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Higgs selt coupling

e Higgs trilinear self couplingis A, ., = mh2/2v
(v~246 GeV)
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Higgs selt coupling

e Higgs trilinear self couplingis A, ., = mh2/2v Higgs
(V~246 GeV) potential
e |mportant to study the trilinear coupling %JCL - Stable

o probe the structure of the Higgs potential at ;-\’Aetastible
large scales - metastability of the EW

vacuum lg;?gs \\\/
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Higgs selt coupling

e Higgs trilinear self couplingis A, ., = mh2/2v
(v~246 GeV)

e Important to study the trilinear coupling

o probe the structure of the Higgs potential at
large scales - metastability of the EW

Higgs
potential

Our Stable
vacuum

? N
Metastable

vacuum
e Study HH production to measure A,

o Two major production modes at LHC - ggF
and VBF
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HH production modes -ggF

e Two main leading order ggF diagrams |, b k& .cH B ok g
interfere destructively - 31.05 fb at 13 z;;i}>—H—<”\ t i
TeV at NNLO 8 “H 8 ~—@%-H
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HH production modes -ggF

° Two main Ieadlng order ggF diagrams |, b Ik cH & ok g
interfere destructively - 31.05 fb at 13 :§>H< A
TeV at NNLO g “H 8 —@--H
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https://cds.cern.ch/record/2725594?ln=en

HH production modes -VBF

e VBF diagrams sensitive to C,, q v kf, H oy 8-
and C,, -1.73fbat 13 TeV : e v @ cv @
q
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HH production modes -VBF

e VBF diagrams sensitive to C,,
and C,, -1.73fbat 13 TeV

e Smaller K, leads to larger cross

section, harder m, . spectrum, LHC 14TeV

and boosted VBF signatures — AP e connme — SM -
= — co2v = 0.8
£ 1 — Background_
=
S 102 .
£
L dr—a
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https://epjc.epj.org/articles/epjc/abs/2017/07/10052_2017_Article_5037/10052_2017_Article_5037.html

HH—bbbb at LHC

bb WW G yv4 YY
e HH-(bb)(bb) has the highest BR (33.9 %) bb HH branching ratios
o Large QCD background and poor decay channel WW 2 6%
resolution

T B 7:3% 2.7% 0.39%

zZzZz 3.1% 1.1% 0.33% 0.07%

yy 0.26% 0.10% 0.03% 0.01%
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HH—bbbb at LHC

bb WW G y4 YY
e HH-(bb)(bb) has the highest BR (33.9 %) bb HH branching ratios
o Large QCD background and poor decay channel WW pe%
resolution

T B 7:3% 2.7% 0.39%

o Considered inaccessible until a few years ago

zZzZz 3.1% 1.1% 0.33% 0.07%

How can we make HH — 4b more powerful ?

yy 0.26% 0.10% 0.03% 0.01%

e Explore the regime where both Higgs bosons are boosted
(p; > 300 GeV)
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HH—bbbb at LHC

bb WW G y4 YY
e HH-(bb)(bb) has the highest BR (33.9 %) bb HH branching ratios
o Large QCD background and poor decay channel WW pe%
resolution

T B 7:3% 2.7% 0.39%

o Considered inaccessible until a few years ago

zzZ 3.1% 1.1% 0.33% 0.07%

How can we make HH — 4b more powerful ?

yy 0.26% 0.10% 0.03% 0.01%

e Explore the regime where both Higgs bosons are boosted
(p; > 300 GeV)

o The two b quark jets from the Higgs decay merge into Snilisiiits | st

one fat-jet < @ @

Boosted jets: Increasnng transverse momentum, p;
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HH—bbbb at LHC

bb WW G y4 YY
e HH-(bb)(bb) has the highest BR (33.9 %) bb HH branching ratios
o Large QCD background and poor decay channel WW pe%
resolution

T B 7:3% 2.7% 0.39%

o Considered inaccessible until a few years ago

zzZ 3.1% 1.1% 0.33% 0.07%

How can we make HH — 4b more powerful ?

yy 0.26% 0.10% 0.03% 0.01%

e Explore the regime where both Higgs bosons are boosted
(p; > 300 GeV)

o The two b quark jets from the Higgs decay merge into st Lrg- i
one fat-jet
e Exploit fat-jet sub-structures for better S/B
o Use machine learning techniques to identify b quarks
inSide fat jetS Boosted jets: Increasnng transverse momentum, p;
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Boosted H~>(bb) jet identification

ParticleNet Jet Tagger

Graph Neural Network (GNN) based classifier for large
radius jets (Phys. Rev. D 101, 056019)

e |ow-level jet information (PF candidates,
secondary vertices from b-quark decays etc.) as
inputs
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.056019

Boosted H~>(bb) jet identification

(13 TeV)
> 15""|""|'"'I""l""l""l""l""
ParticleNet Jet Tagger § [OMS cusopoooom
I i
Graph Neural Network (GNN) based classifier for large g ' | ez memea For the same signal
radius jets (Phys. Rev. D 101, 056019) g | o effsency, Partice Net
8 10 E — ParticleNet has a 2x better
. . . . m - - - ParticleNet-MD . .
e low-level jet information (PF candidates, e vt ot erod o cther
secondary vertices from b-quark decays etc.) as hll: e standard Jet taggers
inputs e T

e output scores: X—bb, X—cc, X—light quarks,
QCD

(0]

Signal efficiency
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.056019
http://cds.cern.ch/record/2707946/

Boosted H~>(bb) jet identification

(13 TeV)
ParticleNet Jet Tagger g 1 cws lecgﬂls 0P 20201002 j
Graph Neural Network (GNN) based classifier for large E 1°°:°°°m°'" R ——
radius jets (Phys. Rev. D 101, 056019) §a1o_2f_:3:::z:_m efficiency, Particle Net
R i et o oot
e low-level jet information (PF candidates, = e s i
secondary vertices from b-quark decays etc.) as bl e standard Jet taggers
inputs oty
102 03 04 g A Smtiancy
e output scores: X—bb, X—cc, X—light quarks,
QCD
o For our purposes, discriminate X—bb vs g
QCD jets: i QCD H—bb
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.056019
http://cds.cern.ch/record/2707946/

Boosted HH — 4b search from CMS

CMS-B2G-22-003 ; CERN-EP-2022-090

Search for nonresonant pair production of highly energetic Higgs bosons decaying to bottom quarks

(accepted by PRL) ~ octer

13 May 2022
Accepted for publication in Phys. Rev. Lett.

Abstract: A search for nonresonant Higgs boson (H) pair production via gluon and vector boson (V) fusion is performed in the four-bottom-quark final state, using proton-proton collision data at 13 TeV corresponding to 138 fb
! collected by the CMS experiment at the LHC. The analysis targets Lorentz-boosted H pairs identified using a graph neural network. It constrains the strengths relative to the standard model of the H self-coupling and the
quartic VVHH couplings, 2y, excluding koy = 0 for the first time, with a significance of 6.3 standard deviations when other H couplings are fixed to their standard model values.

CMS Experiment at the LHC, CERN CMS Experiment at the LHE;CERN
Data recorded: 2016-Aug-13 16:51:13.749568 GMT y| Data recorded: 2017-Aug-07 19:13:22.727552 GMT
Run / Event / LS: 278803 / 465417690 / 259 Run / Event / LS: 300633/ 525384863 / 347

A

Fat-jet
‘ containing
Fat—Je.t ‘ a 2 prong
containing structure
a 2 prong
structure

A muon likely
originating from a
B-hadron decay

‘ Two VBF like
A muon likely forward jets that
originating from a are back-to-back
B-hadron decay A VBF like event ..

A ggF like event ..

13th September 2022 Higgs Hunting, Irene Dutta


https://arxiv.org/abs/2205.06667

Analysis strategy

e Identify two high p_Higgs candidate large radius jets using
o Particle Net T, score

o Jet mass (mj)
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Analysis strategy

e Identify two high p_Higgs candidate large radius jets using
o Particle Net T, score
o Jet mass (mj)

e Based on additional kinematic features, separate into ggF or
VBF category
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Analysis strategy

e Identify two high p_Higgs candidate large radius jets using
o Particle Net T, score
o Jet mass (mj)

e Based on additional kinematic features, separate into ggF or
VBF category

e Use signal depleted control regions to perform data-driven
estimates of backgrounds

o QCD
o Top
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Analysis strategy

e Identify two high p_Higgs candidate large radius jets using

o Particle Net TXbb score

o Jet mass (mj)

e Based on additional kinematic features, separate into ggF or
VBF category

e Use signal depleted control regions to perform data-driven
estimates of backgrounds

o QCD g
e Perform final signal extraction fit to m, , or Jet m, Background

M, (or MJ.)
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ggF strategy

e Boosted Decision Tree (BDT) to discriminate : 2

HH signal events from QCD and top ----&
: “
%
L
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ggF strategy

. . . . g
e Boosted Decision Tree (BDT) to discriminate an’
HH signal events from QCD and top - &%
3
g 0 0 [$)
e Three event categories optimized based on  * 2
BDT score and Jet 2 T, score 2
Jet2 Txvo Tagger
Bin2 Bin1
S/B - 1:33 S/B - 1:6
0.980 .
Bin3 | s/p - 12200 Bin2g/p - 1:33
0.03 0.11 0.43 BDT Score
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ggF strategy

0o - S & G3)
e Boosted Decision Tree (BDT) to discriminate o
HH signal events from QCD and top oL
/\\I \\
. . ] l; N
e Three event categories optimized based on  * N
BDT score and Jet 2 T, score =
Jet2 Txvo Tagger
e Observable for HH signal extraction : Jet 2 )
M Bin2 Bin1
ass S/B - 1:33 S/B - 1:6
0.980 .
Bin3 | s/ - 1200 Bin2s/p 133
0.03 0.11 0.43 BDT Score
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ggF strategy

e Boosted Decision Tree (BDT) to discriminate
HH signal events from QCD and top

e Three event categories optimized based on
BDT score and Jet 2 T, score

Jet2 Txvo Tagger

e Observable for HH signal extraction : Jet 2 )
M Bin2 Bini
ass S/B -1:33 S/B -1:6
0.980 o .
e Background estimation Bin3 i s/ - 1:200 Bin2g/p - 1:33
0.950 |-}
o Top : data driven correction factors Control Region for QCD bkg
applied to simulation 0.03 o.11 0.3 BDT Score
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ggF strategy

e Boosted Decision Tree (BDT) to discriminate
HH signal events from QCD and top

e Three event categories optimized based on
BDT score and Jet 2 T, score

Jet2 Txvo Tagger

e Observable for HH signal extraction : Jet 2 )
Mass Bin2 Bin1
S/B - 1:33 S/B - 1:6

0.980 o .

e Background estimation Bin3 | s/p - 12200 Bin2s/p - 133
0.950 |-}

o Top : data driven correction factors Control Region for QCD bkg
applied to simulation 0.03 o.11 0.3 BDT Score

o QCD: parametric fit to data in control
region
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ggF strategy

e Boosted Decision Tree (BDT) to discriminate
HH signal events from QCD and top

e Three event categories optimized based on  *

BDT score and Jet 2 TXbb score

Jet2 Txvo Tagger

e Observable for HH signal extraction : Jet 2
Bin2 Bin1
Mass S/B-1:33 S/B-16
0.980 o .
e Background estimation Bin3 |5/ - 12200 Bin2s/p - 133
0.950 |-}
o Top : data driven correction factors Control Region for QCD bkg
applied to simulation 0.03 o.11 0.3 BDT Score
Fail ———m =2 oo o
o QCD: parametric fit to data in control | - ST otol transfer factor
region Lo L] ———
5:40000- X :—go.ooe =
m Signal region QCD shape o e
= QCD fa|| Shape ®TF (JZ MaSS) EEET T 160 180 200 I 16°J12:°m;,5° 0 1d0 20 404 Tk S W 0 5 0
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VBF strategy

e Three exclusive signal regions based on both jets
satisfying:

o High Purity (HP): T, > 0.98
o  Medium Purity (MP): 0.94<T, <0.98
o Low Purity (LP): 0.90 <T,, <0.94
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VBF strategy

e Three exclusive signal regions based on both jets
satisfying:

o High Purity (HP): T, > 0.98
o  Medium Purity (MP): 0.94<T, <0.98
o Low Purity (LP): 0.90 <T,, <0.94

e Background estimation

o Top: estimated from simulation with data driven
correction factors
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VBF strategy

e Three exclusive signal regions based on both jets
satisfying:

o High Purity (HP): T, > 0.98
o  Medium Purity (MP): 0.94<T, <0.98
o Low Purity (LP): 0.90 <T,, <0.94

e Background estimation ABCD method for QCD estimation
. . . . . Jet mass A Fs B
o Top: estimated from simulation with data driven side bands
correction factors i e
close to c D
o QCD - ABCD method 125 GeV QCD Control Region Search Region
Low T, High T,
TF=Ng/N,
Ny =TF*N,
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VBF strategy

e Three exclusive signal regions based on both jets
satisfying:

o High Purity (HP): T, > 0.98
o  Medium Purity (MP): 0.94<T, <0.98
o Low Purity (LP): 0.90 <T,, <0.94

e Background estimation ABCD method for QCD estimation
. . . . . Jet mass A Fs B
o Top: estimated from simulation with data driven side bands
correction factors i e
close to c D
o QCD - ABCD method 125 GeV QCD Control Region Search Region
. . c c . Low T High T
e Perform final fit to m, in different WP regions O oo BT o
TF=Ng/N,
Ny =TF*N,
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Results
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§_ 2 E |
150
© 1E % 1 | |
S o.gE ! + ]
800_,200 7200_760;1500 900_,200 ’200‘76‘0;1800 800
my, [GeV]
VBF
Uncertainty source Au
Statistical +2.55 -2.30
Signal extraction +2.32 -2.06
QCD multijet modeling +1.12 -1.01
tt modeling +0.28 -0.19
Systematic +2.09 -0.89
Simulated sample size +0.55 -0.55
Txpb selection +0.72 -0.32
Jet energy and mass scale and resolution | +0.54 —0.39
Trigger selection +0.26 -0.03
Luminosity measurement +0.13 -0.04
Pileup modeling +0.05 -0.06
Other experimental uncertainties +0.05 -0.03
Theoretical +0.63 -0.63
Total +3.30 -2.47




goF + VBF boosted HH—4b combination

e Upperlimitono,_ :9.9 (5.1) X SM Obs(Exp) (~1.40 excess over SM)
HH
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goF + VBF boosted HH—4b combination

e Upperlimitono,: 9.9 (5.1) X SM Obs(Exp) (~1.40 excess over SM)

- i - . - '}38fb'1(13'vl'e\ll)
e ggF category dominates the upper limit on HH cross section EMOplugs, - —

==== Expected + 20

VBF cat.
Expected: 114
Observed: 88

ggF cat. 3
Expected: 35
Observed: 34

ggF cat. 2
Expected: 13
Observed: 32

ggF cat. 1
Expected: 5.5
Observed: 8.1

Combined
Expected: 5.1
Observed: 9.9

10 100
95% CL limit on o(pp — HH) / GTheovy

Upper limit on cross-section:
9.9 (5.1) X SM Observed
(Expected)
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goF + VBF boosted HH—4b combination

e Upperlimitono,: 9.9 (5.1) X SM Obs(Exp) (~1.40 excess over SM)
o . — i 1|38fb‘1(131'e\()
e ggF category dominates the upper limit on HH cross section EMOplugs, - —
e VBF category sensitive to BSM values of k,,, v | - |
o K,,~0 excluded at 6.30 for the first time when other couplings at SM S
values o | l
o . . . ‘ 138 (13 Tey) PP . ] Y ‘ 138 13 TeV) S : : : ‘ 1 miasten) \{JooF Ca;_ rmil _
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2D likelihood scans

104 10°

104

—2AInL
—2AInL

10°
10°
102 102

10

10

1072
10" :
107

1072 107

K,,,~0 excluded at >3 o for the first time for any value of k,
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Signal strength results in context

Best sensitivity to SM ggF HH production and BSM VBF HH production
compared to other CMS analyses

bb ZZ
Expected: 40
Observed: 32

Multilepton
Expected: 19
Observed: 21

bb bb, resolved
Expected: 7.8
Observed: 3.9

bb vy
Expected: 5.5
Observed: 8.4

bb Tt
Expected: 5.2
Observed: 3.3

bb bb, merged jet
Expected: 5.1
Observed: 9.9

CMS Preliminary 138 b (13 TeV)
K=k =1 —e— Observed ~ ----- Median expected
Ky =Koy =1 555 68% expected
----- 95% expected

CMS-PAS-HIG-20-004

CMS-PAS-HIG-21-002

Sub. to PRL (2202.09617)

JHEP 03 (2021) 257

CMS-PAS-HIG-20-010

Sub. to PRL (2205.06667)

CMS Preliminary 138 fb' (13 TeV)
K, =k =1 —e— Observed ~ -=--- Median expected
Ky =1 ) B 68% expected
Koy =0

Multilepton
Expected: 12
Observed: 17

bb yy
Expected: 3.5
Observed: 4.8

bb tt
Expected: 2.5
Observed: 1.9

bb bb, resolved
Expected: 1.9
Observed: 1.2

bb bb, merged jet
Expected: 0.15
Observed: 0.14

----- 95% expected

CMS-PAS-HIG-21-002

JHEP 03 (2021) 257

CMS-PAS-HIG-20-010

Sub. to PRL (2202.09617)

Sub. to PRL (2205.06667)

MR L Lol sl PR
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Future of HH

. . ATLAS and CMS HL-LHC prospects 3ab1 (14 TeV)
e HL-LHC Projected combined ATLAS +CMS ~ o T e pr— —
- - B = [ s signiticance: —— Combination
40 Exp. (CERN-LPCC-2018-04) S ok | ot<m<2amsw o ' i
Y | 05<i<1.5[68% CL i "7o bbyy
99.4% cL 8 =
i -~ bbbb
6
d ~ bbZz*(4))
95% CL 4:"-_ -~ BBVV(ivh)
2
68% CL !
ob
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https://cds.cern.ch/record/2650162?ln=en

Future of HH

. . - -1 (14 Te
e HL-LHC Projected combined ATLAS +CMS ~ ijT.L-.AS a;:ﬂc:: ,HL_:_HCpms:ths : e
) B B = [ 4 signiricance: —— Combination
40 Exp. (CERN-LPCC-2018-04) §10._ | 01 <xi<2.3195% ol : i
) L R X 1.5 [68% CL ; “77" bbyy
o  Only using the 2016/2017 analyses and ; B i
. g B “* bbre
does NOT include boosted analyses Shtept 8_ o
s “" bbbb
o Potential of 50 — new boosted analysis °k bbZZ*(4l)
methods/ constraining systematics 95% CL 4[4 -~ bBVV(Iviv)
2.
68%CL [
o}
K2
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Future of HH

e HL-LHC Projected combined ATLAS +CMS ~ T e S
- - - = [ 43 significance: NPT -
40 EXp (CERN LPCC-2018 04) §10__ e s BB ' i)m ination
, E Blo 5[68% C : - bb
o  Only using the 2016/2017 analyses and _ e e o
] - “" bbtt
does NOT include boosted analyses 99.4% CL °f o
s “" bbbb
o Potential of 50 — new boosted analysis ° bbZZ*(4l)
methods/ constraining systematics 95% CL 4[4 - bBVV(iiY)
2f~.
68%CL [
-2

More boosted searches targeting bbVV etc. are underway .. stay tuned!
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https://cds.cern.ch/record/2650162?ln=en
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QCD background estimation in ggF category

e Fail region j, mass shape of QCD = Data - (non-QCD backgrounds)
e QCD distribution in the signal regions = QCD fail shape ¢TF (j, Mass)

e The order of the transfer factor for each category is determined by 0.580 |-

performing a F-test and goodness-of-fit (GOF) test

o measured to be polynomial of degree (0,0,0) for BDT Bin 1,

Bin 2 and Bin 3 respectively

Jet2 Txus Tagger

0.950 |--!

Bin2

Bin1

Bin3 |

Bin2

Féil region f;or QCD fits

QCD shape
estimated from
data in control
regions

U S I S T T
40 60 80 100 120 140 160 180 200
Jet msp

Jet mgp

0.03 0.11 043 BDT Score
Fail Pass
0014~ - =
80000: i T Total transfer factor 8 =
(»0000J .§ 0010+ 600+ [ T
mE fowe] T T S :
3§ 40000+ "g — - 3 40 H
d = o.ooaJ
20000 200
0.002
0= 0.000 0 T 7 T T T 1 0 %
40 60 80 100 120 140 160 180 200

T | Frehen syt Fem [ | T T
40 60 80 100 120 140 160 180 200

Jet msp
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Corrections to top background in ggF category

Mis-modeling of the T, distribution

e Corrected in a semi-leptonic tt Control Region with one
electron/muon and one fat-jet with p. > 300 GeV

e Derive correction factors as data to simulation ratios in different
jet T, , bins.

Mis-modeling of the recoil of the tt system

e Corrected in a hadronic tt Control Region with two top-like
fat-jets with p_. > 450 GeV and each fat-jet containing a sub-jet

that is b-tagged

e Obtain correction factors with linear fits to data to simulation
ratios in bins of p.*

13th September 2022 Higgs Hunting, Irene Dutta

S:MS Preliminary 137 1" (13 TeV)
2500 [ others Baco  fiets
2000; H““! Total unc * Data
flé 1500 i— "IJ”‘
T i
w E g

80 100 120 140 160 180 200 22
j L regressed mass (GeV)

Jet 2 mass distribution in a hadronic tt
Control Region post all corrections to the
top background




VBF analysis

e Leading fat-jet jet p; > 500 GeV; sub-leading fat-jet jet p. > 400 GeV
o Ap,,>28,Anp,,>2.0
o Jet1m € [110,150] GeVand Jet2m € [100, 145] GeV
e Two small radius VBF jets
o M, >500GeV, An, >4
o AR =(An? + A¢?) > 1.2 between Higgs jets and VBF jets
e Three exclusive regions based on WPs:
o High Purity (HP): Both Higgs candidate jets pass tight WP (T, > 0.98)
o Medium Purity (MP): Both pass medium WP, but not tight WP (0.94 <T, < 0.98)
o Low Purity (LP): Both pass loose WP, but not medium WP (0.90 < T, < 0.94)

13th September 2022 Higgs Hunting, Irene Dutta



VBF analysis

e ABCD method for QCD bkg estimation

50 <M, " < 200; [
50 <M, " <100 & A B

o  Region D - search region '
145 <M <200

Application of TFs

o  Define region C enriched in QCD multijet events with both 110 <M < 150; c D
fat jets having 0.1 < TXbb <0.9. 100 <M, <145 QCD Control Region Search Region

0.1<T,, <09 T > 0.9

o  Define control region A and B with same 7, selections as

region C and D respectively, but in the subleading jet & W e ??*?fbfﬂ(]?fT‘?‘.’g
mass sidebands 2 CMS $ Data [Haco ]
g 10° & Preliminary Bt Bkgd.une.
o  Define TF =N,/ N, Z - HH (c,70) i
1 LP ; MP . HP 3
o Aseparate TF is derived for each m,, bin, in each search ” ' ——
category (HP, MP and LP), and for each year.
1 =
o The QCD background in the search region D: Ny = TF * N_ =
107
e Just like ggF category, estimate Top background from simulation -
with data driven corrections & 15t } { _— :
3 1T ! o :
] E 1 . o
e Perform final fit to m , in different bins of T, score ° °-§é . e -V U
07200 7200‘76‘00)7600 800‘7200 720“750;7600 0
myy [GeV]
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T, shape correction in HH signal

'_/' Charged Jepton

Displaced
tracks

e T, gives us aboost in sensitivity, so it's important to ensure good
Data/MC agreement in its shape for the signal jets

/ HE Secondary vertex

e Corrected using fat proxy jets originating from g—bb (benefits from

MR . 4 b-quark decay
the large statistics of QCD events) prmee

e Each of the two sub-jets has at least one matched secondary vertex
(SV) CMSPre/lmmaly 3592ﬂ) (13 TeV)

L Ty, € [o 95097] EMEI‘JX? 1
Em MC (fivL)

pT E [250 300] GeV\\ BKG total unce.

600| ¢ Data B

Events / bin
o]
8

o Fitvariable: log(M, ), for SV with max d, (track impact
parameter)

o “b” template tends to peak at the B meson mass at ~ 5 GeV

o “c” template peaks at the D meson mass at ~ 2 GeV

e Derive data to simulation ratios as correction factors in 2D grid of
(p;, JetT

Xbb)

L ! ! ! ! ! !
-0.5 0.0 0.5 1.0 1.5 20 25 3.0
|°g(msv1. dxyslg max /GeV)
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Pulls and impacts

Impact Ar
-0.8 0.4 0 0.4 0.8 12
TTT T T [ TT T T T[T T T T [T T T T T [T T I T T[T T T rT
CcMS .Impacnlc
Work in progress r=ag= B impact 10

138 b (13 TeV) —e- Pull

Dominant uncertainties

CMS_bbbh_boosted_ggf_tf_dataResidual_Binl_msd_par0

CMS_bbbb_boosted_gof_tf_dataResidual_Bin2_msd_par0

ps_lsr

" CMS_bbbb_boosted_ggf_jmr_2018

[ ) S h a p e u n Ce rta I n ty O n th e Q C D CMS_bbbb_boosted_ggf_PNetHbbScaleFactors_uncorrelated
CMS _bbbb_boosted ggf ttdetsPNetShape

. CMS_bbbb_boosted_ggl_jmr_2017

m u Itl _J et b a Ckg ro u n d . CMS_bbbb_boosted_ggf PNetHbbScaleFactors_correlated
CMS bbbb boosted ggf ttharBini yieldMCStats

CMS_biabb_boosted_gal_JelsBDTShape

CMS_bibb, gof_gedparam_msdbin3

CMS_hbbb_boosted ggf SRBin2_ttbar_mestat_hin7

e Jet energy scale, mass scale, and
resolution uncertainties.

CMS_bbbb_boosted_

osted,

sted_gof_tf_dataResidual_Bin3_msd_paro
at_gcdparam_msdbin12

CMS_bbbh_boost

CMS_bbbb_boosted_ggf_SRBinl_tthar_mcstal_bing

S h a e CMS_bbbh_boosted_ggf_SRBIn2_tthar_mcstat_bing

Xbb p CMS bbbb boosted ggf ggHHPDFacc
CMS_bbbhb_boosled_ggl_SRBin1_ggHH_kI_1_ki_1_hbbhbb_mcstal_bing

CMS bbbb boosted ggf SRBinl bbbb boosted ggf others mestat bin7

CMS_bbbb_boosted vbf b WP0Op90w94 2018 3

e Theory uncertainties for the gluon e, g 20

CMS_bbbh_boosted_ggf_qedparam_msdbing

f_qedparam_msdbing

. . . CMS_bbbb_haosted_ggf SRBIn2_tthar_mestat_bing
fusion HH signal modelling i L0
‘CMS_bbbb_boosted_ggf_SRBin1_bbbb_boosted_ggf_others_mcstat_bin0

CMS_bbbb_b

CMS_bbbh,

CMS_bbbb_boosted_gf_trigCorrHH2016

CMS bbbb boosted ggf jms 2016

CMS_bbbb_boosted_ggl_ggHHQCDace

CMS_bbbb_boosted_ggf jmr 2016

CMS bbbb boosted ggf gedparam msdbing

CMS_bbbb_boosted_ggl_jms_2018

CMS_bbbh_boosted_gqf_SRBIn2_tthar_mcstat_binG

CMS_bbbh_baosted_ggf_qedparam_msdbing

qedparam_msdbing

{_gedparam_msdbin?
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