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Motivation @

dNeedless to stress the importance of search for Exotic decay of the Higgs boson in a clean
Higgs factory!

dCurrent analysis is a search for a pair of light (20-60 GeV) Higgs bosons from SM Higgs
decay produced in association with a Z boson in 250 GeV e*e collider.

ete” > Z (> putu)H - a(- bb) a(- 1)
ete” > Z (- ete")H - a(- bb) a(— 1717)
dThe two considered backgrounds are ZZ and ZH

dSamples have been generated using Madgraph5, hadronized with Pythia8, simulated for
detector responses with Delphes

Channels XS (b) # of Events Generated
ete” — Z(— 1)) H - a(— bb) a(— t*17) | 6.60x 1071° 10000
etee - Z(-IDH 6.60 x 101 1000000
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Event Selection

a—bb selection (ROE)

a-tt selection

Z-ll selection

iciency is low,

 B-Jet reco eff

MET
) to mass

ing

Ir of OS t, addi
(in lie of neutrinos

dPa

dPair of OS leptons

thus ROSE is defined

consistent w/ Z boson

i

exclu&r

Z tracks; + Z Photons; + Z NHadrons

exclu&t

exclu&r

RecROE

LA dedicated tau Reco algo
developed

a Boson Mass Comparison (GenROE vs RecROE) (Z->up)

a Boson Mass Comparison (VisTau vs RecTau) (Z->up)

M;,, Z Boson (Rec#1+ Rec?»)
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Higgs boson reconstruction
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Higgs Boson Mass Comparison

VisTau + GenROE
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M,,, {Higgs Boson ( M3, = 8 + Ma,, - 2B, VS)}

dThe visiblel Higgs Boson Minv(VisTau + GenROE) and Reco level Higgs Boson Minv (RecTau +
RecROE) both peak at around 100 GeV.

Entries 7316
C Mean 125.9
~ Std Dev 3.761
C Underflow 0
— Overflow 213
‘....|......|....|....|....|.L..J_J..—|-!"}VN‘L4
q& 60 70 80 90 100 110 120 140 150

dIimproving the mass resolution by adding MET, or even further improving by Energy of COM constrains

QAMfigos = S + M7 — 2Ez\s

s = 250 GeV

dM;,,,, peaks at 125 GeV, Thus the reconstruction of the Higgs Boson has significantly improved with the
beam constraint method compared to the method constructed from dit and ROE.
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2 D O b S e rV ab I e Compare Unrolled aBoson Mass Limit
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« Apply a series of kinematic cuts
« Higgs Boson Mass Cuts: 115-135 GeV
« A Boson (dit) Mass Cuts: 0-70 GeV
 ABoson (ROE) Mass Cuts: 0-70 GeV
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Model-Independent limit

O Ran a maximum likelihood fit to extract the expected limit on cross section times the branching
fraction

. o https://arxiv.org/abs/2402.13358
O A minimum set of systematics is used S

o CMS 138 b (13 TeV)
Q_ ;\?’: _II T | TTTT | TTTT | TTTT | TTTT I TTTT I TTTT I TTTT I TTTT I TTT Il
--':-J-\ E 14__ 95% CL upper limits __
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O The limit on the left side must be divided by 6.6 pb to match the y-axis of the right side
A Better limit (with 1 ab-1) compared to the full Run Il CMS data
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Model-Dependent limit (Type Il 2HDM)

Typell,tan=5
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= O Not an apple to apple comparison (different model parameters)
3 O Limit is comparable with combination of CMS 2b2mu and 2b2tau results
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Summary @

a Feasibility study of exotic decay of Higgs boson to a pair of a bosons in association with a Z
boson

O Mass of a boson ranges from 20 to 60 GeV (below 20 GeV the a bosons become boosted,
need a dedicated strategy)

d Dedicated tau reconstruction algorithm is employed to increase the signal selection
efficiency

ad The results look promising and comparable/better than the CMS Run |l results

ad One can add all of the Z boson decays and increase the signal yield by more than a factor of

~ 10, thus there is still room for improvement.
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Match Hadronic VisTau PT Efficiency (Dynamic DeltaR Signal Cone) (Z->pup)

Tau Lepton Reconstruction

0.6 fri

— No Isolation Cut

—— Isolabon Ratio Cut. 0.8
Isolabon Ratio Cut: 0.5

= Isolabon Ratio Cut. 0.3

——— lIsolabon Ratio Cut: 0.1

Reconstructing tau particles using energy flow

EF1ow) from tracks. photons, and neutra | — T ]
hadrons. 02 EI N
dtracks with PT > 2.0 GeV as potential tau cand.

VisTau PT (GeV)

dCandidates (track, photons, neutral photons)
within a signal cone of 0.1-0.2 around leading
track

dOnly consider tau candidates with a maximum

of 5 charged prongs.

Relative isolation cut has been applied on taus
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CMS Model-Independent and dependent limits

https://arxiv.org/abs/2402.13358
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