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Introduction

* Results with full Run 2 data set
(L =139 fb):

* Higgs boson mass
ATLAS-CONF-2020-005

* Inclusive fiducial, (double) differential fiducial
cross-section and interpretations (pseudo-

observables)
arXiv:2004.03969v2

» (Simplified template) production cross-sections

and interpretations (kappa-framework, EFT...)
arXiv:2004.03447v1
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The H>ZZ*>4¢ Decay Channel
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Signal: Four prompt isolated leptons
Two same-flavour and
—_— (o) +
BR=0.00125% ¢ opposite-charged lepton
7 .
_ pairs
H _______ E . .
ot Leading lepton pair:
7 On-shell Z boson (m,,)
£=e,u a Sub-leading lepton pair:
Off-shell Z boson (m,)
Final state Total expected Observed
41 119 = 115
2e2l 82.0 = 34 96
212e 61.0 = 3.2 57
4e 53.2 + 3.1 42
Total 315 =+ 310
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The H>ZZ*>4¢ Decay Channel
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Processes with non-
prompt leptons:

Processes with prompt leptons:

Z+

jets, tt

Data-driven estimation from
control regions (inverted/relaxed
selections) separately for 88+
and €e+ee final states

05/05/2020

¢ |
Z/y ¢ . . . .
/ for the first time Estimated from simulation or fit from
77* estimated from extended upper/lower SB regions
14 SB instead of
Z/y simulation
q ¢
: : Estim from simulation
Fit from upper/lower SB regions | stimated from simulatio
% :"I""I""I""I""I""':J"t"\""I"“I"" _‘@ I ¢Dt|
L ata c ata
g 70?¢1LZAZ§ — 4l M goF+bbH M ZZ* 1 2 ﬁlL'zqzs*a 4l M ggF+bbH M ZZ*
5 F Vs=13TeV, 13910 VBF XX, VWY w 103 |- Vs =13 Tev, 139 10" VBF XX, WY
= B60[105<m,<115Gev, MIVH W Z+jets, tt — 105 < m, < 115 GeV, [IVH M Z+jets, tt 3
g [ 130 < m, < 160 GeV WttH+tH 7 Uncertainty - 130 < m,, < 160 GeV MttH+tH 7% Uncertainty
o ] 1
102
Control
regions
10
0%5 20 25 30 35 40 45 50 55 60 -0 =1 >2
my, [GeV] N b-jets, 70%
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Mass Measurement
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Mass Measurement: Method

- T T IR I I BN IR
‘ Measu_re my, from m,, using a per-event 3 025k - ATLAS Simulation Preliminary E
reSO|UtI0n methOd ZTEE ' i H— ZZ* - 4] + MC for Higgs m, =125 GeV i
Olo F Vs = e J— or m, = e n
* Improves the uncertainty by about 10 MeV -z 02-_r 1 Tey PPF for my=126 GeY B
 Kinematic fit: constrain invariant mass of the Gaussian core ]
leading lepton pair to the Z boson mass + two power- ]
« Improves my, resolution by 17% law tails 1
0.05 -
» Boosted decision tree to discriminate signal ]
* : 0 e

from ZZ* background: 105 110 115 120 125 130 135 140

» Improves precision by about 2% - Signal model: M (GeV]

Double-sided Crystal Ball:
DCB(myy; 4, KX 0y, @1, Ny, A2, Nz |0;)

16 signal regions: o;: per event my, resolution, estimate using a quantile
« Four BDT bins for each decay channel regression NN

K calibration constant

. . . . . U, 0;: mean and standard deviation of the Gaussian
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Mass Measurement: Results

> RN RN LR AR RARE RAARN RAARN REARN RARRN RARRN RARES
§ % ATLAS Preliminary ¢ o E ATLASPreliminary . guoned: statsys
ﬁ BOf—H — Z27* — 4l — Fit 3 ?:321_2; ;94;:)_1 [m] Observed: Sys-Only
g 70§_v/§=1sTev,139fb“ |:|Background _; i s=1o el m, [GeV] |
._%) 60;— _; 4y _5._3_ 124.80 1727 (Stat) 7 (Sys.)
502— _i 2e2y i + 124.95 172 (Stat) °% (sys) |
40— = B .
305 ] 2u2e e 12534 3,7 (Stat) [ (Sys)
205_ _§ 4e i Fu3 124.59 77 (Stat) ¥ 7 (Sys.) |
10 :_+ % Combined _E._]_ 124.92 77 (Stat) ¥ (Sys.)
1005 110 115 120 125 130 135 140 145 150 155 160 . 12I4 ....... 1é5 ....... 1é6 “““““ 1é7 |
my, [GeV] my [GeV]
m% = 124.92 + 0.19 (stat) ¥3:92 (syst) GeV = 124.9213:21 GeV
« Uncertainty is dominated by statistical uncertainty | H->yy+H->4¢2:
_ _ _ Recent CMS 1, = 125.46 4 0.16 GeV
* Improved uncertainty compared to the previous combined measurement + Run 1 measurement:
-1 :
Run 1 measurement performed by ATLAS and CMS (35.9 fb) my = 125.38 + 0.14 GeV
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Measurements of Inclusive and
Differential Fiducial Cross-Sections
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Fiducial Cross-Sections: Method

» Cross-section measurement in fiducial phase space in a model independent way:

o/ = 0; XA; XBR

l

A;: fiducial phase space acceptance, o;: cross section in fiducial bin and BR: branching ratio Detector response matrix Prac:
. ATLAS =13 TeV H—>ZZ* — 4l
- Measurements: _ ls-18Tev HoZ o
) S 350-1000 0.03 0.56
* Total cross-section .
) ) ) ) % 200-350 0.02:0.53
* Inclusive fiducial cross-sections: % 120200 -
+ Four decay channels / sum / combination 60.120 0.02 048 0.01
» (Double) differential cross-sections: 60.80 - m
20 observables sensitive to Higgs boson production and decay e.g. Pr4e 45-60 0.03.0.39 0.02
+ Eight two-dimensional combinations e.g. m;, vs mg, 3045 0.02 0.39 001
20-30 0.03:0.38:0.02
 Strategy:
. . ] . . 10-20 {0.03:0.39:0.02
+ Fiducial selection close to analysis selection volean o,
+ Template fits of m,, spectra to data to extract the number of signal events for each bin 01 70:20 2035 %045 %69 90:80 %0-12]20.2300.5850-105,
« ZZ* normalisation obtained from my,-fit in the full 105-160 GeV mass region p¥ [GeV] (reco)

» Unfolding: detector response matrix
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- Total and inclusive fiducial cross-section ATLAS ) Syt uncertintes
measurement Hozz s R

* Total cross-section: 51.8;_

Fiducial Cross-Sections: Results

Oror = 53.5 + 4.9 (stat.) + 2.1 (syst.)pb ~ § + i

Vs=13TeV, 139 o™ i

NNLOPS + XH

90§—
80F

¢ 70F
60
g [+] .
s50F

[pb]

4 HRes 2.3, NNLO+NNLL + XH

08f® | - a0F
°j [F [# 154 ¢ 0
SM prediction: 04 i 200
0.2 05F 10;—
In good agreement with the SM prediction
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Fiducial Cross-Sections: Results

- Remaining
Backup

* Observables:
 Higgs boson kinematics e.g. pr4e, Myo...

« Jetse.g. Nig, M

”---

 Higgs boson and jets €.g. pr4g---

do/dp™ [fb/GeV]

Theory/Data

N/Nyg
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T

T T T T T T
B Dat
0.12— ATLAS i S;s?. uncertainties
oz oa  ERMRERT T
T Vs=13TeV, 139 1" s RadiSH K — 1, +XH
0.1~ +  NNLOPSK = 1.1, +XH
L <<<¢22< XH = VBF+VH+ttH+bbH+tH
- Total stat. ® syst. uncertainty.
0.08— —&— Fitted ZZ* Normalisation
C p-value MG5 F
B | 1 p-value NNLO. . .
006-| 11" vaue raaisi €.0. differential
p—— p-value NNLO} productlon
0.04f 1y I :
i +, cross-sections
0.02]— | +|| ) for Pr4e -
C LR, ’
[O IR EEEELES. Lt i e s et 24513 L5
ol I N
1.5 I . I l. i |
1g----- I-' ------------ I""I! ----------------------- [ peosscoooscocapeg —
-,
i N LT
15 s
1 ................................................................... -
0.5t
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p¥ [GeV]

« Constrain Yukawa couplings of the Higgs boson with c- and
b-quarks

* Fiducial cross-section in each pr4.-bin parametrised as a

function of coupling modifiers k. and

[&)

¥
20

15

10

Vs =13 TeV, 139 fo'!
Best Fit p-value: 0.09

[T TTT | T T TT | T TT | T TT | T TT | T TT | T TT | T T
N + Best Fit
‘_A mas L 68% CL. j
- H— ZZ" - 4l —— 95%CL.

* SM

e.g. predicted

Pr 4, differential

........
-,

-~ -
-~ -
S —————

cross-section

w

2 4 0 1 2 3 4
K

In good agreement with the SM prediction
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1D results:

Best-fit value
K. =0.66
K, = 0.55

95% CL
[-7.46,9.27]
[-1.82,3.34]
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Measurement of Exclusive Production
Cross-Sections
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Exclusive Production Cross-Sections: Method

Production Producton Bins TP Mzt
Mode Stage 1.1
Py
= 0-jet
oy i
O o
- P, <200 GeV |= 1-jet 60 < p," <120 GeV _
)
1
i p;">120 GeV
:
1
1
i
1
H > 2-jets
| ooy |
St | pr> 200 Gev
> P> e
S | sa2rtpysHigh |
' m; <60 GeV or 120 < m, < 350 GeV
T or m, > 350 GeV, p;" <200 GeV
1
=3 |
] §: m;>350 GeV, p;">200 GeV _
Pt
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Gluon fusion (ggF) Vector boson fusion (VBF)

g , q q
W, Z
9#4 »-H 7% - H
g q 5 W, Z
87% q q
With a vector boson (VH) With heavy quarks (ttH/bbH)
q ,H Y t,b
t,b
Vil 49, <1% -~ H
t,b
q W, Z g t,b

 Production cross-section measurement:

Simplified template cross-section (STXS) framework

« Production Mode Stage:

Four main production modes

« STXS Reduced Stage 1.1:

Several exclusive phase-space bins in dedicated fiducial regions
Particle-level production bins
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Exclusive Production Cross-Sections: Method

Production
Mode

Particle-level STXS Reduced Reconstructed event categories
Production Bins Stage 1.1 Signal Region
p,<10 GeV P <10 GeV
= 0ot 0fp;"-Low

|
:

p,>10 GeV 10 < p," <100 GeV

|

0j-p;*-Medium

p;* <60 GeV
| 1j-p;*-Low

p, < 60 GeV

|

p;'<200 GeV |=1-jet 60 < p, <120 GeV

60 < p;* <120 GeV
| 1j-p,;*-Medium

120 4 <200 GeV —
| 1j-p;*-High <Py TRV Na=1

p,>120 GeV

> 2-jets
T
iy "> 200 GeV p;*>200 GeV
Y S e ; I
NI | 1j-p,#-BSM-like i
L, 60 <m, <120 GeV 1m;< 120 GeV or p,* <200 GeV
s : I 2 : N =2
VBE m, <60 GeV or 120 < m, < 350 GeV | 120 GeV. 5.4 200 GoV fots =
or m.> 350 GeV, p. <200 GeV N i m> eV, p* > e
Ik : K | 2/BSM-ike s i
& m, > 350 GeV, p,' > 200 GeV
7 qq2Hqq-BSM
=

N, =0, p > 100 GeV

Leptonic V decay _ | 0j-p;*-High

NIep =5

| VH-Lep-enriched
ttH Hadronic

| ttH-Had-enriched
ttH Leptonic

| ttH-Lep-enriched

05/05/2020

« Selected Higgs boson

candidates:

 Classified according to the
production mode

« Reconstructed event
categories
* ”"mostly” match the
production bins

« Neural Networks (NNs):

« Improve the separation of
different signal
components and
background processes
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Exclusive Production: Results

ggF
VBF
VH
ttH

Inclusive
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Production Mode Stage

2207 e
A TLAS 22| — i
H— ZZ* — 4l zza| —_— T
Vs=13TeV, 139 fo" we| . |
Production Mode - |yH| <25 1 T2 776 T8

—m— Observed: Stat+Sys
[m] Observed: Stat-Only

SM Prediction
p-value = 91%

o-B [fo] (0:B)g, [fb]
Emd 1120+ 130 1170+ 80
- 110+ 40  92.0+20
E - 3 75 fi; 52.4ji:;
E = 3 267% 154719
E#EI 1340+ 120 1330 + 80
P N R S S S S R T
6-B/(c-B)
SM

« Constraints on Higgs boson coupling-

strength modifiers (k-Framework)

» Parametrise deviations from the SM predictions of the

Higgs boson couplings to SM bosons (k) and fermions
Kr) assuming the ensor coupling structure
g the SM t ling struct
ML|_2_4:|IIII|IIIIIIII|IIII|IIII|IIII
22:_ ATLAS + z:sste'r:\llted 68% CL
- H—>ZZ" - 4l —— Observed 95% CL
2;_ {s=13TeV, 139 fb" *  SMvalue
1 8:_ Best fit p-value = 0.75
1.6 Ky = Ky = Kz
1 ab and
. E Kr = Kt = Kp
1.2 = K¢ = K¢ = Ky
1=
0.8
0.6~
_l ) | ) | 111 1 | 111 1 | 111 1 | )
0'40.7 0.8 0.9 1 11 1.2 1.3
Ky

In good agreement with the SM prediction
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Exclusive Production: Results

- Remaining

Backup
Reduced Stage 1.1 « Parametrisation in terms of BSM coupling parameters
2o e (i.e. Wilson coefficients of the Standard Model EFT with
ATLAS i ] .
H o 77% _ 4| i . Warsaw basis)
{5 - 13 TeV, 139 fo ol _ . N &: reconstruction efficiency
Reduced Stage 1.1 - |yH| <25 ” i TE T T T8 O-p (Cl) ° B (Cl) ° C/qp (Cl) ¢ Hl cat Elp AP: acceptance
—— Observed: Stat+Sys SM Prediction NN
[m] Observed: Stat-Onl p-value = 77% o-B [fb] (G'B)SM [fb]
a02H-0j-p¥-Low | [—I—:ly 170455  176+25 | ATLAS Expected: Stat+Sys
9g2H-0;-p*-Hiigh : E.at 630110 550 + 40 : H— ZZ" - 4l ®m—— Observed: Stat+Sys e.g. CP-even
gg2H--p/Low =3 ! 50+80  172+25 Vs=13 TeV, 139 fb™ .
gg2H-1-pi-Med | -3 170£50 11918 | SMEFT =/ Observed: Stat-Only BSM coupllngs
ggZH-1j-p:-High B [—.—E—] 9’:12 20+ 4 N
gz | {—H 40475 127:27 Bostfit  95% CL |
9g2H-p!High | P E - 3 38*21 15+ 4 |
qa2Haa-VH | — 21+ 35 138704 i c - 05 [-3.4,2.1] Only one
q92Haq-VBF = 150 "3 107.6 5% A »
qq2Hqq-BSM : = . 057° 4.20+0.18 : Cug - 0.03 [-0.62,0.59] parameter
Vh-Lep | E . 3 22+ 16.4% 0.4 B fitted at a time
w | e 3 2570 15470 Cone - 0.1 [1.1,1.0] ’
- : all others set to
-1 0 1 2 3 4 5 6 7 Cug .. 102 20.001  [-0.008,0.007 2610
c-B/(c-B) B 5
M Cun = . 5.102 618  [-1830] |
» Probing the tensor structure of Higgs ) 0 4 6
boson couplings using an effective field Parameter Value
theory approach 2D fits also
: L available
In good agreement with the SM prediction
16
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Summary

« Measurement of Higgs boson properties using the full Run 2 data set:

* Mass measurement:
» Improved resolution compared to the combined ATLAS and CMS Run 1 measurement
* Inclusive and differential fiducial cross-section measurements:
« Large number of observables
« Sensitive to BSM physics
« Measurement of exclusive production cross-sections:
« Can be combined with other Higgs decay channels in a straight forward manner

+ Allowing also for a combined EFT-interpretation

« Data are consistent with the SM hypothesis

05/05/2020 V. M. Walbrecht - Measurement of Higgs Boson Properties 17
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BACKUP
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Event Selection

05/05/2020

TRIGGER

Combination of single-lepton, dilepton and trilepton triggers

LEPTONS AND JETS

ELECTRONS Er >7GeV and |n| < 2.47
Muons pr > 5 GeV and |n| < 2.7, calorimeter-tagged: pr > 15 GeV
JETS pr >30GeV and |n| < 4.5

QUADRUPLETS

All combinations of two same-flavour and opposite-charge lepton pairs
- Leading lepton pair: lepton pair with invariant mass mj, closest to the Z boson mass my

- Subleading lepton pair: lepton pair with invariant mass m34 second closest to the Z boson mass mz

Classification according to the decay final state: 4, 2e2u, 2u2e, 4e

REQUIREMENTS ON EACH QUADRUPLET

LepTON - Three highest-pr leptons must have pt greater than 20, 15 and 10 GeV
RECONSTRUCTION - At most one calorimeter-tagged or stand-alone muon
LEPTON PAIRS - Leading lepton pair: 50 < mj; < 106 GeV

- Subleading lepton pair: mpyi, < mz4 < 115 GeV
- Alternative same-flavour opposite-charge lepton pair: mge > 5 GeV
- AR((,0") > 0.10 for all lepton pairs

LeptoN 1soLaTION - The amount of isolation Et after summing the track-based and 40% of the
calorimeter-based contribution must be smaller than 16% of the lepton pr

ImpAaCT PARAMETER - Electrons: |dy|/o(dy) < 5
SIGNIFICANCE - Muons: |dp|/o(do) < 3

COMMON VERTEX - x*-requirement on the fit of the four lepton tracks to their common vertex

V. M. Walbrecht - Measurement of Higgs Boson Properties
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Event Selection

05/05/2020

a a

SELECTION OF THE BEST QUADRUPLET

- Select quadruplet with mj; closest to mz from one decay final state
in decreasing order of priority: 4u, 2e2u, 2u2e and 4e

- If at least one additional (fifth) lepton with pt > 12 GeV meets the isolation, impact parameter
and angular separation criteria, select the quadruplet with the highest matrix-element value

HiGGs BOSON MASS WINDOW

- Correction of the four-lepton invariant mass due to the FSR photons in Z boson decays
- Four-lepton invariant mass window in the signal region: 115 < my4, < 130 GeV

- Four-lepton invariant mass window in the sideband region:
105 < myge < 115 GeV or 130 < my, < 160 (350) GeV

V. M. Walbrecht - Measurement of Higgs Boson Properties
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The H>ZZ*>4¢ Decay Channel

Processes with non-prompt leptons:

g

it

KR Q& S

A N Ne I Wl e N

« Data-driven estimation from control regions

(inverted/relaxed selections)

 Estimated through simultaneous fit in

control regions

05/05/2020

V. M. Walbrecht - Measurement of Higgs Boson Properties

» Estimated separately for €+ and

gL+ee final states

> Fr 1 ™ 1117
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Events / 2GeV

(Data-Fit)/Err

Reducible Background

* Fake lepton background:
« Estimated in 28y and €€ee final states
 Dedicated fits in control regions for each reconstructed categories
» Shape of the observable also extrapolated from a control region

— — > oo T T L e > e I L o e e e B ML B > QT T T T T T T T — ‘@105f T T
C —e— Data 3 £ —e— Data 3 o —e— Data $ E —e— Data 3 S E ATLAS —e— Data
C ATLAS —— Fit Results g £ ATLAS —— Fit Results B g L ATLAS — Fit Results 8 200}ATLAs — Fit Results - I E ll+eeCR — Fit

1000/ Vs=13Tev, 139" .o Z+LFjets 4 o 350 (s=13Tev, 189" - Z+LFjets = o 100/~ (s=13Tev, 139f0" - Z+LFjets 2 E (s=18Tev, 13917 .ol Z+LFjets E F foratev,1aom'

) E ) E L ) E ) 3 L Geetevisn
[ Invertedd,cR 77 §+HFJE(S é E ewsupCR 77 §+HFJQ'S 7 é b InvertedisolaonCR é+HFJe'S § 180: SameSigncR 7 12{+HF|ets 3 10° e
F @ 300/~ = a o ST = 7z Wz = F
E 80 e * B
1 [ 140 - 10° =
E ol 120 -
3 L 100 = 10°E
E R aof 80 3 :
E 2 [ 60 — - 10
B 1 20 w0 = i
50 - r E
C B F 20, — 1=
ol 0 5 0 okt il §
4 5 % 5 ¢ E 5 4 : = | |
A . G E n oo | ) El [T | , P P E o |
d ob-boe-bio® 0. el z B 002200 .900.00%004 .00 04 [ P X Y YY.] 0400440 6944 0% T oot 0t 4 %004y T L T e & E
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—eE hd = —€E * = - E| = TeE E| [=} —1E
_4E 5] _4E < 4 3 T _4E 3 = E
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Reducible Background

> 400 T Ty
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Reducible Background
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Mass Fit
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Table 4: Impact of the leading systematic uncertainties on my.

Systematic Uncertainty Impact (GeV)

Muon momentum scale +0.08,-0.06
Electron energy scale +0.02
Muon momentum resolution +0.01
Muon sagitta bias correction +0.01

DCB (m4e; p, 0, 1,11, a2,n2) = C o g~

u=a*(myg — 125 GeV) + b + 125 GeV. N

@
(ﬂ)nl e 2 -
g

. —0_2
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Fiducial Cross-Sections

Higgs boson kinematic-related variables

T, |Yae] Transverse momentum and rapidity of the four-lepton system
Myg, M3y Invariant mass of the leading and subleading lepton pair
| cos 0| Magnitude of the cosine of the decay angle of the leading lepton pair in

cos By, 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, ¢1 Two azimuthal angles between the three planes constructed from the
Z bosons and leptons in the Higgs boson rest frame.
Jet-related variables
Nictss Npjets Jet and b-jet multiplicity
pread- Jet, ff“bfead' Jet | Transverse momentum of the leading and subleading jet, for events with

M, |A77jj|a A¢jj

at least one and two jets, respectively. Here, the leading jet refers to the
jet with the highest pr 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

pflrej, Mg Transverse momentum and invariant mass of the four-lepton system and
leading jet, for events with at least one jet
p%e”, Mg Transverse momentum and invariant mass of the four-lepton system and

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

05/05/2020
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Fiducial Cross-Sections

05/05/2020

Observable Stat. Syst. Dominant systematic components [%]

unc. [%] unc. [%] Lumi. e/p  Jets Other Bkg. ZZ" Th. Sig. Th. Comp.
Ceomb 9 3 1.7 2 <05 <05 1.0 15 <0.5
oy 15 4 1.7 3 <05 <05 15 10 <05
Cae 26 8 L7 7 <05 <05 15 L5 <05
Tapze 20 7 17 5 <05 <05 2 15 <05
Caeap 15 3 1.7 2 <05 <05 1 15 <05
do / dpt 20-46 2-8 L7 13 12 <05 1-6 1-2 <1
do / dmas 12-42 3-6 17 23 <1 <05 1-2 1-2 <1
do / dmgy, 20-82 3-12 17 23 <1 1-2 1-8 1-3 <1
do / dlyae 22-81 3-6 17 23 <1 <05 1-5 1-3 <1
do / dcos6*| 23-113 3-6 17 23 <1 1-2 1-7 1-3 <05
do / dcos b, 23-44 3-6 17 23 <1 <05 1-3 1-2 <1
do / dcos 0, 22-39 3-6 17 23 <1 <05 1-3 1-3 <1
do / d¢ 20-29 25 17 23 <1 <05 1-3 1-2 <05
do / déy 22-33 3-6 17 23 <1 <05 1-2 1-3 <05
do / dNjegs 15-37 6-14 17 13 410 <05 1-4 3-7 1-4
do / dNp_jers 15-67 6-15 17 13 45 1-3 1-2 3-9 1-4
do / dpigad- et 15-34 3-13 1.7 -3 410 <05 1-2 1-5 <05
do / dpiyPlead- et 11-67 5-22 L7 13 212 <1 13 2-15 15
do / dmy; 11-50 5-18 17 1-3 111 <05 1-3 2-15 1-2
do / dn; 11-57 5-17 17 1.3 210 <05 1-2 2-14 1-4
do / do;; 11-50 4-18 17 13 29 <05 1-3 2-14 1-6
do / dmyy; 15-66 4-19 17 1-3 39 <05 1-6 3-14 1-8
do / dmyg;; 11-182 5-67 17 13 424 <05 1-5 2-35 1-9
do / dpi 15-76 6-13 17 13 28 <1 1-5 3-9 1-3
do / dp3 11-76 5-27 1.7 23 29 12 14 3-17 1-12
d®o / dmy, dmgy 16-65 3-11 17 23 <1 1-2 1-9 1-3 1-2
d%o / dpt¥ dlyael 23-63 2-13 1.7 -3 12 <1 1-6 1-5 1-2
a0 / dpT* dNjees 23-93 4-193 1.7 2-14  2-25 1-3 1-7 1-12 1-92
d*o / dpp? dmyy 15-41 4-12 1.7 13 28 <05 1-5 2-9 <1
d*c / dpy’ dp 15-53 3-10 17 13 28 <1 1-2 2.6 1-2
d*o / dpy dpigd- et 15-84 3-21 1.7 -3 2-18 1-10 1-3 2-9 1-3
d%o / dpicrd ot gy lead- et 15-38 3-11 17 13 29 <05 1-2 1-4 1-2
o / dplgrd- It gpipPiead- et 5 63 5-22 1.7 13 415 <05 14 3-11 1-7
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Fiducial Cross-Sections: Results

Cross section [fb] Data ( & (stat.) & (syst.) ) Standard Model prediction p-value %]

Ta, 0.81  +0.12 +0.03 0.90(5) 16
O 0.62  +0.17 +0.05 0.90(5) 14
Tapze 0.74  +0.15 +0.05 0.80(4) 67
oy 1.01  +£0.15 40.03 0.80(4) 15
Oyt te 143 +£0.21 +0.05 1.81(10) 10
Tap2e 2621 1.75  +£0.21 40.06 1.61(9) 51
e 3.18  £0.31 £0.11 3.41(18) 49
O eornh 3.28  £0.30 =£0.11 3.41(18) 67
Tior DD 53.5 4.9 +2.1 55.7(28) 66
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Fiducial Cross-Sections: Results
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Fiducial Cross-Sections: Results
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Fiducial Cross-Sections: Results
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Fiducial Cross-Sections: Results
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Fiducial Cross-Sections: Interpretations

 Transverse momentum distribution:

* Atest of perturbative QCD
 Sensitive to the structure of Higgs boson interactions
 Sensitive to charm and bottom Yukawa couplings

* [nvariant masses:
 Sensitive to higher-order EW corrections to the Higgs boson decay

» Sensitive to BSM contributions

 Jet related variables:
* Probe QCD radiation effects
» Higgs boson production

05/05/2020 V. M. Walbrecht - Measurement of Higgs Boson Properties
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Fiducial Cross-Sections: Results > Remainig
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* Introduction of modified contact terms between Higgs
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and EL (ER = 048 EL)
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Interpretations within Pseudo-Observables

flavour universal contact terms

terms vector contact terms
&[T ARARARAARARALAAARLEARY 025 A ASOALRAMRE ARAAL RARALMOARS RARML RASe '}0-‘- LA A AALARAE A R LA EL
+ BestFit T o + BestFit ] o + BestFit 1
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Flavour non-universal vector ez, = 0.054 [~0.131,0.114]
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Flavour non-universal axial-vector ¢z = 0.008 [~0.016, 0.033]
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Interpretations: Yukawa Couplings

only the p;* shape
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Exclusive

Production Cross-Sections

05/05/2020
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NN Input Variables

Category Processes MLP Lepton RNN Jet RNN Discriminant
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. I{ ggF’ 2z ' Pg-, ne - NNggF
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4 . J miss
s P- 1 . NN for NNzz < 0.25
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@ J .
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Results: Observed Data

« Several kinematic properties used for the categorisation of reconstructed
events:

NjetS' pT,4I for Njets =0: pT,4I for Njets =1:
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 All distributions are in good agreement with the data
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Results: Observed Data

Events/20 GeV

Several kinematic properties used for the categorisation of reconstructed

events:
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All distributions are in good agreement with the data
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Exclusive Production: Multivariate Discriminants
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Events

Results: Observed Data

» Observed and expected distributions of the NN discriminants in
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NN Discriminants
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NN Discriminants
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4r- B
3F ]
2 } [} g
1
0 8
0 0.2 0.4 0.6 0.8 1 4 0.5 0.6 0.7 0.8 0.9 1 0 0.2 0.4 0.6 0.8 1
ttH-Had ttH-Had VH-Lep
NNttH NNtXX NN,y
(2] \ \ \ \
0 30 e e e 2 4
= - c ¢ Data 4
c Dat ] ATLAS
oy ATLAS ® Data ) 1 2 250 Ho 775 - 4l [ ggF+bbH [l 2Z* -
> H— 77" - 4l [ ggF+bbH W22 : w - PR VBF XX, VW]
W 25— \5_13Tev, 139 b VBF XX, VWV fo-1aTeV, 13910 WIVH Wz jots, i |
115 < m, < 130 GeV BVH  EZeets, ] Sideband Region Wit Uﬂef{ "
Of-Pﬁ'-LOW WttH+tH 7 Uncertainty | 200 % + 7 Uncertain yf

150
100
Ny
0 0™ 1 2 XX VH-Le
0 0.2 0.4 0.6 0.8 1 d y -/ p
0j-pr-Low Category

NNggr
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Systematics

05/05/2020

Experimental uncertainties [%o] Theory uncertainties [%o]
Measurement Lumi e, i, Jets, Reducible | Background Signal
" pile-up flav. tag bkg ZZ* tXX 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 25 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

ttH 1.7 2 6 <0.5 1 0.5 05 125 -+

Reduced Stage-1.1 production bin cross-sections

gg2H-Oj-p¥-Low 1.7 3 1.5 0.5 6.5 <05 <05 1 1.5
gg2H—Oj—p¥—High 1.7 3 5 <0.5 3 <05 <05 05 5.5

gg2H-1j-pH-Low | 1.7 2.5 12 0.5 7 <05 <05 1 6
gg2H-1j-pH-Med | 1.7 3 7.5 <05 1 <05 <05 15 5.5
gg2H-1j-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 25 10.5
gg2H-pH -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 55 8
qq2Hqq-VBF 1.7 2 35 <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
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Observed and Expected Yields

Reconstructed Signal zz* tXX Other Total Observed
event category background background backgrounds expected
Signal 115 < myge < 130 GeV
0j-p} -Low 242+35 30+ 4 - 0.93+0.13 55+5 56
0j-p3 -Med 76 +8 37+4 - 6.5+0.6 120+ 9 117
Oj-p%"-High 0.355+0.031 0.020 +£0.012 0.0094 + 0.0027 0.30+£0.05 0.69 + 0.06 1
lj-p%"-Low 34+4 155+2.7 - 1.91 +0.29 52+5 41
lj-p%‘”-Med 20.8 +2.8 40+0.7 0.114 +0.013 1.02+0.19 26.0+2.9 31
lj-p%"-High 4.7+0.8 0.48 +0.10 0.043 + 0.008 0.27 £ 0.04 55+0.8 B
lj-p%f-BSM-like 1.23+0.23  0.069 +0.031 0.0067 +0.0031 0.062+0.012 1.37+0.23 2
2j 38+5 9.1 +2.7 0.95 +£0.08 2.13+0.31 50+6 48
2j-BSM-like 3.3+£0.6 0.18 £ 0.06 0.032 + 0.005 0.091 +0.017 3.6 £0.6 6
VH-Lep-enriched 1.29+0.07 0.156 £0.025  0.039+0.009 0.0194 +0.0032 1.50 +0.08 1
ttH-Had-enriched 1.02+0.18 0.058 +0.025  0.252 +0.032 0.119+0.033 1.45+0.18 2
ttH-Lep-enriched 0.42+0.04 0.002+0.005 0.0157+0.0023 0.0028 +0.0029 0.44 +0.04 1
Sideband 105 < myr < 115 GeV or 130 < myr < 160 GeV
SB-0j 45+0.5 150 + 13 - 16.2+2.2 171 + 13 183
SB-1j 2.80+0.30 51+7 1.29 +0.16 84+1.2 63 +7 64
SB-2j 2.02+0.27 25+7 44+05 6.0+0.9 38+7 41
SB-VH-Lep-enriched 0.273 +£0.015  0.48 £0.06 0.125+0.018 0.126 £+ 0.019  1.00 +0.07 3
105 < myr < 115 GeV or 130 < myr < 350 GeV
SB-1X X -enriched 0.071+0.012 0.32+0.12 12.1+1.3 0.84+£0.33 133+ 1.4 19

05/05/2020
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Fit

05/05/2020

N, categories Nbins

£@0= ] [|P(MjlL-5-8-4,@) +Bi;@)x

j i
q(0) =-2In £(5',A0(f')) =-2InA(0),
L(7,0)
o D 8@ D

osm B,  Asm
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Results: Inclusive

* Inclusive H - ZZ* production cross-section for lyyl < 2.5:

\_(é/ 14:_ATLAS ----- Observed-Stat. only _: ¢ Observed
Y fHozZ 4 ] o-B(H - ZZ*) =134+ 0.12 pb
oo Tev a0t 1 =134 +0.11 (stat.) + 0.04 (exp.) + 0.04 (theo.) pb

10f

1« SM prediction:
. o-B(H - ZZ*) = 1.33 4+ 0.08 pb

* In good agreement with the SM prediction

Il ‘I | L1 1 | | L1 1 | | Il
1.1 1.2 1.3
c-B/(c-B)

« Precision improved by a factor of about four (two)
w.r.t. to the Run 1 (Run 2 36.1 fb-') measurement

SM
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STXS: Correlation Matrices

ggF

VBF

VH

itH

2Z-0j

ZZ-1j

22-2j

XX

-0.07

-0.00

[ [
ATLAS
H— ZZ* — 4l
Vs=13TeV, 139 fb

ggF

VBF
VH

ttH

05/05/2020

.1

—0.8
—0.6
—0.4
—-0.2
-0
—-0.2
——0.4
——0.6

—0.8

ggZH-Oj-p’T*-Low
ggZH-Oj-p’T"-High
ggZH-1j-p’T"-Low
ggZH-1j-p’T“’-Med
gg2H-1j-p¢-High
992H-2j
ggZH—p’T"-High
qg2Hqq-VH
qg2Hqq-VBF
092Hqqg-BSM
VH-Lep

ttH
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0.00 0.02
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1
H—ZZ" — 4l 7 '
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-0.11 0. 0.03 -0.08
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o
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Results: STXS 2D

ggF vsS. VBF ggF vS. VH

|E-I5 T | T T T T T | T T T | T T T T :>t 1 O T | T T T T T T T | T T T —
~ 3] B ATLAS + Obs Best Fit ] - - ATLAS + Obs Best Fit .
m% e Obs 68% CL. - q S S Obs 68% CL. -
5 rH—->Z2Z2" -4l —— Obs 95% CL. i 13 -H—Z7" >4l —— Obs 95% CL. .
@ 4 Vs=13TeV, 139 10" I sM — cg 8 (5= 13Tev, 139 " . s ]
L Ty, <25 i = [y, l<25 1
3l ] 6| =
2 - _ 4 —
11 _ oL _
0 B 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 ] O i 1 | 1 1 1 \l\"' 1 1 1 | 1 1 1 ’r'/l 1 1 1 | 1 ]

0.6 0.8 1 1.2 1.4 0.6 0.8 1 1.2 1.4
(c-B/ cs-BSM)ggF (c-B/ cs-BSM)ggF

In agreement with the SM prediction Remaining > BACKUP
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Results: STXS 2D

§ 1 0 — T T T T | T T T | T T T T | T T T — 6} B T T T T | T T T T T T T T | T T T T | T T I_

3 - Obs Best Fi = T Best Fi
% ATLAS + bs Best Fit IQ"2-5 _ATLAS + Obs Best Fit ]
m R T Obs 68% CL. . & I TP Obs 68% CL. i
o - H— ZZ* — 4l —— Obs 95% CL. . g - H— 727 — 4l —— Obs 95% CL. .
~ | | Y | B
2 8 {s=13Tev, 139 b I sM 8 [ Vs=13TeV, 139 b I sM i

o B 7 =
i |yH| <25 1 ﬂ;w 2 L |yH| <25 |
- 1 & :
- Q i
- L i
| | | ] | | | | | | | | | | | | | | | | | | | | | | I_
0 0.5 1 1.5 2
(6-B/o-Bg,) o (c-B/ G'BSM)gng-o,'-pg-Low
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EFT
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2
o < |[Msmerr|” =

2
G
MSM = Z EM,'

® Ci *
= [Msml* + ) 2Re (Miy M) reld > 2Re (M;M;)
i i

oP(c
,f*) =1+ Z APc; + Z B’ cicj,
o J

SM i ij

4¢ 4¢
1 -+ Zi Ai Ci +- 2’] BU Cl'Cj

1 + Zf (Z, A{C,‘ + ZU Biij[Cj)

G

4¢ _
B7(0) = [toY(¢)

_ @4l
_BSM
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K-Framework

« Parametrise deviations from the SM predictions of the Higgs
boson couplings to SM bosons and fermions

ATLAS |
. E =_1) szTi:/ 1_3>9‘t:>" szx’ _—.:.—
* Assumptions: T
« Single CP-even Higgs boson state e
- Tensor coupling structure same as in the SM G
« Parametrisation: I e
FSM 1 2 ° ‘ 6'B/(0‘g)
J-B(i—>H—>f)=Kl-2-K]§-aiSM- fz - Input: !
I (Ki 'Kf) Production Mode Stage
i r
kf =~z and xf = F?_fM measurement
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Results: kK-Framework

LL 2_4_' T T T T | T T 1 T T 1 | T T 1 | T T T T | T T I_ ° ] .
¥ . ATLAS . soutrn E Assumption:
FHozza e = e —
25 (513 TeV, 139 fb" * SMvalue B voowe
1_8__ Best fit p-value = 0.75 ] and
E E KF=Kt=Kb=KC=KT=Ku
1.6 -
1.4 E : :
- ] -« Best fit values:
1.2 ~
i E Ry = 1.02 + 0.06 and &z = 0.88 + 0.16
0.8 —;
0.6- 1« Good compatibility with the SM
Cloovv o b v b v v b v b b 1 7 1 . (o)
Ky
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Standard Model Effective Field Theory

« Lagrangian is constructed out of SU,-(3)XSU; (2) XUy (1) invariant higher
dimensional operators built out of SM fields:

Lsyerr = Loy + cugHTHGE, G + cycHTHGE,G*WY + cuHHTHépu,,H + CﬁHHTHapurI:f

+ cuw HYHWL W™ + cpiw HTHW W™ + cyp HYHB,, B + cysHTHB,,B*Y

+ cywpHTT"HW,,,B'"™ + cyygHYT'HW, B'H

— Non-SM coupling t0 gluonNs ==

Non-SM coupling to vector bosons

Caw, Caw,
Cup, CHE,
CuwB, CywnB

V*

BSM CP-even
BSM CP-odd
— Non-SM coupling to top quarks =
9 t
t
CuH,
CiiH - H
t
9 t

05/05/2020
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Approach

» Based on the Reduced Stage 1.1 measurement:

zz.0) L
A TLAS z7-1j i —:-— ] - N
H - 22" — 4l ol e : « Parametrise each of the production
Vs=13TeV, 139 fb” x| i . . .
Reduced Stage 1.1-Iy | <25 e bins as a function of BSM couplings
—— Observed: Stat+Sys SM Prediction NN
| [m] Observed: Stat-Only p-value = 77% c-B [fb] (<5-B)SM [fb] |
ga2H-0j-p!-Low |- E.:q 170£55  176+25 |
gg2H-0j-p*-High E.a 630 £ 110 550 + 40 i Y "
ivioe) S In each production bin p:
go2H-1-p*-Med | w3 170£50 11918 | N
9g2H-1/-p*-High | SR 9rys 20t4 | Cat .P
gg2H-2j : -HHE 40112'75 127 £ 27 : O-p (Ci) * B(Ci) * dqp (Ci) ’ Hi gi
9g2H-p!"-High : = | 3812 154
qo2Haq-VH | Dom 2135 138704 BSM dependent
aa2Hog VBF | - 150 7% 107.672¢ |
qa2Hqa-BSM | - 05'7° 420+0418 |
VH-Lep | - 3 2272 164404 |
wi | = 3 257 184l ]
PR [ S W ST ST S SN T S SR NN SN SN ST S N SN S SR SN NN ST SO SN SN NN SR SN ST S NN SO S S M

-1 0 1 2 3 4 5 6 7 _ _ _ .
5Bl(oB), AP: acceptance &: reconstruction efficiency
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BSM Parametrisation of the Acceptance

@© Frerrprrrrprrrrprrr T e T T T T e e e T ° I I . I I
S 04- ATLAS Simulation o - For the first time: take into account the signal
o350 HZ22°>4l ow=30 1  acceptance
o [ Vs=13TeV --- Cyu="0.8 ]
S5 03FgeH Crw=0-8 - : : ; I
| R =30 1« Selection criteria of the 4¢ event selection
Rk B R — 3 introduce an additional BSM dependence
(ZD 0.2:—5 immin=12GeV = g 18
- : I . = 1.6i ATLAS Simulation E
04501 | 1 * mghasastrong BSM 5 '® nozzoa ~CPewen
- : 1 E § 1'4; Azc:ptancee ~~CP-odd 7:
R E dependence = o i
SR : sy
0057 1 - Separate parametrisation ¢ o¢
OOI - '1|0| - I2|OI - I3|0I - I4|0I - Igarl-r- 60 7_0 for CP-even and CP-Odd § Zj
m,, [GeV] BSM COupllngS 0.2§
O
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BSM Parametrisation

05/05/2020

Normalised to SM prediction

2.5

g92H-0j-p14-High

. ATLAS Simulation 1
T H—oZZ*—4| —6/Ggy i
/s =13 TeV |
gg2H-0qp, High (@ BN -Blg,

Normalised to SM prediction

qg2Hqgqg-VBF

- ATLAS Simulation

-~ HoZZ*—4l %%

- (5=13TeV (6 -B)l(o -B),

- Qd2Hqg-VBF (c-B-A)(c-B-A)

. 2]
I I | | I | | | I | | [ | | | I | | | I |

-6 -4 2 0 2 4 6

Chw
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Normalised to SM acceptance

EFT. Acceptance Parametrisation

1.8_| 1T | TTTT | T TT | T TT | TTTT TTTT T TT ||||_
16: ATLAS Simulation ]
I H=ZZ -4 —CP-even .
1.4 18=13TeV ~CP-odd E
L cceptance §
1.2 —
S S —
0.8 -
0.6 .
0.4f =
025__ .................... ,E
O:I 111 | | .| | | .| | | .| | | | | | .| | | .| | 111 I:
4 3 2 -1 0 1 2 3
Chw
05/05/2020

0.4

8 1,8_||II|IIII|IIII|IIII|IIII T TT LI IIII_
c 16: ATLAS Simulation ’
o UL HoZzZr-4l —CP-even .
Q  Vs=13TeV 7
1.4
& _ Acceptance CP-odd ]
= C ]
B 12 :
S ogsMeo ]
© _
3 - .
= 0.8 =
£ ]
o 0.6 ]
prd N

¢S
.
T
.

0.2

D
o
o
.......

0_|||||||||||||||||||||||||||||||||||||||_
%4 3 2 1 0 1 2 3 4
Chi
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Normalised to SM acceptance

1.8_||||||||||||||I||||I||||||||||||||||_
1 6: ATLAS Simulation ]
Tt H=ZZ -4l —CP-even .
1_4'_ (s =13 TeV ]
_ Acceptance CP-odd E
1.2 —
S - —]

0.8 .
0.6 :
0.4f =
0_22___ ..................... .T:
O:I 111 | | | | 111 | 111 | | | | | | | 111 | 111 I:
-4 -3 -2 -1 0 1 2 3 4
Chws
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Normalised to SM prediction

EFT: BSM Parametrisation

37T\\\‘\\\\‘\\\\‘\\\\‘\\\\ L TTTT \\\T7
- ATLAS Simulation ]

o gl H-ZZ'—4l /0y b
b s=13Tev “(c -B)l(c -B), 1
PG00 (6 -B-AJ(c-B-A)]
2 \ / H
B \ i

/

- \ u

i \ / i
1.5j \ / 7
: ./ ]

- \ / 4
—SM=10 AN ]
0.5F -
:\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\:
4 3 2 -1 0 1 2 3 4
Chw
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Normalised to SM prediction

2.5

1.5

0.5

4

7T\\\‘\\\\‘\\\\‘\\\\‘\\\\ TTT1T TT 1T \\\T7
- ATLAS Simulation ]
- HoZz*—4l T %% B
- Vs=13Tev “(c B)llc -B),, 1
[ 992HOp cHigh (c-B-Aic B -A)]
B N yal N
i N / ]
L \ / -
r \ / ]
i \ / i
i \ 7 ]
[ SM=1.0 \\ // 3
:\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\:

3 2 1 0 1 2 3 4

Chg

Normalised to SM prediction

37T\\\‘\\\\‘\\\\‘\\\\‘\\\\ TTTT TTTT \\\T7
- ATLAS Simulation ]
o gl HZZ'—4l %% E
b 5=13Tev (0 BMc B,
[ 99O e (c-B-A)(c-B-A)_ ]
2 =
=~ P 1
LS e :
- \ / m
1.5 \ / -
i \ / i
B \ / i
J__SM=1.0 \}4/ ]
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Normalised to SM prediction
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67 T T T T ‘ L ‘ L ‘ LI LI L T T T ]
- ATLAS Simulation ]
5 H—ZZ7*—4l n
T V(s=13TeV _G/GSM ]
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BSM Parametrisation

Table 13: EFT parameterisation of the cross-section ratio o~ /o-sm for each of the Reduced Stage-1.1 production bins
and of the ratio of decay widths I'/T'sp as a function of the CP-even Wilson coefficients.

STXS bin Cross-section parameterisation, o~ /osv
. H 2
gg2H-0j-py -Low | 1+ 35.80cHG +326.23¢y Table 14: Values of acceptance parameters obtained from the fit to the three-dimensional Lorentzian function in Eq. 4
gg2H-Oj-p¥-High 1 +3533cyg + 319.056%16 for CP-even coupling parameters.
g@2H-1j-pfl-Low | 1+31.27cuc +264.44c}, Acceptance parameter Fit result Acceptance parameter Fit result
i H 2
ge2H-1j-py-Med | 1+29.55¢ug +236.09¢y5 @ 0.153 +0.003 | Spyw 0.614 +0.027
ionH Wi 2
ge2ti-1jpy High | 1+ 28.00cng + 22533k @ 0.874 + 0.010 | 615 2.294 +0.033
2H-2j 1 +17.62cyg + 118.92¢
ge=esd HG HG @ 0.881 £0.019 | Spwa 0.703 + 0.029
gg2H-pH High 1 +17.77cuG + 162.65¢%,;
2 2 2 ﬁHW -0.133 £ 0.012 6(HW HWB) —-1.21+£0.04
qq2Hqq-VH 140.593¢rw +0.258¢2,, +0.019¢115+0.014¢2, ,+0.088¢ 1w 5 +0.023¢2, 4y s + ’
0.005cgwcemp +0.034cgwegwp + 0.005cgscaw B ﬁHB 0.005 + 0.005 6(HB,HWB) -1.22+0.06
qq2Hqq-BSM 140.190¢ gy +0.506¢2,,, ~0.002¢ 11 +0.057¢2, 5, +0.042¢ pryw  +0.048¢2, o + Buw s 0.120 £ 0.011 | Sw up) 0.08 +0.07
0.0IZCHWCHB - 0.059CHWCHWB - 0.028CHBCHWB 6 0.05 + 0.06
qq2Hqq-VBF 140.059¢ g +0.092¢2,,, +0.002¢ 1 +0.027¢, 5, +0.037c gy +0.018¢2, o+
O-OISCHWCHB - 0-016CHWCHWB - 0-024CHBCHWB
VH-Lep 1+0.828¢cyw +0.321 ¢}y, +0.035¢ 15 +0.013¢, 5 +0.127cpw g +0.026 7,y g —
0.218C1—1Wc1-13 - 0.155CHWcHWB + O-OZOCHBCHWB 1
1ttH 1 +0.483chG + 0.590c7,; —0.108¢, 1 + 0.009¢2,, — 0.015¢HG Cun A ) ,
c - . DY . . . . . . . . . . . .
Decay process Decay width parameterisation, I'/T'sy Ay ~ X0 T (@1)” - |az + zl: O - (ci + Bi)" + IZ]: 0(i,j)  €icj + 6(;;’;{) CiCiCr|
oy i#]
T(H—40) 1-0.199¢yw +0.753¢3;y,,—0.112¢ g +2.665¢%, 5 +0.18 1c yrw g +0.760¢7,y p — i#
Tsm(H—40) 0.043cgwcenp — 1.288cuweawn — 1.397cupcaw B
F(H —all) 1-0.054cyw +0.162¢2,,,,—0.076c 1 g +1.209¢%,, +0.062c w g +0.357 2y p +
Fsm(H —all) 1.519¢cyG + 14.922C§IG +0.518cgweup—0.441cgyweawp —1.132cupcawn
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BSM Parametrisation

Table 15: EFT parameterisation of the cross-section ratio o~ /oy for each of the Reduced Stage-1.1 production bins

and of the ratio of decay widths I'/T'sy as a function of the CP-odd Wilson coefficients.

STXS bin

Cross-section parameterisation, o~ /osm

gg2H-0j —p{! -Low
gg2H-0j-p -High
gg2H-1j-p-Low
gg2H- 1j-p¥-Med
gg2H-1j-p4 -High
gg2H-2j
gg2H-p¥ -High
qq2Hqq-VH

qq2Hqq-BSM
qq2Hqq-VBF
VH-Lep

ttH

1 +317.69¢% -
HG
1 +319.85¢% -
HG
1 +272.23¢%
HG
1 +238.29¢%
HG
1 +233.95¢2
HG
1+ 113.95¢% -
HG
1+162.11¢% -
HG

1 + 0.1912¢2 — + 0.0125¢2 - + 0'01240?1‘73
O'OIOICHWCHWB el O'OOOZCHECHWB

1 + 051382 _ + 0.0585c§1§ + 0'052302% +
0.0665cH‘7V-cH‘7V-B - 0.0334CH§CH‘7V-B

2 2 2

1+ 0.0617c; = + 0.0253c7 = + 0.0148¢] = +
0.019OCH‘7V-CH‘7V-B - 0.0256CHECH‘7V‘B

1 + 0.2075¢2 — + 0.0141¢2 - + 0.0158c§ﬁ3
0'0203CHWCHWB + 0'0083CHECHWB

1+0.599c2 - +0.0020c2, +0.043c, 5ean

+

O'OOZZCHWCHE
O‘OIOSCHWCHE
0.0148¢cwens

0.0009¢ywens

Decay process

Decay width parameterisation, I'/T'spm

140.702¢2 — +2.586¢2 ~+0.811c2 = +0.050¢, ¢y 5~ 1.325¢57Cyip =

[(H—40)
Csm(H —4¢) L.434cy gCyws
Hall) 1+ 0161+ 1.206¢7 - + 0.357¢] _ 14.888¢7 _ + 0.518c ey —
Tsm(H—all) 0.440c i cyiwvn — 1-129¢y 5
05/05/2020

Table 16: Values of acceptance parameters obtained from the fit to the three-dimensional Lorentzian function in Eq. 4
for CP-odd coupling parameters.

Acceptance parameter Fit result Acceptance parameter Fit result
o) 0.118 £ 0.001 | 6w 0.572 +£0.003
) 0.853 £ 0.001 | 6,5 2.022 £ 0.004
@ 0.826 £ 0.002 | w5 0.644 +0.001
Buw —0.001 +0.001 | 63 piws) —-1.070 £ 0.004
Bys —-0.001 + 0.001 SHB.HWB) —1.085 + 0.006
Buws 0.001 £ 0.001 | 6w up) —-0.010 £ 0.008
0 —-0.060 + 0.088

A@)
Asm

= ap + (a1)*-

ay + 25, (¢ +ﬁi)2 + Z 5(,',1') :
1 1
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Results: per STXS bin
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Results: 1D

* Only one parameter is fitted, the rest is set to zero

A TLAS Expected: Stat+Sys
H— 77" — 4l = Observed: Stat+Sys
=13 TeV, 139 fb™
gSMEF?I' eV, 1391 ] Observed: Stat-Only
Best-fit  95% CL
Cuw 0.5 [-3.4,21]
Ch 003  [-0.62,059]
Chwa 0.1 [-1.1,1.0]
Cha 102 0001  [-0.008,0.007]
Cun . 5.102  -618  [-18,30]
L 1 L L L L 1 L L 1 L
-2 4 6
Parameter Value
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CP-odd:

ATLAS

H— ZZ* — 4]
Vs=13TeV, 139 fb™

Expected: Stat+Sys
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Observed: Stat-Only

SMEFT
Best-fit  95% CL
+06 [24.24] |
0.00 [-0.56,0.56] |
0.0 [-1.0,1.0] |
-102  0.000 [-0.029,0.029]_
. = 5-102 + 21 [-50,50] |
L ! AR e
—2 2 4 8

In good agreement with the SM prediction
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Results: 2D

In good agreement with the SM prediction
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Results: 2D
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1D NLL scans
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1D NLL scans
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Impact of Acceptance
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Results: 2D
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Results: 2D
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