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Introduction

@ The discovery of the Higgs boson is a triumph of the SM.
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ATLAS and CMS

H—e—Total Stat 1 Syst
LHC Run 1 Total Stat Syst
ATLAS H-yy F————H 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 —— 12451+ 0.52 ( +0.52 + 0.04) GeV
CMS H—ZZ -4l e 125.59 + 0.45 (£ 0.42 + 0.17) GeV
ATLAS+CMS yy I—(EIH 125.07 £ 0.29 ( + 0.25 + 0.14) GeV
ATLAS+CMS 4 |—t|_§|—| 125.15 +0.40 (£ 0.37 + 0.15) GeV
ATLAS+CMS yy+4l = 125.09 +0.24 ( +0.21 £ 0.11) GeV
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* Need to measure the property of Higgs boson with precision
* Probe other decay modes
* Any deviation from SM prediction is a sign of new physics
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Status of LHC Data Taking
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Status of LHC Data Taking
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Status of LHC Data Taking
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Detectors

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector \

Toroid magnets

LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor tracker
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CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes.
Overall diameter : 15.0
Overall length
Magnetic field

SILICON TRACKERS

Pixel (100x150 ym) ~16m* ~66M channels
Microstrips (80x180 ym) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,0004

MUON CHAMBERS
‘Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PBWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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LHC Higgs Cross Section Working Group
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With 80 fb-1, about 4M ggF events,
300K VBF, 200K VH and 40K ttH events
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Higgs Boson Production at LHC

ggF: dominant,
larger initial state
radiation from
gluons

VBF: two forward
jets with high
mass and large

rapidity gap

VH: vector boson
(Iv, II', 9q)

ttH: many b-jets,
leptons, E;Miss



Higgs Boson Decays

LHC Higgs Cross Section Working Group
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Decay mode

Branching fraction [%]

H — bb
H—- WW
H — gg
H— 1t
H — cc
H— 77
H—vyy
H— Zy
H — pu

575 £ 19
21.6 £0.9
8.56 +0.86
6.30 +0.36
2.90 £0.35
2.67 £0.11
0.228 £0.011
0.155 £0.014
0.022 £0.001

« Low BR channels (ZZ—4l, yy, Zy and pu) have better mass
resolutions but small rate. Channels with higher BRs (the rest)

are challenging experimentally
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Higgs Mass
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Higgs Boson Mass .. 1706.00036

Higgs mass is the only free parameter in BEH mechanism

mil = 124.94 + 0.25(stat) & 0.08 (syst) GeV 20

CMS 35.9 b (13 TeV)
> FTTTT | TTTT | TTTT | TTTT | TTTT TTTT | TTTT | TTTT | TTTT | TTTTH
o 60
Q) untagged category e Data ]
N ] H(125) i
H—ZZ—4l > 50 a2 n
2 M 9927,y A
36 fb-1 Run 2 data S m Z:X :
w 40 -
30 -

—

mH = 124.37 + O 62 (stat) + 0.38 (syst) GeV, 10

2e2u

my " = 125.95 £ 0.32 (stat) &= 0.14 (syst) GeV 0580030010 120 130 140 150 160 170

m,, (GeV)
my = 125.26 £ 0.21 GeV
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Higgs Boson Mass

ATLAS arXiv: 1806.00242

EXPERIMENT

> F T T T |
3 co0- .2 Basground ATLAS Use 36 fb-' LHC Run 2 data > S0P
o [ —— Signal + Background Vs=13TeV,36.1 0" 8 E ATLAS + Data 9
= 500/ — Signal In(1+S/B) weighted sum o 45; . =
2 E § 4o {s=13TeV, 36.1fb" — Fit E
W E F H>ZZ— 4 [ Background

o

>

L

H H—-ZZ—4] © so- ]
yy 251 =
20— =
2 155 E
% é T I T T T T I T T T T I T T T T I T T T T T T T T T T 10; |
S ATLAS ~— Total Stat. only sE =
o1 -10E | ¢ E = +;
o0 T80 T40 150 60 Run Vs =7-8 TeV, 25 fb’, Run 2: {s = 13 TeV, 36.1 fb”! Total  (Stat. only) Bnnnaflonnnllnnnnflonnnllonnth
GV Run 1 H—4l  ——— 12451+ 0.52 (= 0.52) GeV o 15 120 125 130 135

m,, [GeV]

Run1H-—yy H———<——11  126.02 = 0.51 ( = 0.43) GeV

Run 2 H—41] l—ol—c 124.79 = 0.37 ( £ 0.36) GeV

Run2 H—yy ._.}_. 124.93 = 0.40 ( = 0.21) GeV

Run 1+2 H—4l —— 124.71 = 0.30 ( = 0.30) GeV

Run 1+2 H—yy ———— 125.32 + 0.35 ( = 0.19) GeV

Run 1 Combined —e—H 125.38 £ 0.41 ( £ 0.37) GeV

Run 2 Combined '—-}—- 124.86 + 0.27 ( = 0.18) GeV

Run 1+2 Combined ._T_. 124.97 + 0.24 ( = 0.16) GeV

ATLAS + CMS Run 1 | — 125.09 = 0.24 ( = 0.21) GeV

1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
123 124 125 126 127 128

m,, [GeV]

ATLAS Run1+2 combined: |myg = 124.97 + 0.24 GeV

* Precise object reconstruction is important for this measurement
« H—ZZis still statistics limited; H—yy is systematics limited (photon

energy scale)
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Higgs Width

> 10°
- Measure the ZZ e
. . . P 10* -qqh—>2i -
pro_ductlon in hlgh mass § 10
region to constrain the 10 fing
. . . 10
Higgs width (using the 1
interface between Higgs 107
signal and continuum ZZ2) e
Y _
‘g 1%«;«1{%@%\'&4&?&:‘ SESE
B 300 400 500 600 700 800 900 100011001200
my; [GeV]
&?(’) PLB 786 (2018) 223 0% CMS-PAS-HIG-18-002
ATLAS
36 fb-1 80.2 fb-1
* Uses ZZ->4l and ZZ->2]2v * Uses 4l finals states
* 'y <14.4 MeV at 95% CL - TI'y <9.16 MeV at 95% CL
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Differential Cross Sections

CMS-HIG-17-028

ATLAS

EXPERIMENT

CONF-ATLAS-2018-028
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Higgs Coupling to
Bosons
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H—-WW

2000

— T
F -4 Data Uncer]lamty ]
1800F ATLAS Wy [ He
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Wz [ Misid
%%

1400[ Vs=13TeV,36.1 0"
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1200F
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Data-Bkg.

200

100

« 36 fb-1

* Only include ggF and VBF
categories

* Only e mu final states

dN,/dm, [GeV']

Data/Expected

@ Transverse mass
ATLAS arXiv: 1808.09054

arXiv: 1806.05246

| 0jet

CMS 35.9 fo' (13 TeV)
DAQL- T
220 Nommompt 3o -
200 Vv vz =

FoEawy vy*

180 [_JHiggs ) —+— Data
160; [77777) Systematic uncertainty E
140 E
120f
100F-
60—
40
20
Oﬁsz 80 100 120 140
m; [GeV]
o 36 fb-1
* Include ggF, VBF and VH
categories
» Also include same flavor
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H—-WW

AZ A‘Ezs arXiv: 1808.09054

[ | 2.0 AL AL L L AL L B L L L L L L L A R AL AL L R B AL A R

rol — 68%CL ATLAS .
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= 15 % Bestfit )

= 4 SM .
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* p(ggF)=1.21"02 ,,,
* W (VBF)=0.62 "5 4

arXiv: 1806.05246

CMS 35.9 fb' (13 TeV)
: Ho>WW
: —— Combination
_ 0.21 H
uggH =138 ), el
------ SM
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* m(ggF)=1.38*21_,,,
i I.l (VBF) = 029 +0.66 -0.29
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H—-ZZ

ATLAS ATLAS-CONF-2018-018

EXPERIMENT

CMS-PAS-HIG-2018-001
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EXPERIMENT

H—-ZZ

ATLAS-CONF-2018-018
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CMS Preliminary

415" (13 TeV)

CMS-PAS-HIG-2018-001

> FroTToT | TTTT | TTTT I TTTT I TTT1T I TTTT I TTTT | TTTT I TT 114
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£ 80 _]
() B |
> o J
L £
S °
60 - 0 8 fb
IIIIIIII||III|IIII|I|IIIIIIIIIIIIIIIIIIIIIIlIIII
ATLAS Preliminary  #  Expectedsm
— H—>ZZ* k‘ Observed: Stat + Sys —
13 TeV, 79.8 fb™
’ SM Prediction
Lot oBIb]  (oB),, (] _|
aggF +. 1220+ 185 1170+ 80
-
VBF L 250+85 91.7+28
T |
VH 50+50 52.4'%°
- :
<70 +1.
L é%%! sy 15410
Inclusive +|E 1570+ 175 1330 + 90
IIIIIIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 1 2 3 4 5 6 7 8 9
G’B/(GIB)SM

No significant deviation from SM is observed
Haifeng Li (Shandong University)
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Sum of Weights / 1.0 GeV

Data - Cont. Bkg
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ATLAS-CONF-2018-028

L B R L B R . T
¢ Data ATLAS Preliminary
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L

50 160
m, [GeV]

16000

14000

—_
n
o
o
o

10000

8000

6000

4000

2000

S/(S+B) Weighted Events / GeV

arXiv: 1804.02716

CMS 35.9fb” (13 TeV)
AR ) R RLTERIEN 6. . RS PR R L0, 0GR Y PR R P s e
—H—oyy All categori =
E " gories .
- m=125.4 GeV, u=1.18 S/(S+B) weighted =
¢ Data =

35.9 fb-1 :

...... B component e

[ Eaky =

E X .

TTTTTTT T T T TrrrrrryrrorJ1eL
I I I I I

" B component subtracted
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H—yy

ATLAS-CONF-2018-028

arXiv: 1804.02716

- S I CMS 35.9fb” (13 TeV)
) ¢ Data ATLAS Preliminary o 16000 H 1 Y I I : L e
O 1500 — signal + background V5 = 13 TeV, 79.8 fo” ] 0] - ,~125.4 GeV, fi=1.18 All categories E
o - r = :
= -~ Continuum background ~mj, = 125.09 GeV ; 14000 (— S/(S+B) weighted —
~ In(1+S/B) weighted sum, S = Inclusive € ook Data ]
* -
£ s 0 : 35.90 fb-1 =X :
.% 1000_ ) “_; 10000 — N, I e B component ]
; (0] C + ]
= 79.8 fb-1 £ 8000F Bl t1o -
o =) c 2o ]
£ [ 9 6000 -
a 500 - n = u 3
o 4000 3
L — U T T T [ T T T T [ T T T T [ T T 11 CMS 359fb (13Tev)
ATLAS Preliminary l—e— Total Stat. []Syst. — SM e I e B
J Vs=13Tev, 7981 Hoyy - Comblned 68% CL
o H-vyy, ly. | <25 Total ( Stat. Syst. )
4 H | —— Per process 68% CL
q +0.15 +0.10
d ooF H—H 0.97 %17 (0.1 120 ggH |10 T
9 [ = 118" +0.17 -
q ver a0 05 (55 1) Foomtinea = 118 014
VBF | 083; my, profiled
VH b = 108 0% (o lom) e |
ttH | 22 —a—
Top : %—' : 112 08 0E 0 %) i it
| | | | | VH | 24:; S
0.5 1 1.5 2 2.5 3 o L + L .
/(cxB . N
(cxB)/ (o )SM 5
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Higgs Coupling to
Fermions
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Ho1t

« Dominant background is Z—1t
« Most sensitive categories: VBF and boosted

@) ATLAS-CONF-2018-021

ATLAS
> _||l|l|||||||lm—rv_v_v: 36 fb-1 35.9 fb' (13 TeV)
()
| . . —.— Data2015+2016 _ > 1800__| =11 | (N [ e | I | o o Py | T T T T [ T 1T 1T T[T 17 I__
O - ATLAS Prellml_l?ary D Hoser (ae1.08) | o FCMS =~ DmeremnnE
® Vs=13TeV, 36.1fb .z O e +-obe.-bia. ]
— = . - ~ L
c T__boost. high-p?* SR 1 Z-1 C 30F
() 100_ qep lep g pT ] TOP ] g 1400—_+0bserved B = gl =
Lﬁ Bl Other BaCkgr' T () [ —Hou (u=1.09) a1 |:|Bkg. unc.
[ Misidentified 7 — > C 3 o 10k
7 Uncertainty - D 1200} Mz x -]
5 go) L .W+iels hd L .
50 % 1000__ QCD multijet = i —
9) r Others -10F
qJ —_ : . FETE PERTE FETTE FETTY FEETE FTTe __
= 800: - = 0 50 100 150200250 300 .
o r GeV) 1
@ s00f- . s
2 C VBF: 11 :
(@) >~ - ﬁ h"h =
é 1.1 %) 400: o Boosted: 7,7, ut , €ty en
~ 1 200F——9—— _]
W] % L
Eo.g —lllllllllllllllllllllllllllll_
@] 0

50 100 150 200 250 300
m.. (GeV)
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Ho1t

« Dominant background is Z—1t
« Most sensitive categories: VBF and boosted

@ ATLAS-CONF-2018-021 PLB 779 (2018) 283

ATLAS
> _||l|l|||||||lm—rv_v_v: 36 fb-1 35.9 fb' (13 TeV)
()
| ] <) 1800I_||||I||||||||||||||||||||||||_|
O] ATLAS Preliminary = Data2015+2016 =
=~ e O = ____3591b7(13TeV)
L L L B B B B B B B r
ATLAS Preliminary Vs=13TeV, 36.1fb™" . CMS
—total =stat. —SM exp. B o _
total (stat.,syst.) o 089
Boosted cat. ittt 3.92 j_-:; (jg-zg,jgg) i Boosted i
: : u=1.17 2047
VBF
VBF cat. - — 3.37 1 Cg_ﬁ?i:f; ) i u=1.117934 ]
---------------------------------------------------------------------- Comb(i)r;;)d
=1.09 *7
Combination - 3.71 *106 (060 087 W= 02
-0.95 -0.59 ’ -0.74 B =
N P PR PR PR P EPEPI IR IO B
0 2 4 6 8 10 12 14 16 18 20
O-H—rrr [pb] | ST
0 2 3
Best fit 1 = /o -

AVIMC eV] = S -
Combined with Run 1: 6.4 ¢ . .
Combined with Run 1: 5.9 o
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H—Dbb

« About 58% of Higgs decay to bb
* Probe this decay mode using VH

O-lepton 1-lepton 2-lepton

electron

11/13/18 Haifeng Li (Shandong University)
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@ H—Dbb PLB 86 (2018) 59

EXPERIMENT

0 LI AL B BRI ILRLRIL I UL I
2106 ATLAS ;\[I)Ii-litaHebb(—116) ,\‘H\‘H\‘H\‘\H‘\H‘H\‘H\‘H\‘\,
VH. H—bb 2 Vs =13TeV, 79.8 b . 18 ATHAS - Data ]
b g -Slngle top F Vs=13TeV,79.8 " Il VH, H - bb (u=1. 06)
u>.| 105 W Z+ets 16— 0+1+2leptons 0 Diboson -
Multijet [ 2+3jets, 2 b-tags XY Uncertainty
I W+jets 14 [ Weighted by Higgs S/B Dijet mass analysis
I Diboson

10*

 ATLAS uses 80 fb-1 data

« Run2:0bs.490c (exp.4.30) ™

 Run1+Run2: obs. 490 02
(exp.5.10)

Events / 10 GeV (Weighted, backgr. sub.)

\‘\\\ L1l L1 L1l L1l L1l L1l L1l Il
40 60 80 100 120 140 160 180 200
m,, [GeV]

Combined with VBF, H—bb and ttH, H—bb el R Ne M-V (R RN

R AR R R
ATLAS H—bb Vs=7TeV, 8 TeV, and 13 TeV
4.7 b, 20.3 fo!, and 24.5-79.8 fb”'

Channel Significance —Total Stat.
; o Tot. ( Stat., Syst.)
Xp. S.
> VBFrgOF | pd e 168 112 (50, 70F)
VBF+ggF 0.9 1.5
ttH 1.9 1.9

vH 5.1 49 H g 100 0% (92 w0 Observation of H—bb

H — bb combination 55 54 VH 0.98 022 (014 +0.17 from AT LAS
la &l - Zo1 (Coa s o1 )
Comb. [ 1.01 950 (%1200
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H—>bb PRL 121, 121801 (2018)

77217 (13 TeV)

VH, H—bb 5 [CMS s
E’ 1000 - % \s/i:’zjlt::znainty
e CMS uses 77.2 fb-1 data %

« Run2:0bs.4.20 (exp.4.40) 500
* Run1+Run2: obs.4.80
(exp.4.90)

60 80 100

120

P I TR
140 160
m(jj) [GeV]

<510 (7 TeV) +<19.8fb™ (8 TeV) + < 77.2fb" (13 TeV)

. . M e Observed
Combined with VBF, H—bb and ttH, H—bb M = Solamosm
‘ stat  syst
goF 2.80 +2.08 + 1.30
ObS. 56 o (exp. 55 o ) VBF _— 253+0.98 £1.17
tH | —— 0.85 +0.23 + 0.37
WH -—- 1.24 +0.29 + 0.24
Observation of H—bb - 088 4 020 015
from CMS Combined -- 1.04 £0.14£0.14

8 9
Best fit u
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tt H arXiv:1806.00425

g
ttH allows direct probe of top
. P R S P H
Higgs Yukawa coupling
g9
@) PLB 84 (2018) 173 PRL 120, 231801 (2018)
ATLAS
LA L B S B S L L ) BN B S S B B A 5.1 fb'1(7TeV)+19.7fb"(8TeV)+35.9fb"(13TeV)
ATLAS Lo Tot e mm S N sv CMS 2 T e @ sysy
{5 =13TeV, 36.1 - 79.8 b E z —
Total  Stat. Syst. ttHWW?) T ———
tiH (bb) }.;L.{ 079+ 0% (* 0% ,+053) fiH(ZZ) o
ftH (multilepton) =" 156+ 04 (£ 93 % 0%) ttH(yY) - e ———
H (yy) — e 139+ 0% (+ 0% .+ 0%) ttH(t )
ttH (22) N <1.77 at 68% CL ttH(bb) — ® —
Combined == 132+ 92 (+048,% °%) tea il
1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1L I 1 1 1 1 I 1L 1 13 Tev _--_
-1 0 1 2 3 4
SM i RIS
GllH/GﬂH Combmed....|....|....|....|.‘..|....|....|....
—1 0 1 2 3 4 b 6 7
l'LtiH

Significance: 6.30 (5.1 o exp.) Significance: 5.20 (4.2 o exp.)
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Higgs Couplings to Massive Elementary
Particles

three generations of matter

(fermions)
| 1 "
mass | =2.2 MeV/c? =1.28 GeV/c? =173.1 GeV/c? 0 %125.09 GeV/c?
charge [2/3 2/3 2/3 0 0
spin | 1/2 y 1/2 3 1/2 1 0 H
up charm top gluon Higgs
\ \ \

=4.7 MeV/c? =96 MeV/c? ~4.18 GeV/c? 0 \

-1/3 -1/3 -1/3 0

e @ |l & |l & /L

down strange botto photon
&\ | \

~0.511 MeV/c? =105.66 MeV/2 ~1.7768 GeV/c? ~91.19 GeV/c?

1 1 1

12 9 12 w? 12 y 1 =

electron J muon J tau Z boso 8
]

m o

<2.2 eV/c? <1.7 MeV/c? <15.5 MeV/c? =80.39 GeV/c? (aa)]
=
o 0 V. 0 V. 0 v +1
= 12 12 12 1 O
= l ¥ MY & S
] electron muon tau W boson | =
| neutrino neutrino neutrino w
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H—pu

 Dominant background is Z—uu

 Most sensitive categories: VBF and boosted

» Both experiments use analytical functions to model background and signal
* Reply on d-muon mass resolution to have better sensitivity

&% a> ATLAS-CONF-2018-026 CMS-PAS-HIG-17-019

ATLAS

EXPERIMENT

> 10" B .
8 ,\(A;TLAS Preliminary _e-Data CMS Preliminary 35.9 b (13TeV)
- 13 TeV, 79.8 fb Dz ' H—uu .
i All categories
£ 76 < 380 e - 10000 flizs =0.7 for m=125 GeV $/(S+B) weighted
@ n — ggF [x50] ¢ Data
— VBF [x50] 8000 S+B fit
—VH[x500 K o T N meeeas B component
ttH [x50] 6000 o

=20

4000

2000

S/(S+B) Weighted Events / 0.5 GeV

=)

B component subtracted

19 1.4E ¥y + # TT Oz % # %l %I ﬁ#I i } ”};Tﬁ Ffﬁffﬂ $1$I o I;hl ;3 Iiu}psx’ ads

= ® L o T T be e i“

3 . ? o Ly B

e 0.9 ° ¢ 110 15 120 125 T30 135 T40 145 50
F 5 m, [GeV]
08 80 90 100 110 120 130 140 150 160

Dimuon Invariant Mass [GeV]
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H—pu

« Dominant background is Z—uu

 Most sensitive categories: VBF and boosted

» Both experiments use analytical functions to model background and signal
* Rely on d-muon mass resolution to have better sensitivity

&% » ATLAS-CONF-2018-026 CMS-PAS-HIG-17-019

EXPERIMENT
79.8 fb-1 36 fb-1
3 L B I R IS R R R =
o I ATLAS Preliminary | 5.0 fb™ (7 TeV) + 19.8 o™ (8 TeV) + 35.9 b™ (13 TeV)
@ 50— VBF tight Vs =13TeV, 79.8 b 2 E CMS Prelimina e omened
= »2Indof = 31.2/48 Hosuu analysis . 2 oF v e
w - E ----- Expected background only
40 —e— Data B g 8; -‘1“
—— Background = E
—— Signal x 20 i E TE B -2
301 + 9 ] 3 E
£ ] o 6 - - — Expected (SM my = 125 GeV)
E ] (@) E
205+ + + - R °F
g TR 5 o
10— E
. SE
0: PN EETETES AT \““1““%‘*‘1‘4‘ 2
4:_ = 1
Tz 2 + + +H+ + + 120 121 122 123 124 125 126 127 128 129 130
5t _2% b s Hﬂ LRI fx. “r;#“#i m,, [GeV]
_4— =
110715 780 125 180 135 140 145 150 155 160
m,, [GeV] . . .
Upper limit on signal strength: 2.6

Upper limit on signal strength: 2.1

(2.0) for obs (exp) (1.9) for obs (exp)
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Combined measurement of Higgs couplings

&% a> ATLAS-CONF-2018-031 arXiv: 1809.10733

ATLAS
35.9f™ (13 TeV)
rrrryrrrryrrrryrrrryrrrryrrrryrrrryrrrTroroTTT CMS .Observed
I I I I I I I I = +10 (stat @ syst)
ATLAS Preliminary e Total Stat, I Syst — SM | — +20 (stat @ syst)
Vs=13TeV,36.1-79.8 fb" u g = =10 (sys)
m,=125.09 GeV, ly | <25 ggH e
Total  Stat. Syst. —
ooF [ 107+ 0% (= 09 = 00 VBF g
VBF (== 1212 02 (£ 035 = 053) Mo
WH HE===== 157= g3 (* 0% % o3 ) B
MZH :
ZH (m———| 074+ %2 (= 03 2+ 02 g
ttH + tH f—e—oi 1222 02 (& 017 . 020 M I
IIIIIIIII|IIIIIIIIIIIIII|IIII|IIII|IIII|IIII I E
-05 0 05 1 15 2 25 3 35 4 u o
CrOSS'SeCtlonnormallzedtOSMvalue IIIIIIIIIiIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 05 1 15 2 25 3 35 4
Parameter value

Four productions modes

have been observed at LHC
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Combined measurement of Higgs couplings

@) ATLAS-CONF-2018-031
ATLAS

EXPERIMENT

arXiv: 1809.10733

35.9 b (13 TeV)

T T T T I T T T T | T T T T | T T T T | T T T T | T T T T
[y Ob d
ATLAS Preliminary bed Total | | Stat. D Syst — SM CMS et 1;?;’; -
Ys=13TeV,36.1-79.8 10" i B S
= : = +1G (Syst
my, = 125.09 GeV, |yH| <25 “W | o (syst)
Total  Stat.  Syst. E
s, = 108 82 (£ 28,4 88) uz2 e
B, He=H 1204 018 (£ 0% .4 0% B
B == 1142 00 (£ 005 0 i
B.. H=— 1114 02 (06 4 02 i e —
B,, H—=——— 1074 02 (4 010 4 0z
1 1 1 1 | 1 1 1 1 | 1 | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 §

0 0.5 1 15 2 25 3 L
BR normalized to SM value . , 1 i ! 1

—2 -1 0 1 2 3
Parameter value
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Combined measurement of Higgs couplings

11/13/18

&% a> ATLAS-CONF-2018-031

ATLAS

EXPERIMENT

[ m,=12509GeV, ly,| <25

ATLAS Preliminary ~
s=13TeV, 36.1-79.8 fo™ ]

---------- SM Higgs boson _

A
#7 b 3

107 1 10 10°
Particle mass [GeV]

Ratio to SM

—_

arXiv: 1809.10733

35.9 fo' (13 TeV)

Ty
wZ

------- SM Higgs boson

Haifeng Li (Shandong University)

— (M, ¢) fit
10
[ Jx2c
N -
o 110 10

Particle mass [GeV]
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Summary

« CMS and ATLAS have performed Higgs measurements
using 36-80 fb-' LHC Run 2 data

* Observed ttH and VH production modes
* Observed H—bb decay mode
 H—uu will be the next one to be observed at the LHC

No obvious deviation from the SM has

been found at Higgs sector at the LHC
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_________ATLAS cms

Magnetic field 2 T solenoid 4 T solenoid + return yoke
+ toroid: 0.5 T (barrel), 1 T (endcap)
Tracker Silicon pixels and strips Silicon pixels and strips
+ transition radiation tracker (full silicon tracker)
o/pr = 5-10%4p; + 0.01 o/pr =1.5- 104 p; + 0.005
EM calorimeter Liquid argon + Pb absorbers PbWO, crystals
o/E = 10%/E + 0.007 o/E = 3%/E + 0.003
Hadronic Fe + scintillator / Cu+LAr (10A) Brass + scintillator (7 A + catcher)
calorimeter o/E = 50%/E + 0.03 GeV o/E = 100%/E + 0.05 GeV
Muon o/pr=2% @ 50GeV to 10% @ 1TeV o/pr=1% @ 50GeV to 10% @ 1TeV
(Inner Tracker + muon system) (Inner Tracker + muon system)
Trigger L1 + HLT (L2+EF) L1+ HLT (L2 + L3)
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