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» H—bb is the dominant decay mode but hard to discover and measure
»  First observation in 2018 with combining all productions
» Later been discovered by VH only channel
+ To observe H—bb is challenging in ggF production due to large QCD background
» VBF production can help to reduce QCD contamination with forward jet requirement



Previous results

+ Previous 2015+2016 dataset was published in PRD
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»  Previous 2015+2016 dataset was published in PRD

DS

- Add extra photon to VBF production Process fractionsin:signal sample (at generation)
»  Heavily reduce QCD multi-jet contribution
»  Extra EM object help to explore low pT

phase space Process Fraction
WH 4.5 %
VH(bb)+y ZH 37 %

WW fusion 87.8%
VBE H(bb)+y Z.Z fusion 5.1 %

- With a photon in final state, WW fusion
becomes the main process

»  Combined observes (expects) 1.4 o (0.6 o) significance




VB +photon: preselection

- Dedicated trigger design with photon
» With photon included helps to preserve relative low
jetpTl
» VBF signature considered as well

+ Offline cuts are select to be slightly above trigger
threshold — fully efficient for trigger.

+ Require slight boost bb system to avoid kinematic
turnOn for background

» Veto signal leptons to be orthogonal with VH

channel
L1
Trigger
HLT > 4 jets or > 3 Jets and > 1 b—Jet) with E4 > 35GeV and |n| < 4.9
> 1 photon with Ep > 30 GeV and In] < 1.37 or 1.52 < |n| < 2.37
> 2 b-jets with pp > 40GeV and |n| < 2.5
Offline > 2 jets with pp > 40 GeV and |n| < 4.5

My 2 800GeyV




VB +photon: MVA
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VB +photon: Higgs and Z signal modeling
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VBFE +photon: Signal region distribution
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VBl +photon: Fit results

Source of absolute uncertainty o(ugy) down o(ug) up

Statistical
1.3x1.0 Data statistical —0.78 +0.80
Bkg. fit shapes —0.19 +0.22
1.00 Bkg. fit normalizations —0.51 +0.52
136 Z boson normalizations —0.15 +0.14
Systematic
- Measured Spuriou§ signal —0.24 +0.21
MH — O.Predicted +O.Predicted +0.Predicted Theoretical —0.01 +0.08
VBF+VH ' = ggF ttH Photon —0.01 +0.03
+ Observed Higgs boson signal slightly g_ettag zing _8:82 :[8:?(1)
higher than SM prediction Auxiliary —0.01 1+0.04
Total —0.99 +1.04
5L ATLAS o paa Total statistical —0.96 +0.99
- Vs=13TeV, 132 fb" . il (n,=1.3) Total systematic —0.25 +0.32
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- VBF H(— bb)+y 7/, Bkg. Uncertainty
3 Weighted by Higgs Boson S/B
2

+ Combine all categories weighted by S/B
Background is subtracted

Clearly Z boson peak

Small Higgs boson excess
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VBF all-hadronic: selection

- Also dedicated triggers

' VBF b designed based on signal
Z >  signature
b VBF + Category into central and
b forward channels
Central channel Central channel * Require boost bb system to
(2], 2b, Ofj) (1fj, 2b) avoid kinematic turnOn effects

Forward Channel Event Selection

b1 > 1 b-tagged jet at 77% efficiency working point with pt > 85 GeV and |n| < 2.5
by > 1 b-tagged jet at 85% efficiency working point with pt > 65 GeV and || < 2.5
J1 > 1 jet with pt > 60 GeV and 3.2 < || < 4.5

j2 | 2 1jet with pr > 30 GeV and || < 45
| Prpb > 150 GeV

Central Channel Event Selection

b1,by | > 2 b-tagged jets at 77% efficiency working point with pt > 65 GeV and || < 2.5
J1 > 1 jet with pt > 160 GeV and |n| < 3.1
J2 > 1 jet with pt > 30 GeV and || < 4.5

> 60 Ge,and32< || <4.5

no jets with p
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VBF jets
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VBF all-hadronic: MVA
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VBF all-hadronic channel use
Adversarial Neural network (ANN)
»Training is optimised to have little
correlation between ANN score and

+ Signal is modelled with MC sample
and parameterised with Burkin
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VBF all-hadronic: Distribution
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+ Both Higgs boson and Z boson yields shared among categories
+ Clear peaks in most sensitivity regions
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Events / 8 GeV (Weighted, Bkg.-subtracted)

VBF all-hadronic: results

Results Inclusive Production | VBF Production | pt > 200 GeV
Expected significance 2.90 2.80 2.30
Observed significance 270 2.60 2.20
: +0.37 +0.38 +0.45
Expected signal strength 1.0073¢ 1.00735 1.007543
: +0.37 +0.38 +0.45
Observed signal strength 0.95735 0.957 % 0.937,43
ettt .
- ATLAS Preliminary - Data _ roa7. Uncertainty (g —p5)
20F Vs=13 TeV, 126 fo' mH—bb (0~ _=0.95755) — -
[ VBF H — bb Z—bb H-bb - Statistics +0.31
150 Weighted by Higgs Boson In(1+s/b) = NR Background Bias +0.15
B 7,Background uncertainty -
10 » ’ Embedded Z +0.05
- mm * ] Experimental +0.10/-0.05
S ;‘* + _; Trigger +0.07/-0.03
0; //////////*/// //% Jet +0.06/-0.04
B /{/ - Flavor Tagging +0.02/-0.01
_5__ T T T T | +| T |—_ Othel' +0.02/_0.01
80 100 120 140 160 180 200 Signal Theory +0.06/-0.03
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With all-hadronic only, about 2.7 ¢ significance observed.
Analysis is still dominated by statistical uncertainty
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VBF: combined results

Results Inclusive Production | VBF Production

Expected significance 3.00 290

Observed significance ! 3.00- 290
: "N+0.35 +0.36
Expected signal strength 1.007532 1.007534
. +0.35 +0.36
Observed signal strength 0.997,33 0.99734
L LA I I I R N AL N B I LN
ATLAS Preliminary s=13 TeV, 126 - 132 fb' ATLAS Preliminary s=13 TeV, 126 - 132 fb'
- Total - Stat. - Total - Stat.
Tot. ( Stat. Syst.) Tot. ( Stat. Syst.)
Phoon | § . “ 13 55 (40 o3 ) Proon| | - 1 13 55 (5o %3)
Mitad| | b 005%0% (931 92)|  mimae| | e 0.95°9%( 9% 920)
Comb | § e 099953 ( 030 “015) Comb.| | w—e—s 0.99+036( 1030 +0.18)
| 1 i 1 1 | 1 I 1 | 1 1 ] 1 | 1 1 | 1 1 1 1 | | 1 | | l | i 1 | 1 1 I 1 | 1 | I | 1 | 1 | | 1 1 | I 1 | 1 l
0 1 2 3 4 5 0 1 2 3 4 5
— SM _ SM
H H_GH—>bB/ GH—>bB H VBF_GVBF H—>b5/ GVBFH—>b5

+ Combining both all-hadronic and photon channel, a 3o significance

observed for H—bb. Analysis is still imited by data statistics
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Event display

ATLAS

EXPERIMENT

Run Number: 355861, Event Number: 811344636

Date: 2018-07-18 08:14:43 CEST

— 85 ET(GeV)

m=120 GeV Higgs candidate




Summary

+ VBF (H->bb) analysis with full run-1l dataset has been finalised
»  Both VBF all-hadronic and VBF+photon analysis presented
+ Almost 4 times statistics compared to 2015+2016 dataset
- Result is still dominated by the statistical uncertainty
+ Both analysis have dedicated triggers and perform MVA to separate
signal and large QCD backgrounds
»  VBF+photon use BDT method
»  VBF all-hadronic channel use ANN
+ A combined result show an evidence of H—bb in VBF production mode
»Even with increased luminosity, these channel is still dominated by the
statistical uncertainty
» Run-lll data results would be more interesting
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Variable definition

. An(jj), the n difference between the two VBF jets;

. pg.ala“"e, the transverse momentum balance for selected final state objects, defined as
balance _ |PT_+P1 +Ppr +pr +pr |, .
p T - ’ ( )

bl b2 1 2 4
p2t+ p2% + pr + pr +

. mjj, the invariant mass of the two VBF jets;

centrality(y, j1, j2), the rapidity of the photon with respect to the VBF jet rapidities, defined as
Yy — yi1tYj2
centrality(y, j1, j2) = 4 2 (2)
Yi1 = Yj2

. AR(b1, ), the angular distance between the leading b-jet and the photon;

AR(b2,7), the angular distance between the subleading b-jet and the photon;

cos 6, the cosine of the angle between the VBF jets plane and b-jets plane in the centre-of-mass
frame of the bbjj system 2;

A¢(bb, j j), the azimuthal angle difference between the bb-jet system and the VBF jet system;

. p,’rj , the transverse momentum of the VBF jets system; and

10.

AR(b1, j1), the angular distance between the leading b-jet and the leading VBF jet.
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VBF all-hadron: CR defintion

Forward Channel CR Event Selection

by > 1 b-tagged jet at 77% efficiency working point with pt > 85 GeV and || < 2.5
by > 1 b-tagged jet at 85% efficiency working point with pt > 65 GeV and || < 2.5
J1 > 1 jet with p > 60 GeV, 3.2 < |p’| < 4.5, and || < 2.5

J2 > 1 jet with pt > 30 GeV, |n’| < 4.5, and || < 2.5

PT.bb > 150 GeV

no jets with pp > 60 GeV, 3.2 < |p| < 4.5

no jet pair (not including by, by) with m;; > 800 GeV

mj’.j > 800 GeV

Central Channel CR Event Selection

by,by | = 2 b-tagged jets at 77% efficiency working point with pp > 65 GeV and || < 2.5
J1 > 1 jet with pt > 160 GeV and || < 3.1
Jj2 > 1 jet with pt > 30 GeV and || < 4.5

no jets with pr > 60 GeV and 3.2 < || < 4.5

PT,pb > 150 GeV, mj; <800 GeV

Agjj > n/4

mj’.j > 800 GeV
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Significance

(Categorization

+ Sequential optimization (only
partial BDT bins):

2 ((s-l—b) In

»  Stepl: only count SRI
» Step2: only count SRI+SRII

(s+b)(b+02)] b2 o2s 1/2 —— "
b2+(s+b)abg] 2" [1 b(biaf)])] Sensitivity = 1/} Z I

events in mass signal region [100, 140]

Background uncertainty quoted is the envelop of fitted band
+ The relative uncertainty has been studies as a function of number of background

u,=0.00+1.33

Events/(5)

0.035

20 Yield(sig):[0.00 [-0.00, +20.64]
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Categorization

Apply preselection

Deriyve Kinematic
reweighting
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