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INTRODUCTION ATLAS

EXPERIMENT

A 125 GeV Higgs is a gift !
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o H — 4fand H — ~~ high resolution channels & R
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= Precision measurements of Higgs mass and e k| :
Differential distributions o1
10°)

e Many other modes accessible: H — WW, H —
7T, ttH, VH(— bb), H — pup
= Very complementary analyses
= Combination very beneficial, and gives a
broad set of results
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HIGGS MASS

Combination of H — 4¢ and H — ~~ channels: HIGG-2016-33
e See Talk by William Leight !
e 2 per-mille precision

T T T T T T
ATLAS ~-Total [ |Stat. only
Run1:Vs=7-8TeV,25fb”, Run 2: s = 13 TeV, 36.1 fb™' Total  (Stat. only)

Run 1 H—4/ —OTl! 124.51+0.52 (£ 0.52) GeV

Run1H-yy [ ——e——— 126.02+0.51 (+0.43) GeV

Run 2 H—4! [ ——1 124.79 +0.37 ( +0.36) GeV

Run 2 H—yy ._.]_. 124.93 +0.40 (+0.21) GeV

TRtz Hoa —

Run 142 H-yy

125.38 £ 0.41 (£ 0.37) GeV

124.86 +0.27 (+0.18) GeV

ATLAS + CMS Run 1 125.09 +0.24 ( +0.21) GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-33/

DIFFERENTIAL DISTRIBUTIONS

= o
& ATLAS ¢ Combined E|
g 18 HoZZH-owy B e E
: 1 6:— 13TeV, 36.1 fb' e NNLOPS (K = 1.1) + XH =
0 O W MGS (K = 1.47) + XH El
'E 1.4 -t e RadISH + XH =
A 5 N VB Azt
Differential Cross-sections: HIGG-2017-11 Bl ol 3
e Total and differential measurements in H — 4¢ and 8 *
H — ~~ channels ok : E
e Corrected to common fiducial volume 0.2 ‘ E
e Typical acceptance factors 50% . 1F _I3 I e
s 14F 1 5 B
o Comparisons of pif, [y"|, Njets and plj. with state-of- s 2| . o | i _]|' by 1
the-art calculations 2 g-g:']l; | B o B 5 ]
0.4 . B
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Total cross-section: 57.075 % (stat.) ™% (syst.) pb = 70 i i i i
. . . . . . . ) o E v HoZZ s
Differential distributions dominated by stat uncer- o F :TLAS ¢ Combined
e 6of- Mo ZZ H vy - e 1k
tainties (20 - 30%) E18Tev.s61f et NNLOPS (K = 11)  XH
i i 50— MGS (K = 1.47) + XH
Channels in agreement with each other E TN Tttt
. _ 40
Good agreement with the predictions
3
pvalues %] 7 1y New 7o 20F
NNLOPS (K = 1.1) 29 92 43 6 105
HREs 16 £
RADISH + NNLOJET 30 - =
SCETLIB - ol - 23 s 1af ]
, Ca _ 5 _ 12 wlle b
MADGRAPH5_AMC@NLO (K =147) 77 91 65 % 2 fl . + . *l B + ]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-11/

H1GGS COUPLINGS: COMBINATION OATLAS

EXPERIMENT

Combination of all main Higgs < ST g
= E 3
. _ 1< N ~ 70 ATLAS Preliminary — Total =
analyses: ATLAS-CONF-2018-031 ¥ TE Geiarevss reent St
o H— vy, H— 4b,H— WW — evpuv, 65 m-109Cevlyi<2s .. Stat, A
H — 77, VH(— bb), ttH, H — pp 5 E
e Run 2 data: 79.8fb~" for H — ~v, H — 4, af .
H — pp, 361fb~" for the others aE A
e Complementarity of analyses: probe all pro- P E
duction modes and decay channels accessible L f
at the LHC ot SN
e Correlation of uncertainties: choice not always 005 1 105 11 115 12 125 13
straightforward. Detailed studies performed. "
Uncertainty source A rq)
Statistical uncertainties 45
Systematic uncertainties (excl. MC stat.) 6.1
. Theory uncertainties 438
Global Signal Strength Signal 43
. L Background 23
e Most basic measurement: . = (o X B)/(o X B)sm Experimental uncertaintes o
o 1 1.13 + 0.05(stat) £ 0.05(exp.)*% %, (sig. th,) + Luminosity 2
0 03(bkg th ) ) Fake leptons 12
: v Jets, EMSS 13
e Compatible with SM at 13% level Flavour tagging 09
e Uncertainties: dominated by signal and background E;ikf:::“sh‘;“‘;:?‘"g ;Z
modelling/prediction Muons 03
= Relevance of cross-section measurements Tlepton 04
Other 1.5
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H1GGS COUPLINGS: PRODUCTIONS CROSS-SECTIO

Production cross-sections

[ L L B B LA I LI I
e Measured for |y"| < 2.5, assuming SM BR Botatenset a1 [ s E s e
e Single-experiment observation of VBF MR Gy <28 ol s Syt
e ZH/WH only process not observed yet 9oF 1074 9% (+ 0% 5 00
e Driven by VH(— bb) ver 120 G (2 002 0
e All values compatible with SM (global compat WH R 1572 0% (£33 3%)
51%) 2 07ax 3 (x G2 x 83
e Measured uncertainty on ggF not far from un- tH+H 122 0% (+ 0 .+ 0%)
certainty of SM prediction B T B e T
o Related measurement of o; x By: show relative Cross-section normalized to SM value
importance of each channel
Process Value Uncertainty [pb] SM pred. Significance
(Iyul <2.5) | [pb] | Total Stat. Exp.  Sig. th. Bkg. th. [pb] obs. (exp.)
egF 478 | =40 (31 2] x09 £13) | 447+22 -
VBF 425 | 077 }10.63 o jg;;:; 3.515£0.075 | 6.5(5.3)
wH 189 | 9% %:g::; EER :3:5;; 1204 50,024 }4,1 o
ZH 059 | %03 (03 014 S x0.11) | 0.794700%3
(TH+H 071 | £0.15 (000 2007 98 04} | 05860 | 58(53)
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[,

PRODUCTIONS CROSS-SECTIONS CONT'D ATLAS

EXPERIMENT

= T T T T
& [ ATLAS Preliminary “H.zz 3
& [ (s=13TeV,36.1-79.8 " =H - vy ]
> H - Www
5] [ m,=12509GeV,ly|<25 =H - ]
15 ~Combined 3
Correlations 10~ i
e Low correlations between measured cross- 5: 1
sections r 1
e ggfF vs VBF: -14% o 3
L —68% CL ---95% CL + Best Fit sV 4
e Highlight complementarity of analysis chan- P T O SO PR FUUI FENTU I TI
s 0 30 40 50 60 70 80 90 100
ne
Oyqr [PD]
Ratios of cross-sections and BR T T T T T
. ATLAS Preliminary Fed Total [ Stat. == Syst. = SM
Measure x-sec and BR using gg — ZZ — 4£ as s=13TeV,36.1- 798"
m,=125.09 GeV, |y | < 2.5
refe rence " " Total  Stat.  Syst.
. %G 113+ 55 (632 05)
(0 X B)y =02+ o \. (B , e 1074 28 (£ 02 2 28)
&8 OgeF B Ound O e 168 0% (£ 9% 507
0,0, 076 o3 (£ 0% % o3 )
e Model independent measurement Ol O 1208 8% (+ 03 .2 00)
. . . BBz 089+ 515 (% 631 .+ gon )
e Some uncertainties cancel in the ratios BB 094 {19 (x 03 % 0
Bu/B, 087+ 03 (% 01 .+ 010)
Bu/By; 081 030 (0% % ¢%3)
o b b b b b b b b Liaas

-05 0 05 1 15 2 25 3 35 4 45
Parameter normalized to SM value
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H1GGS COUPLINGS: £ FRAMEWORK

+ Framework
Simple parameterization of cross-sections and
partial widths
2FSM
o; - Bf = koM Kfrf
il ° B = @ ”;ZJEM

e Same approach as for Run 1
e Validity limited to leading orders, but quite ver-
satile
e Relations between ks introduced to probe
various aspects of Higgs couplings
o xy fixed by the others if no non-SM decays

= T T T T T T
¥ 25 ATLAS Preliminary + Best fit

[ {s=13TeV,36.1-79.81b7 —68% CL E
2;’"~:125 09GeV, Iy <25 ---95% CL 7
r * SM 1
150 B
i+ B
E —combines —h-yy 1
0.5 —H-z Howw |
Fovmw —nor ]
Covud L L L L L L L L L]
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KV
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Simplest results
Fermion and Gauge Couplings

e Fit ky and xr, mapped to the productions and
decays

e egH — ~v depends on k, k2, Ky ke
e Compatibility with SM: 30.6%
Effective Photon and Gluon Couplings
o Fit kg and K,
e Probes non-SM contributions to the loops
e Compatibility with SM: 70.5%
e If allow additional Bggm: limit Besm < 0.13

T T T T T T T
ATLAS Preliminary o Best fit
Vs =13TeV, 36.1-79.8 1™ —68% CL
m,, =125.09 GeV, Iy, | <25 ----95% CL
* SM

| ST IR IS W N,

w
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+ FRAMEWORK: SM PARAMETERIZATION ATLAS

ATLAS Preliminary
137TeV,36.1-79.8 1! 2
5.09 GeV, y, | < 2.5 -
M Higgs boson

m
ke O Vv

SM Parameterization

e Assumes: SM structure of the loops, no BSM de-
cays
e Consistency test of SM

e All x close to 1 within uncertainties 54

o Compatibility with SM: 79% P + } "E
08f E
07f 1

Parameter Result Particle mass [GeV]

w  LoTgh
Kw 1.04£0.10
K LOOﬁ%fé '/iTLAS Preliminar): 16 interval mem
Kq 1.03*0- s =13 TeV, 36.1-79.8 fb" B _
K: . ,04;§:ié m,, =125.00 GeV, | <25 2ginterval
3 p > :
K < 1.63 at 95% CL. 2L = -
_— Ku B 4
K¢ [ — N "
With BSM couplings o | — | —
K - H
e Add kg and k. L L :
. Ky - -
e Allow or not Bggn to probe for invisible decays L t i
Lo Ky - k01 -+
e Limitat Bgsm < 0.26 Bosu | Byow =0 [ Bagy20 :
-‘1 -0‘5 a 0‘5 ‘1 1‘5 -1 -0‘.5 é 05 ‘1 1‘5
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RATIOS OF COUPLINGS MODIFIERS

Coupling modifiers
e Ratios of ks
o References are kg / Kz

Most model-independent result

Measurements at the 8 - 16% level

ttH observation reduces significantly
the uncertainty on Ay

SM compatibility 86%

N. Morange (LAL Orsay)

On

EXPERIMENT

0.4

ATLAS Preliminary 10 interval —_—
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——
————
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| L L L
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H1GGS COUPLINGS: BSM SCENARIOS: 2HDM PATLAS

S [ amasrroiminay Coomsic |
s L f5-=13Tev,36.1-79816" .. E::‘;gv?:n 1
2HDM Type-1 ——sM

10: |
Two higgs Doublet Model [ 1
Interpretation of results with parameterizations targetting 1~ i
specific models E ]
e 2HDM: Generic idea realised in broad classes of models [ ]
o Classification assuming no FCNC at tree level [ 1

1 | L
e Type I: vector bosons vs fermions 05 -0.5 0.5 1

e Type IlI: up-type quarks vs down-type quarks and cos(B-a)
charged leptons (e.g MSSM)
o Lepton-specific, Flipped: mixed cases

4 : : . S [amas oy Eogkld ]
e All couplings parametrized as function of mixing angles = L f-taTev,asi-7e8" 2 b hoon —
a and B between the Higgs bosons Joloreer i |
Data consistent with alignment limit r 1
Narrow 'petal”: cos(8 + «) ~ 0, fermion couplings with = 3
same magnitude but opposite sign to SM F 1
e b
L
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H1GGS COUPLINGS: BSM SCENARIOS: HMSSM

hMSSM

e Simplified MSSM model: corrections to mass
matrix of Higgs bosons from top and stop only

Lightest Higgs h identified with the observed
one: SM-like couplings

Couplings kv, Ky, kg depend on tan 3 and mu
Limited validity for tan 8 < 1

Data consistent with decoupling limit (large m,)
Stronger observed limit: linked to > 1in
H — ~~ and H — 4¢, while physical boundary
ry <1
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CONCLUSIONS

ATLAS Preliminary cs):(e:;ii;\ls ';
(s=13TeV,36.1-79.8 " syst.. uncenamZ/ —
Differential Distributions my=12509GeV. Iy | <25 Su prediction
e H — 4¢and H — ~~ allow already precise Z ?g
measurements ggF ww b=
e Total cross-section o b
+6.0 +4.0 comb. =
57.07% 5 (stat.) 7% 5 (syst.) pb vy —
. . ——
e Good agreement with with state-of-the art cal- “ \
. VBF ww F———
culations I
comb. ==
vy ——
VH zz = ———
Combination of 7 major complementary analy- bb o
ses comb. =
. 0.09 vy ="}
Global signal strength p = 11314 %, - tHW e
. +tH 17 He——
Broa_d set of .results on production cross- b e
sections, coupling modifiers, BSM scenarios comb. [

All results consistent with SM -1-05 0 05 1 15 2 25 3 35 4
o x B normalized to SM value
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