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THE HIGGS BOSON

* Higgs discovery ~10 years ago

* Now: Higgs precision era
* Contact trace all the Higgs’ interactions: FROM MANY

- Production modes ggF, VBE WH, ZH, UF':‘E'":?G‘ZSNSABOU] |
ttH + tH all observed

 Decay modes H-=> yy, ZZ* WW*, 1T, bb,
Zy all observed, closing in on pu & cc

Decay channel Target Production Modes £ [fb~1]

H— vyy ¢eF, VBF, WH, ZH,ttH,tH 139
¢eF, VBF, WH, ZH,ttH(4¢) 139
tH  36.1
ggF, VBF 139
ttH  36.1
ggF, VBF,WH,ZH, ﬁH(ThadThad) 139
tH  36.1
WH,ZH 139
H — bb VBF 126
ttH 139
H — uu ¢eF, VBF,VH, ttH 139
H— Zy ¢eF, VBF,VH,ttH 139
H —inv VBF 139

H— 727"

H— WW*

H— 171
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THE HIGGS BOSON

* Higgs discovery ~10 years ago
* Now: Higgs precision era

* Contact trace all the Higgs’ interactions:
* Production modes ggF, VBF, WH, ZH,
ttH + tH all observed

 Decay modes H=> yy, ZZ*, WW*, T, bb,
Zy all observed, closing in on pu & cc

Decay channel Target Production Modes

H — vy ooF, VBF, WH, ZH, ttH,tH
eeF, VBF, WH, ZH, ttH(4()
ttH

H— Ww* Bel; VBE
ttH

B egF. VBF, WH, ZH. (tH (ThaaThat) g e 9 HlGGS BOSON
N"“'\N n < \L’.

WH,ZH i

H — bb VBF Gl ' w \// 5 //
H — uu geF, VBF,VH, ttH 3

H— Zy geF, VBF,VH, ttH

H — inv VBF

H—Z7Z*

ATLAS-CONF-2021-53
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MULTITUDES OF RESULTS

ATLAS Preliminary ~ je—Total |  |Stat. 3 Syst. SM

Signal strength, p: Measured result Vs=13TeV, 36.1 - 139 o’
m, =125.09 GeV, ly |<2.5

compared to SM prediction p,,, = 63% Total  Stat

Production cross sections, o: Describes ggF 02 Zow HLe6e,
Higgs production modes, assumes SM 158 (oo,
branching ratios

+0.23

WH : i
Cross section x branching fraction, (o x B): s gg c0m (som
Describes combination of Higgs production

and decay mechanisms, fewer assumptions

Simplified Template X-Sections (STXS)

+0.19

ttH+tH 3 o3 1rEEy,

06 08 1 12 14 16 18 2 22 24 26
Cross-section normalised to SM value

ATLAS-CONF-2021-53

*For ATLAS Higgs Differential and Fiducial Cross section results, see Benedict Winter’s Talk
*For ATLAS CP Higgs Coupling Results, see Christian Grefe’s Talk



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
https://indico.cern.ch/event/1089132/contributions/4855449/
https://indico.cern.ch/event/1089132/contributions/4855471/

SIMPLIFIED TEMPLATE X-SECTIONS (STXS)

Problem: Measurements have SM theory
dependencies
Solution: Separate measurement and interpretation
steps. Divide Higgs phase spaces into regions based on
Higgs production mode properties
e Useful for re-interpretating, deriving x-sec upper
limits, & constraining anomalous couplings in

mj; < 350 GeV mjj > 350 GeV
il < 200GeV

ATLAS-CONF-2021-53
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H->yy: ATLAS-CONF-2020-026
* Inclusive Higgs production in 27
STXS regions

 Small B, clean y measurement
* (o xB)/(0xB)sy =1.09702

ATLAS Preliminary
Vs=13TeV, 139 fb™
H-yy, m, = 125.09 GeV

g_)—aHNO<p: 10
gg-,Hqu’T‘>1o
ag—+H 1J0<p:<w
gg—H 1Jm<p:<120

H1J120<p:<2w

- =
9g—+H 22J 0 <my; <350, 0<p <60 I.L_E_‘l

g—onZJO<m_u<350.w<p:<lZJ
9g—H 22J 0 <m,, <350, 120<p:<200
9g—H 22Jm, > 350, 0 <p!} <200
g)—’Ha)O<p:<3w
g—oH@O<p:<450

g—oHp:>450

qq—Hgg< 1J

m—d-qu22J0<m”<ODII 120<nu<350
m—,quzZJBO<m_u<120
m—quq22J350<mu<700.0<p:<2m
m—ququJmu>7w,0<p"'<2w
m—'quzz.lmu>35o.;)r‘>200

qg—Hiv 0<p:'<|50

qqg—Hiv p:'>|50

I-l0<p:'<150

I-lp:’>150

|IH0<p’Y'<m

nHGO<p:<|20

llH120<p:_‘<200

an'T'>zoo

tH

ke Total |- |Stat. == Syst.

I SM

1.09

1.35

241

264

-1.08

-0.10

0.76

0.72

1.06

0.96

Total Stat. Syst.

4031 +0.18
030 (£026, 3¢)

+0.20 +0.13
019 &015 541)
+0.44 40.19
043 040, 546)

4039
037 (037,

+0.52 (+0.50

4128 4116 4055
121 (415. 038)
4057 4013
+059 (gs8: 0.12)
4048 4017
047 =045 414)
4099 4088 +047
091 (-087: -029)
4040 4038 4013
037 (036 -0.09)
4057 4055 4014
050 (-049- -0.09)
145 4144 4017
116 (116 -0.06)
4123 4115 +0.44
108 (-1.02: -038)
+184 170 +0.71
172 (4620 057)
4095 4091 4025
083 (-080: -024)
4073 4062 +0.38
065 (-056° -032)
4035 4028 402
031 (0260 017
4046 ,+041 4020
040 (036 -0.17)
+0.71 4022
070 067, 51g)
4116 +1.14 4019
099 (097: 017)
4099 4096 4026
087 (085 -020)
11 4110 4016
09 (091 0.19)
4083 4080 402
070 (0e8* 017
4054 4053 +0.10
046 (046- -0.08)
4063 ,+061 +0.17
054 (0520 0.14)
4053 4052 4012
046 (-045- 0.10)
4328 4313 4097
241 (221, 0s8)
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HIGGS DECAYING TO LEPTONS

ATLAS H- 1t Vs =13 TeV, 139 fb™’
—Total —Stat. = Theo. Pg,=88% 1y <25

H—2> U HIGG-2019-14
* Measures production modes ttH, VH, ggF, and VBF
e Best opportunity to measure Higgs interactions with

second-generation fermions
Significance: 2.00 (1.70) obs. (exp.); n=1.2 £ 0.6

Tot. (Stat, Syst.)
+1.28 +1.07 +0.70

1.06 -1.08 (—0.94 -0.53 )
+0.61 +0.50 +0.34

0.98 —0.58 (—0.48 -0.33 )
o 96 +0.34 +0.15 +0.31

T 028 1015 023 ATLAS Vs=13TeV, 139 fb” H = up

0.90 *020  (+013 <015 FedTotal | Stat. ENSyst. | sM Total ~Stat. Syst.
90 _oa7 12 -0

5 6 7 8 VH and ttH categories —==—— 5.0 £35 ( £33, £1.1)

meas SM
(oxB) / (oxB) ggF 0O-jet categories —@— 04 +16 ( £15, +0.3)

H-> 1"t : HIGG-2019-09

* Includes leptonic (t=2Ivv;) and hadronic (t-=>hadrons
v,) decays
Largest B of Higgs bosons = leptons, provides Combined : 12 £06 (06,
opportunity to study Yukawa mechanism 7
o= 2.94 +0.21 (stat) )37 (syst) pb Signal strength
VBF H->tt: 5.3(6.2)c & ggF H>1t 3.9(4.6)0

ggF 2-jet categories & -06 +1.2 ( £1.2,

ggF 1-jet categories |I—I—| 24 +12 ( £1.2,

VBF categories o 18 £1.0 ( 10,
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HIGGS DECAYING TO QUARKS

VH(bDb): ATLAS-CONF-2021-051
S : * Resolved + boosted combination targeting W/Z bosons
- ATLAS ---- Expected . L #
C {5=13TeV, 13976  — Observed : plus a Higgs decaying to b-quarks
5 VH. H - bblct eyl =Ky : Best inclusive sensitivity of H=> bb so far, due to large
: ] Higgs boson B and clean measurement of lepton decays
u=1.00%51%

- 95% CL

ATLAS Preliminary VH,H — 0B, V - lep. (1esoived + boosted)
10° 5-13Tev, 139+ © Opserved =—ToL.unc. =St unc.
== Expected | Theo. unc.

V=W | V=Z

2

e
E.@'
X
|
Eﬂ
X

- -
nae ana —F—

VH
Os7xs
S
| llllml |

VH(cc): HIGG-2021-12 ]

* Targets ZH - vvcc, WH - 8vcc and ZH > 88cC i I —

«._Combination with VH(bb) constrained |K./K,| < 4.5, _ 780 ¢ w250, W 5% 5<p2r 90,2250,
c-coupling to Higgs weaker than b-coupling : ‘?50 5900, Gg, " <18 JV<?5009

1|||||ll|l

Ratio to SM
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All-hadronic Boosted H(bb): HIGG-2021-08

First ATLAS analysis of Higgs bosons produced with Run 2 VBF 13 139 0.00f5q; 013 0.13%G
H

pr >1

Oggr = Oyp; O v ~ 0.604,¢ & Oyy™ 0.30,.¢ at high py

Improved S/B ratio & potential BSM effects enhanced

at high

TeV

p7

|
| ATLAS

T ] T T T l T T

~ (s=13 TeV, 136 fb”

— 95% C.L. Upper Limit
® Fit

p [GeV]

. Vs Int. luminosity | Best fit Observed  Expected
Analysis [TeV] [fb~1] BH_inv  upper limit  upper limit

Run 2 /7H 13 139 0.04+9-20 0.40 gae L »

Run 2 Comb. 13 139 GG > 0.13 gRZE

Run 1 Comb. 7.8 4.7,20.3 L 0.25 DR
Run 1+2 Comb. | 7,8,13  4.7,20.3,139 0.00"0:00 0.11 0 gt

—-0.06 —0.03

-
(&)}

T T T T I T T 1 T T 1 1 1 I

i ATLAS

s=13TeV, 139 b

Limits at 95% CL

VBF with SM Higgs coupling

—

OVBF x B, [pb]

—— Observed
----- Expected
[ Expected +10
Expected 2 o
vEF with B, = 0.15

| I I L1 1 1 rn 11 11

| 1102

)
%" m, [GeV]

H—2>inv: ATLAS-CONF-2020-052 & EXOT-2020-11

* Direct search for decay of SM Higgs boson to dark matter
particles, using MET triggers
Comb. of VBF+MET & ttH+MET from Runs 1 & 2

New: VBF+MET upper lim. set on o x B (0.1 pb-1.0 pb)
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I VBF H(bb)+y: HIGG-2020-14

TP :
§ 20;—%"5:%5152%" g = *Photon requirement reduces non-resonant QCD bkg through
% 15[ :3932?::: (,S:M 095934 destructive interference
3 L -L * sackgrouwa ey *VBF is dominant production mode for H +y
g g = + : *Clean signature from triggering on high-energy photon
’§ : + - *Suppressed ZZ fusion, leaving a clean WW fusion measurement
g 0F T /////////*///,{///%
© _SE_Weigﬂed by Higgs Boson In(1+s/b) + _E
% 80 700 120 740 160 180 200 40""""".'Da}a"""'—
. R 35 ?_TL/:? Tev, 13210 - ot -
VBF H(bb): HIGG-2019-04 a0 VBF H 0B N

255 Weighted by Higgs Boson S/B

e Second most dominant production mode,
but is challenging because of QCD
background

VBF: 0.95%9:38 2.60 2.80

Weighted Events / 10 GeV

% < .n--";"-.a-...[:'ﬂf.‘t"J‘- I
0

VBF+y: 1.321.0

Comb: 0.95%937 2.7¢0 2.90 E. Gabrielli et. al
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https://arxiv.org/pdf/1601.03635.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-04/

HIGGS COMBINATION X-SEC & BRANCHING FRACTIONS

—
ATLAS Preliminar
Vs=13TeV, 36.1-139 b
m,;="125.09 GeV
pSM=79%

gaF vy

ggF 2z
ggF WW
ggF 1t

ggF+tH pp

Total
Stat.
Syst.
SM

Total Stat. Syst.
+0.11 ( +0.08 +0.07 )
-0.11 -0.08 -0.07
+0.11 +0.10 +0.04
-0.11 ( -0.10 -0.03 )
+0.13 +0.06 +0.12
-0.12 ( -0.06 -0.10 )
+0.28 +0.15 +0.23
-0.25 ( -0.15 -0.20 )

+0.91 ( +0.77 +0.49 )
-0.88 -0.79 -0.38

VBF yy

VBF Z2Z
VBF WW
VBF 1t
VBF+ggF bb
VBF+VH pp

+0.27 ( +0.21 +0.17 )
-0.24 -0.20 -0.14
+0.51 ( +0.50 +0.11 )
-0.42 -042 * -0.06
+0.19 +0.15 +0.11
-0.17 ( -014 » -0.10 )
+0.20 +0.14 +0.15
-0.18 ( -0.14 -0.12 )
+0.38 ( +0.31 +0.21 )
-0.36 -033 -0.15
+1.34 ( +1.32 +0.20 )
-1.26 -1.24 -0.23

VH yy
VH Z2Z
VH 1t
WH bb
ZH bb

+0.33 ( +0.32 +0.10 )
-0.31 -0.30 -0.08
+1.17 ( +1.14 +0.24 )
-0.94 -093 » -0.16
+0.59 +0.49 +0.33
-057 ( -049 » -0.29 )
+0.28 ( +0.19 +0.20 )
-0.26 -0.19 » -0.18

+0.24 ( +0.17 +0.17 )
-0.22 -017 -0.14

ftH+tH yy
ttH+tH WW
ttH+tH 2Z
ftH+tH 7t
ttH+tH bb

+0.27 ( +0.26 +0.08 )
-0.25 -0.24 —-0.06
+0.65 ( +044 +0.48 )
-0.61 -043 -0.43
+1.69 +1.65 +0.37
-1.10 ( -1.09 -0.16 )
+0.86 +0.66 +0.54
-0.76 ( -062 » -044 )

+0.34 ( +0.20 +0.28 )
-0.33 -020 » -0.27

1 1 | 1 1 1 | 1

6 8
o x B normalised to SM

ATLAS-CONF-2021-53
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ATLAS Preliminary
Vs=13TeV,36.1-139 fb™'
my;=125.09 GeV, ly <25
pSM = 35%

——  Total
e Remove Background Theos

Remove Signal Theory

IIII|IIII|IIII|2IIII|_

|I|I||I||||Il|l||l||||||I|I||I|IIIIL
IIII|IIII|IIII|

©
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of

o
Gt

u

Probe Higgs with unprecedented levels of precision
Largest correlations due to cross contamination
between processes in analyses
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STXS COMBINATION RESULTS

Bf In terms of B(gg2>H—>7Z*):
(0 XB)if =(0XB)izz | =— precisely measured & has small
Bzz systematic uncertainties

Jet bins merged in comb. to account for:
* Limited sensitivity to o in bins where there
are few events
e Strongly correlated measurements where
sensitivity is for a combination of bins
Some model-dependence due to kinematics
assumptions, can address with finer phase
space definitions
In agreement with SM predictions: pc,, = 92%

ATLAS Preliminary
Vs=13TeV, 139 fb’
m, =125.09GeV, |y, | <2.5

pSM =92%

—— Total Stat.

== Syst.

+0.14 ¢ +0.12
-0.12 ( -0.11°
+0.28 +0.

0. ( 0.23
-0211-0.18: -0.

" Total Stat. Syst.
+ 0.

0)

%)

+014 (L0110
Z043 (o100 Zoos

+0.16  +0.12 +0.

To1a (Zo10» Zooe)

10

I sm

2

qq—Haqq x B,

qq—Hlv x Bz

04et, pf < 10 GeV ey
0-jet, 10< p¥ <200 GeV -r
1-jet, p¥ < 60 GeV e
1-jet, 60 < p¥ < 120 GeV -
1-jet, 120 Sp';<2ooeov ‘;1{.-'
2 2-jot, m; < 350 GaV, p¥ < 60 GeV ————
= 2-jet, m; < 350 GV, 60 < pff < 120 GeV st

2 2-jot, m; < 350 GaV, 120 < pf < 200 GeV

2 2-jot, 350 < m; < 700 GeV, p¥ < 200 GeV

2 2-jet, m; 2700 GeV, pH < 200 GeV
200< p# < 300 GoV

300< p¥ < 450 GaV

2 2-jet, m; < 350 GeV, VH veto
2 2-jet, m; < 350 GeV, VH topo ———]
= 2-jet, 350 < m; < 700 GeV, p¥ < 200 GeV .-T-j-][

2 24et, 700 < m; < 1000 GeV, pt! < 200 GeV

2 24et, 1000 < m; < 1500 GeV, p¥ < 200 GeV 'E.
2 24et, m; = 1500 GeV, pf <200 GeV ;

2 2:et, m; > 350 GeV, p¥ = 200 GeV

pY < 75GeV
75< pY < 150 GeV
1505 p¥ < 250 GeV
250 < p < 400 GeV
pY = 400 GeV

p¥< 150 GeV
150< p¥< 250 GeV
250 p¥ < 400 GoV

605#‘,,<120G9V
1205;7';<20069V
200sp‘r'<300GeV
30051:/;<450G9V
p’Y’z4SOGeV

Total Stat. Syst.

+022( 4019 +0.
0208 -0.18:-0.
+0.1 +0.!
—o.u( *:'2’:’-0
+

o028 ( *ooF,
+028 (4025 +0.
-027\ -024:-0.
+041 (4036 40
-039\ -035:-0.
*109( o8 Y
+053( £0.46
+044 (4038
-042\ 036
+|.|i( +099 +
-104\ 093

+1.|0( +1.02 +0.
-099\ -093:-0.

-035\ -032:-0.
+0,3!( +027 +
-027\ -024

+3.Ei( +3.35 +1.
-287\ -273 -0/
P ISR

1
1)
09

a7)

6

8

Parameter normalised to SM value
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HIGGS BOSON COUPLING STRENGTHS: BSM K FRAMEWORK

* Modifications of the Higgs boson BSM
couplings are studied with coupling strength
modifiers K

* For given decay mode j:

K; = 1 for SM

* No significant deviations from SM

ATLAS Preliminary ——— (8% CL
{s=13TeV, 36.1-139 fb

my,=125.09 GeV, ly 1<2.5 95% CL
H

Coupling-strength
scale factors

o
D
i
oN
o
2
L
P
@)
Q
V)
<
-
<

Branching
Fractions

B, = BSM
contribution of
Higgs to invisible BR

B.=B,=0; B. & B, free parameters,
Assumes no invisible Possibility of invisible or

F— et or undetected Higgs undetected Higgs
contribution of

Higgs to undetected
processes BR
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(STANDARD MODEL EFFECTIVE FIELD THEORY)

S M E T NTERPRETATIONS

 Model-independent approach to parametrize effects of candidate BSM theories that reduce to
SM at low energies

Wilson coefficients

Lsmert = £5M+Z 0(6)4-2 40(8)

Energy Scale Operators of mass dimension

* When A is large compared to Higgs vacuum expectation value, effects of BSM physics can be
parameterized at low energies
e Can constrain Wilson coefficients associated with each SMEFT operator using STXS
measurements in various Higgs boson decay processes in order to constrain new physics at a
given scale A
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SMEFT IN HIGGS COMBINATION

C[I-}C];,UG,UH (X 1 0)

1
C[H%/,I-B,HWB,HDJ, uw,uBw (X10)

!
HW,HB,HWB,HDD,uW,uB,W

o

Hu,Hd,Hq'"
Jal
HW,HB,HWB,HDD,uW,uB,W

CeH

CaH

ATLAS Preliminary — 68 % CL

V5=13TeV, 139 fb~" 95 % CL

my = 125.09 GeV, |yy| < 2.5 —e— Best Fit

SMEFT A =1 TeV

Psm = 59%
S |~ S

-0.15 -0.1 -0.05 O

-5 0 5
Parameter Value

Fit basis is a linear combination of Warsaw-
basis operators

Consistent with SM expectation within
uncertainties

First time , and coefficients affecting
ttH ( ) parameters have been measured
independently of other fit parameters
Improved sensitivity as a result of including
H->WW?*, H-> tt, VBF, ttH, and VH at high p;

4

Observed measurements of Wilson coefficients c;
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SUMMARY AND FUTURE WORK

Summary:

* Alot learned about the Higgs production and decay mechanisms
over the last 10 years; All main production modes observed

STXS measurements have helped reduce model-dependence

SMEFT parameters measured to search for BSM physics

Results agree with SM predictions

Future work:

* Room to improve measurements of channels not included in this
Higgs combination in Legacy analyses and during Run 3

* Aiming to add finer STXS bins:

Help further reduce model-dependence

Benefit analyses that cannot use current STXS binning: i.e. VBF
H+y analysis
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RATIOS OF CROSS SECTIONS AND BRANCHING FRACTIONS

ATLAS Preliminary o4 Total [ - | Stat Syst. ]

Vs=13TeV, 36.1 - 139 fb™

m,, =125.09 GeV, ly | <2.5 (0 X B)if = 0-5_% .
=50% Total  Stat.

Ggp -=- +009 ( %008,

, +0.18 +0.12

GVBFIGQQF = “o1s ( Zodts
i — +0.37 +0.31

GWH/ Ogor Zoat (Zozrs
- = E— +0.35 +0.28

O/ Ogor - - Zoso ( Zozs:
i g +0.22 +0.17

G"HEH/%F oz (ot  Differences in overall results
BW/ zZ ‘ ~0.11 ( -0.09 °

Buww/B2 —a— e 1o o because cross section ratios
t/B — +0.14 +0.11 , X & 2

e v oz (o0 o and branching fraction ratios
Bbb/BZZ — ] -0.16 ( -012
BB, 3 (it 30 are closely related
B2/Bzz e ~oss (“oses o * 11 degrees of freedom

1.5 2 2.5 7 3.5 4 4.5

Parameter normalised to SM value




HIGGS DECAYING TO BOSONS

AT'LAS' P ' I| einliak "'.I T t 'I' T H%ZZ*94I « HIGG-2018-28
relimina S . . . ;
e VS sttt e * Inclusive Higgs production + STXS measurement in

El Systematic Unc.

H—-> WW* - evuv I SM Prediction 12 regions

p-value = 52% (Stat. Syst.) SM Unc.

o say | o0 Smaller B, but leptons allow clean final state

+030 +050 |
052 )

ggH-0j, p_’r" <200 GeV

ggH-1j, p: <60 GeV

+0.14

e measurement & high S/B

Zos2- —041) 1 %0.18

il (6xB)=1.34%0.12 pb
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ATLAS (s=13TeV, 139 b’ m =125 GeV Fo-
o gl H=> T'T . HIGG-2019-09
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ttH(bb): HIGG-2020-23
e Measured in events with 1 or 2 electrons or

muons + 5 STXS bins

ttH is best chance to extract direct
information on t-quark Yukawa coupling
without potential BSM physics assumptions | |
Large reduction in systematic uncertainties o FVIGEVE: [0, 2] [120,20] 200, 5001 B0 foo00] | o |
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VBF: HIGG-2019-04

e Second most dominant production mode, but is
most poorly measured major Higgs channel
because of QCD background
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VH(bb): HIGG-2018-52

pif> 250 GeV, this range is
sensitive to BSM physics
Measured separately for ZH and
WH, in 2 p; bins each
u=0.725333




VH(CC): HIGG-2021-12

ATLAS I+ 1o

Vs=13 TeV, 139 fb™ CJ+2%
Expected

—— Observed To enhance the signal sensitivity, events are categorised

0 lepton according to the pT of the reconstructed vector boson,

Obe.= 35 x SM the number of jets and the number of c-tagged jets. The

Tkt m,. observable is used as the main discriminant in the

Exp.= 60 SM likelihood fit to extract the signal.

2 lepton c-coupling weaker because |Kc/Kb]| is less than the ratio

Exp.=51x SM
Exp.= 51x SM of b to c quark masses

Combination
Exp.= 31x SM
Obs.= 26 x SM

60 80 100

95% CL limit on ;,LVH( 5
cC
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HIGGS to Invisible: VBF and ttH + MET

(a) VBF + ETSS (b) 1 + EXsS

H%inv: ATLAS-CONF-2020-052 & EXOT-2020-11
Observed and expected upper limits on B_H—=2>inv at 95% CL from direct searches for
invisible decays
VBF E*SS > 200 GeV to suppress multijet background, and ttH EF*SS > 250 GeV to
optimize lepton trigger efficiency
Main sensitivity from VBF+MET
No overlap between VBF+MET & tt H+MET as a result of b-tagging requirements
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Background bByjj

* Photon requirement reduces non-resonant QCD, the dominant background,
through destructive interference (nttps://arxiv.org/pdf/1601.03635.pdf)
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STXS

STXS binning criteria:

Sensitive to deviations from SM
expectation

Reduce theory uncertainties in
corresponding SM predictions
Minimize model-dependent
extrapolations

ATLAS-CONF-2021-53
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Figure 9: Correlation matrix for the measured values of the simplified template cross sections and ratios of branching
fractions. The fit parameters are the products (o; X Bzz) and the ratios B¢ /Bzz. The linear correlation coefficient
p(X.Y) between pairs of observables is indicated in color and given numerically.
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K FRAMEWORK

e B, = Contribution to branching ratio for a SM
produced Higgs decaying to invisible BSM, mostly
from H>ZZ* >4 neutrinos (predicted to be 0.1% in
S\

B, = BSM Contribution to undetected branching
fraction, such as decays to light quarks or undetected
BSM particles without sizable MET in final state, or
other decays to which none of analyses in
combination are sensitive (i.e. decays to gluon pairs)

[, is total width of Higgs boson, I is
the partial width for Higgs boson
decay into final state f




SMEFT

Simulated with MadGraph, calculations performed at LO accuracy in QCD with SMEFTsim or
SMEFTatNLO

dim-6: operators have an energy dimension of up to E*6

Warsaw basis: a complete basis of gauge invariant operators up to dim-6

Linear combination:

* As degrees of freedom left unconstrained by the data do not necessarily correspond to individual
coefficients c;, but may also be linear combinations 2.a,c;, a modified basis of Wilson coefficients is
estimated. First, the eigenvalue decomposition procedure is performed based on the SM expected
covariance matrix
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RUN 3 PROJECTIONS

Ys =14 TeV, 3000 fb™ per experiment

ATLAS Preliminary e—Total |  |Stat [ Syst | Total ATLAS and CMS
Vs=13TeV, 36.1 - 139 fb" — Statistical HL-LHC Projection

—— Experimental
my, =125.09 GeV, ly | <2.5 Theory Uncertainty [%]
Plo= 63%
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ATL-PHYS-PUB-2022-018

Greatly reduced uncertainty projected compared to Run 2 uncertainties
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