Hannes Mildner on behalf of
the ATLAS collaboration

University
Of
" Sheffield.



Introduction

Presenting three recently published combined Higgs boson
measurements with new-physics interpretations

> ATLAS-CONF-2021-053:
Combined measurement of Higgs boson production and decay
(Nov 2021)

> ATLAS-CONF-2021-051:
Combined measurement of VH(bb) in “boosted” + “resolved” channel
(Sep 2021)

» ATLAS-CONF-2022-002
Combined measurement of Higgs boson (differential) cross sections
(Jan 2022)
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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-2022-002/

Higgs combination

ATLAS-CONF-2021-053 Combined measurement of Higgs boson
production and decay

Decay channel Target Production Modes £ [fb™"]
H = vy geF, VBF, WH, ZH,tiH,tH 139
» New channels w.r.t. N gaF, VBF, WH, ZH, iTH(1f) 139
revious combination S ol
p P &F VBF 13 Update
> Updates to full Run 2 - NeW eaF, VBE, WH, ZH, fH (rpania) 139 _Update
data set channels ttH  36.1
~ New: boosted Higgs WH,ZH 139
. H —bb VBF 126 Update
> Allows for improved #H 139 Update
H H — up goF, VBF,VH, ttH 139
granularity of STXS T 7 NEW eF. VBF. VI, {H 139
meassurement H — inv VBF 139

> Total signal strength uncertainty reduced by 10%
Hglobal = 222 = 1.06 +£0.03 (stat.) £0.03 (exp.) +0.04 (sig. th.) £0.02 (bkg. th.)

TSM

> Interpretations in various signal-strength and coupling
parametrizations performed - some presented today
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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-2020-027/

Higgs combination: cross-sections and STXS

R N B B o e A R
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m,, =125.09 GeV, ly | < 2.5
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Ll e b b b b e L
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Cross-section normalised to SM value
» Top: production cross section
measurement, normalized to SM
» Right: Simplified Template
Cross-section measurement
> Parametrization in terms of prod
process, partitioned in phase
space + ratios of branching ratios
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Higgs combination: cross-sections and STXS

S A e M ARAR AR R ATLAS Frafminary
ATLAS Preliminary e Total | |Star EXSyst. sMm V5= 13TeV, 139 1o’ [ —
Vs=13TeVv,36.1-139 fb” :i‘g;ins GeV,ly, <25 zm/s -cé;g
m, =125.00GeV, Iy | <25 2 s o8 r—
P, = 63% = Syst_h sm o o5 +
oF = Branching ratios normalized to ZZ BR Total Stat. Syst.
vor e B,,/B,y. 109 018 (*012 " 1o06)
0.28 0.23 0.16
w re— | | BB 078 To51 (o180 “oi41)
” Buw/Bz- NEW 106 “0%5 (“070 “00s)
0.16 0.12 0.10
tH+H B::/Bzz- NEW 086 514 (1010 Tooe) |
P IR IR BRI B A L L L L z
06 08 1 12 14 1| ° 05 ! B P
Cross-section normalised to SM value e | aoemi ot he
» Top: production cross section B =
measurement, normalized to SM — =
=
> Right: Simplified Template e
Cross-section measurement J— =
> Parametrization in terms of prod =
process, partitioned in phase =
space + ratios of branching ratios .-~ -
8 -6

Parameter normalised to SM value
4
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Higgs combination: cross-sections and STXS

B L o e LA e e ATLAS Preliminary e
ATLAS Preliminary e Total | |Star EXSyst. M (5= 13TeV, 139 1b" 5,8, — <o
- . 1 m,=125.09 GeV, |y | <25 BB ——
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m, =125.09GeV, ly, | <25 —— o s Priber rie—
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> 2-jet, 700 < m;, < 1000 GeV, p¥ < 200 GeV 0.95 071 +062 +035
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Cross-section measurement
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Higgs combination: coupling modifiers and 2HDM

ATLAS Preliminary o sm

ATLAS Preliminary —— 8% CL V5 =13TeV, 36.1- 139 fo~? -~ Expected 95%CL

Vs =13TeV, 36.1- 139 fo™* My = 125.09 GeV, |yy] <25 —— Observed 95%CL

my, = 125.00 GeV, ly | < 2.5 95% CL 2HDM Type-|

- « 10
Kz - — <
Kw - B
Ky - -
Ky | ——— ———
ke | - -
L 10°
Ku
Kg [ ——-—— -
Ky, - -
Kz,
B\ [ Bn. =B, =0 1 i
B [ Pgy,=33% 1071602075 =050 025 0.00 025 050 075 100
oL | | I cos(B - a)
0 1 20 1 2
No invisible/un-
lkyl <1

> Interpretation in 2HDMs

> Assume observed Higgs is light
CP-even neutral scalar

> Type-l 2HDM: ky = sin(B — a),
kf = sin(B—a)+cos(B-a)/ tan(B)
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detected decays

» Coupling modifier param.

> Here including effective
couplings kg, ky, and «z, (new)



Higgs combination: SMEFT interpretation

> Interpretation in Standard Model Effective Field Theory (SMEFT)

Nag
b:
Lsverr = Lsu + Z =0 Z ;0,(8) +

> Of”) affect rates and kinematics

» STXS bins and Higgs BRs reparametrized in terms of dimension-six
Wilson coefficients ¢; in Warsaw basis

» Correction for modified acceptance in H —» 4¢ and H — ¢vly

> U(3)° flavour symmetry assumed, linearized in Wilson coefficients
contribution (linear contribution o« A2, expected to be leading)

» LO parametrization multiplied by state-of-the-art SM prediction
> ALl 32 Wilson coefficients with significant impact considered
— New measurements improve precision and reduce ambiguity
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Higgs combination: operator impact

ATLAS Prefminary Oggy Over Ovh Oum BR
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Higgs combination: operator impact
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Higgs combination: operator impact
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Higgs combination: combined SMEFT results

Simulatenously constraining all ATLAS Preliminary —ssw%aL
i i H $=13TeV, . 95 % CL
coefficients impossible - fit per- T s <25 A
formed in sensitive directions: lin- SMEFT Ao
ear combinations informed by hucu (<10) T
inci i iy rmroawesw (10| | T —_—
principal component analysis HB B, DU 0B,
cf,;l e ————— -
1] s . e e
> CHG,uG,ul—_/‘ linear comb. with . 015 01 005 0005 01 015
strong impact on gg — H Cap T
dn —to—
> [1] A t : HIG), 1
Criw 8. w8, HDD.uw.uBw* StTONG A -
impact on H — yy | S R
3 . . o2 e
> unique impact on VH HauaH
Ha c}-ﬁ}V.I-B‘HWB,Fﬂ).uW‘uE.W T
» 10 additional directions 3 2 1 o 1 2 3
corresponding to | ——
. 13 e —— -
subdominant effects Ch. 5, HUB,HED UM, 0B, W
Cett e
» Poorly constrained e N
directions fixed to zero T 0 5 10



VH combination

ATLAS-CONF-2021-051: VH(bb) boosted + resolved combination

> H — bb either reconstructed as two separate R=0.4 jets (‘resolved”)
or one large radius (R=1.0) jet (“boosted”)

> Above p‘{ > 400 GeV “boosted” analysis becomes more precise

» Resolved analysis dominates the combination in linear SMEFT but

“boosted” helps distinguishing effect of c,(fq)

and cyw

» Quadratic effects (strong energy growth) important for “boosted”

6
T
+ Best-fit
¥ SM

HW

ATLAS Preliminary

Vs =13 TeV, 139 fb™

VH,H - bb, A =1TeV

Linear parameterisation, 95% CL (obs.)

4

N

o
L L B B B

-- Resolved (EPJC 81178)
--- Boosted (PLB 816 136204)
—— Combination

P R E U R R
-0.2 -0.1 0 0.1 0.2 0.3

2
I
3

R o R R R |
[ ATLAS Prellmmary +Best-fit ]
2|~ {s=13TeV, 139 fb™ *SM —
[ VH,H - bbA=1Tev ]
[ Lin. + quad. parameterisation, 95% CL (obs.) ]
- -
oF =
-1 E
[ --- Resolved (EPJC 81 178) 1
-2 ----- Boosted (PLB 816 136204) —
n —Cumbmauon ]
P B I IS PR N
-0.3 -0. 25 —02 -0. 15 —01 -0. 05 0 0.05 0.1
(3)

c,
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/

Higgs (differential) cross-section combination

ATLAS-CONF-2022-002: Combined differential cross sections (just out!)

4 =  — T T T T T T T T T —
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» Combination of H(4¢) and H(yy) cross-sections in full phase space
» 20%-40% reduction in uncertainties despite extrapolation

> Excellent agreement with various SM predictions 10/12


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-002/

Higgs (differential) cross-section: interpretation

o~ -—-— & BT e B I ML B B =
8 r ATLAS Preliminary —+— Data q [ ATLAS Preliminary % Standard Model WS:? g:: ]
9 L (s=13TeV, 139 b’ Kp=Tikc=1(SM) i CH-2zz0H - yy A Obs.H -2zt —95%CL 7
2 10E o - === Kp=6.1,k;=-07 (BestfitH ~ yy) 3 30| {5 = 13 Tev. 139 b V Obs.H - yy ]
. Fr-v Ky =33,K. =83 BestfitComb) [ fs=13TeV, % Obs. Gombination ]
*Q»— r Kp=10,ko=1 ] F ]
k] Ly Kp=1ke=20 i 2 r |
® by % ]

o 1= — L ]
S E 3 F g
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[ 1 oF i

107 3 L ]

. -10F =
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» gg — Hand gq — H sensitive to b and ¢ quark Yukawa couplings
> p’; shape in H(4¢) and H(yy) channels analyzed to set limits

> _ +24 _ +5.5
kp =3.37, and ke = 8.3772

— sensitivity to k. comparable to direct searches for H — c¢
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Conclusion

Presented three recent combined Higgs boson measurements with
new-physics interpretations

» Combined measurement of Higgs boson production and decay

» Combined analysis of boosted and resolved VH(bb)

» Combined measurement of Higgs boson (differential) cross-sections

: e .
o ATLAS Preliminary + Bestit o M
Eraim of = 13Tev, 139 1" T
ATLAS Preliminary T e8% oL -
rerisaion, 95% CL (ob
VE=13TeV, 139 -1 e 95 % CL erisaton, (0bs)
my = 125.09 GeV, i < 25 —e—BestFit
SMEFT A= 1Tev of E
Psu = 59%
g i0)| e 2 ]
m -~ Resolved (EPJC 81 1
Ciaw reuwereouwusw (X100 7T —_ 2 -~ Boosiso (P18 615 136204) E
ha R B i I N
. | . . . . @ .
~0.15 —0.1 —0.05 005 01 015 "

Thank you for your attention!
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