ATLAS

EXPERIMENT

\ Stronger together:

Combined measurements of Higgs boson
production and decays with the ATLAS detector

Hannah Arnold (Nikhef)
on behalf of the ATLAS collaboration

Higgs 2021
October 21, 2021



Introduction

Nik]hef

* Since the Higgs boson discovery in 2012, many properties studied — in particular its production and decay

* Most combinations of the dominant production times decay modes have been probed; also thanks to the wealth and
high-quality of the pp data of LHC Run-2

e Combinations of the individual measurements allow to provide the most precise measurements and most stringent
constraints on potential beyond-the-Standard Model (BSM) modifications with minimal assumptions
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Outline Nik[hef

e Combined measurements of Higgs-boson production and decay (ATLAS-CONF-2021-053)
New for

Higgs 2021

Global signal-strength / production cross section (* branching ratios) See also Q. Buat’s talk
(Mo, 12:05; ATLAS: Wildcard)

Simplified Template Cross-Section (STXS) measurement

* Intermezzo: VH, H - bb combination (ATLAS-CONF-2021-051)

Model-independent interpretation: couplings constraints in the k framework

* EFT interpretation discussed in C. Burgard’s talk (Tue, 15:00; Parallel: EFT) and M. Battaglia’s talk (Thu,
10:00, Plenary: EFT)

Model-dependent interpretation in the Two Higgs Doublet Model (2HDM)

* Combination of searches for invisible Higgs-boson decays (ATLAS-CONF-2020-052) gu 4150 S. Snyder’s talk
(Wed 14.30 pm, Plenary: BSM)

e Combined (differential) cross-section measurement of H - yy and H » ZZ" - 41 (ATLAS-CONF-2019-032)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-052/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-032/

Combined Higgs boson measurements — last year Nik[hef
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| fHtH bb v 078 okl som, Iom)
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¢ x B normalized to SM
Hannah Arnold Higgs2021: Combined ATLAS Higgs measurements 21/10/21 4



http://cdsweb.cern.ch/record/2725733/files/ATLAS-CONF-2020-027.pdf

Total uncertainties greatly reduced (-50-80%)

Combined Higgs boson measurements — this year Nik[hef

U R ATLAS-CONF-2021-053 ﬁe‘“
ATLAS Preliminar i Tota Input analyses
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Bz . B 131 b (% fow)| WH,ZH: i 139 i [14,15] i Everywhere ‘:
1 VBF WW - 109 100 (5. e H — bb i VBF: | 126 [16] | Everywhere
1| VBF - e 52 0l R . ;139 [17] | Everywhere
e Y. . NI .. | o lmo )l H o up eeF, VBF,VH, itH i 139 : [19]  Everywhere but STXS and SMEFT
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VHZZ ——— st h o (ewwweay o TR T Raal .
Vi = b RE %
WH bb = w0 2 (en. e[l o All analyses use full Run-2 dataset (except ttH( — mult. Leptons))
. sl 10 oz (‘om . ‘ou) * Systematic uncertainties start to dominate (!)
ttHtH 7y = 093 ‘0% (0% . ‘o)
ttH+tH WW }-E-l 164 10E (Zoh o foa)|) . . .
i | \ e o (e ey |0 ¢ H— Zyand VH/tH(— 1) included for the first time
ttH+H o = 139 0% (oe  fom)
{tH+tH bb = 035 ‘3% (32, 221 * Improved analysis techniques and more granular kinematic categorisation
L Y | L L M T L | L P | L L L | P M L 3
-3 = o 5 4 6 3 targeting stage 1.2 STXS measurement

I TITRLIL  e.g.>2-jet category in ggF, H—~ WW"; more bins at high p_(V/H) in VH/ttH( - bb)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
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Global signal strength

ATLAS-CONF-2021-053 NiKlhef

65 e e e e ) )
- ATLAS Preliminary m— Total ]
_ ﬁ 13 TeV 36.1- 139 fbf-l Remove Background Theory |
C - T — Remove Signal Theory 7
Coom ‘ = 125.09 GeV, lyH[ €25 St .

—— ————

O : ‘ | I | ‘ L1 | | Eg ’. Y | | L1 1 1 | E_E G F ‘ L1 1 :
09 995 1 1.85 13 115 1.2

I

20

e

o By
Hif =M x M Signal strength
‘ b for production mode i and final state f

Assume same signal strength for all ixf

1 =1.06+0.06 = 1.06 +0.03 (stat.) = 0.03 (exp.) + 0.04 (sig. th.) = 0.02 (bkg. th.)

* Central value ~unchanged

* Total unc. reduced by ~10% — mainly because of increase in analysed
data (in H- WW"and H- 1)

e Signal theory — largest source of uncertainties

* Good agreement with SM expectation
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

Production cross-sections

ATLAS-CONE-2021-053 N1Klhef

/\
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ATLAS Preliminary  p—e—iTowl [ s mmsys. [jsu | --fOF the main production modes
Vs=13TeV, 36.1-139 fb" . . . .
m,= 125,09 GeV, |y | < 2.5 * Assumption: SM branching ratios (- fixed)
- 63% : . .
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|
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Cross-section normalised to SM value

* Increased difference between WH and ZH cross-sections
mainly due to H—~ WW™ and (new) H — 11 only sensitive to VH
(due to limited data stat.)

* Good agreement with SM expectation
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

STXS measurement

ATLAS-CONE-2021-053 NiKlhef

Simplified Template Cross-Sections — Higgs cross-section measurements per production mode ﬁe«

in exclusive kinematic regions

i < 200GeV

‘ qq' — Hiv | ‘ pp — H ‘

3¢ = newly introduced splits

Les Houches 2015 Report
Yellow Report 4 Some “dashed” bins split, some bins merged relative to Stage 1.2 scheme
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https://arxiv.org/pdf/1605.04692.pdf
https://arxiv.org/pdf/1610.07922.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

STXS results

ATLAS-CONE-2021-053 Niklhef
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* Most granular, simultaneous measurement to date (41 POI-
fit!) — thanks to inclusion of new data and improved analyses

* For all bins stat. unc. dominating;
only in few bins syst. unc. start to matter (e.g. ggF 0 jet)

m..
! * tH production:

e Obs. (exp.) significance: 1.0 (0.4)o

e Obs. (exp.) limit @95% CL: 9.3 (6.7) x SM prediction

* Very good agreement with SM prediction

p(V)

p,(H)

New splits

w/o H— pp, H-inv., H- Zy,
ttH( —» multi. leptons)
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4500w '%;. o
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-8 -6 4 6 8 10

Parameter normalised to SM value

New splits w/o H = pp, H— inv., H Zy,

ttH( —» multi. leptons)
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Intermezzo: VH, H — bb combination

ATLAS-CONEF-

2021051 Niklhef

Vv - 1 Ly} = =
pf] 2113)1518 2 = ATLAS Preliminary VH, H— b5, V — lep. (resolved + boosted) —|
o = . == Observed —Expected | Theo.unc. |
Resolved 75 E >CD9 10° 1s=13 TeV, 139 b --Boosted (PLB 816 136204) 5
esolive i i = 1 e Resolved (EPJC 81178)
150 X 5 : - Combined ]
Eur. Phys. J. C 81 (2021) 178 [ s 10 - E
250 i i > E : 3
v Vv H 100 e = DS 9 105 1| copepsporme ! S S—
>’\/W/‘ """ Ojet  1jet > 2det =5 - { * : .
Iy » | ° = : =
Drop p,(V) > 400 GeV events > - v=w V=1 ]
s i ' 7
2 1 =
O(30%) measurement of Stage o — 4 i : H m i —
1.2 STXS bins (..,>250 GeV) & s o : ! ]
4 £ L ]
é N "0 Vp”l/.1250 <p W,lpr% = 40075 sz,,v "0 < 2.1250 <p2.1%{[> 400 G
QQQ " T2, 00, r/Gel/ T oG, " 2s0 Gy 190 GV
™ L B R R R R R R RS
7 s Ly — -1
Boosted g Q ATLAS Preliminary VH, H — bB {s=13 TeV, 139 fb .
04\6 ® Obs. =Tot. unc. = Stat. unc. Theo. unc. 7—b1n STXS
Phys. Lett. B 816 (2021) 136204 Q‘ Tot. (( Stat, SYSL-; measurement
WH, 150 < p'* < 250 Gev/ e 4 070 52 ik 102
/v Vv WH, 250 < p™* < 400 Gev 1-p-1 140 34 (s 020
]y W W1 400 Gov Mo 154 5% (57 5%)| | = Statistically
M5l ctsocey|  H—g=H 088 971 (9% 0% limited
7H,150 <} < 250 Gev I 106 3% (57 %%)
. . ZH, 250 < p™ < 400 GeV 1=4=1 0.97 "% ( i0geL, 4T
Probes high-p (V) regime: 2 STXS . : wez (wm wsy | %
. 8h-p,(V) reg 4-bin o -wocev| Wt 029 G (G 3R0)
bins [250, 400] GeV, [400,) GeV STXS R R B R R S B
o % B normalised to SM
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Nik|hef

Interpretation in the k framework

Assumption: BSM physics modifies only the strength of the Higgs-boson coupling

= assign (effective) coupling-strength modifiers k to leading-order diagrams of Higgs-boson production

and decay

Modifier of the Higgs-boson total width

K%I (K’ Bla Bu) =

SM 2
2Bk

(1 - Bi. - Bu.)

B, : branching ratio of invisible/
undetected BSM decays

Different scenarios are considered with varying levels of assumptions

Hannah Arnold Higgs2021: Combined ATLAS Higgs measurements 21/10/21
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Kt=Kb=KT=Ku‘

e

Interpretation: couplings to SM particles

ATLAS-CONF-2021-053 NiKlhef

General assumptions

NeW

. - _p - =k I anasereimnay i
Only decays to SM particles (B, = B, = 0) % = =13 TeV, 36.1 - 130 - -
* Only SM particles contribute to loops; loops are resolved Ef; E o my=12509GeV. |y | < 2'-'1&‘ .
. _ | mmeeemeeas SM Higgs boson ]
* Ky scales as Ko Kuare = 1 = 5 E %
* All k’s are positive - p ]
i l”% =
[T ‘ T T T T | T T T T T T ‘ T T T ] 3 ; ;
- ATLAS Preliminary + Observed best fit 107 E E
1 1 5? 4 =mam serve % 7 = 'L,’ g &
E Vs=13TeV, 36.1-139fb — 8tb)serveg gg;} g:: ] et t ,(m,,) used for quarks ]
1.1 my=12509 GeV, [yH| <25 ¥ Standard Model 107 = —
:..p = ks = - | : : o
105" s £ o1af .
E - Updated ttH(—-bb) and ggF, H— 1t = : ]
c A © 12F -
1E == lower k, o : :
0.95- = R '{{ """""""""""" . 3
095 - 43% linear correlation | TP T
I ] 10° 1 10 10
0.85§ *; I Particle mass [GeV]
0.8- - :
Co1 I I R [ Updated ttH(—> bb) YlEIdS IOWQI‘ Kb
0.95 1 1.05 1.1 1.15 . .
- Results are compatible = lower K, (due to smaller contribution to I', )
= = Vv o .
kv = kw = kz] with SM expectation o
Obs. (exp.) significance on K:2.1 1.7)o
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Interpretation: probing BSM contributions

e

ATLAS-CONE-2021-053 NiKlhef

General assumptions

* Effective coupling strength to photons, gluons and Zy (new!)
* All other loop-induced processes are resolved

* All k’s are positive

o K scalesask, ;k =1

u/d/e

ﬂloops

kg = 1.00 = 0.05
Ky = 1.06 +0.05

_ +0.31
Kny — 1 .4‘3_038 .

« Only decays to SM particles (B, = B, = 0)
Obs (exp.) sign.: 2.2 (1.1) o

In loops and decays

kg = 0.98 + 0.06

Ky = 1.06  0.05
2y = 143331
Bi. < 0.14 at 95% CL

B,. <0.15 at 95% CL.

4

* VBF, H- inv. included to constrain
invisible BSM decays B,

Undetected BSM decays constrained
from processes not involving loops

All other k’s are fixed to 1 \

= 36%
gM consistency: Pou™ 20"

= 60%
SM consistency: P y
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e

ATLAS-CONE-2021-053 NiKlhef

Interpretation: probing BSM contributions

General assumptions Fitted | ATLAS Preliminary e 68% CL
. . {s=13TeV, 36.1-139 b
L] ' i
Effective coupling strength to photons, gluons and Zy (new!) l my =125.09 GeV, |y | < 2.5 95% CL
* All other loop-induced processes are resolved K, B -
* Allk’sarepositive ——————Jified Kwo | - S
. K, sca]es as K, K, .= 1 K, < 0 excluded at 4.3 ¢ >® B i ]
(from tH and gg - ZH) | — | i i
K. - -
All other k’s are fixed to 1 Ko | b —— |
In loops By | - i o 7
kg =1.00£0.05 Only decays to SM particles (B, = B, = 0) | - | * |
Ky = 1.06 + 0.05 K2y | ) ;
_ 43031 Obs (exp.) sign.: 2.2 (1.1) ¢ 36% B, B =B, =0 fa < 0.09 at 95% CL
K&y = 3_0'38' tency- pSM - - (Psy = 33% B
sM consis B, | | | %ﬂ < 0.16 at 95% CL
0 1 20 1 2
In loops and decays In loops | 4d
- . In n
kg =0.98 £0.06 * VBF, H- inv. included to constrain (B. =B =0) oops a ecays
=1.06 + 0.05 invisi ‘
i oAl invisible BSM decays B, e VBF, H- inv. included to
kzy = 143753 Undetected BSM decays constrained S Com. constrain B,
Bi. <0.14 at 95% CL from processes not involving loops OHSJStenCy_ « Kk <1 to constrain B,

B, <0.15at95% CL. ¥ .~ 60% ‘D < wz) =
\\' S M consistency: Psu / SM=33% < B, >0
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Model-dependent interpretation: 2ZHDM Nik[hef
Benchmark model for UV-complete BSM theory
 Extended Higgs sector (2" SU(2) doublet) -~ 5 Higgs boson
* Light CP-even Higgs boson h identified with observed Higgs boson
* SM production and decay modes
e Deviations from SM prediction expressed in terms of a and tanf
* a: mixing angle between two CP-even Higgs bosons (h, H)
* tanf: ratio of the vevs of the two SU(2) doublets
Four 2HDM types w/o tree-level FCNCs Conpling Model
- different couplings to up/down-type quarks and RIS Type .I Type ;I = _eCIﬁC thpéd
leptons & cosa/sinf  cosa/sinf cosa/sinf cosa/sinf
f,‘f cosa/sinf -sina/cospf cosa/sinf -sina/ cos 8
fﬁl cosa/sinf -sina/cospf -sina/ cos B cosa/sinf
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2HDM interpretation: results

ATLAS-CONF-2021-053 Niklhef

ATLAS Preliminary o ATLAS Preliminary — e\ﬂ
V5 =13TeV, 36.1-139 fb~! ---- Expected 95%CL V5 =13TeV, 36.1-139fb~! ---- Expected 95%CL ‘S
my = 125.09 GeV, |yu| <2.5 — “Obsenved 95%CL. my =125.09 GeV, |yn| < 2.5 — Dbseived 95%CL.
. 2HDM Type-| . 2HDM Type-II
2w 2 AN Hgy = h-sin(B — @) + H - cos(B — a).
» cos(B —a) = 0 alignment limit
— h indistinguishable from H
100 10° SM
The data is consistent with the alignment limit
, : within 1 std. or better
10:11_00 ~0.75 —-0.50 -0.25 0_(’)0 0.25 0.50 0.75 1.00 :1.00 -0.75 =0.50 -0.25 0.00 0.25 0.50 0.75 1.00
cos(B — a) cos(B —a) « 5 . . .
ATLAS Preliminary o ATLAS Prefiminary . petal” allowed regions: some fermion couplings
VS= ,36.1-139 b1 —-—- Expected 95% VS =13TeV, 36.1 - 139 fo~1 — Observed 85%C 7 ]
i S i o 2500 G, . ot 3 have the same magnitude as in the SM, but the
- 2HDM Lepton-Specific S 2HDM-Flipped X OppOSlte sign
§ Y s V%
100 100 F
No surprises:
the observed Higgs boson is SM-like
102} S0 "o075 —050 —025 ofolo 0 o0 o5 1oo 7100 —075 —050 025 000 025 050 075 100
cos(B = Q) cos(B = a)
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Nik]hef

H - invisible

) * “Invisible” = missing transverse momentum (MET)

\ MET * Inthe SM, H - invisible is from H- ZZ" - 4v—BR =0.1%

* In Higgs portal models, H - invisible contributions arise from H —» XX;
X: dark matter (DM) particle, e.g. WIMPs

Hannah Arnold
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H - inv.: Partial Run 2 (+Run 1) combination ,; ,q.coxramoos Niklhef

B = l — | | =
< O%F e { — Observed | Run-1 combination ‘inputs’: VBE, Z(~ IDH, V(- had.)H

S 0.8F E _ ?3T$XV2?339be-1 mmt 2 Run 2 ‘inputs’: VBF, H- inv.; ttH (0/2 lepton) [reinterpretation of
g 07¢ ' C1+2 = SUSY/DM searches]
= 0.6F =

()] = -

2 0.5E —

> -
CI> 0.4 1 =
< 0.3 - = Observed (expected) upper limit @95% CL on B(H - inv.):
& o 3+ Run 2 combination: 0.13 (0.12+0.05-0.04)

o1 —_— q - Run 1+2 combination: 0.11 (0.11+0.04-0.03)
| | | | .
O H VBF  Combined Combined Combined ~ — Dominated by VBF channel

Run 2 Run?2 Run?2 Run 1 Run 1+2

Three new ‘inputs’ ready: VBF+y [EXOT-2021-17], ZH [ATLAS-CONF-2021-029], mono-jet [Phys. Rev. D 103 (2021) 112006]
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Combination of cross-section measurements am as.conroo.oz Nik[hef

 Input analyses: H—yy and H— ZZ" - 4l using full Run-2 dataset
e Assumes SM predictions for branching fractions and acceptances

Higgs boson differential cross-section as function of p_(H)

> oF ATLAS 'Preliminary | 4 combmeddam

S 18E Vs-13Tev, 139 b e E

2 1.6F M =

o b 0 H-oZz*-s4l 7

T4 % ------ NNLOPS K =1.1,+ XH ]

Q'- C 7

£ ) - . 0, -

2 1= | & —
0.6% )H.{i =
0.4 fopeeans -
0.2F ++¢“¢? - =

O:....|....|....|....|....l....l.A...i-ﬂ-.Oﬂ?r‘-tJ}...EJm#G:

1.4:llllllIIIIIIIIIIIIIIIIIIIIIlllllllIIlIIIlIIIIIII

> o

) 1.2:— * *

2 1'~+ ------------ - |

< E I

5 08 } * .

COU o_6lfl|I|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|I|I'|:

0 10 20 30 45 60 80 120 200 350 1000

Py, 1GeV]

Finer binning in H - yy, but same bin boundaries

~20% precision per bin
(except highest bin)

Stat. unc. dominating

— respective bins are combined with a single H - ZZ" - 4l bin

Oppspy [PP]

Higgs boson production cross-section

T=n— T T[T [T [om T = T T[T
100 ATLAS Preliminary — O,y My=125.09 GeV
T AHoyy 8 H—oZZ a4l QCD scale uncertainty
i # Combined data Il Total uncertainty (scale @ PDF+a,)
80 | Systematic uncertainty -
: Doy 96% -
60f
40}
20} (s=7TeV, 45fb"
i s=8TeV, 20.31b"
i Vs =13 TeV, 139 fb”
0 1 1 1 1 1 1 1
74 8 9 10 11 12 13
@13 TeV Vs [TeV]

e Combination: 55.4+4.3-4.2 pb

* ~8% precision

 Stat. and syst. unc. of the same order
* Prediction: 55.6+2.5 pb

Results are in good agreement
with each other and the SM prediction
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Summary & conclusion Nik[hef

e Combinations of individual Higgs-boson production and decay measurements provide unprecedented precision
and reduced assumptions in interpretations

* Almost all input analyses use the full Run-2 dataset; new channels are explored and analysis improvements
implemented

o Presented most granular STXS measurement to date — in particular, new bins at high p_(V/H) promise improved
constraints in EFT interpretations

* In general, results show very good agreement with the SM expectation

* More data is coming...

Hannah Arnold Higgs2021: Combined ATLAS Higgs measurements 21/10/21



Nik|hef

BACKUP
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This year’s input analyses

Nik]hef

Analysis improvements relative to ICHEP 2020

* H- WW': > 2-jet category in ggF

* H- 118
 boosted ggF: more granular binning (reco p.(H), #jets)
* VBF: improved selection through MVA

* H- bb:

« VH: inclusion of boosted categories — more granular p_(V) binning

e VBF: improved analysis strategy (ANN, bkg. control regions, ...)
« ttH: introduction of reco p (H) binning
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Les Houches 2015 Report

The STXS framework Yellow Report 4 NiK[hef

Simplified Template Cross-Sections: common framework for Higgs cross-section measurements per production mode in
exclusive kinematic regions

ratiosof T'yy I'zz T Ty e (Tzy T L.
A (T L)  Minimize theory dependence
| i, K; th R L .
— theory uncertainties can evolve with time for different
phase-space regions
o] ar  Isolate regions where BSM effects are predicted to
appear enhanced
* Maximise the experimental sensitivity
. EFT - by allowing use of e.g. MVAs
coeffs
Towa e Simplify combination of measurements in different
g '—':T —_ - decay channels
N »| high p¥ _ | specific
g > 1-jet >
b _’le BSM
H o rr e [o(tEH) | [o(bH)| [oH) | . How: Signal predictions per STXS ‘bins’ provide
= ’ templates that are simultaneously fit to the data
Schematic - evolves in ‘stages’ with increasing granularity and

precision: 1.0, 1.1, 1.2,..
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K framework

CERN-2013-004 (2013) N1k|hef

To study modifications of the strength of the Higgs-boson couplings related to BSM production
physics
* Assigns (effective) coupling-strength modifiers k to leading-order diagrams of _H_

production and decay processes, assuming factorisation

O'[XBf =

I'n

« Cross-sections o, and partial decay width I, for SM process j:

oi(k) xTr (k) / decay
\*

= gj
J = _SM
o
J

or «

* Higgs total decay width

r B = ==
—st\d K. = 11is the SM prediction
J f
2 SM ) ¥ j B ?M K? B, : branching ratio
T (K, Bi, Bu) = Kn (k, Bi., Bu.) 1ﬁH where Ky (k,Bi,By) = of invisible/undetected BSM
(1 - Bi. - By) decays

= BSM contributions may manifest themselves as K#lorB, #0

B, Can’t be directly constrained by measurements — extracting K, and B, simultaneously requires assumptions

Hannah Arnold
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Production - Main Effective Resolved modifier
cross section interference  modifier K framewo rk N i k h ef
- o(geF) v t-b xj; 1.040 xf+0.0(}2x£2, —0.038 k;kp, — 0.005 &, k.

w Y ‘ ' - e TR Parametrisations
alqq/qg — ZH) - - - K2
rlge—s 28) v 7 - 2456 k5 +0.456 k7 — 1.903 kz &

= 0,011 kzkp +0.003 &, k5,
o (WH) 2 > ; 2,
o (1tH) - - - kf
a(tHW) - =W . 290947 +2.31045, - 4.220 kkw
o(tHg) - W - 26337 +3.578x5 - 5.211 kikw
o (bbH) - - - &7
Partial decay width
| R - - - xﬁ
l—-WW = = x.’w
rss v b K L1 & +0.012k] — 0.123 K,k
| G - - &2
rzz _ _ -
= : . - K=k

1.589 &%, + 0.07247 — 0.674 Ky &,
rrr v -W x)z, +0.009 ky &, + 0.008 kyw kp,

=0.002x:k5 = 0.002 k¢ k¢
rzr v W K(EZyJ 1118 k3, = 0.125 kw & +0.004 k7 +0.003 kw k5
r - - - BED
rHs - . . (-
Total width (B, = B, = 0)

0.581 &7 +0.215 k3, + 0.082x2

5 +0.063 &2 + 0.026 k% + 0.029 k%
Fa - = i +0.0023 &% +0.0015 &7,
¥ (Zy)
+0.0004 &7 +0.00022 &,
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Ratios of coupling modifiers

ATLAS-CONE-2021-053 N1klhef

: : : @e\ﬂ
* Independent of assumptions on the Higgs-boson total width
* With global scale factor determined by gg - H — ZZ"

* Most model-independent interpretation
within the k framework ATLAS Preliminary —— 3% CL
Vs=13TeV, 36.1-139 fb"
Sensitive to new coloured m, =125.09GeV, |y | < 2.5 95% CL
particles in ggF loop i v
\ KQZ = 349 — == - Definition in terms
a 1 pSM B 5 E arameter of k modifiers
. . . . T —g———— K KoKz [K
Tight bounds on identical W/Z coupling-strength & ' & B
modifiers from SU(2) custodial symmetry and Az  —— j’g K’//Kg
LEP and Tevatron measurements \A ; “ 2t
Z’WZ P Awz kw [Kz
: /lyZ Ky/KZ
Sensitive to new charged particles Aoz i oz Kol
. . 1 Az KKz
contributing to H - yy and H - Zyi‘ Ay  i——— Aoy b /kz
E Apr KII/KT
| | Sz : . -
Bound on relation of Yukawa couplings 2 : Assuming A > 0
between fermion generations \ 2 —————
ut : _
Good agreement with the SM pl"EdiCti()n Io_lzl I IO_I4I I Io_l6l I Io!gl — -!I — .1 le I .1 !4I I .1 _I6I I .1 _|8I — é I

Parameter value
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H - invisible combination: DM interpretation ,; .q.coxramoos Nik[hef

In the context of Higgs-portal models and comparison to direct DM detection experiments

(’\T‘ [ T T LI T T T T LI I T ¥ T m T T LI
= B .= 000 ATLAS Preliminary
= 1= A=y Vs =7TeV, 4.7 b -
§ - _ All limits at 90% CL Vs =8TeV, 20.3 fb™ 7
S — Vs=13TeV, 139fb"  —
= 7| Translation of upper limit on B(H - inv.) (@90%
g 10°% —] CL) into limit on (spin-independent) WIMP-
© _| nucleon scattering cross-section via an EFT
.3 approach
10745 —.’U““,,..,:‘”’T‘i:;l,:--‘—‘_“
ke v Oth i | . .
107 |- o ScalarWINP - Darksideso—| - the regions above the limit contours are
wenes Maj WIMP st LUX
B ajorana e PEndl excluded
— == = Xenon1T —
10—49 Lol ] 1 Lol ] 1 Lo
1 10 107 10°
Mype [GeV]
— DM searches at the LHC and direct detection experiments are complementary
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