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~ OUTLINE OF THE TALK °

After Runl discovery of the Higgs boson, the increased number of Higgs
decays allows improved precision in the couplings and cross section
measurements to test the compatibility of the SM predictions and search
for possible deviations .

Thistalk will cover the following topics :
A Brief description of the Higgs boson physics at the LHC

A Cross sections and coupling measurements :
1. 0% @Y © tadecay channel
2. '0O0 11 decay channel
3. Combination of 00 @ © taand "O° r fdecay channels

4. Mass measurements

A Conclusions

N. Belyaev, 6th International Conference on New Frontiers in Physics 23.08.2017



- SM HIGGS PRODUCTION
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Associated Associated Vi ggF | VBF | WH | ZH ttH
production with a production with 13TeV | 48.52 | 3.78 | 1.37 | 0.88 | 0.506
vector boson ( VH) top quarks ( ttH)

14 TeV | 53.99 | 427 | 1.51 | 0.98 | 0.613
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SM HIGGS DECAY

The most important

bosonic decay

modes at the LHC are the following :

‘00 6
Easy identification in 4| channel, good
mass resolution, but relatively low BR
0° vw’
Higher BR, easy identification, but mass
resolution is mediocre due to neutrinos
0or
Simple identification, good mass
resolution, but BR is also low

Possible to measure cross sections for specific production

Branching Ratio
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modes in specific

bins (Simplified Template Cross Section) B maximize the sensitivity of the
measurements and minimize their theory dependence

SM Higgs boson branching ratios calculated for m(H) = 125.09 GeV
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EVENT SELECTION 6

Final-state particles are defined as
Listof event selection requirements which define the fiducial particles with a life time of p ™mm.
phase space of the cross-section measurement

< 60
) - ¢ Data
Leptons and jets ) ATLAS Preliminary .2, iggs (m,, = 125.09 GeV)
- * 7z
Muons: pr > 5GeV, || < 2.7 T —>_14I i v
Electrons: pr > 71GeV, || < 2.47 @ 13 TeV, 36.1 10 ;ﬁjce;;tmy
= ws i
Jets: pr > 30GeV, |y| < 44 §
]

Jet-lepton overlap removal:  AR(jet. £) > 0.1 (0.2) for muons (electrons)

Lepton selection and pairing

Lepton kinematics: pr > 20, 15,10 GeV
Leading pair (m2): SFOS lepton pair with smallest |mz — miee|
Subleading pair (1m134): remaining SFOS lepton pair with smallest |mz — meg|
Event selection (at most one quadruplet per channel)
Mass requirements: 50 < myp2 < 106 GeV and 12 < m3q < 115 GeV
Lepton separation: AR, £5) > 0.1(0.2) for same- (different-) flavour leptons
J /W veto: m({;, £j) > 5 GeV for all SFOS lepton pairs L =
Mass window: 115 GeV < mae < 130 GeV 100 120 140 160

mglonstrained [GeV]

A The selected events are divided into

bins of the variables of interest. For36.1"Qw .,y pdlevVand ppud p O GeV
) . Final state SM Higgs YA Z + jets, tt Expected Observed

A The bin boundaries are chosen such = W7 ”JV VYV P
that each bin has an expected signal A 201221 98405 13+03 312222 33
significance greater than 2,8 4e 10.6+12 44+04 1.3+0.2 163+ 1.3 16
_ _ 2e2u 142+14 7.1+04 1.0£0.2 223+ 1.5 32
A Variables of interest: n, 1 ,n , —, 2u2e 108+1.2 46+04 1.4 £0.2 16.8 + 1.3 21
& ,3— ,— ,3Y @& dand others. Total 56+6  259+1.5 5.0 +0.6 87+ 6 102

N. Belyaev, 6th International Conference on New Frontiers in Physics ATLASCONF-2017-032 23.08.2017




_ S T—
XSMEASUREMENTS 7

A The fiducial cross sections (FXS) provide a largely model -
independent way to test for deviations in kinematic distributions .

A The fiducial cross section , ; for a given final state and bin “of
the differential distribution isdefined as:

N i, fit N [,reco
C; =

Tifid=0; XA; X BR = \ .
f : ) L X C:' N I, part

A The simplified template cross sections (STXS)are defined to
maximize the sensitivity of the measurements while at the same
time to minimize their theory dependence . The measurements
performing in mutually exclusive regions of phase space called
0 b i nfer 6simplicity, are specific to the different production
modes .

N. Belyaev, 6th International Conference on New Frontiers in Physics 23.08.2017



FIDUCIAL CROSS SECTIONS

a5 A Several differential fiducial cross sections are measured in
T e different categories (see backup) for observables sensitive to
' the Higgs-boson production and decay, including kinematic
distributions of the jets produced in association with the Higgs
boson .

A The extracted cross-section distributions are used to constrain
anomalous Higgs-boson interactions with Standard Model
particles using the pseudo -observable framework .

[\S]

0

.5

2

5
i

.5

Data/Theory

¥ A Good agreement is found between data and the Standard
0 01 02 03 04 05 06 07 08 08 1 Model predictions!

o

|cose'] % ATLAS Preliminary ~ —e— Data
0] H-ZZ' -4 [ —
Cross section [fb]  Data (£ (stat) £ (sys) )  LHCXSWG prediction  p-value [7] :—fﬁ eV se e '
Tap 0.92 733 2003 0.880 + 0.039 88 Y
T4e 0.67 #1033 *0-08 0.688 + 0.031 96 <
Tople 0.84 *0-28 +0-00 0.625 + 0.028 39
T2e2p 1.18 £0-30 +0.07 0.717 £ 0.032 7
Tayde 1.59 #0371 +0-12 1.57 +0.07 65
Oples2eu 2.02 fg‘%g :HH 1.34 £ 0.06 6 =
T sum 3.61 5030 039 291 +0.13 19 é
Tcamb 3.62 j;g{ﬂ; fE;%B 291+ 0.13 18 g
2 80 120 200 350
Trot [pb] 69+ £5 55.6 £ 2.5 19 Py [GeV]
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COUPLINGS MEASUREMENTS

A Additional
with sufficiently large number of events.

BDTdiscriminants are used to further improve the sensitivity in reconstructed categories

A Based on event yields observed in each reconstructed event category, constraints are placed on

possible BSMinteractions of the Higgs boson .

Observed

Inclusive cross section :

, #0 Y00 ¥) p¥ 0§ N o

Expected Inclusive cross section :

BSM coupling Fit Expected Observed Best-fit  Best-fit | Deviation
KBSM configuration limit limit KBSM KSM from SM
KAgg (kHge =1, ksm=1) | [-0.47,0.47] [-0.68,0.68] | +0.43 - 1.8
KHVV (kHgo =1, ksm = 1) [-2.9, 3.2] [0.8,4.5] 2.9 - 2.30
KHVV (KHgg = 1. ksMm free) [-3.1, 4.0] [-0.6, 4.2] 2.2 1.2 .70
KAVYV (KHge =1, ksm = 1) [-3.5, 3.5] [-5.2,5.2] +2.9 - 1.40
KAVV (KHgg = 1. ksm free) [-4.0, 4.0] [-4.4,4.4] +1.5 1.2 0.5¢0

A Interpretation was done in terms

“ 35l ATLAS Preliminary * BestFit

68% CL Obs. of Higgs Characterisation
3 19 Tev. 301 ek model, based on the following
Lagrangian , without any
discriminants :
Ly = {KSM [%‘;’szzﬂz“ + gHWWW;Wﬁ“]

1 @ ey Sy
—1 |KHee8Hee G O +tan akage8age ﬁv(’”m]
—%k [KHZZZWZW + tan (YKAzzZI,,,Z‘W]

Qv

~

'Q = coupling with fermions

'Q = coupling with vector bosons

_%AL [KHWWW+ W™ + tan ak aww WJVW_'“V] }X[;‘

ATLASCONF-2017-043

., @6°Y (00 ¢x¥) p& T TBUG O

in rapidity range o s ¢&8

+ Best Fit
68% CL Obs.
—— 95% CL Obs.
B sV

2.8 ATLAS Preliminary

0.6 ]
0 01020304 050607 0.8 0.9
Gyer-BR [Pb]

23.08.2017
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A Particle level fiducial definitions :

Objects Definition
Photons Il < 1.37 OR 1.52 < || < 2.37. p5*%%/p) < 0.05
Jets anti-k;. R = 0.4, pr>30GeV. |yl <44

Leptons, £

eorpu, pr> 15GeV, | < 2.47 (excluding 1.37 < || < 1.52 for £ = ¢)

Fiducial region

Definition

Diphoton fiducial

N, >2, p? > 0.35my,, p? > 0.25m,,

VBEF-enhanced

Diphoton fiducial, N; > 2, mj; > 400 GeV, [Ay;j| > 2.8, [Ady,y jil > 2.6

Nlcplon > 1

Diphoton fiducial, N¢ > 1

High EQ“SS

Diphoton fiducial, EF"™ > 80 GeV, pZ” > 80 GeV

ttH-enhanced

Diphoton fiducial, {NJ,- > 4. Npjers = 1) (0]34 (Nj > 3. Npjers =2 1.N¢ 2 ]]

+ Data
++«==« Background

—— Signal + Background

—— Signal

o
Z
]
1
P
5
>
w

N. Belyaev, 6th International Conference on New Frontiers in Physics

SeettHuBl A || o x (excluding the
Diphoton fiducial P X |—| p8)q

A Two photons with max O

Diphoton fiducial

VBF-enhanced

ttH-enhanced

High ET™*

region

ATLAS Preliminary
H—yy,¥s=13TeV, 36.1 "
-4~ data, tot. unc.

2 3456 10

Photons are pre-selected by:
A pmua

i —

syst. unc.

m,, = 125.09 GeV

N°LO + XH
Powheg NNLOPS + XH

¥ XH = VBF+VH+tH+bbH

20 30 10°
o,y [l

p © GeV

T VT v for

leading (subleading )

150 160
m,, [GeV]

A Requirements on shower shapes and

isolation in calorimeter

and tracker

photon

Fiducial region

Measured cross section

SM prediction

Diphoton fiducial

VBF-enhanced
N]epton 2 1
High pmiss
ttH-enhanced

54.7 £ 9.1 (stat.) & 4.5 (syst.) fb
3.7 £ 0.8 (stat.) £ 0.5 (syst.) tb
< 1.39 fb @ 95% CL
< 1.00 fb @ 95% CL
< 1.27 fb @ 95% CL

635+24fb  [NSLO + XH|

2.2440.14fh [NNLOPS + X H]|
0.57£0.03 fb  [NNLOPS + XH]
0.30£0.02 fb  [NNLOPS + X H]

0.55+£0.05 fb [NNLOPS + X H]

ATLAS CONF-2017-045
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LI B e e

St ORIl The differential cross sections
ISRl \vcre produced as functions of

= gg—H default MC + XH . .
SRS the following variables :

=+ XH = VBF+VH+itH+bbH

———————————
H—yy, ¥5=13 TeV, 36.1 fp'
-4 data, fot. unc. syst. unc.

[fo/GeV)
Y
[b/GeV]

m, =125.09 GeV E
= gg—H default MC + XH
© = XH = VBF+VH+itH+bbH

doy, / dp_
Tty

doy, / dp

0
w S
W S- spin/CP -sensitive

g
B3

+
Q
=
=
=
7}
o
E
o
©
[+

Ratio w/ default MG + XH

T s el Al B s- spin/CP -sensitive

[GeV]

R R R R R ——————————— e —
[ ATLAS Preliminary H-yy, {s=13TeV, 36.11b"] ATLAS Preliminary H—yy, Vs=13TeV, 36.11b"
-4 data, tot. unc. sysl. unc. - +- data, tot. unc. syst. unc-|

T T T T T T T
ATLAS Preliminary H—yyv, ¥s=13TeV, 36.1 0™
-4- data, tot. unc.  syst. unc.

=
o
o

VY

fdly 1 [fb]

m,, = 125,09 GeV 4
= gg—H default MC + XH
& gg—H SCETIib+MCFM8 + XH1

m,, =125.09 GeV
= gg—H default MC + XH  _
o gg—-H SCETIib+MCFM8 + XH

m,, =125.09 GeV
= gg—H default MC + XH
& gg—H SCETIb+MCFMS + XH.
=+ XH = VBF+VH+HiH+bbH ==+ XH = VBF+ VH+itH+bbH

d”ﬂd
dogy/ dlay, | [fo]

day, / dicos(¢*)l [fb]

=+ XH = VBF+VH+#tH+bbH

iy
P

%‘*ﬁ* =+ =

02 04 06 08 1 1,4 16 13
\Ayw\

N o

o

0 02 04 06 08 1 12 14 16 18 0_2 0_I3 0I4 OI5 O_IE.

Ratio w/ default MC + XH
Ratio w/ default MC + XH
Ratio w/ default MC + XH
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COUPLING ANALYSIS )

goH [ veF W wH lzH Mooz+ MtH MlobH [tHgb | tHW A 31 categories was defined, targeting

ATLAS Preliminary H —yy, m = 125.09Gev different production modes based on their

vrep oo FETET different topologies .
tHIepﬁwd

ot A Signal strengths was measured for the

i
ttH had BDT2 [=]

= different production processes and globally
e = for Run2, compared to the global signal
i a2 strength measured at 7 and 8 TeV

VH lep HIGH

ATLAS Preliminary
Vs=13TeV, 36.1 fb™

jet BSM
VH had tight

—e— Total ! Stat

VH had loose
VBF tight, high p!1l
VBF loose, high pt!
VBF tight, low p!fi
VBF loose, low p!l
ggH 2J BSM

ggH 2J HIGH

ggH 2J MED

ggH 2J LOW

ggH 1J BSM

ggH 1J HIGH

ggH 1J MED

ggH 1J LOW

ggH 0J FWD

ggH 0J CEN

0.1

02 03 04 05 06 07 08 09
Fraction of Signal Process / Category

N. Belyaev, 6th International Conference on New Frontiers in Physics ATLASCONF-2017-045

Total Stat Syst Theo

+0.6 [+0,6 +01 +041 }
-0.6 -05 -01 -0.0

+0.9 |:+O.E +0.2 +0.2 ]
-0.8 -08 -02 -041

+0.6 +05 +03 +0.3 }
-06 -05 -02 -02

+0.1 +0.16 +0.07 + 0.06
-0.16 —-0.06 - 0.05

+0.12 +0.06 + 0.06
L-0.11 0.05 -0.05

+0.28 .23 +0.10 +O.12]
-0.26 .23 -0.08 -0.08

Signal Strength

23.08.2017



COUPLINGS STRENGTH FITS

ATLAS Prelimi i H . H
ATLAS Prelminary o Best it A Assuming zero width for the Higgs boson, the

H =y, m,=125.00 GeV ++:95% CL cross section , ® OO0t can be
parameterized as
ai(R) TV (R)
Ih

o(i—> H—yy) =

A A set of coupling -strength modifiers, b, is
introduced to parameterize possible
deviations from the SM predictions :

06 07 08 09

2 SM 2 v
K = (TJ,:/(TJ,- Or K, = [Ty

ATLAS Preliminary o Best fit
T 00 Gev —68%CL A Due to the limited sensitivity of this analysis,
’ universal coupling -strength modifiers I for all
fermions and I for all vector bosons are
defined as:

Ky = Kw = Kz

KF = K = Kp = K¢

A No significant deviations from the Standard
Model expectations are observed!

N. Belyaev, 6th International Conference on New Frontiers in Physics ATLASCONF-2017-045 23.08.2017
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L L B R I L B R B
ATLAS Preliminary — O, M, =125.00CeV

AHoyy G H—ZZ*—41 QCD scale uncertainty
# combined data mm Total uncertainty (scale ® PDF+a,)

systematic uncertainty

A Results are obtained for the individual
production processes of gluon fusion,
vector -boson fusion, WH, ZH, and ttH, and
for kinematic subdivisions of these
processes.

The total cross section for AP O ®
process is consistent with the Standard
Model prediction
Vs=8TeV, 203"
Vs=13TeV, 36.1 fb"

All the data collected with i =7, 8 and 13 L GepTevieant
TeV were considered . 10 11 12

Vs=7TeV, 45"

LA 0 N O N B N B B ) B

rrrJrrrrjrrrrrrrryrrrr[rrrr 1

—— Combined 68% CL ATLAS Preliminary
-====+ Combined 95% CL Vs=13TeV, 36.1 "
----------- H—yy 68% CL H—-yy and H>ZZ*—4l
H—ZZ*—4l 68% CL m,, = 125.09 GeV, IyH|<2-5
+ Bestfit
I SM prediction

L 7 L ER N B it N R s i A R e LT G R R R DR

ATLAS Preliminary
Vs=13TeV, 36.1fb"
H—yy and H—»ZZ*—4]
my; =125.09 GeV, |y, [<2.5

Oyar/ Oggr ——

Measurement tel

Oy Ogqr —.— Stat. uncertainty

: Syst. uncertainty
/ __ m o
Oy O ggr SM prediction []
m

v by vy by vy by vy v by by by

L L L1 I 1 1 1 | L1 1 1 I 11 1 1 ‘ I L1 1 I 11 1 1 ‘ I L1 1 I 111 1 —1 O 1 2 3 4 5 6
L 50 Quantity normalized to SM

1 et
OrES

ltIllIIlllIIllllll|IJ11|I1IIllllI|llLl

\\II‘IIII|III1‘Illllll\Illllllllllll\[l|l
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A A set of four ratios is constructed

to probe the loop

vertices (Il Al ), total width (Il ), and the fermion

and vector couplings (I and I respectively) .

Uncertainty
Parameter | Result
Total Stat. Exp. Th.
Best-fit values .y 1.07  +0.09 (in,ns 003 1)
and ] [ 4] +0.26 4023 4008  +0.00
uncertalntles . Vg N —[]‘.2_1‘ \—[}.2[]‘ —0.06 —“.“H.
Ly 0.84 000 (2008 093 z001)
_ VA +0.41 40.40 +0.06 +0.07)
Afg 0.74 T3 (—[}.62 -0.14 _::.::5_)

ATLAS Preliminary
Vs=13TeV, 36.1 fb"
H—-yy and H=ZZ2*—4/
my, =125.09 GeV

Measurement -

Stat. uncertainty

Syst. uncertainty

25 3
Quantity

N. Belyaev, 6th International Conference on New Frontiers in Physics

*  SM prediction
+ Bestfit

68% CL

95% CL

SM prediction

+ Bestfit
Combined 68% CL
Combined 95% CL
H—yy 68% CL

H—ZZ*—4] 68% CL

ATLASCONF-2017-047

ATLAS Preliminary
¥s=13TeV, 36.1 fb"
H—yy and H»ZZ* 4]
m,, = 125.09 GeV

ATLAS Preliminary
Vs=13TeV, 36.1 b
H—yy and H—>ZZ*—4l

m,, = 125.09 GeV

23.08.2017



MASS MEASUREMENTS
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T 1T COMBINATION

A Summary of the Higgs boson mass measurements from
the individual and combined analyses:

ATLAS Preliminary

i Syst.
Vs =13TeV, 36.1 b’ Stat. [ Sy
Total ~ Stat. Syst.

LHC Run 1 125.09+0.24 ( £0.21+£ 0.11) GeV

................................. .|

H—-Z7* 4] — e 124.88 + 0.37 ( £ 0.37 + 0.05) GeV

H-yy H————1125.11+ 0.42 (£ 0.21+ 0.36) GeV

Combined 124.98 + 0.28 ( + 0.19 + 0.21) GeV

A Main sources of systematic uncertainties:

Source Systematic uncertainty on mpy [MeV]
LAr cell non-linearity 90
LAr layer calibration 90
Non-ID material 60
ID material 50
Lateral shower shape 50
Z — ee calibration 30
Muon momentum scale 20
Conversion reconstruction 20

N. Belyaev, 6th International Conference on New Frontiers in Physics

|
ATLAS Preliminary

\s=13TeV, 36.1 fb”
H— ZZ*—4l

ATLAS Preliminary
Vs =13 TeV, 36.1 fb”

ATLASCONF-2017-046

—— Combined
—H S ZZ" > 4l
—H - vy

----- Stat. only
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/ﬁ‘
CONCLUSIONS

Overview of the ATLASanalyses on the Higgs boson decaying into bosons
were presented, namely :

A "O0 (X © 16700 r ranalyses and their combination

A Updated results for single channels with more statistic ( full 2016 = 36.1 fb1).
A Combination for differential cross section and couplings (SMand BSM).

A Mass measurements in 00 ¢xy © tdand "O° r rdecay channels .

As a result, no significant deviations from the Standard Model predictions

were observed! Also the obtained results are in a good agreement with the
Runl mass measurements .

N. Belyaev, 6th International Conference on New Frontiers in Physics 23.08.2017
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Production bins Reduced - Reconstructed event categories

Stage 1

ggF-0j

p,"! <60 GeV

p," <60 GeV

ggF-1j-p,;"Low 1j p,*-Low

60 <p," <120 GeV 60 < p,* <120 GeV

9gF-1j-p, Medium : 1j p,*-Medium

p/'> 120 GeV 3 p;*>120 GeV
ggF-1j-p;" High |. 1j p,*-High

.

2 2-jets ) .
ggF-2j . p,J < 200 GeV

p, < 200 GeV VBF-enriched p -Low <—————— m,, > 120 GeV

VBF-p,! Low

.
.

p,/> 200 GeV

p,> 200 GeV : ; -
VBF-p/High |. VBF-enriched p/-High +————

.

Hadronic V decay A m,, <120 GeV
VH-Had ; VH-Had enriched?

.
.

Leptonic V decay

VH-Lep * | VH-Lep enriched

ttH-Like

ttH-enriched

: VH-Had enriched is divided into p.* > 150 GeV and
t : | P> 118 <m, < 129 GeV

r E : p,* < 150 GeV sub-categories for tensor structure
Preliminary : femen |

N. Belyaev, 6th International Conference on New Frontiers in Physics 23.08.2017




_:I ratiosof T'yy T'zz T'ww DUy e (Fzy Tup)
I]ighPTt |
[ VBF loose (MVA)] _’_

| VBF tight (MVA) |
[ VH leptonic | = 10

> 2-jet VBF cuts

Rest

> 2-jet VBF cuts

e | high-q® BSM

=
=
T [ = 2t VBF cuts|
T = ]

low py.

MVA low pr(V) | high p¥ specific

MVA high pr(V) | —— BSM
| very high py

N. Belyaev, 6th International Conference on New Frontiers in Physics 23.08.2017




ATLAS Preliminary ~ —*— Data
H [ Syst. uncertainties

NNLOPS k = 1.1, +XH
‘ MGS FxFx k = 1.47, +XH
[N XH = VBF+WH-+ZH+ttH+bbH

T T T T T T
|- ATLAS Preliminary ~ —e— Data
F HosZZ' -l [ Syst. uncertainties
13 TeV,36.1fb" 20 HRes k= 1.1, +XH

] NNLOPS & = 1.1, +XH
0 MGS FxFx k = 1.47, +XH
SRS XH = VBF+WH+ZH +1tH+bbH
p-value NNLOPS = 25%
p-value MG5 FxFx = 42%

p-value HRes = 21%

ATLAS Preli‘m‘mary —— Data
H- ZZ* — 4] [ Syst. uncertainties
13 TeV, 36.1 fb' = NNLOPSk=1.1,+XH
3 MGS FxFx k = 1.47, +XH
m XH = VBF+WH+ZH+ttH+bbH

[fb/GeV]

T,41

p-value NNLOPS = 42%
p-value MG5 FxFx = 44%

p-value NNLOPS = 33%
p-value MG5 FxFx = 55%

do/dp
do/dm,, [b/GeV]

s

upper limit
@95% CL

IIII|IIII|1\Illlllllllll‘\\\\
|IIIII|IIII|\\Illllllllll\‘\\\\
-\\III\III‘WII\‘HIII\III‘\II\‘III\III'

pon b b Lo b s by 1

lIIIllIIWIl‘IIIlIIIIIIW

1

Data/Theory
Data/Theory
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5
ATLAS Preliminary
H— ZZ* - 4l
13 TeV, 36.1 fo!

Expected: K, = 0.0, K,

+ Best Fit

— Observed 95% CL

‘\

LEPTON CHANNEL -

ATLAS Preliminary

H— ZZ* — 4l
13 TeV, 36.1 fo”'

+ Best Fit
— Observed 95% CL

Event category

BDT discriminant

Input variables

0y
15 pit-Low

1y p *Med
15 p¥ {_High

VBF-enriched pff—Low
VBF-enriched p’-High

VH-Had enriched
VH-Lep enriched
ttH-enriched

BDTyur
17-p7 Low
BDT\ 5

1j—p4T{1Med
BDTP

BDTvgr

BDTv g.-Had

pY. mae, KD
pgfa Ur AR(.}* ZZ)

’ ..
71 min 4337
mjj, Anjj, Pt pT* Nyzy A iz > P

mjj, Anjj, pTv pTa N7 ARmm 751
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MA

Process

Measurement region

Stage 1 region

geH + g9 — Z(— qq)H

0-jet

1-jet, pA! < 60 GeV

1-jet, 60 < pi < 120 GeV
1-jet, 120 < p# < 200 GeV
> l-jet, pi > 200 GeV

> 2-jet, pi < 200GeV or VBF-like

0-jet

1-jet, pil < 60GeV

1-jet, 60 < pi < 120 GeV
1-jet, 120 < p& < 200 GeV
L-jet, pif > 200 GeV

> 2-jet, p > 200 GeV

> 2-jet, pt < 60GeV

> 2-jet, 60 < pH < 120GeV
> 2-jet, 120 < pH < 200 GeV
VBF-like, p277 < 25 GeV
VBF-like, pr’? > 25GeV

q¢ — Hqq' (VBF + VH)

ph < 200 GeV

ph > 200 GeV

P < 200 GeV, VBF-like, pi?7 < 25GeV
Py < 200 GeV, VBF-like, pii?’ > 25 GeV
ph < 200GeV, VH-like

P < 200 GeV, Rest

P > 200 GeV

V H (leptonic decays)

V' H leptonic

qq — ZH, p% < 150 GeV

qq — ZH, 150 GeV < pZ < 250 GeV, O-jet
qq — ZH, 150 GeV < p% < 250 GeV, > 1-jet
qq — ZH, p% > 250 GeV

q§g — WH, p¥¥ < 150 GeV

qq — WH, 150 GeV < p¥ < 250 GeV, O-jet
qq — WH, 150 GeV < pY < 250 GeV, > 1-jet
qq3 — WH, pY > 250 GeV

g9 — ZH, p5% < 150 GeV

g9 — ZH, p% > 150 GeV, O-jet

g9 — ZH, p% > 150 GeV, > 1-jet

top-associated production

top

ttH
tHW
tHqb

bbH

merged w/ ggH

bbH
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MA CHANNEL .

Category Selection
tH lep Ofwd Niep = 1, Nift <3, Np—tag 2> 1, Niwd — 0 (' > 25GeV)
tH lep 1fwd Niep = L, NE2 < 4, Niy_rag > 1, NI > 1 (g > 25GeV)
ttH lep Niep 2 1, Nj“scl’; > 2, Np—tag = 1, Zg veto (;t:r’_[.t_E > 25GeV)
ttH had BDT1 J\T],p =0, Nj,,l,.( > 3, f\r},_.tng > 1, BDTyg > 0.92
ttH had BD'T2 Niep = 0, Njets = 3, Ni—tag = 1, 0.83 < BDTyy < 0.92
ttH had BDT3 Niep = 0, Nieww = 3, Npp_rag = 1, 0.79 < BDT < 0.83
ttH had BDT4 Niep = 0, Niete = 3, Nip_tag = 1, 0.52 < BD Ty < 0.70
tH had 4j1b Niep = 0, Nitt = 4, Nip—tag = 1 (7' > 25GeV)
tH had 4j2b Niep = 0, NE2 =4, Ny oy > 2 (P > 25GeV)
VH dilep Niep = 2, T0GeV < mg < 110 GeV
VH lep HIGH Niep = 1, [mey — 89 GeV| > 5GeV, p’;E’"‘"*‘: > 150 GeV
VH lep LOW Niep = 1, [mey —89GeV| > 5GeV, pf;rET < 150 Ge\f',f_g_‘:[\'“i“ significance > 1
VH MET HIGH 150 GeV < EIM®® < 250 GeV, B significance > 9 or EI™® > 250 GeV
VH MET LOW 80GeV < EF™® < 150 GeV, EJM™® significance > 8
jet BSM Pr.j1 > 200 GeV
VH had tignt 60 GeV < my; < 120 GeV, BDTyy > 0.78
VH had loose 60 Gel < mj; <120GeV, 0.35 < BDTyy <0.78

VBF tight, high p¥” Anjj > 2, |5y — 05051 + nj2)| <5, p;{” > 25 GeV, BDTypr > 0.47

VBF loose, high p377 | Any > 2, |1y — 0.5(n51 + my2)| < 5, pp?? > 25GeV, —0.32 < BDTypp < 0.47
VBF tight, low p777 | Anii > 2, [y, — 0.5(nj1 + 1j2)| < 5, pp?? < 25GeV, BDTypp > 0.87

VBF loose, low p?” Anjj > 2, iy — 0.5(n51 + mj2)| < 5, p#“ < 25GeV, 0.26 < BDTygp < 0.87

eggH 2] BSM > 2 jets, p%v > 200 GeV

egeH 2J HIGH > 2 jets, pp. € [120,200] GeV

gl 21 MED >3 jets, pl’ € [60, 120] GeV

geH 2T LOW > 2 jets, p1.” € [0,60] GeV

ggH 1J BSM =1 jet, ;u%jr > 200 GeV

geH 1J HIGH =1 jet, p1’ € [120,200] GeV

ggH 1J MED =1 jet, py.’ € [60,120] GeV

geH 17 LOW =1 jet, pi” € [0,60] GeV

geH 0J FWD = 0 jets, one photon with |5| > 0.95
ggH 0J CEN = 0 jets, two photons with |n| < 0.95
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