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»Overview of Higgs physics in diboson final states

»Higgs boson cross sections measurement

« Measurement of Simplified Template Cross Section (STXS)
in H-WW#* H—ZZ* and H—vyy decay channels

* Fiducial inclusive and differential cross-section measurements
In H—»ZZ* and H—yy 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) [yy/ ZZ*(—4l) are 1.0%, 0.23% and
0.012%, respectively

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

» H—Z7Z*—4l and H —vy : the most sensitive channels for observation
» H—Z7Z*—4l, SIB > 2 i
» H—yy, SIB ~5% ’
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Branching Ratios
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» H— WW#*lvlv (high yield with fair S/B)
 Larger branching ratio « Clean signature
» High background
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===) Powerful tool for measuring the Higgs properties
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Simplified Template Cross Section (STXS)

= (99F + Z(—qq)H)

i [0, 200] A [200, oc]
H
T

> The aim with STXS method: s
* Improve sensitivity of measurements
* Reduce their dependence on the theory
* |solation of possible BSM effects

» STXS framework provides different stages
(e.g. stage 0, stage 1, stage 1.2) with increasingly

fine granularity, more details Stage 1.2 - = VBF 4V (> a)H
» Categorizing events into bins of key (truth)
variables (p{", Nii,, m;) in different production 1 (e |
60
modes (ggH, qgH, VH and ttH) " - 350
350
0 25p¥jj 1000
> STXS well-suited to combine different decay .15°°
channels
Stage 1.2 =V(—>Ieptnns‘)H Stage 1.2

» Higgs boson properties measured with 139 fb! —
(Vs = 13 TeV) for Higgs boson rapidity |y,| <2.5 = —
]
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWGFiducialAndSTXS#Simplified_template_cross_sectio

H—WW?*. Analysis Strategy

« Signal: different flavour (eutue) opposite charge leptons + MET  Submitted to PRD

- Events split in 4 analysis categories based on Nig, () § | famss T ol G
* 9g9F: Njs = 0,1, > 2, cut based i e me
* my used as discriminant variable —_—
* VBF: Njys = 2, “deep” neural network (DNN) based -
« DNN used as discriminant variable 5
« Main background:
> 1800
» Non-resonant qqWW, top and Z—tt S rico- ATHAS o
* ggF: qqWW, top and Z—tt normalized by g o aw
control regions (CR) I i
- ot @I
 VBF: top and Z—tt normalized by CRs w e e, S

» Background with mis-identified leptons

estimated by data-driven fake factor method
(*) Full event selection in the backup iy [GeV]
my = \/(E$f +EDSS)2 bl 4 TSR, BLE = JpLE2 +m2,
¢E%ﬂ$§ﬁ%%ﬂ“A%+— EEE= 4
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-20/

H—-WW?*: STXS

Ho W oy ATLAS V5= 13 Tev. 139 Submitted to PRD
Production Particle-Level STXS Reduced Reconstructed Signal Region
Mode Production Bins Stage 1.2 Category
stubIesd <20 GeV —
= O-jet I ggH 0j, low p.* | pruoead 5 o0 GeY  —
<200 GeVv . N =0
p_rsublaad <20 GeV Py <200 GeV
sublead
o >20 GeV +——
1< 60 GeV
I ggH 1j, very low p.” | p, "< 60 GeV
=1-jet 80 = p," < 120 GeV Neo =1 H H
ggH J 2 _ | e0spr<120Gev | - > Sp|lt by Pt Njetsl mjj
120 < p,"' < 200 GeV ) H 4
[(20p7<2006ev | into 11 categories
"< 200 GeV SR L [ h Fail Central Jet Veto Ny 22 ) )
I |_Jor0utsideLeptonVelo P < 200 GeV > 17 S|gna| I’eglonS (SR)
p.Hz200 GeV 1 N, =1
I [ {eai Cenrat set veto w.=z| | » 27 control regions (CR)
I |_ or Outside Lepton Veto " = 200 GeV
700 < m, < 1000 GeV "
T T I
N,.=2 p<200GeV 1000 = m; < 1500 GeV
m, = 1500 GeV N> 2
2
! _ I m; z 1500 GeV |‘— Pass Central Jet Veto
=200 GeV M and Outside Lepton Veto
il [ messocey | £rEE0CV
m; =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
L= Ipi+ B
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-20/

H—-WW?*: Results

Submitted to PRD STXS results

Coupling results T et To
ATLAS e+ Total
[ Statistical Unc.
_ Vs=13TeV, 139 b BN Systematic Unc.
-8- 1.8 ATILAS I I _— BQ%CL I A H— WW* - evuv 1" SM Prediction
. r — 95%cL ] p-value = 53% Total (Stat. Syst.) SM Unc.
%1 6:— Vs =13 TeV, 139 fb *  Best filu _ ggH-0j, p" <200 GeV [ .21 (08 (00 L0k L Loo7
mé EOH o W S evay o 09H-1. <60 G 082 9% (82, :8) | wom
" 1.4 = ggH 99H-1], 60 < p¥ < 120 GeV 058 0% (0. on) Dot
bg 1_2; B ggH-1],120 < p!' < 200 GeV 146 0% (0%, ) £0.19
L ] ggH-2]. p'¥ < 200 GeV 159 0% (0 o) ETES
1L ] ggH. p" = 200 Gev Femtmr] 211 05 (0%, 05) 1 sozs
r ] EW gqH-2j, 350 < m, <700 GeV, p¥ <200 GeV || |HummSmmr-] 005 ‘0T (10 0%, L sgpr
0.8F - H EW ggH-2/, 700 < m, <1000 GeV, p'* < 200 GeV 0.56 ‘381U 0%, Lo
r ] qq EW ggH-2], 1000 < m, < 1500 GeV, p' <200 GeV 118 0% (0L R | 007
06~ 7 EW qqH-2]. m, > 1500 GV, p" < 200 GeV 144 700 (R : +0.08
0.4k E EW qgH-2j, m, = 350 GeV, p* = 200 GeV 117 9% ( ok, Do) 0 zoos
Co b b b b e T o T T T
8 9 10 11 12 13 14 15 16 1 0 1 o 3 4 5 6 7 8
Gous B,y oy IPD) B  /(cB, )
H—-Ww* H—WW* sMm

(oo Brwn = 105175 ] » Extracted by profile likelihood fit: 17 SRs
= 12.0+0.6 (stat.)*J5 (exp. syst.) *0¢ (sig. theo.) + 0.8 (bkg. theo.) pb (m /DN N) + 27 CRs
[ovar Baww= 075 0p0 ] T o
= 0.75+0.11 (stat.) *207 (exp. syst.) *012 (sig. theo.) *397 (bkg. theo.) pb, > ggH uncertainties limited by both stat. +
syst. uncertainty
» gqgH uncertainties limited by statistical

uncertainty at high m;; / p;"

» Compatible with SM predictions within 1 o
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-20/

H—ZZ*—4L: Four-lepton Invariant Mass Distribution

Analysis features:
» Small branching fraction (0.0124% at m, = 125 GeV)

IIIIIIIII\\|IIIII|¥\\I"IIII

- ATLAS ¢ Data

TH—oZZ* - 4l 9gF+bbH Il ZZ* ]

[ Vs=13TeV, 139 b VBF XX, VWV ]
VH W Z+jets, tt |

WtH+H %7 Uncertainty -|

—_
N
o

Events/2 GeV
)
o

@
S
T
|

> Best final S/B ratio, better than 2:1 : 1 ol region
60;_ % [115-130] GeV
» Clean signature with fully reconstructed final state or ¥ , E

20

» good mass resolution = 1-2% o A
my [GeV]
Signal: 4 leptons (4e, 4u, 2e2u and 2p2e) Eur. Phys. J. C 80, 957 (2020).

Backgrounds:
» Dominant background: Non-resonant ZZ*/Zy*, estimated from data sideband (105-160 GeV)

» Reducible background with non-prompt leptons for Z+Jets ttbar constralned by dedicated CR.

ggF Ojet category

Cross sections extracted by fit to the NN observable ] o5
Twithpr <10 GeV
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https://doi.org/10.1140/epjc/s10052-020-8227-9

H—-Z7Z*—4{: STXS

Eur. Phys. J. C 80, 957 (2020).
Production Mode Stage Reduced Stage 1.1

ATLAS vl —
- : — ergj
> | — ] ATLAS i :
H— ZZ* — 4] 773)| ————— H — ZZ* — 4l o b
- B ' B g _
ls=13TeV, 139 fb” o[ e fs=13TeV, 139 fo! | . |
Production Mode - ly, <25 T2 14 e 1'8% Reduced Stage 1.1- |y | <2.5 S PR R VR ¥
—m— Observed: Stat+Sys SM Prediction —&— Observed: Stat+Sys SM Prediction MM
: I -value = 91% | [mJ Observed: Stat-Only p-value = 77% o-B [fo] (o'B),, [fb] |
[w] Observed: Stat-Only P =31% o8 [fb] (cB),, o] 902H-0j-pLow a3 170+55 176 +25
L . _ 39240 p'High | i 630110 550+40 |
agF Fay 11204130 1170+ 80 gopruptow | =3 S0+g0 172425 |
: 9g2H-1j-p-Med .3 170450  119+18
: agary-pltion | a3 Eho 20+4 |
VBF i 1040 920+20 el —— 075 127427
- B gg2H-p"-High [ S — 382 15+4 |
VH L 5% 5247, w2Hag Ve | bom 21235 138707 |
» : | agzHagveF | L m 1505 107622
it - _ 3 2677 154719 anzraerBsM | = 0577 420%018 |
- o VH-Lep . 2278 16.4+04
- | ] w | I 81 15413
Inclusive bl 1340 +120 1330+ 80 - ' :
1 | . | | 1 1 1 1 1 1 1 1 Il
1 ) 3 4 5 -1 0 1 2 3 4 5 6 7
c-Bl(c-B
c-B/(c-B) ( )SM
SM
» The inclusive H—ZZ* production cross-section » 12 pois measured simultaneous

for |y,| < 2.5: » ggF/VBF: 7/3 categories separately
1.34 £ 0.12 pb * VH-lep/ttH: One bin from each mode

» Good agreement with the SM predictions: » Due to finer categorization, results are
1.33 £ 0.08 pb statistically limited.
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https://doi.org/10.1140/epjc/s10052-020-8227-9

H—yy: Diphoton Invariant Mass Distribution

Analysis features:
» Fairly high branching fraction wrt H—>ZZ*—4¢:

Submitted to JHEP

¢ Data

............... Background

—— Signal + Background

T
ATLAS

Vs=13TeV, 139 fb™
m,, = 125.09 GeV

All categories
In(1+S/B) weighted sum
S = Inclusive

. 3 2500

~20 times larger °©

@ 2000/

. §1500:

» Excellent performance of photon reconstruction = I

o Y o E r

and identification 3

» Final states are fully reconstructable 2 ‘gg:
5 o
> Good mass resolution = 1-2% g

[m]

140

150 160
m,, [GeV]

Signal + background model fit for all

Signal: diphoton

Backgrounds:

» SM diphoton production (>75%) or y+jets (~20%), jet+jets (<5%)

estimated from data sideband
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categories with m,,,,, and the residual
plot after subtracting the backgrounds


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/

H—yy: Production Mode Cross Sections

SARNSUARAE AR A AR RS AR AR RN Submitted to JHEP
ATLAS Vs=13 TeV, 139 fb
H—yy m, =125.09 GeV |y |<2.5 . . .
Fe40bs + Tot Unc. [ Syst. unc. I8 SM + Theo. unc. » The contribution from the bbH process is
p-value = 5% Tot. Stat. Syst. included in the ggF
0gF + bbH bed 1.04 *o%0 (25 006

ver e 120 (0% (10 0%1)

WH —=—| 15 oo (705 701) » Good agreement with SM prediction.

ZH| —=——o 02 ‘op (258 1)

ttH —— 0.89 “5% (102 ‘502 ) Obs (exp)

S(ex
I T e e A >GtH p<10(6.8)aféwat95%CL

tH —t— 13 5 (45 1) * Unique sensitivity to the sign of the top-

P P SN S I I quark Yukawa coupling

I 1 I 1 1 1 I l 11 I
-4 2 0 2 4 6 8 10 12 14
(G'Bw)/(G'BW)SM

Process Value  Uncertainty [fb] | SM pred.
(lyg| <2.5) | [fb] Total Stat. Syst. [fb]
h 10 8 6 6
ggF+bbH | 106  * wo 1027

» The overall Higgs boson signal strength:

10 -8 -6
. . . 0.2
VBF 9.5 izlé ﬂi 1:1121 7'9t0.2 o= 1.04f?]'_‘1]g = 1.04 + 0.06 (stat. tg'_%g (theory syst.) Jj?)gi (exp. syst.).
1.5 1.5 0.4 +0.1
WH 4.2 t1.4 t1.4 tO.Z 2'8—0.1 . . .
7H 0.4 *LLo#LDo 402 | ga0l Good agreement with SM prediction
7 0.4 0.3 0.1 0.1
ttH 10 %53 L3 Lo | Ly
0.8 0.7 0.3 0.01
tH 05 56 Toe Zoa | 019550
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/

H—yy: STXS

ATLAS Ys=13 TeV, 139 fb
H—vyy m =125.09GeV |y |<2.5

e Obs + Tot. Une. . Syst. unc. ; SM + Theo. unc.  p-value = 93%
Tot. Stat. Syst.

Submitted to JHEP

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

» Cross-sections of 28 STXS regions are
measured
» First to measure ttH differentially

gg—H, 0-jet, p$<10 —— 0.67 jgg? (tggg tglg)
gg—>H‘U-Jet.1U£p?<ZUD e 1.23 igg (+glg 430}3)
ap=H, 1et, pt < 60 = 107 0% (7% oat)
og-H, 1t 60 < ¥ < 120 —=— 111703 (753 103%)
H gg-H, Tet, 120 << 200 —— 1.0 703 (253 07)
gg 99-H, 24efs, m, <350, ' < 120 ——— 0.6 02 (02 0% )
90-H, 224ets, m <350, 120 < ! < 200 —— 13 53 (*8? iﬁl)
ag-sH, 224ets, m, =350, ! <200 [ E—— 1.0 ‘53 ( o tgﬁi)
gg-H, 200 < ' < 300 —c— 16 0% (70 07)
gg-H, 300 <! < 450 —— 02 5% (753 %)
gg—H, pl = 450 —_——— 21 77 () 5E)
qg—Hqq, <11et and VH-velo —_—a— 0.9 i;; (Zos -02 )
aq'—Hag, 22 fets, VH-had f—— 02 07 (0% o)
aq/—+Hag, 22ets, 350 < m, < 700, < 200 — 12 198 (58 0%)
qu gai=2Hag. 22ets, 700 €, < 1000, < 200 _— 1.4 5% (208 o)
aq-Hag, 22-ets, m, = 1000, ! < 200 —o— 1.19 1938 (tgii tgfé)
qq—Hag, 22-ets, 350 £ m, < 1000, p' = 200 —— 0.2 iEZ (fg; fgjl)
qq'—Haq', 22-jsts, mh21000,p:2200 f—— 16 igg (tgg +gg)
ag-+Hiv. 7 < 150 —o— 18 9% (95 0%)
aamH, p 2 150 I —— 1.6 '3 (Ths 25)
VH L | N B — 08 *03 (2700
po—HIlvY, p! 2 150 —_ 04 oA 52)
. < 60 | S S— 08757 (755 1)
4,60 << 120 —— a8 08 (208 )
ttH 4,120 <6 <200 ——— 0.6 0% (08 o1 )
1H, 200 < p < 300 —— 1.2 *08 (t82 81)
1tH, ot > 300 —— 107 (597 %)
L. | A - PR B
- 0 1 2 3 4 5 6
W — 23 (5 1)
[ | | | ! L
-2 0 2 4 6 8 10
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—»> Access to the very high p;" region

» Very good agreement with SM prediction
with a p-value of 93%.

» Due to finer categorization,
measurements are statistically limited.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/

Differential and Fiducial Cross Sections

» Fiducial region: The fiducial selection closely match the detector level
* Minimise model-dependent acceptance extrapolations
* Allow for easy comparison of physics models today and in the future

S

fid _ _rotal _
= X A X BR =
g g C X Lll’lt

_ NRec

N, : number of observed signal events, c¢=5_ :the correction factor for detector
efficiency and resolution effect, L, : Integrated luminosity

» |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:|Different differential cross-section measurement sensitive to
the different physics:
* The Higgs p; distribution can test couplings to b and c quarks,

and high p; can tests new physics. —
* The jet multiplicity is sensitive to different production mechanisms / \Q‘W’
and the theoretical modelling of high-quark and gluon emission. sM

Ofid

Hoo)
Pr,UHLNje;

» Combination needs extrapolation to the full phase space due to the fiducial regions are
different (acceptance + BR)

RS SRS S —EeES
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H—Z7*—4L: Inclusive and Differential Cross Section

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

» H—Z7*—4{ decay mode T —
provides excellent resolution for _| it 4 Inclusive fiducial cross section:
Higgs kinematic variables . ofiq = 3.28 + 030 (stat)) + 0.11 (syst.) fb
Ty E AN TV Ofid g, = 341+ 0.18 fb
> Fitting 4€ distribution in each | =fj4* -1y |2 '
final state (right) or differential | .| o 10% level precision and Good agreement
bin (bottom )to extract the ’ with LHCXSWG prediction

measured cross section

i i i i . Low p,M test couplings to b and ¢
Differential cross section with 20 observables: quarksTand ngh pT“ e BSM Sensitive to production mode
* 9 Higgs kinematic-related variables: like p/* = ——— _ | ,
80'12T SG5FF x 147 +XH _’ bg 3: ATLAS ng‘ mt _:
» 7 Jet-related variables: like Niets i R are :“‘;m ERE Hf?n:;m ==l
* 4 Higgs boson and jet-related variables ¥ ol " S A, f;mz ?3*‘“'1_
~} H.I ™ i o on,
. . osp- Bods E
Measured cross sections in good agreement SR
with SM predictions within uncertainties g L I B
8 g 0.5|» - -
Limited by statistical uncertainties TR e T T
Predictions for comparison
TEVIEFSEEIES S T —EEES
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https://doi.org/10.1140/epjc/s10052-020-8223-0
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-13/

H—yy: Inclusive and Differential Cross Section

> Excellent performance of phOton Inclusive fiducial cross section:
reconstruction and identification ofig =67%6fb
— good resolution for Higgs variables fid g, = 642 134 1b

» The H — vy signal yields are The measurement has precision at 9% level
extracted from fits to the diphoton Differential cross-section still limited by
Invariant mass spectrum statistical uncertainties
Low p;" test couplings to b and ¢ Njets — test modelling of radiations at high pT Double-differential cross section:
quarks and High p;" test BSM and production modes pTW in blns of |yl

E -A‘ITLIAS‘ UL ‘}-}—);Ify,‘dgLIéT(‘aV,‘w‘gfﬂ % ATLAS Hey;",E:mTevnlagfb" E 10§‘:’:L:TSE;13TEV o -gg—>Hdefa NG+ XH

a8 [ 4 Data, tot unc. | Syst. une. c & -¢- Data, tot. unc. | Syst. unc. £ E+Dat§. otue Syst. unc. o HVSZT:/:_ :H ;:H !

o + ol e et

B s “ Bt s = 7 1 .

N gg%HFlesEusQJrXH i [ 99->H GoSam+Sherpa + XH 8 107 : \_{

I
* E P
N Bl 50> H LHCHWG o + XH = S 9g—H STWZ, BLPTW + XH 3
; BB XL VEE L VHs ftHs bbH st 58 XH = VBF+ VHe ttH+bbH1H [ FPePrTerrerey S IR
o 20l i 102 F - U TrTrrrererer S N » i
b o ‘ : 3 4 .
& 10% . L e 3 T.
: « 2 T T T T T T T T
, . o haeesssacccmtesesesestee et ataaet g
= SIS z T b N o PP B :
3 g 1.5 '5 0 51 B o —TL“—JL.:_,_—IFV hd T T _*_{
o = =1 i
° o ﬂ'l‘ v - ‘ T . . . . . . : L
= © 4 l — = 0 0-45 45-120 120-350, 0-45 45-120 120-350, 0-45 45-120 120-350) 0-45 45-120 120-350
-4 o — .—.—'T‘ L
pI" [GeV]
0.5 T
Q L 1 L 1 1 L 1 L 1 L L 1 L I L L - 1
> 5 10 15 20 25 30 35 45 B0 80 100 120 140 170200 250 30D 450 85012000 =0 =1 =2 =3 00=ly, I<05 05<ly, <10 10<ly <18 16<ly, <25

P [Gev] Nieis

Measured cross sections in good agreement W|th SM predictions within uncertainties

Accepted by JHEP More details in Fabio’s talk

2=ab \ _
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-13/
https://indico.ihep.ac.cn/event/16065/timetable/?view=standard#512-h-fiducial-and-differentia

Combination: H - yyand H —» ZZ

> Combination between H — yy and H — ZZ can improve Submitted to JHEP
the measurement precision. Measured total XS: 55.5749 pb
* Based on the individual channel SM prediction: 55.6 + 2. 8 pb
* The uncertainties from same source are correlated ;. ‘
* Both channels are extrapolated to the full phase o iy sz W; s |

space to do the combination BOF CSystematc uncertainty ]
Total XS vs. Vs ]

601

» The Combined differential result still dominated by the 40
statistical uncertainty 20f

Ys=7TeV, 45" ]
Vs=8TeV, 20.3f0" 1
Vs =13 TeV, 139 b

9 02 s

~
oo

= 22F 1 T T T T T T T 3 . . :
8 o Nl E p; precision: STV
L 1.8 Vs = 13 Tev, 139 10 ¢ Combination =
e ) Sy Uy 20-30% up to 300 GeV _ .
ey TEEE == 60 300-650 Gev YVith more date, the precision

O;Etﬂ’[ﬁ + :; >100% 650_1200 GeV can be further ImpI’OVG

i W, E ' The differential XS distribution of p;" can used to
e - indirect constrain the Yukawa coupling of charm and
S el =] bottom quark (k. and kj, ).
§ IO 10 20 30 45 60 80 120 200 300 650 13000 . .

py [GeV] More details in Tao’s talk
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-04/
https://indico.ihep.ac.cn/event/16065/timetable/?view=standard#526-study-of-charm-yukawa-coup

»H — ZZ*, 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

 The precision of the fiducial cross section measurement in both H — ZZ* and
H — yy channel about 10%.

« All the differential cross section measurement still dominant by the statistical
uncertainty

» Runa3 has just started with much more to come. Stay tuned!
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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

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

» The branching ratios (BR) of H - WW*(—lvlv)
[Z7*(—4) vy 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

= e ALY AL —FEFED
Dongshuo 0u (USTO A REAABE A, TTIBAS

Higgs decay to diboson

Branching Ratios
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Higgs mass measurement

A A A A A A E IR A R A Submitted to Physics Letters B
& L LATLAS $ paa E

Y FH-oZzzi o4 —n : » First mass measurement of Higgs boson with HZZ

W 70 Vs=13Tev, 139 10" [ | Background .

5 ] channel by using Full Run2 data

- mpy = 124.99 + 0.18(stat.) + 0.04(syst.) GeV.

» my is extracted by performing a simultaneous fit to
the four subchannels (4u, 2e2u, 2u2e, and 4e) in
the m,, range between 105 and 160 GeV.

10 115 120 125 130 135 140 145 150 155 10 > The results are still limited by statistical uncertainty
m,, [GeV]
ATLAS —— o » Runl+Run2 combined results with new correlation
- = ‘ nly . . .
| fo-raTev ot e i scheme(Systematic uncertainties largely reduced)
4e I—E—Il 124,51+ 0.73 (+0.73 Stat.)
_ZpZE ||—m—| 125.33 +0.50 (+0.49 Slal-;
- | N mpy = 124.94 + 0.17(stat.) + 0.03(syst.) GeV,
2e2u |—||—| 125.01+ 0.29 (£0.29 Stat)
M —— 124.93 +0.29 (+0.28 Stat) . H
- | 1 » The most precise measurement of m; in the H -
Combined —— 124.99 + 0.19 (+0.18 Stat.) .
I S —— . Z Z* —> 48 channel by the ATLAS Collaboration
. Flun1‘+2 . . |—l|—| . 1I24,94 J_rlo,1s (i‘lJ.ﬂ' SI;at.)
123 124 125 126 127
m,, [GeV]

More details in Han Li’s talk

FEYEFSSIESSE T —EEES

Dongshuo Du (USTC — /1 e ey aae 20
gshuo Du (USTC) BREALBSRES: TTIHEAS


https://doi.org/10.1016/j.physletb.2018.07.050
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-07/
https://indico.ihep.ac.cn/event/16065/timetable/?view=standard#527-measurement-of-the-higgs-b

More about the Fiducial and differential cross

sections measurement

Fiducial region is defined to closely match to
experimental acceptance

Full phase space

To obtain the data distributions in fiducial region, the

response matrix R, .. .., is used to accounting for the | Experimental g

] . . - M, reconstruction A

bin migrations N e
e

= T T T T ) h a
10 . 8 * S5 uncertinies ] - -
s op o T T T 2 = BT fiducial region
o 9 [ Higgs (125 GeV) 3 "g g o W 1
g 8 30 GeV -i.wv _; = A ly:
5 et : RS
s 7 — Sl Unfolding .
:@ E 3]
s 5 ] e
c E 02 57
5 . :— _ fo. 4
w ] 0 feardl
3 . £ 2 | p 1H
@) _ L R A .
2 N = |V L @ x By xRy, [, § el
o .
1 _ : mT i Response Matrix: few
05 3 0.1 = Z s ' N i i
1020930704560 %20 0;2020.9530.3%50.;% o 20 s @ 80 8 120 20 %0 0w percent mlgratlon

P:' [GeV] P GeV]

ATLAS 5 =13 TeV H—2ZZ" >4

> 180

6 F
1601 -

a F 5=13Tev, 139107

< 140F
2

a
L&

P [GeV] {ruthy

C’;ld: Corrects for events that pass
selection but outside of the fiducial region.

120k &
S 120F

w F

100F
sof &
60F
40F
20F

44444

Rt,ris the response matrix.

o vt RPN sl TG i
80 90 100 110 120 130 140 150 160 170 R R R

ooy FEYIEFESEEESSE T —EEES
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Main improvement for HWW analysis

Big picture:
1. Total integrated luminosity
2. Additional consider ggF 2jet analysis
3. STXS also measured in this analysis

More specific:
(D Ttbar nnlo reweighting to correct the mismodeling ofthe leading-lepton P;
due to missing higher-order corrections
(@ B-tagging change from MV2C10 to DL1r
(3 DNN to replace the BDT for VBF analysis
@ The central jet veto is applied for jets with pT > 30 GeV, compared to pT > 20
GeV used previously, reducing the theory modelling uncertainty

FEYEFSSIESSE T —EEES
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https://doi.org/10.1007/JHEP10(2017)186

Main improvement for H yy

»New categorization; ~20% improvement in sensitivity.

»Increased granularity; 28 STXS categories from 101 reconstruction
categories

Categorization

The previous analyses performed such categorization sequentially, giving higher priority to
production processes with lower cross sections, the new strategy considers all production
processes simultaneously.

1. Signal multi-class BDT: splits signal into STXS regions, aiming to simultaneously
reduce the uncertainties and correlations between the classes.

2. Background rejection binary BDT: in each of the signal multi-class BDT output classes
a dedicated BDT is trained. This BDT aims to separate signal from the backgrounds.

HEMESSEAES 2B T ELES
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Multi-class BDT: Training variables

Yy
: Ty Tyoe P Yy Submitted to JHEP

Py jMjjs and Ay, A¢, An between j; and j»,

PToyyjis Myyjis PToyyjj T, Myyjj
Ay, A¢ between the yy and jj systems,

minimum AR between jets and photons,

invariant mass of the system comprising all jets in the event,

dilepton pT, di-e or di-u invariant mass (leptons are required to be oppositely charged),

E%ﬁss, pt and transverse mass of the lepton + E%]iss system,

P, 17, ¢ of top-quark candidates, m;,;,
Number of jetsT, of central jets (|| < 2.5)7, of b-jets{ and of leptons,
pr of the highest-pr jet, scalar sum of the pt of all jets,
scalar sum of the transverse energies of all particles () ET), E%‘iss significance,

E%]iss — E%]iss (primary vertex with the highest ) p% rack)| > 30GeV

Top reconstruction BDT of the top-quark candidates,
AR(W,b) of 1,

Njg> Myyjr
Average number of interactions per bunch crossing.

FEYEFSSIESSE T —EEES
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/

Binary BDT: Training variables

STXS classes Variables
o All multiclass BDT variables,
Individual py” projected to the thrust axis of the yy system (pJ.)),
STXS classes from A Zepp _ Myy=1ji i
90 — H Tyy> T 2 Submitted to JHEP
qqf — quf ¢;y = tan (—ﬂ-_lA;)yyl) \/1 - tanh2 (_Ag'y'y)’
qq -7 H{V Y V. Y V.
pp — HEE cos§F = (Ey1+pzl)‘(Ey2_pz2)_(Eyl _pzl)‘(Eyz"'pzz)
pp — Hvv 7 Myt My +(P17)?
Number of electrons and muons.
pr, 1, ¢ of y1 and s,
all ttH and tHW PT, 11, ¢ and b-tagging scores of the six highest-pT jets,
STXS classes E%’iss, ETmiSS significance, E%’iss azimuthal angle,
combined Top reconstruction BDT scores of the top-quark candidates,
pT1, 17, ¢ of the two highest-p leptons.
Py My, yy,
pT, invariant mass, BDT score and AR(W, b) of 11,
p1,nofiy,
tHqb pr,nof jr,

Angular variables: Any,, A0y, Ay 5 MOy iy AGy )
Invariant mass variables: iy, j,., My, jps My, jps Moy,
Number of jets with pt > 25 GeV, Number of b-jets with pt > 25 GeV™;
Number of leptons”, Efrniss significance”

Dongshuo Du (USTC)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/

Main improvement for HZZ

> Improved lepton isolafion to mitigate the impact of pile-up

» Improved jef reconstruction using a particle flow algorithm

» Additional event categories for the classification of Higgs boson
candidates

» New discriminants to enhance the sensitivity to distinguish the
various production modes of the SM Higgs boson

» Use of data sidebands to constrain the dominant ZZx background
process

FEYEFSSIESSE T —EEES
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H—WW?¥*: analysis

Category Niet, (pr>30 Gev) = 0 ggF | Niet,(pr>30 Gev) = 1 ggF ‘ Niet,(pr>30 Gev) = 2 ggF ‘ Niet, (pr>30 Gev) = 2 VBF
Two isolated, different-flavor leptons (¢ = e, i) with opposite charge
Preselection piad> 22 GeV , psblead 5 15 Gev
mee > 10 GeV
m““" > 20 GeV
Np. -jet,(pr>20 GeV) = 0 Reconstructed with the
Background rejection A¢£f’E+niss > /2 m—% GeV = mr approximation
Pt >30Gev max (m%) >50 GeV
mep <55 GeV
Adpe < 1.8
H— WW*— evuy fail central jet veto
topology or central jet veto
fail outside lepton veto outside lepton veto
|mj; —85] > 15 GeV mjj > 120 GeV
or
Ayji>12
Discriminating fit variable mr DNN
Submitted to PRD
FEYEFSEEEsSE T—EEES 27
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-20/
https://arxiv.org/abs/hep-ph/9911385

H—WW?™: analysis

CR ” Niet, (pr>30 Gevy = 0 ggF | Niet, (pr>30 Gevy = | ggF ‘ Niet, (pr>30 Gev) = 2 ggF ‘ Niet, (pr>30 Gev) = 2 VBF
Npjet, (pr>20 Gev) = 0
Aqu;’E%\m >n/2 nypp > 80 GeV
p¥>30GeV |mer —mz|>25 GeV Mer <mz—25GeV
q— WW 55 <mgr <110 GeV max (m.{l) > 50 GeV mra > 165 GeV
Ader < 2.6 fail central jet veto
or fail outside lepton veto
[m;; —85] > 15 GeV
or Ay;i>12
Np_jet, (20<pr<30 Gev) > 0 Moot (r>30 6oy = 1 Npjet,(pr=20 Gev) = 0 Npjet,(pr=20 Gev) = 1
Np-jet,(20<pr<30 Gev) = 0
Aqb{,f‘E%m > /2 Mmer <myz —25 GeV
Pl > 30 Gev max (m’) > 50 GeV mee > 80 GeV
FIWe Appp <28 Appp<1.8
mra < 165 GeV
fail central jet veto central jet veto
or fail outside lepton veto outside lepton veto :
s 150w Submitted to PRD
or Ay;i>12
Npjet, (pr>20 Gev) = 0
mee < 80 GeV mee < 55 GeV mee <70 GeV
no p1r‘?i“ requirement
Z/y Adpp > 2.8 My > myz — 25 GeV |mer —mz| <25 GeV
max (m%) > 50 GeV fail central jet veto central jet veto
or fail outside lepton veto outside lepton veto
[m;; —85] > 15 GeV
or Ay;i>12

FEYEFSSIESSE T —EEES
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-20/

VBF >2 Jet: Deep Neural Network (DNN)

Submitted to PRD

DNN inputs:

- ) tot _centrality ) _ ) _ £ ok
Adee, mee, mr, Ayjj, mjj, pr™, n, s M1, MeLj2, Me2j1,Me2;2, S 1CF ATLAS ooma  \Uncertiny
jet iet et o E 13 TeV, 139 fb .H .H
T > Pr s Pr »and MET significance E10F Howw ooy g S
4 E VBF-enriched N> 2 SR
(T} 104;_+ =WW(EW) B ww (Strong)
. . _ E ziy* Mis-Id
Training done after preselection, b veto && " <mz =25GeV. o v
10
. . * 107
Training target: VBF VS all bkg( ggF, ttbar, ww*..)
= 5000 T T w3000 T e
G 4500fs ATLAS E s - ATLAS e Datla Uncertainy 5  14F
I = Vs=13TeV, 139 fp” £ o50pk Vs - 18 TeV, 139 10" W Hee B Hy: 3 o F
T 4000 H = WW* = ovuv E 5 EHoww sevuy  EOMerH wr o 12
£ 3500 VBF-enriched N, 22SR w 2000 F VBF-enriched No228R mw Wz ; 1:
u%) 3000 ® Dala Uncertainty —i r . Mis-ld [l Other VV/(V) 1 < c
2500 =] = e W Hyr E 1500: o . [ Hay x50 o 08:_
Other H  tirwt E r =
?Ogg mw Wz 1 1000E ) 06 ,
5 Mis-id [l Other VV(V) 2 2.5F
1:33 D Hyge X 50 1 500j e 22_
F = 15
| ool o g i
B 12 3 12 E
i::)_ 1«! S ‘\\‘\\*\“’“ﬁ\‘(&“\\?ﬁ*\\\\*\\\\*\&\&*\% i:jj 1%* . ‘L 05 e
£ 08 L L O L g 0% 2 O W, Ba, s, s, 0, e, e
| ‘500006 500 5000 o o — 25 05z 06 o0y 08y 08z )
m; [GeV] Ay, DNN output

Two most powerful variables


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-20/

H—WW?*: analysis

> 4000 T T T T T T T > L I B L L LRI BN %1200-_"%""""I"'l"l"'_
8 t ATLAS ® Data I Uncertainty 8 1800;ATLAS ® Data 3 Uncertainty 7 0] "ATLAS ® Data i Uncertainty
© 3500} Vs =13 TeV, 138 b W, WA . © 1p0of Vs =13 TeV, 139 fb! WH, WH, E e [ Vs =13 TeV, 139 o' WH W He
~ F HWW*—evuy W OtherH  tt/Wt ~ F HWW*—evuv W Other H  tt/wt ] ~ 1000FH—-WW*—evuv [l OtherH /Wt -
£ 3000 ggF sR, Nj=0 Eww Wz 7 £ 1400f ggF SR, Ni=1 Ew Wz 7 % | ggF-enriched SR, N,=2 Il ww [l /v’
32 _ Mis-id [l Other W) E 1200i visid Wl Other w()] & oo ob Mis-id [l Other VV(V) ]
500} C ] I (3
1000F 3 I
_ ; 600F & ]
800F E : .
5 9 g
o o o
o o o
; z g
fa o 8
3 z &
| | |
s I S
e e 2

m; [GeV]

Submitted to PRD
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H—WW?*: Break down

Source el el e T el
Data statistical uncertainties 4.6 5.1 15
Total systematic uncertainties 9.5 11 18
MC statistical uncertainties 3.0 3.8 4.9
Experimental uncertainties 5.2 6.3 6.7
Flavor tagging 2.3 2.7 1.0
Jet energy scale 0.9 1.1 3.7
Jet energy resolution 2.0 24 2.1
Eiss 0.7 2.2 4.9
Muons 1.8 2.1 0.8
Electrons 1.3 1.6 04
Fake factors 2.1 24 0.8
Pileup 2.4 2.5 1.3
Luminosity 2.1 2.0 22
Theoretical uncertainties 6.8 7.8 16
ggF 3.8 4.3 4.6
VBF 32 0.7 12
WwW 3.5 42 55
Top 2.9 3.8 6.4
ZTT 1.8 23 1.0
Other VV 23 29 1.5
Other Higgs 0.9 0.4 04
Background normalizations 3.6 4.5 4.9
WwW 2.2 2.8 0.6
Top 1.9 23 34
Ztt 2.7 3.1 34
Total 10 12 23

EEMAT:Q—AEJ EE/\A S /\A
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H—-WW?#*: STXS

Submitted to PRD

. ) ggH-0j, low p? EW qqH-2j, low m,-low p?
A TLAS Sl mu |at|0n ggH-1j, very low p!! EW qqH-2f, med m-low p”/
H - WW* — evuy BN ggH-1j, low pf! EW qgH-2/, high m,-low p!
{5 13 TeV. 139 fo" B oot med p! BN EW qqH-2j, very high m;-low p!!
s= eV, . o
B oo+-2), low p!f B EW qggH-2;, high p!!
B oo, high p!

ggF 0/, low p'T"
ggF 1j, very low p'T"
agF 1j, low p'T"

ggF 1j, med pT”
ggF 2j, low pTH
ggF ¥, high p!!
9gF 2j, high pi
VBF 2/, low m;
VBF 2/, med m;
VBF 2/, high m,
VBF 2j, very high m;
VBF 2, high p¥

Reconstructed Signal Region

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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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-20/

H—-WW?=*: STXS

Submitted to PRD e e o
A TLAS Fod Total
9 . » [ Statistical Unc.
= ATLAS Statistical Unc. Vs=13TeV, 139 ib B Systematic Unc.
Z mmm Background Theory Unc. H Ww* I SM Prediction
< Vs =13 TeV, 139 o' s Signal Theory Unc. ] s Y
t:é . ! mm Experimental Unc. - p-value = 53% Total (Stat. Syst.) SMUnc.
S H— WW* = evuv SM Unc. - ) s006 4008 014, |
E ggH-0j.p <200 GeV l'e] 121 Tt ( Tooes loiz) | 2007
. . . - |
. 9gH-Y, p < 60 GeV 0.82 0T (1030, 0% ) 1 son4
o Statistically dominant for E ; 5
3 99H-1,60 < p" < 120 GeV 058 Tga (Tos. Tha) o015
50 t t 1 — ggH-1j, 120 < p <200 GeV 146 “0B (4083 4049 g
— ' T - 077 062 ' -047 : -
MOStT categories E . o o o
4 99H-2]. prf <200 GeV 189 Lo ( Zossr o) @ 2022
40 E ot 200 Gev Fmmm—— 211 (8 | oo
3 t +057 +042 4039 |
30 EW gqH-2f, 350 < m; <700 GeV, p!' < 200 GeV = 005 "o ( oas. gwm ) | %007
|
EW qgH-2f, 700 < m <1000 GeV, p <200 GeV 0.56 '::g: ( ’gjg 333 ) 12007
H
20 EW ggH-2], 1000 < m, < 1500 GeV, p¥ < 200 GeV 148 02 hE 0y 007
10 EW qgH-2j. m, = 1500 GeV, p' <200 GeV 114 7938 (03, THR) 1 +oos
EW gqH-2j, m, =350 GeV, p*' 2 200 GeV 147 00 (8. 0 ‘ +0.05
R o, o EWo G, G, G 9.9# Gk, ok : ; . ' ' ' : !
¥ - £73 4
Tt """fe, g -, h@:‘j’:e,, "“"’:Tej‘ ,,m’ oy, ,," ey 5, o v Mg 7 wa‘, 0h0 -1 0 1 2 3 4 5 6 7 8
"ﬂw ko o "9 ’
o PO oy W o Tt cB /(c-B
o H—-ww* ( H— WW*)SM
. Value Uncertainty [fb] SM prediction . 1
STXS bin (7 - By—ww+) ) ggH 07, low pf ATLAS =
Olal slat. AP SysL o1g. 1€0. . 1€0. i
(]  Towl St Exp.Syst. Sig.Th Bkg. Th L] 0.85
. " * 0%
r —013 WWw
2eH-0j, low p¥ 7100 490 w0 +570 FER) 4400 S870 £ 390 ggH 13, very low py. | -0t H— — eV £
H o oy 610 470 -530 ~260 480 - - ) = 13 TeV. 139 fb71 0.6
pH < 200 GeV agH 1], lcwpﬁl. 006 e \[9 = ev,
H-1j, very low pH 800 MW 380 80 570 . 4
gg,,u (Jmc?:, P 140 550 i 0 5 o 1400 £ 190 ggH 13, med pil | o 02 oot 0.4
T
geH-1j, low p¥ 70 a0 230 - 270 ggH 2], lcwp” 00z ~0.00 026 ~021 0.2
60 < plf < ugce\, 5400 RN ) ) 380 970+ 150 r
" ggH. high p]"f 005 006 000 —011 0
getl-1j, med py 230+ ,100 +60 +10 +50 160+ 30
120 5 pi! < 200 GeV e - -6 -0 -0 EW qqH 2j, low mjlowpll | oon 0 o0os e .01 —0.2
ggH-2j, low p! 000l 30 300 640 2 H -
o <200 GWT 1610 200 -mjr ::zn it et 1010 £220 EW qgH 2j, med mj;low pp | 002 0 007 005 048 0.1 —0.01 0.4
. : i hish 1 i s IR
sgH, high py! 260 H100 w0 +40 40 440 1225 31 EW gqII 2j, high mjjlow pp | 005 0 000 00y 015 001 015 _06
Py 2200 GeV -1n -0 —40 -20 —40 . ) "
EW qqH 2j, very highmjjlow pp | 003 02 00z 0 000 0ms 01
EW gqH-2j, low m ;-low p“T1 6 6 +d6 +31 +11 <24 100+ 7 ;i i e
350 < myj < 00 GeV, pff < 200 GeV -62 -42 -1 -14 -26 EW gqIf 27 high pyt [ oo o 0 004 0 | =082 005 ~0.08 .
EW gqH-2j, med m;j-low [J{{ 31 438 +30 +15 8 +11 S6+ 4 1:;55 =;§“ 1:&.4 ::g? :é‘ tﬁ' :sé mE.E‘: x:‘: =S§: :é‘
00 < my; < 1000 GeV, pf! < 200 GeV -3 -2 -4 - Y 5 2 8 ¢ B § B z z oz =
. " £ & 5 g & ¥ & 5 5 &8 F
EW gqH-2j. high m-low py 60 % 4 7 9 5 Sle 4 R S - I R
1000 £ amj; < 1500 GeV, pf < 200 Gev -n - -7 -5 -5 - ; § 5 = ; E, E E E E =
a =~ B 2 &5 = I
; . . 2 = S-S =
EW gqH-2j, very high m;;-low p}/ 57 40 418 +5 4 -4 0+ 4 g = 8 = 8 £ £ Eﬂ ED =
gy = 1500 GeVl, phl < 200 GeV/ -8 -0 -5 -3 -4 h o : F R S, =
K g [ - T <]
EW qqH-2j, high p}/ 37 416 4 + +4 43 P 1 ’ = :';1 m 7
;= 350 GeV, pl = 200 Gev. RO -3 -3 = S F RS
£z 5 3
momog
3
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H—Z7Z%. STXS

Eur. PhVS. J.C 80, 957 (2020) ATLAS Js = 13 TeV, 139 fb-
Production Particle-level STXS Reduced Reconstructed event categories . Reconstructed event categories
Mode Production Bins Stage 1.1 Signal Region Sideband Region
p.' <10 GeV 7 - p" <10 GeV
= Orjet " 9g2H-0ppLow Ofp-"-Low N, =0 N,=0

et

SB - 0j

p.=>10 GeV 10 <p* <100 GeV
——* 992H-0f/-p,"-High 0Fp,"-Medium
p,' < 60 GeV 7 P < 60 GeV
——| gg2H-1j-p;"-Low 1jp *-Low
p;1 <200 GeV |= 14et 60 < p,” <120 GeV 7 - - 60 < p,* < 120 GeV
ggh gg2H-1j-p,"-Med 1/-pA-Medium

" 120 GeV 120 < p* < 200 GeV _ .
o . gg2H-1jp, " High 1j-p,-High r Ne=1| : P—F Ny =1

= 2-jets 9a2H-2j

N
+
= p7 > 200 GeV ] ) ; P =200 GeV
3 - gg2H-p,"High 1j-p,-BSM-like
; 60 <m <120 GeV - m; <120 GeV or p* < 200 GeV :
5 qg2Hgg-VH 2§ N =2| N =2
VBE i, < 60 GeV or 120 < m, < 350 GeV Y ets . SB-2j -
or m. > 350 GeV, p < 200 GeV ; - m>120 GeV, p* > 200 GeV :
2 qq2Hgg-VBF 2j-BSM-like :

B = | = et e e e

K imAdC

:

m,> 350 GeV, p"' > 200 GeV
qq2Hgg-BSM
- - N,=0, P >100 Gev|
Leptonic V decay 0j-p,*-High : N,=5
VH-Lep N, =5 + |SB- VH-Lep-enriched ~——]
ep .

VH-Lep-enriched

- ttH Hadronic E ............................................... :
ttH-Had-enriched . IXX-like

itH ttH tH Leptonic| * SB - tXX-enriched ~——————
ftH-Lep-enriched
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H—Z7Z%. 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
0j-pf'-Low Py Dzz, mp, maa,
ggFe zz" T ,U{jn Ne - NNggF
0j-py'-Med lcos 67|, cos 01, b7z
20 pln;, NNygr for NNzz < 0.25
1j-p*-Low ggF, VBF, ZZ* Pr P ps. me - e “
AR45J,‘, Dzz* NNZZ for NNZZ > (.25
A plonj, BN, NN for NNzz < 0.25
1j-p¥-Med ogF, VBE, ZZ* pr's pro s By plome - ver zz
&R.qu, DZZ s Nag NNZZ for NNZZ > (0.25
. . i, ph s
1j-p-High ggF, VBF T ! pé. me - NNygr

Efr““"“, ARugj, nae

NNVBF for NNVH <0.2

2j geF, VBF, VH mijj, pf” ,Uf;, ne P, nj
NNVH for NNVH > 0.2
2j-BSM-like ggF, VBF o pi P, me Pl NNvgr
N; 3y N -jets os
VH-Lep-enriched VH, ttH jes _b Jets,70% pL. - NN,y
Emlss HT
T ’
4r
, Mjj, . NN for NN <04
itH-Had-enriched geF, 1t H, 1XX Pr i pf;, ne¢ p.n 5 i XX
ARusj, Npjets,70%5 NN;xx for NN;xx > 0.4
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H—Z7Z%. STXS
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H—Z7Z%. STXS

Experimental uncertainties [o] Theory uncertainties [Fc]
Measurement Lumi. e, u, Jets, Reducible | Background Signal
pile-up flav. tag bkg ZZ* XX PDF QCD Shower
Inclusive cross-section
1.7 2.5 0.5 <0.5 1 <05 <05 1 2
Production mode cross-sections
ggF 1.7 2.5 1 <0.5 1.5 <05 0.5 1 2
VBF 1.7 2 4 <0.5 1.5 <05 1 5 7
VH 1.9 2 4 1 6 <0.5 2 13.5 7.5 Eur. PhVS.J. C
ttH 1.7 2 6 <0.5 1 0.5 05 125 4
Reduced Stage-1.1 production bin cross-sections 80' 957 (2020) :
gg2H-0j-p¥ -Low 1.7 3 1.5 0.5 6.5 <05 <05 1 1.5
gg2H-0j-p¥-High 1.7 3 5 <0.5 3 <05 <05 0.5 5.5
gg2H-lj-p¥-lnw 1.7 2.5 12 0.5 7 <05 <05 1 6
ggZH-lj-p?-Mcd 1.7 3 7.5 < 0.5 1 <05 <05 1.5 5.5
gg2H-lj-p¥-High 1.7 3 11 0.5 2 <05 <05 2 7.5
gg2H-2j 1.7 2.5 16.5 1 12.5 05 <05 2.5 10.5
ggZH-p%"-High 1.7 1.5 3 0.5 35 <05 <05 2 3.5
qq2Hqq-VH 1.8 4 17 1 4 1 0.5 5.5 8
qq2Hqq-VBF 1.7 2 3.5 <0.5 5 <05 <05 6 10.5
qq2Hqq-BSM 1.7 2 4 <0.5 25 <05 <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 05 <05 11 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 - yy . 45 STXS analysis region

Particle-level selections Region name

_| P <10 GeV gg-—+H, 0

P > 10 GeV g9+ H, 0jet, 10 < pf <200 GeV’

P < 60 GeV g9+ H, 1et, pil < 60 GeV

Ljet — 60 < pif < 120GeV prue

i =
< A0GeV 120 < pif < 200GeV
P <60 GeV
[ my; < 350GV —- 60 < pil < 120GeV } ¢ , > 2jels, my; < 350CeV, 60 < pll <120 GeV.
120 < pl < 200 cV)v « gy H, > 2jets, my; < 350GeV, 120 < pf < 200 GeV
> 2jet — 350 < amj; < 700 GeV fer » H, > 2jets, 350 < my; < 700 GeV, pif < 200 GeV

g9+ H + =

— g Z(— q)H + — 700 < ;< 1000 GeV pe

L, pll <10 GeV'

» H, 1-jet, 60 < phf < 120GeV

r H,

t, 120 < pf <200GeV

» H, > 2jets, my; < 350GeV, pif < 60GeV

» H, > 2jets, T00 <mj; < 1000 GeV, pi < 200GeV

bbH
-- « gg -+ H, > 2ets, my; > 1000 GeV, pif < 200 GeV
— 200 < pi! < 300GeV g9~ H, 200 < pi < 300 GeV'
1 300 < pl <450 CeV g9 — H, 300 < pif < 450 GeV?
L 450 < pfl <650GeV 99— H, 450 < pl < 650 GeV'
LT p =650 t:cv} g9+ H, pll = 650GeV
Coet qq' = Hqq', O-jet
qq' — Hqq', Ljet

my; < 60GeV

| aa' — Hqq _ mj; < 350GeV — 60 < my; < 120GeV o
(VBF + V(~ hadrons)H)

120 < mj; < 350 GeV pone

3 Hoq', > 2ets, my; < 60GeV

v

s Hyg',

L 60 < my; < 120 GeV

3 Hoq', > 2ets, 120 < my; < 350 GeV.

P < 200 GeV f-

s Haq', = 2-jets, 350 < my; < 00 GeV, p§f < 200CeV

350 < mj; < T00 GeV'

Pl > 200 GeV pue 3 Hoq', > 2ets, 350 < my; < T00GeV, p§f >200GeV

3 Haq', 2 2els, T00 < my; < 1000 GeV, pif < 200 GeV/ S u b m itted to J H E P

3 Hoq', > 2ets, T00 < my; < 1000 GeV, i > 200 GeV

L 2 2jet
P < 200GeV fee

P > 200 GeV b

P < 200 GeV f-

00 GeV < my; < 1000 GeV

s Hag', > 2-jets, my; > 1000 GeV, pl < 200 GeV

mjj > 1000 GeV

P > 200 Gev'}- 3 Hoq', 2 2ets, my; = 1000 GeV, p = 200 GeV

{ P < T5GeV g = Hiv, pY <75 GeV

75 < piY < 150 GeV qq — Hiv, 75 < pY < 150GeV

lynr| < 2.5 —

qi — WH -
150 < plY <250 GeV' qq — Hiv, 150 £ pY. < 250GeV
E Y > 250GeV aq —+ Hiv, p{. 2 250 GeV
Z it pp —+ HIE, pY < T5GeV'
L V(- leptons) PZ < T5GeV <| =1
% < T5G - .
Z-rup pp —+ Huw, pl. <T5GeV
L2 ]
Z it pp —+ HIE T5 < pY < 150 GeV
75 <pZ <150 GcV—{ =1
Z b pp —+ Hoi, 75 < pY. < 150 GeV
o+ ZH ||
Z it pp —+ HIE, 150 < pY. < 250 GeV
150 < pZ (250[:&/’% B
Z b pp —+ Huw, 150 < pl < 250GeV
Z s it pp —+ HIE pY > 250 GeV'
PE > 250 GeV % B
Z v vi pp —+ Hvw, pl. > 250GeV
P < 60 GV 1TH, p < 60GeV
00 <pfl <120GeV (H, 60 < pif < 120 GeV
1iH 120 < plf < 200GeV} 1TH, 120 < pif <200GeV
4E 200 < pi < 300GeV} (LH, 200 < pi < 300 GeV
L tiH+tH P > 300 GeV HH, pil > 300 GeV
(HW (HW
tHgb tHgb
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H - yy 101 analysis categories

Category Function Nagta  Nopr  Wald Category Function  Ngaa  Nepur  Wald
ge—H 2 2-jets, 350 < mj; < 700 GeV, p.ll'." 2 200GeV, High-purity Exp 18 0189
Odjet, pH < 10GeV ExpPoly2 191623  64.8 > 2-]:els, 350 < mj; < 700 GeV, pﬁ = 200GeV, Med-pur?ty Exp 84 0513 v
0-jet, pH = 10Gev ExpPoly2 349266  50.4 2 2-_!els. 350 < mj; <700 GeV, py 2 200GeV, ]_,ovA;v-puru)A/ Exp 595 0.721
1-jet, F_A:_-I < 60GeV, High-purity ExpPoly2 32644 207 > 2-]_els, 700 < mj; < 1000GeV, p? 2 200 GeV, ngh-pmﬁxly Exp 19 0110 v
T-jet, p_lr-! < 60 GeV, Med-purity ExpPoly2 85229 249 2 2-jets, 700 < mj; < 1000GeV, p¥ 2 200 GeV, Med-purity Exp 411 0.193
1-jet, 60 < pi < 120 GeV, High-purity Exp 26236 23.7 = 2-jets, m;; = 1000GeV, pf! = 200GeV., High-purity Exp 23 130 v
1-jet, 60 < pH < 120 GeV, Med-purity ExpPolyz 56669 213 > 2jets. my; = 1000GeY, pf > 200GeV, Med-purity Exp 56 0329 v
1-jet, 120 < pH < 200 GeV, High-purity ExpPoly2 1570  1.48 4q — Hev
1-jet, 120 < p¥ < 200 GeV, Med-purity ExpPoly2 6163 5.33 v " -
= 2+jets, my; < 350GeV, pH < 60GeV, High-purity ExpPoly2 8513 151 0z P < 75 GeV. High-purity Exp 40 0277
= Zijets, mj < 350GeV, pH < 60 GeV, Med-purity ExpPoly2z 31163 13.6 0< pr < 75 GeV, Med-purity Exp 158 0.609
> 2jets, m ;< 350GeV, pH < 60 GeV, Low-purity Exppoly2 120357 157 752 py < 150GeV, High-purity Exp 15 0069
> 2ets, mj; < 350GeV, 60 < p¥ < 120GeV, High-purity  ExpPolyz 7582 226 75 < pp < 150GeV, Med-purity Exp 104 0255
> 2ijets, my; < 350GV, 60 < pH < 120GeV, Med-purity ~ ExpPoly2z 48362  6.21 150 < py < 250GeV, High-purity Exp 17 0128
2 2ejets, mj; < 350GeV, 120 < p¥ < 200GeV, High-purity  ExpPoly2 728 0.004 150 < py < 250 GeV, Med-purity Exp 21 0.150
> 2jets, myj < 350GeV, 120 < p¥ < 200GeV, Med-purity ~ PowerLaw 3007 0.983 P‘T‘j = 250GeV, High-purity Exp 16 0237
2 2-jets, 350 < m; < 700 GeV, pH < 200GeV, High-purity Exp 432 0.487 py = 250GeV. Med-purity Exp 27 0054 v
= 2-jets, 350 < mj; < 7(X)GCV.]I1'3' < 200GeV, Med-purity ExpPoly2 3084 1.33 pp — HEE
2 2-jets, 350 < mj; < 7()()GeV.p.|’Z’ < 200GeV, Low-purity Exp 7999 578 v " N
= 2+jets, 700 < mj; < 1000GeV, pH < 200GeV, High-purity Exp 302 0.560 0z P < 75 GeV. High-purity Exp 120027
> 2ets, 700 < mj; < 1000 GeV. p¥ < 200 GeV. Med-purity Exp 1033 144 0= pr <75GeV. Med-purity PoverLaw 1620 228
> 2ets, 700 < m; < 1000GeV, pH < 200GeV, Low-purity Exp 3187 432 5< by < 150 GeV, High-purity Exp 13 0015
= 2ujets, my; = 1000GeV, pH < 200GV, High-purity Exp 13 0.192 75 < py < 150GeV. Med-purity Exp 18 0.016
= 2-jets, m; = 1000GeV, pH < 200GeV, Med-purity Exp 332 0.804 150 < FT‘; < 250GeV, High-purity Exp 140059 v
= 2-jets, m;; = 1000GeV, pH < 200GeV, Low-purity PowerLaw 1020  1.09 150 < pp < 250GeV, Med-purity Exp 136 0.194
200 < p# < 300GeV, High-purity Exp 420 168 Py z250GeV Exp 14 0311 v
200 < p¥ < 300GeV, Med-purity Exp 2296 0714 pp — Hyv
300 < p# < 450GeV, High-purity Exp 25 0407 m - - .
300 < p < 450 GeV, Med-purity Exp 186 0.250 0 py <75 Gev, High-purlty Exp 174 123 < S u b m |tt8d to J H E P
300 < pif < 450 GeV, Low-purity Exp 422 0.121 0.2 py <75 GeV. Med-purity Exp 6897 4.3
450 < pH < 650 GeV, High-purity Exp 15 0138 0= pr <75 GeV, Low-purily ExpPoly3 13084  9.95
450 = p# < 650GeV, Med-purity Exp 25 0391/ 75z Py 150GeV, High-purity Exp l6 0407 v
450 < p# < 650 GeV, Low-purity Exp 109 0.031 75 % py < 130GeV, Med-purity Exp 124130/
pl > 650GeV Exp 14 0.448 7 75 2 py < 150GeV, Low-purity Exp 2019 1.96
" " 150 < p.‘r’ < 250GeV, High-purity Exp 16 0.121 v
99" = Haq 150 < p¥ < 250GeV, Med-purity Exp 17 0184 v
0-jet, High-purity Exp 176 0.180 150 < p.‘r’ < 250GeV, Low-purity Exp 87 0644
0-jet, Med-purity ExpPoly2 3238 473 pY = 250GeV, High-pusity Exp 15 0237
0-jet, Low-purity ExpPoly2 133314 49.7 p.‘r/ > 250GeV, Med-purity Exp 18 0.201 v
I-jet, High-purity Exp 19 0125 h
1-jet, Med-purity Exp 187 0.361
1-jet, Low-purity PowerLaw 1040 1.97 pH < 60GeV. High-purity Exp 35 0.40
= 2ejets, m j; < 60GeV, High-purity Exp 17 049 Pt < 60GeV, Med-purity Exp 9 0192
> 2jets, my; < 60GeV, Med-purity Exp 157 0.489 60 < pf < 120GeV, High-purity Exp 340038
> 2-jets, mj;; < 60 GeV, Low-purity PowerLaw 1978 1.29 60 < p¥ < 120GeV, Med-purity Exp 74 0274
2 2-jets, 60 < m;; < 120 GeV, High-purity Exp 53 0165 120 < p.‘:." < 200GeV, High-purity Exp 39 0.018
= 2-jets, 60 < mj; < 120 GeV, Med-purity Exp 329 0520 120 = p.‘;! < 200GeV, Med-purity Exp 37 0.057
= 2-jets, 60 < m;; < 120 GeV, Low-purity PowerLaw 709 115 200 < p.‘;’ < 300GeV Exp 23 0.261
= 2jets, 120 < m;; < 350 GeV, High-purity Exp 214 108 pH > 300GeV Exp 19 0180
= 2-jets, 120 < mj; < 350 GeV, Med-purity ExpPoly2 1671 1.07 H
2 2-jets, 120 < mj; < 350 GeV, Low-purity PowerLaw 11195  6.34
= 2jets, 350 < mj; < 700GeV, pi < 200GeV, High-purity Exp 25 0162 tHgb, High-purity Exp 17 0371 v
= 2jets, 350 < mj; < 700GeV, pi < 200GeV, Med-purity Exp 260 0.443 tHqb, Med-purity Exp 19 0320 v
> 2jets, 350 < mj; < T00GeV, pH < 200GeV, Low-purity Exp 753 117 tHgb, BSM (x, = ~1) Exp 14 049
> 2-jets, 700 < mj; < 1000GeV, p¥ < 200GeV, High-purity Exp 25 0670 tHW Exp 38 0,070
2 2-jets, 700 < my; < 1000GeV. pH < 200GeV. Med-purity Exp 166 0.713 Low-purity top Ep S0 0870
> 2ujets, m; > 1000GeV, pH < 200GeV, High-purity Exp 48 147/
2 2-jets, my; 2 1000GeV, ])1"! < 200GeV, Med-purity Exp 142 0.270
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H —yy: Measured STXS (28 pois)
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H—vyy: Production Mode Cross Sections

> 2500_‘ T T T T T T T T T T T T T T T T T T T T T T '_ .
& - ¢+ Data ATLAS = Submitted to JHEP
g - Vs=13TeV, 139 fb" 2
» 2000— Background my, = 125.09 GeV —]
=) - —— Signal + Background , . .
2 1500 All categories - The events in each category
= - In(1+S/B) weighted sum J )
5 ook S = Inclusive E are weighted by In(1+S/B)
a £ ™ ]
500 * *oocceen The fitted signal-plus-background
S 1008 ' ! | ' — pdfs from all categories are also
X = = o
D 50E E weighted and summed, shown as
C E 3 . .
8 O ¢ the solid line.
| 50 . . . .
o 110 120 130 140 150 160
S 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

Shape description: a double-sided Crystal Ball (DSCB) function, a Gaussian
distribution around the peak region, continued by power-law tails at lower and higher
myy values.
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H—yy: Production Mode Cross Sections

1800
1600
1400
o 1200

ights / GeV

.

T
Data

ween Continuum Background

Total Background

——— Signal + Background

T
ATLAS
Vs =13 TeV, 139 fb"’
m,, = 125.09 GeV

ggF + bbH categories

= 1000 In(1+5/B) weighted sum—|
5 800E- S =ggF + bbH 3
§ 600 =
400 —
200F- —
g 6OF E
o - E
2 20F .
5]
o E
| N E
g 110 120 130 140 150 160
S m,, [GeV]
(a) ggF+ bbH
3 16 '+ Data ' ATLAS E
9_ 14 s Continuum Background Vs =13 TeV, 139 b N
2 pE - Total Background m,=125.09 GeV 3
% 10 — Signal + Background WH categories =
= E In(1+S/B) weighted sum 3
5 8F S=WH E
= 6% —
= iy -
2 n
. i e R .‘ A AN L -
g ]
. 2F { * B
£ 0:.111..| TR il Lt
&) el I'IT*T+‘|TT+I| +'Y"+I+] LU FYE TN B 7 1
[ E . ) . ‘ ‘ ]
% -2 110 120 130 140 150 160
8 m,, [GeV]
(c) WH

Dongshuo Du (USTC)

HEE AT
RCEASBEFRES;

Submitted to JHEP

E 60E- "+ Data ' ATLAS E
= - wonsnse Continuum Background Vs =13 TeV, 139 fb™" 3
£ 50 ----- Total Background m, =125.00GeV 3
® aof. — Signal+Background  vgF categories 3
= = In{1+S/B) weighted sum 7
B 305 S = VBF —
5 2f -
10F- &=
- L
g 2oF 3
2 10E E
g E E
S O L
I 0B =
ol 110 120 130 140 150 160
S m,, [GeV]
(b) VBF
E b+ Data ' ATLAS E
= E s Gontinuum Background Vs =13 TeV, 139 fo! E
£ 10 ----- Total Background m,=125.09 GeV = —
% Bi ——— Signal + Background ZH categories =
= E In(1+S/B) weighted sum
5 e S=2ZH —
g 7
a 4 = =
2 =
. :. P B M PR | MR N P R
2 osH 1 ! L on =
*g: o \e q
o T H
| E l Jyvevelv] ¥® R iv'vy . I
% 110 120 130 140 150 160
a m,, [GeV]
(d)ZH

YIESSE+—ELES
TFITEAS

42


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/

H—yy: Production Mode Cross Sections
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In this calculation, only Higgs boson events from the targeted

production processes are considered as signal events.

Higgs boson events from other processes as well as the continuum
background events are considered as background.
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H—yy: Production Mode Cross Sections (breakdown)

Submitted to JHEP

Uncertainty source Ap [%0]
Theory uncertainties

Higher-Order QCD Terms +3.8
Branching Ratio +3.0
Underlying Event and Parton Shower +2.5
PDF and a; +2.1
Matrix Element +1.0
Modeling of Heavy Flavor Jets in non-tH Processes < +1
Experimental uncertainties

Photon energy resolution +2.8
Photon efficiency +2.6
Luminosity +1.8
Pile-up +1.5
Background modelling +1.3
Photon energy scale < =1
Jet/ ERNsS <+l
Flavour tagging < =1
Leptons <+l
Higgs boson mass < +]

Dongshuo Du (USTC)
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ggF + bbH
VBF

WH

ZH

ttH

H—yy: Production Mode XSs

Submitted to JHEP

Vs =13 TeV, 139 fb”
LI N I B B B T T T I LA L L L ) I B ATLAS mH=1250969V. I‘yH|<25
ATLAS {s=13 TeV, 139 fb" . T e
H—yy m, =125.09GeV ly,|<25 OggF 08%
Fe4Obs + Tot. Unc. [ Syst.unc. | SM+ Theo. unc. - —0.6
p-value = 55% Tot. Stat. Syst. Over o
. 104 100 (152 02) ’ oy
o i o L I |
—— or (02 1) -
— - | . +06 (08 w01 oul | 005 001 @ 037 o2
—— o9 15k (45 52) o
1 1 1 1 I 1 1 1 1 1 1 1 | I 1 1 1 1 I 1 1 1 1 | 1 1 1 Il I G}’t}y—' 0‘0 0‘05 0'03
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H-yy :STXS (28 pols)

Table 1: Best-fit values and uncertainties for the production cross-section times H — yy branching ratio (o x Byy)
in each STXS region. The values for the gg — H process also include the contributions from #bH production. The
total uncertainties are decomposed into statistical (Stat.) and systematic (Syst.) uncertainties. The uncertainties for
the pp — HEL/vv, 1’¥ < 150 GeV region are truncated at the value for which the model pdf becomes negative. SM
predictions are also shown for each quantity with their total uncertainties.

i Value Uncertainty [fb] SM prediction
STXS region (7 X Byy)

[fb] Total Stat. Syst [fb]
gg — H, O-jet, pf < 10GeV 10 - w2 15
gg — H, O-jet, pf > 10Gev 58 2 7 = a7+
gg — H, l-jet, pfl < 60GeV 16 s 2 4 154
g8 — H, l-jet, 60 < pf < 120GeV 11 e H 2 104!
gg — H, l-jet, 120 < pH < 200GeV 16 109 409 404 17403
88 — H, = 2jets, mj; < 350GeV, pif < 120GeV 4 het bt | 7t
g8 — H, > 2-jets, m; < 350GeV, 120 < pf < 200GeV 28 0 40 403 21703
g8 — H, > 2-jets, mj; > 350GeV, pif < 200 GeV 2 20 e 20403
gg — H,200 < pH < 300GeV 16 194 104 402 1.0°02
g8 1,300 5 < 350GV T g E
¢~ H. pf 2 450GV T T L
qq" — Hgq', < 1-jet and VH-veto 6 fg fz fgl 6,6':(0)"22
00 = Hod',VHi-had 019 4 N5 6 ekl
q9’ — Hggq', = 2-jets, 350 < m;; < 700GeV, pil < 200 GeV 15 09 T 08 1.224004
qq’ — Hqq', = 2-ets, 700 < m;; < 1000GeV, pif <200Gev 0.8 =03 04 02 0.58*002
99’ — Hagq', > 2-jets, m;; > 1000GeV, pi < 200 GeV 12 4 403 403 1.007203
qq’ — Hqq', = 24ets, 350 < m;; < 1000GeV, pH 2 200GeV 004 012 102 4002 0 167*000
qq’ — Hqq', 2 2-jets, m; > 1000 GeV, pi > 200GeV 027 0L 1400 4008 01660008
4.~ Hiv.p < 150GV R T
79~ HOv 2 150GV 020 Gl 4 BR orag
pp = HLLIY?. py <150GY 029 4 4R 4% 0ashl
pp = HULIYT. p 2 150Gy 004 B8 i A oo
AH. i < 60 GV 022 3 A3 A% 02l
fiH.60 < pf < 120GeV 032 4% 4% 0% 0ay
14,120 < pH < 200GeV 018 M8 017 <004 g ygil0
171,200 < plf < 300GeV 014 HE H 0N 012%F
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H—Z7*—4L: Inclusive and Differential Cross Section

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

Matrix-based likelihood unfolding

Higgs boson kinematic-related variables

DT, Yae] Transverse momentum and rapidity of the four-lepton system
Mg, M3y Invariant mass of the leading and subleading lepton pair
| cos 07| Magnitude of the cosine of the decay angle of the leading lepton pair in

cos )y, cos by

the four-lepton rest frame relative to the beam axis
Production angles of the anti-leptons from the two Z bosons, where the
angle is relative to the Z vector.

o, O1 Two azimuthal angles between the three planes constructed from the
Z bosons and leptons in the Higgs boson rest frame.
Jet-related variables
Nicts: Nb_f-ets ‘ Jet and b-jet multiplicity
plTead' Jet, pSTUb cad-Jjet | Transverse momentum of the leading and subleading jet, for events with

My, |A77jj|a Aﬁﬁ’jj

at least one and two jets, respectively. Here, the leading jet refers to the
jet with the highest pt in the event, while subleading refers to the jet
with the second-highest pp.

Invariant mass, difference in pseudorapidity, and signed difference in ¢
of the leading and subleading jets for events with at least two jets

Higgs boson and jet-related variables

7 : :
pr, Mg Transverse momentum and invariant mass of the four-lepton system and
leading jet, for events with at least one jet
445] . .
pr, Magj; Transverse momentum and invariant mass of the four-lepton system and

leading and subleading jets, for events with at least two jets

Dongshuo Du (USTC)

FEMIERSERMESSE T EEES
RAFREBFAFSR, ITIWeXF

48


https://doi.org/10.1140/epjc/s10052-020-8223-0

H—Z7*—4L: Inclusive and Differential Cross Section

Eur. Phys. J. C 80, 942 (2020)
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Combination: H(yy) and H(ZZ)
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[ ATLAS % Standard Model ~ ----68% CL ] Observed Expected
CH o z7 H - o H > 77* —95%CL
30;:’-’§=1€ZT93,13;’ f?:y* égzs.ﬁji ; Channel Parameter 95% confidence interval | 95% confidence interval
[ Shape-only # Obs. Combination ] 18, 6.4] 33, 93]
B . K —1.5, 0. —23.2, Y.
0k H— ZZ* — 4 b
- K¢ [-7.7, 18.3] [-12.3, 19.2]
10 H—yy Kp [-3.5, 10.2] [-2.5, 8.0]
i Ke [-12.6, 18.3] [-10.1, 17.3]
of Combined Kp [-2.0, 7.4] [-2.0, 7.4]
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~10F
s The results for one coupling modifier are obtained while
. fixing the other one to the SM expectation
b
The combined observed limit on k_ similar to
The combined observed limit on k, less the individual ZZ*, but the 68% CL observed
stringent than the individual ZZ* : combined limits on k. are worse than the
» Cross section quadratically depend on k,  results from the ZZ channel :
» Double minimum in the NLL scan » The correlation between the k, and k_
» k, parameter being further from the SM parameters

expectation only with the H(yy) channel > Different best-fit k, observations for 2z
and yy channel
» Data fluctuations in some p;" bins
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Interpretation with shape vs. shape + norm.

O] L B B DL BN ELELNLN BLELELN L =

[&) _|||\|\|||||||||\||||\|

© 4
) [ ATLAS % Standard Model  ----68% CL “  10F-ATLAS % Standard Model ~ ----68% CL ]
[ H—ZZHoyy A Obs.H o2z —95%CL C o L Z2 H sy A Obs. H — 72" _ e oL 7
30f-fs=13TeV. 13967/ Obs. H - r7 . 8FVs=13Tev, 139fb' ¥ Obs. H — 7y ]
E Shape-only Bl Oo. Combination E E Shape + normalisation = Obs. Combination E
r ] 4F =
101~ — C ]
B ] 2__ =
O = oF -
-1 Oi_ _: —2:— _:
:| L1 | L1 1 | L1 1 I L1 1 ‘ 11| | L1 1 | L1 I L1 I L1 I_ _4:_ _:
4 -2 0 2 4 6 8 10 12 - | | .
Kp -1.5 —1 -0.5 0 0.5 1 1.5
Kp
Shape only Shape + normalization
= N =7 AV  FEAFEA
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