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LHC: Focus on Run-2 (and the next 20 years)
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All results at: http://cern.ch/go/pN;

CMS: a bird’s-eye view on the W/Z, top, H

March 2019

CMS Preliminary

m 7 TeV CMS measurement (L < 5.0 fb™)

@ 8 TeV CMS measurement (L < 19.6 fb™

m 13 TeV CMS measuremeq ZE <137 fb’ :) >
- Theory prediction
Z Z Z CMS 95%CL limits at 7, 8 and 13 TeV
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ATLAS: a bird’s-eye view on the W/Z, top, H

Standard Model Total Production Cross Section Measurements satus: March 2019
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H,W/Z, top: the big picture view

-------------------------------------------
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HO,WI/Z, top: the PDG view

.°._ maSS PHYSICAL REVIEW D
.— width / lifetime i,
o] %"_Dc'
— quantum numbers o~
lllllll o’ /’Hyan
Mast,m = 125.18% 0.16 GeV ' A : s
Full width T"°<0.013 GeV, CL = 95% .-— coupling strength
HO Signal Strengths in Different Channels s
See Listings for the latest unpublished results.A
Combined Final States = 1.10 & 0.11 E I(JP) = O(%+)
Ww* =1.08%913
Z7* = 1. 14+8 }3 Charge = % e Top = +1
vy = 1.16 + 0.18
bb = 0.95 =+ 0.22 Mass (direct measurements) m = 173.0 ﬂt 0.4 GeVv [2b] (5 =1.3)

putp~ =0.0=x1.3

T~ =112+ 0.23

Zvy < 6.6, CL = 95%
tTH® Production = 2.34_"8%

Mass (from cross-section measuTé'th‘én’Es) m = 160+5 GeV [a]

Mass (Pole from cross-section measurements) m = 173 1+ 0.9 GeV
my — my = —0.16 = 0.19 GeV

Full width T = 1.4170-12 GeV (S = 1.4)
F(Wb)/T(Wq(q=b,s,d)) =0.957 +£0.034 (S=15)

E J=1 S

Charge =.+=le..

Mass: m = 80. 379 i 0.012 GeV Charge ol ”
W / Z miass atis™= 0.88153 + 0.00017 Massijn = 91.1876 % 0.0021 GeV
mz — my = 10.803 % 0.015 GeV Full WIdth T = '2'4952 + 0.0023 GeV
my. — my,, = —0.029 + 0.028 GeV r(¢+e7) =83.984 + 0.086 MeV [°
Full width T = 2.085 + 0.042 GeV [ (invisible) = 499.0 + 1.5 MeV [€]

[(hadrons) = 1744.4 + 2.0 MeV
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H,WI/Z, top: the mass

e the heaviest fundamental 3 [ oaomecianans  fnemse o T

. = 805 W Fitw/o M, and m measurements ZZTE‘ﬁG@?’m ﬁw —

SM particles: my, mw, m -_?ﬂmz_ el R

— fundamental parameters :
80.4 [—
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: LY 80.3 |- : : ]
DELPHI - 80.336 +0.067 Re u yd N
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H: the mass

e H(125) mass (PDG-2018):
mu=125.18 +0.16 GeV

LHC Run-1 + CMS 2016

CMS 2016 arXiv:1706.09936 H— 40

CMS 35.9 o' (13 TeV)
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII T C
o 4e —_o— untagged —— VH'hadr. tagged | Yo
4 VBE-1i t 4 & VH-lept. tagged | -
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] ® 2e2n  —v— VBF-2jtagged 4 ttH tagged ] 125
- ] >
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ATLAS and CMS —e— Total Stat. 3 Syst.
LHC Run 1 Total Stat. Syst.
ATLAS H—yy H——e——4 126.02 = 0.51 (= 0.43 = 0.27) GeV
CMS H—yy ——— 124.70 + 0.34 ( = 0.31+ 0.15) GeV
ATLAS H—ZZ—4l I * i 124.51+ 0.52 ( = 0.52 = 0.04) GeV
CMS H—ZZ —4l] ——— 125.59 + 0.45 (£ 0.42 = 0.17) GeV
ATLAS+CMS yy I_E|_I 125.07 = 0.29 ( = 0.25 = 0.14) GeV
ATLAS+CMS 4i |—|—}I|—| 125.15 + 0.40 ( = 0.37 = 0.15) GeV
ATLAS+CMS yy+4l F?—' 125.09 = 0.24 ( = 0.21 = 0.11) GeV
1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1
123 124 125 126 127 128 129
m,, [GeV]
ATLAS 2015+2016 arXiv:1806.00242
>50_||||||||| LI B B B R N L L B B % :"I'D"'I""I""I""I"":
D C Dat ] S - e Data ATLAS -
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> A40F Hozzes a [JBackground § 2 P .
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e full Run-2: work on reducing systematics
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Run1+2: mp=124.97 = 0.24 (+ 0.16 stat only) GeV
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Top: the mass

e pole mass m:from theory a(mioe; PDF, as; UF, UR,...)

e direct m: reconstruction (match to MC)

ATLAS+CMS Preliminary

Myp SUMMary, Vs = 7-13 TeV. November 2018

Example CMS arXiv:1812.10505, fit:

LHCtopWG
------- World comb. (Mar 2014) [2] e g = 815 £ 2 (stat) &= 29 (syst) £ 20 (lumi) pb,
stat
total uncertainty ey ot st = sys) ¢ ome | mMC =172.33 4 0.14 (stat) T8 (syst) GeV.
LHC comb. (Sep 2013) LHCtopwa 173.29 = 0.95 (0.35 = 0.88) 7 TeV [1] . . .
World comb. (Mar 2014) 173.34 = 0.76 (0.36 = 0.67) 1.96-7 TeV [2] : dominant JES (jet energy scale) uncert.
ATLAS, l+jets 172.33 + 1.27 (0.75 + 1.02) 7 TeV [3]
ATLAS, dilepton 173.79 + 1.41 (0.54 + 1.30) 7 TeV [3]
ATLAS, all jets 17512 1.8 (142 1.2 7TeV [4 :  Extract mpole [GeV] in pole mass scheme:
ATLAS, single top 1722+ 2.1 (0.7 + 2.0) 8 TeV [5]
ATLAS, dilepton 172.99 = 0.85 (0.41= 0.74) 8 TeV [6] : NNPDF3.1 173.2 + 1.9 (fit + PDF + «ag) f(l)'g (scale)
ATLAS, all jets 178.72+ 1.15 (0.55 + 1.01) 8 TeV [7] '
ATLAS, l+jets 172.08 = 0.91 (0.39 = 0.82) 8 TeV [8] . _
ATLAS comb. (Oct 2018) 172.69 = 0.48 (0.25 = 0.41) 748 TeV [8] I 12 categories : —. 1
CMS, l+jets 173.49 = 1.06 (0.43 = 0.97) 7 TeV [9] @g_m 35.9fb (13 TeV)
CMS, dilepton 172.50 = 1.52 (0.43 = 1.46) 7Tev 0] & % 800 L cMs b 2a [ tt M it other
CMS, all jets 173.49 + 1.41 (0.69 = 1.23) 7Tev (1] 1 Q) - W B tw / tw
T . — — Syst [ JMC stat
CMS, l+jets HeH 172.35 + 0.51 (0.16 = 0.48) 8 TeV [12] N 600—
CMS, dilepton 172.82 =+ 1.23 (0.19 = 1.22) 8 TeV [12] X "E :
CMS, all jets 172.32 = 0.64 (0.25 = 0.59) 8 TeV [12] g 400 -
CMS, single top 172.95 + 1.22 (0.77 = 0.95) 8TeVv [13] r LL L
CMS comb. (Sep 2015) 172.44 + 0.48 (0.13 = 0.47) 748 TeV [12] -
CMS, I+jets (o | 172.25 + 0.63 (0.08 = 0.62) 3 TeV [14$ 200 -
CMS, dilepton 172.33 + 0.70 (0.14 = 0.69) 13 TeV [15] >
<&MS, all jets 172.34 + 0.79 (0.20 = 0.76)
(1] ATLAS-CONF-2013-102 {1+ 09 017 118
] riv: 1400 4427 B s 1a100172 [14] arxii1605.01428
Run?2 GEMCEEO T Mmmetimom  fdamrsron s Slo1.2
1 Phys o876t (0101350 123 Pyl ot crsons Gl D 1R AW ANV AN SSRRRTRRRRN
EETE IR BRI N IR I L DD-O.82;H4IOIII6|0HI8|OHI1CI)OIH1|HIéll()lll160
165 170 175 180 185 eV]
My, [(GEV] (instead of additional smallest jet pr)
9 May 6,2019
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Top: the mass

e pole mass m:from theory a(mioe; PDF, as; UF, UR,...)

o triple-differential [M(17), y(t7), N.\!*]
etut,ete , utu™ + > 2 jets

.
N

o
=

1/0 do/dly(t)l
Ll

o
—h

0.05}

Ratio
o0 — —

CMS arXiv:1904.05237

ooahd bk

CMS 35.9 fb" (13 TeV)
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300<M(tf) | 400<M(t) | 500<M(f) | 300<M(tf) | 400<M(tf) | 500<M(th) | 300<M(t) | 400<M(ff) | 500<M(tf)

<400GeV { <500GeV 1500GeV | <400GeV | <500GeV 1500GeV 1 <400GeV | <500GeV 1500GeV

Njet=o_ Njet=0 Njet=0 Njet=1 Njet=1 Njet=1 Njet>1 Njet>1 Njet>1

N R P |, |
i naa

1 ¢

1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2

ly(tD)!

simultaneous fit [mP*, ag, PDF]

ole
mp

m}""le and m'“ differ, non-perturbative effects

Andrei Gritsan, JHU

o Data, dof=35
— POW+PYT, »2=50
--- POW+HER, %?=66
-= MG5+PYT, %?=63

POW-+PYT unc.

1/(jmyd0ﬁj/dpS

= 170.5 4 0.7(fit) £ 0.1(model) T3 (param) + 0.3(scale) GeV

Pred. / Data

10

ATLAS Preliminary M . A
DO ot , Vs=1.96 TeV
incl.? —_— +3.4
PRD 94, 092004 (2016) 1728 _ 55 GeV
tt _
CMS o, NNPDF3.0, Vs=7+8 TeV 738 + 17 Gev
JHEP 08 (2016) 029 © _18
CMS ot , Vs=13 TeV
incl.” [ — +2.7
JHEP 09 (2017) 051 1706 _ 57 GeV
ATLAS ott_, Vs=8 TeV
diff.? —— +1.6
EPJC 77 (2017) 804 1732 _ 4 GeV
ATLAS ot | Vs=7+8 TeV o5
incl — 1729 Y52 GeV
EPJC 74 (2014) 3109 ¥ _26
ATLAS o™ {s=7 TeV
diff.  ? +2.3
JHEP 10 (2015) 121 ' 173.7 157 GeV
ATLAS o*'iet {s=8 TeV
A Oa.> | —— 1711 * 12 Gev
this analysis -1.1
ole
mP® = 171.1 £ 0.4 (stat) £ 0.9 (syst) *)-1 (theo) GeV

150 160 170 180 190
4:"I""I'"'I'"'I""I""I"I')'tl""l""l"' m{)o'e[GeV]
3,55_ ATLAS Preliminary é staa:l-syst uncertainty
35_ Vs =8 TeV, 20.2 fi+tjet @ NLO+PS :
E Partonlevel 0~ m:;::=165 GeV
25F o S m; =175 GeV
2 %— o -:- | T '.g.' oo : 2 / _— .
N3 Ps Mo/ Mii+1-jet
1§_ B 0
ost : Z + jets
O:T".'-T’.'T".-"T"T".-'T P R B B PP B -ttt -t
2E T 3
15 _ E
It Lo R P b
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 -1
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H,WI/Z, top: the width / lifetime

CMS 19.7 fo (8 TeV) + 5.1 b (7 TeV)
T

e very short lived, yet relatively small width E égss:sf:"mz's?pm';
TH=1.6x1022s [ ~0.004 GeV 5 o || HAe
Tw=32x1025s [w~2GeV B[ e l
Ti=5x 1025 s M ~1.3 GeV i il f
(<< spin de-correlation) Al [ 1 |

e |arger width may indicate BSM decay | _{_Ii..-" Lo

e.g. invisible or undetected (expoct Cr_5x10Sum) oAt um)

e also direct H—invisible _ ATLAS: arXiv:1904.05105

¢ ATLAS
SR N Yo W HER

Higgs portals
##% Scalar WiMP
== Fermion wimMP
Other experiments
Cresst-lll

at 95% CL
X

=== DarkSide50
___________ .o=== LUX

' H

“:::\ PandaX-I|
H 10746 . ==+ Xenon1T
EI ol ! ||||||||2| ||||||||3| ||||||||4| L1
1 1 1 1 1
X X DM X 0 0 0 0

CMS: arXiv:1809.05937  Mwme [GEV]
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H:

the width (offshell H*)

H=2Z" (onshell) vs. H*~ZZ (offshell) sz Gusti itz

Events / 20 GeV

Events / SM

10 g1 —=. dmZy (M%7 — mi)? + my Ly
= MCFM+JHUGen+HNNLO  X(450), T=46.8 GeV 3§
E LHO. Vo213 Tov — ;E;zgi: | T=00041 GeV P .
- 1'§_gg—>2ﬁ |]:H< 1.1 CE]G?I/ _§5328;+E|£12f)+l ?gé ~ 100/0 N SM, but:
.E n<--from onshe —xesowdkgd o 48
S e ||~ e X;“i;’;;“zj;;f b1030 3 ¢ offshell “enhancement”
< 102 | T, Vel .
2 - S (1) larger width
10 = D (2) new resonance X
E http://spin.phajhuedu 3 . .
10° T 200 300 400 . 500 s00 700 800 . (3) anOma|OUS COUp|IngS
m,,[GeV] o
108 BT T 5.1fb'1|(7Tle}/)l+1|9.|7|fb'1I(8|'I'IeV)I+I8|0.2fb'1(13TeV) 0
10° vézl?ﬁe---‘-- oo VBF (2l =5 CMS (H —’4.Q ) —_— 0.06 MS
o H* - 277 — 4 Egg:vZBZFa(H*e)ZZ(SM) .
S [H=3.2%28 MeV 001 15
0.08<lh<9.16 MeV oo oo
(exp. <13.7 MeV) & o
0,02 40

TII."':-

%ﬁﬁ*ﬁ* H\\\?k SR %&%

_Ll\)

300 400 500 600 700 800 900 100011001200 (eXp <1 52 MeV) 0 2 4

m,, [GeV]

ATLAS: arXiv:1808.01191
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<«— ATLAS (40+202v) .,
[H<14.4 MeV ~0.06

v:1901.00174

i S I |
8 10 12 14

6
T, (MeV)

b
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Top: the width

e expected [1~1.32 GeV (~ +0.08 GeV)
modified by Vi, FCNC...

e indirect constraints (PDG): from Br(t—Wb/WQq), o(single-top)
~ +0.14 GeV, but scaling SM calculations

direct: cs-pas-Tor-16-019 ATLAS arXiv:1709.04207
%12000,_ CI\(IIIStPreg'nzlgoa(r;y\)z.gfb'1(13TeV) » F— = ) 400071 1 =
~  p_(lepton,jet)< e - = C ' ' 1 € = ATLAS Simulation 3
T L _ibtag ® Data Hiw WtV < SOOO;ZT_I-gfe\S/w;gI;th? ....... I,=07GeV J S 3500 fs— 8Ty 2ot I=07GeV
10000{— MMuiiboson ~ [w  []DY > - 0T S —I,=1.33GeV | - e —T,=1.33GeV 7
- i L C u+jets =2 b-tags T 230 GeV 4 W 3000 u+jets >2b-tags L =30GeV —
- [ Mt-ch 4000 Il >1 e - nl> 1 o ]
8000 - T L 2500F
3000 = 2000F
o00L 2000 - 1500F
- - 1000F
4000 1000 3 oo
B A o S I S U B IR I . =
2000 S 1.05- g e 108
il 5 e =t L
R I T - 8 1
o5 + . 0.98}- ]
o | 0 20 40 60 80 100 120 140 160 180 200 096G i 5 5 5 5
=T m % ' ' i i
2. b [GeV] A Ry, (i j) [rad]
0. 0 = 50 100 150 200 250 300 [
Mass(lepton jet) (Inclusive) [GeV] template fit 8 categories

0.6 <T¢ <25 GeV I, = 1.76 + 0.33 (stat.) T /2 (syst.)
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H,WI/Z, top: spin correlations

® Access to spin, parity, anomalous couplings
In Kinematics

mass

rotatio

mass H

rotation [

gle Mass

CMS arXiv:1411.3441
ATLAS arxXiv:1506.05669

® Run-1 legacy: if H has certain JFPC then
JPC=0++ (vacuum quantum numbers)
possible small anomalous scalar couplings

arXiv:1309.4819
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H: spin correlations

® CMS arXiv:1903.06973

CMS Supplementary

5.1 fb™ (7 TeV) + 19.7 fb”

(8 TeV) + 80.2 fb (1 3 TeV)

51167 (7TeV) + 19.7 (8 TeV) + 80.2 fbo” (13 TeV) o5 HETT i . 5 5 Zz / /
L CMS iao 005 ::_HIG-14-018 A E 7 E E E e : 7
- 8 Oz—----———————/ —-i—,_"_ —E —:——I———E-———u———J«———-———-l————————I————"————:——I————
102t ] (E)fs:g:j decay 2> 0005 == 77 - | | i | Y.
3 - - : 7 5 B 5 P :
—— Observed, H — 4/ * /7 oE : T 7 5/
- Expected, H — 4/ o 7—B_e1st fit & 68% CL A, a, a, | AX o2V alt all al! Aq
— Observed, H = = = Egl?ﬁ? a §§% gﬁ HZZ+HWW oy Hyy (Ty=Ty")
—l - Expected, H — 1t
c N n PN CMS arxXiv:1901.00174 77.5fb (13 TeV)
= N e [RPRP AN A LY - [ [ [ [ [ [ [ [ [ [ [ [ [ [ [
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H: spin correlations

—_
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Z/y*: spin correlations (weak mixing angle 6w)
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Top: spin correlations

e spin [M(qq/8g — tt
structure
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s (0Tub) (0~ 1b))|* ~ Tr[pRp]
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t enhance ~T1 (back-to-back)
- spin correlations
N, enhance lower values

experimental unfolding
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Top: spin correlations

e spin M(qq/gg — tt— (¢vb)(¢"7b))|* ~ Tr[pRp]

structure
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Z/Z: couplings / cross sections (full Run2)
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H: couplings (full Run2)
cws K‘\ full RUN2 (i mrasr
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H: couplings (full Run2)
cws K‘\ full RUN2 (i mrasr
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Events / 4GeV
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H: couplings (full Run2)

~
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H: couplings
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H: couplings

® ATLAS combination 2015+2016+(2017) data

Analysis

Integrated luminosity (fb~')

H — yy (including ttH, H — yy)

H— ZZ*— 4f (including ttH, H— ZZ*— 4{)
H— WW?*= evuy

H—rr
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79.8
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36.1
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I|III|III|III|III|III|III|III|III|III|III
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ATLAS-CONF-2019-005
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H: couplings
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H: couplings to band T
H— TT H— bb
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ttH: couplings (including full Run2)
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ttH: couplings (including full Run2)
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tt: couplings / cross sections
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tttt: couplings / cross sections (full Run2)
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top: rare/exotic processes

e limits on FCNC

e tqZ MS arxi
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WI/Z: Triliniear Gauge Couplings and more...

® CMS arXiv:1903.04040 ® ATLAS arXiv:1902.05759 ® CMS arXiv:1901.03428
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WIZ: Quartic Gauge Couplings and more...
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W/Z: Multiboson VYVV
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H: rare/exotic processes

O H(125) = Zy, UM, KT, JWJAP, YY, cc, asar, ... Higgs self-coupling ()

@ extended H sector...  See parallel sessions HL-HLC and indirect
S — and next talk for more! ; (see backup)
e H(125)H(125) — rare process: - » @ (MS arXiv:1811.09689

HH — bb+(bb/yy/TT/WW/ZZ)

SM
g kx=Anhh/Ahhh

\ L -~ o/osm < 22.2 (exp. <12.8)
ki kn /° -11.8 <Ky < 18.8
. - f_L - < = T ; E35.9 fb‘1E (13 Te\{)
7 ::-: \\ _ z_::::} é gge;é%ggégéted
30.025}- ¥ : ° 2000
© i = Kix=0 only box dia,g.ram o
0.02} — Ky=1SM '
— Kr=2.45 maxirp:al interference e \u
0.015 ! — K\ =20 mainl)_g-'.triangle diagram 500 . | | S
" Kn= Aahn/AnnnSM A _E _E _E U
N f\\\\{\ ATLAS-CONF-2018-043
iy ¢ —CONF-2018-
0008 f‘\\\ NN HH—bb+(bb/yy/tT)
’\\\\ \\\\\\\ NS
"““ 300450 - ?83“1 0/0sm < 6.7 (exp. <10.4)
My, [GeV] S5 0<Ky< 12.1
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H,WI/Z, top: pre-view of the parallel sessions

Higgs boson

- BSM Higgs results from ATLAS

- Searches for Higgs boson exotic decays at CMS

- Searches for rare decays of the Higgs boson at CMS

- ATLAS Searches for VH/HH Resonances

- Combined Higgs boson measurements at the ATLAS experiment
- Measurement of differential and production mode cross sections and the Higgs mass in Higgs boson in decays to bosons using the ATLAS detector
- Measurements and searches of Higgs boson decays to two fermions and of Higgs boson production in association with a ttbar pair at ATLAS

® 16 talks at the parallel sessions:

W/Z bosons

- Electroweak physics with multibosons at CMS

- Measurements of multiboson production using the ATLAS detector

- Electroweak physics with single and diboson final states at CMS

- Observation and measurements of vector-boson scattering with ATLAS

- Precision electroweak measurements with ATLAS AT L AS
- Probing perturbative QCD using electroweak bosons at ATLAS EXPERIMENT

Top quark

- Measurements of ttbar pairs produced in association with electroweak gauge bosons using the ATLAS detector
- Top quark pair property measurements using the ATLAS detector at the LHC

- Top-quark pair production cross-section measurements with the ATLAS detector

Hi LHC links: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults
'ggs boson IS https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults

WIZ boson LHC links: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

T k LHC links:
Op qUark e https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
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Summary (H,W/Z, top: view from the speaker)

e | HC is the HW/Z, top factory
even more so at HL-LHC

e ATLAS and CMS

e EXxploring full Run-2 dataset

H,W, Z,Y| Electro-Weak |top

established all major processes
closing on / excluding rare modes
sensitive to virtual effects

determine fundamental parameters

e Ultimately trying to establish the big picture...
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H,WI/Z, top: some HL-LHC projections



Z/y*: spin correlations (weak mixing angle 6w)

5' Hu.s T I T T T T I T T T T I T T T
D ™ 68% and 95% CL contours : N
e | I direct M,, and sir(8'}) measuremerts i
E:: L I fitwio M, sir’(8], ) and Z widths meagurements -
q(g) 80.45 |— fit wio M, , sir?(8],) and M_measurements _
© e~ fit wia M, sir®(8], ), Mn and ?_'fm-:iths measurements .
I g ]
80.4 |— —
q g— j .................................. L) i
- ~ M,, = B03T9 + 0.013 GV =
80.35 [— N —
Cv, Ca(6u) Cv, Ca(Bu) - N ) A
i Sl S O 0016 €] fitter|su): |
80.3 L——7_L— L —
0.231 0.231 0.232
q 0t sin’(e!, )
CMS: 0.23101 = 0.00036 (stat.) = 0.00031 (PDF) +* 0.00018 (syst.) = 0.00016 (theo.)
ATLAS: 0.23140 *+ 0.00021 (stat.) * 0.00024 (PDF) + 0.00016 (syst.)
LEP-1 and SLD: Z-pole average ' T = 0.23152 = 0.00016
LEP-1 and SLD: A2 B ——e—— | 0.23221+0.00029
SLD: A, B —_—— | 0.23098 = 0.00026
Tevatron B —ol | 0.23148 + 0.00033
LHCb: 7+8 TeV B * | 0.23142.+0.00106
CCmMs:8TeV D B . 023101+ 0.00053 > CMS: arXiv:1806.00863
ATLAS: 7 TeV [ o 0.23080 = 0.00120
& ATLAS Preliminary: 8 TeV > B T < 0.23140 = 0.00036 > ATLAS-CONF-2018-037
HL-LHC ATLAS CT14: 14 TeV B | | 0.23153 = 0.00018
HL-LHC ATLAS PDFALHC5, 1o 14 TeV | Sj n2 e off | 0281832000015 v 4o HC 3000 fb-t
HL-LHC ATLAS PDFLHeC: 14 TeV 0.23153 + 0.00008  ATL—-PHYS—PUB-2018-037
023 0231 0232 (LHeC collider)
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H—22" (onshell) vs. H*~ZZ (offshell) 47u-n-zz

H: the width (offshell H*)

2 9
9eeHIHZ7Z

4 expected uncertainty

expeeted in SM

4
T, (MeV)
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H: couplings

. H L-LHC expeCt 3000 fb-1 ATLAS Pre||m|naryvg= 13 TeV, 24.5-79.8 fo
. . . ) .~ my, =125.09 GeV, ly | <2.5
reaching 2-4% precision R
. 95% CL: B =0 K ? Kon = K
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e H self-coupling:
—Indirect constraints

H: self-coupling

® ATL-PHYS-PUB-2019-009

-3.2<Ka<11.9 (exp.-6.2<Kr<14.4)
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H— 11

VH.H — bb
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STXS
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—direct constraints

best expected now -5.8 <Ky < 12.0

target of HL-LHC and HE-LHC:

(14 TeV, 3/ab)

arxiv:1902.00134

--------------------------

(27 TeV, 15/ab)
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