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Introduction

* Qverview
» Higgs over the past 10 years
» Measurements
» Overview

* Higgs measurements
» H->bb
» H>WW
» H>tt
» H->yy
» Combinations

» Higgs width

* Summary
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Higgs branching Ratios




Just over 10 years ago...

CMS: arXiv:1202.1487
ATLAS: arXiv:1202.1415

 There was some excitement about a smattering of events
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“More data are required to ascertain
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the origin of this excess.”
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“Once the look-elsewhere effect is considered,
none of these excesses are significant.”


http://arxiv.org/abs/arXiv:1202.1487
http://arxiv.org/abs/arXiv:1202.1487
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2012-01/

.the discovery...
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“An excess of events is observed above the
expected background, with a local
significance of 5.0 standard deviations, at a
mass near 125 GeV, signalling the
production of a new particle.
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CMS arXiv:1207.7235
ATLAS arXiv:1207.7214
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“Clear evidence for the production of a
neutral boson with a measured mass of
126.0 +/- 0.4(stat) +/- 0.4(sys) GeV is
presented.”


http://arxiv.org/abs/arXiv:1202.1487
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-12-028/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2012-01/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2012-27/

..approximately 10 years (and 15M
Higgs bosons) later

* Alot of amazing progress....

All main production modes observed to > 5 sigma

ggH VBF

vy, WW, ZZ, tt, bb decays observed > 50
VH (V=W,2) ttH KU decay evidence > 30

12/04/2022



New era for Higgs physics

 Moving from the era of discovery to measurement
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Measurements

* Inclusive (although also used broken down into production/decay modes)
» Signal strength: p = measurement/SM prediction
» Coupling strength modifier: ky = alter strength(s) of coupling to X

] = vr i Vian

Heoe] [Com=wm]  [Z2m]

e Simplified Template Cross Section (STXS) .

I
1,,“' = 0-jet | | = 1-jet | | > 2-jet | 200

[ 10,3501 ] [ 1350, 007 |
™mij
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» Measure cross-sections in template bins
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* Minimise theoretical uncertainties

* Maximise experimental sensitivity

tHW

e Fiducial
» Measure in restricted phase space that closely matches experimental selection
* Less model dependence
e Combinations more difficult
 Difficult for complicated variables (multivariate outputs)
» Differential: Measure in several bins

12/04/2022 7



State-of-the-art
I [ B

H->bb ATLAS: ATLAS-CONF-2021-051 (09/21)

H>WW
CMS: arXiv:2007.01984 (04/20)

H->tt
CMS: arXiv:2107.11486 (07/21)

H->vyy

ATLAS: ATLAS-CONF-2022-002 (01/22)

State-of-the-art limits

H->cc

Combinations

Property State-of-the-art measurements

Mass
Width
CcP
Newer results in RED discussed today
12/04/2022 8
See talks on Thursday for latest H->cc and CP results



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-015/
https://arxiv.org/abs/2006.13251
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-014/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-013/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-002/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-001/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-29/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-001/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-09/
https://cds.cern.ch/record/2725590?ln=en
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-015/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-015/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-015/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-015/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-13/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-13/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-016/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-002/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-12/
https://cds.cern.ch/record/2802742/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-005/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-004/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-06/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-013/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-13/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-01/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-006/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-013/index.html
https://indico.cern.ch/event/1101427/contributions/4714950/
https://indico.cern.ch/event/1101427/contributions/4714950/

H—>bb

* Two VH, H->bb results combined in new STXS
measurement

> Resolved: arXiv:2007.02873

» Boosted: arXiv:2008.02508
» Enhanced sensitivity to BSM

* Fiducial measurements*®

» Based upon resolved VH, H=>bb STXS

» Focuses only on H(bb) + MET final state

12/04/2022
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ATLAS-CONF-2022-006

ﬁ § ATLAS Preliminary VH, H - bb, V — lep. (resolved + boosted) §
- E 103 gE=13 TeV, 139 fb’1 ® Observed ==Tot.unc. == Stat. unc. -
[a0) E == Expected Theo. unc. 3
X ) C V=W ' V=2 .
:E]Ig 10 %— s —§|
= . 1 - 3
X 10 + ' -
2] ElL —=— : + E
0w F T e 3
>0 _ ! T
© 1 = - ' E |
E : 3
C . .
= L T 1
n 21 —_ * S _ _ ]
o 1 —_ ry 1 l " 3 —_
g -2 - = & - - 4
5 Or ! L ]
T W ' 7 p?,
OV,OWI sovpl/l/f))' ’154 GV TZJTISOT 2 OVDZ,, r’Aq G
T < 25, r <40 el 50 ~T S250 T S40, el
Gel/ 0 OGeV 0 v

I ATLAS Preliminary

- Vs =13 TeV, 139 fb"!

E 0 lepton, 2 jets, 2 b-tag
L ET™® >250 GeV

LA L B B L

—0‘- Data| ]
Fiducial signal, T,

I Fiducial signal, T; ]

[ Out-of-fiducial signal ]

[ Dibosons ]
ft

[ Single top

B W+jets

B Z+jets

Uncertainty h

=+« Pre-fit background ]

x

f————

AN I ERIN BN SRR EPUPN I SRR S
40 60 80 100 120 140 160 180 200

m,, [GeV]

* See also X+H->bb measurements, ATLAS arXiv:2111.08340, CMS arXiv:2006.13251



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-52/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-006/
https://arxiv.org/abs/2111.08340
https://arxiv.org/abs/2006.13251

ATLAS-CONF-2022-006

H—>bb Fiducial Measurement

2 12t . - - %
= L ATLAS Preliminary — SM prediction - Source of uncertainty T, T
1 —_ 1

g qof 'S7'8TeV19T § Data ' Statiic 0is oo
- . atistica . .

$ : [ ] Statistical unc. : Systematic 055  0.26

@ . : i .21 14

h al - Systematlc unc. 1 Experimental 0 0

o I ] Jets 0.16  0.11

(__) Tot. (Stat., Syst) ] Missing transverse momentum 0.06 0.05

@ r +4.3 ;426 +3.4 1 b-jets 0.06 0.06

(3) 6 | 55 59 (2260 29) 7 Flavour-tagging c-jets 0.06 0.04

© I SM pred. 5.8 + 0.3 fb light-flavour jets  0.03 0.01

—

5 | | L(.aptons 0.01 0.04
Lo 4+ - Pile-up 0.02 0.02
@ - . Luminosity 0.02 0.02

X L Tot. (Stat., Syst) |
T L 08 107 +04 i Background modelling 0.29 0.14
1.9 05 (o7 04) =

g 2r i 08 10704 t 018  0.06
I SMopred. 1501 ] Dibosons 0.14 0.06
| Z + jets 0.13 0.08
. P W + jets 0.10 0.03
150 GeV < ET < 250 GeV ET > 250 GeV Single top quark 0.07 0.04
Particle level E¢Iss interval Fiducial templates modelling 0.18 0.11

Unfolding uncertainty, 7 0.17 < 0.01
PS model acceptance 0.01 0.09
; ; ; Unfolding uncertainty, 75 < 0.01 0.05
Limited by modelling of: WH/ ZH 001 003
NLO EW 0.01 0.02
4 Data Stat|st|ca| QCD scale acceptance, ggZH 0.02 0.01
2/3 jets ratio 0.01 0.01

e Jets PS model my, shape 001 <001

. QCD scale acceptance 0.01 < 0.01

. Background modellmg PDF acceptance <001 <001
. . MC statistics 0.17 0.11
* U nfo I d I ng unce rta I nty Floating normalizations 0.14 0.06

12/04/2022 10


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-006/

CMS-HIG-PAS-20-013

H>WW

CMS Preliminary 138 fo' (13 TeV)
« Targets ggH, VBF, VH production modes SOSE tom DI ggnorojel
O, o0f %gfgs ;l’\NAO(:)::?pt Pr,<20 GeV 3
 Final states with at least two leptons g o e E
& 1400 E 3
* Measurements £ ﬁgi o R E
) = =
» Combined cross section it e E
* u=0.95+0.10-0.09 405 e =
20 =
. . B . ]
» Production mode cross sections . b
£ ek ]
> 14 STXS bins E T it
E 095 £ - t 3
o 09 g 100 150 200
mH [GeV]
Category Number of leptons Number of jets Sub-categorization
goH 2 - (DF,SF) x (0jets, 1jet, > 2 jets)
VBF 2 > 2 (DF, SF) NEW
VH2j 2 > 2 (DF, SF)
WHSS 2 > 1 (DF, SF) x (0O jets, 1 jet)
WH3/ 3 0 SF lepton pair with opposite or same sign
ZH3/ 3 > 1 (1jet,2jets)
ZH4Y 4 - (DF, SF)

12/04/2022 11


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-013/index.html

CMS-HIG-PAS-20-013

H>WW

P -1
CMS preliminary 138 fb™" (13 TeV) CMS preliminary 138 fo-1 (13 Tev)
ZH(Z - leptons); pZ> 150 GeV A W ofosw = = 0.1153
UzH - 4 2.0x07 ZH(Z - leptons); pZ <150 GeV 1 Hsssss 0= 010753 pb
WH(W - leptons); p¥ > 150 GeV gssssgessss, 0=0855pb
WH(W - leptons); p¥ < 150 GeV 1 o248 0=0.06233 pb
. 2240.6 VH(V - jj); 60 <m; <120 GeV { ——sssssssccospisissasss 0= 15MERd
HwH [ 4 2x0.
I qqH; mj>350 GeV; p >200 GeV s 0= 017133 pb
I qqH; m;> 700 GeV; pt <200 GeV - 244 0=0.0231§415 pb
qqH; 350 < m;;< 700 GeV; pt <200 GeV —ss4par 0= 0041315 pb
o 0.7 1+0'28 +2.3
UVBF & -f1-025 ggH; P> 300 GeV | 4 ofosu= —2.1*33
= ggH; 200 < pt <300 GeV Lesgers, 0=022 pb
i . i 7 o=1.5%37 pb
i M= 095f8%8 oot >4 I s * 4 Total unc.
I +0.11 L1 H | 0=0.5*32 pb o4 Stat. .
UggH - _‘_: 0.92%515 4~ Total unc. 9gH; 1J; 60 <p¥ <200 Gev d 04 o ThZo.ulTv:c.
i Stat. unc. 9gH; 1i; Pl <60 GeV 54 0= 2:6%05 PO ggH
i —-—- Standard model agH; 0] 1 410=42735pb 3(:|H
T T T T T T —-— Standard model
0.5 1.0 15 2.0 2.5 3.0 T 5 p 7 i : z 0
O/OSM 0/Osm
Uncertainty source Au/p Dpgon/pgen  Apggn/pagn  Apwna/pwe  Apzna/pzn
Theory (signal) 4% 5% 13% 2% <1%
Theory (background) 3% 3% 2% 4% 5%
Fake lepton rate 2% 2% 9% 15% 4%
; ; Integrated luminosity 2% 2% 2% 2% 3%
Limited by . B-tagging 2% 2% 3% <1% 2%
Lepton efficiency 3% 4% 2% 1% 4%
° 1ct1 Jet energy scale 1% <1% 2% <1% 3%
Data Stat I St ICa I Jet energy resolution < 1% 1% <1% <1% 3%
. . . T scale < 1% 1% <1% 2% 2%
° Slgnal uncertainties PDF 1% 2% < 1% < 1% 2%
. Parton shower < 1% 2% <1% 1% 1%
e Lepton mo dellin g Backg. norm. 3% 4% 6% 4% 6%
Stat. uncertainty 5% 6% 28% 21% 31%
Syst. uncertainty 9% 10% 23% 19% 11%
Total uncertainty 10% 11% 36% 29% 33%
12/04/2022 12


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-013/index.html

Reconstructed Category

ATLAS arXiv2201.08269

H->TT

> 180 T T 1T I L L I T T 17T I L L | T T 17T I T T 1 1]
Full Run 2 dataset STXS measurements 8 160[ ATLAS ¢ paa E
° E /s =13TeV,139fb"" 7772 Uncertainty E
. = 140 -All VBF_1 SRs = -7 (0.93 x SM) 4
» Targets ggH, VBF, VH, ttH production modes § 120k { { - Oinerbackgrounds
i C [ Misidentified 7 7
. . . 100 — = _
» Leptonic and hadronic t final states g :
80 — -
» 12 reconstruction categories designed for STXS binning s 3
40 =
20 =
Measure o b Wy -
g) 50 ':_l 1T I 1T I T TT I 1T I T 1T I 1T |_:
. . . m E s ; ) E
» Inclusive and production mode cross sections [ T2 PR
s F E
. . . a -50F —

» STXS cross section measurements in 9 bins R T T T
mMMC [GeV]
ATLAS Simu|ation % 600 s-_l LA L L L L LB |_—
Vs=13TeV,139fb" H - tr G | ATLAS ¢ Data E
220 o e E /s =13TeV,139fb-' 777 Uncertainty :
tit1| oo ' oo ' 00 ' 0z ' 02 ' o1 ' o0 ' o1 ' &7 | S = 500 - All VH_1 SRs H~ 17 (0.93 x SM)
tHo| o2 0.0 05 08 04 05 03 03 85 | 200 ;’—_’ 5 . . g{’h;fba'qumunds ]
VBF_1| o2 02 0.0 3.4 15 40 0.1 1312 [N 180 = @ 400 e 3 Misidentified
VBF O | 98 57 40 238 so AN s [REKN o 160 & a00 - E
VH_1 19 0.5 7.1 5.9 26 0.1 35.9 0.2 0.4 140 2 o ]
VH_0 _ 9.8 - 51.3 125 1.6 - 2.4 11 120 ..g 200 - 3
boost 3 | 0.0 00 0.0 98 - 0.0 1.1 12,0 0.7 100 § E .
boost 2 | 0.1 147 146 145 45 2.4 255 13 80 a0 100 - —
boost_1_ge2J | 309 24.0 287 0.0 36.0 3.9 25.9 19 60 c o]
boost_1_1J 38.0 17.2 20.1 0.0 4.4 1.9 12.6 0.0 O:IIIII::::I:::IIIIIIIIIIIIIIII:
— 40 2 o5 E_ =
boost_0_ge2J r54.5 33 21.1 0.1 0.0 7.9 1.1 5.2 05 | 20 m 3 ' Aé
boost_0_1J - 890 , 47 | 00 , 00 , 20 | 09 , 47 | 00 0 LL’ 0?"' DR E
N(Jets) 21 1 22 ZO 20 22 i 22 22 i S _25é—l 11| I | I - I | - I 111 | | I 11| I_g

p,(H) [GeV]: [60, 120] [120, 200] [200, 300] [300, <[ [0, 200] | : 50 75 100 125 150 175 200
m [GeV]: [0, 350]* [0, 350] [350, o] i[eo, 120] [350, oo i MC [GeV]

gluon fusion + gg — Z(— qq)H 'VBF + V(- q)H!  ttH

12/04/2022 STXS Binning 13


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

ATLAS arXiv2201.08269
H—oTT

Impact on Ao /o(pp — H — 77) [%]

L B e L e o e e AL e o Source of uncertainty Observed Expected
ATLAS H- 1t {s=13TeV, 139 b’ — -
o5 Theoretical uncertainty in signal 8.7 8.5
—Total — Stat. Theo. Y <2 Jet and E3iss 45 4.2
Tot. (Siat, Syst) b e e &
ttH H—L—l—l 1.06 :‘gg (381 jggg ) i[isidentiﬁed T ?g %g
uminosity . .
0.98 +0.61 (+0.50 +0.34 ) Theoretical uncertainty in Z + jets processes 1.7 1.2
VH L ] . -0.58 -0.48 -0.33 Theoretical uncertainty in top processes 1.1 1.1
0.06 03¢ (015 4031 Eiavo‘ur t,aggglg , O'j O'i
ggF g . _0.28 (4)'15 023 ) ectrons and muons 0. 0.
0.20 043 +015 Total systematic uncertainty 12.0 11.4
0.90 *- (+ : +. ) Data sample size 7.2 6.7
VBF o -0.17 -0.12 -0.12
Total 13.9 13.2
[ 013 /4 007 +012°y
Comb. IT 0.93 jo.1z (Y007 040 )
P | | | PR | PRI —_— 4 — -
o 1 2 3 4 5 6 7 o 100 ATLAS H — tt cross-sections (|y, | < 2.5) 5
[ — -1 =
(oxB)™2* / (oxB)*™ e = Vs=13TeV,139fb" ¢ Observed — Tot. unc. — Stat. unc. 7
QgL Pgy=99% — Expected [] Theo. unc. _
X S | 3
3 E . i m
10°
Limited by - =
1 1 10 & —
» Data statistical = . =
* Signal uncertainties Iy , , , =
.. s .F | I I 1 I ! E
e Jet and missing transverse %) : : : ]
. [e] B ‘ ‘ ]
energy modelling o 2, — 3 I .
m - 1 1 -
1 o ; ; —
e Background sample size o R : . . . . . |
N(ets): >1 1 =2 >0 >0 >2 i >2 >2
p,(H) [GeVI: [60, 120] [120, 200] [200, 300] [300, [ [0, 200] ! !
m; [GeV]: [0, 350]* [0, 350] [350, o[ | [60, 120] [350, o[ !
gluon fusion + gg — Z(— qq)H " VBF+V(—qgH ' ttH
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-09/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-09/

Full Run 2 dataset results:

» Fiducial inclusive cross section
» 426+102 fb (expected 408 + 27 fb)
» Differential fiducial cross-sections
 Number of jets, Higgs pr and leading jet p;

G4 (fb)

Ratio to NNLOPS

12/04/2022

10°
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10
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H->TT

sssssss gg—H (NNLOPS) + XH

/////////////

138 b (13 TeV)
_CMSI ';‘Iolbs'erv'ed‘l‘ —
(O] Observed - no regularization
55555545 9g—H (POWHEG) + XH

XH = VBF + VH + ttH (POWHEG)
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ATLAS arXiv:2202.00487

CMS-PAS-HIG-19-016
H—>vy

» Both CMS and ATLAS provided fiducial cross-sections measurements:
* Inclusive and differential
* Targeting several production modes
* As a function of multiple variables
* Double differential measurements
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ATLAS arXiv:2202.00487
CMS-PAS-HIG-19-016
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CMS-PAS-HIG-19-016

z 25 T | T T
3 ATLAS H—yy, Vs =13 TeV, 139 fo''
s
= ok -¢- Data, tot. unc. | Syst. unc.
§ E= 99—H default MC + XH
° gg—>H SCET+MGS5(NNLL'+NNLO) + XH
bg .51 - gg—H ResBos2 + XH ]
o
==+ XH = VBF+VH+ttH+bbH+tH
0.5 B
[0 0 T T T T
©
©
=)
° I
= 2
« ]—'—ﬂ- [ + |
9 'y 4 i
| - T
0 5 15 25 40 13000
7o, [GeV]
[ T T T T T T T T
| ATLAS B2 gg—H default MC + XH ]
E 1 E
E Hoyy (s=13TeV, 1391 E5% XH = VBF+VHattH+bbH+tH E
[ —¢— Data, tot. unc. Syst. unc. 1
[ . ]
s
& T~ : $ ]
: : = %. =
° ° ® ° Y ° -~ °
g \ 4 . 4 . 4 & * L4
. . N .
0-350 | 0-100 100350 | 0-120  120-350 | 0-200  200-350 | 0-250  250-650
Py [GeV]
N=0 0<t,<15GeV | 15<7,<25GeV  |25<1,<40GeV | 40<1, <400 GeV



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-13/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-13/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-016/index.html

ATLAS-CONF-2021-053

Combination

e Combination of latest results in

ATLAS Preliminary ——  Total
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ATLAS-CONF-2021-053

STXS Combination

STXS combination performed ATLAS Preliminary
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ATLAS-CONF-2022-002

Fiducial Combination

Combined measurement of H>7ZZ and H—>vyy

Channels extrapolated to full phase space
» Reduced total uncertainty

Measurements as a function of:

» Higgs transverse momentum, rapidity, number of jets, and leading jet
transverse momentum
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Higgs Width

 Up to full Run 2 dataset ZZ production

CMS arXiv:2202.06923

» Four charged leptons or two charged leptons and MET

* First evidence for off-shell Higgs production

* Provides measurement of Higgs width

> Iy=3.242.4-1.7 MeV
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Summary

 An amazing amount of progress has been made since Higgs discovery in 2012
» All main production channels and decays now observed
» Significant progress on gaining sensitivity to rarer modes

* Higgs boson physics now into the age of measurements
» Rapid and continual progress in making more precise measurements
» Main limitations
* Signal modelling uncertainties, object modelling and data statistics

» A lot more data to analyse and improvements to be made
» A lot more to learn and maybe some surprises....
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H—>bb: Signal Yields

Vs=13TeV, 139 fb™

Detector-level

SR categories ATLAS Simulation Preliminary
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Fraction of signal process

H—>bb: Composition

[}
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Efficiency

H->bb: Efficiency/Purity
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H—->bb: Samples

Process

Generators

o X By, [£b]

qq — ZH — vvbb
qq — WH — (T ubb
qq — WH — ¢~ vbb
qq — ZH — 00bb
g9 — ZH — vvbb
g9 — ZH — (0bb

PowHEG MINLO + GoSaM + Pyraia 8.212 (NNPDF3.0NLO
PowHEG MINLO + GoSAM + PyTHIA 8.212 (NNPDF3.0NLO
PowHEG MINLO + GoSAM + PyTHIA 8.212 (NNPDF3.0NLO
PowHEG MINLO + GoSaAM + Pyraia 8.212 (NNPDF3.0NLO
PowHEG + PyTHIA 8.212 (NNPDF3.0NLO)
PowHEG + PyTHIA 8.212 (NNPDF3.0NLO)

— N s

153.05 x 0.582
282.78 x 0.582
179.49 x 0.582
77.04 x 0.582
24.57 x 0.582
12.42 x 0.582
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H—>bb: Selection

Selection Detector-level Particle-level
No electrons or muons
pr > 7GeV

Electrons Muons No electrons or muons

> 7GeV

ns n| < 2.47 7l < 2.7 pT
Leptons | le‘)oseLH ‘ ]I‘Jooe.e Electrons Muons

|do/aa,| <5 |do/oa,| <3 [n| <247 [n] <27

|zosin@| < 0.5mm |z sinf| < 0.5mm
Loose track-isolation

Hadronic 7

pr > 20 GeV
[n] < 1.37 or 1.52 < || < 2.5
Medium

7-labelled central jets

Anti-k;, R = 0.4 Jets

b-jets

Jet categories

From topological clusters
> 2 central jets

Central Forward
pr >20GeV  pp > 30GeV
[n] <25 25 < |n| <45

2 b-tagged central jets, MV2 (70% efficiency)
At least one b-jet with pp > 45 GeV
Two, with exactly 2 and 3 jets

From collider-stable particles
> 2 central jets

Central Forward
pr >20GeV  pp > 30GeV
[n] <2.5 25 < |n| < 4.5

2 b-labelled central jets
At least one b-labelled jet with pp > 45 GeV
One, with 2 or 3 jets

Overlap removal

Between e, 1, 7 and jets

Remove e/p within AR = 0.4 of a jet, remove 7-labelled jets

Negative vectorial sum of py of
jets, leptons, taus and photons

Negative vectorial sum of py of all
stable interacting particles with |n| < 5,

miss

Er plus a track-based soft term including muons with pp > 6 GeV
> 150 GeV > 150 GeV

Hy > 120 GeV (2 jets), > 150 GeV (3 jets) > 120GeV (2 jets), > 150GeV (3 jets)

min A¢(E¥'iss. 7)
AG(ER™, by + 52)
A¢(by. by)
Ag(Emiss gmiss)

> 20° (2 jets), > 30° (3 jets)
> 120°
< 140°
< 90°

> 20° (2 jets), > 30° (3 jets)
> 120°
< 140°

E1"™* regions

150 GeV < EF™ < 250 GeV
B > 250 GeV

150 GeV < BF™ < 250 GeV
EWS > 950 GeV
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H->WW: STXS
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H->WW: Signal Composition

CMS simulation Preliminary

ZH; p¥ > 150
ZH; p¥ <150 0.03
WH; p¥> 150 0.09
WH; p¥ <150 0.43
ggH; pf >300|0.05 0.16 0.06
ggH; 200 < p# <300/ 0.13 0.23 0.02 0.02 0.01 0.02 [0 0.13
ggH; 2j; my; < 350; 120 < p} < 200( 0.04 0.02 0.02 0.05 0.05 0.01 0.06
ggH; 2j; m; < 350; 60 < p} < 120(0.07 0.03 0.01 0.05 0.33 0.12 0.06 0.02
ggH; 2j; m; < 350; p! <60 0.03 0.01 0.03 0.01 0.19 0.03 0.01
ggH; 1j; 120 < pt <200 0.03 0.03 0.14 0.05 0.03 0.03 0.07
agH; 1j; 60 <p! < 120 0.04 0.06 0.08 0.03 0.06 0.08
ggH; 1j; pff <60 0.04 0.04 0.06|0.09 [0568 0.18 0.10 0.08 0.08
ggH; 0j; 10 < p¥ <200 0.17 0.04 0.02 0.01
ggH; 0j; p <10 0.21 0.01
ggH/VBF 2j; 350 < mj; < 700; pt <200 0.01 0.02 0.01 0.02 0.02 |0:58] 0.04 0.01
ggH/VBF 2j; m;> 700; p} < 200 0.08 [0N8J 0.13 0.01 0.06 [065]
ggH/VBF 2j; m;;>350; p > 200 0.02 0.01 0.02 0.02 0.13 0.21
VH2j-like [0558] 0.02 0.02 0.16 0.19 0.01 0.02 0.05 0.04
T <} =] o - © « S © I <] =] =] 0 n 0 n
s o~ o~ o~ T Vv - o~ i - o~ m m - - - —
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£ 5 o S 5 o & Y CMSsimuiation Preliminary 138 fb™ (13 TeV
> > a0 & I £ =
=4 .
P &8 & = agH; Odet; ! < 10 [T
e o~
s Iz agH; O1et; 10 < p¥ < 200 | \
(=] o
o ggH; 1-jet; plf < 60 872 events Il
ggH: 1-jet; 60 < i/ < 120 465 events ul B ooH; 0-jet
ggH; 1-et; 120 < ' <200 NG L ggH: 1ot pF < 60
ggH; > 2-et; p < 60 72 events I O ooH; 1 60 < o < 200
ggH; > 2-jet; 60 < pl’ < 120 117 events: i I ggH; > 2-jet; m <1350;p">120
. i T
ggH; > 2-et; 120 < pff < 200 69 events | [ | ggH; > 2-jet; 350 <m < 700
i
ggH; 200 <p!' <300 67.events) | TE | ggH; > 24et; m > 700
ggH; p;' > 300 77 3Vaits I 1 ggH; > 27et; m, < 350; pf! < 120
VBF; 350 <m, < 700; p!! < 200 65 events | | ggH; 200 < pf! < 300
VBF: m, >350; pi' > 200 BUEVBNIE) I | ggH; p'> 300
1) T T
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0
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CMS preliminary

MggH 41 -0.01 0.00
MvBF 0.00 0.00
Mzn 4 -0.04 0.00 0.00
HwH -0.04 0.00 -0.01
|-1VIVH IJIZH UVIBF HglgH
12/04/2022

CMS rreliminary

H—>WW: Correlation

138 fb~! (13 TeV)

138 fb~! (13 TeV)

VBF; m;;>700; pt <200{0.03 0.00 0.00 0.00 0.00 0.00 0.09 -0.05 -0.14 0.01 0.04 -0.05 -0.15
VBF; m;; > 350; pi >2001{-0.04 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.03 -0.10.-0.02 -0.15
VBF; 350 < mj; < 700; p# <200 0.11 0.00 0.01 0.01 0.00 0.00 0.09 -0.02.-0.03 0.00 -0.02 -0.05
ggH; pt >3001-0.01 -0.05 -0.01 -0.01 0.00 0.00 -0.02 0.02 0.03 0.00.0.04
ggH; 200 < p¥ <300 {-0.14 0.02 0.01 0.00 0.00 0.01 0.04 -0.04 -0.02 -0.03 -0.10 0.01
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ggH; 0j{0.01 0.03 0.01 0.03 0.02 -0.18 0.11 0.06 0.01 0.00 0.00 0.01 0.00
ZH; p¥<15010.00 0.01 0.01 0.04 0.02 0.02 0.00 0.01 0.00 0.00 0.00 0.01 0.00
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WH; p¥ < 150--0.01. 0.00 0.01 0.01 -0.02 -0.01 -0.01 0.01 -0.01 0.01 0.00 0.00
WH; p¥ > 1504 0.00 .0.02 0.01 0.03 0.02 0.01 0.01 0.02 -0.05 0.00 0.01 0.00
VH2j - 0.00 -0.01 0.00 0.00 0.01 0.04 0.03 .-0.14 -0.01 0.11 -0.04 0.03
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Production
modes

Cross-sections in STXS stage 1.2 framework

H—o>tt: STXS

=2 jets

p1(H)>200

60<mjj<1 20

12/04/2022

=2 jets

e o]
200<pr(H)<300

mjj<350

=1 jet

o ——agF 22 jes 350 pr<200 |
120<pr(H)<200
)

60<pr(H)<120

R N =
————

Event categories

ATLAS

ThadZhad

TlepThad

TeTy

[T

H—ozr
H 1 =5 jets and =2 b-tags
- ttH taggers or =6 jets and =1 b-tags —
ttH_O
VBF 1 lAn;i>3 =2 jets
= VBF tagger Nj;xNj;<0 | =0 b-tags
VBF_O mjj>350
[%2)
VH 1 60<m;<120 28
= V(had)H tagger b 'OQ
VH_0 [
boost 3 pr(H)>300 pr(H)>200
200<p1(H)<300
boost_2 « prit)
boost 1 goz) M20<prHI<200 =2 jets pr(H)<200
1 [
— . 1100<pr(H)<120
boost_0_ge2J |« Pl
100<pr(H)<120 =1 jet
boost_0_1J Pr e
120<pr(H)<200
boost_ 1_1J |« prit)
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Reconstructed Category

H—>1t: Composition

ATLAS Simulation
Vvs=13TeV, 139" H - 11

wH 1 [ 00
tHo| 13
VBF 1| o1
VBF 0| 32
VH 1| 34
VH o | 207

boost_3 0.0
boost_2 0.0

boost_1_ge2J 9.1

boost_0_ge2J

12/04/2022

boost_ 1 _1J

boost 0_1J
N(jets): =1

p,(H) [GeV]: [60, 120]

m, [GeV]: [0, 350]*

0.0 0.3 2.7 3.0 0.7 0.4
0.1 4.7 7.4 3.8 4.0 25
0.2 0.0 2.2 1.0 2.9 0.0
1.9 1.3 7.8 2.6 20.1 0.5
0.9 13.0 10.8 48 0.1 0.4
3.2 - 16.6 44 0.5 24.1 0.7
0.0 0.0 9.9 0.0 1.1 12.0
5.8 53 5.2 1.6 0.9 9.2 0.5
71 8.4 0.0 10.6 1.2 7.6 0.6
54 6.3 0.0 1.4 0.6 4.0 0.0
3.5 22.6 0.1 0.0 8.4 1.1 55 0.5
25.1 3.0 | 0.0 0.0 1.3 | 0.6 | 3.0 | 0.0
1 >2 >0 20 22 1 22 22 !
[120,200]  [200, 300] [300, o[ [0, 200] ! !
[0, 350] [350, o[ ![60, 120] [350, o !
gluon fusion + gg — Z(— qq)H ' VBF + V(= qq)H 1 ttH
STXS Binning

100
90
80
70
60
50
40
30
20
10

Expected Signal Purity [%]
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H—>tt: Contribution

. ATLAS I Other backgr. Zs0 —
Vs =13TeV, 139 fb” Misidentified ©
L H — 1,,4T1,.q SIgnal regions B o

Category

ttH_1

ttH_ 0

VBF_1

VBF_0

VH_1

VH_ 0

boost 3
boost 2
boost_1_ge2J
boost 1 _1J
boost 0_ge2J
boost 0 _1J

0O 10 20 30 40 50 60 70 80 90 100

Relative Contribution [%]
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H->tt: Fit

~¢-=-» T Top NFs
<+—» 31 7Z — 77 NFs

ttH topology

-

VBF topology

.

Ve

Boost topology

-

V(had)H topology

\
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VBF

ggF

VH

ttH

H—>tt: Correlations

I
ATLAS

Vs=13TeV, 139 fo™
H-o1t |

VBF

12/04/2022

VH ttH

0.8
0.6
0.4

p(X,Y)

+. T T T T I

H | arias |
{s=13TeV, 139 fb"

- H- 1t
l = 8 N —
T8 =% |02 005
] s % |01 -001-004
I 7
e s % [0.02 0.05 0.05 0.01

T g N ]

S § N 10.03 -0.1 -0.3 0.05 0.06
;"§ _________ | |
g 3 N |-0.09 -0.3 -0.1 -0.08 0.09
s
é § A 0.06 0.1 -0.06 -0.07 | -0.4 -
£ -0.03 -0.01 -0.02 -0.02

| | | | |
Niets) > 1 1 >2 20 20 22 1 22 22
p,(H)[GeV] [60,120]  [120,200]  [200,300] [300, o=[ [0,200]i
m; [GeV] [0, 350]* [0, 350] [350, m[i[eo, 120] [350,w[i
gluon fusion + gg — Z(— qq)H iVBF+V(—)qq)H§ ttH
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H->tt: Samples

Process Generator PDF set Tune Normalisation
ME PS ME PS

Higgs boson
ggF PowHEG Boxv2 PyTHIA8 PDF4LHCI15NNLO CTEQ6L1 AZNLO N?LO QCD + NLO EW
VBF POwWHEG Boxv2 PYTHIAS PDF4LHC15NLO CTEQG6L1 AZNLO NNLO QCD + NLO EW
VH PowHEG Boxv2 PyTHIA8 PDF4LHC15NLO CTEQ6L1 AZNLO NNLO QCD + NLO EW
ttH PowHEG Boxv2 PYTHIAS NNPDF3.0NNLO NNPDF2.3Lo0 Al4 NLO QCD + NLO EW

MADGRAPH5_
t? AMC@NLO PyYTHIA 8 CT10 NNPDF2.3Lo Al4 NLO
bbH PowHEG Boxv2 PYTHIAS NNPDF3.0NNLO NNPDF2.3Lo0 Al4 NLO
Background
V +jets (QCD/EW) SHERPA 2.2.1 NNPDF3.0NNLO SHERPA NNLO for QCD, LO for EW
tt PowHEG Boxv2 PYTHIAS NNPDF3.0NNLO NNPDF2.3Lo0 Al4 NNLO + NNLL
Single top PowHEG Boxv2 PyYTHIAS NNPDF3.0NNLO NNPDF2.3o Al4 NLO
Diboson SHERPA 2.2.1 NNPDF3.0NNLO SHERPA NLO

12/04/2022
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H-> vy : Sample Composition

ATLAS Simulation NogF+bbH JVBF [ VH jttH §tH

Diphoton fiducial

VBF-enhanced

N, . =1

lepton

High ET*

Fiducial region (particle level)

ttH-enhanced

0O 0102 03 04 05 06 0.7 0.8 09 1

Fraction of signal process
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pf (true) [GeV]

H— vy : Response Matrices

Hoyy Vs=13TeV  ATLAS Simulation H—yy Vs=13 TeV ATLAS Simulation
[

650-13000[ T T T T T T T T T T T T T T TTT

450-650 |
300-450 | 1 4
250-300 | _ 1 2
200-250 | 1 73
170-200 | _ ém 2
140-170 | PR 70
120-140 | 267 B
100-120 | 2 3
80-100 3 65 K
60-80
45-60
35-45
30-35
25-30
20-25|
15-20 |
10-15(
5-10
0-5

>3

Njets (true)

r 1T 1717 T

[o)]
o]

o]
~

o
S~
o
S
o

=
N
[e2]

__IHHHHIHIIIHNEIé

0-558
5-10 o [ ~
10-15;

15-20
20-25
25-30 |
30-35
35-45
45-60
60-80

80-100
100-120|
120-140|
140-170|
170-200|
200-250|
250-3001
300-450]
450-650

650-13000

pf (reco) [GeV]

Ness (reco)
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pf (true) [GeV]

H-> vy : Response Matrices

Hoyy Vs=13TeV  ATLAS Simulation H—yy Vs=13 TeV ATLAS Simulation
[

650-13000[ T T T T T T T T T T T T T T TTT

450-650 |
300-450 | 1 4
250-300 | _ 1 2
200-250 | 1 73
170-200 | _ ém 2
140-170 | PR 70
120-140 | 267 B
100-120 | 2 3
80-100 3 65 K
60-80
45-60
35-45
30-35
25-30
20-25|
15-20 |
10-15(
5-10
0-5

>3

Njets (true)

r 1T 1717 T

[o)]
o]

o]
~

o
S~
o
S
o

=
N
[e2]

__IHHHHIHIIIHNEIé

0-558
5-10 o [ ~
10-15;

15-20
20-25
25-30 |
30-35
35-45
45-60
60-80

80-100
100-120|
120-140|
140-170|
170-200|
200-250|
250-3001
300-450]
450-650

650-13000

pf (reco) [GeV]

Ness (reco)
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H-> yy : Selections

Object  particle-level detector-level
Photons  Et > 0.35/0.25 x m,, «— same
Inl €10,1.37]U [1.52,2.37] « same
tight identification (shower shapes)
EiTS°(AR < 0.2, pr > 1GeV, charged) < 0.05E7 E” ek AR < 0.2, pr > 1 GeV) < 0.05Er
EX*“°(AR < 0.2) < 0.065Er
Leptons dressed with photons in AR < 0.1
|zosin €] < 0.5mm A |do/o(dp)| < 5(e)/3(w)
pr > 15GeV « same
e: |n| €[0,1.37]U[1.52,2.47] « same
w:nl €10,2.7] «— same
medium identification requirements
calorimeter and track-based isolation
Jets anti-k; R = 0.4 (excluding v, £, X <« H) anti-k; R = 0.4 particle-flow
pr > 30GeV «— same
Iyl < 4.4 < same
tight-JVT for jets with 5| < 2.5 and pr < 60 GeV
b-jets jets with || < 2.5 and b-hadron of pt > 5GeV jets passing the DL1r b-tagging at 70% efficiency
within AR < 0.4
E‘TniSS >, pr of neutrinos not from hadrons — >, pr of selected vy, ¢, jets + soft tracks from
primary vertex
Region definition
Diphoton two selected photons
VBF-enhanced at least two jets, mj; > 600 GeV, |Ay;;| > 3.5
Niepton = 1 electron or muon with pé > 15GeV
High Emss E™S > 80GeV, pl > 80 GeV

tt H-enhanced

at least one b-jet and (Ng =0and N; > 4, orN, > 1 AND N; > 3)
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H-> vy : Event Spread

CMS Simulation Preliminary 13TeV

CMS Simulation Preliminary 13 TeV
Fiducial Acceptance [%] {2 581 500 5an 45 411 451 570 626 541 G4 204 L3 L7 0M0 072 045 01 000 Fiduc 37.90 16.18 4.64 1.01 0.56
0.0 < preeo(GeV) < 5.0 {121 o2 Accep[ance [%] 25
T H — ~y 4
5.0 < p%eco(GE\’) < 10.0 030 . 0.31
10.0 < pheee(GeV) < 150700 m.m H — vy
15.0 < pie®(GeV) < 20.0 001 031|235 027 njr:tcso =0 1.28 0.06 |7]J" <25 %0
20.0 < pjeee(GeV) < 25.0 001 020 (192 025 '3‘ p]T > 30 GeV ~
25.0 < pheee(GeV) < 30.0 021 (160 025 3 & &,
30.0 < pjeeo(GeV) < 35.0 0 a0 3 E
~ Q
35.0 < pleeo(GeV) < 45.0 . T? nyee =1 1.61 6.92 0.35 0.01 5ole
15.0 < peee(GeV) < 60.0 015 013 E = ] £
60.0 < pheee(GeV) < 80.0 o0 (B8 ot 2: g o] 1
80.0 < piEee(GeV) < 100.0 007 |15 007 §°>_f_ ] 'Tg E
1000 < pEEeo(GeV) < 120.0 oo [I oos ald neeo=2{ 022 0.75 1.97 0.10 Wil
200 < e Gy < 1400 - r =
140.0 < pheee(GeV) < 170.0 003 073 003 Y =
8]
170.0 < pieee(GeV) < 200.0 002 045 002 1
2000 < pea(Ge) < 25001 o o0 [0 npge=3{  0.02 0.06 0.23 0.38 0.04 ;
250.0 < piFe°(GeV) < 350.01 MADGRAPH5_aMC@NLO, 02
350.0 < peee(GeV) < 450.0 Pl\\l/f\;:?:; o0 GEANT4
450.0 < phFee(GeV) 004 roco MADGRAPH5_aMC@NLO,
2 2 ST R B T R T T B T B B S B Mis 241 nnLops L2 bl L2
mw o N o o R 1 o O o C o o <O ‘):u 8
y © o 8 ® e d S0 S daF s o R 30 3 PYTHIA
gfv\(v\(\/\g,v\,v\,v\,v\,v\vvvvvvvvg — — = pos -
32222332z 3zssss222 X I I I I Al
S22 E3E8EEESE Y 52 52 iz 52 8
LSRN e T J O e T = S& Eh:S 83 83 8
VERREE R R R RN N e e e e e ey g g g g g g
V V.V V VYV VVY
Sececcocsococsogo YV V VYV VVY
B S B S 1w S o 222 e e e 22
— = N NN M F O oo o QO
0 S &N =+ I~ © 0 W0
— = = = N N ™M
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H-> yy : Correlation

CMS Preliminary
138 b (13 TeV)
H—yy

0.00-0.000.02 -0.16
0.000.00-0.000.02-0.16|
0.00-0.000.00-0.000.02-0.17,
0.00 0.00-0.000.00-0.000.01-0.11
0.00-0.000.00-0.000.00-0.00 0.01-0.06
0.00-0.00-0.000.00-0.000.00-0.00 0.00 -0.04]
0.000.00 0.00-0.000.00-0.000.00 -0.00 0.00-0.04

0.00-0.000.00 0.00-0.000.00-0.000.00-0.000.00 -0.04

0.00 0.00-0.00-0.000.00-0.000.00 -0.00 0.00-0.00 0.00 -0.05.

0.00-0.000.00 -0.00-0.000.00-0.00 0.00 -0.000.00 -0.00 0.00 -0.05

0.000.00-0.00 0.00 -0.00-0.00 0.00 -0.00 0.00-0.00 0.00 -0.00 0.00-0.04

0.000.00-0.00-0.000.00-0.00 0.00 0.00-0.000.00 -0.000.00-0.000.00 -0.04

0.000.00-0.000.00-0.000.00 0.00 0.00-0.00-0.000.00-0.000.00-0.00 0.00 -0.03]

0.00 0.00-0.000.00 -0.00-0.00-0.00 0.00 0.00-0.00-0.000.00-0.000.00 -0.00 0.00 -0.02]

0.000.00-0.000.00-0.000.00-0.00 0.00 0.00 0.00 -0.00-0.00 0.00 0.00 0.00-0.000.00 0.00

6,6,636,065050705650,301{0101£14915016%151C19
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H—> yy :tau c

2
( VE -7,
TC—maX

1 2 cosh (Y] — YH)

)
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Combination

Decay channel Target Production Modes L [fb_l] Ref. Used in combined measurement
H — vy geF . VBF, WH,ZH, ttH,tH 139 10 Everywhere
- 77" geF, VBF, WH,ZH, tfH(é}é) 139 11 Everywhere
ttH 36.1 19 Everywhere but STXS and SMEFT
* geF, VBF 139 12 Everywhere
H—=Ww HH  36.1 [19]  Everywhere but STXS and SMEFT
I gel, VBY, WH, ZH, ttH (ThaaThaa) 139 [13] Everywhere
ttH  36.1 [19] Everywhere but STXS and SMEFT
WH,ZH 139 [14,15,16] Everywhere
H — bb VBF 126 [17] Everywhere
ttH 139 [18] Everywhere
H — pp geF, VBF,VH, ttH 139 [20] Everywhere but STXS and SMEFT
H = 27 ooF VBF, VH,itH 139 21] Everywhere but STXS and SMEFT
T = inv VBF 139 2] Sec. 62 & 6.3

12/04/2022
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Combination: Correlations

Vs=13TeV, 36.1-139 b

ATLAS Preliminary m,, =125.09 GeV, |y | < 2.5
L] H :

1 —~

>

08X
Q.

0.6

-0.02

0.04

—0.4
—0.2

VBF

—0
—-0.2
—-0.4
06

WH

ZH

GI‘THH‘H

Coor
Gver
Sywh
O 71
GtTH+tH
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Combination: Correlations

—_— Ys=13TeV, 139 fb™
ATLAS Preliminar ’
Y m, =125.09GeV, Iy | < 2.5

O-jet, p¥f <10 GeV 002 0.07 0.1 0.05 0.02 001 0.03 0.08 001 0.10 0,04 0.0510.03 007 0.08 002 0.07 0.12 045 0.19:0.09 0.07 0.10 0.11 0.08:0.01 0.1 0.10 0.02:0.05 0.06 0.07 0.08 0.02 0.01:0.0310.34-0.14-0.35-0.29 <)
0-jet, 10 < p¥ < 200 GeV 018028 0.18-0.07-0.04 0.12 0.14 0.02 0.28 0.14 on:xoozooa 0.09 011 0.10 0.20 020 0.26%0.12 0.1 0.15 015 0.1120.01 0.16 0.14 0035007 0.09 0.11 0.1 003 00150!250434121—0.47—032 >—
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Fiducial Combination
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Fiducial Combination

Photon and jet definitions

Photons: All photons except for those originating from hadron decay
pr > 15 GeV, [n| < 1.37 or 1.52 < n| < 2.37
ET°(AR < 0.2,pp > 1 GeV, charged) < 0.05 Er

DIphOtOﬂ Jets: pr > 30 GeV, |y| < 4.4
Event selection
Diphoton fiducial: N, > 2, ppt > 0.35m.,., pj? > 0.25m.,,
Mass window: 105 GeV < m.,, < 160 GeV

Lepton and jet definitions

Leptons Dressed leptons not originating from hadrons or 7 decay
pr > 5 GeV, |n] < 2.7
Jets pr > 30 GeV, |y| < 4.4
Lepton selection and pairing
ZZ Lepton kinematics pr threshold for three leading leptons: > 20,15,10 GeV
Leading pair (mqs) SFOC lepton pair with smallest |mz — my|
Subleading pair (msy) remaining SFOC lepton pair with smallest |my; — my,| as nominal.

Event selection (at most one quadruplet per event)

Mass requirements 50 GeV< myy < 106 GeV and 12 GeV < mgy < 115 GeV
Lepton separation AR({;,0;) > 0.1

Lepton/Jet separation AR(;,jet) > 0.1

J /1 veto m(€;,£;) >5 GeV for all SFOC lepton pairs

Mass window 105 GeV < my, < 160 GeV

If extra lepton with pp > 12 GeV  Quadruplet with largest ggF matrix element value
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