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]
Introduction

There are many models containing a second scalar particle that is not currently excluded by
the measurements.

@ Cross section ratio of extra scalar
— 7 particle production to SM Higgs
€ production: o (ete™ — ZS) Josum.
@ The goal is to calculate 95% Central
Limit on the cross section ratio.
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Decay channels

@ Zdecays: Z —+ete and Z — utpu.
f_ o S decays: S — bb
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Samples used

Background samples: Signal samples:
@ 250 GeV center-of-mass energy, @ 250 GeV center-of-mass energy,
@ generated with Whizard v.2.8.5, @ generated with Whizard v.2.8.5,
@ SetA beam-spectrum, @ SetA beam-spectrum,
@ simulated and reconstructed with @ detector simulation done by SGV.

ILD_I5_02_v02 model and ILCSoft
v02-02-01.
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N
BDT classification

For classifying the events Boosted Decision Trees were used, implemented in ROOT under

TMVA. There were 14 variables used:

number of b-jets according to certain B-Tag threshold,
invariant mass of a jet pair,

invariant mass of a lepton pair,

recoil mass,

B-Tag value for both jets,

number of photons, electrons and muons,

total energy,

cos() of one of the jets in the CM frame of the jet pair,
transverse momentum of one of the jets,

energy and transverse momentum of the jet pair.
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N
BDT classification

TMVA Input Variables: nbjets
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TMVA Input Variables: dijetinvmass
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TMVA Input Variables: dileptoninvmass
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N
BDT classification

TMVA Input Variables: Nel TMVA Input Variables: Nph
< T T T T T T © N T T T T T ~ 10 LAAAA AAALE AR RAARS AR MaARY)
0 6F 4 N o
< bl hal
S g 2 s 4z 2 s R
F 435 3 3
2 : 2 i :
g 4f 1< z ¢ S 2z S
2 £ 2 £ 2 £
3 43 3 43 3
B s 4 FE
2 15 2 kD ,
@ @
@ 2 Je
1 4z 1 E H
g <
0 o m L L tE 0 0 el S
0 1 2 3 4 5 6 0 1 2 3 4 5 0 05 1 15 2 25 3 35 4
Nel Nph Nmu
TMVA Input Variables: E_tot TMVA Input Variables: costhetajetcms TMVA Input Variables: jetpt
s T T T T T Ny T T T T @ o[ T TR
- 5] 4 w
z =3 =
= £ S 35 £ z o1 41:
z R s 2 S
) g s 3 S £ oos EE
2 e = e g <
g g 25 g - g
ER 2 3 0.06 13
< s <
=1 s =
= 15 = 0.04 4=
@ @ [
) 1 ) )
H H 0.02 F
¢ o ]
5 0 5 0 5
-1 0.5 0 05 1 20 40 60 80 100120 140 160 180 200 220
E_tot costhetajetcms jetpt

Extra Scalar 28 August 2024 7/13



BDT classification - response

(LN) dN / dx

TMVA overtraining check for classifier: BDT

HI T 'signal (test'sample) '~ | | o' Signal (training Sample)

7 3@ Background (test sample) * Background (training sample)—:

:Kolmogorov-Smirnov test: signal (background) probability = 0.028 (0.518)
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Limit calculations

After combining all polarizations and multiplying by appropriate weights output histogram is
obtained.
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Limit calculations

Limit formula:

Qg5% CL = 164 .

where o = o (ete™ — ZS) - B(S — bb)/osum, si is the signal level in each bin and b; is the
background level.
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Results
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Questions
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Limit plot for comparison
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