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MASS LIMITS FOR NEUTRAL HIGGS BOSONS NODE=5055250
IN SUPERSYMMETRIC MODELS
The minimal supersymmetric model has two complex doublets of Higgs NODE=S5055250

bosons. The resulting physical states are two scalars [H? and Hg, where

we define mH? < mHg], a pseudoscalar (AO), and a charged Higgs pair

(H:t). Hcl) and Hg are also called h and H in the literature. There are
two free parameters in the Higgs sector which can be chosen to be m xo
and tan = vy/vq, the ratio of vacuum expectation values of the two
Higgs doublets. Tree-level Higgs masses are constrained by the model to
be m o < myg, m o 2 Mz, mu 2 m o and Mys 2 myy.

2
However, as described in the review on “Status of Higgs Boson Physics”
in this Volume these relations are violated by radiative corrections.

Unless otherwise noted, the experiments in et e~ collisions search for
the processes et e™ — H(l) 70 in the channels used for the Standard

Model Higgs searches and ete — H(l) AD in the final states bbb b and

bbrt . In pp and pp collisions the experiments search for a variety
of processes, as explicitly specified for each entry. Limits on the AQ mass
arise from these direct searches, as well as from the relations valid in the
minimal supersymmetric model between m x0 and mH(l). As discussed

in the review on “Status of Higgs Boson Physics” in this Volume, these
relations depend, via potentially large radiative corrections, on the mass of
the t quark and on the supersymmetric parameters, in particular those of
the stop sector. These indirect limits are weaker for larger t and t masses.
To include the radiative corrections to the Higgs masses, unless otherwise
stated, the listed papers use theoretical predictions incorporating two-loop
corrections, and the results are given for the m}TaX benchmark scenario,

which gives rise to the most conservative upper bound on the mass of HY
for given values of m 0 and tang3, see CARENA 998, CARENA 03, and
CARENA 13.

Limits in the low-mass region of Hg, as well as other by now obsolete limits
from different techniques, have been removed from this compilation, and
can be found in earlier editions of this Review. Unless otherwise stated,
the following results assume no invisible H(l) or A0 decays.

The observed signal at about 125 GeV, see section “HO”, can be inter-
preted as one of the neutral Higgs bosons of supersymmetric models.

Mass Limits for H? (Higgs Boson) in Supersymmetric Models NODE—S055HSS
VALUE (GeV) CL% DOCUMENT ID TECN  COMMENT NODE=S055HSS
>89.7 LABDALLAH 088 DLPH E,, <209 GeV

>02.8 95 2 SCHAEL 068 LEP  En, <209 GeV

>84.5 95  34ABBIENDI  04M OPAL E, < 209 GeV

>86.0 95 35 ACHARD 02H L3 Ecm <209 GeV, tan§ > 0.4



e o o We do not use the following data for averages, fits, limits, etc. e o @
6 KHACHATRY..16A CMS H(1J’2/AO — utu
7 AAD 15CE ATLS Hg — HOHO
8 KHACHATRY..15aY CMS  pp — H9,/A0 + b+ X,
H?Q/AO — bb
9 AAD 14AWATLS  pp — HY ,/AD + X,
H(1J72/AO — TT
10 KHACHATRY..14M CMS  pp — HY,/A0 + X,
H? 2/A0 — TT

11 AAD 130 ATLS pp— HY,/A? + X,
H(1],2/A0 — rtr— utu
12 AAl 13T LHCB pp — HY, /A0 + X,

H? 2/AO — 7t
13 CHATRCHYAN13AG CMS  pp — HY , /A0 + b+ X,
HY , /A% — bb
14 AALTONEN 124 TEVA pp — HY /A0 + b+ X,
HY , /A% — bb
15 AALTONEN 12 CDF  pp— HY, /A0 + b+ X,
HY /A0 — bb
PP — H(1)72/A0 + X,
g /A0 ot
17 CHATRCHYAN12k CMS  pp — HY,/A0 4+ X,
19 A0 ot

16 ABaZOV 126 DO

18 ABAZOV 11k DO pp— H9, /A0 + b+ X,
H‘l{z/A0 — bb
19 ABAZOV 11w DO pp— HY,/A + b+ X,

H%2/AO — 77
20 AALTONEN ~ 09AR CDF  pp — H9, /A0 + X,
H(1)72/A0 .
21 ABBIENDI 036 OPAL HY — A0A0
>89.8 95 322 HEISTER 02 ALEP E,, <209 GeV, tan3 > 0.5
1 ABDALLAH 088 give limits in eight CP-conserving benchmark scenarios and some CP-
violating scenarios. See paper for excluded regions for each scenario. Supersedes AB-

DALLAH 04.

25CHAEL 068 make a combined analysis of the LEP data. The quoted limit is for the

m}r‘?ax scenario with m; = 174.3 GeV. In the CP-violating CPX scenario no lower bound

on m, o can be set at 95% CL. See paper for excluded regions in various scenarios. See
1

Figs. 2-6 and Tabs. 14-21 for limits on o(Z HO). B(HO — bb, 7 77) and o(HY HY)-
B(HY,H3— bb7t 7). o B
3Search for et e™ — HYAQ in the final states bbbb and bbrT
H?Z. Universal scalar mass of 1 TeV, SU(2) gaugino mass of 200 GeV, and pu= —200
GeV are assumed, and two-loop radiative corrections incorporated. The limits hold for

my=175 GeV, and for the mz‘ax scenario.

4 ABBIENDI 04M exclude 0.7 < tanB < 1.9, assuming m; = 174.3 GeV. Limits for other
MSSM benchmark scenarios, as well as for CP violating cases, are also given.

5 ACHARD 02H also search for the final state H(l)z — 2404G, AQ — 4g. In addition,
the MSSM parameter set in the “large-p” and “no-mixing” scenarios are examined.

6 KHACHATRYAN 16A search for production of a Higgs boson in gluon fusion and in
association with a bb pair followed by the decay H? 2/AO — /,L+ u~ in 5.1 b1 of

77, and ete™ —

pp collisions at E.,, =7 TeV and 19.3 b1 at E . = 8 TeV. See their Fig. 7 for the

excluded region in the MSSM parameter space in the meOd+ benchmark scenario and
Fig. 9 for limits on cross section times branching ratio.
7 AAD 15CE search for production of Hg decaying to HO HO in the final states bbr+ 7~

and vy W W* in 20.3 b1 of pp collisions at E_,, = 8 TeV and combine with data

from AAD 15H (v~ bb) and AAD 158K (bbbb). See their Fig. 7 for excluded regions
in the parameter space in several scenarios.
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8 KHACHATRYAN 15AY search for production of a Higgs boson in association with a b
quark in the decay HO /A0 — bbin19.7 b1 of pp collisions at E.,, = 8 TeV and
combine with CHATRCHYAN 13AG 7 TeV data. See their Fig. 6 for the limits on cross
section times branching ratio for mao = 100-900 GeV and Figs. 7-9 for the excluded
region in the MSSM parameter space in various benchmark scenarios.

9 AAD 14AW search for production of a Higgs boson followed by the decay H(l) 2/A0 —

77 in 19.5-20.3 fb~ 1 of pp collisions at E_,, = 8 TeV. See their Fig. 11 for the
limits on cross section times branching ratio and their Figs. 9 and 10 for the excluded
region in the MSSM parameter space. For ma0 = 140 GeV, the region tan3 > 5.4 is

excluded at 95% CL in the m}Tax scenario.

10 KHACHATRYAN 14M search for production of a Higgs boson in gluon fusion and in
association with a b quark followed by the decay H(l) 2/A0 — 777 in 4.9 b1 of

pp collisions at E_,, = 7 TeV and 19.7 fb—1 at E ., = 8 TeV. See their Figs. 7 and
8 for one- and two-dimensional limits on cross section times branching ratio and their
Figs. 5 and 6 for the excluded region in the MSSM parameter space. For muo = 140

GeV, the region tan/3 > 3.8 is excluded at 95% CL in the m}r{\ax scenario.
11 AAD 130 search for production of a Higgs boson in the decay H(l) 5 /A0 — 7t7~ and

,u+ u— with 4.7-4.8 oL of pp collisions at E_,, = 7 TeV. See their Fig. 6 for the
excluded region in the MSSM parameter space and their Fig. 7 for the limits on cross

section times branching ratio. For mao = 110-170 GeV, tang z 10 is excluded, and

for tan = 50, m ,q below 470 GeV is excluded at 95% CL in the mf";'ax scenario.

A
12 AA1J 13T search for production of a Higgs boson in the forward region in the decay

H0 /A0 — 7T in1.0fb 1 of pp collisions at E_,, = 7 TeV. See their Fig. 2 for
the I|m|ts on cross section times branching ratio and the excluded region in the MSSM
parameter space.

13 CHATRCHYAN 13AG search for production of a Higgs boson in association with a b
quark in the decay HO 2/A — bbin27-4.8 fb~1 of pp collisions at E, = 7 TeV.

See their Fig. 6 for the excluded region in the MSSM parameter space and F|g 5 for the
limits on cross section times branching ratio. For mao = 90-350 GeV, upper bounds on

tang of 18-42 at 95% CL are obtained in the m?ax scenario with p = 4200 GeV.

14 AALTONEN 12AQ combine AALTONEN 12X and ABAZOV 11K. See their Table | and
Fig. 1 for the limit on cross section times branching ratio and Fig. 2 for the excluded
region in the MSSM parameter space.

15 AALTONEN 12X search for associated production of a Higgs boson and a b quark in the
decay H0 /AO — bb, with 2.6 fb™ Lof pp collisions at E_,, = 1.96 TeV. See their
Table Il and Fig. 15 for the limit on cross section times branchlng ratio and Figs. 17,
18 for the excluded region in the MSSM parameter space.

16 ABAZOV 126 search for production of a Higgs boson in the decay H(l) 2/A0 — 7t
with 7.3 fb~1 of pp collisions at E.,, = 1.96 TeV and combine with ABAZOV 11w
and ABAZOQOV 11K. See their Figs. 4, 5, and 6 for the excluded region in the MSSM
parameter space. For mao = 90-180 GeV, tang 2 30 is excluded at 95% CL. in the

MaX scenario.

17 CHATRCHYAN 12K search for production of a Higgs boson in the decay H(l) 2/A0 —
77~ with 4.6 b~ 1 of pp collisions at E_, = 7 TeV. See their Fig. 3 and Ta-
ble 4 for the excluded region in the MSSM parameter space. For ma = 160 GeV,

m

the region tan3 > 7.1 is excluded at 95% CL in the m}TaX scenario. Superseded by

KHACHATRYAN 14Mm.
8 ABAZOV 11K search for associated production of a Higgs boson and a b quark, followed

by the decay H?,z/AO — bb, in 5.2 fb~ 1 of pp collisions at E_,, = 1.96 TeV. See
their Fig. 5/Table 2 for the limit on cross section times branching ratio and Fig. 6 for the
excluded region in the MSSM parameter space for u = —200 GeV.

19 ABAZOV 11w search for associated production of a Higgs boson and a b quark, followed
by the decay H /A — 77,in7.3fb™ 1 of pp collisions at E_,, = 1.96 TeV. See their
Fig. 2 for the I|m|t on cross section times branching ratio and for the excluded region in
the MSSM parameter space.

20 AALTONEN 09AR search for Higgs bosons decaying to 7+ 7= in two doublet models
in 1.8 fo~ 1 of pp collisions at E.,, = 1.96 TeV. See their Fig. 2 for the limit on
o- B(H02/AO — 7117 for different Higgs masses, and see their Fig. 3 for the
excluded region in the MSSM parameter space.

21 ABBIENDI 03 search for et e™ — HY Z followed by HY — A0AD, A0 — ¢, gg,

0 = 45-85 GeV and m 0= 2-9.5
1

or 777, In the no-mixing scenario, the region m

GeV is excluded at 95% CL.
22 HEISTER 02 excludes the range 0.7 <tanf8 < 2.3. A wider range is excluded with
different stop mixing assumptions. Updates BARATE 01cC.

H A
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Mass Limits for A% (Pseudoscalar Higgs Boson) in Supersymmetric Models

VALUE (GeV)  CL% DOCUMENT ID TECN  COMMENT

>90.4 LABDALLAH 088 DLPH E,, <209 GeV

>93.4 95 2 SCHAEL 068 LEP  E . <209 GeV

>85.0 95  34ABBIENDI  04M OPAL Eg, < 209 GeV

>86.5 95 35 ACHARD 02H L3 Ey, <209 GeV, tanf > 0.4
>90.1 95 3O HEISTER 02 ALEP E_,, <209 GeV, tan3 > 0.5

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

7 KHACHATRY...16A CMS H‘i2/A0 — utu

8 KHACHATRY..15ay CMS  pp — HY , /A0 + b+ X,
H(iz/AO — bb

9 AAD 14AWATLS  pp — HY ,/AD + X,
H(1J72/A0 — 7T

10 KHACHATRY..14M CMS  pp — HY,/A0 + X,
H? 2/A0 — TT

11 AAD 130 ATLS pp— HY,/A0 + X,
H(])-2/A04> rtr ptu~
12 AAl 13T LHCB pp — HY, /A0 + X,

Hcl] 2/AO A a
13 CHATRCHYAN13A6 CMS  pp — HO ,/AD + b+ X,
HY , /A% — bb
14 AALTONEN  12AQ TEVA pp — HY, /A% + b+ X,
HY /A% — bb
15 AALTONEN  12x CDF  pp— HY /A0 + b+ X,
HY , /A% — bb
pp— HY, /A% + X,
/80
17 CHATRCHYAN12k CMS  pp — HY ,/AD + X,
g /A0

16 ABaZOV 126 DO

18 ABAZOV 11k DO PP — H(l) 2/A0 + b+ X,
H(1J’2/AO — bb
19 ABaZOV 11w DO PP — H(l) 2/AO + b+ X,

H972/AO — 7t
20 AALTONEN  09AR CDF  pp — H , /A0 + X,
H?,2/A0 — 7t
21 ACOSTA 05 CDF  pp— HY,/A0 + X
22 ABBIENDI 036 OPAL H(lJ — A0 A0
23 AKEROYD 02 RVUE

1 ABDALLAH 088 give limits in eight CP-conserving benchmark scenarios and some CP-

violating scenarios. See paper for excluded regions for each scenario. Supersedes AB-
DALLAH 04.

25CHAEL 068 make a combined analysis of the LEP data. The quoted limit is for the
m}r;\ax scenario with m; = 174.3 GeV. In the CP-violating CPX scenario no lower bound

on m, o can be set at 95% CL. See paper for excluded regions in various scenarios. See
1

Figs. 2-6 and Tabs. 14-21 for limits on o(Z HO)- B(HO — bb, 7 77) and o(HY HY)-
B(Hcl),Hga bb,rT 7).
3Search for et e — Hcl) AQ in the final states bbbb and bBT+T7, and et e™ —

H(l)Z. Universal scalar mass of 1 TeV, SU(2) gaugino mass of 200 GeV, and u= —200
GeV are assumed, and two-loop radiative corrections incorporated. The limits hold for
m;=175 GeV, and for the m}";ax scenario.

4 ABBIENDI 04M exclude 0.7 < tanB8 < 1.9, assuming m; = 174.3 GeV. Limits for other
MSSM benchmark scenarios, as well as for CP violating cases, are also given.

5 ACHARD 02H also search for the final state H) Z — 2A%qg, A% — gg. In addition,
the MSSM parameter set in the “large-u” and “no-mixing” scenarios are examined.

B HEISTER 02 excludes the range 0.7 <tanf < 2.3. A wider range is excluded with
different stop mixing assumptions. Updates BARATE 01C.
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7T KHACHATRYAN 16A search for production of a Higgs boson in gluon fusion and in
association with a bb pair followed by the decay H? 2/A0 — ;ﬁ‘ pu~ in 5.1 b1 of

pp collisions at E.,, =7 TeV and 19.3 b1 at E.m = 8 TeV. See their Fig. 7 for the
excluded region in the MSSM parameter space in the m,T°d+ benchmark scenario and
Fig. 9 for limits on cross section times branching ratio.

8 KHACHATRYAN 15AY search for production of a Higgs boson in association with a b
quark in the decay H0 /A0 — bbin19.7 fb~ 1 of pp collisions at E,, = 8 TeV and
combine with CHATRCHYAN 13AG 7 TeV data. See their Fig. 6 for the limits on cross
section times branching ratio for mao = 100-900 GeV and Figs. 7-9 for the excluded
region in the MSSM parameter space in various benchmark scenarios.

9 AAD 14AW search for production of a Higgs boson followed by the decay H(l) 2/A0 —

7= in 19.5-20.3 fb~ L of pp collisions at E,, = 8 TeV. See their Fig. 11 for the

limits on cross section times branching ratio and their Figs. 9 and 10 for the excluded
region in the MSSM parameter space. For mao = 140 GeV, the region tan3 > 5.4 is

excluded at 95% CL in the m?ax scenario.

10 KHACHATRYAN 14M search for production of a Higgs boson in gluon fusion and in
association with a b quark followed by the decay Hcl) 2/A0 — 7t in4.9 b1 of

pp collisions at E_,, = 7 TeV and 19.7 b1 at Ecm = 8 TeV. See their Figs. 7 and
8 for one- and two-dimensional limits on cross section times branching ratio and their
Figs. 5 and 6 for the excluded region in the MSSM parameter space. For mo = 140

GeV, the region tan3 > 3.8 is excluded at 95% CL in the m}TaX scenario.
11 AAD 130 search for production of a Higgs boson in the decay Hg 9 /A0 — 7t77 and

,u"" p~ with 4.7-4.8 b1 of pp collisions at E_ ., = 7 TeV. See their Fig. 6 for the
excluded region in the MSSM parameter space and their Fig. 7 for the limits on cross

section times branching ratio. For mao = 110-170 GeV, tang3 z 10 is excluded, and
for tan3 = 50, m A0 below 470 GeV is excluded at 95% CL in the mzwx scenario.

12 AA1S 13T search for production of a Higgs boson in the forward region in the decay

0 2/AO — 7t~ in1.0f~1of pp collisions at E_,, = 7 TeV. See their Fig. 2 for

the limits on cross section times branching ratio and the excluded region in the MSSM
parameter space.

13 CHATRCHYAN 13AG search for production of a Higgs boson in association with a b
quark in the decay H /AO — bbin2.7-4.8 b~ of pp collisions at E_ ., =7 TeV.
See their Fig. 6 for the excluded region in the MSSM parameter space and Flg 5 for the
limits on cross section times branching ratio. For mao = 90-350 GeV, upper bounds on
tan3 of 18-42 at 95% CL are obtained in the m?ax scenario with u = 4200 GeV.

14 AALTONEN 12AQ combine AALTONEN 12X and ABAZOV 11K. See their Table | and
Fig. 1 for the limit on cross section times branching ratio and Fig. 2 for the excluded
region in the MSSM parameter space.

15 AALTONEN 12X search for associated production of a Higgs boson and a b quark in the
decay H0 /A0 — bb, with 2.6 fb— L of pp collisions at E_,, = 1.96 TeV. See their
Table Il and Fig. 15 for the limit on cross section times branchmg ratio and Figs. 17,
18 for the excluded region in the MSSM parameter space.

16 ABAZOV 126 search for production of a Higgs boson in the decay Hcl) 5 /AO — rt7
with 7.3 fb~1 of pp collisions at E.,, = 1.96 TeV and combine with ABAZOV 11w
and ABAZOQV 11K. See their Figs. 4, 5, and 6 for the excluded region in the MSSM
parameter space. For mao = 90-180 GeV, tang Z 30 is excluded at 95% CL. in the

max
m
h

17 CHATRCHYAN 12K search for production of a Higgs boson in the decay Htl) 2/A0 —

scenario.

7= with 4.6 fb=1 of pp collisions at E., = 7 TeV. See their Fig. 3 and Ta-

ble 4 for the excluded region in the MSSM parameter space. For mao = 160 GeV,

the region tan3 > 7.1 is excluded at 95% CL in the m}TaX scenario. Superseded by
KHACHATRYAN 14Mm.
18 ABAZOV 11K search for associated production of a Higgs boson and a b quark, followed

by the decay H(l)’Z/AO — bb, in 5.2 fb~L of pp collisions at E, = 1.96 TeV. See
their Fig. 5/ Table 2 for the limit on cross section times branching ratio and Fig. 6 for the
excluded region in the MSSM parameter space for p = —200 GeV.

19 ABAZOV 11w search for associated production of a Higgs boson and a b quark, followed
by the decay HO 2/A0 — 77,in 7.3 fb~1 of pp collisions at E,y, = 1.96 TeV. See their
Fig. 2 for the I|m|t on cross section times branching ratio and for the excluded region in
the MSSM parameter space.

20 AALTONEN 09AR search for Higgs bosons decaying to 7177 in two doublet models
in 1.8 fb—1 of pp collisions at E_,, = 1.96 TeV. See their Fig. 2 for the limit on

B(H?’2/A0 — 71T 77) for different Higgs masses, and see their Fig. 3 for the
excluded region in the MSSM parameter space.
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21 ACOSTA 05Q search for H(1)2/A0 production in pp collisions at E_,, = 1.8 TeV with

H? 2/A0 — = At muyo = 100 GeV, the obtained cross section upper limit is
above theoretical expectation.
22 ABBIENDI 03G search for et e~ — HY Z followed by HY — A0AD, A0 — ¢, gg,

1
or 7177 In the no-mixing scenario, the region m o = 45-85 GeV and m ;5 = 2-9.5
1

GeV is excluded at 95% CL.
23 AKEROYD 02 examine the possibility of a light AQ with tanf <1. Electroweak mea-
surements are found to be inconsistent with such a scenario.

H A

MASS LIMITS FOR NEUTRAL HIGGS BOSONS
IN EXTENDED HIGGS MODELS

This Section covers models which do not fit into either the Standard Model
or its simplest minimal Supersymmetric extension (MSSM), leading to
anomalous production rates, or nonstandard final states and branching ra-
tios. In particular, this Section covers limits which may apply to generic
two-Higgs-doublet models (2HDM), or to special regions of the MSSM
parameter space where decays to invisible particles or to photon pairs are
dominant (see the review on “Status of Higgs Boson Physics”). Concern-
ing the mass limits for HO and AO listed below, see the footnotes or the
comment lines for details on the nature of the models to which the limits
apply.

The observed signal at about 125 GeV, see section “HO”, can be inter-
preted as one of the neutral Higgs bosons of an extended Higgs sector.

Mass Limits in General two-Higgs-doublet Models

VALUE (GeV CLY% DOCUMENT ID TECN COMMENT

e e o We do not use the following data for averages, fits, limits, etc. e o @
1 AAD 158K ATLS  HJ — HOHO
2 AAD 155 ATLS AV — ZHO

3 KHACHATRY...1588 CMS Hé), A0 gy

4 KHACHATRY..15n ¢MS A0 — zHO

5 AAD 14M ATLS HY — HEWT —
HOWEwF, HO — bb

6 KHACHATRY..14Q CMS  HY — HOHO, A0 — zHO

" AALTONEN  09ARCDF  pp — HY,/A0 + X,
B8 o

none 1-55 95 8 ABBIENDI  05A OPAL HY, Type Il model

>110.6 95 9 ABDALLAH 050 DLPH HY — 2 jets
10 ABDALLAH 040 DLPH Z — ffH
11 ABDALLAH 040 DLPH ete— — HOZ HOAO
12 ABBIENDI 020 OPAL ete — bbBH

hone 1-44 95 I3 ABBIENDI 01 OPAL HY, Type-Il model
> 68.0 95 14 ABBIENDI 99 OPAL tanjg > 1
15 ABREU 954 DLPH Zz — HOZz* HO A0
16 picH 92  RVUE Very light Higgs

1 AAD 15BK search for production of a heavy Hg decaying to HOHO in the final state
bbbbin 19.5 fb~ ! of pp collisions at E_,, = 8 TeV. See their Figs. 15-18 for excluded
regions in the parameter space.

2 AAD 155 search for production of A0 decaying to ZHO — gt bb, vTUbb and
et rT 1~ in 203 b1 of pp collisions at E_,, = 8 TeV. See their Figs. 4 and
5 for excluded regions in the parameter space.

3 KHACHATRYAN 1588 search for HJ , A — 4+ in 19.7 fo~1 of pp collisions at

E.y = 8 TeV. See their Fig. 10 for excluded regions in the two-Higgs-doublet model
parameter space.

4 KHACHATRYAN 15N search for production of A0 decaying to ZHO — ¢ ¢~ bb in

19.7 b~ 1 of pp collisions at E_,, = 8 TeV. See their Fig. 5 for excluded regions in the
tan8 — cos(8 — «) plane for m 40 = 300 GeV.

5 AAD 14M search for the decay cascade Hg — HTwT - HOw* W, HO decaying
to bbin 20.3 fb~ 1 of pp collisions at E,; = 8 TeV. See their Table IV for limits in a
two-Higgs-doublet model for m 0= 325-1025 GeV and my= 225-825 GeV.

2

6 KHACHATRYAN 14Q search for Hg — HOHO and A0 — ZHO in 195 b~ of pp

collisions at E_,, = 8 TeV. See their Figs. 4 and 5 for limits on cross section times
branching ratio for my 0= 260-360 GeV and their Figs. 7-9 for limits in two-Higgs-
29

doublet models.
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7 AALTONEN 09AR search for Higgs bosons decaying to 7t 77 in two doublet models
in 1.8 fo~1 of pp collisions at E_,, = 1.96 TeV. See their Fig. 2 for the limit on
o- B(H(1)72/A0 — 7177 for different Higgs masses, and see their Fig. 3 for the
excluded region in the MSSM parameter space.

8 ABBIENDI 054 search for et e™ — H? A0 in general Type-ll two-doublet models, with
decays HO, A0 qq, gg, 7T 77, and H(l) — A0 AO

9 ABDALLAH 05D search for eTe™ — HOZ and HO A9 with HO, A0 decaying to two
jets of any flavor including gg. The limit is for SM HO 7 production cross section with
B(HO — jj)=1.

10 ABDALLAH 040 search for Z — bbHO, bbAD, rt 7= HO and 77— AD in the final
states 4b, bb7T 77, and 47. See paper for limits on Yukawa couplings.

11 ABDALLAH 040 search for et e= — HOZ and HO A0, with HO, A0 decaying to bb,
7=, or HO — A0A40 4t E.m = 189-208 GeV. See paper for limits on couplings.
12 ABBIENDI 020 search for Z — bbHY and bbAO with HY /A0 — ~+
4<mypy <12 GeV. See their Fig. 8 for limits on the Yukawa coupling.
13 ABBIENDI 01E search for neutral Higgs bosons in general Type-ll two-doublet models,
at Ecm < 189 GeV. In addition to usual final states, the decays H?, A0 — qq, gg are

searched for. See their Figs. 15,16 for excluded regions.

14 ABBIENDI 99E search for et e~ — HOAQ and H0Z at E_,, = 183 GeV. The limit is
with my=m 4 in general two Higgs-doublet models. See their Fig. 18 for the exclusion
limit in the my—m 4 plane. Updates the results of ACKERSTAFF 98s.

155ee Fig. 4 of ABREU 95H for the excluded region in the myo = Mao plane for general

T, in the range

two-doublet models. For tanf >1, the region mo+m 40 5 87 GeV, m o <47 GeV is

excluded at 95% CL.

16piCcH 92 analyse HO with my L in general two-doublet models. Excluded regions

in the space of mass-mixing angles from LEP, beam dump, and 7ri, n rare decays are
shown in Figs. 3,4. The considered mass region is not totally excluded.

0<2m

Mass Limits for H? with Vanishing Yukawa Couplings

These limits assume that HO couples to gauge bosons with the same strength as the
Standard Model Higgs boson, but has no coupling to quarks and leptons (this is often
referred to as “fermiophobic”).

VALUE (GeV CL% DOCUMENT ID TECN COMMENT

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

95 LAALTONEN 13k CDF  HO — ww(¥)
none 100-113 95 2AALTONEN 13t CDF  HO — vy, WW*, ZZ*
none 100-116 95 3AALTONEN 13M TEVA HO — vy, WW*, ZZ*

4 ABAZOV 136 DO HO — ww(*)
none 100-113 95 5 ABAZOV 13H DO HO — 4y

6 ABAZOV 13 D0 HO— ww®)

7 ABAZOV 135 DO HO — ww(*) zz()
hone 100-114 95 8 ABAZOV 13L DO HO — 4y, WWH*, ZZ*

none 110-147 95 9 CHATRCHYAN13AL CMS  HO — ~~

none 110-118, 95 10 AAD 12N ATLS HO — 4~
119.5-121
none 100-114 95

none 110-194 95
none 70-106 95

11 AALTONEN  12aNCDF HO — ~4
12 CHATRCHYAN 1220 CMS  HO — ~~, wwW(*), z z(*)
I3 AALTONEN  09aB CDF  HO — ~~

none 70-100 95 14 ABAZOV 08U DO HO — ~~y

>105.8 95 15 sCHAEL 07 ALEP ete= — HOZ HO . ww*

>104.1 95 16,17 ABDALLAH 04L DLPH ete™ — HOZ HO — 4

>107 95 18 ACHARD 03c L3 HO — WwW* zZz*% vy

>105.5 o5 16,19 ABBIENDI  02F OPAL HO — ~~

>105.4 95 20 ACHARD 02c L3 HO =~y

none 60-82 95 21 AFFOLDER  01H CDF  pp— HOW/Z HO — ~y

> 94.9 95 22 ACCIARRI 00s L3 ete — HOZ HO — ~y

>100.7 95 23 BARATE 00L ALEP ete — HOZ HO — ~4

> 96.2 95 24 ABBIENDI 990 OPAL ete™ — HOZ HO — 44

> 785 95 25 ABBOTT 998 DO pp— HOW/Z HO — ~4
26 ABREU 99 DLPH eTe™ — HO%y and/or HO —
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L AALTONEN 13K search for HO — W wW(*) in 9.7 b= 1 of pp collisions at E,, = 1.96
TeV. A limit on cross section times branching ratio which corresponds to (1.3-6.6) times
the expected cross section is given in the range my = 110-200 GeV at 95% CL.

2 AALTONEN 13L combine all CDF searches with 9.45-10.0 fb— L of pp collisions at E )
= 1.96 TeV.

3 AALTONEN 13M combine all Tevatron data from the CDF and DO Collaborations of PP
collisions at E_ ., = 1.96 TeV.

4 ABAZOV 136 search for HO — W W(*) in 9.7 =1 of pp collisions at E,,, = 1.96
TeV. A limit on cross section times branching ratio which corresponds to (2-9) times the
expected cross section is given for m 0 = 100-200 GeV at 95% CL.

5 ABAZOV 13H search for HO — Y7y in 9.6 b1 of pp collisions at E_,, = 1.96 TeV.

6 ABAZOV 13I search for HO production in the final state with one lepton and two or
more jets plus missing Ep in 9.7 oL of pp collisions at E ., = 1.96 TeV. The
search is sensitive to WHO, Z HO and vector-boson fusion Higgs production with HO —
W W) A limit on cross section times branching ratio which corresponds to (8-30)
times the expected cross section is given in the range myo = 100-200 GeV at 95% CL.

7 ABAZOV 13J search for HO production in the final states eep, eppu, w7, and et ,ui
in 8.6-9.7 fb— L of pp collisions at E,, = 1.96 TeV. The search is sensitive to WHO,
ZH0 production with H0 — WW(*) ZZ(*), decaying to leptonic final states. A

limit on cross section times branching ratio which corresponds to (2.4-13.0) times the
expected cross section is given in the range myo = 100-200 GeV at 95% CL.

8 ABAZOV 13L combine all DO results with up to 9.7 b1 of pp collisions at E_,, =
1.96 TeV.

9 CHATRCHYAN 13AL search for HO — ~~ in 5.1 fb~L and 5.3 fb~! of pp collisions
at E., = 7 and 8 TeV.

10 AAD 12N search for HO — ~y~ with 4.9 b~ L of pp collisions at E.p; = 7 TeV in the
mass range m o = 110-150 GeV.

L1 AALTONEN 12AN search for HO — 4~ with 10 fb—1 of pp collisions at Ep, = 1.96
TeV in the mass range m o = 100-150 GeV.

12 CHATRCHYAN 1240 use data from CHATRCHYAN 12G, CHATRCHYAN 12, CHA-
TRCHYAN 12H, CHATRCHYAN 12|, CHATRCHYAN 12D, and CHATRCHYAN 12cC.
13 AALTONEN 09AB search for HO — 7 in 3.0 fb—1 of pp collisions at E_,, = 1.96
TeV in the mass range myo = 70-150 GeV. Associated HO w, HOZz production and
W W, Z Z fusion are considered.

14 ABAZOV 08U search for HO — 7 in pp collisions at E_.,, = 1.96 TeV in the mass
range m o = 70-150 GeV. Associated H0 w, HOZ production and W W, Z Z fusion

are considered. See their Tab. 1 for the limit on o - B(H0 — v7), and see their Fig. 3
for the excluded region in the myo — B(H0 — ~7) plane.

15SCHAEL 07 search for Higgs bosons in association with a fermion pair and decaying to

W W*. The limit is from this search and HEISTER 02L for a HO with SM production
cross section.
Search for associated production of a v resonance with a Z boson, followed by Z —

q49, Vo £, or vy, at E, <209 GeV. The limit is for a HO with SM production cross
section.
17 Updates ABREU 01F.

18 ACHARD 03¢ search for et e~ — ZHO followed by HO — W W* or ZZ* at Epy=
200-209 GeV and combine with the ACHARD 02C result, The limit is for a HO with SM
production cross section. For B(HO — W W*) + B(HY — zZz*) =1, myo > 108.1
GeV is obtained. See fig. 6 for the limits under different BR assumptions.

19 For B(H0 — yv)=1, m o >117 GeV is obtained.

20 ACHARD 02C search for associated production of a ~+ resonance with a Z boson,
followed by Z — q7, ot ¢~ ,orvp, at Ecm <209 GeV. The limit is for a HO with SM
production cross section. For B(HO — y7v)=1, m o >114 GeV is obtained.

21 AFFOLDER 01H search for associated production of a -y resonance and a W or Z
(tagged by two jets, an isolated lepton, or missing E7). The limit assumes Standard

Model values for the production cross section and for the couplings of the HO to W and
Z bosons. See their Fig. 11 for limits with B(H0 — )< L.

22 ACCIARRI 005 search for associated production of a y~ resonance with a qq, v7,
or ¢t 4~ pair in et e collisions at E,= 189 GeV. The limit is for a HO with SM
production cross section. For B(H0 — yv)=1, myo > 98 GeV is obtained. See their
Fig. 5 for limits on B(H — ~yv)-c(eTe™ — HfF)/o(ete™ — HFF) (SM).

23 BARATE 00L search for associated production of a v~ resonance with a qq, v, or
¢+ 0~ pair in et e collisions at E = 88-202 GeV. The limit is for a HO with SM
production cross section. For B(H0 — v7v)=1, m o > 109 GeV is obtained. See their

Fig. 3 for limits on B(H — ~y7)-c(eTe™ — HfFf)/o(ete™ — HFF) (SM).
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24 ABBIENDI 990 search for associated production of a v resonance with a qq, v7, or
s pair in et e collisions at 189 GeV. The limit is for a HO with SM production cross
section. See their Fig. 4 for limits on o(ete™ — HOZO)xB(HO — ~7)xB(X0 —
f f) for various masses. Updates the results of ACKERSTAFF 98Y.

25 ABBOTT 998 search for associated production of a 7~ resonance and a dijet pair.
The limit assumes Standard Model values for the production cross section and for the

couplings of the HO to W and Z bosons. Limits in the range of O’(HO +Z/W)~B(H0 —
~v7)= 0.80-0.34 pb are obtained in the mass range mo0= 65-150 GeV.
26 ABREU 99p search for et e~ — HO~ with H0 — bbor 4+, and et e~ — HOqg

with HO — 7. See their Fig. 4 for limits on oxB. Explicit limits within an effective
interaction framework are also given.

Mass Limits for H? Decaying to Invisible Final States
These limits are for a neutral scalar HO which predominantly decays to invisible final
states. Standard Model values are assumed for the couplings of HO to ordinary particles
unless otherwise stated.

% % DOCUMENT ID TECN COMMENT
e o o We do not use the following data for averages, fits, limits, etc. ® o @
1 AAD 158D ATLS pp — HOWX, HOZzXx
2 AAD 15BH ATLS  jet + missing E-
3 AAD 14BA ATLS secondary vertex
4 AAD 140 ATLS pp — HOZX
5 CHATRCHYAN 148 CMS pp — HOZX, qgHOX
6 AAD 13AG ATLS  secondary vertex
7 AAD 13AT ATLS electron jets
8 CHATRCHYAN 13BJ CMS
9 AAD 12AQ ATLS secondary vertex

10 AALTONEN  12AB CDF  secondary vertex
11 AALTONEN 12U CDF  secondary vertex

>108.2 95 12 ABBIENDI 10 OPAL

I3 ABBIENDI 07 OPAL large width
>112.3 95 14 ACHARD 05 L3
>112.1 95 14 ABDALLAH 048 DLPH
>114.1 95 14 HEISTER 02 ALEP E_,, <209 GeV
>106.4 95 14 BARATE 0lC ALEP E_,, < 202 GeV
> 89.2 95 15 ACCIARRI 00M L3

1 AAD 158D search for pp — HOWX and pp — HOZX with W or Z decaying
hadronically and HO decaying to invisible final states in 20.3 b1 at E . = 8TeV. See
their Fig. 6 for a limit on the cross section times branching ratio for mpyo = 115-300
GeV.

2 AAD 15BH search for events with a jet and missing E; in 20.3 fb~1 of pp collisions at
Ecm = 8 TeV. Limits on o(H9) B(H'0 — invisible) < (44-10) pb (95%CL) is given
for myo = 115-300 GeV.

3 AAD 14BA search for HO production in the decay mode HO . X0 XO, where X0 is a
long-lived particle which decays to collimated pairs of ete, ,u+ wu—, or ata— plus

invisible particles, in 20.3 fb—1 of pp collisions at E,, = 8 TeV. See their Figs. 15 and
16 for limits on cross section times branching ratio.

4 AAD 140 search for pp — HOZX, Z — (4, with HO decaying to invisible final states
in 4.5 fb~1 at E_,, = 7 TeV and 20.3 fb~ L at E_,, = 8 TeV. See their Fig. 3 for a
limit on the cross section times branching ratio for m 0 = 110-400 GeV.

5 CHATRCHYAN 148 search for pp — HOZX, Z — ¢¢and Z — bb, and also pp —
quOX with HO decaying to invisible final states using data at E_,, = 7 and 8 TeV.
See their Figs. 10, 11 for limits on the cross section times branching ratio for myo =

100-400 GeV.

6 AAD 13AG search for HO production in the decay mode HO . x0 XO, where X0 is a
long-lived particle which decays to ,u+ no X/O, in1.9 b~ 1 of pp collisions at E, =7
TeV. See their Fig. 7 for limits on cross section times branching ratio.

7 AAD 13AT search for HO production in the decay HO — X0 XO, where X0 eventually
decays to clusters of collimated ete™ pairs, in 2.04 b1 of pp collisions at E_ ., =7
TeV. See their Fig. 3 for limits on cross section times branching ratio.

8 CHATRCHYAN 13BJ search for HO production in the decay chain HO — x0x0, x0 _,
,u"" uwo X0 in53 b1 of pp collisions at E, = 7 TeV. See their Fig. 2 for limits on
cross section times branching ratio.

9 AAD 12AQ search for HO production in the decay mode HO — x0 XO, where X0 is a
long-lived particle which decays mainly to bb in the muon detector, in 1.94 b1 of pp
collisions at E_, = 7 TeV. See their Fig. 3 for limits on cross section times branching
ratio for myo = 120, 140 GeV, myo = 20, 40 GeV in the cT range of 0.5-35 m.

10 AALTONEN 12AB search for HO production in the decay HO — XOXO, where X0
eventually decays to clusters of collimated ot pairs, in 5.1 fb—1 of pp collisions
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at E., = 1.96 TeV. Cross section limits are provided for a benchmark MSSM model
incorporating the parameters given in Table VI.

11 AALTONEN 12U search for HO production in the decay mode HO . x0 XO, where X0
is a long-lived particle with ¢ =~ 1 cm which decays mainly to bb, in 3.2 fb—1 of pp
collisions at E_,, = 1.96 TeV. See their Figs. 9 and 10 for limits on cross section times
branching ratio for myo = (130-170) GeV, myo = 20, 40 GeV.

12 ABBIENDI 10 search for et e~ — HO Z with HO decaying invisibly. The limit assumes
SM production cross section and B(HO — invisible) = 1.

13 ABBIENDI 07 search for et e~ — HO Z with Z — qg and HO decaying to invisible final
states. The HO width is varied between 1 GeV and 3 TeV. A limit o - B(H0 — invisible)
< (0.07-0.57) pb (95%CL) is obtained at E, = 206 GeV for m o = 60-114 GeV.

14 5earch for et e~ — HO Z with HO decaying invisibly. The limit assumes SM production
cross section and B(H0 — invisible) = 1.

I5ACCIARRI 00M search for eTe™ — ZHO with HO decaying invisibly at

E_ 1, =183-189 GeV. The limit assumes SM production cross section and B(H0 — in-
visible)=1. See their Fig. 6 for limits for smaller branching ratios.

Mass Limits for Light A°

These limits are for a pseudoscalar AD in the mass range below O(10) GeV.
VALUE (GeV) DOCUMENT ID TECN  COMMENT

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

1 KHACHATRY..16F CMS HO — A0 A0

2 LEES 15H BABR T(1S) — A0«
3 LEES 13c BABR T(1S) — A0«
4 LEES 13L BABR T(1S) — A0«
5 LEES 13R BABR 7(15) — A0«

6 CHATRCHYAN12v CMS A0 — ptp—

7TAALTONEN 11P CDF t— bHT, HT — wt A0
89 ABOUZAID  11A KTEV K; — n07040 A0 — ,+,—
10 DEL-AMO-SA..11J BABR T(1S) — A0~

11 LEES 11H BABR 7(25,35) — A0~

12 ANDREAS 10 RVUE

9,13 yyun 10 BELL B9 — k*040 A0 _ ,+,—
9,14 yyun 10 BELL B0 — 040 A0 _ ,+,—
15 AUBERT 099 BABR T(3S) — A0y

16 AUBERT 09z BABR T(25) — AQ«

17 AUBERT 09z BABR T(35) — AQy

9,18 TUNG 09 K301 K, — 707040 A0 . -,
191 ovE 08 CLEO T(1S) — AO«

20 BESSON 07 CLEO T(1S) — np7

21 pARK 05 HYCP =+ — pA0 A0 . ,+,—
22 BALEST 95 CLE2 T(1S) — A0y

23 ANTREASYAN 90C CBAL 7T(1S) — AQ4
LKHACHATRYAN 16F search for the decay HO — A0 A0 — +F 7= 1+ 7= in19.7 fb—1

of pp collisions at E.,, = 8 TeV. See their Fig. 8 for cross section limits for mao =

4-8 GeV.
2LEES 15H search for the process T(2S) - TAS)nT7— — Ayt = with AD

decaying to c¢ and give limits on B(7°(1S) — Aow)-B(A0 — €©) in the range 7.4 x
107524 x 1073 (90% CL) for 4.00 < m 4o < 8.95and 9.10 < m 4o < 9.25 GeV.
See their Fig. 6.

3 LEES 13 search for the process T(2S, 35)— T(1S)x+t 7~ — A0~yaTa— with A0
decaying to u ™ and give limits on B(7'(1S5) — A0 7)~B(A0 — ptu7) in the range
(0.3-9.7) x 1076 (90% CL) for 0.212 < myo < 9.20 GeV. See their Fig. 5(e) for
limits on the b—AQ Yukawa coupling derived by combining this result with AUBERT 09z.

4LEES 13L search for the process T(25) — 7T(1S)nTn~ — Ayt = with AD
decaying to gg or s and give limits on B(7(1S) — on)-B(AO — gg) between
1x 1079 and 2 x 1072 (90% CL) for 0.5 < m,o < 9.0 GeV, and B(T(1S) —
A%+)-B(AD — s5) between 4 x 1070 and 1 x 1073 (90%CL) for 1.5 < m 4o < 9.0
GeV. See their Fig. 4.

SLEES 13R search for the process 7(25) — 7T(1S)nt 7~ — Ayt = with AD
decaying to 7T 77 and give limits on B(T(1S) — AO—y)B(AO — 77 77) in the range
0.0-13 x 10~° (90% CL) for 3.6 < mu < 9.2 GeV. See their Fig. 4 for limits on the
b— A9 Yukawa coupling derived by combining this result with AUBERT 09pP.

6 CHATRCHYAN 12V search for A production in the decay A® — i~ with 1.3 fb—1
of pp collisions at E_,,, = 7 TeV. A limit on o(AO)B(AO — uTp7) in the range
(1.5-7.5) pb is given for m a0 = (5.5-8.7) and (11.5-14) GeV at 95% CL.
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7 AALTONEN 11P search in 2.7 fb— L of pp collisions at E,, = 1.96 TeV for the decay
chaint — bHT, Ht — wT AO, A0 . +F 1= with m x0 between 4 and 9 GeV. See
their Fig. 4 for limits on B(t — bHT) for 90 < my <160 GeV.

8 ABOUZAID 114 search for the decay chain K; — 707040, A0 — 4+ 4~ and give a
limit B(K; — 7070A0) . B(A? — putpu~) < 1.0 x 10710 at 90% CL for m
214.3 MeV.

9 The search was motivated by PARK 05.

10DEL-AMO-SANCHEZ 11J search for the process T(2S) — 7T(1S)ztz— —
A07W+7T_ with A0 decaying to invisible final states. They give limits on B(7(1S) —
AD+)-B(A0 — invisible) in the range (1.9-4.5) x 1070 (90% CL) for 0 < m 5 <
8.0 GeV, and (2.7-37) x 1070 for 8.0 < m o < 9.2 GeV.

11| EES 11H search for the process 7(2S,3S) — Aoy with A0 decaying hadronically and
give limits on B(7°(2S, 3S) — AO'}/)-B(A0 — hadrons) in the range 1 x 1076-8x 107
(90% CL) for 0.3 < m 40 <7 GeV. The decay rates for 7T(2S) and 7T°(3S) are assumed
to be equal up to the phase space factor. See their Fig. 5.

12 ANDREAS 10 analyze constraints from rare decays and other processes on a light A0
with m ,o < 2mu and give limits on its coupling to fermions at the level of 104 times

the Standard Model value.
3HYUN 10 search for the decay chain B0 K*OAO, A0 _, ,u+ u~ and give a limit on

B(BY — Kk*040).B(A0 — Lt ) in the range (2.26-5.53) x 10~8 at 90%CL for
mao = 212-300 MeV. The limit for mao = 214.3 MeV is 2.26 x 1078,

14 HYUN 10 search for the decay chain BO — pOAO, A0 ;ﬁ‘ ©~ and give a limit on
B(Bo — pOAO) . B(AO — uTu7) in the range (1.73-4.51) x 1078 at 90%CL for
mao = 212-300 MeV. The limit for mao = 214.3 MeV is 1.73 x 1078,

15 AUBERT 09P search for the process T(3S) — A0y with A0 — +F 7~ for 4.03
< myo < 952 and 9.61 < m, < 10.10 GeV, and give limits on B(7(3S) —
AD1).B(A9 — 71 77) in the range (1.5-16) x 107> (90% CL).

16 AUBERT 097 search for the process 1(25) — A0~ with A0 — ;7 pu~ for 0.212 <
ma <93 GeV and give limits on B(7(2S) — AO')/)-B(A0 — ut ™) in the range
(0.3-8) x 10~0 (90% CL).

17 AUBERT 097 search for the process T(3S) — A07 with A0 — utp= for 0212 <
m 40 < 9.3 GeV and give limits on B(7(3S) — Al)-B(A0 — pF ™) in the range
(0.3-5) x 1070 (90% CL).

18 TUNG 09 search for the decay chain K; — 707040 A0 v+ and give a limit on
B(K; — 7070A0) . B(AQ — ~~) in the range (2.4-10.7) x 10~ at 90%CL for m
= 194.3-219.3 MeV. The limit for mao = 214.3 MeV is 2.4 x 1077,

19 LOVE 08 search for the process T(1S) — AV with A0 — pt = (for m a0 < 2m.)
and A0 — 7+~ Limits on B(7(1S) — Aoy) . B(A0 — T 07) in the range
10—6-10—4 (90% CL) are given.

20 BESSON 07 give a limit B(T(1S) — np7) - B(np — 7777) < 0.27% (95% CL),
which constrains a possible A0 exchange contribution to the 7, decay.

21 PARK 05 found three candidate events for =1 — p,u+ u~ in the HyperCP experiment.
Due to a narrow spread in dimuon mass, they hypothesize the events as a possible signal
of a new boson. It can be interpreted as a neutral particle with mao = 214.3 + 0.5 MeV

and the branching fraction B(X T — pA0).B(A0 — ptpu—) = (3.1j%gi1.s)x10*8.
22BALEST 95 give limits B(T(1S) — A07) | 1.5 x 1075 at 90% CL for m 4o < 5 GeV.
The limit becomes < 10™# for m ;5 < 7.7 GeV.
23 ANTREASYAN 90C give limits B(T(1S) — A0+) | 5.6 x 107 at 90% CL for m

7.2 GeV. A0 is assumed not to decay in the detector.

A0~

A0

A0 <

Other Mass Limits

VALUE (GeV % DOCUMENT ID TECN COMMENT
e o o We do not use the following data for averages, fits, limits, etc. ® o @
1 AAD 16C ATLS HO — wtw-—
2 KHACHATRY..16F CMS H9 — HOHO
3 AAD 15BK ATLS H§ — Hé'j /—/Ej
4 AAD 158z ATLS HO — 4040
5 AAD 158z ATLS HO — 4040
6 AAD 15CE ATLS H§ — HOHO
7 AAD 154 ATLS HO — HOHO
8 AAD 155 ATLS Ag—> ZHO
9 KHACHATRY..15AWCMS ~ H — wtw—, 77
10 KHACHATRY..158B CMS  HO — ~4
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1 AAD 16¢ search for production of a heavy HO state decaying to Wt W™ in the final
states fvfv and fvqq in 20.3 oL of pp collisions at E.,, = 8 TeV. See their Figs.
12, 13, and 16 for upper limits on O'(HO) B(H0 — Wt w™) for m o ranging from
300 GeV to 1000 or 1500 GeV with various assumptions on the total width of HO,

2 KHACHATRYAN 16F search for the decay Hg — Hg H(l) — 777t~ with m o
2

= 125 GeV in 19.7 fb— L of pp collisions at E_,, = 8 TeV. See their Fig. 8 for cross

section limits for mH? = 4-8 GeV.

3 AAD 15BK search for production of a heavy Hg decaying to HOHO in the final state
bbbb in 19.5 fb~1 of pp collisions at E .y = 8 TeV. See their Fig. 14(c) for U(Hg)

B(HY — HOHO) for m o = 500-1500 GeV with I', o = 1 GeV.
2 2

4 AAD 1587 search for the decay HO — A040 ptp—rt— (mHO =125 GeV) in
20.3 fb— 1 of pp collisions at E_,, = 8 TeV. See their Fig. 6 for limits on cross section
times branching ratio for m po = 3.7-50 GeV.

5 AAD 1587 search for a state Hg via the decay Hg — A0A0 ,u+ n- r+t 7= in203

b1 of pp collisions at E,, = 8 TeV. See their Fig. 6 for limits on cross section times
branching ratio for m,; = 100-500 GeV and m ,o = 5 GeV.
H2 A
6 AAD 15CE search for production of a heavy Hg decaying to HOHO in the final states
bbrt 7~ and vy W W* in 20.3 b1 of pp collisions at E_,, = 8 TeV and combine
with data from AAD 15H and AAD 158K. A limit o(H9) B(H — HOHO) < 2.1-0.011
pb (95% CL) is given for mo = 260-1000 GeV. See their Fig. 6.
2

7 AAD 15H search for production of a heavy Hg decaying to HO HO in the finalstate ~ybb
in 20.3 fo~1 of pp collisions at Ey, = 8 TeV.A limit of o(H3) B(H3 — HOHO)
< 3.5-0.7 pb is given for mpo = 260-500 GeV at 95% CL. See their Fig. 3.

2

8 AAD 155 search for production of A0 decaying to ZHO — gt bb, vTbb and

et o=t 77 in 203 b1 of pp collisions at E.,, = 8 TeV. See their Fig. 3 for

cross section limits for mao = 200-1000 GeV.

9 KHACHATRYAN 15AW search for production of a heavy state Hg of an electroweak
singlet extension of the Standard Model via the decays of Hg to WHrW™ and ZZ in

up to 5.1 b1 of pp collisions at E,, =7 TeV and up to 19.7 fb—1 at Ecny =8TeV

11 KHACHATRY..158 CMS A0 — zHO OCCUR=2
12 KHACHATRY..150 CMS A9 — ZzHO
13 AAD 14AP ATLS  HO — 4
14 AAD 14M ATLS HY — HEWT —
HOWEwT, HO . bb
15 CHATRCHYAN 146 CMS  HO — ww(*)
16 KHACHATRY..14p CMS HO — ~4
17 AALTONEN 13 CDF H0 — HEWT —
HOw+ w—
18 CHATRCHYAN138) CMS  HO — A0 A0
19 AALTONEN  11P CDF t — bHt, Ht — wt A0
20 ABBIENDI 10 OPAL HO — x0x9 OCCUR=2
21 SCHAEL 10 ALEP HO — A%)A%
22 ABAZOV 09v DO HO — A0 A0
hone 3-63 95 23 ABBIENDI  05a OPAL A0, Type Il model OCCUR=2
>104 5 24 ABBIENDI 04k OPAL HO — 2 jets
25 ABDALLAH 04 DLPH HOV V couplings
>110.3 95 26 ACHARD 04 L3 HO = 2 jets
27 ACHARD 04F L3 Anomalous coupling
28 ABBIENDI  03F OPAL ete™ — HOZ HO — any
29 ABBIENDI 036 OPAL HY — A0AD
>105.4 o5 3031 HEISTER 02L ALEP HO — 4
>109.1 05 32 HEISTER 02M ALEP Hélj — 2jetsor 7T 7
none 12-56 95 33 ABBIENDI 01 OPAL A0, Type Il model OCCUR=2
34 ACCIARRI  00R L3 ete™ = HOy and/or
HO —
35 ACCIARRI  O00R L3 ete™ — eTe HO OCCUR=2
36 GONZALEZ-G..988 RVUE Anomalous coupling
STKRAWCZYK 97 RVUE (g-2),
38 ALEXANDER 96H OPAL Z — HOy OCCUR=2
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in the range m g = 145-1000 GeV. See their Figs. 8 and 9 for limits in the parameter

H
space of the model.

10 KHACHATRYAN 1588 search for production of a resonance HO decaying to y+ in 19.7
b1 of pp collisions at E_,, = 8 TeV. See their Fig. 7 for limits on cross section times
branching ratio for m o = 150-850 GeV.

11 KHACHATRYAN 15N search for production of A0 decaying to ZHO — ¢t~ bbin
19.7 fb—1 of pp collisions at E_,, = 8 TeV. See their Fig. 3 for limits on cross section
times branching ratios for mao = 225-600 GeV.

12 KHACHATRYAN 150 search for production of a high-mass narrow resonance A0 decaying
to ZHO — qgrt 7= in19.7 fo~1 of pp collisions at E.,,, = 8 TeV. See their Fig. 6
for limits on cross section times branching ratios for m 40 = 800-2500 GeV.

13 AAD 14AP search for a second HO state decaying to 7~y in addition to the state at about
125 GeV in 20.3 fb—1 of pp collisions at E ., = 8 TeV. See their Fig. 4 for limits on
cross section times branching ratio for myo = 65—-600 GeV.

14 AAD 14M search for the decay cascade Hg — HETWTF - HOw* wT, HO decaying

to bb in 20.3 fb— 1 of pp collisions at E,, = 8 TeV. See their Table Il for limits on
cross section times branching ratio for m 0= 325-1025 GeV and m = 225-925 GeV.
2

15 CHATRCHYAN 146 search for a second HO state decaying to W wW(*) in addition to
the observed signal at about 125 GeV using 4.9 b1 of pp collisions at E., =7 TeV
and 19.4 fb~1 at E .y = 8 TeV. See their Fig. 21 (right) for cross section limits in the
mass range 110-600 GeV.

16 KHACHATRYAN 14P search for a second HO state decaying to y~y in addition to the
observed signal at about 125 GeV using 5.1 b1 of pp collisions at E,, =7 TeV and
19.7 fo— L at E.n = 8 TeV. See their Figs. 27 and 28 for cross section limits in the
mass range 110-150 GeV.

17 AALTONEN 13P search for production of a heavy Higgs boson H'O that decays into
a charged Higgs boson HE and a lighter Higgs boson HO via the decay chain HO —
HEWT, HE - wWEHO, HO . bb in the final state £v plus 4 jets in 8.7 fb—1
of pp collisions at E_, = 1.96 TeV. See their Fig. 4 for limits on cross section times
branching ratio in the My =My plane for myo = 126 GeV.

18 CHATRCHYAN 138J search for HO production in the decay chain HO — 4040, A0 _,

,u"" p~inb.3 b1 of pp collisions at E, = 7 TeV. See their Fig. 2 for limits on cross
section times branching ratio.

19 AALTONEN 11P search in 2.7 fb~1 of pp collisions at E.,, = 1.96 TeV for the decay
chain t — bHT, HT — Wt A% A0 — 7= with m 5, between 4 and 9 GeV. See

their Fig. 4 for limits on B(t — bH1) for 90 < myy <160 GeV.

20 ABBIENDI 10 search for et e~ — ZHO with the decay chain HO — 959, 3§ —

1
5'(? + (v or Z*), when 52(1) and 5'(8 are nearly degenerate. For a mass difference of 2 (4)

GeV, a lower limit on m  of 108.4 (107.0) GeV (95% CL) is obtained for SM Z HO
cross section and B(H0 — >~<(1) )~<(2)) =1.

21 SCHAEL 10 search for the process ete™ — HOZ followed by the decay chain HO —
AOA0 et with Z — ¢t e, vw at E,,, = 183-209 GeV. Fora HOZZ
coupling equal to the SM value, B(H0 — A0 AO) = B(AO — 7tr7)=1,and m
= 4-10 GeV, m o up to 107 GeV is excluded at 95% CL.

22 ABAZOV 09V search for HO production followed by the decay chain HO — ADA0
,uJr uwo /fr u— or ;fr wo 7 in 42 b1 of pp collisions at E.,, = 1.96 TeV. See
their Fig. 3 for limits on o(H0)-B(HO — AQAD) for m o = 3.6-19 GeV.

23 ABBIENDI 05A search for et e™ — H? A0 in general Type-ll two-doublet models, with
decays HO, A0 qq, gg, 7T 7=, and H(l) — A0 4O

24 ABBIENDI 04K search for eT e~ — HOZ with HO decaying to two jets of any flavor
including gg. The limit is for SM production cross section with B(HO — jj)y=1

25 ABDALLAH 04 consider the full combined LEP and LEP2 datasets to set limits on the
Higgs coupling to W or Z bosons, assuming SM decays of the Higgs. Results in Fig. 26.

26 ACHARD 048 search for et e~ — HO Z with HO decaying to bb, c€, or gg. The limit
is for SM production cross section with B(H0 — jj)=1

A0

27 ACHARD 04F search for HO with anomalous coupling to gauge boson pairs in the pro-
cesses et e™ — HO% eT e~ HO, HO Z with decays HO . f7, Y7, Zv, and W* W
at E_,, = 189-209 GeV. See paper for limits.

28 ABBIENDI 03F search for HO — anything in et e™ — HOZ, using the recoil mass
spectrum of Z — ete or /ﬁ' u~ . In addition, it searched for Z — vv and HO —

ete  or photons. Scenarios with large width or continuum HO mass distribution are
considered. See their Figs. 11-14 for the results.
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29 ABBIENDI 03 search for et e~ — HJ Z followed by H} — A0AD, A0 — c¢, gg,

or 777 in the region m o = 45-86 GeV and m ,q = 2-11 GeV. See their Fig. 7 for
1

H A

the limits.
Search for associated production of a v resonance with a Z boson, followed by Z —

_ _ _ e 0 . .
q49, s ,or vy, at E o, <209 GeV. The limit is for a H¥ with SM production cross

section and B(H0 — £ £)=0 for all fermions f.
31 For B(H0 — yv)=1, my > 1131 GeV is obtained.

32HEISTER 02M search for et e™ — HOZ, assuming that HO decays to qq, gg, or
T only. The limit assumes SM production cross section.

33 ABBIENDI 01E search for neutral Higgs bosons in general Type-ll two-doublet models,
at Ecm < 189 GeV. In addition to usual final states, the decays Hg_), A0 — qq, gg are
searched for. See their Figs. 15,16 for excluded regions. B

34 ACCIARRI 00R search for eTe™ — HO'y with HY — bb, Z~, or 7y~. See their Fig. 3
for limits on o - B. Explicit limits within an effective interaction framework are also given,
for which the Standard Model Higgs search results are used in addition.

35 ACCIARRI 00R search for the two-photon type processes ete™ — ete  HO with
HO — bbor 7. See their Fig. 4 for limits on F(H0 — 'y'y)-B(HO — y~yor bb) for
m,0=70-170 GeV.

36 GONZALEZ-GARCIA 98B use D@ limit for 77y events with missing E in pp collisions
(ABBOTT 98) to constrain possible ZH or W H production followed by unconventional
H — ~~ decay which is induced by higher-dimensional operators. See their Figs. 1 and 2
for limits on the anomalous couplings.

37 KRAWCZYK 97 analyse the muon anomalous magnetic moment in a two-doublet Higgs
model (with type Il Yukawa couplings) assuming no H?ZZ coupling and obtain m o Z

1
5 GeV or m x0 25 GeV for tan3 > 50. Other Higgs bosons are assumed to be much
heavier.

38 ALEXANDER 96H give B(Z — HO~)xB(H? — qg) < 1-4 x 10™° (95%CL) and
B(Z — HO~)xB(HO — bb) < 0.7-2 x 1072 (95%CL) in the range 20 <m,,o <80
GeV.

H

SEARCHES FOR A HIGGS BOSON
WITH STANDARD MODEL COUPLINGS

These listings are based on experimental searches for a scalar boson whose
couplings to W, Z and fermions are precisely those of the Higgs boson
predicted by the three-generation Standard Model with the minimal Higgs
sector.

For a review and a bibliography, see the review on “Status of Higgs Boson
Physics.”

Direct Mass Limits for HO
The mass limits shown below apply to a Higgs boson HO with Standard Model cou-
plings whose mass is a priori unknown. These mass limits are compatible with and
independent of the observed signal at about 125 GeV. In particular, the symbol HO
employed below does not in general refer to the observed signal at about 125 GeV.

The cross section times branching ratio limits quoted in the footnotes below are typ-
ically given relative to those of a Standard Model Higgs boson of the relevant mass.
These limits can be reinterpreted in terms of more general models (e.g. extended Higgs
sectors) in which the Higgs couplings to W, Z and fermions are re-scaled from their
Standard Model values.

All data that have been superseded by newer results are marked as “not used” or have
been removed from this compilation, and are documented in previous editions of this
Review of Particle Physics.

% CL% DOCUMENT ID TECN COMMENT

> 122 and none 128-1000 (CL = 95%)

none 145-1000 95 L KHACHATRY..15AWCMS  pp — HO X combined

none 90-102, 95 2 AALTONEN 13L CDF  pp — HOX, combined
149-172

none 90-109, 95 3 AALTONEN  13M TEVA Tevatron combined
149-182

none 90-101, 95 4 ABAZOV 13L DO pp — HOX, combined
157-178

none 110-121.5, 95 5 CHATRCHYAN12N CMS  pp — HOX combined
128-145

>114.1 95 6 ABDALLAH 04 DLPH ete™ — HOZ

>112.7 95 6 ABBIENDI 038 OPAL ete— — HOZ

>114.4 95 07 HEISTER 030 LEP eTe™ — HOZ

>111.5 95 6,8 HEISTER 02 ALEP ete= — HOZ

>112.0 95 6 ACHARD 0lc L3 etem — HOZ
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e o o We do not use the following data for averages, fits, limits, etc. e o @

none 132-200

95

none 114.5-119, 95

129.5-832

none 127-600

none 149-172

none 159-176

none 145-710

none 113-122,
128-133,
138-149

none 130-164,
170-180

none 129-160

none 111-122,
131-559

none 133-261

none 319-558

none 300-322,
353-410

none 134-156,
182-233,
256-265,
268-415

none 113-115,
134.5-136

none 100-106

none 129-270

none 128-132
none 134-158,
180-305,
340-465
none 270-440

none 162-166

95

95

95

95

95

95

95
95

95

95
95

95

95

95

95

95
95

95

95

9 AAD 15AA ATLS
10 oAD 156 ATLS
11 AaD 14AS ATLS
12 ApD 14) ATLS
13 CHATRCHYAN 14AA CMS
14 CHATRCHYAN 14A1 CMS
15 CHATRCHYAN 146G CMS
16 AALTONEN 138 CDF
17 AALTONEN  13c CDF
18 AALTONEN 13k CDF
19 ABaZOV 13 DO
20 ABaZOV 13F DO
21 ABAZOV 13¢ DO
22 ABAZOV 13H DO
23 ABAZOV 131 DO
24 ABAZOV 13 DO
25 ABAZOV 13k DO

26 CHATRCHYAN 13AL CMS

27 CHATRCHYAN 138K CMS

28 CHATRCHYAN13Q CMS
29 CHATRCHYAN 13X CMS
30 CHATRCHYAN 13y CMS
31 CHATRCHYAN 13y CMS
32 CHATRCHYAN 13y CMS
33 AAD 12A1 ATLS
34 AAD 12AJ ATLS
35 AAD 12BU ATLS
36 AAD 128z ATLS
37 AAD 12CA ATLS
38 AAD 12CN ATLS
39 AAD 12¢0 ATLS
40 AAD 12D ATLS
41 AAD 126 ATLS
42 AALTONEN  12AK CDF
43 AALTONEN  12AMCDF
44 AALTONEN  12AN CDF
45 AALTONEN 12 CDF
46 AALTONEN  12Q CDF
47T AALTONEN 12T TEVA
48 ABAZOV 12k DO
49,50 CHATRCHYAN 12aY CMS
51 CHATRCHYAN12C CMS
52 CHATRCHYAN 12D CMS
53 CHATRCHYAN 12E CMS
54 CHATRCHYAN 12F CMS
55 CHATRCHYAN 126 CMS
56 CHATRCHYAN12H CMS
57 CHATRCHYAN12I CMS
58 CHATRCHYAN 12k CMS
59 ABAZOV 116 DO
60 CHATRCHYAN11) CMS
61 AALTONEN  10F TEVA
62 AALTONEN  10M TEVA
63 AALTONEN 09A CDF

pp —
pp —
pp —
pp —
pp —

pp —
pp —
pp —
pp —
pp —
PP —
pp —
pp —
pp —
pp —
pp —
pp —
pp —

HOX, HO — ww(*)
HOW/zx, HO — bb
HOX, HO — Lp
HOX, HO — Zz4
HOX, HO — 4¢

HOW/zx, HO — bb
HOX, HO — ww(*)
HOwW/zx, HO — bb
HOX, HO — bb
HOX, HO — ww(*)
HO X, 4¢

HOX, ¢7jj

HOX, HO — ww(*)
HOX, HO — ~~
HOX, evjj

HO X, leptonic

HOz x

HOXx, HO — +7

ww(*) zz()

pp —
pp —
pp —
pp —

pp —

pp —
pp —

pp —
pp —
pp —
pp —

pp —
pp —
pp —

pp —
pp —
pp —
pp —
pp —
pp —
pp —
pp —
pp —
pp —
pp —
pp —
pp —
pp —
pp —

pp —
pp —
PP —
pp —
pp —
pp —

HOX, HO — Zz4
HO X combined
HO+EXx

HOX, HO - ~~

HOXx, HO . Zzz*

HOx HO . ww*
HO x combined

HOX, HO — ww(*)
HOX, HO — ++ 7=
HOXx, HO - ZzZ
HOx, HO - zzZz

HOW/zx, HO — bb
HOX, HO = ww
HOX, HO — zz(*)

HOX, HO — ~~

HO+Ex

HO X, inclusive 4¢
HOX, HO — ~4
HOX, HO — 77
HOZzx, HO — bb
HOW/zXx, HO — bb
HOW/zx, HO — bb
HOwx, HOzx

HOX, HO - zZ
HOX, HO — zz(*)
HOX, HO — ww(*)
HOw X, HOzx

HOX, HO — ~y
HOX, HO — ZzZz(%)

HOX, HO - zZ
HOX, HO — ++7—
HOX, HO — ww(*)
HOx HO . ww
HOX, HO — ww(*)
ggX — HOX, HO —

w w ()
pp— HOX, HO — ww(*)
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64 ABAZOV oou DO HO - +;
65 ABAZOV 06 DO pp — HOX, HO — ww*
66 ABAZOV 060 DO pp— HOWX, HO — ww*

LKHACHATRYAN 15AwW search for HO production in the decays HO — W+ w— —
¢viv, fvqq, and HO — ZZ — 4, ¢é7r, £vw, and £0qq in up to 5.1 fo~ L of pp
collisions at E,, = 7 TeV and up to 19.7 b1 at Ecm=8 TeV in the range myo =
145-1000 GeV. See their Fig. 7 for limits on cross section times branching ratio.

2 AALTONEN 13L combine all CDF searches with 9.45-10.0 fb—! of pp collisions at
E.m = 1.96 TeV. A limit on cross section times branching ratio which corresponds to
(0.45-4.8) times the expected Standard Model cross section is given for m o = 90-200

GeV at 95 %CL. An excess of events over background is observed with a local significance
of 2.0 o at myo = 125 GeV. In the Standard Model with an additional generation of
heavy quarks and leptons which receive their masses via the Higgs mechanism, mo

values between 124 and 203 GeV are excluded at 95% CL.

3 AALTONEN 13M combine all Tevatron data from the CDF and DO Collaborations. A
limit on cross section times branching ratio which corresponds to (0.37-3.1) times the
expected Standard Model cross section is given for m 0 = 90-200 GeV at 95% CL. An

excess of events over background is observed with a local significance of 3.00 at m o

= 125 GeV. In the Standard Model with an additional generation of heavy quarks and
leptons which receive their masses via the Higgs mechanism, myo values between 121

and 225 GeV are excluded at 95% CL.

4 ABAZOV 13L combine all DO results with up to 9.7 b1 of pp collisions at E ., =
1.96 TeV. A limit on cross section times branching ratio which corresponds to (0.66—3.1)
times the expected Standard Model cross section is given in the range m, 3 = 90-200

GeV at 95% CL. An excess of events over background is observed with a local significance
of 1.70 at myo = 125 GeV. In the Standard Model with an additional generation of
heavy quarks and leptons which receive their masses via the Higgs mechanism, m0

values between 125 and 218 GeV are excluded at 95% CL.
5 CHATRCHYAN 12N search for HY production in the decays H — ~~v, ZZ* — 44,

WW* — ¢vlv, 77, and bb in 4.9-5.1 fb_:l of pp collisions at Ecm = 7 TeV and
5.1-53 fb~1 at E.mn = 8 TeV. The expected exclusion region for no signal is 110-145
GeV at 99.9% CL. See also CHATRCHYAN 13y. B

6Search for et e= — HOZ at Ecm <209 GeV in the final states HO — bb with Z —
0, v, q7T, 7= and HO — 7= with Z — qq.

7 Combination of the results of all LEP experiments.

8 A 35 excess of candidate events compatible with m o near 114 GeV is observed in the

combined channels g4q4, qg/¥, qﬁT""r—.

9 AAD 15AA search for HO — WW(*) in 4.5 fb—1 of pp collisions at E.,, = 7 TeV
and 20.3 fb~1 at Ecm = 8 TeV. A limit on cross section times branching ratio which
corresponds to (0.2-6) times the expected Standard Model cross section is given for
myo = 110-200 GeV at 95% CL.

10 AAD 156 search for WHO and Z HO production followed by HO — bbin 47 fb1
of pp collisions at E.,, = 7 TeV and 20.3 fb—1 at Ecn = 8 TeV. A limit on the
cross section times branching ratio which corresponds to (0.8-2.6) times the expected
Standard Model cross section is given for my = 110-140 GeV at 95% CL.

11 AAD 1445 search for HO — H+ pu— in4db5 b1 of pp collisions at E_,, = 7 TeV and

20.3 b~ 1 at Ecyn = 8 TeV. A limit on the cross section times branching ratio which
corresponds to (6.5-16.8) times the expected Standard Model cross section is given for
myo = 120-150 GeV at 95% CL.

12 AAD 14J search for HO — Z~ — €4~ in 4.5 fb~1 of pp collisions at Epyy = 7 TeV
and 20.3 fb~1 at Ecm = 8 TeV. A limit on cross section times branching ratio which
corresponds to (4-18) times the expected Standard Model cross section is given for mo
= 120-150 GeV at 95% CL.

13 CHATRCHYAN 14pA search for HO production in the decay mode HO — zz(¥) -
40in 5.1 fo~ L of pp collisions at E_,, = 7 TeV and 19.7 oL at Ecm =8 TeV. The
expected exclusion region for no signal is 115-740 GeV at the 95% CL. See their Fig. 18
for cross section limits for m 0 = 110-1000 GeV.

14 CHATRCHYAN 14ai search for W HO and Z HO production followed by HO — bb in
up to 5.1 fb—L of pp collisions at E., =7 TeV and up to 18.9 b1 at E.py =8 TeV.
A limit on the cross section times branching ratio which corresponds to (1-3) times the
expected Standard Model cross section is given for myo = 110-135 GeV at 95% CL.

15 CHATRCHYAN 146 search for HO production in the decay mode HO — ww(*) —
tvevin 4.9 fb~ L of pp collisions at Ecy = 7 TeV and 19.4 fb~1 at E = 8 TeV.
The expected exclusion region for no signal is 115-600 GeV at the 95% CL. See their
Fig. 21 (left) for cross section limits for m o = 110-600 GeV.

16 AALTONEN 138 search for associated HO Z production in the final state HO — bb,
Z — v7, and HOw production in HO bb, W — £v (£ not identified) with an
improved b identification algorithm in 9.45 fb—1 of pp collisions at E,, = 1.96 TeV. A
limit on cross section times branching ratio which corresponds to (0.72-11.8) times the
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expected Standard Model cross section is given for myo = 90-150 GeV at 95%CL. The
limit for mpyo = 125 GeV is 3.06, where 3.33 is expected for no signal.

17 AALTONEN 13cC search for associated HO W and HO Z as well as vector-boson fusion
HO g production in the final state HO — bb, W/Z — qq with 9.45 fb~1 of pp
collisions at E,, = 1.96 TeV. A limit on cross section times branching ratio which is
(7.0-64.6) times larger than the expected Standard Model cross section is given in the
range m o = 100-150 GeV at 95% CL. The limit for m o = 125 GeV is 9.0, where
11.0 is expected for no signal.

18 AALTONEN 13k search for HO production (with a possible additional W or Z) in the
final state HO — ww) - Cvlyin 9.7 fo~ L of pp collisions at E_,, = 1.96 TeV.
A limit on cross section times branching ratio which corresponds to (0.49-14.1) times
the expected Standard Model cross section is given in the range myo = 110-200 GeV
at 95% CL. The limit at myo = 125 GeV is 3.26, where 3.25 is expected for no signal.
In the Standard Model with an additional generation of heavy quarks and leptons which
receive their masses via the Higgs mechanism, myo values between 124 and 200 GeV
are excluded at 95% CL.

19 ABAZOV 13E search for HO production in four-lepton final states from HO - zz(¥)
and H0Z in 9.6-9.8 fb— L of pp collisions at E_,, = 1.96 TeV. A limit on cross section
times branching ratio which corresponds to (8.6-78.9) times the expected Standard
Model cross section is given in the range myo = 115-200 GeV at 95% CL. The limit
for myo = 125 GeV is 42.3, where 42.8 is expected for no signal.

20 ABAZOV 13F search for HO production in final states etjj and p7jj in 9.7 b1 of pp
collisions at E.,, = 1.96 TeV. The search is sensitive to H — 77 and H - W w*).
A limit on cross section times branching ratio which corresponds to (9.4-17.9) times the
expected Standard Model cross section is given in the range myo = 105-150 GeV at

95% CL. The limit for myo = 125 GeV is 11.3, where 9.0 is expected for no signal.

21 ABAZOV 136G search for HO production in final states HO — ww®) & torw
in9.7 fb—L of pp collisions at E.,,, = 1.96 TeV and give a limit on cross section times
branching ratio for m, o = 100-150 GeV at 95% CL. The limit for myo=125GeVis4.1,
where 3.4 is expected for no signal. In the Standard Model with an additional generation
of heavy quarks and leptons which receive their masses via the Higgs mechanism, mo
values between 125 and 218 GeV are excluded at 95% CL.

2 ABAZOV 13H search for HO production with the decay H0 — ~~ in 9.6 fb—L of pp
collisions at E.,, = 1.96 TeV. A limit on cross section times branching ratio which
corresponds to (8.3—-25.4) times the expected Standard Model cross section is given in
the range m , = 100-150 GeV at 95% CL. The limit for myo = 125 GeV is 12.8,
where 8.7 is expected for no signal.

23 ABAZOV 13l search for HO production in the final state with one lepton and two or more
jets plus missing Eq with b identification in 9.7 b1 of pp collisions at E,, = 1.96
TeV. The search is mainly sensitive to HOw — bbly, HO — WW(*) — fvqq, and

HOV — vw W) — ruqgqg (V = W, Z). Alimit on cross section times branching
ratio which corresponds to (1.3-11.4) times the expected Standard Model cross section is
given in the range myo = 90-200 GeV at 95% CL. The limit for myo = 125 GeV is 5.8,
where 4.7 is expected for no signal. In the Standard Model with an additional generation
of heavy quarks and leptons which receive their masses via the Higgs mechanism, m o
values between 150 and 188 GeV are excluded at 95% CL.

24 ABAZOV 13J search for HY production in the final states eep, eppt, p77, and et ;L:t in
8.6-9.7 fb— 1 of pp collisions at E,,, = 1.96 TeV. The search is sensitive to W HO, Z HO

and gluon fusion production with HO — ww(*), zz(+), decaying to leptonic final

states, and to WHO, ZH0 production with H0 — 777 Alimit on cross section times
branching ratio which corresponds to (4.4-12.7) times the expected Standard Model cross
section is given in the range m, = 100-200 GeV at 95% CL. The limit for myo =
125 GeV is 8.4, where 6.3 is expected for no signal.

25 ABAZOV 13K search for associated HO Z production in the final states ¢£/bb with b
identification in 9.7 fb—1 of pp collisions at E,, = 1.96 TeV. A limit on cross section
times branching ratio which corresponds to (1.8-53) times the expected Standard Model
cross section is given for m 5 = 90-150 GeV at 95% CL. The limit for myo = 125
GeV is 7.1, where 5.1 is expected for no signal.

26 CHATRCHYAN 13AL search for HO — 7+ 7= W w(*), and ZZ(*) in 5.1 fb=1 and
53 fb—L of pp collisions at E.,, = 7 and 8 TeV. In the Standard Model with an
additional generation of heavy quarks and leptons which receive their masses via the
Higgs mechanism, myo values between 110 and 600 GeV are excluded at 99% CL.

2T CHATRCHYAN 138K search for HO — Z~y — ££~in 5.0 fo—1 of pp collisions at E,

=7TeVand19.6 fb~ 1 at Ecm = 8 TeV. A limit on cross section times branching ratio
which corresponds to (4-25) times the expected Standard Model cross section is given
in the range m o = 120-160 GeV at 95% CL. The limit for myo = 125 GeV is 9.5,

where 10 is expected for no signal.
28 CHATRCHYAN 13Q search for HO production in the decays HO — wtw— = lvlv,
lvqq and HO — zz - 40, bltT, Llvv, and £Lqq in up to 5.1 b1 of pp collisions
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at Ec,, =7 TeV and up to 5.3 fb—L at E.mn = 8 TeV in the range m
GeV. Superseded by KHACHATRYAN 15Aw.

29 CHATRCHYAN 13X search for HO t ¥ production followed by HO — bb, one top decaying
to fv and the other to either £v or qq in 5.0 fb~! and 5.1 fb~ 1 of pp collisions at
E.m = 7 and 8 TeV. A limit on cross section times branching ratio which corresponds to
(4.0-8.6) times the expected Standard Model cross section is given for myo = 110-140
GeV at 95% CL. The limit for myo = 125 GeV is 5.8, where 5.2 is expected for no
signal.

30 CHATRCHYAN 13y search for HO production in the decay H — v~ in 5.1 fb—1 of
pp collisions at E_,, =7 TeV and 5.3 b1 at Ecm = 8 TeV. The expected exclusion
region for no signal is 110-144 GeV at 95% CL.

31 CHATRCHYAN 13v search for HO production in the decay H - ZZ* — 4£in 5.0
b1 of pp collisions at E_,, =7 TeV and 5.3 b~ 1 at Ecm = 8 TeV. The expected
exclusion region for no signal is 120-180 GeV at 95% CL.

32 CHATRCHYAN 13y search for HO production in the decay H — W W* — {¢vflvin 4.9
oL of pp collisions at E,, = 7 TeV and 5.3 fb—1 at E.m = 8 TeV. The expected
exclusion region for no signal is 122-160 GeV at 95% CL.

33 AAD 12l search for HO production in pp collisions for the final states HO — ZZ(*),
vy, WW), bB, 77 with 4.6-4.8 b1 at E_py = 7 TeV, and HO — ZzZ(*) — 4¢,
YY, ww(*) — evpv with 5.8-5.9 b1 at E.y = 8 TeV. The 99% CL excluded
range is 113-114, 117-121, and 132-527 GeV. An excess of events over background with
a local significance of 5.9 o is observed at myo = 126 GeV.

34 AAD 12 search for HO production in the decay HO — ww(¥) - Lvly with 4.7

oL of pp collisions at E_, = 7 TeV. A limit on cross section times branching ratio
which corresponds to (0.2-10) times the expected Standard Model cross section is given
for m o = 110-600 GeV at 95% CL.

35 AAD 128BU search for HO production in the decay H — 7= with 4.7 fb~1 of pp
collisions at E_,, = 7 TeV. A limit on cross section times branching ratio which is
(2.9-11.7) times larger than the expected Standard Model cross section is given for
m o = 100-150 GeV at 95% CL.

36 AAD 1287 search for HO production in the decay H — ZZ — 0t e~ uw with 4.7

b1 of pp collisions at E_ ., = 7 TeV. A limit on cross section times branching ratio
which corresponds to (0.2-4) times the expected Standard Model cross section is given
for m, o = 200-600 GeV at 95% CL.

37 AAD 12cA search for HO production in the decay H — ZZ — ot qq with 4.7

oL of pp collisions at E_.,, = 7 TeV. A limit on cross section times branching ratio
which corresponds to (0.7-9) times the expected Standard Model cross section is given
for m o = 200-600 GeV at 95% CL.

38 AAD 12CN search for associated H0 W and HOZ production in the channels W — /v,
7z — ZJFE*, vv, and HO bb, with 4.7 b1 of pp collisions at Ecn =7 TeV.
A limit on cross section times branching ratio which is (2.5-5.5) times larger than the
expected Standard Model cross section is given for myo = 110-130 GeV at 95% CL.

39 AAD 12¢0 search for HO production in the decay H — W W — £1vqq with 4.7 fb—1
of pp collisions at E_,, = 7 TeV. A limit on cross section times branching ratio which is
(1.9-10) times larger than the expected Standard Model cross section is given for m o
= 300-600 GeV at 95% CL.

40 AAD 12D search for HO production with H — zz() . 4zin 481 of p p collisions
at E., = 7 TeV in the mass range myo = 110-600 GeV. An excess of events over

4o = 145-1000

background with a local significance of 2.1 o is observed at 125 GeV.

41 AAD 126 search for HO production with H — ~~ in 4.9 fo~1 of pp collisions at E,,
= 7 TeV in the mass range m,,; = 110-150 GeV. An excess of events over background

with a local significance of 2.8 o is observed at 126.5 GeV.
42 AALTONEN 12AK search for associated HOt production in the decay chain tt —

WWbb — {lvqgqbb with 9.45 b1 of pp collisions at E ., = 1.96 TeV. A limit
on cross section times branching ratio which is (10-40) times larger than the expected
Standard Model cross section is given for m o = 100-150 GeV at 95% CL. The limit
for myo = 125 GeV is 20.5, where 12.6 is expected.

43 AALTONEN 12AM search for HO production in inclusive four-lepton final states coming

from HO — zZ, HOZ — ww() g, or HOZ — 77¢¢, with 9.7 fo—1 of pF collisions
at E, = 1.96 TeV. A limit on cross section times branching ratio which is (7.2-42.4)
times larger than the expected Standard Model cross section is given for myo = 120-300

GeV at 95% CL. The best limit is for m o = 200 GeV.
44 AALTONEN 12AN search for HO production in the decay HO — v with 10 b1 of
pp collisions at E.,, = 1.96 TeV. A limit on cross section times branching ratio which

is (7.7-21.3) times larger than the expected Standard Model cross section is given for
m o = 100-150 GeV at 95% CL. The limit for m o = 125 GeV is 17.0, where 9.9 is

expected.
45 AALTONEN 127 search for HO production in the decay HO — 77— (one leptonic,

the other hadronic) with 6.0 oL of pp collisions at E_,, = 1.96 TeV. A limit on
cross section times branching ratio which is (14.6-70.2) times larger than the expected

12/2/2016 18:36 Page 18

NODE=S055H;LINKAGE=TY

NODE=S055H;LINKAGE=TC

NODE=S055H;LINKAGE=RT

NODE=S055H;LINKAGE=RY

NODE=S055H;LINKAGE=SG

NODE=S055H;LINKAGE=GD

NODE=S055H;LINKAGE=DL

NODE=S055H;LINKAGE=GT

NODE=S055H;LINKAGE=TL

NODE=S055H;LINKAGE=LS

NODE=S055H;LINKAGE=SA

NODE=S055H;LINKAGE=DD

NODE=S055H;LINKAGE=DG

NODE=S055H;LINKAGE=FC

NODE=S055H;LINKAGE=NT

NODE=S055H;LINKAGE=FL

NODE=S055H;LINKAGE=0T



Standard Model cross section is given for m o = 100-150 GeV at 95% CL. The best
limit is for m, o = 120 GeV.

46 AALTONEN 12Q search for associated HO 7 production in the final state HO bb, Z —
eF 0~ with 9.45 b1 of pp collisions at E_.,, = 1.96 TeV. A limit on cross section times
branching ratio which corresponds to (1.0-37.5) times the expected Standard Model cross
section is given for m o = 90-150 GeV at 95% CL. The limit for myo =125 GeV is
7.1, where 3.9 is expected. A broad excess of events for myo > 110 GeV is observed,
with a local significance of 2.4 o at myo = 135 GeV.

47T AALTONEN 12T combine AALTONEN 12Q, AALTONEN 12R, AALTONEN 12s,
ABAZOV 120, ABAZOV 12P, and ABAZOV 12K. An excess of events over background
is observed which is most significant in the region m, , = 120-135 GeV, with a local
significance of up to 3.3 0. The local significance at myo = 125 GeV is 2.8 o, which

corresponds to (U(HO W) + O’(HO 7)) B(H0 — bb)) = (0231_883) pb, compared to

the Standard Model expectation at myo = 125 GeV of 0.12 + 0.01 pb.

48 ABAZOV 12K search for associated HO Z production in the final state HO — bb, Z —
vw, and HO W production with W — £v (¢ not identified) with 9.5 fb—1 of pp collisions
at E,, = 1.96 TeV. A limit on cross section times branching ratio which is (1.9-16.8)
times larger than the expected Standard Model cross section is given for myo = 100-150
GeV at 95% CL. The limit for myo = 125 GeV is 4.3, where 3.9 is expected.

49 CHATRCHYAN 12AY search for associated HO W and HO Z production in the channels
W — tv,Z— ¢T07,and HO — 77, WW), with 5 fb=1 of pp collisions at E,,
= 7 TeV. A limit on cross section times branching ratio which is (3.1-9.1) times larger
than the expected Standard Model cross section is given for myo = 110-200 GeV at
95% CL.

50 CHATRCHYAN 12AY combine CHATRCHYAN 12F and CHATRCHYAN 1240 in addition
and give a limit on cross section times branching ratio which is (2.1-3.7) times larger
than the expected Standard Model cross section for m o = 110-170 GeV at 95% CL.

The limit for myo =125 GeV is 3.3.

51 CHATRCHYAN 12¢ search for HO production with H — ZZ — ¢t¢=rt 7+~ in
4.7f~ 1 of pp collisions at E,, = 7 TeV. A limit on cross section times branching ratio
which is (4-12) times larger than the expected Standard Model cross section is given for
m o = 190-600 GeV at 95% CL. The best limit is at m o = 200 GeV.

52 CHATRCHYAN 12D search for HO production with H — zz(6) o gt qq in
461 of pp collisions at E.,, = 7 TeV. A limit on cross section times branching ratio
which corresponds to (1-22) times the expected Standard Model cross section is given
for myo = 130-164 GeV, 200-600 GeV at 95% CL. The best limit is at myo = 230
GeV. In the Standard Model with an additional generation of heavy quarks and leptons
which receive their masses via the Higgs mechanism, myo values in the ranges myo =
154-161 GeV and 200-470 GeV are excluded at 95% CL.

53 CHATRCHYAN 12E search for HO production with H — WW(*) — ¢+ 16~ in 4.6
oL of pp collisions at E,,, = 7 TeV in the mass range myo = 110-600 GeV.

54 CHATRCHYAN 12F search for associated HO W and HO Z production followed by W —
lv, Z — €+£7, v7, and HO bb, in 4.7 b1 of pp collisions at E,, = 7 TeV.
A limit on cross section times branching ratio which is (3.1-9.0) times larger than the
expected Standard Model cross section is given for myo = 110-135 GeV at 95% CL.

The best limit is at m o = 110 GeV.

55 CHATRCHYAN 126 search for HO production with H — ~+in 4.8 b1 of p p collisions
at E., = 7 TeV in the mass range myo = 110-150 GeV. An excess of events over

background with a local significance of 3.1 o is observed at 124 GeV.

56 CHATRCHYAN 12H search for HO production with H — ZZ(*) = 4¢in 4.7 fo—1
of pp collisions at E_,, = 7 TeV in the mass range myo = 110-600 GeV. Excesses of
events over background are observed around 119, 126 and 320 GeV. The region myo =
114.4-134 GeV remains consistent with the expectation for the production of a SM-like
Higgs boson.

57 CHATRCHYAN 121 search for HO production with H — ZZ — ¢t ¢~ v in 4.6 fb~ 1
of pp collisions at E.,, = 7 TeV in the mass range myo = 250-600 GeV.

58 CHATRCHYAN 12K search for HO production in the decay H — =17~ with 4.6 fb—1
of pp collisions at E,, = 7 TeV. A limit on cross section times branching ratio which is
(3.2-7.0) times larger than the expected Standard Model cross section is given for m o
= 110-145 GeV at 95% CL.

59 ABAZOV 116 search for HO production in 5.4 b1 of pp collisions at E,, = 1.96 TeV

in the decay mode HO — WW(*) — lvqq (and processes with similar final states).
A limit on cross section times branching ratio which is (3.9-37) times larger than the
expected Standard Model cross section is given for myo = 115-200 GeV at 95% CL.
The best limit is at m, o = 160 GeV.

60 CHATRCHYAN 11J search for HO production with H — WT W™ — ¢fuvv in 36

pb_1 of pp collisions at E,, = 7 TeV. See their Fig. 6 for a limit on cross section
times branching ratio for myo = 120-600 GeV at 95% CL. In the Standard Model with
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an additional generation of heavy quarks and leptons which receive their masses via the
Higgs mechanism, myo values between 144 and 207 GeV are excluded at 95% CL.

61 AALTONEN 10F combine searches for HO decaying to wtw=in pp collisions at E,
= 1.96 TeV with 4.8 fb—1 (CDF) and 5.4 b1 (DD ).

62 AALTONEN 10M combine searches for HO decaying to Wt w—in pp collisions at E,
= 1.96 TeV with 4.8 fb—1 (CDF) and 5.4 fb—1 (D@ ) and derive limits o(pp — HY)-
B(HO — W+ W™) < (1.75-0.38) pb for myy = 120-165 GeV, where HO is produced
in gg fusion. In the Standard Model with an additional generation of heavy quarks,
m o between 131 and 204 GeV is excluded at 95% CL.

63 AALTONEN 09A search for HO production in pp collisions at E.,, =1.96 TeV in the
decay mode HO — wwW(*) — ¢+r=vw. A limit on o(HO) - B(HO — ww(¥))
between 0.7 and 2.5 pb (95% CL) is given for m o = 110-200 GeV, which is 1.7-45
times larger than the expected Standard Model cross section. The best limit is obtained
for my o = 160 GeV.

64 ABAZOV 09U search for HO — 77 7= with 7 — hadrons in 1 fb—1 of pp collisions at

E.m = 1.96 TeV. The production mechanisms include associated W/Z—‘,—H0 production,

weak boson fusion, and gluon fusion. A limit (95% CL) is given for m o = 105-145
GeV, which is 20—-82 times larger than the expected Standard Model cross section. The
limit for myo = 115 GeV is 29 times larger than the expected Standard Model cross
section.

65 ABAZOV 06 search for Higgs boson production in pp collisions at E,, = 1.96 TeV
with the decay chain HO — WW* — (T ¢/Fp. Alimit o(HO)-B(HO — WW*) <
(5.6-3.2) pb (95 %CL) is given for m o = 120-200 GeV, which far exceeds the expected
Standard Model cross section.

66 ABAZOV 060 search for associated HO W production in pp collisions at E, = 1.96
TeV with the decay HO — W W?*, in the final states ZiZ/:F vi! X where ¢ = e, W.
A limit o(HOW)- B(HO — W W*) < (3.2-2.8) pb (95 %CL) is given for m ;o =
115-175 GeV, which far exceeds the expected Standard Model cross section.

Indirect Mass Limits for HO from Electroweak Analysis

The mass limits shown below apply to a Higgs boson HO with Standard Model cou-
plings whose mass is a priori unknown.

For limits obtained before the direct measurement of the top quark mass, see the
1996 (Physical Review D54 1 (1996)) Edition of this Review. Other studies based on
data available prior to 1996 can be found in the 1998 Edition (The European Physical
Journal C3 1 (1998)) of this Review.

VALUE (GeV) DOCUMENT ID TECN
94123 1 BAAK 12A RVUE
e o o We do not use the following data for averages, fits, limits, etc. @ o @
91739 2 BAAK 12 RVUE
91131 3 ERLER 10A RVUE
120" /3 4 LEP-SLC 06 RVUE

1BAAK 12A make Standard Model fits to Z and neutral current parameters, My, My,
and I}y, measurements available in 2012 (using also preliminary data). The quoted
result is obtained from a fit that does not include the measured mass value of the signal
observed at the LHC and also no limits from direct Higgs searches.

2BAAK 12 make Standard Model fits to Z and neutral current parameters, m;, myy/, and
Iy measurements available in 2010 (using also preliminary data). The quoted result is
obtained from a fit that does not include the limit from the direct Higgs searches. The
result including direct search data from LEP2, the Tevatron and the LHC is 120112

GeV.

3 ERLER 10A makes Standard Model fits to Z and neutral current parameters, m;, myy
measurements available in 2009 (using also preliminary data). The quoted result is
obtained from a fit that does not include the limits from the direct Higgs searches. With
direct search data from LEP2 and Tevatron added to the fit, the 90% CL (99% CL)
interval is 115-148 (114-197) GeV.

4LEP-SLC 06 make Standard Model fits to Z parameters from LEP/SLC and my, myy,

and l'yy, measurements available in 2005 with Aaf{?d(mz) = 0.02758 + 0.00035. The
95% CL limit is 285 GeV.
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