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Introduction
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Standard model of elementary particles

Fermions/ Matter

I Up (u), Down (d)

Electron (e), e neutrino

m Charm (c), Strange (s) Muon (u), y neutrino

m Top (1), Bottom (b)

Tau (), T neutrino

VH(bb) analysis

Bosons/Force carriers

- Z boson Higgs boson
- Photon (y)
« W boson
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2-lepton channel 1-lepton channel 0-lepton channel
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CMS detector
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Event Selection
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/ Signal region (SR)

- High signal efficiency.
« Purity (S/B ~ 1 -5%).
+ Used to extract signal

strength/significance.

- Enriched in one of the backgrounds.

Control region(CR)

« TT CR, V+LF CR, V+HF CR.

~
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Entries / 15.00

m, in Signal region

2- Iepton channel MC S|mulat|on

- CMS
- Work in Progress B caz b kg

1800 = 5= 13Tev, L = 41.29 fb”
= Z(I'T")H(bb)

- ggZHbb |:| Z+udscg

e - Signal region still dominated by background

7] vWHF

uncert. (stat.)

- Mjj not enough to discriminate signal from
background.
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S/B DNN classifier in Signal region

DNN score
Some of the inputs
§ Sig nal G i G 41317 (13 Tev)
L -#-SIG test L : gfs'f':n %)
0.05 \ b yematan § %51 vain 2 10°F CMS ¢ Data  [EEWHbD
L ./ 042:" < 108 - I ZHbb [ JVV+HF
ool Bk i = - Supplementary gmw.bb  EmWsb
: g . - 1lepton (e) B W-udscg []Z+bb
[ 0.15/— 10° | [Z+b [ Z+udscg
0.03[A) r | R B VV+LF
ar: +‘ [ s Il Single top ¥ S+B uncertainty
* < 8 o1 10*F — VH,Hobb )
: Signal
- 0.05- 10°
; : i 1
% 100 110 120 130 140 150 0 : 5
m(jj) [GeV] btag score 10°2
OIIIO.ZIIIO.4H‘O.6IIIO.8III1
_ DNN output
Bkg-like Signal-like
- Now the significance is definitely high!

- But how do we account for the data/MC mis-modelling of background processes?

- For this, we derive background data/MC SF from CRs & extrapolate to SR to extract the
significance of the signal.
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Entries / 15 GeV

DataMC
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Simulataneous fit of

- SR (extract significance of S+B hypothesis)

- CR (accounts for data/MC mis-match for background, free-float these SF)

CRin fit:
. TT

— Pure, float just the normalisation
— Pure, float just the normalisation
- V+HF — Not pure in V+HF process
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Simultaneous fit of SR and CR to obtain signal strength/significance

Entries

Obs / Bkg

10°

F ¢ Data Il WHbb
108k CMS ERZHOG  [CJVV+HF
Supplementary ggw.b  EwWsb
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' Excess of events behave as SM Higgs!

41317 (13 TeV)

S+B hypothesis
(S+B)/B

7 Data/B

B only

hypothesis

é 10° CMS i g:::i round
S35 Significance () L0 o Gupplementary I ZH,Eide
ackground uncertaint!
Data set Expected Observed | Signal strength P ional + Beckground
2017 105
0O-lepton 1.9 13 0.73 +0.65 10°
1-lepton 1.8 2.6 1.32+0.55 16
2-lepton 1.9 1.9 1.05=+0.59 0
Combined 31 33 1.08 +£0.34
Run 2 42 44 1.06 + 0.26 g 15 S
P 1
[Run 1 + Run 2 49 4.8 1.01 +£0.23 -
. -3 -2.5 -1.5 -1 -0.5
Observation! / _____ log, (S/B)
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Measuerement of Higgs coupling to bottom quark

[ Inclusive (completed) ] STXS (ongoing, pre-approval done) [ Differential (future) ]
Real data: Collisions — Detector — Trigger —  Reconstruction
MC.: Event generator — Simulated detector — Trigger —  Reconstruction
- Gen-level info/MC truth - Reco-level info
- Partition signal in V and N_, . - Analyse and measure H xsec,0 here

- /

Stage 1.2 VH = V (— leptons)H / - \
v = (= leptons) Signal
pt | | I/v
¢ - WH qq > ZH 99 — ZH
\%4
i I/v
B i ' ' ' : :
75 [ : : I : : | : : b
150 | T - [ <
- : : \ + ggZH contribution b /
250 [ L — l
0 T I T [ I o T Advantages:
ZA0jet 1jet > 2-jet O-jet  1-et > 2-jet O-jet 1-jet > 2-jet Reduce theoretical unc., NP models
study, allows complexity
N

VH(bb) analysis addjets Krunal Gedia 9/9/2020 11



h

uric

ETH:

V (— leptons)H

VH

g9 — ZH

ZH

qq —

qq — WH

e

--

1-jet > 2-jet |

O-jet

e e |

> 2-jet

1-jet

O-jet

BT R ERReR

> 2-jet

1-jet

O-jet

addjets

\

NI N\,
5N\ 7

\ 7

AW A iy N~ ¥
N D). ~2/

WI\TIE2\/

VU LIV UV

L
nn
L)L)

NN

ALZO [ ~4+ 1
"AK R At iliar
FANO IFaltJdti

aAtJ ot

A

5

4

I faYataaraYaEvalYavYallfave AW,

L v §

| = ASTASASANTAS BRATASASAATAS B/

DUUUUSIU 1TO)UO)I1uvl v

12

9/9/2020

Al

Stage 1.2
pt

p
75
150
250
400
oo

Krunal Gedia

pt
v
T
0

[ ")

150 | [
|

FSL AW

Ay
i)
- A WAW .

e — 0

ity

ing sensitivi

Increas

Resolved topology

1
~

D
| S adalaiTaliviava |

v Ul
\ M TAS |

I'\NGC,ODU)
LB NMSAS A=

aYalvi
Ou Vv

7Y

DAActAA fAARA

OO QTAND TONDDND
D)UUSIC U tUULIY)

| A A ATALN—AS R A4 A4

A\ a4

o~
R
:

T

7 AN 16T
L. IM\T\ T |ClO

Y ANV A

J

]
| —aajaJaliviaTaEmvraltavYallfravalw,

L &

£

PN TVNIA WNWINNJINS Y

T\eeSUUIvet 1tOODuIvuuua v

VH(bb) analysis



I =77 ich

Simultaneous fit of SR and CR to obtain signal strength/significance

Resolved topology
S/B DNN classifier

: Boosted topology
S/B BDT classifier

New dataset: 2018

2016+2017+2018 combination

ZH, Vp >250

ZH, 150<VpT<=250,>:1 J
ZH, 150<Vp, <=250,=0J
ZH, 75<VpT<=1 50

WH, Vp_>250

WH, 150<Vp, <=250

-

140 fb™' (13 TeV - 16+17+18)

* Expected
.'ctMS I +10 (stat ® syst)
nterna 10 (Syst)
’ stat  syst
+ 1.00 = 0.26 = 0.09
_ —_ 1.00 = 0.64 = 0.23
___ 1.00+0.35+0.18
- 1.00 = 0.46 = 0.19
+ 1.00 + 0.32 =+ 0.08
_,,,_ 1.00+0.39+0.16
s . i 6 10

Best fit u

VH(bb) analysis

CR

Resolved topology
-5?: in progress 60 fb' (13 TeV)
¢ Data Il WHbb

"

8

£ CMS
1-lepton (e)
w

Viudsg  Vac Vib ST T
CRDNN

V+LF & TTCR: V |

V+HF : Multi-class DNN  FatJet tagger

Entries

Obs / Exp

Bcg,so,sted topology

60 fb! (13 TeV)

“Work in progress

250 Q.M'%) ¢ pata [ gozHob
b e vasa Wzis  [JvvshF
200 [z szc
- ~300 sources
| of systematic
uncertainties

0
15

1
0.5

0.7 0.8 09
deepAKBbeSIlgm

Expected STXS sensitivity

140 b (13TeV - 16+17+18)
1

140 fb” (13TeV - 16+17+18)
= cMs <1 cMs
—3 9[- "Work in progress \\W/H = 1.000 “g ;;g E g} “Workin progress ZH = 1.000 iglg:
& 8F — otsonea 0.098 0.189 ¥ 8 — ovsones +0.126 +0.146
+ +0.
7k Freezoal WH = 1.000 " o (Syst) 0»185(S‘ta\t) 7 Freezeal ZH = 1.000 0106(Syst) Stat)
3 6
5F 5
4F 4
<13 3
2f 2
1 1
0—%s 08 1 12 Ta 16 LY 08 1 12 14
WH ZH

WHbb, ZHbb individually around 5 sigma level!
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Summary of higgs boson coupling to b-quark measurements
in associated vector boson production mode

[ Inclusive (completed) }

<5110 (7 TeV) + < 19.81b" (8 TeV) + < 77.2fb” (13 TeV)

o Observed
CM,S — 1o (stat ® syst)
H-bb — 15 (sySt)
stat  syst
OF | e e—— 280 + 2.08 + 1.30
—- - = 253098+ 1.17
tH | e— 0.85 £ 0.23 +0.37
................................
’
] WH .— 1.24£029+0.24
1
1
H H | - 0.88+0.24£0.16
-
uuuuuuuu - 1.04 £0.14 +0.14
, , , , | \ \
T2 3 4 5 6 7 8
Best fit i

[ STXS (ongoing) ]

2016+2017+2018 combination
140 fb” (13 TeV - 16+17+18)
B

CMms
Internal

[ Differential (future) ]

VH(bb) analysis

. Strategy: Measurements done in bins of VpT and N

b
+ ggZH contribution < b

- Strategy: Measuements done in inclusive phase
space.

- Observed significance of VHbb with Run 1 + 2016
+ 2017 data is 4.80.

addjets

- Increased sensitivity reach: Addition of boosted topology

- Expected significance of each of the WHbb and ZHbb using
Run 2 dataset (2016 + 2017 + 2018) atleast 5.00 .

Krunal Gedia 9/9/2020 14
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BACK-UP
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Introduction

- The Higgs boson discovered in H— yy , H—»ZZ* —4l channels in 2012.
- m, known with 0.12% precision level.

- Other observed properties & couplings compatible with SM but at precision level >10%

7 liggsdecaymodes Why H-bb 7
o |
58% Y | + Measure Higgs boson to bottom quark
y b Ho_.% gy Y | coupling.
------- | "“"'4\ | - Higgs boson has largest branching ratio
b 7 Yy to b-quarks.
_ _ - However, the H—bb coupling was not
Challenges in Run 1: established in Run 1.

- QCD muiltijet background
- Lack of SV discrimination in L1 trigger

VH(bb) analysis Krunal Gedia 9/9/2020 16
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: /oy wo----- H PP 0 Z*/W* =0 :

’ X e

””””””””””””””””””””” q N i
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CVBF L, g, iy, S ~1%

‘ W/Z ‘ b /
‘ . & 0998 ——

Why VHbb to study Hbb coupling?

- QCD multi-jet background suppressed by boosted V and H (sensitivity mainly > 150 GeV)

- Leptonic decay modes of vector boson provides a trigger path for signal.

- Large MET is used to trigger event in case vector boson decays into neutrinos.
- Boosted V also reduces V+jets background.

-

. Better m, resolution. Story so far )

- Evidence for H—bb established using 2016 dataset.

- Finally observed using Run 1 + 2016 + 2017 dataset.
[link]

\_

VH(bb) analysis Krunal Gedia 9/9/2020 17
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https://arxiv.org/pdf/1808.08242.pdf

Object reconstruction

Higgs boson (improve mass resolution)

b
T Ki tic fit+b-jet '
"I-‘I“"< | + 2 highest b-tag score jets. NSMALC TETLJet regression

b-jet regression T
»

- 2017 (13 TeV)

2-5'_| T l T T T | T T T ‘ T T 1] \ T T T \I' ]

DNN based b-jet . . G | CMs % i

. J FSR recovery Klnematlc flt e L Simulation Supplementary \\ -

regression @ o[ Powheg PYTHIA Z(1T) H(b) i ]

= | No recaoil jets, p > 150 GeV ! B

(= L ml

. . w i \ ]

Corrects for escaping -+ Add 4-vectors of - Constraints: [ o Kinomatiofi + biet regression *’;ﬁ % ]
neutrino, calibration FSR jets to b-jets. m(ll) = m(Z) and 1'5:‘;;;:;;‘:‘;:’ onsasel Tk E
mis-match, etc. pT(total) =0 [ ==, s ciisoar b)) AL i
1_ —&— PF-CHS jets 7A{ %,. \ﬂ‘* N

L - = p=1159GeV, o =17.4 GeV ioh W \ il

L £ ﬁ + % o

~ _.-Ai r, C‘* :

Ui L 1 T

- 4 %*X i

L 1 WAwA%éﬁé#ﬁmﬁﬁ Ll AEM

36°“%0 60 80 100 120 140 160
m(jj) [GeV]

o o
OO

+ ggZH contribution

Vector boson Z/W I/v
- 2 hardest isolated opposite sign leptons or isolated leptons + MET or just MET. < "

VH(bb) analysis Krunal Gedia 9/9/2020 18
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Asimov significance:

S - How well can we reject background only hypothesis
Z 7 - Compute it on a S/B discriminating variable in signal region (SR)

I - Use it also to optimize selection cuts to define the SR

/‘2000

8 o Eoms | Elemw Czwms _ ] '
E - Work in Progress =::2be I ’ = S|gna| region H ‘: b
¢ 1800 Go13Tev,L=4120m" [ |z.p5 DHVVWF e i \ }
E 1500 [ ZITIHED) Bz mowsw - b/
w o E— — MCuncerl.(sIal.)_E
1200;—"“” G —i
1000 = 4 « Very low significance
300% = -+ Signal region still dominated by background
600 =
4003— —f . . . g
oo B - - How to increase significance?
[ eesee— - Better selections? Already optimized!
oo T L Better signal-background discriminating variable? Yes
\_ m(j) [GeV] ")

VH(bb) analysis Krunal Gedia 9/9/2020 19



SF of background normalization
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back-up

Results of simultaneous fit

v

Process Z(vv)H Wv)H  Z(¢0)Hlow-pr  Z(£¢)H high-pr
W +udscg 1.04£0.07 1.04 £+0.07 - -

W+b 209+0.16 2.094+0.16 - -

W +bb 1.74+£021 174+021 - -

Z+udscg 0.95+0.09 - 0.89 +0.06 0.81 +0.05

Z+b 1.024+0.17 - 0.94 +0.12 1.17 £ 0.10

Z+bb 1.20 £ 0.11 - 0.81 4 0.07 0.88 4- 0.08

tt 0.99+0.07 0.93+0.07 0.89 +£0.07 0.91 +0.07

VH(bb) analysis Krunal Gedia

Improvement in data/MC agreement
& reduction in uncertainty

Data
et
5[ (s=13TeV,L=41.29 b’ [

.
= o el
5[ s=13TeV,L=41.29fb (]
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Back-up

Uncertainty source Ay
Statistical +0.26  —0.26
Normalization of backgrounds +0.12 -0.12
Experimental +0.16 —0.15
b-tagging efficiency and misid +0.09 —-0.08
V+jets modeling +0.08 —0.07
Jet energy scale and resolution +0.05 —0.05
Lepton identification +0.02 —-0.01
Luminosity +0.03 —0.03
Other experimental uncertainties +0.06 —0.05
MC sample size +0.12 —-0.12
Theory +0.11  —0.09
Background modeling +0.08 —0.08
Signal modeling +0.07  —0.04
Total +035 —-0.33

VH(bb) analysis Krunal Gedia 9/9/2020 21
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Combination of 0,1 and 2-lepton channels \
Excess of events behave as SM Higgs!
413" (13 TeV)
. . (%]
Combine post-fit DNN scores 2 L CMS + Data
E Supplementary = \E;Zjﬁg_rgg'd
Of a" SR 10° Background uncertainty
T —— —— Signal + Background
R T o
w Supplementary —vv.Hr I
o O-epton Eal::icg ij;éemp > 103
“ ity s Combine bins with 102
" similar S/B " S+B hypothesig
1 (S+B)/B
E\'f 951%* . .4 M Data/B
o 0% 02 04 06 08 1 S‘é 1 . ® B onIy
Ot ouet ] hypothesis
3 25 -2 -15 -1 05 0
log, (S/B)
@ombination with Run 1 and 2016/17 dath
Significance (0)
Data set Expected Observed Signal strength
2017
O-lepton 1.9 13 0.73 £0.65
1-lepton 1.8 2.6 132 =055
2-lepton 19 1.9 1.05 £ 0.59
Combined 3.1 3.3 1.08 +0.34
Run 2 4.2 44 1.06 £ 0.26
KlRun 1+ Run 2 49 4.8 1.01+£0.23 | /
VH(bb) analysis Krunal Gedia 9/9/2020 22
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Combination with other Higgs production channels (where H— bb)

3 -1
! 19.8 b (8 TeV)
g 35.9 fb! (13 TeV) 51.0. T — — —TT —T ™
35.9 b (13 TeV 26F T T T T
c T ‘l(el) 38000;0“,"8 ! ! ‘ ! ‘ = %, 24:_t::MS Category 3 E
m ECMS e Data ] o E 450<pr<1UOOGeV ;V E (D F « Data B
@ 10°F — Background ~ 7000 double:bifaager e E o 22t Fitted signal =
€ [ Signal (1 = 0.72) { ) = passing region <o Multijet A 3 E — Bkg. + signal
g 104k —SM (u=1) % 6000; # Total background f 20; v Bkg. v E
S T 5000 a0 = I 187 [ 20 bkg. unc. 7
10°E e E = c F .unc. 7
i ] 4000 E S 16f [0 bkg. unc.
2 ] E u >
e ttH 3000 E N
10} ] 2000 =
o F e
G . T 1000 ] -
g 1o __.4=F¢='=E o 2 @
= 1of N = )
8 oof i g 2
o 06 E Els 5 1 i
e g e e S T 050250. . IBIOI j ‘1(\)0. ; .1501 ; .1‘10. . I1EI30| ]
: s
Pre-fit expected log, (S/B) 8 B0 60 B0 100 7120 7140 160 180 200 m,, (GeV)
Mg (GeV) bb
&
9
o . 1 0 . .
ttfusion: ; H 99 fusion : H
t
9 9
t

<5.1fb"(7TeV) +<19.8 0" (8 TeV) + < 77.2 o™ (13 TeV)

CM S e Observed

+1o (stat @ syst)

H—bb 1 (Syst)
: stat  syst
9gF : 2.80+2.08 +1.30

VBF 253+0.98+1.17 ReSUItS

o — e exp. (obs.) sig. = 5.50 (5.60)
| N _ HM=1.0410.14(stat) £ 0.14(sys)

0 1 2 3 4 5 6 7

8 9
Best fit u
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=5 N - _

] e - zZ/w e b

’- ~87% z- ~4% |

N H : : . .H_ [ é

- L b
5 . & R i

Results

exp. (obs.) sig. = 5.50 (5.60)
M = 1.04 * 0.14(stat) £ 0.14(sys)
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mjj cross-check analysis

77.2 b1 (13 TeV)

5000

«»20000

£ . CMS ¢ Data Bl WHbb

5 L [ ggZHbb I ZHbb

o | Supplementary — vyv.nF B VV-LF
%’1 5000 - Emt Il Single top
= i [ W+bb [ W+b

‘Jg’ Il W+udscg [ 1Z+bb

g [C1Z+b I Z+udscg
E_?_1 0000 - > 5+B uncertainty — VH,H—bb
@

175}

o)
=
(i} * & +
§ "
L L | L L | L L

60 80 100

VH(bb) analysis

120

140 — 160
m(j) [GeV]

Fit mjj distribution in 4 different bins of DNN score for SR.

Same CR used in the fit.
Combine SR post-fit mjj distribution of all channels by weighting events with S/(S+B).

Sensitivity little lower than for fit with DNN score.

I =77 ich

7727 (13 TeV)

1000

S/(S+B) weighted entries

500

Bkg subtracted
>

: CMS

¢ Data

B vH.H-bb
[ Jvzz-bb

@ S+B uncertainty

| T T WU N [ S |

Krunal Gedia

100 120 140 160
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VZ(bb) cross-check analysis

- Take VZ(bb) as signal instead of VH(bb).

- Same final state, similar kinematics but different dijet invariant mass.

4 VH(bb)

~

Peaks at

Higgs mass /

ZZ(bb)

4

Di-boson

Z
+ s/u channel

q

\

Peaks at
Z boson mass

%

VH(bb) analysis

Krunal Gedia

0 lept.
1=0.79 £ 0.30

1lept.
pu=141+044

2 lept.
p=114+034

I =77 ich

Supplementary

pp- VZ;Z> bb
h=1.05+022

41.3 b (13 Tev)
e

Result;

M
1 15 2

Best fit

M=1.05%0.22
obs. (exp.) sig. : 5.2 o (5.0 0)
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ETH:urich

Overlap events

- Events passing selection for both resolved and boosted
topology / \
- They can be assigned to only one of the topology. Overlap boost approach

- 4 different overlap strategies tested.

A

resolved | i | resolved

overlap to boosted overlap to resolved, unless
boosted SR+resolved CR Resolved
: : events
resolved | resolved
A \ Overlap /

= '_l

' * best strategy for sensitivity:

| » resolved SR, boosted SR -> resolved
* resolved CR, boosted CR -> resolved

overlap to resolved, unless overlap to resolved * resolved SR, boosted CR -> resolved

boosted SR+resolved CR * resolved CR, boosted SR -> boosted

VH(bb) analysis Krunal Gedia 9/9/2020 27



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27

