GAUGE AND HIGGS BOSONS

v (photon)

Mass m < 1x 10718 ev
Charge g < 1x 10740 ¢
Charge g < 1x1073 ¢
Mean life 7 = Stable

(mixed charge)
(single charge)

1JPCYy =011 )

g P\ nq—
or gluon I(J7) =007)
Mass m = 0 [l
SU(3) color octet
graviton J=2
Mass m < 5x 10723 eV
w J=1

Charge = £1 e

Mass m = 80.379 + 0.012 GeV

W/Z mass ratio = 0.88147 £ 0.00013
mz — my, = 10.809 + 0.012 GeV
my+ — my,— = —0.029 + 0.028 GeV
Full width ' = 2.085 + 0.042 GeV
(N_.) =15.70 + 0.35

< > =220 +0.19

(N > =0.92 4+ 0.14

( charged> = 19.39 + 0.08

W™ modes are charge conjugates of the modes below.

P
w+ DECAY MODES Fraction (T';/T) Confidence level (MeV/c)
(tu [b] (10.86+ 0.09) % -
etv (10.71+ 0.16) % 40189
A% (10.63+ 0.15) % 40189
Tty (11.38+ 0.21) % 40170
hadrons (67.414+ 0.27) % -
Tty < 7 x 10~6 95% 40189
DY~ < 13 x 103 95% 40165
cX (333 + 26 )% -
cs e B % -
invisible [c] (14 £29)% -
atrta~ < 1.01 x 10~6 95% 40189
V4 J=1

Charge =0

Mass m = 91.1876 =+ 0.0021 GeV (9]

Full width [ = 2.4952 + 0.0023 GeV

r(¢e+e~) = 83.984 + 0.086 MeV (o]

(invisible) = 499.0 + 1.5 MeV €]

hadrons) = 1744.4 £+ 2.0 MeV
+tu7)/T(ete”) = 1.0001 + 0.0024

r
r
r
M(rtr)/r(ete”) = 1.0020 + 0.0032 [f]
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Average charged multiplicity

(Neharged) = 20.76 £ 0.16 (S = 2.1)
Couplings to quarks and leptons
g}, = —0.03783 £ 0.00041
‘\’/ = 0.266 + 0.034
_ +0.04
gy = —038% 00
g% = —0.50123 £ 0.00026
_ +0 028
S e
ga = —0.527 o8
g¥t = 0.5008 + 0.0008
”e = 0.53 £+ 0.09
g”u = 0.502 =+ 0.017
Asymmetry parameters £
A, = 0.1515 + 0.0019
A, = 0.142 £+ 0.015
A, = 0.143 + 0.004
As = 0.90 £ 0.09
A. = 0.670 £+ 0.027
Ap = 0.923 £ 0.020
Charge asymmetry (%) at Z pole
A00) _
FB =171+ 0.10
ALY 417
AL — 98+ 11
AL — 707 + 035
ALY — 9.92 + 0.16
Scale factor/ p
Z DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
ete™ (A ( 3.363240.0042) % 45594
utp~ [A ( 3.366240.0066) % 45594
= (A ( 3.369640.0083) % 45559
A [b,h] ( 3.3658-£0.0023) % -
AN e [ (463 £021 )x10~ 45594
invisible [A] (20.000 40.055 ) % -
hadrons [A]  (69.911 4+0.056 ) % -
(ut+cc)/2 (116  +06 )% -
(dd+ss+bb)/3 (156  +04 )% -
cc (12.03 4021 )% -
bb (15.12 +0.05 )% -
bbbb (36 +£13 )x10~4 -
888 < 11 % CL=95% -
70 < 201 x 1075 CL=05% 45594
ny < 5.1 x 1072 CL=95% 45592
0y < 25 x 1075 CL=95% 45501
w7y < 65 x 10~% CL=95% 45590
7’(958) < 42 x 1072 CL=95% 45589
1o <9 x 107 CL=95% 45588
vy < 1.46 x 1072 CL=95% 45594
7070 < 152 x 1075 CL=95% 45504
vy < 22 x 1070 CL=95% 45504
atWF Ul < 7 x 1075 CL=95% 10167
pEWTF ] < 83 x 1075 CL=95% 10142
J/(1S)X (351 933 )x1073 s=11 -
J/Y(1S)y < 14 x 1070 CL=95% 45541
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$(25)X (160 4029 )x103 - DESIG=60
Y(25)y < 45 x 1070 cL=95% 45519 DESIG=87
J/w(18)J/(1S) < 22 x 1076 CL=95% 45489 DESIG=93
Xc1(1P)X (29 407 )x1073 - DESIG=42
Xe2(1P)X < 3.2 x 1073 CL=90% - DESIG=65
T(1S) X +7(25) X (1.0 +05 )x10~4 - DESIG=69
+7T(3S) X
T(15)X < 44 x 1072 CL=95% - DESIG=66
T(1S)y < 28 x 1076 CL=95% 45103 DESIG=88
T(25)X < 139 x 1074 CL=95% - DESIG=67
T(2S)y < 17 x 1070 CL=95% 45043 DESIG=89
T(3S)X < 9.4 x 1072 CL=95% - DESIG=68
T(3S)y < 48 x 1070 CL=95% 45006 DESIG=90
T(1,2,35) T(1,2,3S) < 15 x 1076 cL=95% - DESIG=94
(D% /D% X (207  +£20 )% - DESIG=43
DEX (122 +17 )% - DESIG=44
D*(2010)* X il (114 +13 )% - DESIG=24
Ds1(2536)% X (36 08 )x10-3 - DESIG=75
D, ;(2573)* X (58 +£22 )x103 - DESIG=76
D*(2629)* X searched for - DESIG=74;0UR EVAL;— UNCHECKED <
BT X [k] (608 +0.13 )% - DESIG=77
BIX K] (159 +013 )% - DESIG=49
B+X searched for - DESIG=70;0UR EVAL;— UNCHECKED <«
/\“EX (154 +£033 )% - DESIG=78
Eéx seen - DESIG=80;0UR EST;— UNCHECKED «
=X seen - DESIG=81;0UR EST;— UNCHECKED «
b-baryon X [K] (138 022 )% - DESIG=79
anomalous ~y+ hadrons < 32 x 1073 CL=95% - DESIG=31
ete v ] < 52 x 1074 CL=95% 45594 DESIG=3
wt Ty ] < 56 x 1074 CL=95% 45594 DESIG=4
Hr Ty < 73 x 1074 CL=95% 45559 DESIG=29
00 vy [n] < 6.8 x 1070 cL=95% - DESIG=45
qqyy [n] < 55 x 1070 cL=095% - DESIG=46
VoYY [n] < 3.1 x 1076 CL=95% 45504 DESIG=47
et ¥ LF  []< 75 x 1077 CL=95% 45594 DESIG=5
et rF LF []< 98 x 1076 CL=95% 45576 DESIG=25
pErT LF []< 12 x 1075 CL=95% 45576 DESIG=26
pe LB < 18 x 1076 CL=95% 45589 DESIG=71
pi LB < 18 x 1070 CL=95% 45589 DESIG=72
HO J=0
NODE=5126
Mass m = 125.25 £ 0.17 GeV (S = 15) NODE=S126M:DTYPE=M
Full width ' < 0.013 GeV, CL = 95%  (assumes equal NODE=S126W:DTYPE=G
on-shell and off-shell effective couplings)
HO Signal Strengths in Different Channels CLUMP=A
Combined Final States = 1.13 + 0.06 NODE=S126SA;DTYPE=a;CLUMP=A
WWw* =119 + 0.12 NODE=S126SWW;DTYPE=a;CLUMP=A
ZZ* =1.06 + 0.09 NODE=S5126SZZ;DTYPE=a;CLUMP=A
_ +0.10
7y = 1117509 NODE=51265GG;DTYPE=a;CLUMP=A
cc Final State = 37 + 20 NODE=S126SCC;DTYPE=a;CLUMP=A
bb=1.04 £ 0.13 NODE=S1265BB;DTYPE=a;CLUMP=A
ptp~ =11940.34 NODE=5126SMU;DTYPE=a;CLUMP=A
7= =1157910
—0.15 NODE=5126STT;DTYPE=a;CLUMP=A
Zy < 3.6, CL = 95% NODE=51265ZG;DTYPE=a;CLUMP=A
top Yukawa coupling < 1.7, CL = 95% NODE=5126YTC:DTYPE=c
tTHO Production = 1.28 + 0.20 NODE=S126STH;DTYPE=b;CLUMP=B
HO® Production Cross Section in pp Collisions at /s = 13 TeV = NODE=S126A02:DTYPE=b

56 + 4 pb



P

HO DECAY MODES Fraction (I;/T)  Confidence level (MeV/c)
ete” <36 x10°4 95% 62625
Z p(770) < 121% 95% 29423
Z $(1020) <36 x1073 95% 29417
J/ vy <35 x1074 95% 62587
J/ I/ < 1.8 x1073 95% 62548
»(2S)y <20 x1073 95% 62571
T(1S)y < 49 x1074 95% 62268
T(2S)y <59 x1074 95% 62224
T(35)y <57 x107% 95% 62197
T(nS) T(mS) < 14 x1073 95% -
p(770)~ <88 x1074 95% 62623
#(1020)~y <48 x1074 95% 62621
e LF <61 x107° 95% 62625
er LF <47 x1073 95% 62612
wr LF <25 x1073 95% 62612
invisible <19 % 95% -
~invisible < 46 % 95% -

Neutral Higgs Bosons, Searches for

Mass limits for heavy neutral Higgs bosons (H9, A°) in the MSSM

m > 389 GeV, CL = 95% (tan8 = 10)
863 GeV, CL = 95% (tanf = 20)
1157 GeV, CL = 95%  (tanf = 30

1341 GeV, CL = 95%

3 3 3 3 3
vV V.V VYV

1613 GeV, CL = 95%

(
1496 GeV, CL = 95%  (tan3 = 50
(

Charged Higgs Bosons (H* and H%),
Searches for

Mass limits for m,;, < m(top)
m > 155 GeV, CL = 95%

Mass limits for m,;, > m(top)

m > 181 GeV, CL = 95% (tang = 10)
m > 249 GeV, CL = 95% (tanf = 20)
m > 390 GeV, CL = 95% (tanfS = 30)
m > 894 GeV, CL = 95% (tanf = 40)
m > 1017 GeV, CL = 95% (tan8 = 50)
m > 1103 GeV, CL = 95% (tan8 = 60)

New Heavy Bosons
(W', Z', leptoquarks, etc.),
Searches for

Additional W Bosons

W’ with standard couplings
Mass m > 6000 GeV, CL = 95%
Wg (Right-handed W Boson)
Mass m > 715 GeV, CL = 90%

(pp direct search)

(electroweak fit)
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Additional Z Bosons
(pp direct search)

Z1 g of SU(2); xSU(2)rxU(1)

(with g = gRr)

Mass m > 630 GeV, CL = 95% (pp direct search)
Mass m > 1162 GeV, CL = 95%  (electroweak fit)

(pp direct search)

Zy, of Eg — SO(10)xU(1), (with gy=e/costy)
Mass m > 4500 GeV, CL = 95% (pp direct search)

Z, of Eg — SU(3)xSU(2)xU(1)xU(1), (with g,=e/costy)
Mass m > 3.900 x 103 GeV, CL = 95% (pp direct search)

Scalar Leptoquarks

m > 1800 GeV, CL = 95%
m > 1755 GeV, CL = 95%
m > 1700 GeV, CL = 95%

m > 660 GeV, CL = 95%
m > 920 GeV, CL = 95%
m > 740 GeV, CL = 95%

1st gen., pair prod., B(eq)=1)
1st gen., single prod., B(eq)=1)
(2nd gen., pair prod., B(uq)=1)
(2nd gen., single prod., B(nq)=1)
(3rd gen., pair prod., B(Tt)=1)
(3rd gen., single prod., B(7 b)=1)

(See the Particle Listings for assumptions on leptoquark quan-
tum numbers and branching fractions.)

Diquarks

Mass m > 6000 GeV, CL = 95%  (Eg diquark)

Axigluon

Mass m > 6600 GeV, CL = 95%

Axions (A%) and Other
Very Light Bosons, Searches for

See the review on " Axions and other similar particles.”

The best limit for the half-life of neutrinoless double beta decay with
Majoron emission is > 7.2 x 10%* years (CL = 90%).
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NOTES

[a] Theoretical value. A mass as large as a few MeV may not be precluded.
[b] ¢ indicates each type of lepton (e, p, and 7), not sum over them.

[c] This represents the width for the decay of the W boson into a charged
particle with momentum below detectability, p< 200 MeV.

[d] The Z-boson mass listed here corresponds to a Breit-Wigner resonance
parameter. It lies approximately 34 MeV above the real part of the posi-
tion of the pole (in the energy-squared plane) in the Z-boson propagator.

[e] This partial width takes into account Z decays into v7 and any other
possible undetected modes.

[f] This ratio has not been corrected for the 7 mass.

[¢] Here A = 2gvga/(gy+83)-

[A] This parameter is not directly used in the overall fit but is derived using
the fit results; see the note “The Z boson” and ref. LEP-SLC 06 (Physics
Reports (Physics Letters C) 427 257 (2006)).

[/] Here ¢ indicates e or p.

[/] The value is for the sum of the charge states or particle/antiparticle
states indicated.

[k] This value is updated using the product of (i) the Z —  bb
fraction from this listing and (ii) the b-hadron fraction in an
unbiased sample of weakly decaying b-hadrons produced in Z-
decays provided by the Heavy Flavor Averaging Group (HFLAV,
http://www.slac.stanford.edu/xorg/hflav/osc/PDG_2009/#FRACZ).

[/] See the Z Particle Listings for the v energy range used in this measure-
ment.

[n] For m.,, = (60 & 5) GeV.
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