Search for high-mass resonances in
H/Z(bb)+y final state with Run 2 data
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https://indico.ihep.ac.cn/event/27107/

Motivation & introduction

-> Many BSM models are constrained by the di-boson resonance search

=> Published diboson resonance search in full Run 2:
% X—=yy,VV, HH, VH, Wy ...... except for the Zy and Hy

-> History of Zy and Hy resonance search in CMS

e X (spin-1)— Hy — bby, EXO-17-019, [13], with only 2016 data;

e X (spin-0)— Zvy — qq7v7, EXO-16-020, with 2015 data (PAS-only);

o X (spin-0)— Zvy — ££,qq7y, EXO-17-005, with 2016 data;

o X (spin-0)— Zy — ¢4y, EXO-16-019, with 2015-2016 and Run 1 data;

-> Strategy preview
% Focus on H/Z(bb) channel for the large BRs and the same final state
% With the advanced ML jet tagger to enhance sensitivity

% Standard di-boson bump hunt




Signal topologies
- Z'(spin-1)—H(bb)+y:

R/

< Benchmark model from Dobrescu et al. (2017).

% Assumption: flavor universal vector coupling of Z’ to quarks

% Produced via fermion loop narrow-width only (I'/m = 0.01%)
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- S(spin-0)—Z(bb)+y:
% Search for Higgs-like scalar with SM-like couplings Y
% Predicted in many models S
~ Technicolor o
. : Z g
> little Higgs models &
£y
- extended Higgs sectors fot B
e (V/

>~ extra spatial dimensions three widths (I'/m = 0.014 % , 5.6 %, 10%)



https://link.springer.com/article/10.1140/epjc/s10052-017-5276-9

Fat jet tagging

-> State-of-the-art ML jet tagger
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- Implementation in CMS: GloParT (v1: PAS-JME-25-001)
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HO.:52 prong classes: H->WW classes: (3 copies)
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Cscs, €sqq, qqqq,
csc, ¢ss, €sq, qq¢, q4s, 99,
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bWcs, bWgqq, bWc, bWs, bWg, bWev,
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bbee, bbuy, bbe, bby, bee, by, bbthTe, bbThty,, bbThTH, bThTe,
bThTy, bThTh, Ccee, ccp, cce, ccp, cee, CHY, CCThTe, CCThTy,
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QUU, QqThTe, GThTy, GQThTh, ThTe, GThTy, GThTh

10721~

In total of 314 jet classes

+2 mass regression targets
« GEN resonance mass
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MS Simulation Run 2

Double b
DeepDoubleB
DeepAK8-MD Hbb vs. QCD
PNet-MD Hbb vs. others
PNet-MD Hbb vs. QCD
Xbb vs. others

Xbb vs. QCD (this work)

« GEN visible-particle mass

excluding neutrinos & particles
outside the jet
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V2 is used in this analysis: Xbb tagger = Hbb vs. QCD for both H and Z jets
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https://arxiv.org/abs/2202.03772
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=JME-25-001-pas-v3.pdf

Triggers & datasets

-> Triggers: g 12— SiRanaiescs
% 2016: HLT_Photon165_HE10 Il HLT_Photon175  “"} |
% 2017 & 2018: HLT_Photon200 £ |

- Data: integrated lumi. = 138 fb™! o ooy
% 2016 & 2017: SinglePhoton R
% 2018: EGamma
% HLT efficiency: SingleMuon L

- Signal MC R

“* Resonance mass points: from 700 to 3500 GeV with 15 points

< Spin-1 Z' — Hy: generated from the benchmark model and I'/m = 0.014 %

% Spin-0 S — Zy: generated via pythia8 and I'/m = 0.014 %, 5.6 %, 10 %
-> Background MC

< Prompt photon: QCD+y, Z+y, W+y, TT+y

% Non-prompt photon: QCD, Z, W, TT, Single Top




Objects & preselection

-> Preselection

- Photons Y M -
< Loose cut-based ID % pL> 225 GeV
“ Electron veto (CSEV) « |n,|€[0,1.4442) U (1,556, 2.5)
o N, = 1

H/Z b
-------- _ >
> AK8jets < b

<« PUPPI, tight Jet ID & tightLeptVeto

< GloParT v2 tagging < mJSD > 30 GeV,N; > 1
% Soft-drop mass for preselection % H/Z candidate: leading Xbb score
< Regressed mass for SR binning % AR(y,H/Z) > 1.1
> AK4 jets b > ->
% CHS % AR(b,H/Z) > 1.2
< Deepdet b tag @ medium WP o« N =0

N/

% Exclusive b-veto: top rejection
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Kinematics at preselection & SR/CR definition
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Fitting strategy

- Unbinned parametric fitting on m;, ranging from 650 to 4000 GeV

( —m.\ "L _
AL'(BL—m mo) ’ form "o <—06L

-> Signal modeling
% Fitted to MC in SR exp (1 [m—mo]z for ’"iL’"o <0
| g
)

< Discrete mass points: from 700  f(mimo,7 a1, n ar,nr) = 3 e v
to 3500 GeV with 15 points % =R

Parametric funtion: double-sided
crystal ball function . ( n, )ni-exp (—'“"'2>,Bi M

% Singal interpolation on function
parameters

% Systematic uncertainties mainly on signal

-> Background modeling
% Fitted to data in SR

Validated with data in CR expowl: pomPi;

Discrete profiling with 6 candidate functions ~ €XpowZ: pomPrer2™;

The only systematic uncertainty: the function INVpow2: Po(1+ pym)P2;
choice as the floating parameter invpow3: (1 + pym)Patpsmm,

, otherwise,

@,
0‘0

dijet2: pymPi1tr2log(m),

dijet3: pymPiTP2log(m)+pslog’(m),

R/ \/
0‘0 0‘0

R/
0’0

.



Signal modeling: 72/ — Hy

- Signal width I'/m = 0.01 %

0.7 TeV 1 TeV 2 TeV 3.5 TeV
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Signal modeling: S — Zy

- Signal width I'/m = 0.014 %
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Signal modeling: S — Zy

- Signal widthI'/m = 5.6 % !

off-shell on-shell
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Signal modeling: S — Zy

- Signal width I'/m = 10 % !

off-shell on-shell
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Background modeling: validation in CR
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Background modeling: SR

-> Signals with the largest significances are shown

V)

138 fb' (13 Te

> 1 T 1
[0) - 4 Data -
o &CMS -------- ExPow1, y2/ndf = 0.87
Q10" ¥ b SRH1 = ExPow2, ¥?/ndf = 0.53 .
S B . DiJet2, y2/ndf = 0.62 3
e F % - DiJet3, y2/ndf = 0.60 ]
o L M InvPow2, x2/ndf = 0.53 i
o ‘*a’ ----- InvPow3, %2/ndf = 0.58
10 ?*\* Osys r =
- } m, =1.55TeV, my, = 0.01% 3
: 53 :
v,
1E AEH
L {1
10 E 1 1 1 r 1
S 3 ' ' t (Data-InvPow2)/ o,
n- 21 i l i* i{ * EGSYS/GSM
| AT
3 |
-2
-3 , , X X
1000 1500 2000 2500 3000
m,, (GeV)
138 fb™ (13 TeV)
% D:'ata ' E
o, ExPow1, y?/ndf = 0.72
Q10 ExPow2, y2/ndf = 0.70 E
~ DiJet2, y?/ndf = 0.75 3
= DiJet3, y2/ndf = 0.82 ]
© InvPow2, ¥2/ndf = 0.71 i
AT InvPow3, ¥2/ndf = 0.80
10 cssys r =
My =155 TeV, == 0.01% 3
1 ul
-1 -l
10 E 1 M 1 "
S 3 t (Data- ExPow2)/ o,
a- 21 } * | i Gs S / Gsm
I f
1 |
-2
-3 ) ) ) .
1000 1500 2000 2500 3000
m., (GeV)

w

138 fb™' (13 TeV)
> M M N I T 1 1
[0} ) Data E
o cMs ! ExPow1, ¥2/ndf = 0.68
SI°E SRZ1 e ExPow2, ¥%/ndf = 0.68 E
~ ENNN 0 e DiJet2, y?/ndf = 0.69 3
2 r S— DiJet3, ¥%/ndf = 0.73 .
o L 4 InvPow2, 2/ndf = 0.70 i
o u ----- InvPow3, x2/ndf = 0.75
10 = Osys I . =
g ﬂ ms=1.75TeV,m—s=0.014/oE
"l I
- J 1+
o ““LIH |
- ‘~\~~.‘
1 », |
10 E 1 1 1 " ,»' 1 "
E 3 ' ' "t (Data-ExPow2)/ o,
2 |:| C.d/ © *
B stat
Ky .ln“ll} n bt
v IHT |'iti =g A
-2
-3 . ) . .
1000 1500 2000 2500 3000
m,, (GeV)
138 fb" (13 TeV)
> 1 1 1 1
() - ' Data -
O) cms ExPow1, ¥%/ndf = 0.90
QI0°E SRZ2 = e ExPow2, y2/ndf = 0.97 E
~ E e DiJet2, ¥%/ndf = 0.98 -
2 r —mimim DiJet3, ¥%/ndf = 1.07 .
o L InvPow2, 2/ndf = 0.98 |
T T L InvPow3, y2/ndf = 1.07
10 = Ogys r . —E
g \Lu mg = 1.75 TeV, - = 0.014% E
| [ _
1 | E:
i I
- ~
,1 L‘:‘l
10 g ] — ol g ?"‘J Al AUHE
S 3 ' ' t (Data- ExPow1)/
-2 Lo | | oo
N, 4 4 i [
i T ! | |
25 |
-3 ) ) ) )
1000 1500 2000 2500 3000
m._ (GeV)

w

14



Systematic uncertainties

Uncertainty source Bor S Effecton Magnitude Number of NPs & correlations
Background function choice B Shape - 1 per SR, uncorr. across SRs
Photon ID SFs S Rate 4.4% 1, correlated across all SRs
Trigger selection SFs S Rate 1% 1, correlated across all SRs
Integrated luminosity S Rate 1.6% 1, correlated across all SRs
PU reweighting S Rate 1% 1, correlated across all SRs
PDFs S Rate 0.3-5.0% 1, correlated across all SRs *
pr and ug scales S Rate 0.2-1.2% 1, correlated across all SRs *
Xbb tagger SF systematic S Rate 3-7% 2, uncorr. across SRs *
Xbb tagger SF statistical S Rate <4% 6, uncorr. across years and SRs *
JES S Shape  0.7-4.0% on peak center 1, per data-taking year *
JER S Shape  0.5-4.0% on peak width 1, correlated across SRs *
PES S Shape  0.3-0.7% on peak center 1, correlated across SRs
PER S Shape  0.3-0.8% on peak width 1, correlated across SRs
CMS internal f=0.014"72°"
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Results & interpretation

- Upper limits at 95% CL on o - BR under Asymptotic statistical method
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Summary & prospect

- Perfromed the search for diboson resonance X — H/Zy with Run-2 data

% Both the spin-1 (model-dependent) and spin-0 (model-independent) resonances
are considered

< With the same final states of y + j(bb)

% Adopted the same tagger for both H(bb) and Z(bb); outperformed the previous
ones and greatly increase the sensitivity

% Discrete profiling as a flexible background modeling and tractable for systematics
< Set the most stringent limits up to date on o - BR for both channels

-> Prospect on the resonance search
% Towards Run 3 and HL-LHC
Higher energy will broaden the upper bound of the search scope

High luminosity will enhance the sensitivity in the statistics-dominated (high-purity)
regions

% Towards Al era
The successful jet tagger — the powerful event tagger?
Achieve SOTA at the known channels + generalized to the unknown channels?
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