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»Overview of Higgs physics in diboson final states

» Property measurement
* Higgs mass measurement in ZZ* decay channel

»Higgs boson cross sections measurement

* Measurement of Simplified Template Cross Section (STXS)
in HH-WW?*, H—ZZ* and H—yy decay channels

* Fiducial inclusive and differential cross-section measurements
in H—>ZZ* and H—vyy decay channels

» Summary
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Higgs Physics In Diboson Final States

» The most prolific decay: H —bb (58%), very hard to observe

» The branching ratios (BR) of H - WW*(—lvlv) /ZZ*(—41)/yy are 1.0%, 0.012% and

0.23%, respectively

» The final states (e, M, v ) are very sensitive & leave a clean signature in the ATLAS

detector

» H—ZZ*—41 and H —yy : the most sensitive channels for observation

» H-ZZ*—4], S/B>2 i

» H—vyy, S/B ~5% §
2 107F
» H— WW*—slvlv (high yield with fair S/B) T‘f; 102}
* Larger branching ratio ¢ Clean signature i -
* High background 5
10°E
m==) Powerful tool for measuring the Higgs properties o
10°
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Higgs Mass Measurement

ATLAS-CONF-2020-005
* Full Run2 dataset (@13TeV, integrated luminosity of 139 fb-!

« H>Z7*—4l, (4e, 4u, 2e2u and 2u2e final states)

e Best for Higgs mass measurement (statistics dominated)

* The uncertainty on the mass depends on the mass resolution.

* Improve resolution:

» A kinematic fit the invariant mass of the leading lepton pair to the Z boson mass;
» Final-state radiation (FSR) photons included in the mass computation;

» Consider the invariant mass resolution of the four-lepton system on a per-event basis.
» 4 BDT bins to further distinguish signal from ZZ*

A TLAS Prellm] nary —&— Observed: Stat+Sys

(413 e, 30 o > Extracted via profile likelihood fit to 16

m, [Gev]

" e 12450 33 (1) 22 o) analysis categories

. +0.29 +0.06
2e2n + 124.95 (Slat.)m‘ (Sys.)

i a * »| Combined results: m, =124.92"5 GeV

2u2e + 125.34 7% (Stat.) f;"f(Sys.)

de Fa3— 124.59 :;","‘(Stat.)f:;:(:;ys.)

_. ............................................... . > StatiStlcaHy limited Channel

Combined —fa3— 124.92 7,5 (Stat) )7 (Sys.)
124 125 126 127
my, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-005/

Simplified Template Cross Section (STXS)

> The aim with STXS method: 5 (gef + Z(—qq)H)
* Improve sensitivity of measurements T
* Reduce their dependence on the theory
* High p;" bins more sensitive to beyond
standard model (BSM) effects

» STXS framework provides different stages

(e.g. stage 0, stage 1, stage 1.2) with varying Stage 1.2 V(- qq)H
degrees of granularity

» Categorising events into bins of key (truth)
variables (p:", N, my) in different production
modes (ggH, qqH, VH and ttH)

Stage 1.2

» STXS well-suited to combine different decay
channels

[
| @ swH |
v

> Higgs boson properties measured with 139 fb'*  ,, ==
(Vs = 13 TeV) for Higgs boson rapidity |y,| < 2.5

i 1 1
O-jet  1-et > 2-jet O-jet  1-jet > 2-jet O-jet  1-jet > 2-jet
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H—WW?#*: Analysis Strategy

* Full Run2 dataset @13TeV, integrated luminosity of 139 fb-!

 Signal: different flavour (eu+ue) opposite charge leptons + MET

* Events split in 4 analysis categories based on N, ()

[ ] * . m— E 900X10|3 ! imi ‘ D(’ \*Iu i 'It E
ggF: Ni s =0,1,> 2, cut based b oA e s ol Tl
. . . . T00FH — vy w3

* my used as discriminant variable o e gl <

* VBF: N;, > 2, “deep” neural network (DNN ) based & -

e DNN used as discriminant variable

* Main background:
* Non-resonant qqWW, top and Z—1t

3 sock ATLAS Proiinamd o " omrorsd 3 1zoo-¢T'LAs‘Pre|i|%inar§f+ ba 88 Uncetany]
b =] §=13TeV, N ag— Wil gg-ww ] 2 5=13Tev, 139" [ W ow
* ggF: qqWW, top and Z—1t normalized by Pl (ELCEIN i FR SRS
control regions (CR) 2o o, B B
M o 600F o e, Wover v 7
) i . ... TopOjCR |
* VBF: top and Z—tt normalized by CRs

0L NRO
T

Data / Pred.

* Background with mis-identified leptons
estimated by data-driven fake factor method

|
50 100 150 200 250 300 350

m, [GeV]

ATLAS-CONF-2021-014

(*) Full event selection in the backup

i i Y74 2
mr =\ (B4 + E9)2 — ke TSP, EpC = \/Ipff2 + oy,
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-014/

H—WW?#*: STXS

ATLAS-CONF-2021-014

H-ww »evpv, ATLAS Preliminary  Vs=13Tev

Production Particle-Level STXS Reduced Reconstructed Signal Region
Mode Production Bins Stage 1.2 Category

PP <20 GeV ]  m, <30 GeV

= 0-jet

5 H sublead
577 < 200 GeV ggH 0j, low p/ pr > 20 GeV +— N, =0
"< 200 GeV
pr’**9 <20 Gev ] my, > 30 GeV Pre ©
stubIead 5 20 GeV «——
ggH 1j; very low p;” p:" < 60 GeV
. H N
=1-jet 60 < p* < 120 GeV N =1 > Splitb i m:.
oot o osor 0 R [cocpcman | - PRV Pr s Metss M
120 < p/ < 200 GeV_ g , into 11 categories
ggH 1j, med p,” | 120 < p;" < 200 GeV I
22-jets
- [ 3969 e conatser N 22
i< 200 GeV  Duide Lopon v > 17 signal regions (SR)
I e > 30 GeV |‘_ or Outside Lepton Veto  , # ¢ 200 GeV g g
ps" 2200 GeV N, =1
L P [ oo ] -
» 27 control regions (CR)
I Me ¢ 30 GeV I‘_ Fail Central Jet Veto N 22 g
or Outside Lepton Veto
[ moscer |- ? P 2 200 GeV
350 < m; < 700 GeV
N ot | s0sm s —
o oo ] [ o0 oo | e cancen
T
Ng.22 p;” <200 GeV 1000 < m; < 1500 GeV
Eia ] | o n oo [
N, 22
m; > 1500 GeV jots ©
— _ I m; 2 1500 GeV I'— Pass Central Jet Veto
'3 200 GeV . P s 200 GeV and Outside Lepton Veto
IO oo oo
my 2 350 GeV

» This analysis based on the reduced stage 1.2 category to ensure sensitivity for all measurements.
» CRs split similar to SRs where statistics allow

H . 10l miss
Pl = |t + BT
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H—WW?¥*: Results

ATLAS-CONF-2021-014 STXS results

COUp“ng results AT A Dt et
ATLAS Preliminary ~ ** Toia
o) ET & = & a1 & 7 a4 &3 &4 & 3 FaJ & T T g ry [ Statistical Unc.
2 [ ATLAS Preliminary il el —
L 20 1 — 95%CL | H— WW* - evuv I SM Prediction
E C (s =13 TeV, 139 fb° * Bestfit g p-value = 52% Total (Stat Syst.) SMUnc.
T L SM68% CL  _ . ‘ " i
T 418 H — WW* - evuv e o got-0j. p¥ <200 Gev 120 200 [ Biecnaa) ¢ Euoe
o [ . s9#-1.p1 <60Gev a2 B0y | sen
w r ] . . . ‘
5 16.._ 5 ggH ggH-,80=p" <120 Gev 073 00 (N, 1Ny U ode
o) f i ggh-, 120 <p* < 200 GeV 148 120 [ 8550 LR
B N ggH-2j.p" < 200 GeV 183 Tk { Bl Tee) ¢ Eou
141 - | o] P 217 (55,08 | som
= g EW ggH-2/, 350 =m, <700 GeV, p* <200 GeV| | |-mmiiemgH] —0.20 ‘::: [ +0.13
12__ o] qq EW qgH-2], 700 < m <1000 GeV, p* < 200 GV K=Y 050 02 o AL :‘ +0.11
L 5 EW ggH-2/. 1000 <m, <1500 GeV, p* < 200 GeV. 107 “ (i) | wodn
10" S EW qgH-2j, m, > 1500 GeV, p” < 200 GeV/ nies 2 (R IRy L wod
C 5 EW qgH-2j, m, > 350 GeV. p = 200 GeV 148 T 1 RRL R |£009
R I W NN SR S S I ST SR TN NN RN S SR S S SR S i i g e o ol e v e ey B g B gy o B ey g Beey g g g g g
0.4 0.6 0.8 1 1.2 14 4 0 1 2 3 4 5 6 7 8
G B b
VBF T H ww+ [Pb] o/ Og

i » Extracted by profile likelihood fit: 17 SRs
= = 124+ 0.6 (stat.) £ 0.9 (exp syst.) *)-7 (sig theo.) + 1.0 (bkg theo.) pb (mT/DNN) + 27 CRs
v - Buoww- = 079701 pb » gegH uncertainties limited by both stat. +
= 0.79 7070 (stat.) 209 (exp syst.) 2013 (sig theo.) *0:9%8 (bkg theo.) pb, .
syst. uncertainty
» gqgH uncertainties limited by statistical
» Compatible with SM predictions within 1 o uncertainty at high m; / p;"
» Compatible with the SM predictions with a
p-value of 52%
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-014/

H—77*—41{: Four-lepton Invariant Mass Distribution

_IIIIIIiII\\IIIIIIIV\\I"!III
- ATLAS $ el

—_
N
o

Analysis features :

> Small branching fraction ( 0.0124% at my = 125 GeV ) R R S

WttH+tH % Uncertainty

Events/2 GeV
S
o

> Best final S/B ratio, better than 2:1
» Clean signature with fully reconstructed final state E éf Signal region
» good mass resolution = 1-2% % [115-130] GeV 1

(e}
o
T

Full Run2 dataset @13TeV, integrated luminosity of 139 fb-!

07510 120 130 140 150 160

Signal: 4 leptons (4e, 4, 2e2u and 2pu2e) m, [GeV]

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

Backgrounds:
» Irreducible background for ZZ*/Zy*, the normalisation constrained with a data-driven technique .
* obtained from data by using the mass interval with 105-160 GeV

» Reducible background with non-prompt leptons for Z+jets, tt+jets, Zjets, WW-+jets, and WZ+jets
estimated from data.

Multivariate discriminants using neural networks used to separate ggF from ZZ* background,
and to separate the production modes ggF/VH/VBF for 1 and 2 jets reconstruction categories
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H—77*—4L: Production Mode Cross Sections

Production Mode Stage

z7.0 e
ATLAS i S ]
H— Z7Z* - 4] 72| —_— 1
{s=13TeV, 139 fb" wx| . |
Production Mode - [y, | < 2.5 S - I R ¥R B
NN,
—m— Observed: Stat+Sys SM Prediction
[w] Observed: Stat-Only p-value = 91% 5B [fb] (o), [0
agF Emid 11204130 117080
VBF Dom 110+£40  92.0+20
wi| ————y Y
I — . 2 omn sl
Inclusive 2 2] 1340 +120 1330+ 80
¥ 1 | 1 1

cs-Ew‘/(cf-B)SM

» The inclusive H—ZZ* production cross-section

for |yy| < 2.5:
1.34 £ 0.12 pb

» Good agreement with the SM predictions:
1.33 £ 0.08 pb

Dongshuo Du

ggZH-Oj-p:-Luw
;ng-Dj-p;‘-ngh
ggZH-U-pf-Low
gg2H-1 -p;‘-Med
9g2H-1-p/-High
gg2H-2j
ggZH-p;‘-Hign
qq2Hag-VH
qg2Hqq-VBF
qg2Hqg-BSM
VH-Lep

ttH

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

Reduced Stage 1.1

r 1 1 1 1 1T 1 1 T 1T T° T 1

ZZ-0f ——
ATLAS il ]
H—- ZZ* - 4] zza| - T
{5=13 TeV, 139 fb' wc| . ]
Reduced Stage 1.1- |y, | <2.5 R ¥ OB S e &
—m— Observed: Stat+Sys SM Prediction N
[m] Observed: Stat-Only p-value = 77% o-B [fb] (\:IvB)SMI [fb] a
B3 170 + 55 176 £ 25
3 630+ 110 55040 |
3| 50+80 172425 |
Com o 170450  119+18 |
—a—i3 9t 2044 |
a3 20+75 12727 |
B - 3 3822 15+4 |
Com 21435 138°%0 |
— 150°% 10762 |
- : 05*7% 4204018 |
[ S 20428 164404 |
3 50 sl |
1 Il 1 1 i} 1 ! 1 1

-1 0 1 2 3 4 5 6 7

oBl(cB),,

Compatible with SM predictions with
a p-value of 77%.

Due to finer categorisation, results
are statistically limited.
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H—vyy: Diphoton Invariant Mass Distribution

Analysis features :

» Fairly high branching fraction wrt H—-ZZ*—4(: ATLAS-CONF-2020-026

~20 times ]arger §3000 a ;+' Data  ATLAS Plrellin'llin;.ary‘q _f
2 ; <
e . = — Signal + Background - =
> Fair final S/B-ratio: about 1:20 2 2 oy K
"g 15002 S = Inclusive =
) 3 1000 :
» Excellent performance of photon reconstruction 500E-
and identification % iooe =
il &
5 E
» Final states are fully reconstructable T mge. | | . |
o 110 120 130 140 150 160
o m,, [GeV]

» Good mass resolution = 1-2%
Signal + background model
fit for all categories, and the
Full Run2 dataset @13TeV, integrated luminosity of 139 fb-!  residual plot after subtracting

the backgrounds
Signal: diphoton

Backgrounds:

» SM diphoton production or y+jets, jet+jets (estimated from data)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/

H—vyy: Production Mode Cross Sections

ATLAS-CONF-2020-026

III|IIII|IIII[III[I[III[IEIIIIIIIIIII

ATLAS Preliminary
Vs =13 TeV, 139 b’
Hoyy, m = 125.00 GeV

FedTotal | Stat M Syst | sm
» Good agreement with SM prediction for

Total Stat. Syst.

| oo ) ggF+bbH and ttH+tH measurements

ggF + bbH et 1.02£0.11 (£0.08,% 7
VBF HEs=H 134+ 030 (2018, 317) . . o
» VBF is about 1.4 ¢ higher than SM prediction

WH ) 233 0% (2 05+ 05
L= = 084+ oy ((ow*ow) | 3 The combined cross section of WH and ZH(VH)
ftH + tH Fo R BT e 20y is consistent with SM prediction.
IIII|IIII|IIII|IIIIIII\IlIlIIIlIIIIlIiI

2 A B 1 2 3 4 5 6 ove = 59=x14fb versus ovh.ep =4.53£0.121b

o foi!

» The inclusive H—vyy production cross-section for |y, | < 2.5:

(0 X Byy)obs = 127 £ 101b
» Good agreement with the SM predictions:

(00X Byy)exp = 116 £ 5 1b.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/

ggH

VH

ttH

H—yy: STXS

T T T | T T T I T T T I T T T | T

Stony Brook Univ., 12-16 Apr 2021

ATLAS Preliminary  pe{Total | |Stat. = Syst. | SM
Vs =13 TeV, 139 fo
H—yy, m, = 125.09 GeV | Total Stat. Syst.
ggﬂHOJ0<p:10 == 0.76 Tg:; *+0.26, f':,f:)
A e I-< 117 75 015, g1
90-H 140 <pf! <60 = 091 ‘o 0.40, T
ggﬁH1J60<p:<120 |_I-_| 118 T&%ﬁ? (+0.37, T(;).ges)
99H 14 120 <pf! <200 I—-Ll 070 +052 (050, ‘oya
99—H 220 0 <my; <350, 0 <p!! < 60 H__I_q 0.47 :1'-2218 (_+11_'11561 Ifff)
ggaH&J0<m‘u<350,60<p¢<120 |—-—| 0.28 +0.59 (T:g’; .%).3123
9g—H 22J 0 < my; <350, 120 <pt' < 20 —e— 0.60 +é);178 & 0.45, :;)1147
9g->H 22 m, > 350, 0 < p!f < 200 ——e——| 205 Tg_':? :;J.gs;s’ I?_;Z
ggﬂH200<p:<300 |_-_| 1.00 T:;O f,';a, T(%:
B R o = 020 55 (gagr 009)
ggaHp:ﬂso |I_-_| 1.64 ;1-.1465 T11..1464' Tg_og
we——— ——— s Nl a
q4-Hgq 220 0.<m < 60| 120 <m | <350 I —— 1316 +117824 :1.6720’ +(§)5771
q4->Haq 22 60 <m, < 120 = 076 T:_’;?;;s If’_f.f. Té)_'ng
qq—»quzZJ350<m“<700,0<p:<200 F;—IE_' 0.79 +(;)s753 ?5‘52» ?3328
qanaquJmu>700,0<p$<200 I'I-H 1.09 +é>3315 féj_'zzsa! T(?_'1271
qa-Hag 22J m > 350, p! > 200 |.I_i_.| 1.35 T&ﬁ)s 130_;61. fgﬁo)
RUARLS —e— 241 0T o7, 0
e 0 0
ot | Em— oo B2 (83
H\Ip:’>150 0.10 +019131 jfo1-.9110Y fé)-.1196)
HO<pf <60 == 076 T315 Cog o)
llH60<p:<|20 |_.I_| 0.72 +002: (+00i'>63 +(?01;))
l(H|20<p:<200 |_I-_| 1.06 +é>5643 +005621 -+00..1147)
lal:>200 |_-:_| 0.96 +s)f: ?4552, +(§)1102)
" H—e———— o 37O I
1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I
-4 -2 0 2 4 6 8
o""/cll,
Dongshuo Du DIS2021,

ATLAS-CONF-2020-026

More statistics with Full Run2 dataset, finer
binning expecially for non-ggH production
mode.

Cross-sections of 27 STXS regions are measured
» First to measure ttH differentially

In general, measurements are compatible with
SM predictions

Due to finer categorisation, measurements are
statistically limited.
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Difterential and Fiducial Cross Sections

» Measured in fiducial volume: a restricted truth phase space used for a cross section
measurement
 Minimise model-dependent acceptance extrapolations —— The fiducial selection
defined closely match the selection requirements of detector-level analysis
Ns
Cx L,

N, : number of observed signal events, - :the correction factor for detector
efficiency and resolution effect, L, : Integrated luminosity

Gﬁd :O_Total XAXBR:

» |Inclusive fiducial cross-section:|No attempt to separate Higgs production/decay modes
—> compare with best available predictions in the detector phase space

> |Differential cross-section]Measure differential cross section as a function of Higgs p+,
N

jetsee

» The Higgs p- distribution can test couplings to b and c quarks, and high pt can tests
new physics.

» The jet multiplicity is sensitive to different production mechanisms and the
theoretical modelling of high-quark and gluon emission.
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H—Z77*—4L: Inclusive and Differential Cross Section

Eur. Phys. J. C 80, 942 (2020)

arias - Inclusive fiducial cross section:

» H—ZZ*—4{ decay mode pen RS L g =3.2840.30 (stat.) £ 0.11 (syst.) fb
rovides excellent resolution for g Eoof _
p %176* 4 80F O-ﬁdSM —3.41i0.18fb

Higgs kinematic variables 3 + o,

it ie |o | The measurement has precision at 10% level
» Fitting 40 distribution in each o N o

2L 2 LS

final state (right) or differential | "¢ &% °  Good agreement with LHCXSWG prediction
bin (bottom )to extract the
measured cross section

Low p;H test couplings to b and ¢
quarks and High pTH test BSM

Val|— test gluon PDFs Sensitive to BSM phy5|cs

§ T
= ATLAS b+ oaa ] 5 3
S sEHozZ o4 [ Syst. uncertaintie = 5 ATLAS
= =S -MGSFF 147 XH ] 3 Ho 22 4l
& 0.2~ ATLAS 5 (5= 13TeV, 139 o © NNLOPSK=1.1,4XH | 3, 25 4
3 FHozzr 4 C 24444, XH = VBF+VH-ttH+bbH+tH | = Vs =13 TeV, 139 fo
= F e . 4 Total stat. ® syst. uncertainty-| 3
oot 18iTeVi139 M) —3— Fitted 22" Normalsation o 2
% p-value MGS FxFx = 49%
ik 3 p-value NNLOPS = 55% ] p-value MGS FxFx = 61%

‘ttH-bbH+tH |
Total stat. inty_|
i ion . 1.5[  p-value Htod! = 75%
L P MG5 F> 15% 5 M 5 p-value Prophecy4F = 75%
F 1. p-value NNLOJET = 15% | 2 L e T R - p-value NNLOPS = 59%
0.06:‘ E 1 I p-value RadISH = 6% ] [* + + + s I+ &} 1
; t

p-value NNLOPS =8% | r
004ft 1 i - = =i
“+I E i ] ost gt ldee
. L 24 )
0.02 I i - 0 i
k P e 3z -
E b 8 1 . | : £ 25 E
S 15 | - — 5~ -
0 2 = ] 1 2.3
© Tl LI | L ) . =
2 0 o I = =
S 15— I I 1 i E 95 2] ™ ] L | =
R T T
L -
g = gy 15
< 05 . = = —— +_$__¢_ 15k 4
S I i gg 1 s
; 151 o, i H—' [_> 0.15 0.3 045 06 075 09 12 16 20 2_5 “ ost Bin0 Bin 1 Bin 2 Bin3 Bind
Z et 3 g . .| - 8 o e " o in in in in in
Z o5 | Pal mypvsm
0 10 20 30 45 60 80 120 200 350 1000 12Vs. Mgy

Measured cross sections in good agreement with SM predictions within uncertainties
Limited by statistical uncertainties
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H—yy: Inclusive and Differential Cross Section

ATLAS-CONF-2019-029
Inclusive fiducial cross section:

» Excellent performance of photon
reconstruction and identification o =652+7.1fb

— good resolution for Higgs variables O gy =63.61£3.31b

» The H — vy signal yields are
extracted from fits to the
diphoton invariant mass

The measurement has precision at 11% level

Differential cross-section still
limited by statistical uncertainties

H . . . .
Low py'! test couplingstoband ¢ N, — test modelling of radiations at high pT and [y~ test gluon PDFs
ks and High p;! test BSM i Yal—> test e

quarks and High pr* tes production modes
;10 ! R ! T ) '_1 = T T T T T 5 80T e e e e
o] ATLAS Preliminary  H—yy, s=13 TeV, 139 fb E ok ATLAS Preliminary | B8 go-HdefautMC+XH Bl Powheg NNLOPS + XH _| = ATLAS Preliminary H—yy, (s=13TeV, 139 b
§ -4 Data, tot.unc. X\ syst. unc. DE E —4— Data, tot. unc.  Q\\ syst. unc. §§ B o+ xH [& GoSam+Sherpa + XH ;; ~4-Data, tot. unc. 3 syst. unc.
: ¢ F Hoyy, Vs=13TeV, 139 b + B NLowVE + XH A Sherpa (vepsenLo) + XH S
g E= gg—H default MC + XH [ antik, R=04, p >30GeV T & STWZBLPTW+xH [El MG5aMC@NLO + XH ~, 60} BE gg—+H default MC + XH
= [Bll NNLOJET ® SCET NNLO ® NLL + XH ! = B NNLOJET + XH B XH=VBF+VH+itH+bbH 5 [l 99— H SCETIib+MCFM8 + XH
-Sg « = XH = VBF+VH+1tH+bbH ==+ XH = VBF+VH+ttH+bbH

q0F ©F
16+

201

o
@
&

] )
g £ gt
=15 ;3 g :
‘. : :
So0s g _ - - Fos
g ‘ ‘ ‘ . . X & = Fl = =0 # = EaN 002 04 06 08 1 12 14 16 18 2 22 24
0 50 100 150 200 250 300 350 jets ly 1

Pl GeV]

Measured cross sections in good agreement with SM predictions within uncertainties
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-029/

»H — 7Z7*, H — yy, H > WW?¥* channels investigated with 139 fb-!
of data collected with the ATLAS detector @13TeV

* Inclusive, STXS and differential cross section measurements are presented

* all the measurements are in agreement with the SM predictions

» Thanks to the increased statistics with full Run2 dataset, more
finely-grained measurements are presented.

Stay tuned for more results to come from Run2
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Thank you for your attention
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Back up
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Higgs Physics In Diboson Final States

Production modes Higgs decay to diboson
» The most prolific decay: H —bb (58%), very hard to observe % e
o 107
» The branching ratios (BR) of H - WW#*(—lvlv) Z§10’2;

/7.7(—41)/yy are 1.0%, 0.012% and 0.23%, respectively 10

» The final states (e, M, v ) are very sensitive & leave a clean
signature in the ATLAS detector

Dongshuo Du DIS2021, Stony Brook Univ., 12-16 Apr 2021



Higgs mass measurement

Process Generator PDF

qqZ7Z SHERPA v2.2.2 [68-T71] NNPDF3.0nnlo
qqZZ (alternate) PowHEG-Box v2 CT10

qq”ZZ (alternate) MaADGrAaPHS_aMC@NLO PDF4LHC (NLO)
ggZ7 SHERPA v2.2.2 NNPDF3.0nnlo
EW ZZ SHERPA v2.2.2 NNPDEF3.0nnlo
WZ PowHEG-Box v2 CI1

Z+jets SHERPA v2.2.1 NNPDF3.0nnlo
it PowHEG-Box v2 NNPDF3.0nnlo
XX MADGrAPHS aMC@NLO NNPDF3.0nnlo
'44% SHERPA v2.2.2 NNPDEF3.0nnlo

VVV: 777, WZZ, and WWZ
tXX: one or more top quarks or electroweak bosons: tW Z, ttbarW+W-
, ttbart , ttbarttbar and tZ

Dongshuo Du DIS2021, Stony Brook Univ., 12-16 Apr 2021
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Higgs mass measurement

S T R R D R v
ATLAS = Total Stat. only
Run t Vs =7-8 TeV, 25", Run 2 {5 = 13 TeV, 36.1 fb” Total  (Stat. only)

Run1H—4l — 124,51+ 0.52 ( + 0.52) GeV
Run 1H—yy : . ' 126.02 + 0.51 ( + 0.43) GeV
Run 2 H—4/ e 124.79 £ 0.37 ( £ 0.36) GeV
Run 2 H—-yy r—rl—-—i 12493 +0.40 ( £ 0.21) GeV

TRun ez Hodl | e T i h030 (4 030 GeV
Run 1+42 H—yy o —— 125.32 £ 0.35 ( £ 0.19) GeV

" Run 1Combined | #———m 12538 +0.41 (£037)GeV
Run 2 Combined ——e—1 124.86 + 0.27 ( + 0.18) GeV

| Run142Combined 1 —— S 124.97 +0.24 (£0.16) GeV
ATLAS +CMSRun1 n-1|—-—-  125.00+0.24(£0.21) GeV

TN [N S S N TN AT TN TN Y N TN TN SN S [N TN MY T [N T N N T N S
123 124 125 126 127 128

m,, [GeV]

PLB 784 (2018) 345
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Higgs mass measurement

» BDT inputs: The transverse momentum and pseudorapidity of the four-lepton system
are used together with a matrixelement-based kinematic discriminant D«

> Signal and Z(Z*) estimated from MC expecion E’BU?éﬁézsf Plrt;,:‘!ininiéarly‘ g e
e 1603{333&\; 1_:1)9&1" —
o - d XX, VWV
B 140F t

» tXX and VVV estimated from MC expecion 2 120f

100F
» Z+jets and ttbar estimated from data-driven method :z
405
20f |

» No cut on the value of the BDT output applied, but the events
are categorised in four exclusive equal-size BDT bins in order
to better separate the signal from the background contribution
in the my, fit.

ATLAS-CONF-2020-005

2/|1Mzz+|%)

D77+ is defined as In(| Mg zz-
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S00-0¢0¢-4dNOD-SV1LY

Higgs mass measurement

» An analytic model that takes into account the invariant mass resolution of the four-
lepton system on a per-event basis is employed

» The mass of the Higgs boson has been measured from a fit to the invariant mass
and the predicted invariant mass resolution of the H - Z Z* - 4l decay channel.

90
80

70

Events / 1.25 GeV

60
50
40
30
20

10

0
105 110 115 120 125 130 135 140 145 150 155 160

Dongshuo Du

IIIilIII]IIII|I1II|IIII|IIIF|I

_IJ_I

_IIIIIIIII|IIIIIIIII|IIIIIIIIIIIIIIlIIII1IIIIIIII||

uncertainties on my

- ATLAS Preliminary ~ $ 0@ s
CH — ZZ* — 4l = Eit myg = 124.92_0:20 GeV
F Vs =13 TeV, 139 fb! [ ] Background

Impact of the leading systematic

-I'.'I—PIIIIII|IIIIIIJIIIIIII|IIIlIIIIIIIIIIIII:

L1 IIIIII|IIIIIIIII|IIIIIIIIIIIIII|IIII|IIFII+IIIIIIIII_ MuonSagittabiascorrection

m,, [GeV]

DIS2021, Stony Brook Univ., 12-16 Apr 2021

Systematic Uncertainty Impact (GeV)
Muon momentum scale +0.08,-0.06
Electron energy scale +0.02
Muon momentum resolution +0.01
+0.01
24
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H_)WW*: analysis ATLAS-CONF-2021-014

Category Niet.( pr>30 Gev) = 0 ggF ‘ Niet (pr>30 cev) = 1 ggF | Niet, (pr>30 Gev) = 2 ggF ‘ Niet,(pr>30 Gev) = 2 VBF
Two isolated, different-flavour leptons (£ =e, u) with opposite charge
Preselection PO Pl B GeN
mee > 10 GeV
P > 20 GeV
Npet(pr>20Gev) =0
Background rejection Jﬁ.g,ﬁ“,E%m >naf2 mer <mgz —25GeV
Py >30GeV max (mf) >50 GeV
mer <55 GeV
Appr < 1.8
H—- WW*—evuv fail central jet veto ;
topology or central jet veto
fail outside lepton veto outside lepton veto
[ ;; — 85| > 15 GeV m;; > 120 GeV
or
Ay;i > 1.2
Discriminant variable mr DNN

Dongshuo Du DIS2021, Stony Brook Univ., 12-16 Apr 2021 25
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- H—->WW?*: analysis

ATLAS-CONF-2021-014

CR Niet,{ pr>30 Gevy = D g&F ‘ Niet,{ pr=30 Gevy = 1 B&F | Nist,(pr=30 Gevy = 2 B8F | Niw (pr=30 Gevy = 2 VBF
Npjor(pr=20Gevy = 0
Sj{ﬂi;r{llﬂ' GeV mygr = 80 GeV

Adsr<2.6 |myr —mz| > 25 GeV Mer < mz — 25 GeV

max {m%} = 50 GeV mpy = 165 GeV
gg — WW
fail central jet velo
or fail outside lepton veto

[ j; —83] > 15 GeV

or Ay > 1.2
Nb-j:i.l; =30 GeVy = 1
Nbjet(20 Gev < pr<3n Gevy = 0 .l Npjet i pr=20 Gevy = 0 Npjet.(pr>20 Gevy = 1
Nbojer, (20 GeVepr<it Gev) = 0
Ag(LE, ET™) > n/2 My, <my— 25 GeV
pif > 30 Gev max (mf) > 50 GeV mge > 80 GeV
B Agr <28 Adpr < 1.8
triiWe
My < 165 GeVY
fail central jet veto central jet veto
or fail outside lepton veto outside lepton veto

Im;; — 85| > 15 GeV

or Ay;; =12
Nb-j::[.l,m:lﬂ ey =1
mee < 80 GeV e <35 GeV mey < 10 GeV
no p requirement
ziy Ader > 2.8 Myr > my — 25 GeV lmrr — mz| = 25 GeV
Y

fail central jet veto

or fail outside lepton veto

Imy; — 85] > 15 GeV

or Ayj; >12

central jet veto

outside lepton veto

Dongshuo Du
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VBF >2 Jet: Deep Neural Network (DNN)

» More complex final state

> DNN inputs:
(after preselection, m,, < mz — 25GeV & b-veto)
mi, ijj:' Z}E Ce (Cf = |277€ = Z T?j|/A"?;j)

Events ! 0.5

Data / Pred.

p]_‘li_}JIJZ
Ay,

My, Mg,

3000 AT e

2500

= ] 1 | L 1 I
ATLAS Preliminary # Dam i Uncenainty
HHe W H,

H Cther H 1Fh v

15=13TeV, 138 "'
H — WW*" — svav

P VBF-enriched N 225R [l WW [l Z+ets
Mis-id [l Other vV
[] Hyge x50

.t

i'-sr

Events / 120 GeV

Data / Pred.

mr, P, ET'S® significance

» Training target: VBF vs. non-H + ggF
— reduce ggF/VBF interplay

Dongshuo Du

[ T T T T
9 ,#LATLAS Preliminary +Data ;%Unoena.my
o
@ s=13TeV, 138 b’ BH. WA,
S H — WW* — evuv Poter v iwm
IJ>.I VBF-enriched N> 2 SR B ww Bz
* Mis-id  [Jother vv
DNN — fit
ke
5000,
"'SWE _ f;TLAS Preliminary 3
5=13Tev, 138 b
4000E: H — WW* — evaw 7
3500f VBF-enriched N2 2SR
3000F . ¥ Duta & Uncoricinty 4 . 1.4F T T T T T T =
2500F =H\mF | ?.3 =k ]
Other H it
2000F xi o
i L mjj Bww  Wzees —_
Mistd [ Other v ..E 3
t DHWFgﬁj e N W \:
o S ot ]
' 0.6k =
o 4
i F
— 3k
%’ 2— ------------------------------------------------------
| | L L L T T R eI R T PP RRPPEP P
5 o
0 7] o o
= 025.? 25'939 %, 9?3} 0&3] &3 08@_} 83 %, U
DNN output
ATLAS-CONF-2021-014
DIS2021, Stony Brook Univ., 12-16 Apr 2021 27


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-014/

Events / 10 GeV

Data / Pred.

Total — Bkg.

H_)WW*: analysis ATLAS-CONF-2021-014

-||||||||||||||rp||I||\|||-||||_>2000_IIlllllll:l.lilllllllll‘llllll_ > _"'|""|_"_"|""|"_'\'|""_
| ATLAS Preliminary4-bata  \ Uncertainty | 3 - ATLAS Preliminary 4-pata | Uncertainty - & 1200F-ATLAS Preliminary+pata  \ Uncertainty]
3000} Vs = 13 Tev, 139 o™ 4o i Vs=13TeV, 139 o' H i i [ {5=13TeV, 139 b’ ’ % ]
- H - WW* = evuv .H“”F .HVEF 4 - |l H— WW* — evuv . ag* . _VBF i e 1000'_H S W s evay . gaF . _VBF 1
- ggF Nj«=0SR MoterH  tiwe 1 & 1500—9gF Niet= 1SR Mother 1 i = - ggF-enriched Nt =22 SR Moter v i
I o Bw Bzr e , Ww Nz 1 % I B Wz ]
2000} mis-id [l other w < ) i ' misid Woterw | 3 : sy, [misia loter v A
1000 R g 600:_ * | _
L 0 K o~ 3 i
- 'S . - ) -
400 & -
1000 - - E ]
500 . - [ & . ]
i i 200 -
14 _8 14FTTT I B e s B e e E B U0 - I I O O O I O O O
LS 'y T 12 .
' == E . . Locdesa iR R T Y. R s oo
1 _g 1:_ ...... R '*';W\*\"@heA%&&%ﬁemﬁv\\? ;;\c.\. § 1 \ﬁ#&b‘? i‘\&&\t o .%‘&3&%& ] W% 8 R
0.85 ++ O osf § l 08 + 4
D,ﬁ\Q\;\-I‘E}IIIIIIIIIIII}IIIIIIIIIIIII 0_6:—||II§IIIIIII!IIIIIlIIIIIlIIII . L i
- T —_— ———— ——— — —— {=)]
o iy
G i
2 ®
a D 20F - ihk N 6 g
=] [
l_ NRRIERCCHRE Eiob AN ET AR S S0l et Srtt] [ TRV PRl Hch SR St S SOtk i W £
A FERTTRNN ST TN TAPUNN (N NS SNNTTH SIS SN ' U I T T TS T ST S
¥ 50 100 150 200 250
50 100 150 200 250
my [GeV] myr [GeV]
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Break down

Aayr-By_, re Aavpe-By_, .
Source % [%e] ;;F. ﬁ:_, “W; — [%]
Data statistical uncertainties 5 13
Total systematic uncertainties 11 18
MC statistical uncertainties 4 3.2
Experimental uncertainties 6 f
Flavour Tagging 24 0.9
Jet energy scale 1.4 3.3
Jet energy resolution i 19
Exis 1.9 5
Muons 2.1 0.7
Electrons 1.5 0.3
Fake factors 24 1.0
Pile-up 24 1.3
Luminosity 20 2.1
Theoretical uncertainties 8 16
ggF > 4
VBF 0.7 13
Top 4 5
ZrT 20 21
Ww 4 5
Other VV 3 1.2
Background normalisations 5 3
Ww 3.1 0.5
Top 24 23
ZrT 3.1 4
TOTAL 12 22

Dongshuo Du DIS2021, Stony Brook Univ., 12-16 Apr 2021
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Reconstructed Signal Region

H—)WW* STXS ATLAS-CONF-2021-014

. . - ggH-0j, low p: EW ggH-2j, low m ,-low p'T"
H —y WW* —y va - ggH-1 , low p’: EW ggH-2j, high m ;-low p;"

I oot medp”
I oo-2i. low p"

I oot. high p”

- EW ggH-2j , very high m; -low p‘:

_ -1
Vs=13TeV, 139 fb B £ ggH-2; , high p”

ggF 0f, low p?
ggF 1j, very low p_’:
agF ¥, low p¥

ggF ¥, med p!
ggF 2j, low p?
agF ¥, high p¥!
agF 2/, high p!
VBF 2j, low m;
VBF 2/, med m,
VBF 2j, high m;
VBF 2j, very high m;
VBF 2, high p*

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Expected Composition
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Asobs/ 0‘SM (%)

H—WW?*: STXS

80
- ATLAS Preliminary —
70 {s=13TeV, 139 fb™ —
. H—- WW* — evuv
60—
50—
40—
30
20
10
EW??& 2 EW?W/,Q .EWO%*,Q EW‘VVA/,Q ,EW‘FWY,? gy, ;owgg/"‘y b
74 ’o""’b k 78 r,-,sgm s, "’Qn‘r,,, 7 ve’J’h‘ 7 h@hph 0 &
7 bwp;, r*owp: J‘fowp;, ’gﬁ”}*lc,v;”

Statistical Unc.

Background Theory Unc.

Signal Theory Unc.
Experimental Unc.
SM Unc.

oty 7

G0y,
¥

Yoty SO e e
bwp: ar p#

904y,

IIII‘IIIIlllll\lllllllllllllll

. o,
<, ou Pighy o
f

Value Uncertainty [fb] SM prediction
STXS category (o X Bww)
[fb] Total Stat. Exp. Syst. Sig. Theo. Bkg. Theo. [fb]
H-0j, 1 i 900 400 600 300 600
sgH-0j, low pr 7000, e wHw e g o 5900 + 400
py < 200 GeV
H-1j, very low p¥ 820 4390 380 70 550
ggp{? ;’m Ge);, Pr 190 g S Do o Do 1400+ 200
ggH-1j, low PH 510 290 270 30 340
60 < pH < 133 GeV 70 e o T0 T e 970+ 150
ggH-1j, med PH 130 +90 60 10 +60
120< pH < :()To GeV 80 I Iy “50 “io -50 166 30
2gH-2j, low PH 800 350 +400 90 550
pH <200 Gev 1560 Ty I a0 50 Tsi0 1010+ 210
ggH, high p! 100 +70 +40 30 S0
pH > 200 cev 70 e Do Za0 Do 20 122+ 34
EW gqH-2j, low m;;-low pf! _30 +60 +40 +30 +10 +20 109+ 14
350 < mj; < 700 GeV, p#! < 200 GeV —60 =40 —40 —20 -30
EW ggH-2j, med m jj-low pif 2y 43 4 +12 10 +1 6+ 6
700 < mjj < 1000 GeV, pf! < 200 GeV -30 =24 -13 -8 =)
EW ggH-2j, high m;;-low pg! 54 4% +3 +7 47 514 5
1000 < my; < 1500 GeV, pH < 200 GeV -2 -0 -8 =5 =0
EW ggH-2j, very high m;;-low p}! 48 19 7 45 5 + 50+ 4
my; = 1500 GeV, pH < 200 GeV - 15 =5 f -4
EW ggH-2j, high p-f 36 +15 +13 +3 + +3 32+ 3
my; 2 350 GeV, pi! > 200 Gev -3 12 = -3 =

Dongshuo Du

ATLAS-CONF-2021-014

DIS2021, Stony Brook Univ., 12-1

T T T T T T T
ATLAS Prelimina el
4 ry [ Statistical Unc.
Vs =13 TeV, 139 fb EE Systematic Unc.
H —- WW* - evuv I SM Prediction
p-value = 52% Total (Stat. Syst.) SMUnc.
9gH-0j, p* <200 Gev q20 I8 | FUE YUY U sgne
00H-Y. P! < 60 GeV oigs IS0 o SE ANy ¢ w
ggH-1,60<p" < 120 Gev 078 ToR (0B Tea) | fode
ggH-Y., 120 £p’ < 200 GeV 148 128 [ 900, 108 | =0
9gH-2j. p¥ <200 GeV 183 L B Tane ¢ EOE
doH. 72200 Gev P 247 T (05, 0 | oz
EW ggH-2j, 350 <m, <700 GeV, p¥ <200 GeV | |imm = s il ; +0.13
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. 0.8 %
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e -1
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H_)ZZ * : STXS Eur. Phys. J. C 80, 957 (2020).

ATLAS s - 137ev, 130 1"

V2l + H

Production
Mode

Particle-level
Production Bins

= O-jet

P <10 GaV

P, <200 GeV |= 1-jet

STXS Reduced

Stage 1.1

s i

B0 < p f <120 GeV

= 2ets

gg2H-1-p *-Med

e

py" = 200 GaV

09 — Z{2) + H

Eﬂd:m‘e:IZGGEV

m < 60 Ge\ or izu-qmlqssaﬁw
or m, > 350 GeV, p," < 200 GeV

. qa2Hag-VH

m, > 350 GeV, p" > 200 GaV

l_ququ-VBF

S P e ————

)

Leptonic V decay

t

Reconstructed event categories

O Low
Gfpr“.'-MEdi um
1fpY-Low
1fp"-Medium

1fp;*-High

1fp,*-BSM-like
2j

2j-BSM-like

0fp,*-High
VH-Lep-enriched

ttH-Had-enriched

#tH- ep-enriched

Signal Region

Bt < 10 GeV

10 < p,* < 100 GeV

ot = B0 GaV

B0 < 4 < 120 GeV

120 < p ¥ < 200 GeV

0,® = 200 GeV

m, <120 GeV or p.¥ = 200 GeV/

m =120 GaV, p 9= 200 GeV
i T

NthE

N, =0, p,> 100 GeV

N =5

itH Hadranic

1tH Leptanic

i m,=[115,130] GeV —

Reconstructed event categories
Sideband Region

SB-0) !.ﬁ
N=1
; SB-1j —_—
| SB-2j i—*ﬂ"’zz

» i m, = [105, 115] U [130, 350] GeV —
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H_)ZZ * : STXS Eur. Phys. J. C 80, 957 (2020).

» Two types of NNs are used: feed-forward multilayer perceptron (MLP) and recurrent (RNN)

» The input variables used to train the MLP, and the two RNNs for the four leptons and the jets

Category Processes MLP Lepton RNN Jet RNN Discriminant
0i- -1-|!'_m, 4f_ n - : 3
il agF. 27 TR ST L. e - NNggr
[}j—pff—Mcd |cos@*|, cos ), ¢z
Y, il NNygr for NNz < 0.25
1j-p¥ -Low osF, VBF, ZZ* Prabyly pL.ne . VEE 7z
ARy, Dzz- NNz for NN,z > 0.25
4 b miss
; - Pr oy P s E " NN\.’EF for NNZZ < (.25
1 j-p¥ -Med geF, VBF, ZZ el g L. e 3 . "
ARyrj, Dzz-, nar NNzz for NNzz > 0.25
P, phany
1j-p¥ -High ogF, VBF FARTRTE pE. e . NNver

miss
EL™, ARyrj, Nt

NNvBF for NNVH <02

2j goF, VBF, VH my;, piii PL. e P n;
L % B NNy for NNy > 0.2
2j-BSM-like gogF, VBF ety pai pL. e plon; NNvgg
N; ~i~N -jels .
VH-Lep-enriched VH, 1tH Ea TR pt : NN,
i T
Em]hﬁ IJT
T L
. myy, : NN g for NNyxx < 0.4
nH-Had-enriched goF, ttH, 1XX P pi. e pi}. njy e He
AR4r i Npjers 7005 NN;xx for NN;xx > 0.4
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H_)ZZ %k : STXS Eur. Phys. J. C 80, 957 (2020).

ZZ4 -
A TLAS ZZf ¥ — i
H— Z22* - 4l T | [ S —
Vs = 13 TeV, 139 1o . . ]
Production Mode - \yH| <25 SR PR S T
N,NN
—&— Observed: Stat+Sys SM Prediction
¥ - -value = 91%
[w] Observed: Stat-Only pvalu cB[b] (c:8),, o
ggF - 1120+130 1170 £ 80
1
VBF —. 110+40 920:20
:
i : 61 27 ]
VH T - = Ble 52'{4.9
= ! =
i 28 10
nH E i 3 % 154 -13
= | ]
i
Inclusive ] 1340+ 120 1330 + 80
. , B PSRRI, (NI N NS SR L
ZZ-f —a—
A TLAS 224 e 1
H—-ZZ* - 4l zg| A 1
Vs =13 TeV, 139 tb" o . |
Reduced Stage 1.1 - |yH| <25 1 TE T TR s
—8 Observed: Stal+Sys SM Prediction e
[w] Observed: Stal-Only ~ p-value = 77% o8 [fo] (eB),,, [fb]
9g2H-0j-p-Low e 170£55 17625
9g2H-0j-p -High Fm 630+ 110 550+ 40
gng-]j-p:l-LDw a3 I 50 + 80 172425
gu2H-1-p}-Med i-‘ - 170 £ 50 119+ 18
oozh-ti-py-Hah | —— 9l 20ts |
go2H-2{ i 40 +75 127+ 27
sg2H-0lHigh : . gain 1544
qRHg:- Vi : 21+ 35 19.87%
qaHea VB | - 150 +% 107.6 24
qu2Haaesm | a ; a5’ 420+0.18 |
VH-Lep - ] 2223: 164204
w | a3 257% 154710
. . . L . . . . .
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H_)ZZ * : STXS Eur. Phys. J. C 80, 957 (2020).

Experimental uncertainties [%] Theory uncertainties [%]
Measurement Lomi &M Jets, Reducible | Background Signal
pile-up flav. tag bkg ZZ* XX PDF QCD Shower
Inclusive cross-section
1.7 2:5 0.5 <05 1 <08 <05 1 2
Production mode cross-sections

ggF 1.7 2:5 1 <05 1.5 <05 0.5 1 2

VBF 1.7 2 4 <05 1.5 <05 1 D 7
VH 129 2 4 1 6 <05 2 1355 78

ttH 2 6 £10:5 1 0.5 5 125
Reduced Stage-1.1 production bin cross-sections

gg2H-0j-p¥ -Low L7 3 15 0.5 65 =05 =05 1 1.5
gg2H-0j-p¥-High 1 3 5 £10:5 3 Z10:5 =05 D5 55

gg2H-Ij-p¥-Low 7 2.5 12 0.5 7 <05 <05 1 6
ggZH-lj-p;"-Med 7 3 i <05 | <05 <05 1.5 5
gg2H-lj-p¥-High 1.7 3 11 0:5 2 <05 <05 2 7:5
gg2H-2j | By 2.5 16.5 1 12.5 5 =05 25 10.5
gg2H-pF -High | ) 1.5 3 0.5 35 =05 =05 2 - )

qq2Hqq-VH 1.8 + 17 1 +4 1 )5 55 8
qq2Hqq-VBF 1.7 2 3:5 <0.5 5 <3 <05 6 10.5

qq2Hqq-BSM 1.7 2 4 <05 25 =08 <05 3 8

VH-Lep 1.8 2:5 2 1 2 05 <05 1:5 3

ttH 1.7 2.5 5 0:5 1 5 =05 1 3

» the luminosity uncertainty, which is measured to be 1.7% and increases for the VH
signal processes due to the simulation-based normalisation of the background.
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H—vyy: Production Mode Cross Sections

ATLAS-CONF-2020-026

e
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o = : 2] )
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- - - .
D E 3  PDFs from all categories are also
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l _50 L 1 L L 1
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a m,, [GeV]

» This choice of event weight is designed to enhance the contribution of events from
categories with higher signal-to-background ratio in a way that approximately matches
the impact of these events in the categorized analysis of the data
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H—vyy: Production Mode Cross Sections

ATLAS-CONF-2020-026
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H—vyy: Production Mode Cross Sections (breakdown)

ATLAS-CONF-2020-026

ggF+ bbH VBF WH ZH ttH + tH
Uncertainty source Ao %] Ac|%] Ac[%] Aco[%] Ac|%]
Underlying Event and Parton Shower (UEPS) 7.3 +10 < &1 +9.6 +3.5
Modeling of Heavy Flavor Jets in non-tfH Processes < +1 < +1 <41 < +1 +1.3
Higher-Order QCD Terms (QCD) +1.6 < +1 < +1 +1.9 < +1
Parton Distribution Function and a5 Scale (PDF+ags) < %1 +1.1 < +1 +1.9 < +1
Photon Energy Resolution (PER) +2.9 +2.4 +2.0 +1.3 +4.9
Photon Energy Scale (PES) < &l <&l <] +3.4 S
Jet/ER™ +1.6 +55 12 40 3.0
Photon Efficiency 2D 42 +2.4 +1.4 +2.4
Background Modeling +4.1 +4.7 +2.8 +18 +2.4
Flavor Tagging < &1 < &1 S < %1 < 1
Leptons < &1 = < %1 <] % ¥l
Pileup +1.8 +£2.7 +2.1 +3.8 +1.1
Luminosity and Trigger +2.1 421 +2.3 =2 Ml +2.3
Higgs Boson Mass % =1 ] < #] 5 ]
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H—vyy: Production Mode Cross Sections
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H —yy : STXS (27 pois)
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H—Z77*—41L: Inclusive and Differential Cross Section

Eur. Phys. J. C 80, 942 (2020)
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H—Z77*—4L: Inclusive and Differential C

Cross section [fb]
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