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Motivation 3

e Four main production mode of SM Higgs
VBF is 2nd dominant
e Diphoton

3 weights / GeV

% weights - fitted bkg

— good mass resolution

— narrow peak on smooth background
— good sensitivity
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aim : measure the signal strength :
L=0 /0 gy of each production
mode in diphoton final state



Introduction

 Contents Focus on VBF
» VBF signature
v" high-pt forward dijet
» define two VBF-sensitive
categories by cut-based and
MVA (BDT)
» results in 2015+2016 data

* Diphoton selection
 pT>25GeV, |n [<2.37,exclude
crack region
* two tight, 1solated photon
e pTyY 1(y2)Ymy y>0.35(0.25)
* 105<mYy v <160

di-photon selection
One-lepton
Wi— h)H
7 significance
Zi—= vwiH ; Wi— w)H
Low-mass two-jets
W jH, 2 jH [ loose |
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e variables used in Runl

Discriminating variables used in Runl 5

Variables Definition Separation power
mj; Invariant mass of dijet 0.256
Anj; Pseudo-rapidity separation of dijet 0.130
AD,, i; Azimuthal angle between diphoton and dijet system 0.199
PTi Diphoton pr projected perpendicular to the diphoton thrust axis 0.235
&R:ﬂ’." Minimum AR between one of the two leading photons and the corresponding leading jets 0.185
nZepper:_feM w‘?}‘ — .5 = (’?J'l + IHEH 0.126

g
* Separation power S 5

» two forward jet — large A 1 ;;

» high pT and large A n;; — large m;
» central diphoton and forward dijet — large A Rmin, . 1 Zepp
» two balance high pT jet — high pTt
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Distributions of variables

» Data sideband (exculde 120-130GeV ) 1s consistent with vy 7y
+ v 315 background

* These variables show good separation power
» They are to be used in category optimization

N IR AR R Miline
20 40 60 80 100 120 140 160 180 200

1N dN/dan,

1/N dN/dAR, |

0.06—

Bt

+F

27\ L L N
[ ATLAS Preliminary

0.1 ys=13TeV, 13.3 1b”
L H—yy,m,=125GeV

TYsv-jetjet-jet -

« data sideband ]
[ ]VBF
[ TggH

n

o

fe2]

o
m\ll‘\\\‘l\\‘\\

>
=

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

LR RRRR AR AR RN RN AR RRA RN RRARN RARRN

o

i e
ATLAS Preliminary

Vs=13TeV, 13.3 fb”
H-vy, mH=1 25GeV

TYsv-jetjet-jet
+ data sideband
[_]VBF
[ JggH

1N dN/dA®,

1/N dN/n’

0.45
0.4
0.35
03
0.25
0.2
0.15
0.1
0.05

Vs=13TeV, 13.3 b
E Hayy,mH=125GeV

T
ATLAS Preliminary

TYsv-jetjet-jet ]

« data sideband I
[ ]VBF e
[ JggH

I, T N A | RN

0.5

: w_ml‘m\

>
=

[ ATLAS Preliminary
4 Vs=13TeV, 13.3 b

H-yy, mH=1 25GeV

Yvv-jetjet-jet |

+ data sideband 1
[_]VBF 1
[ JggH

6



investigate more variables 7

e two more variables :

— scalar pTsumof v, v,],]

- pT,,/m,,
* do not use these two variables due to correlation withm,, ,,

I—:é C. 45;: A LAS F’Irlelhlrmlnlalr;f IIIIII _I -] 'Y'Y:'Y IEt,IEHEt | ; Eg: 0. 185_ A LAS Prellmlnary | I '}I"YI:'YI'jIeIt:l;ét'ljét ;
S o4 + data sideband B it » data sideband
z T s=13TeV, 13.3 fo” ] 'é 0.16= ys=13TeV, 13.3 fb" .
Z E Hoyym =125GeV [_]VBF : Z 0.14F Hoyy, m =125GeV [_IVBF
= o0ab [ 1ggH : > o2k [lggH :
0.25F = = - 2
- = (RIS O =
0.2¢ E 0.08 % =
015 ] = 0.06; =
01 | < 0.04 5 =
0.05F _;[ < 0.02E =
:l —‘ da . = _I 1 1 1 | 1 1 1 1 :
% ~"100 200 300 400 800 600 700" 800" 800" 1500 % 0.5 5 3
pT*rfii pTwImw
Variables | separation power | correlation with my, | correlation with m,,
in signal sample in background sample
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optimization strategy

e Normalized to 4 fb-1
* Background modelling

— Sherpa vy 7y 1s used to describe irreducible y v
background

— RevID+Revlso (events fail ID or ISO from data control
region) 1s used to describe reducible 7Y j and jj background

« Scan the cut and get the highest significance

Nygr

OVBF = JZ X {(JMVBF ¥ Jh'"rgg!-_ + hrf:ra.:'kg;mmzd) X E”(l + ) - NPFBF}

hrggf-‘ + me'kgmmrd



comparison between cut-based and MVA 9
* Normalized to 4 fb-!

cut-based tight | cut-based loose | MVA tight | MVA loose
VBF 2.22 2.57 1.64 2.17
ggF (.83 3.51 0.51 1.90
background 8.06 74.74 2.42 T
VBF purity 0.73 0.42 0.76 0.53
significance 0.72 0.29 (.88 0.47
combined significance Q0.78 D C1.00D

e MVA deals with the correlation between different variables
better than cut-based , so it improves the significance

* Gain 0.22 from MVA (BDT)



signal purity 10

The fraction of different production mode in each category
BMogH WVBF "wH BzH BuH  lobH tHjb IWH

ATLAS Simulation Preliminary H—syy 15=13 TeV
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Systematic

* Background modelling

11

— spurious signal 1s used for function selection and uncertainty estimation

* QCD high order correction of ggF+jets: evaludated by MCFM

VBF tight
24.8%

Perform S+B fit on background-only sample

Required fitted signal yield (so-called s category

o <10%*N(expected signal)

« <20%*N(background fluctuation)
Test Exp, ExpPoly2, Bern3
Choose the function with least DOF

Model VS=13TeV

N, spur Zspur Hspur
ggH CenLow Exp2 -293 -42% 21%
ggH CenHigh Exp2 149 120% 81%
ggH FwdLow Exp2 -127 94% -52%
goH FwdHigh Exp2 -425 -163% -143%
VBF loose Expl 091 108% 7.6%
VBF tight Expl -026 -83% -42%

Category VBF loose

> 2 jets uncertainty 24 8%

* Mismodelling : The 2nd jet in nominal ggF Powheg+Pythia 1s generated by
shower and always mismodelled --- use MINLO HJJ to do reweight with A

Loose VBF Tight VBF

®jjand N *

Re-weighted Sample

HJJ Ad
HIJ i+

6.5
7.4

-10.7
-8.7




Events / GeV

result in 2015+2016 data 12
e 32+10.1=133 fb!
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the red and green show the difference between observation and
SM prediction

observed signal strength 1s 124% larger than SM, but within 2
sigma

e = 2.24 705



systematic of VBF
mass fixed to 125.09 GeV

JES flavour comp.
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result with 2015+2016 data 14

JELJI I B B e B B B L ) P e i
_ Rt e Toul
T . ; R, =-025 '3
Ko & Py =0.23 :i:. &
Hogr —— o =224 i
R - ——i Mo =059 To% Hygr
T A i e
uHun-1 I . J'llﬂl-.--nl_.l W E.f:
I | 1 T (R arie 1

* combind signal strength 1s

consistent with SM

_ +1.26
Mo =020, sas

— 1.27
b =023 i

g 0.80
HVBF =2.24 iD.?‘I

. +0.29
“ggH =0.59 -0.28

CMS Preliminary

H-yy

[V g gt

+0.9

12.9 b (13 TeV)
LN S TP B = ) I RN N
- Combined * 1o

—i- Per category + 1o

~ _ 0.21
K 0.95 Ty’

combined =

m,, Profiled

Moy =1

v

100

i

syst. unc.

_ ATLAS Preliminary —
[ A H=ayy 0 HaZZ"oa
Bﬂ:— ¢ comb. data

o My = 12509 GeV B
QCD scale uncertainty ‘

mm Tot. uncert. (scake ® POFsa,)

Vs=7TeV, 45"

Vs=8TeV, 20.31"

Vs=13TeV, 133 10" (yy), 14810 (22*) ]
i PR T

.g....jlﬂ... 11 12 ...1I3..

Vs [TeV]



Summary

Conference note 1s approved in ICHEP

Global signal strength , including VBF , 1s consistent with SM
predition

More data is needed to confirm whether there is derivation
with respect to SM and investigate the Higgs property

Next step

* categorization for Simplified Template X-Section (STXS)
stage 1

VBF (EW qqH incl. VH — qq H)
|

Reference: | | =

| pitl0,200 | | p3* [200, 00]

,

v
| > 2-jet VBF cuts] | > 2-jet VH cuts k—l—)l Rest |

ATLAS-CONF-2016-067 =

pr[0,25]

ATLAS-CONF-2016-081 "=
CMS-PAS-HIG-16-020
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BDT in Runl
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Events /| GeV

Events / GeV

mY Y distribution
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Events / GeV

mY Y distribution
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Events / GeV

mY Y distribution 20
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mY Y distribution 21
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data - bkg

inclusive 22

T T I T T T T : T T T T I T T T T t T T T T I T T T T A
. . - :’ T T I T T T T I T T T T I T T T T I T T T T I T T T T
e Data ATLAS Preliminary - ® 200
_____ Bk _ - 8 O o pam ATLAS Preliminary
Sl bk Inclusive = 2 qaob- v Background 1S=13TeV, 13.3 10"
Signal {s=13TeV, 133" 5 E e g_rgnal + Background H-»ry, m = 125.00 GeV
— Signal
H-syy, m_=125.00 GeV s 160 S/B weighted sum of
-l

event calegories

. PR R POl IR I T SN) O TR T T LA R T
110 120 130 140 150
T T T ki Gk i 4 p— i | T

Y weights - bkg




