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Study on ATLAS alternative

Higgs productions
(VBF H->bb & VBF H->WW)
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Higgs-bottom Yukawa couplings

e H->bb has the largest branching ratio (¥*58%)

e Evidence of fermionic decays in Run 1:
H — bb: 2.60 (expected 3.70)

ATLAS and CMS
LHC Run 1

- ATLAS+CMS
-%- ATLAS

-+~ CMS

-—t1c

—+20
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Parameter value

channel

VH(bb)

VBE H(bb)y

Higgs decays at m«=125GeV
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\Other
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Reference Integrated

Lumiosity
arXiv:1708.03299 36 fb! ( 13TeV)

ATLAS-CONF-2016-063 1 5 fh-1 ( 13TeV)



How to Identify b quark jets in ATLAW

e Two ways to Identify b jets
— impact parameters

— secondary vertex from B decay

——5 tracks b jet o 018
. \ o 0 16:_ ATLAS Simulation, b jets E
------ aaron ~~ . - _
12] 0 141 No vertex E
______ impact 2, - — — 1 or more vertices .
parameter B 012: _:
g 0.1F \s=7 TeV, tt -
— = jet jet n
@ secondary O 0.081 Py >20 GeV, ™ |<25 -
,/ vertex IC 0.06F =
0.04 —_— —
4,_7 - pr|mary vertex 002 L T~ =
— |-l T ——— ]
C.d v rr—— } | .
0 5 10 15 20 25

Weighted flight length significance
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ATLAS Detector upgrade from run 1 to
run 2 i,

e |IBL = New Insertable pixel B-Layer at R=33 mm e

r R =1082mm

TRT <

Existing B-layer

L R =554mm
( R=514mm

R =443mm
SCT{
R=371mm

\ R=299mm

Beam pipe




B tagging performance Improvement
__ afferupgrade |

X

e Light jet rejection power increases by a factor of 10

T T
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VBF H(bb)y final state

e Search for H->bb in VBF events containing a central photon
e Advantages of requiring a photon

— extra handle for trigger . signal
— suppresses QCD background

— Sensitive to WWH VBF production
— not sensitive to ZZH VBF

ATLAS-CONF-2016-063




VBF H(bb)y event selection

ATLAS-CONF-2016-063

- Trigger:

o Offline Selection:

L1 trigger: single photon (pT > 25 GeV)
High level trigger: 4 jets pT > 35 GeV, mjj> 700 GeV

Events

Tight ID photon, pT > 30 GeV

4 jets with pT> 40 GeV

2 central(|n|<2.5) b-tagged jets
pT(bb)>80GeV

mjj> 800 GeV

e BDT discriminant

AR(jet,y),mj.j,Anjj,HST"ﬁ,jetwidth,ycentrality,pT

balance

* Define 3 regions with different S/B
 Fitmy, in 3 regions
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VBF H(bb)y MVA Input varialbe:
photon centrality

centrality(y) =

N~ p—
: 1000 e
Input variable: cenPhJJ 3 - ATLAS Preliminary :8gt§H(125) ey %100 ]
P - _ ]
o = _ Vs=13TeV, 12.6 b’ mmz+ vy (@QcD)
™ g 800— Z + v (EWK) —
8 () R NonRes Bkgd
2 °\4; > **
(S S r
~ 3
> S 600
© o
z 2
L] "L L] L) L) L] L) cn
Signal ' g
Background = 200
)
=
e 0
by [=2)
<) 2 0.3
S = 0.2
> — 2 0.14
B 0
< 0.1
cenPhJJ S-02
V—O_S ( $&. ] AL A4 A
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B jet energy corrections

e Using ATLAS default jet energy calibrations
— Higgs mass resolution is not great
— Asymmetry in mass, long tail in low mass region

e Dedicated B jet calibration
— Muon-in-jets corrections

Illllll]llll]l]l L L
ATLAS Simulation o
(s =13TeV, 36.1fb"' /3&
Powheg MINLO SM ZH — I'lbb _

16 .
H H H H 2 leptons, 2 jets, 2 b-tags
— Kinematic likelihood P+ 150 GoV I
[[] Standard Jet Calibration (Std.) tly'ﬁl\
12 /. Std. + u-in-jet Correction ‘.

() Std. + u-in-jet + PtReco Correction
b Std. + p-inet + Kinematic Likelihood Fit /£’

Arbitrary units / 5 GeV

o (o -o)o
Std. std.
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Events / 10 GeV

VBF H(bb)y signal extraction

ATLAS-CONF-20 a

 Non-resonant background (y+jets ) estimated with -

2nd order polynomial fit.
Statistics uncertainty in mbb sideband region dominated

Result H(— bb) +vjj| Z(— bb) +vjj
ngh BDT score r'eglon Expected significance 0.4 1.3
LA Dam Expected p-value 0.4 0.1
70 :—ATLAS Prelnmmary ~ — VBFH(125) + y x 10 Observed p-value 0.9 0.4
- (s=13TeV, 126 fb" B Z + v (QCD) . +2.3 +0.7
sor High BDT Z + v (EWK) Expected limit 6.0 13 1.8 T5s
- ~ Nonfes Bgd Observed limit 4.0 2.0
50F- ’ Observed signal strength | -3.9 28 0.3 +0.8

II TTT |III
o
|——
III‘IIII|IIII|IIII|III[|IIII

® + + + VBF H (bb) y production cross section limit
305 + + +++ + > Expected 95% CL limit:
N 1 + it 6.0

ﬂ > Observed 95% CL limit:

| | - 4x(axBR)SM
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Latest results on H(bb)

Combined signal strength with 36 fb-1 at Vs= 13 TeV

— VH(bb): 3.5 o observed significance ( 3.0 o expected )
e Systematics dominated, very hard to reach 5 o with run 2 data

— VBF (bb) & VBF H(bb)y : 1.8 o observed significance ( 0.8 o expected )
e Statistics dominated, will catch up with VH

e Combination of VBF and VH are more likely to reach 5 ¢

121" ATLAS ! " e Data’ | !

m,, [GeV]

g g

? - {s=13TeV,36.1 1" =‘[;_PL-'Vbb (1=1.30)

» {0l 0+1+21leptons oson A

g) | 2+3 jets, 2 b-tags [ Uncertainty

8 8'_ Weighted by S/B Dijet mass analysis

o] L
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o

S ZH
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VH, H(bb) Vs=13TeV, 36.1 fb

ATLAS
—Total — Stat.
(Tot.) | Stat., Syst{)
- e — 135 05 (1038 o)
VH(bb)

+0.50 0.34 +0.37
L 2 | 1.12 _0.45 (t0‘33 1 0.30 )

: +0.42 024 +0.34
HoH 1.20 -0.36 fozs ’ -o.25|)
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VBF H->WW
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H—-WW*—|vlv @ RunI

A : 4 ATLASH-WW*]
= F : ‘ 800~ (5=8TeV,20310"
< % . - (s=7TeV, 4.51" 1 Confirmed:
- 600 (a) ns1, epvoa/pp _
a 105— 3 g 400 - Hger=1.02
‘5 - ] & : i
B aH (NNLO QCD + NLO EW) 200 "
1= bp —+ WH (NNLO QCD +NLOEW) h
re—""pp — ZH (NNLO QCD T
: s — pbH IAM\L(_)and NLO OCD 60' ) ATLAS e
i . 5§ U/ . Evid
107 M, =125 GeV _ g 1 v; gnce.
MSTW2008 E & 13 .
| | N - 1 - =1.
8 9 10 11 12 14 | Mver
\I‘ [TeV]
» Higgs XS increases by factor 2.3 ‘
0 ATLAS L
Background typically increases bys o Swwiron, @ G ] Search:
factor 1.9 (3.3 for tt) £ 20 | 2.50
Hya=

Significance scales as S/VB — 1.6

Sensitivity for 10/fb @ 13 TeV
corresponds to full Run 1 dataset

1 08060402 0 02 04 06 08 1
BDT Score

s\
—\




Event Selection

» ggF estimated with MC simulation

Main backgrounds:

» WW: estimated with MC simulation

> and Z—tt: shape form MC simulation, NF estimated with data

» Wjets: data-driven from events with one lepton satisfying only loose but failing tight ID
criteria; fake factors measured in a di-jet sample

L Signal region ' L Z = 71 CR ’ Top-quark CR )

Two isolated leptons (£ =e, ;) with opposite charge

Preselection pead > 25GeV (p'sd > 22GeV for muons in 2015), piublead > 15GeV
myp > 10GeV, Njet > 2
Npjet =0 Npjet =0 Np-jer =1

A BDT is trained at this level. _
Eight discriminant variables are used: Adgg, mee, mr, Ay, mjj, PL° Y. ¢.; Meis and nzentrahty

Selection m.r < 66.2GeV |mrr —mz| <25GeV

myer < 80GeV
= OLV applied)(CJV applied) BDT > —0.8

SR1: —0.8 < BDT < 0.7 *
SR2: 0.7<BDT <1 -

(
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A A l 3 605_ ATLAS Preliminary & 02 ZZ SM (sys) '
na S = L - 13Tev. 580" EWﬂets W z+jets
.Z-’ 50:_ HS—: :/:we» ::r;.e =‘:’m ngz; Xivggs
» The analysis uses a BDT to classify an S S -
event as signal- or background-like: o
20
® Signal: VBF oF |
L .1 o
. m, [GeV]
» Bkg: Top,VV, Z+jets and ggF 5 S —
S UL ATLAS Preliminary 008 g SV
§ oop -mwesst ST Mok
» The training is performed after N = = ~
Nb-jet=0
» It uses information related to the
production and decay topology
e A0, [rgd]
= Leptons: my, A¢u,mr 8 jzg',;ﬁ';s' Proliminary *08 | ZsM)
» - 18=13 Tpv.s.alb‘ Top W Other W
g 60F o et =&:;Im Ot =
o Jets: myj, Ayji 0
40
i tot %
® JetS/LeptOnS. T’centrality, ZMlj,pT 20F E
10} =

L4 1
rn a—— 2 k. 2“ -* PR
C. Bertella 17-December-2016k ° * % 25& [Ge\:}] /

v 2N
—,



in the

BDT Modellmg

» BDT modelling has been checked

and Z—71t CRs and SR

® Good data/MC region in all the

regions

» Important shape different between

signal and background in SR

g 1 20 B LA T I T LIS l LA T I T LJ l LA T I T LIS l LA T I L l LA T i
B -4-Data “~ SM (sys) 4
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[ VBF Top-quark CR (] H oo Hoye i
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=z —
40 -
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VBF H->WW result

e

Source

Apver/pver (%]

I Statistical +60 / -50 I

Fake factor, sample composition +18 / -15
MC statistical +15
VBF generator +14 /-5
WW generator +11 /-7
observed (expected) significance QCD scale for geF signal for Njew 23 8/
Jet energy resolution 48 /-7
b-taggin +8 /-6
. 1 tagging
— 1.90 (1.20) with 5.8 fb™ data Pile-up +8 /-6
QCD scale for ggF signal for Njey > 2 +6
e _a° . JES flavour composition +6 /-4
Stat|Stlcs domlnatEd WW renormalisation scale +5
— ~60% stat. Ll'I‘otal systematic +33 / -26)
Tty +10 ] -o0
— ~30% syst.
c 350 T | E—
_ = _ | ATLAS Preliminary *°o%= 7 svos
Category SR1 SR2 Top CR  Z+jets CR @ 300F - _ 1 [ weiets [l Z+iets N
€ - Vs=13TeV, 5810 Ote Morew 3
VBF 9.3+ 36 51+1.8 1.7+ 06 1.1+ 04 ﬁg.. os0f. H"WW —eusye (VBF) By [ ovorHges ]
Other Higgs 8.0+ 40 07404 1.1+ 02 1.2+ 0.0 E Be, OH. 2
WW 130+ 80 04402 1.4+ 05 20+ 0.9 200 e 20 ~
Other VV 6.6+ 26 02401 02+ 00 08+ 0.2 £ ‘ o )
Top quark 422+ 7.6 0.9+0.7 18 +17 36+ 1.6 150 215 —
Wjets 243+ 92 12407 88+ 40 44+ 2.2 E o .
Z+jets 180+ 9.9 0.1+0.1 1.3+ 1.0 27 +10 100 710 7
Total background 115 +13  35+19 199 +£17 388+ 9.8 oF L ¢
Observed 120 9 202 41 S0F g5 -

» SR with 2 bins
» CRs with 1 bin

0

TopCR Z-»wt CR SR1

L©8<BOT <07

pVBF=1.7+1'1-o.9|—§ overxXBR= 1.4%°9%7 pb

SR2

80T

=07
Fit regions }




Summary

* The search for the Higgs decays to b-quarks in ALTAS
— VBF H(bb)y: first ATLAS result (ever)
— VH(bb) : observed (expected ) significance: 3.5 0(3.0 o)
— Combination of VBF and VH is likely to reach 5 ¢ with full run 2 data

. VBF H(WW)

— observed (expected ) significance 1.90 (1.26) with 5.8 fb™! data
— Likely to reach 30 ~40 with full run 2 data

YRHALRD RGN T A
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Iﬂ"'f‘OdUﬁs'hi@ﬂy Barbara Mele’s paper
http://arxiv.org/abs/hep-ph/0702%&1w9 "

* pp->h(bb) jj +y
— Measurement of bbH and WWH coupling

— By requiring a central photon
e S/B ratio is much better than VBF H->bb

qq > qqH +y
Y
q p_S q q q q d
w.z v Annn W,z
_____ H o.M 2-..1
w,Z w w,Z
q q q q q q
:: Y
Y
q dq' q q q q
w,z w w,z
I H H H

R A AR S YREHAEUD RO UL M
Q , Institute of High Energy fftysics




MC Samples

e Signal samples (VBF H(->bb)+y):
— generated with Madgraph, parton shower by Pythia8
e Z(bb)y+jets (resonance background )
— EWK VBF H(->bb)+y
— generated with Madgraph, parton shower by Pythia8
— QCD VBF H(->bb)+y
— generated with Madgraph, parton shower by Pythia8

— QCD ybb+jets (Non resonance background )
— generated with Madgraph, parton shower by Pythia8

YRHALRD RGN T A
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Trigger

ergare
high. 7

— Single photon: trigger EF_g120 loose (ET>120GeV. too high )
— General 4jet triggers : ET>100GeV (too high)

e Dedicated trigger developed in 2015 for this analysis.

e Analysis is mainly based on VBFOb trigger.
— L1 item : LLEM22VHI (trigger on EM object with ET>22GeV)

* Threshold for single photon trigger and djets triggerg

— HLT:
e Medium ID photon, pT >25GeV
Nick Tk rigifep T >35GeV, |eta|<4.9 Integrated
hame e Mjj>700GeV lumiosity
VBFOb HLT g25 medium_L1EM22VHI_4j35_0eta490 invm700 2.5 fb-1 (2015)

S Z oG24,
Institute of High Energy yrysics



How to Identify b quark Jets

in ATLAS

0.18— ]
o' 0.16F ATLASS|muIat|on b jets _Z
B = No vertex .
— - — — 1 or more vertices e
5 0.12F _ g
_5 0.15 \:7 TeV, i ) 3
g 0.085 p’T >20 GeV, ' |<2.5 =
—% tracks b jet L 0.06F =
0.04 —
------ b hadron 0.02 e 3
C.d L 4 r—— ) L -
) 0 5 10 15 20 25
...... impact . . . ags
D a?am ater Weighted flight length significance
& _I LI LI I L | LI I LI B B | I L
< 107 ATLAS Simulation Prellmlnary_:
secondary g |s=13TeV, tt
= - —Db jets 1
vertex 210-25— —-Cjets = 'ets
d 0 AN Light-flavour jets J .l
light jet . s §
9Nt ) - primary vertex 10°¢ -
k/ : :
10° ¢ N decay
i"# ™~ q.q"l_.
10-5;; \""'-.-.‘ _ —
. . E T, 3
A@ht jet g b ] AT
—6 1 1 1 1 I 11 1 1 l 11 1 1 I 1 1 1 1 l 111 1 l | N T - yyﬁyszcs

-20 -10 0 10 20 30 40

Track signed dO significance (Good)



Impact of each systematics

» Non-resonance background systematics is the leading systematics.

Uncertainty source Uncertainty Apu
Non-resonant background uncertainty in medium-BDT region 0.22
Non-resonant background uncertainty in high-BDT region 0.21
Non-resonant background uncertainty in low-BDT region 0.17
Parton shower uncertainty on H + + acceptance 0.16
QCD scale uncertainty on H + ~ cross section 0.13
Jet energy uncertainty from calibration across n 0.10
Jet energy uncertainty from flavour composition in calibration 0.09

Integrated luminosity uncertainty 0.08




MVA Input varialbe: H{soft

* Low QCD activity in rapidity gap of two VBF jets for VBF

H;Of ’. the scalar sum pr of the soft Tracklets with pr > 7 GeV (HT _soft) .

. > 18001 T

Input variable: HT_soft ® . . - Data .
G 4600 ATLAS Prelimina " — VBF H(125) + v x 100
< LI I L LI = ~ Vs=13TeV,12.6fb" mmz+y(QcD) i
? a5 | 3 ~ 1400 Z +y (EWK) =
8 :r 1. g 1200; NonRes Bkgd ]
N | 15 o . —
~ 30F 45 o g ]
—— - i< 1000— -]
Z 25 K o - ]
= : 13 800} E
pd 5 42 By ]
< 20 13 600/% E
— . q C ]
15 F je 400 *, -

10 : ISIIQhér ] —; % 200 e _f

5 Background 33 0 .

: 1 2 03 TH

L, - NP TR T v 0] %0.2 // f

0 100 200 300 400 500 600 2 O z

& 0.1 &

HT_soft 8 02 £

N <-03 A A 17 Y /42

0 50 100 150 200 250 300 350 400 450 500

H" [GeV]
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Major Background process

rQeh pbb” Ty prOdUCtion Inspired by Barbara Mele’s palggr |

http://arxiv.org/abs/hep-ph/0702119

Y

bckg is less active by “ ;
requiring a central photon Sl
(9.9) §g (q.9)
dynamical effect: )
destructive interference @9 (@9

for gamma at large angles
a) + b) and c¢)+ d)

dominant effect, but @9 e 2 g“"g’ .9 ta.o
suppressed by the b-quark AE._, il : F%ﬁz

: T TE Fb 1R pi
eICCTr‘lc Chﬂf‘ge - (@9 Eg(q.g) (q.g)ggg(q,g) (@, 9) g(q.g) zgijgzc{'(




Event pre-selection

Selection Requirement
Derivation HIGGS5D3
Trigger HLT_g25_medium_L1EM22VHI_4j35_0eta490_invm700
Event quality pass GRL
(data only) no Tile, LAr, SCT and Core error
Primary Vertex At least one primary vertex
Photon > 1 photon
Jets > 4 jets (pr > 40GeV, |  |< 4.5)

> 2jetsin | 7 |< 2.5 (central jets)
Higgs signal two central jets with highest MV2c10 weights
jet (BB)
VBEF jets (JJ) pair of non-signal jets with highest invariant mass
b-jets 2 b-tagged jets

(tagged on the BB pair with MV2c10 at 77% fixed cut working point)

myyj mJJ>8OOGeV

YRHASEEDRBE R A
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MV A studies

PNy

: : b b ) A i o
e BDT training samples: phatance _ (P> +p2 + P +p” + Py
— signal: HbbjjaSM125 (direct tag) p:l;‘ + pgz +py +py +pY
— background: NonResbbjja (truth tag) .
¥, — Yiy Vi,
centrality(y) = 4 2
e 11 BDT input variables: Yir = Yiz
variable definition
dRB1Ph, dRB2Ph, angular separation between the selected jets and the photon
dRJ1Ph, dRJ2Ph
mJJ, dEtal) kinematics of the VBF jets
WidthlJ1, WidthlJ2 calorimeter jet width of the VBF jets
pTBal pT balancing variable for selected final state objects
cenPhlJ centrality of the photon with respect to the VBF jets
HT soft scalar sum pT of the soft Trklets (pT>7GeV)

YRHALRD RGN T A
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m,, Fit configurations

e H+vy fit configuration
— H+y normalization y,;, the parameter of interest.
— H+y and Z+y shape from MC simulation

— Z+y normalization from MC predictions
¢ The normalization of are from MC simulation.

— Non-resonance background is fitted as 2"d order polynomial

o Z+y fit configuration
— EWK Z(bb)y+jets and QCD Z(bb)y+jets are considered as signal
— H+y and Z+y shape from MC simulation
— H+y is normalization from MC simulation

N (0 b--o n
Luty = 4 ):",( )
!

j=1

0 P
¢~ (usj(0)+b;(6)) l_[fx(9i|9_i, 00;) ngx(etléz, 0g;). p
i=1 I=1 < A

1TSLiLuLe Uj Jiyre ‘Lrwlg_yzxz_ysics



Events / 10 GeV
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Result
ATLAS-CONF-2016-063

e H+y fit configuration

— H+y normalization p,;; the parameter of interest.

— Z+y normalization and Z+y shape from MC simulation
e Z+y fit configuration

— EWK Z(bb)y+jets and QCD Z(bb)y+jets are signal

— H+y normalization and H+y shape from MC simulation

Result H(—bb) +~jj Z(— bb) +~jj
Expected significance 0.4 1.3

Expected p-value 0.4 0.1

Observed p-value 0.9 0.4

Expected limit 6.0 123 1.8 101
Observed limit 4.0 2.0

Observed signal strength 1 —3.9 f%:? 0.3 =£0.8



Systematic uncertainties

e Theoretical uncertainties for H+gamma and Z+gam
— QCD scale systematics
— Parton shower systematics

e Non-resonance background systematics
— Statistics in mbb sideband region

e Experimental uncertainties

e Jet systematics (Jet energy scale)
e B-tagging efficiency systematics
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Analysis strategy

e Pre-selection cut
e MVA analysis (boosted decision tree)

— category the events into three category
e Extract signal from m, fit

Perform fit in m,, spectrum
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How to Identify b quark jets in

ATLAS(1)
e Two ways to Identify b jets
— impact parameters

— secondary vertex from B decay

L L T 1T 17T LI 1T 17T 17T 7T 17T 17177
[ [ [ | [

——5 tracks bjet §2] -

< 107 ATLAS Simulation Prehmmary_:
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VH(bb): 3 channels

- Orlepon > Two jets
E ™ > 150 GeV T with Re0.4
PT31>45 GeV
> 1-lepton: 5,20 GV

e/p, p>25 GeV > Improved b-tagging
Tight isolation with respect to Run 1:

Missing E_ . Eff: 70%, light jet
p.V> 150 GeV rejection: 380, charm
! rejection: 12
> 2-leptons:

> Analysis categories:
Isolated ee, pp

1,95 GeV b 57 GeV 2/3 jets (0/1lepton)

> >

i A 2/23 jets (2lept.)

No missing ET' PTV </> 150 GeV (ZICPT)
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VH(bb) background

« Z+bjets dominates in 0, 2 lepton channels
 Top quark and W+jets in 1 lepton channel
* Multi-jet background

— negligible in 0/2 lepton channels after anti-QCD cuts

— Data-driven estimate in 1 lepton channel
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