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Introduction

v
* Higgs couplings to other SM particles from h’féi
W

cross section measurements in certain final states " Hovyy
AYAAYARS
* Often targeted at several/all production modes h<
tb Ny
W/Z
3> I >~(ﬂﬂ K h H-WW
gg—H VH = WH or ZH H _}ZZ*_’4I
W/Z
* More information on couplings using fiducial, STXS ] o b
or differential cross sectons o C< H—

o STXS bin: split Higgs production modes in gen-
level bins in pT(H,V,Hjj,)), N(ets), m(jj)

2



Introduction

* Disentangle couplings Iin cross section results

in terms of coupling modifiers (k-framework) *- ﬂs—H“"’ {}Z Z¢H +@@:HW+W—“H
+ Kg- GOHY [ 4 /s;,yz A,UJ/A VH"‘"?ny AWZ vy

_ . _ - 127T'U HY
o Dn‘fere_nt schemes pOSSIb|.e. generic, + 6D (cos 0w Zu 2 + 2 W, W) H
effective Ky, Kg, Kzy (BSM in loops), "
fundamental kv and k;, etc. - (K,t > LifaaEn Yy L Y ”Z;fff) H
f=u,c,t f=d,s,b f=e,u,7

* Deviation of SM coupling k!=1

* |nterpretation with effective field theory (SMEFT, HEL), higher-dimensional
operators with their corresponding Wilson coefficient c;, b; or f;

Nds Nd8
e Hint for BSM Ci, bi or ;=0 LsMEFT = LSM+Z - 0(6) +Z 0(8) ,  KLHEL = LSM_"]ZO;‘f]'/AZ

 Anomalous couplings can be introduced by further CP-odd coupling modifiers
~K or operators and their corresponding Wilson coefficient ~c;
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| atest, notable cross section results

Other results:

e H-WW: ATLAS-CONF-2021-014 and CMS-PAS-HIG-19-017

e H—bb: ATLAS-CONF-2021-051 and JHEP 12 (2020) 085

Higgs to top coupling:

e Constraining the Top Quark Yukawa Coupling in tH Production with ATLAS, Thomas Carter

e {tH and tH production in multilepton channels with CMS, Clara Ramon Alvarez

Higgs to charm coupling:

® Direct Search for the Higgs Boson to Charm Quarks Coupling at ATLAS, Antonio Jacques Costa
Rare decays:

® Rare Higgs decays, Higgs BSM and HH, Simone Gennai
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H-vyy differential and fiducial

* Fiducial cross section 67+6 fb (64+4 fb) in agreement with SM

* Differential distributions also in agreement with SM

 probe K¢ and K, and SMEFT Wilson coefficients

Oy [fb]

Ratio to data
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Ratio to NNLOPS

ATLAS | %
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Eur. Phys. J. C 80 (2020) 957

H—ZZ*—4] STXS T
. . . I

* Clean final state with low event yield | ;
° ¥ é

» DNN (ATLAS) or matrix element (CMS) to define o gkt -

STXS categories e

Eur. Phys. J. C 81 (2021) 488 m,, [GeV]
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H—-vyy and H—ZZ*—4l] differential and fiducial

e Combination of inclusive cross sections with full Run 2
 Combined differential cross section pT(H), y(H), N(jets), pT(jet1)

 Combined interpretation to probe k¢ and Ky using pT(H)

ATLAS-CONF-2022-002
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Higgs couplings combination

e Combination of
cross section
measurements
IN various production

(ggF, VBF, VH, ttH+tH)
and decay modes

(yy, bb, ZZ, WW, 1z, pp)

* Total signal strength

ATLAS | %

EXPERIMENT

ATLAS-CONF-2021-053
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Anomalous couplings and
coupling structure




H—4l anomalous couplings

* Clean selection ideal for probing anomalous couplings
« SMEFT with CP odd Wilson coefficients

fit coupling in certain STXS bins, parameterise as function of ¢;
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al | - 20 21 [-50,50] |
L . - R T
) 0 4 6 8
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Parameter Value

Eur. Phys. J. C 80 (2020) 957

zm _IIII]IIITIIIII]ITIl]IIII[IIII]IIIIIIIIL

- H— ZZ* - 4l
3 {s=13TeV, 139 fb
[ Best-fit p-value: 0.91

+ Observed best-fit
—— QObserved 95% CL

~ SM 5
------ SM expected 95% CL—

ATLAS
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Anomalous coupling using H—tt final state

* Sensitivity to anomalous HVV (mainly gg,WW, ZZ, Zy) and Hff couplings

s,

| KW 2 ‘l‘KW 2 x % * * f* £* e i 3 | K
AHVV) ~ aYV : E]j\VV)ZZ 12 m%/1€V1€V2 agvf;ngl)f (2)nv aé’vfwgl)f 2)m v A(Hff) = —Ff‘/’f (.Kf‘i'l’(f'Ys)‘/’f
1
* Using correlation of quark jets CMS-PASHIG20-007
and |ept0nS (V BF, VH) CMS Preliminary  VBF, 7,7, DY%F [0.3,0.7], DX'>0 138 o' (13 TeV) +- opsenatin

vvvvvvvvvvvvvvvvvv

DE[0.204] | D,E[04,06] | D,E[0.608 : D,E[0.8,1.0]

—
o
)

—
o
T lw LR | T

e Correlation of two jets
in QCD production (ggF) ' Vs \

Events/bin

—

quark jets in ttH or tH | o I

» Correlation of 2 ‘ : -

o
Obs./Exp
—
—LU‘
]
—e— :
-
G i
-
-
—o 5*
e ] |
s ]
—e—
— .‘ .
]
S |
]
Le— |
— i
——
_...,_-
——
.
—— 1
- 1
—..—.:

8 SEARRAR AR i o AT 1 ot A Tl o

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

(: I t. f.“l
999939300 -9680099000-2283830383330-96003880030Q
‘I S r ATV ONVIACL-ANONTVLONDAIL-ANOITHVONDACe - ANOTYON DO
oooooooooooooooooooooooooooooooooooooooo

1 o (§99H
| ggH—1t (1‘a3 =0)

é — — ggH—
ggh—>rr (12°1)

qq’—qq’H (VBF)
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CMS-PAS-HIG-20-007

- - o CMS Preliminary 138 fb™' (13 TeV)

Anomalous coupling using H— 1z E o ke
AN 8 e Expected r

faSQQHI _ |

fractional ©}
» Improved by adding (VBF, VH, ggF—) H—=4l and ttH, “Siede |
tH—vyy, 4l channels modifer 2o °|

b

2F e
- o,

1 o

. H—s1t provides larger sample of ggF and VBF events |l

-1 —0.8;0.6—0.4—0.2 0 0204 06 08 1

- fa
* ggH improved by ttH events Comb'naﬂonl
assumlﬂg tOp quark d0m|nated 16(?VIINSPreIiminary 138 fb' (13 TeV) CMS Preliminary 138fb"(13TeV)—

— I I I UL IR I I IR I R - 10—

- Tt + 4l + yy = oF Tt + 4l B

. . - < 14 :_ —— Observed i < — —— Observed g

 Limits also on corresponding EFT <« | 1 o o :
. : . : : ;. 7
couplings ggF in the Higgs basis 1
8- ] 5[
6| . o
- 3F
gpmsc o N\ H———= :

Hff K| Ky o S\ 1f 8 .

fCP _|Kf|2+|’ff|2 Sgn(x_f) 0_"' W 1111:.‘1‘-L""11. ' I P N 0;1111 e T .I.\:‘}J,""‘Hlll‘l 1111115

-1 -08-06-04-02 0 0.2 04 06 08 1 -1 -0.8-06-04-02 0 0.2 04 06 0.8 1

tht ggH
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Ht CP coupling in H— 1t

« Measure CP odd/even mixing in H—1t decay

e use decay modes with at least one had. ©
CMS-HIG-20-006

e decays to z*or 70 CMS o 137 (13TeV)

2 :(|0.3|3, 01.45I) ! I(0.415, (I).é)I ! '(O.I6, ol.7)I ! I(0.17, OI.8) ! I(0.8, 0.9) ! I(0.9, 1.0)I - serve
(Vla pi or ai) L%) 107 | | i i i 3 i g:stfitl—(ljﬁ TT
' : : TT bkg.
10°§ | i | E E g:thTh
e construct decay | ; ; | | g
planes of t-decay | '}m’;m'}-:-:;.:ﬁz@ﬁ; — BestfitH - v
products and e~
calculate CP %g} P I: HIE
It g2 BLr L WY
sensitive angle dcp F o i i reerrHHH]
0 10 20 30 40 50 60

Bin number
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s,

Ht CP coupling in H— 1t

 Most sensitive final state (u/e)p, pp, zp for dcp

« Excluded pseudo scalar hypothesis |x"*t|=90° at 3.0¢ with limit [oH7|<41°

2D limit on CP-even k. - CP-odd ~K, T-Yukawa coupling CMS-HIG-20-006
~1
E L ' B — ~HTT — OO 7] l B % 1 — OO :
a 1.4__+ (B)I?S —Bkg pp + np N HP + ep e E:D - Observed: aI;’bS —1419 °(68.3% CL) : LY gﬁt fit — gg ;)é gIﬂ .
C _ T =0+ 3% — i ° -
% P aHg =u8? E $ 10 Expected: 5107 = 0 +21 °(68.3% CL) - | — 997% L1 |20
S 12 . [ 11
g 1___ aHt-'t - 90° _: B . i
S T . [ Q
S 0.8f= ——_ ! = [ 115 50
Q - 1 || | | O
= [~ . - _ O L — —
= 064 S = r 10 cﬂ
- - N r |
% 04:— —— o :
< g2f- — 1 |
_ e L 5
] — -
SN EPEPEPEPE EEPEFEP EPEPEPEN BRI | PR i - kKi=1,%=0Vi#1T 7
0 60 120 180 240 300 360 0 L R T A W T N TR B 5 e e 0
¢CP (degrees) —90 —45 0 45 90 i) 1 0 1 )
a7 (degrees) Ky
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Properties
Higgs mass and width




Chs, |

ATLAS

EXPERIMENT

Higgs mass

* Mass measurement only in H—=yy and H—4l with excellent exp. precision

 dominated by stat. (Run 1+ part. Run 2) and exp. systematics: 140 MeV~0.1%

ATLAS-CONF-2020-005 Phys. Lett. B 805 (2020) 135425
CMS
_ Run 1: 5.1 fo'' (7 TeV) + 19.7 fo' (8 TeV) —— Total Stat. Only
ATLAS Prellmlnary —#— Observed: Stat+Sys 2016: 35.9 fo' (13 TeV)
\(I-_| — 27" — 4l p [m] Observed: Sys-Only Total (Stat. Only)
s=13TeV, 1391 Run 1 H—yy — 124.70 +0.34 ( + 0.31) GeV
m,, [GeV]
an - 12480 02 (stat) ™ (sys) Run 1 Hs ZZ— 4 ——— 12559+ 0.46 ( +0.42) GeV
B § N Run 1 Combined [ S 125.07 £ 0.28 ( + 026) GeV
2e2u 3 124.95 . (Stat) *" " (Sys.)
u § _ 2016 H—yy H——l 125.78 £ 0.26 ( £ 0.18) GeV
2u2e F=3 125.34 7,7 (Stat) 7 (Sys.)
' | 2016 H— ZZ— 4| —— 125.26 + 0.21 (+ 0.19) GeV
4e Ead— 124.59 7" (Stat) " (Sys.) 2016 Combined et 125.46 + 0.16 ( + 0.13) GeV
Combined — 124.92 ', (Stat) " (Sys.) Run 1+ 2016 -i- 125.38 £ 0.14 (£ 0.11) GeV
e e II|Ill||IlllllllllIlllllllllllllllllllll
124 125 126 127 122 123 124 125 126 127 128 129
m,, [GeV] m,, (GeV)

m(H)=124.92+0.19+0.09 3 35 GeV m(H)=125.38+0.14 (0.11) GeV
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Higgs width

Direct SM width measurement (I'=4.1MeV) experimentally challenging

Higgs width from ratio between on-shell and off-shell cross section

in VV (41, 212v) invariant mass spectrum (assume same signal strength)

e Limit on width
I'<14.4 MeV (ATLAS 36fb-1)

I'<3.2+24_17MeV (CMS)

* First evidence for
off-shell H production

@ 3.606

* Also interpretation of
anomalous coupling

-2 AInL

14

12

10

CMS <140 fb™
I I | | | [

L —— 212y off-shell + 4] on-shell
— — 4l off-shell + 41 on-shell

B Observed
Expected

i [ [ | [ I
| —— 2|2v+4l off-shell + 4] on-shell

(13 TeV)

20

-2 A InL

14

10

CMS

12

I | I I I I
off-shell
RV,F =1

R\O/f,fI;She” (U)

Observed
Expected

<138 fb' (13 TeV)
I I I I | I I I I

95% CL

68% CL -

uoff-shell

] 3 ] ] ] | 4

s,

ATLAS

EXPERIMENT

Phys. Lett. B 786 (2018) 223

16

14F

12F

T 1 T 1 I | T
14;ATLAS
- H* - ZZ — 4l,212v
1213 TeV, 36.1 b

[

Expected-Stat. only -
- Expected
----- Observed-Stat. only ]

- Observed s

 SM
Q¥

CMS-HIG-21-013

pnI|IS S <140 fp*quleV)l
- Observed — I'=4.1 MeV _
Expected — I'; (u) —

— On-shell 4l

/,’ -
7
’ s _--"
77 -
©* .-95% CL 1
o’ . o |
z -

’

68% CL -

| | |
0.005
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ATLAS

EXPERIMENT

H—Invisible

* Direct searches for invisible decay modes instead of summing decay widths and
compare with width

 ATLAS: VBF+MET and ttH+MET BR(H—inv)<0.11 (0.11)
 CMS: VBF-like (high m(jj)) + MET BR(H—inv)<0.17 (0.11)

ATLAS-CONF-2020-052 CMS-HIG-20-003
19.7 b (8 TeV) + 140 fb™ (13 TeV)

1074

— [ | I L | | I | | UL | | . I . I | L _L C\T\ 10_37 E I I 1 11 I I 4:
S B, _ ., <0.09 ATLAS Preliminary - 90% CL Limits :
L 04— nv \s=7TeV, 4.7 fb" —
c _ - o = » 4 _ B(H —inv)<0.16 3
S _All'limits at 90% CL Vs=8TeV, 20.3 b :
g — s=13TeV, 139 b’ — Higgs portal models_é,
g = = * Fermion DM
% 1 0‘43 — — Scalar DM ?
b; B . Direct DM Detection —
B B Xenon1T 2018 7
10_45 | ___ :Panda-X4T E
B __ “““““ 7 —— CDMSlite

,,,,,

~
-----

-
vt -
LR -
na - -

-
—"—_
-

Higgs Portal

wiss% Scalar WIMP DarkSide-50"_]
wmamae Majorana WIMP i LUX
PandaX-I|

= == XenoniT
| llll

Other experiments

107%°

—

10°

10°

My [GEV]
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CMS, |

EEEEEEEEEE

Summary

 With full LHC Run 2 dataset ATLAS and CMS measured cross section in various final
states

* access to major production channels, also ttH+tH
* access to rarer decay modes cc—pup—Zy—quarkonia (see earlier talk)
* Probing coupling strength and structure in production and decay
 STXS framework allows combination and re-interpretation of results in different models
* working towards more differential measurements
 Updated combination expected
* While mass precisely measured already, going for (indirect) SM width measurement

» Still more full Run2 results to come while LHC is restarting spring 2022 with
CME=13.6GeV and total (Run 1-3) L=350-450fb-1
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Cross section STXS measurement

* Approach between inclusive and differential measurement
* split Higgs production modes in gen-level bins in pT(H,V,Hjj,j), N(ets), m(jj) = STXS bin

* acceptance in each bin only weakly
depending on SM kinematics,
proxy for true properties

¢ | VBF loose (MVA)
T [VBF tight (MVA)
T VH leptonic

Hiy Kg

 Advantages

* minimize simultaneously experimental > 2.jet VBF auts —>| gk
and theoretical uncertainties L
. . . E . ~ 2-jet
* allow re-interpretation of results in = = 22'19“’3““‘3{ = EFT
. b : = —>>
different models = —+[ high-g® BSM coeffs
; > 2.jet VBF cuts
. . . -~ ] o[ low ¥
» isolation of possible BSM effects PUEEEEEEE. = = o
"2 | MVAIow pr(V) N »| high p¥ { specific
. . s T [MVA high pr(V) Y _ > 1t | BSM
* Staging granularity as statistics progresses T = , —»[ very high p¥

. . a g . C————1 —
* merging bins for less sensitive regions H— 77 B o (tEH) | o(bbH) | | o(tH)
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H— tt differential and fiducial

» Differential distributions N(jet), pT(H) and pT(j1), in agreement with SM (pT(H) >120 GeV)

* Fiducial cross section also in agreement with SM

HIG-20-015
138 fb' (13 TeV) 138 b1 (13 TeV)

—— | 1 I 1 I l I 1 I 1 I I I I 1 I I I 1 I I I 1 I _ — — 1 1 1 I 1 I I —
0 CMS ¢  Observed % - CMS ¢  Observed -
~— 3 L — - L —
S 10 = visoss55: gg—H (POWHEG) + XH = D 10 = vssosssss: gg—H (POWHEG) + XH =
= — SONUMNNNNNNN — - SOONNNNNNNN —
b"_ - s gg—H (NNLOPS) + XH = B = s gg—H (NNLOPS) + XH =
N XH = VBF + VH + ttH (POWHEG) _ S= e ; XH = VBF + VH + ttH (POWHEG) _
’,\’,\’,\f\’,\’,\’i’,\’\’,\’,\’\’,\f\\\\\\*\\\\\\\ f 1 = | —e— =
1 02 A St — : X 2 E
— - — [ _
- - o B |
B 7] O —1
B XXX AKX KA A A A A B \_O 1 O E_ _E
- ~ . = g . 3
lidiaiiiiiis ® - 3 s
10 & TRRLLRLIRLLRTG O = SN -
- ® = 10—2 | 5
— — — ANNNNNNNNNNNS
1
d)) 2 ------------------------ d))
o o e —
9 1 5 I N — 9 2
Z | A A S E S Z Y /4
prd prd 1 vvvvvvvvv I NINI NI IS IS SIIINS,
@) 0 e T _ @)
- . -+
ye. oL ... 2 OF T
g 0 1 2 3 4 5 8 0 200 400

N, p? (GeV)
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H—bb

 Has been challenging channel, search in various production modes VBF bb, VBF bby, ttH
bb, VH bb merged + boosted (pT(V) > 250GeV)

« Measurements in VH channel start to separate W and Z and become systematically limited

ATLAS-CONF-2021-051 JHEP 12 (2020) 085

el

26

o) = e _ = 137 fo” (13 TeV) 0 - - | __ 1871fb" (13 TeV)
o= — ATLAS Preliminary VH, H — bb, V - lep. (resolved + boosted) = > S B B BN BN BN S 5 [ cms T Dt' ' E
Q 3 _—V_—1 3 TeV. 139 b ® Observed ==Tot. unc. Stat. unc. | (O 600 CMS _"_'“"ZN — © 1051 ata N
EQ 10 = > v == Expected Theo. unc = ™~ - 322<§$u<b|f.8(:aGle et . — LHACHXSWG approx. NNLO
— o - @ 500 Passpin eqion % --- Multijet ] , == HJ-MINLO 1
X — V=W V=27 — = - gres 4 Total background - 10° =—=—— -

Lo 102 - — - O — M H(bb), p =3.7 ]
E’Q = # = D 400F ¢ Data . 10" .
= - 7 e, - - ]
X 10 = # - L o —= 300k —] 10° | | | | | :
o E 4L + == = - . 20/ E
I|>—< — * — - N O i
© 1= _— = S ] 3 10} -
- l = 100 .o e B N S ;
- - i : | | | } =
B u [ [P v il M e it i A S IR PP | ]
(% 21~ —_ — > , . 20}~ -
i — _ . i 8 - 1
e 1—F 4 ® x> ¢ T Pl g ez I E
QO S - _ # 1 gle’ IR 52 °OF .
5 Or [ s ISFE T > :
oC H — ] 0'_;' =]
7 2 p ’ 7 7 2 DZ’I‘ —_— L —_— - — L ] | ] | 1 1 | ] 1 1 i

%0 < w0 < puiT > 49, 65 <p_ 750\— 290 < 027> 4 80100 120 140 160 780200 200 500 800 7000
r <2 I <4¢ el 50 T \'25 T N4 Mg e
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H—oZy

 Interactions HWW, HZZ, Hyy and HZy are related in SU(2)L

 Mass reconstructed in di-lepton final state with additional photon

Phys. Lett. B 809 (2020) 135754

e Measured

signal strength p and
branchlng ratio to H—vyy
in agreement with SM

e Similar expected
significance (1.20)

. p=2.0+0.9 @ 2.2 ATLAS
u=2.4+0.9 @ 2.70 CMS

z weights / GeV

. —e— Data

 —— Sig+Bkg Fit

/s =

13 TeV, 139 fb™’

All categories

IN(1+S;4/Bgg) Weighted sum |
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130

135 140

m,, (G

CMS-PAS-HIG-19-014

CMS Pre//m/nary

137 o (13 TeV)

IIIIII | | T T | | I T
HeZy m, =125, 38 GeV

AII categories
3_ S/(S+B) weighted

— S+B(u=24) - -
----- B component 3
[ tlo =
[ ]2 .

B component subtracted =

140 150 160 170

m ., (GeV)
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PLB 812 (2021) 135980

| | | | | | | | | | | | | | | | | | | | | | | | | I | | | | I
| ATLAS Vs =13 TeV, 139 fb™ H — uu
H u “ e Total Stat. [ Syst. SM Total Stat. Syst.
VH and ttH categories : —e— | 50 £35 ( £33, £1.1)
ggF O-jet categories —&— -04 £16 ( £+1.5, +£0.3)
: T 3 : - 4
* Starting to probe “rare” decays with BR~2x10-4 and large DY JoF 1.t categories B2, B0
background (S/B ~0.1%)
ggF 2-jet categories |—o— -06 £+12 ( £1.2, £0.3)
. : : : : -
Evidence in CMS, STXS categories with large uncertainties VBF categories 18 £10 (£10. +02)
° |,I=1 2+0.4 @ 3.0 (2.50') CMS and |.I=1 2+0.6 @ 2.0¢ (1 .70) ATLAS Combined HH 12 £0.6 (£06, ' o7 )
I ] ] | | | ] ] | | | ] | | | | ] | | ] | | | | ] I | | | ] |
* Improvements in m(up), DY modelling and selection needed -10 = 0 0 10 . 15 20
ignal strength
JHEP 01 (2021) 148 J J
137 fb' (13 TeV) 137 fb' (13 TeV) L S S AT
> T ARARRARRE RRARE RRRRE > PN SRR RS RN RRRAR RN RARRE AR RN RRARE © = ATLAS + Data =
& 30_ CMS ¢ Data WH-oue 3 °°F cMms ¢ Data : (c\D: 600F s =13 TeV. 139 fb" — Total pdf =
@ 5f Postit WziEw @by @ 700F Al categories — S+B (u=1.19) ] P = | . —Signal pdf
$ [ VBF category [ Top quark [] Diboson S 6005— S/(S+B) weighted ... Bkg. component ] g 500E H — uyu, In(1 + S/B) weighted .- Bkg. pdf —
@ ,f m,-12538Gev ~ —VBF  —ggH ] @Dk m,=125.38 GeV Bl:io ; 2 oE =
5 B 500 []+26 E T = -
5 S I ] £ 300 —]
® @ *OF =2 = =
E ESOOE— %’ 2005— _E
g g 100F- —
&) B 200¢ - -
@ @ 100 3)
o
: ©
g (D“ ;)| . + .................................................................................................................................. |
S YF T T ey Il T T ety @ VBRG] JTlell T I A TTTITENITRCT QT e My
8 oo 110 115 120 125 130 135 140 145 150 155 160
110 115 120 125 130 135 140 145 15 110 115 120 125 130 135 140 145 150 m,, [GeV]

m,, (GeV) | o o u (GeV)
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CMS-HIG-20-008

H—quarkonia

 Rare SM decays to light-quark resonances: Z J/v, J/v J/v¥, YY

N
% D)

« BR~10-6, possibly larger with new physics (in loops)
» Leptonic final states: BR<826 SM and BR<5.8 SM Q

Y q
Z J/v—2e2p YY =4y H

40CMS __ Preliminary 138 fo' (13 TeV) CMS Preliminary 133fo' (13Tev)  ~——————-
> B I 1 1 | 1 ] I 1 I I 1 1 | l : > 1 | 1 | I | I | I | I | I 1 I | I ] I
8 n pp — ZJy — 2e 2u . 8 102 op 5 Y(nS)Y(MS) — 4u _

35 —+— Data = = —+— Data -
™ — . : - < i . - Z
< - — Sig + Bkg Fit . 3 = — Sig+Bkg Fit ]
£ 30y T Ho ZJhy,B=1910° 5 o -mimms HO> Y(S)Y(MS), B=3.5 10* -
S D\ H— Zy(2S), B=6.6 10° 3 S M- 000 e Z - Y(nS)Y(mS), B=3.9 10"
> 251 . > il

20F —JT = - Q

- T 4 Z 9
15F 1 —— | i "
N — ——— . 1 _ !_l \‘ N H
10 — E : L
5F- e, 3 i \
O:.....,[....J.....h---'l' """" ] "’ ] |”..'1---..|.- L d ] L J . 10—1 ] ] ] I ] ] ] | ﬁ! ] l“‘\ | ] ] ] l. | ] : ] ] Z
120 130 140 40 60 80 100 120 140
My 5, (GEV) m,, (GeV)
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ATLAS combination input

Decay channel Target Production Modes L [fb~1] Ref. Used 1n combined measurement
H — yy goF, VBF,WH,ZH,ttH,tH 139 [10 Everywhere
H s 77" goF, VBF, WH,ZH, tfH(éEé’) 139 [11° Everywhere
ttH  36.1 [19] Everywhere but STXS and SMEFT
. geF, VBF 139 [12] Everywhere
H—WW ttH  36.1 [19 Everywhere but STXS and SMEFT
H — 1 goF, VBF, WH, ZH, ttH (ThadThEd) 139 [13 Everywhere
ttH  36.1 [19] Everywhere but STXS and SMEFT
WH,ZH 139 [14-16] Everywhere
H — bb VBF 126 [17] Everywhere
ttH 139 [18 Everywhere
H — upu goF, VBF, VH, ttH 139 [20] Everywhere but STXS and SMEFT
H— Zy goF, VBF,VH, ttH 139 [21 Everywhere but STXS and SMEFT
H — inv VBF 139 [22] Sec. 6.3 & 6.5
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