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Introduction

* The Higgs boson sits at the heart of the Standard Model.

e Potentially linked to fundamental unanswered questions & new physics that may
provide the answers:
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e Since discovery in 2012, 100+ ATLAS papers across all decay & production
modes.

Origin of EWSB?

Snowmass: arXiv:2209.07510

« Overall goal is precision measurements to search for deviations from SM
predictions.

» Discuss today recent highlights of the cross-section & coupling measurements.
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* New physics can appear in any / all of the production / decay modes.

* Need systematic ways to examine deviations from the SM.
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Interpreting Higgs data

e Measurements:

* |nclusive cross-section measurements of particular production & decay mode,
e.g. gluon-fusion with H - WW.

o Simplified template cross-sections (STXS): split data into multiple kinematic
regions and measure cross-section in each region. Regions designed to
optimise BSM sensitivity.

e Differential cross-sections: measure fiducial cross-sections differentially to
minimise model dependence.

e Interpretations:

e Signal strengths: measure the rate of each process (production x decay)
compared to the SM prediction.

e Coupling measurements: individual couplings in the SM are assumed to be
modified with k; factors. SM: k; = 1.

« As more K; are added - less (SM-like) assumptions.

* Effective field theory: use measured data to constrain =
any (high energy scale) new physics model. Lgpr = Lsm + Z AD-4 0;,
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Outline

* Discuss three recent measurements:
+ H—yy
« VH( - WW)
« VH( — c0)

 Then present combined constraints from combination
across all channels.
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e Events must contain two photons
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STXS categories R T s~

Multiclass BDT output
gg — H, 1-jet, 120 < pH <200GeV
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VH: H - WW

Recent measurement targeting WH and ZH with H — WW.

Measurement uses events with 2, 3 or 4 leptons:

Signal is differentiated from background with multi-variate
techniques (NN or BDT).

3l gives best sensitivity to WH and 4l gives best sensitivity to ZH.

Control regions used to constrain dominant backgrounds.

ATLAS-CONF-2022-067
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VH: H - WW

e 3l & 4] events split according to number of same-flavour
opposite-sign-charge lepton pairs:
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VH: H - WW

e 3l & 4] events split according to number of same-flavour
opposite-sign-charge lepton pairs:
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 Analysis shows 4.6¢ evidence for VH production and
measurements are statistics limited.

ATLAS-CONF-2022-067
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 Low BR (2.9%) and large backgrounds make signal extraction highly
challenging.

 \VH search is performed simultaneously with measurement of
VW( — cq) and VZ( — cc).

« 16 signal regions defined with p}/ > 150 GeV (75 GeV in 2 lepton)
covering events with 0, 1, 2 leptons, jet multiplicity & number of c-
tagged |ets.

« (Control regions are used for V+jets and top-quark backgrounds.
EPJC 82 (2022) 717
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My W (cq) = 0.83 £ 0.11 (stat.) + 0.21 (syst.)
My z(ce) = 1.16 £ 0.32 (stat.) + 0.36 (syst.).

HHce < 26 (311_12)

EPJC 82 (2022) 717
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Combination with VH(bb)

EPJC 82 (2022) 717
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Combined measurements

e Putting together measurements across all production &
decay modes:
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NB does not include new VH( — WW) result Nature 607, 52-59 (2022)
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Combined constraints

 Checking Higgs couplings are proportional to mass:
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Combined measurements

e STXS measurements combined across all channels:
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Combined EFT constraints

 EFT allows to parameterise any high-
scale new physics through effective

operators:

 Recent ATLAS fit of diboson, Higgs and
EWPO measurements - sensitive to
~28 (linear combinations of) operators:
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Combined EFT constraints

 EFT allows to parameterise any high-
scale new physics through effective
operators:

 Recent ATLAS fit of diboson, Higgs and
EWPO measurements - sensitive to
~28 (linear combinations of) operators:
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Conclusions

Full run-2 statistics allows measurements of many Higgs
production / decay modes.

Discovery channels start to enter precision regime (<10%
uncertainty).

Ditterential measurements and small branching ratio channels
still have significant statistical uncertainties.

B ATLAS i
3000—_ 4 Discover , Vs=7TeV,4.8f "' -

Looking forward to run-3 results!
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110 120 130 140 150 160
m,, [GeV]
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Higgs measurements



 Events categorised according to number of jets & set of
selection requirements define signal regions.

. WW, tf and Z — 7t backgrounds constrained in data
control regions.

arXiv:2207.00338
2(0)
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H->WW

* Signal yields are extracted by fitting dilepton transverse
mass or deep neural network (2+ jet VBF-like events).

% 4000:_IAITILIAISI ! I ! ! ! ! I ! ID ! ! I I\\I ! ! I ) _: .E 106 T T 17T I T 1T 1771 I L I L I L I L I LI 4
O) L » ¢ Data A\ Uncertainty ] 0 ATLAS ® Data § Uncertainty 3
© 3500} /s =13 TeV, 139 b WA, M @ (s=13Tev, 130" o, W ]
> - H>WW*—evuv W Other H /Wt ] T 0%k H— ww* - evuy VBF looF -
£ 8000F ggF SR, Nj,=0 mww W zZy ] Q VBF-enriched N ;= 2 SR Wotner [ fwe -
L?>j - Mis-id [l Other VV/(V) W B ww ew) [l ww (strong)
25001 . Bz Mis-Id 3

f ] 5 B other vv(v) 7

2000 10 _gl

1500F 10°

1000f 10

500F

%%

Data / Pred.
o
Data / Pred.

—_
IIII'IIIIII'IIII

0077

iRz

Total - Bkg.
W
o
o

AT R A R AT

(Tot. - Bkg.) / Bkg.

my [GeV] DNN output
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H->WW

* Signal yields are extracted by fitting dilepton transverse
mass or deep neural network (2+ jet VBF-like events).

%)4000__IIIIIIIIIIIIIIIIIIII;""III c 6||||||||||||||||||||||||||||||||||
0] ATLAS ® Data 2\ Uncertainty 10 ATLAS ® Data A\ Uncertainty 3
© 3500} Vs =13 TeV, 139 fb™ W Hye W Hge Vs=13TeV, 139 fb” N . ]
> C H=WW*—evuv W Other H /Wt ——— 10°E H — Ww* — evuy [ er o

- . _ Other H  tt/Wt
£ 3000f ggF SR, N,,=0 mww Mz ATLAS e Total VBF-enriched N, 2 SR e E
e - Mis-id [l Other vv -1 isti * W v @) Bl ww (Strong)
2 Vs=13TeV, 139 fb [ statistical Unc. 10 Bz Mis-Id E

H — WW* - evuv Il Systematic Unc. B other V(v
I SM Prediction 10°

Total (Stat, Syst.) SM Unc. 107

+0.14 +0.06 +0.12 .
ggF IEI 115 “gis (Zooes —oq2 )1 =006 10

+0.23 +0.14 +0.18 E
VBF I-=_| 0.93 -0.20 (Zo13s _o1s ) + =0.03

ke]
9]
a
s 1
© .

+0. +0.06 +0. !
= Combined H 1.09 “010 (oo, oos ) | =007
o e s < S S S Y S
5 0.5 1 1.5 2 2.5 3
I .
% O-BH—>WW /( H—>WW*)SM
|_

(Tot. -

150 200 250
m; [GeV]

* Measurements are systematics dominated:
* ggF: theory / experimental systematics approximately equal.
* VBF: theory systematics dominate (additional jet modelling).
arxiv:2207.00338
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H->WW

o STXS measurements in 11 bins - ggH regions split in n(jets)
& Higgs pr (py'), VBF regions split by m,; & p7’

L B L L L
A TLAS Fed Total
1 Statistical Unc.
Vs=13TeV, 139 fb™ Bl Systematic Unc.
H— WW*— evuv I SM Prediction
p-value = 53% Total (Stat. Syst.)  SM Unc.
9gH-0j, p < 200 GeV - 1.21 018 (% et +£0.07
082 0T (18,18 | Lou
ggH-1j, 60 = p' < 120 GeV 0.58 ot (o, oee) +0.15
ggH-1j, 120 < p* < 200 GeV 146 0% (oe, Toa) +£0.19
9gH-2j, p! <200 GeV 159 “000 ( “0a4 Tove) 1 =022
ggH, p'f = 200 GeV Femtmmr 211 205 ( loce: losr) | =026
EW ggH-2/, 350 = m, <700 GeV, p” <200 GeV | || 0.05 *057 (042 4039 1 Lo07
EW qgH-2j, 700 < m, < 1000 GeV, p'’ <200 GeV 0.56 “ots (0%, Tos) +0.07
EW qgH-2j, 1000 < m, < 1500 GeV, p* < 200 GeV 118 1022 (0, o) +0.07
EW gqH-2j, m, = 1500 GeV, p" < 200 GeV 114 7250 (o et +0.08
EW gqH-2j, m, = 350 GeV, p"* = 200 GeV 147 0 (e, toR) +0.05
IR | ] ] ] P BT ] ] ]
—1 0 1 2 3 4 ) 6 7 8
o-B / (0B )
H—WW* H—WW*"sm

* (Good agreement with SM, many bins still with significant

statistical uncertainties.
arXiv:2207.00338
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o
Qo o~

H — cc

 Signal regions have requirement on max AR(c, ¢):

. AR< 1.2 forp}/ > 250 GeV, 1.6 for 150 < p}/ < 250 GeV, 2.3 forp}/ <

150 GeV.

« V+HF jets control regions are defined by inverting the AR requirement and requiring

AR < 2.5.

e Additional CR with no ¢ or b-jets are used to constrain V+ light jets.

« Top control regions are defined by selecting 3 jet events (0, 1 lepton) or e events (2
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H — yy

. I\/Iulti-class BDT used to build 48 STXS regions is followed by

c T ol L S L L UL BRI R B T

.g 1= |:| Slgnal selected ATLAS S|mu|at|on — .g 1= |:| Slgnal selected ATLAS Slmulatlon -

S E o _; Signal rejected Vs =13 TeV, 139 fb", H->yy 3 3 - {1110 Signal rejected Vs =13 TeV, 139 fb", H—yy 3

C T . .___ Other processes ] C C 1 ©___: Other processes ]

= B gg—>H,1-jet,1zosp$<200Gev ) I= - qq—>HPv,75sp‘T’<150GeV |

(O] 10_1 — —] o 10_1 — —

> E 3 > = 3

m : - m ] E
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10° = = 107 . E
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O C R L __ . Other STXSregions | O - _ _ C _ _ 71 Other STXS regions =
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H — yy

o f o f
Category N B z Category N B VA
[GeV]  [%] [GeV]  [%]
g8 H > 2-jets, 350 < mj; < T00GeV, pil > 200GeV, High-purity 131 219 248 37 0381
O-jet, pl¥ < 10Gev 695 26000 343 26 43 = 2-ets, 350 <mj; <700GeV, pil > 200GeV, Med-purity 140 9.22 249 13 045
0-jet, p > 10GeV 1440 47000 341 3.0 66 > 2-jets, 350 < m;; < 700 GeV, p4 > 200 GeV, Low-purity 1.16  65.5 254 1.7 0.14
1-jet, p!ri < 60 GeV, High-purity 168 4250 320 3.8 26 > 2-jets, 700 < mj; < 1000 GeV, p.?’ > 200 GeV, High-purity 2.51  3.02 2.43 45 13
1-jet, ,,¥ < 60 GeV, Med-purity 197 11500 338 17 18 > 2-jets, 700 < mj; < 1000 GeV, p¥ > 200GeV, Med-purity 1.49 474 254 3.0 022
1-jet, 60 < p_? < 120 GeV, High-purity 186 3310 3.10 53 32 > 2-jets, m;; > 1000 GeV, p? > 200 GeV, High-purity 565 157 2.39 78 33
1-jet, 60 < pi! < 120 GeV, Med-purity 180 7780 337 23 20 > 2-jets, m;; > 1000 GeV, p¥ > 200 GeV, Med-purity 296 6.31 2.55 32 11
I-jet, 120 < pH < 200 GeV, High-purity 230 182 261 11 17 g — Hv
1-jet, 120 < ,;IT" < 200 GeV, Med-purity 40.7 717 3.00 54 1.5 v - -
> 2-jets, m;; < 350GeV, pH < 60 GeV, High-purity 235 100 308 22 072  Pr <73GeV.High-purity 191 491 317 28 08l
v -
> 2-jets, m;; < 350GeV, pH < 60 GeV, Med-purity 431 4360 339 098 065 Pr <73GeV, Med-purily 259202 328 11 057
v . .
2 2-jets, my; < 350GeV, pl < 60GeV, Low-purity 475 16800 351 028 037 70 < Pr <150GeV, High-purity 262205 302 56 16
v .
> 2ets, mj; < 350GeV, 60 < pll < 120GeV, High-purity 491 901 303 52 16 /0 =Pr <150GeV, Med-purity 208 124 323 14 058
v . .
> 2-jets, m;; < 350GeV, 60 < pH < 120 GeV, Med-purity 939 6440 330 14 12  150<pp <250GeV, High-purity 174 206 278 46 11
v )
> 2jets, m;; < 350GeV, 120 < p# <200GeV, High-purity 155 748 264 17 17  130=<pp <250GeV, Med-purity 0.16 290 317 52 009
v ) .
> 2-jets, mj; < 350GeV, 120 < p# <200GeV, Med-purity 227 343 297 62 12  Pr 2 250GeV, High-purity 136 179 241 43 091
> 2jets, 350 < mj; < 100GeV, p# < 200GeV, High-purity 431 47.5 272 83 062 Py = 250GeV, Med-purity 0.02 312 315 078 001
> 2-jets, 350 < m;; < 700 GeV, p.{.’ < 200 GeV, Med-purity 154 380 3.02 39 0.78 pp — HCC
> 2-jets, 350 < m;; < 700GeV, pH < 200GeV, Low-purity 105 1080 331 097 032 . - -
K i . pr < 75GeV, High-purity 1.14  1.82 3.25 39 0.78
> 2-jets, 700 < m;; < 1000 GeV, p{.’ < 200GeV, High-purity ~ 2.34 333 284 6.6 040
! ’ ) pY < 75GeV, Med-purity 106 215 329 049 0.07
> 2-jets, 700 < mj; < 1000GeV, pH < 200GeV, Med-purity 423 136 307 30 036
’ . , 75 < pY < 150 GeV, High-purity 107 158 308 40 0.77
> 2-jets, 700 < m;; < 1000 GeV, py < 200 GeV, Low-purity 3.34 429 326 0.77 0.16 v
” < 5 -puri ) . | 2 0
> 2-jets, m;; > 1000GeV, pH < 200GeV, High-purity L4 145 297 73 030 5P TV< 130 GeV, Med-purity 002 181306 12 002
< igh-puri . . .
> 2-jets, mj; > 1000GeV, p < 200 GeV, Med-purity 252 475 310 50 036 0 ”‘T/ <250 GeV, High-purity 071 179 278 28 050
> 2-jets, m;; > 1000GeV, pil < 200 GeV, Low-purity 249 142 337 17 o021 0= pp <250GeV, Med-purity 010 165 288 062 003
\4
200 < p# < 300 GeV, High-purity 153 380 228 29 23 Pr=250CeV 027 206 248 12 018
200 < pH < 300 GeV, Med-purity 294 236 264 11 19 pp — Hvv
H o :
300 < pL < 450 GeV, High-purity L2203 200 42095y oGy o buriy 060 170 350 035 003
< -puri 3 B . .
300 < ”L < 450GeV. Med-purity 675 177 216 28 15 pY < 75GeV, Med-purity 115 1020 357 0.1 0.04
300 < 450 GeV, Low-purit 466 431 246 98 070 :
pr <4006V, Low-purily pY < 75GeV, Low-purity 0.87 2630 3.67 003 002
450 < pl! < 650 GeV, High-purity 100 125 185 45 081 v , ,
75 < py < 150 GeV, High-purity 0.58 230 297 20 0.37
450 < pH < 650 GeV, Med-purity 0800 200 198 29 053 )
75 < p¥ < 150 GeV, Med-purity 183 178 326 93 043
450 < pl < 650 GeV, Low-purity 0830 107 219 72 025 _
75 < pY < 150 GeV, Low-purity 218 288 344 075 0.13
pH > 650 Gev 0220 108 173 17 020
150 < p¥ < 250 GeV, High-purity 092 2.00 2.75 32 0.61
99’ = Hqq' 150 < pY < 250 GeV, Med-purity 075 254 294 23 045
0-jet, High-purity 0.330 250 333 13 0.07 150 < p¥ < 250 GeV, Low-purity 026 11.7 328 22 0.08
0-jet, Med-purity 127 471 335 027 006  p¥ =250GeV, High-purity 067 155 246 30 050
0-jet, Low-purity 107 18800 348 006 008  pY >250GeV, Med-purity 005 197 305 26 0.04
1-jet, High-purity 108 278 299 28 0.6l aH
1-jet, Med-purity 3.50 26.1 3.11 12 0.67
1-jet, Low-purity 288 145 324 20 o0o4  PY <60GeV, High-purity 304 401 318 43 14
" )
> 2-jets, m;; < 60 GeV, High-purity 0350 210 271 14 024  Pr <060GeV, Med-purity 278 133 337 17 074
" . .
> 2-jets, m;; < 60 GeV, Med-purity 0670 190 279 34 0.5  00<py <120GeV, High-purity 430 409 306 5119
> 2-jets, m; < 60 GeV, Low-purity 192 243 293 078 012 60 pf <120GeV, Med-purity 299 861 331 26 097
> 2-jets, 60 < m,; < 120 GeV, High-purity 345 634 265 35 13 120.<pff <200GeV, High-purity 465 352 273 57 21
> 2-jets, 60 < m;; < 120 GeV, Med-purity 499 430 285 10 075 120 < p4 < 200 GeV, Med-purity 166 416 293 29 077
> 2-jets, 60 < mj; < 120 GeV, Low-purity 299 873 301 33 032 200 <pf <300Gev 339 226 246 60 19
> 2-jets, 120 < m;; < 350 GeV, High-purity 298 244 293 11 059  pH¥ >300Gev 273 166 212 62 18
> 2-jets, 120 < m;; < 350 GeV, Med-purity 6.73 204 294 32 047 ‘H
> 2-jets, 120 < m;; < 350 GeV, Low-purity 878 1360 299 0.64 024
> 2jets. 350 < m;; < T00GeV. p! < 200GeV, Highpurity 252 275 296 48 14  H9b: High-purity 055 216 304 20 036
> 2jets, 350 < my; < 100GeV, pH < 200GeV, Med-purity 915 347 306 21 15 1 b, Med-purity 0.14 278 345 49 009
> 2-jets, 350 < m;; < 700 GeV, p{." < 200 GeV, Low-purity 5.97 106 327 53 057 tHgb, BSM (x; = —1) 012186 32560 009
> 2ets, 700 < mj; < 1000GeV, p < 200GeV, High-purity 291 300 290 49 15 _HW 016 691 274 23 0.06
> 2-jets, 700 < m;; < 1000 GeV, p{.’ <200 GeV, Med-purity ~ 5.60 22.7 3.11 20 1.1 Low-purity top 5.18 658 332 7.3 0.63

> 2-jets, mj; > 1000GeV, pH < 200 GeV, High-purity 108 389 301 74 42

> 2-jets, m;; > 1000 GeV, p?’ < 200 GeV, Med-purity 10.7 190 323 36 23 arXIV 220 7 . 00348
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H — yy

e Systematic uncertainties on cross-section measurements:

ggF+ bbH  VBF WH ZH ttH tH
Uncertainty source Ao %] Ao %] Aoc[%] Aoc[%] Ac[%] Aoc[%]
Theory uncertainties
Higher-order QCD terms +1.4 +4.1 +4.1 +12 +2.8 +16
Underlying event and parton shower +2 +16 +2.5 +4.0 +3.6 +48
PDF and aj < +1 +2.0 +1.4 +2.3 <=1 +5.8
Matrix element < 1 +3.2 <+l +1.2 +2.5 +8.2
Heavy-flavour jet modelling in non-tfH processes < =1 < +1 < =1 < =1 < =1 +13
Experimental uncertainties
Photon energy resolution +3.0 +3.0 +3.8 +4.8 +3.0 +12
Photon efficiency +2.7 +2.7 +3.3 +3.6 +2.9 +9.3
Luminosity +1.8 +2.0 +2.4 +2.7 +2.2 +6.6
Pile-up +1.4 +2.2 +2.0 +2.3 +1.4 +7.3
Background modelling +2.0 +4.6 +3.6 +7.2 +2.5 +63
Photon energy scale < =1 < =1 < =1 +1.3 <+l +5.6
Jet/Emiss < %l +6.8 < %l 22 #35 £22
Flavour tagging < =+l < =+l < =+l < =+l +1.5 +3.4
Leptons < %1 < =+l < +1 < +1 < +1 +1.8
Higgs boson mass < =1 < +1 < =1 < =1 < =*1 < =+1

Higgs measurements
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H — yy Kappa

« Allow for different physics in production (Kg) and decay (K},):

o

oz

1.4

1.3

1.2

1.1

0.9

0.8

_I I | T T 1 | T T 1 | T T 1 | T T 1 | T T 1 | I I_
- ATLAS ¥ su ]
" {s=13 TeV, 139 b’ *+ Observed bestfit -
- H— vy T Observed 68 % CL
B —— Observed 95% CL -
_I | | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | | I_
08 0.9 1 1.1 1.2 13
Kg

Higgs measurements
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VH: H - WW

e Control regions & background strategy:

Channel Normalised in the fit Control Region Data-driven
Opposite-sign 2¢ — tt/Wt, Z+jets, WW W4y, W4jets
Same-sign 2¢ W(Z/y") = V+y, V4jets
3¢ WWWwW W(Z/y") Z+y, Z+jets, tt/Wt, WW+jets
4¢ — Z7 W(Z/y*)+iets, ttW/tZ, Z+jets, tt/Wt
g 7000_||||||||||||||||||||||||||||||||\||||||||||||_ E 6000_I T T | T TT | T TT | T TT | T TT | T TT | T TT | T T I\l T TT | T T I_
o [ ATLAS Preliminary ® Data \\ Uncertainty ] ~ - ATLAS Preliminary ® Data \\\ Uncertainty]
E) 6000:— {s=13TeV, 139 fb™" | W W B 5’&-’ 5000:_ {s=13TeV, 139 fb™" B wH Bz —:
§ 50001 gH’ H= '_/VW;I n ttiwt B Z+jets L?>j r VH,H — WV‘_/* W(ZIy*) Misid.
i - Opposite-sign 2110p CR g\ | Gper vy a000f W@ 0RtCR - 2z B www
4000F 444 Misid. - Other VWV ffviiZ ]
: I goF [l Other Higgs - 3000( Bl Other Higgs .
3000F % = N T— ]
C .Q. Q. h : :
2000 o . ] 2000F ]
C o® ~ ] - 7
C @ ] B ]
1000}~ o** R . 1000F ]
. B ° o i
O*‘ P R R T T A e
5 'II”II””II”IIIIIII”IP”I“&\E\\&‘ B P2 e S L L e
o] D AN . : | | | | | | | | | 3
S% Q§§ §§§§ E 1_1;_ ............................................................. + ............................................... + .................. { ....... =
S : RN 1 : S :
g S NI P z . ¢ o
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01 02 03 04 05 06 0.7 08 0.9t 1 0.8 b Bl o3
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H — puu

* Events with two muons (pr > 27, 15 GeV) are split into 20
categories defined by cuts & BDTs.

* (Categories are related to the Higgs production mode (ttH,
VH, VBF, gluon-fusion).

o Simultaneous fit to m p distribution in all 20 categories:

| s A e e e S SNEmEaS A — rrr.rr|p o oo [ 1 1 T [ T T T T [ T T T T [ T T T
3 —  ATLAS & Data = ATLAS Vs=13TeV, 139 b’ H — uw

600 = 3 — Total pdf —
% - ls=13TeV, 139 fo _ — Signaﬁ)pdf = e+ Total Stat. M Syst. | SM Total ~Stat. Syst.
% 500F H — uu, In(1 + S/B) weighted .. Bkg. pdf —=
|.|>J 400 = VH and ttH categories } ® ] 50 £35 ( £33, £1.1)
O - -
%’ 300 — ggF O-jet categories —&—] 04 +16 ( =15, £0.3)
o)) — -
2 200k — : :
= - - ggF 1-jet categories e 24 +12 (=12, 0.3)

100 —

~ - ggF 2-jet categories |—@—] -06 £1.2 ( 1.2, +0.3)
@)
o VBF categories e 1.8 £1.0 ( £1.0, £0.2)
% _ +0.2
S -2 Combined I—IE—I 12 =06 ( £06, _51 )
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
110 115 120 125 130 135 140 145 150 155 160
-10 -5 0 ) 10 15 20

m,, [GeV] Signal strength
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H — 171

- Taus decay before the detector - identify via leptonic (7, 7je,) and
hadronic (7,,4) decays in combinations 7,7, TiepThad: ThadThad:

* Events are split into 12 categories related to the STXS categories:

Production !

odes Cross-sections in STXS stage 1.2 framework E Event categories ATLAS
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H — 171

* Events are split into 12 categories related to the STXS categories.

« Important Z — 1 background controlled by reweighting
Z — eeluu events:
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. Results from fitting mMMC

- Insignal & control regions:

% 180 : IA%LAlsl b I | b I I | I ; L | L | | | | | | | : T | | | | | | | | | | | | | | | | | | | | | | | |
Q) - Data s .
9 160 :— \/; _ 13TeV, 139fb—1 — :r](_';er’[?é)ntgy:3 SM) ] ATLAS H — TT \/g = 13 TeV, 139 fb 1
— - — 77 (0.93 X ]
2 140 :_A" VBF_15Rs m Zor . —Total — Stat. Theo. IyHI <25
—_ B Other backgrounds __
g 120F + + "~ Misidentiied ] Tot. (Stat., Syst.)
[ _ +0.97 0.76 +0.60
1005 - tt(OL)H(x, ) - L — 1.02 "5 (fo.ss “0.45 )
80 — —
- - +0.37 +0.21 +0.30
60 - = V(had)H i@t 0.82 Ty (Zo20 027 )
40 | — 0.26 0.10 +0.24
20E . Boost gt 0.99 "o (%510 o9 )
i : 0.17 0.09 0.14
0 LI L L L VBF K@ 0'82 i-0.14 (f0.09 i-0.11 )
2 50F ) —
@ = ¢t e ] 0.93 *013 (1007 w012
s O % : Comb. HOH 99 _0.12 -0.07 -0.10
-.(_U‘ 50 :_ _: | | | | | | | | | | | | | | | | | | | | | | | | |
Q- I I N I A I A I A O 1 2 3 4 5
mMMC [GeV] (OX B) / (O’X B)

JHEP 08 (2022) 175

Higgs measurements 32


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-09/

Results from fitting m
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MMC

- Insignal & control regions:
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H — ZZ/yy differential cross-sections
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* |n operator space, there are “flat directions”
where the measurements have little sensitivity.

Combined EFT constraints

EFT fit is therefore done using linear

Lgpr = Ly + Z

D

AD -4

’
. . . . .
combinations of operators in the directions of
. - .
experimental sensitivity:
.
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