.

28 Based on 405 + 25 pb_1 of data. Result is for m; = 175 GeV. The last error is for
luminosity. Secondary vertex b-tag and neural network are used to separate the signal
events from the background.

29 Based on 425 pb_1 of data. Assumes m; = 175 GeV.

30 Based on ~ 425 pb_l. Assuming m; = 175 GeV. The first error is combined statistical
and systematic, the second one is luminosity.

31 Based on ~ 318 pb_l. Assuming m; = 178 GeV. The cross section changes by +0.08
pb for each F GeV change in the assumed m;. Result is for at least one b-tag. For at

least two b-tagged jets, tt signal of significance greater than 50 is found, and the cross

section is 1011’%21’%2 pb for my = 178 GeV.

32Based on ~ 311 pb_l. Assuming m; = 178 GeV. For m; = 175 GeV, the result is

6.0 + 121’83 This is the first CDF measurement without lepton identification, and
hence it has éensitivity to the W — 7v mode.

33 ABULENCIA, A 06E measures the tt production cross section in the all hadronic decay
mode by selecting events with 6 to 8 jets and at least one b-jet. S/B = 1/5 has been
achieved. Based on 311 pb_l. Assuming m; = 178 GeV.

34 Based on ~ 318 pb_l. Assuming m; = 178 GeV. Result is for at least one b-tag. For

at least two b-tagged jets, the cross section is 11.11_%'3 t%g pb.

35 ABAZOV 05Q measures the top-quark pair production cross section with ~ 230 pb_1
of data, based on the analysis of W plus n-jet events where W decays into e or u plus
neutrino, and at least one of the jets is b-jet like. The first error is statistical and
systematic, and the second accounts for the luminosity uncertainty. The result assumes
m; = 175 GeV; the mean value changes by (175—m;(GeV)) x 0.06 pb in the mass
range 160 to 190 GeV.

36 ABAZOV 05R measures the top-quark pair production cross section with 224-243 pb_1
of data, based on the analysis of events with two charged leptons in the final state. The
result assumes m; = 175 GeV; the mean value changes by (175—m;(GeV)) x 0.08 pb
in the mass range 160 to 190 GeV.

37 Based on 230 pb_l. Assuming m; = 175 GeV.
38 Based on 194 pb_l. Assuming m; = 175 GeV.
39 Based on 194 =+ 11 pb_l. Assuming m; = 175 GeV.
40 Based on 162 =+ 10 pb_l. Assuming m; = 175 GeV.

41 ACOSTA 05V measures the top-quark pair production cross section with ~ 162 pb_1
data, based on the analysis of W plus n-jet events where W decays into e or u plus
neutrino, and at least one of the jets is b-jet like. Assumes m; = 175 GeV.

42 ACOSTA 041 measures the top-quark pair production cross section with 197 + 12 pb_1
data, based on the analysis of events with two charged leptons in the final state. Assumes
my = 175 GeV.
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Ratio of the Production Cross Sections of tt+ to tt at /s = 1.96 TeV
VALUE DOCUMENT ID TECN COMMENT

e o e We do not use the following data for averages, fits, limits, etc. o o o
0.024+0.009 L AALTONEN 11z CDF Ep(v) > 10 GeV, ]n('y)| <1.0

1 Based on 6.0 fb—1 of data. The error is statistical and systematic combined. Events
with lepton 4+ Ep + > 3 jets( > 1b) with and without central, high E photon are
measured. The result is consistent with the SM prediction of 0.024 4+ 0.005. The absolute
production cross section is measured to be 0.18 4 0.08 fb. The statistical significance is
3.0 standard deviations.

tt Production Cross Section in pp Collisions at /s = 7 TeV
VALUE (pb) CL% DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. o o o
<17 95 1 AAD 12BE ATLS  ¢T¢t 4B+ > 2 +HT

1 Based on 1.04 fb—1 of pp data at /s = 7 TeV. The upper bounds are the same for LL,
LR and RR chiral components of the two top quarks.

tT Production Cross Section in pp Collisions at /s = 5.02 TeV
Unless otherwise noted the first quoted error is from statistics, the second from sys-
tematic uncertainties, and the third from luminosity. If only two errors are quoted the
luminosity is included in the systematic uncertainties.

VALUE (pb) DOCUMENT ID TECN COMMENT

e o ¢ We do not use the following data for averages, fits, limits, etc. o o o
69.5+6.1+5.6+1.6 1 SIRUNYAN 18AQ CMS  /l+jets, £4+jets

LSIRUNYAN 18AQ based on 27.4 pb_1 of data from pp collisions at /s
= 5.02 TeV. The result is in agreement with the NNLO SM prediction

1. 1.4
68.97 33 (scale) £2.3(PDF) T 1-3(a5) pb.

tt Production Cross Section in pp Collisions at /s = 7 TeV
Unless otherwise noted the first quoted error is from statistics, the second from sys-
tematic uncertainties, and the third from luminosity. If only two errors are quoted the
luminosity is included in the systematic uncertainties.

VALUE (pb) DOCUMENT ID TECN  COMMENT

e o e We do not use the following data for averages, fits, limits, etc. o o o
161.7+ 6.0+12.0+ 3.6 L KHACHATRY..178 CMS (+Ep+ > 4j (> 1b)
1736+ 211 494 38 2KHACHATRY..16AWCMS e + u + By + > 0]

4.0

181.2+ 2.8 198 3 AAD 1580 ATLS e + p + B + > 0]

178 + 3 +16 + 3 4 AAD 15CC ATLS  (+jets, L4+jets, £7p+]ets
5 AAL 15k LHCB p+ > 1j(b-tag) forward re-

gion

182.9+ 3.1+ 6.4 6 AAD 14AY ATLS e + pu + 1 or 2b jets

194 +18 446 7 AAD 13X ATLS 74 + E7 + >5j (> 2b)

139 +10 +26 8 CHATRCHYAN 13AY CMS > 6 jets with 2 b-tags

158.1+ 2.1+10.8 9 CHATRCHYAN 1388 CMS £ + Ep + jets( > 1 b-tag)

152 £12 £32 10 CHATRCHYAN 138E CMS 74+ Ep+ > 4 jets (> 1 b)

177 420 +14 + 7 11 AAD 128 ATLS Repl. by AAD 12BF

176 £ 5 "1 8  12AAD 128F ATLS  £L+Bp+ > 2]
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187 +11 118

5 13 AAD 12BOATLS £ + Ep + > 3j with b-tag

+ 6
186 +13 +20 + 7 M AAD 12CG ATLS £ + 7+ Ep+ > 2j (> 1b)
143 +14 +22 £ 3 1D CHATRCHYAN12AC CMS £+ mp+ Ep+ > 2j ( > 1b)
161.9+ 257 21+ 3.6 16 CHATRCHYANI2AXCMS 60 + B + > 2b

145 +31 132 17 AAD 11A ATLS (+Ep+ > 4), Li+Ep+ > 2
173 T35 £ 7 18 CHATRCHYAN11AA CMS £ + B + > 3 jets

168 +18 +14 + 7  L9CHATRCHYAN1IF CMS €4 + Ep + jets

154 +17 + 6 20 CHATRCHYAN 11z CMS  Combination

194 +72 +24 421 2L KHACHATRY..11A CMS  £f + Ep + > 2 jets

1 KHACHATRYAN 178 based on 5.0 fb— 1 of data, using a binned likelihood fit of tem-
plates to the data. Also the ratio o(tt; 8 TeV)/o(tt; 7 TeV) = 1.43+£0.04 +0.07 £ 0.05
is reported. The results are in agreement with NNLO SM predictions.

2 KHACHATRYAN 16AW based on 5.0 fb—1 of data, using a binned likelihood fit to differ-
ential distributions of b-tagged and non-b-tagged jets. The result is in good agreement
with NNLO SM predictions.

3Based on 4.6 fb— ! of data. Usesa template fit to distributions of [/ and jet multiplicities

to measure simultaneously tt, W W, and Z/'y* — TT cross sections, assuming m; =
172.5 GeV.

4 AAD 15CC based on 4.6 fb— 1 of data. The event selection criteria are optimized for the
L1y + jets channel. Using only this channel 183 &= 9 & 23 £ 3 pb is derived for the cross
section.

S AALJ 15R, based on 1.0 fo—1 of data, reports 0.239 4+ 0.053 + 0.033 + 0.024 pb cross
section for the forward fiducial region py(u) > 25 GeV, 2.0 < n(u) < 4.5, 50 GeV <
p7(b) < 100 GeV, 2.2 < n(b) < 4.2, AR(u,b) > 0.5, and p(u+b) > 20 GeV. The
three errors are from statistics, systematics, and theory. The result agrees with the SM
NLO prediction.

6 AAD 14AY reports 182.9 + 3.1 4+ 4.2 £ 3.6 + 3.3 pb value based on 4.6 fb—1 of
data. The four errors are from statistics, systematic, luminosity, and the 0.66% beam
energy uncertainty. We have combined the systematic uncertainties in quadrature. The
result is for m; = 172.5GeV; for other m;, o(m;) = 0(172.5GeV) x[1—0.0028 x (m; —
172.5GeV)]. The result is consistent with the SM prediction at NNLO.

7 Based on 1.67 fb— 1 of data. The result uses the acceptance for m; = 172.5 GeV.

8 Based on 3.54 fb— 1 of data.

9Based on 2.3 fb— 1 of data.

10 Based on 3.9 fb~1 of data.
11 Based on 35 pb_1 of data for an assumed top quark mass of m; = 172.5 GeV.

12 Based on 0.70 fb— 1 of data. The 3 errors are from statistics, systematics, and luminosity.
The result uses the acceptance for m; = 172.5 GeV.

13 Based on 35 pb_1 of data. The 3 errors are from statistics, systematics, and luminosity.
The result uses the acceptance for my = 172.5 GeV and 173 & 171_%2 + 6 pb is found
without the b-tag.

14 Based on 2.05 fb~1 of data. The hadronic T candidates are selected using a BDT

technique. The 3 errors are from statistics, systematics, and luminosity. The result uses
the acceptance for m; = 172.5 GeV.

15Based on 2.0 fb~ ! and 2.2 fb—1 of data for £ = e and £ = u, respectively. The 3 errors
are from statistics, systematics, and luminosity. The result uses the acceptance for m,
= 172.5 GeV.
Based on 2.3 fb—1 of data. The 3 errors are from statistics, systematics, and luminosity.
The result uses the profile likelihood-ratio (PLB) method and an assumed m; of 172.5
GeV.
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17 Based on 2.9 pb_1 of data. The result for single lepton channels is 142 + 341_50 pb,

31
while for the dilepton channels is 1511_53 tgz pb.

18 Result is based on 36 pb_1 of data. The first uncertainty corresponds to the statistical
and systematic uncertainties, and the second corresponds to the luminosity.

19Based on 36 pb_1 of data. The ratio of tt and Z/~* cross sections is measured as
o(pp — tt)/o(pp = Z/v* — eTe /uTp~) = 0.175 + 0.018(stat) +0.015(syst)
for 60 < my, < 120 GeV, for which they use an NNLO prediction for the denominator
cross section of 972 + 42 pb.

20 Result is based on 36 pb_1 of data. The first error is from statistical and systematic
uncertainties, and the second from luminosity. This is a combination of a measurement in
the dilepton channel (CHATRCHYAN 11F) and the measurement in the £ + jets channel
(CHATRCHYAN 117) which yields 150 4+ 9 4+ 17 £ 6 pb.

21 Result is based on 3.1 + 0.3 pb_1 of data.

tt Production Cross Section in pp Collisions at /s = 8 TeV
Unless otherwise noted the first quoted error is from statistics, the second from sys-
tematic uncertainties, and the third from luminosity. If only two errors are quoted the
luminosity is included in the systematic uncertainties.

VALUE (pb) DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. o o o
248.3+0.7+13.44+4.7 1 AABOUD 18BH ATLS /(+F1+ > 4j ( > 1b)
239 +4 +£28 +5 2 AABOUD 17z ATLS 7p+Ep+ >2j (> 2b)
228.5+3.8+13.71+6.0 3 KHACHATRY..178 CMS 4+ Er+ > 4j (> 1b)
242.9+1.7+ 8.6 4 AAD 16BK ATLS e + p -+ 1 or 2b jets

244.9+1.4F 83164 5 KHACHATRY..16ANCMS e + pu + Ep + > 0j
275.6+6.1+37.84+7.2 6 KHACHATRY..168C CMS > 6j ( > 2b)

260 +1 T3¢ 7 AAD 158P ATLS  (+Fp+ > 3j (> 1b)

8 AALJ 15R LHCB u+ > 1j(b-tag) forward region
242.4+1.7+10.2 9 AAD 14AY ATLS e + p + 1 or 2b jets
239 +2 +11 +6 10 CHATRCHYAN 14F  CMS  #6+Ep+ > 2j ( > 1 b-tag)
257 +3 +£24 +7 1 KHACHATRY...14s CMS (47 +Ep+ > 2j (> 1b)

1 AABOUD 18BH based on 20.2 fb~1 of data. The result is for m, = 172.5 GeV. To
reduce effects of uncertainties in the jet energy scale and b-tagging efficiency, they are
included as nuisance parameters in the fit of discriminant distributions, after separating
selected events into three regions. Furthermore the W+jets background distribution is
modelled using Z+jets event data.

2 AABOUD 177 based on 20.2 fb—1 of data, using the mode tT — 7vq¢'Gbb with T
decaying hadronically. Single prong and 3 prong decays of 7 are separately analyzed.
The result is consistent with the SM. The third quoted uncertainty is due to luminosity.

3 KHACHATRYAN 178 based on 19.6 fb—1 of data, using a binned likelihood fit of tem-
plates to the data. Also the ratio o(tt; 8 TeV)/o(tt; 7 TeV) = 1.43+£0.04 +0.07 £ 0.05
is reported. The results are in agreement with NNLO SM predictions.

4 AAD 168K is an update of the value from AAD 14AY using the improved luminosity
calibration. The value 242.9 +£ 1.7 £ 5.5 £ 5.1 £+ 4.2 pb is reported, where we have
combined the systematic uncertainties in quadrature. Also the ratio o(tt; 8TeV)/o(t%;
7TeV) = 1.328 £ 0.024 £ 0.015 + 0.038 £ 0.001 has been updated. The former result
is consistent with the SM predictions at NNLO, while the latter result is 2.1 o below the
expectation.

5 KHACHATRYAN 16AW based on 19.7 fb— 1 of data, using a binned likelihood fit to dif-
ferential distributions of b-tagged and non-b-tagged jets. The result is in good agreement
with NNLO SM predictions.
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6 KHACHATRYAN 16BC based on 18.4 fb~! of data. The last uncertainty is due to
luminosity. Cuts on kinematical fit probability and AR(b,b) are imposed. The major
QCD background is determined from the data. The result is for m; = 1725 GeV and
in agreement with the SM prediction. The top quark p spectra, also measured, are
significantly softer than theoretical predictions.

" AAD 15BP based on 20.3 fb~1 of data. The result is for my = 1725 GeV and

in agreement with the SM prediction 2531_%3 pb at NNLO+NNLL. Superseded by

5

AABOUD 18BH.

8AAIJ 15R, based on 2.0 o1 of data, reports 0.289 4+ 0.043 + 0.040 + 0.029 pb cross
section for the forward fiducial region py(u) > 25 GeV, 2.0 < n(u) < 4.5, 50 GeV <
p7(b) < 100 GeV, 2.2 < n(b) < 4.2, AR(u,b) > 0.5, and p(u+b) > 20 GeV. The
three errors are from statistics, systematics, and theory. The result agrees with the SM
NLO prediction.

9AAD 14AY reports 242.4 + 1.7 + 5.5 £ 7.5 4+ 4.2 pb value based on 20.3 fb—1 of
data. The four errors are from statistics, systematic, luminosity, and the 0.66% beam
energy uncertainty. We have combined the systematic uncertainties in quadrature. The
result is for m, = 172.5GeV; for other m;, o(m;) = 0(172.5GeV) x[1—-0.0028 x (m; —
172.5GeV)]. Also measured is the ratio o(tt; 8TeV)/o(tt; 7TeV) = 1.326 £+ 0.024 +
0.015 + 0.049 + 0.001. The results are consistent with the SM predictions at NNLO.

10 Based on 5.3 fb—1 of data. The result is for my = 172.5 GeV, and a parametrization is
given in eq.(6.1) for the mean value at other m; values. The result is in agreement with

the SM prediction 252.9 754 pb at NNLO.

11 Based on 19.6 fb~1 of data. The measurement is in the channel t¥ — (blv)(bTv),
where 7 decays into hadrons (74). The result is for m; = 172.5 GeV. For m; = 173.3
GeV, the cross section is lower by 3.1 pb.

tT Production Cross Section in pp Collisions at /s = 13 TeV

VALUE (pb) DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. e o o

830 + 0.4+36 =+14 1 AAD 20AH ATLS ¢ + > 4 jets ( > 1b-tag)

826.4+ 3.6+11.54+15.8 2 AAD 20Q ATLS ep + 1or 2 b-jets

781 £ 7 +62 420 3 SIRUNYAN 20v CMS 471 + > 3 jets ( > 1b-tag)

803 + 2 425 420 4 SIRUNYAN 19AR CMS  dilepton channel (eu,2e,2u)
5 SIRUNYAN 19p CMS dilepton channel

815 +£ 9 £38 +19 6 KHACHATRY..17N CMS ep+ >2j(>1bj)

888 + 2 T30 +20 7TSIRUNYAN 17w CMS £+ > 1j

818 + 8 =£35 8 AABOUD 16R ATLS e+ pu + 1 or 2b jets

746 +58 +53 +36 9 KHACHATRY..16) CMS e +u+ >2]

1 AAD 20AH based on 139 fb~ 1 of data. The last quoted uncertainty is due to the beam
luminosity. The result is for m; = 172.5 GeV and in agreement with the SM prediction

of 8327120 (scale) 35(PDF+0(s)) pb at NNLO-+NNLL.

2 AAD 20Q reports 826.4 + 3.6 & 11.5 & 15.7 & 1.9 pb based on 36.1 fb— ! of data at 13
TeV. The four errors stem from statistics, systematic effects, luminosity, and beam energy,
respectively. We have combined luminosity and beam energy uncertainties in quadrature.

The result is in agreement with the SM prediction 832t%8(scale):t35(PDF+a(s)) pb
at NNLO+NNLL for my = 172.5 GeV .

3SIRUNYAN 20V based on 35.9 fb—1 of pp data at /s = 13 TeV. The last uncertainty
is due to beam luminosity. The tt production cross section is measured in the tt —
(€vp) (1 v, ) bb final state, where 7, refers to the hadronic decays of 7. The result is
for my = 172.5 GeV and in agreement with the SM prediction at NNLO-+NNLL.

4SIRUNYAN 19AR based on 35.9 fb—1 of data. Obtained from the visible cross section
measured using a template fit to multidifferential distributions categorized according to
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the b-tagged jet multiplicity. The result is for my = 172.5 GeV and in agreement with
the SM prediction at NNLO+NNLL.

5SIRUNYAN 19p reports differential tt cross sections measured using dilepton events at
13 TeV with 35.9 fb—1 and compared to NLO predictions.

6 KHACHATRYAN 17N based on 2.2 fb~1 of data. The last quoted uncertainty is due to
the beam luminosity. This measurement supersedes that of KHACHATRYAN 16J.

7 SIRUNYAN 17w based on 2.2 fb—1 of pp data at v/s = 13 TeV. Events are categorized
according to the jet multiplicity and the number of b-tagged jets. A likelihood fit is
performed to the event distributions to compare to the NNLO+NNLL prediction.

8 AABOUD 16R reported value 818 + 8 + 27 4+ 19 4 12 pb based on 3.2 fb—1 of data.
The four errors are from statistics, systematic, luminosity, and beam energy. We have
combined the systematic uncertainties in quadrature. The result is in agreement with
the SM prediction 8321 59 (scale) +:35(PDF+a(s)) pb at NNLO+NNLL for m, = 172.5
GeV .

9 KHACHATRYAN 16J based on 43 pb_1 of data. The last uncertainty is due to lumi-
nosity. The result is for m; = 172.5 GeV and in agreement with the SM prediction

8321 20 (scale) £ 35(PDF+a(s)) pb at NNLO+NNLL.

tt Production Cross Section in Nucleus-Nucleus Collisions
VALUE (,ubarn) DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. @ o o

2031001 LSIRUNYAN  20BC CMS  Pb-Pb collisions, dilepton + b-jets
2541082 2G5IRUNYAN  20BC CMS  Pb-Pb collisions, dilepton only

1 SIRUNYAN 20BC based on (1.7 £ 0.1) nb~1 of lead-lead collision data at a nucleon-
nucleon c.m. energy of 5.02 TeV. It makes use of the final-state dilepton kinematic
properties together with requirements on the number of b-jets. The measured value is
compatible with QCD predictions.

2SIRUNYAN 20BC based on (1.7 £ 0.1) nb~1 of lead-lead collision data at a nucleon-
nucleon c.m. energy of 5.02 TeV. It makes use of the final-state dilepton kinematic
properties alone. The measured value is compatible with QCD predictions.

tt tt Production Cross Section in pp Collisions at /s = 8 TeV

VALUE (fb) CL% DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. e o o

<23 95 1 AAD 15AR ATLS  ¢+Ep+ > 5j (> 2 b)
<70 95 2 AAD 15BY ATLS > 20+Ep+ >2j (> 1 b)
<32 95 3 KHACHATRY..14R CMS B+ >6j (>2Db)

L AAD 15AR based on 20.3 fb~1 of data. A fit to HT distributions in multi-channels
classified by the number of jets and of b-tagged jets is performed.

2 AAD 15BY based on 20.3 fb—1 of data. A same-sign lepton pair is required. An excess
over the SM prediction reaches 2.5¢0 for hypotheses involving heavy resonances decaying
into tTtt.

Based on 19.6 fb—1 of data, using a multivariate analysis to separate signal from back-
grounds. About o(tttt) = 1 fb is expected in the SM.

tt tT Production Cross Section in pp Collisions at /s = 13 TeV
VALUE (fb) CL% DOCUMENT ID TECN COMMENT

e o e We do not use the following data for averages, fits, limits, etc. o o o

24 673 1 AAD 20AR ATLS (same-sign 2¢) or > 3¢ +
jets
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1267 25 2SIRUNYAN  20C CMS  (same-sign 2¢) or 3¢ + jets
<47 95 3 AABOUD 19AP ATLS £ + ¢ ¢~ channels
<49 95 4 AABOUD 19AP ATLS combination of ATLAS

13 1 5SIRUNYAN  19CNCMS  combination of CMS
<48 95 6 SIRUNYAN 19CN CMS  /+jets, £+£_+jets channels
<69 95 7 AABOUD 18CE ATLS > 2/(same sign) + Fp +

> 1bj
16.9713-8 8SIRUNYAN  18BUCMS  tFtT — (same sign 20 or >
' 30) + >4 (>2b)

<94 95 9 SIRUNYAN 17AB CMS  (+jets, £ ¢~ +jets channels
<42 95 10 SIRUNYAN 175 CMS  (same sign 20)+Ep+ > 2j

1 AAD 20AR based on 139 fb—1 of data. Jet multiplicity, jet flavor and event kinematics
are used in a multivariate analysis to discriminate the signal from backgrounds. The
result corresponds to observed significance of 4.30 and is consistent within 1.70 with the
NLO (QCD+EW) SM prediction of 12.0 & 2.4 fb.

2SIRUNYAN 20C based on 137 fb—1 of data. Both cut-based and multivariate approaches
are taken to discriminate the signal from backgrounds. The result is in agreement with

the NLO (QCD+EW) SM prediction of 12.01’%'% fb. The measurement constrains the

top quark Yukawa coupling strength parameter to be |Yt/Y‘§M| < 1.7 (95% CL). It is
also used to constrain an oblique parameter of the Higgs boson.
3 AABOUD 19AP based on 36.1 fb— 1 of data. The upper limit corresponds to 5.1 times

the NLO SM cross section.
4 AABOUD 19AP limit from data combined with AABOUD 18CE. The upper limit cor-

responds to 5.3 times the NLO SM cross section. Also a limit on the four-top-quark
contact interaction of |C4t]//\2 < 1.9 TeV—2 (95% CL) is obtained in an EFT model.

5SIRUNYAN 19CN based on 35.8 fb—1 of data, combined with SIRUNYAN 18BU. The
results are also interpreted in the effective field theory framework.

6 SIRUNYAN 19CN based on 35.8 fb— 1 of data. A multivariate analysis using global event
and jet propoerties is performed to discriminate from tt background.

7 AABOUD 18CE based on 36.1 fb— 1 of proton-proton data taken at /s = 13 TeV. Events
including a same-sign lepton pair are used. The result is consistent with the NLO SM

cross section of 9.2 fb.

8SIRUNYAN 18BU based on 35.9 fb—1 of proton-proton data taken at /s = 13 TeV.
Yields from signal regions and control regions defined based on Njets' Ny and Nj are
combined in a maximum-likelihood fit. The result is in agreement with the NLO SM

prediction 9.21_%'?1 fb. The measurement constrains the top quark Yukawa coupling

strength parameter to be |Yt/YtSM| < 2.1 (95% CL).

9 SIRUNYAN 17AB based on 2.6 fb— ! of data. A multivariate analysis is used to discrim-
inate between tttt signal and tt background. A combination with a previous search
(CMS, KHACHATRYAN 16BJ) in the same-sign dilepton channel gives an upper limit of
69 fb (95% CL), corresponding to 7.4-(SM prediction).

10SIRUNYAN 175 based on 35.9 fb~1. The limit is in agreement with the NLO SM
prediction 9.21_%'2 fb. Superseded by SIRUNYAN 18BU. The signal events are also used
to constrain various new physics models.

tT W Production Cross Section in pp Collisions at /s = 8 TeV
VALUE (fb) DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. @ o o

17090470 L KHACHATRY..14N CMS tTW — same sign dilepton
+ KT + jets
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1 Based on 19.5 fb—1 of data. The result is consistent with the SM prediction of o(tt W)

_ oget21
= 206" 53 fb.
tt W Production Cross Section in pp Collisions at /s = 13 TeV
VALUE (pb) DOCUMENT ID TECN COMMENT
e o o We do not use the following data for averages, fits, limits, etc. @ o o
0.87+0.13+0.14 1 AABOUD 19AR ATLS  2,3,40 + Ep + jets
0.77+ 312013 2SIRUNYAN 1885 CMS  tEW — same sign dilepton
’ ’ + B + jets

1 AABOUD 19AR based on 35.9 fb—1 of data. tTW and tfZ cross sections are simul-
taneously measured using a combined fit to the events divided into multiple regions.

The result is consistent with the SM prediction at NLO 0.601_8'8? pb. It is also used

to constrain the Wilson coefficients for dimension-six operators which modify the ttZ
vertex.

2Based on 35.9 fb— 1 of proton-proton data taken at /s = 13 TeV. The result is consistent
with the SM prediction and is used to constrain the Wilson coefficients for dimension-six
operators describing new interactions. The result is consistent with the SM prediction at

NLO 0.628 + 0.082 pb.

ttZ Production Cross Section in pp Collisions at /s = 8 TeV
VALUE (fb) DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. e o o

200 T80 +49 1 KHACHATRY..14N CMS  ttZ — 3,4 £ + B + jets

1 Based on 19.5 fb—1 of data. The result is consistent with the SM prediction of o(ttZ)
= 197122 fb,

ttZ Production Cross Section in pp Collisions at /s = 13 TeV
VALUE (pb) DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. @ o o

0.9540.05-0.06 1 SIRUNYAN  20AB CMS 3,40 + jets

0.9540.08-0.10 2 AABOUD 19AR ATLS 23,40 + Ep + jets
+0.09+0.12 3 - .

0.997 503 016 SIRUNYAN 1885 CMS  ttZ — 3,4 £ + Ep + jets

1 SIRUNYAN 20AB based on 77.5 fb—1 of data at 13 TeV. The result is consistent with the
NLO SM prediction of 0.84 & 0.10 pb. Differential cross sections are measured and used
to constrain the anomalous couplings and Wilson coefficients for the tt Z interaction.

2 AABOUD 19AR based on 35.9 fb—1 of data. t¥W and ttZ cross sections are simul-
taneously measured using a combined fit to the events divided into multiple regions.

The result is consistent with the SM prediction at NLO 0.881_8'(1)? pb. It is also used

to constrain the Wilson coefficients for dimension-six operators which modify the ttZ
vertex.

Based on 35.9 fb— 1 of proton-proton data taken at /s = 13 TeV. The result is consistent
with the SM prediction and is used to constrain the Wilson coefficients for dimension-six
operators describing new interactions. The result is consistent with the SM prediction at

NLO 0.839 + 0.101 pb.

tt~ Production Cross Section in pp Collisions at /s = 13 TeV

VALUE (pb) DOCUMENT ID TECN COMMENT
e o o We do not use the following data for averages, fits, limits, etc. e o o
1 AABOUD 19AD ATLS pp — tEy
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1 AABOUD 19AD measured fiducial inclusive and differential cross-sections for pp — tty

at 13 TeV with 36.1 fb—1 of data. The results are in agreement with the theoretical
predictions.

f(Qo): tt Fraction of Events with a Veto on Additional Central Jet Activity

in pp Collisions at /s = 7 TeV
QO denotes the threshold of the additional jet PT-

VALUE (%) DOCUMENT ID TECN  COMMENT

e o ¢ We do not use the following data for averages, fits, limits, etc. @ o o

80.0+1.1+1.6 L CHATRCHYAN 14AE CMS  Qq = 75 GeV (|y| <2.4)
92.0+0.7+0.8 L CHATRCHYAN 14AE CMS Q= 150 GeV (|y| <2.4)
98.0+0.340.3 1 CHATRCHYAN 14AE CMS  Qq= 300 GeV (|y| <2.4)
56.4+1.3 120 2 AAD 12BL ATLS Qg = 25 GeV (y| <2.1)
84.74£0.9+1.0 2 AAD 12BL ATLS Qq = 75 GeV (Jy| <2.1)
952102 +0.4 2 AAD 12BL ATLS Q= 150 GeV (Jy| <2.1)

1 CHATRCHYAN 15 based on 5.0 fb—1 of data. The tF events are selected in the dilepton
and lepton + jets decay channels. For other values of Q( see Table 5.

2Based on 2.05 fb~1 of data. The t7 events are selected in the dilepton decay channel
with two identified b-jets.

Fraction of t + multi-jet Events in pp Collisions at /s = 7 TeV
VALUE DOCUMENT ID TECN  COMMENT

e o e We do not use the following data for averages, fits, limits, etc. o o o

1 AAD 15D ATLS (+Fp + nj (n=3 to 8)
0.332£0.090 2 CHATRCHYAN 14AE CMS  tE(££) + 0 jet (Ep > 30GeV)
0.436-£0.098 2 CHATRCHYAN 14AE CMS  t£(£6) + 1 jet (Ep > 30GeV)
0.232+0.125 2 CHATRCHYAN 14AE CMS  tE(¢€) + > 2 jet (Ep > 30GeV)

1 Based on 4.6 fb— 1 of data. Fiducial t% production cross section is presented as a function
of the jet multiplicity for up to eight jets with the jet p threshold of 25, 40, 60, and 80
GeV, and as a function of jet p up to the 5th jet. MC models can be discriminated by
using data for high jet multiplicity and by p distributions of the leading and 5th jet.

2Based on 5.0 fb—1 of data. Events with two oppositely charged leptons, large /7 and
jets with at least 1 b-tag are used to measure the fraction of tt plus additional jets. The
gap fraction (n=0 jet rate) as a function of the jet p7 and that of H, the scalar sum
of the pr's of additional jets, is shown in Fig. 8.
tt Charge Asymmetry (A¢) in pp Collisions at /s = 7 TeV
Ac = (N(Aly| >0) — N(Aly| <0) ) / (N(Aly| >0) + N(Al]y| <0) ) where Aly|

= ]yt| — |yﬂ is the difference between the absolute values of the top and antitop
rapidities and N is the number of events with A]y| positive or negative.
VALUE (%) DOCUMENT ID TECN COMMENT
e o o We do not use the following data for averages, fits, limits, etc. @ o o
0.5+0.74+0.6 1 AABOUD 18AMLHC  ATLAS+CMS combina-
tion (lepton + jets)
21425417 2 AAD 15A) ATLS €0 +Ep + > 2]
0.6+£1.0 3 AAD 141 ATLS ¢ +Ep + > 4j (> 1b)
—1.0+1.74+0.8 4 CHATRCHYAN 14D CMS ¢4 +EZ1 +>2j (> 1b)
—1.942.8+2.4 5 AAD 12BK ATLS ¢ +Ep + > 4j (> 1b)
0.4+1.04+1.1 6 CHATRCHYAN 1288 CMS ¢ +Z1 +>4j (> 1b)
—1.3:t2.8t§'? 7 CHATRCHYAN 1285 CMS ¢ +EZ1 +>4j (> 1b)
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L ATLAS and CMS combination based on the data of AAD 141 and CHATRCHYAN 12BB.
It takes into account the correlations of the measurements and systematic errors. The
result is in agreement with the SM prediction (NLO QCD + NLO EW).

2 AAD 15AJ based on 4.6 fb—1 of data. After kinematic reconstruction the top quark
momenta are corrected for detector resolution and acceptance effects by unfolding, using
parton level information of the MC generators. The lepton charge asymmetry is measured

as AZC = 0.024 £+ 0.015 & 0.009. All the measurements are consistent with the SM
predictions.

3Based on 4.7 fb—1 of data. The result is consistent with the SM prediction of A~ =

0.0123 + 0.0005. The asymmetry is 0.011 + 0.018 if restricted to those events where

Bz7(tt) > 0.6, which is also consistent with the SM prediction of 0.0201_8'88(73.

4Based on 5.0 fb—1 of data. The lepton charge asymmetry is measured as Aec = 0.009 +

0.0010 + 0.006. Aec dependences on m, 3, ly(t%)|, and p(t%) are given in Fig. 5. All
measurements are consistent with the SM predictions.

5Based on 1.04 fb~1 of data. The result is consistent with A~ = 0.006 + 0.002 (MC at
NLO). No significant dependence of A on m 7 is observed.

6 Based on 5.0 b~ of data at 7 TeV.
" Based on 1.09 fb~1 of data. The result is consistent with the SM predictions.

tt Charge Asymmetry (Ag) in pp Collisions at /s = 8 TeV

VALUE (%) DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. @ o o

0.55+0.23+0.25 1 AABOUD 18AMLHC  ATLAS+CMS combination
(lepton + jets)

2.1 +£1.6 2 AAD 16AE ATLS 00 +Fp + > 2j

0.9 +£0.5 3 AAD 16AZ ATLS £ +Ep + > 4]

42 £3.2 4 AAD 16T ATLS m,3 >0.75 TeV, ||y;| —
|yﬂ| <2, L+ B + jets

1.1 £1.1 £0.7 5 KHACHATRY..16AD CMS €4 +Ep + > 2j ( > 1b)

0.334+0.26+0.33 6 KHACHATRY..16AH CMS £ +Ep + > 4j ( > 1b)

0.10+0.68+0.37 " KHACHATRY..16T CMS ¢ +E7 +>4j (> 1b)

LATLAS and CMS combination based on the data of AAD 16AZ and KHACHA-
TRYAN 16AH. It takes into account the correlations of the measurements and systematic
errors. A combination of the differential measurements of the charge asymmetry is also
presented. The results are in agreement with the SM prediction (NNLO QCD + NLO
EW).

2 AAD 16AE is based on 20.3 fb— 1 of data. After kinematic reconstruction, the top quark
momenta are corrected for detector resolution and acceptance effects by unfolding, using
parton level information of the MC generators. The lepton charge asymmetry is measured

as AZCE = 0.008 £ 0.006. All the measurements are consistent with the SM predictions.
3 AAD 16AZ based on 20.3 fb—1 of data. All the differential and inclusive measurements
are statistically limited and consistent with the SM predictions.

4 AAD 16T based on 20.3 fb~1 of data. Uses reconstruction techniques for the decay
topology of highly boosted top quarks. The observed asymmetry is transformed by
unfolding to a parton-level result in the shown fiducial region. The result is consistent
with the NLO SM prediction.

5 KHACHATRYAN 16AD based on 19.5 fb—1 of data. The lepton charge asymmetry is
measured as Aecé = 0.003 £ 0.006 £ 0.003. All the measurements are consistent with
the SM predictions.

6 KHACHATRYAN 16AH based on 19.6 fb—1 of data. The same data set as in KHACHA-
TRYAN 16T is used. A template technique is used, which is sensitive to the charge

https://pdg.Ibl.gov Page 50 Created: 6/1/2021 08:32



Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update

anti-symmetric component of the tt rapidity distributions and statistically advantageous.
The result is consistent with the SM predictions.

7T KHACHATRYAN 16T based on 19.7 fb—1 of data. The same data set as in KHACHA-
TRYAN 16AH is used. After kinematic reconstruction the top quark momenta are cor-
rected for detector resolution and acceptance effects by unfolding, using parton level
information of the MC generators. All the measurements are consistent with the SM
predictions.

t-quark Polarization in t Events in pp Collisions at /s = 1.96 TeV

VALUE DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. o o o
0.07040.055 1 ABAZOV 17 DO L4+-Ep+ > 3j( > 1b)

—0.102+0.061 2 ABAZOV 17 DO 4+ Ep+ > 3j( > 1b)
0.04040.035 3 ABAZOV 17 DO 4-Ep+ > 3j( > 1b)
0.1134+0.091+£0.019 4 ABAZOV 15k DO A%B in L0+-Fp+ > 2j( > 1b)

1 ABAZOV 17 based on 9.7 fb~ ! of data. The value is top quark polarization times
spin analyzing power in the beam basis. Combination with the result of ABAZOV 15K
yields 0.081 4 0.048. This result together with the helicity polarization is shown in a
2-dimensional plot in Fig.4. These results are consistent with the SM prediction.

2 ABAZOV 17 based on 9.7 fb—1 of data. The value is top quark polarization times spin
analyzing power in the helicity basis. The result is consistent with the SM prediction.
This result together with the beam polarization is shown in a 2-dimensional plot in Fig.4.

3 ABAZOV 17 based on 9.7 fb— ! of data. The value is top quark polarization times spin
analyzing power in the transverse basis. The result is consistent with the SM prediction.

4 ABAZOV 15K based on 9.7 fb—1 of data. The value is top quark polarization times spin

analyzing power in the beam basis. The result is consistent with the SM prediction of
—0.0019 + 0.0005.

t-quark Polarization in tZ Events in pp Collisions at /s = 7 TeV
The double differential distribution in polar angles, 81 (65) of the decay particle of
the top (anti-top) decay products, is parametrized as (1/0)do/(dcostl; dcosfy) =
(1/4) (1 + A; costy + Az costly — C costy cosfly ). The charged lepton is used
to tag t or t. The coefficient A; and A measure the average helicity of t and t,
respectively. Ao pr = Ay = Az assumes CP conservation, whereas Ao py, = Ap =
—Ag corresponds to maximal CP violation.

VALUE DOCUMENT ID TECN COMMENT
e o o We do not use the following data for averages, fits, limits, etc. @ o o
—0.0354+0.014+0.037 1 AAD 13BE ATLS Appc
+0.013 1
0.020:i:0.016_0.017 AAD 13BE ATLS Ao py

1 Based on 4.7 fb~1 of data using the final states containing one or two isolated electrons
or muons and jets with at least one b-tag.

t-quark Polarization in t% Events in pp Collisions at /s = 8 TeV
At' Af, ACPC' ACPV' and AC are defined in header texts in the subsections, just

above.
VALUE DOCUMENT ID TECN COMMENT
e o ¢ We do not use the following data for averages, fits, limits, etc. @ o o
—0.04440.038+£0.027 1 AABOUD 176 ATLS A4
—0.06440.040+£0.027 1 AABOUD 176 ATLS AT
0.296+0.093+0.037 1 AABOUD 176 ATLS Apo
—0.0224+0.058 2 KHACHATRY..16AI CMS Acpco
0.000+£0.016 2 KHACHATRY..16AI CMS Acpv
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1 AABOUD 176 based on 20.2 fb~1 of p p data, using events with two leptons and two or
more jets with at least one b-tag. Determined from measurements of 15 top quark spin
observables. The second error corresponds to a variation of m; about 172.5 GeV by 0.7
GeV. The values are consistent with the NLO SM predictions.

2 KHACHATRYAN 16Al based on 19.5 fb—1 of pp data at /s = 8 TeV, using events with
two leptons and two or more jets with at least one b-tag. Determined from the lepton
angular distributions as a function of the tt-system kinematical variables.

t-quark Polarization in Single Top Events in pp Collisions at /s = 8 TeV

VALUE CL% DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. @ o o

>0.72 95 1 AABOUD 17BB ATLS  ayP; t-channel
0.97+0.05+0.11 2 AABOUD 171 ATLS «yP; t-channel
0.25+0.08+0.14 3 AABOUD 171 ATLS (F++F_)P; t-channel
0.26+0.03+0.10 4 KHACHATRY...1680 CMS (Q#P)/2; t-channel

1 AABOUD 178B based on 20.2 fb—1 of pp data. Triple-differential decay rate of top
quark is used to simultaneously determine five generalized W t b couplings as well as the
top polarization. «j denotes the spin analyzing power of charged lepton, and the spin
axis of the top polarization P is taken along the spectator-quark momentum in the top
rest frame. The value is compatible with the SM prediction of about 0.9.

2 AABOUD 17! based on 20.2 fb—1 of pp data. A cut-based analysis is used to discrimi-
nate between signal and backgrounds. ay denotes the spin analyzing power of charged
lepton, and the spin axis of the top polarization P is taken along the spectator-quark
momentum in the top rest frame. See this paper for a number of other asymmetries and
measurements that are not included here.

3 AABOUD 17! based on 20.2 fb—1 of pp data. A cut-based analysis is used to discriminate
between signal and backgrounds. F denotes W helicity fraction, and the spin axis of
the top polarization P is taken along the spectator-quark momentum in the top rest
frame. See this paper for a number of other asymmetries and measurements that are
not included here.

4 KHACHATRYAN 1680 based on 19.7 fb~1 of data. A high-purity sample with a muon
is selected by a multivariate analysis. The value is the top spin asymmetry, given by one
half of the spin analyzing power o (=1 at LO of SM) times the top polarization, P,

where the spin axis is defined as the direction of the untagged jet in the top rest frame.
The value is compatible with the SM prediction of 0.44 with a 2.00 deviation.

t-quark Polarization in Single Top Events in pp Collisions at /s = 13 TeV

VALUE DOCUMENT ID TECN COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o o
0.440+0.070 1 SIRUNYAN 20R CMS  (ayP)/2; t-channel

LSIRUNYAN 20R based on 36.1 fb—1 of data. Differential cross sections for t-channel
single top production are measured using 1¢ + 2,3-jet mode and found to be in good
agreement with SM predictions. The value is the top spin asymmetry, given by 1/2 of
the spin analyzing power ay (=1 at LO of SM) times the top polarization P, where the
spin axis is defined as the direction of the spectator quark in the top rest frame at the
parton level. It is in good agreement with the NLO SM prediction of 0.436.

gg — tt Fraction in pp Collisions at /s = 1.96 TeV

VALUE CL% DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. e o o

<0.33 638 1 AALTONEN 09F CDF tt correlations
0.074+0.14+£0.07 2 AALTONEN  08AG CDF  low pT number of tracks
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1 Based on 955 pb_l. AALTONEN O09F used differences in the tt production angular
distribution and polarization correlation to descriminate between gg — tt and qg —

tt subprocesses. The combination with the result of AALTONEN 08AG gives 0.071’8'%?

2 Result is based on 0.96 fb—1 of data. The contribution of the subprocesses gg — tt
and gqg — tt is distinguished by using the difference between quark and gluon initiated
jets in the number of small p7 (0.3 GeV < p7 < 3 GeV) charged particles in the

central region (|n| < 1.1).

App of tt in pp Collisions at /s = 1.96 TeV
A = Forward-backward asymmetry.

VALUE (%) DOCUMENT ID TECN COMMENT
e o ¢ We do not use the following data for averages, fits, limits, etc. e o o
128+ 2.1+1.4 1 AALTONEN 18 TEVA CDF, DO combination
175+ 5.6+3.1 2 ABAZOV 15k DO A%B in L0+Ep+ > 2j( > 1b)
7.2+ 6.0 3 AALTONEN  14F CDF AFB in dilepton channel
(Ll+Ep+ > 2))
7.6+ 8.2 3 AALTONEN  14F CDF A%B in dilepton channel
(U+Ep+ > 2j)
1.7 .
42+ 2375/ 4 ABAZOV 146 DO ALp (€ + Ep+ >3j (01> 2b))
10.6+ 3.0 5 ABAZOV 14H DO App (L + By + >3j(>1b))
20.1+ 6.7 6 AALTONEN  13ADCDF  ag/aq in £+Ep+ > 4j (> 1b)
— 0.2+ 3.1 6 AALTONEN  13ADCDF  ag,ag,ay in £+Ep+ > 4j (> 1b)
16.4+ 4.7 7" AALTONEN 135 CDF £ + Ep + > 4 jets( > 1b-tag)
947 32 8 AALTONEN  13x CDF £+ Ep + >4 jets (> 1 b-tag)
11.84+ 3.2 9 ABAZOV 13A DO €0 & (+ jets comb.
—~11.6+15.3 0 AALTONEN  11F CDF  m,; < 450 GeV
47.5+11.4 10 AALTONEN  11F CDF  m,; > 450 GeV
19.6+ 6.5 11 ABAZOV 11AHDO £+ Ep + > 4 jets( > 1b-tag)
17 + 8 12 AALTONEN ~ 08AB CDF  pP frame
24 +14 12 AALTONEN ~ 08AB CDF  tT frame
12 4+ 8 +1 13 ABAZOV 08L DO £+ Bp + >4 jets

1 AALTONEN 18 based on 9-10 fb— 1 of pp data at /s = 1.96 TeV. The value is the
asymmetry in the number of reconstructed tt events with rapidity y; > yz and those
with y; < yz. The combined fits to CDF and DO single lepton and ££ asymmetries give

AL = 0.073 £ 0.016 & 0.012 and A%¢, = 0.108 & 0.043 & 0.016, respectively. The
results are consistent with the SM predictions.

2 ABAZOV 15K based on 9.7 fb— 1 of data. The result is consistent with the SM pre-
dictions. By combining with the previous DO measurement in the ¢ + jet channel
ABAZOQOV 14H, A%’B = 0.118 + 0.025 £ 0.013 is obtained.

3 AALTONEN 14F based on 9.1 fb—1 of data. A%‘B and A%B denote, respectively, the
asymmetries (N(x>0)— N(x<0))/N;; for x=qyny (qy is the charge of £) and X=1,; —

Mo+ Both results are consistent with the SM predictions. By combining with the
previous CDF measurement in the ¢/+jet channel AALTONEN 13X, A%’B = 0.098—i_()'028

—0.026
is obtained. The combined result is about two sigma larger than the SM prediction of
AL, 5 = 0.038 £ 0.003,

4Based on 9.7 fb— 1 of pp data at \/s = 1.96 TeV. The asymmetry is corrected for the
production level for events with ’yl‘ < 1.5. Asymmetry as functions of Ep(£) and ‘yl‘
are given in Figs. 7 and 8, respectively. Combination with the asymmetry measured in
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the dilepton channel [ABAZOV 13P] gives A(}Z?B =4.2+2.0+ 1.4 %, in agreement with
the SM prediction of 2.0%.

5Based on 9.7 fb—1 of data of pp data at 1/s=1.96 TeV. The measured asymmetry is in
agreement with the SM predictions of 8.8 £ 0.9 % [BERNREUTHER 12], which includes
the EW effects. The dependences of the asymmetry on ’y(t) - y(f)’ and m,3 are shown
in Figs. 9 and 10, respectively.

6 Based on 9.4 fb~1 of data. Reported A values come from the determination of a;

i
coefficients of do/d(cosf;) = ¥, a;P;(cos(6;)) measurement. The result of aj/ag =

(40 + 12)% seems higher than the NLO SM prediction of (151_;)%.

7 Based on 9.4 fb—1 of data. The quoted result is the asymmetry at the parton level.
8Based on 9.4 fb— 1 of data. The observed asymmetry is to be compared with the SM
prediction of A%B = 0.038 + 0.003.

9Based on 5.4 fb—1 of data. ABAZOV 13A studied the dilepton channel of the tt events
and measured the leptonic forward-backward asymmetry to be A%B =5.8+£5.1+1.3%,

which is consistent with the SM (QCD-+EW) prediction of 4.7 & 0.1%. The result
is obtained after combining the measurement (15.2 + 4.0%) in the £ + jets channel
ABAZOV 11AH. The top quark helicity is measured by using the neutrino weighting
method to be consistent with zero in both dilepton and ¢ + jets channels.

10Based on 5.3 fb—! of data. The error is statistical and systematic combined. Events
with lepton + Zp + > 4jets( > 1b) are used. AALTONEN 11F also measures the

asymmetry as a function of the rapidity difference ]yt - yf|. The NLO QCD predictions
[MCFM] are (4.0 £0.6)% and (8.8 +1.3)% for m;7 < 450 and > 450 GeV, respectively.

11 Based on 5.4 fb—1 of data. The error is statistical and systematic combined. The quoted
asymmetry is obtained after unfolding to be compared with the MC@NLO prediction of
(5.0 £ 0.1)%. No significant difference between the m .z < 450 and > 450 GeV data
samples is found. A corrected asymmetry based on the lepton from a top quark decay of
(15.2 £ 4.0)% is measured to be compared to the MCONLO prediction of (2.1 £ 0.1)%.

12 Result is based on 1.9 fb—1 of data. The FB asymmetry in the tt events has been
measured in the ¢ 4 jets mode, where the lepton charge is used as the flavor tag. The
asymmetry in the pp frame is defined in terms of cos(8) of hadronically decaying t-quark
momentum, whereas that in the tt frame is defined in terms of the t and t rapidity
difference. The results are consistent ( < 2 o) with the SM predictions.

13 Result is based on 0.9 fb—! of data. The asymmetry in the number of tt events with
y¢ > yF and those with y; < y; has been measured in the lepton + jets final state.
The observed value is consistent with the SM prediction of 0.8% by MC@NLO, and an
upper bound on the Z/ — tT contribution for the SM Z-like couplings is given in in Fig.
2 for 350 GeV < mo < 1 TeV.

t-Quark Electric Charge

VALUE DOCUMENT ID TECN COMMENT
0.64+0.02+0.08 1 AAD 13AY ATLS  ¢+Ep+ > 4 jets (> 1 b)
e o o We do not use the following data for averages, fits, limits, etc. e o o

2 ABAZOV 14D DO C+Ep+ > 4 jets (> 2 b)

3 AALTONEN 135 CDF  pp at 1.96 TeV
4 AALTONEN 105 CDF  Repl. by AALTONEN 13J
5 ABAZOV 07c DO fraction of |q]:4e/3 pair

1 AAD 13AY result is based on 2.05 fb—1 of pp data at /s = 7 TeV, the result is obtained
by reconstructing tt events in the lepton + jets final state, where b-jet charges are tagged
by the jet-charge algorithm. This measurement excludes the charge —4/3 assignment to
the top quark at more than 8 standard deviations.
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2 ABAZOV 14D result is based on 5.3 fb—1 of pp data at /s=1.96 TeV. The electric
charge of b + W system in tt candidate events is measured from the charges of the
leptons from W decay and in b jets. Under the assumption that the b + W system
consists of the sum of the top quark and the charge —4/3 quark b/(-4/3) of the same
mass, the top quark fraction is found to be f = 0.88 £+ 0.13 (stat)£0.11 (syst), or the
upper bound for the b’(-4/3) contamination of 1 — f < 0.46 (95% CL).

3 AALTONEN 13J excludes the charge —4/3 assignment to the top quark at 99% CL, using
5.6 fo— 1 of data in pp collisions at 4/s = 1.96 TeV. Result is obtained by reconstructing
tt events in the lepton + jets final state, where b-jet charges are tagged by the jet-charge
algorithm.

4 AALTONEN 105 excludes the charge —4/3 assignment for the top quark [CHANG 99] at
95%CL, using 2.7 fb~1 of data in pp collisions at /s = 1.96 TeV. Result is obtained by
reconstructing tt events in the lepton + jets final state, where b-jet charges are tagged
by the SLT (soft lepton tag) algorithm.

5 ABAZOV 07¢C reports an upper limit p < 0.80 (90% CL) on the fraction p of exotic

quark pairs QQ with electric charge |q| = 4e/3 in tt candidate events with high pr
lepton, missing Eq» and > 4 jets. The result is obtained by measuring the fraction of

events in which the quark pair decays into W™ + b and W + B, where b and b jets
are discriminated by using the charge and momenta of tracks within the jet cones. The
maximum CL at which the model of CHANG 99 can be excluded is 92%. Based on 370
pb~1 of data at Vs = 1.96 TeV.
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