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Motivation for H - ss Search 4119

Higgs mechanism
In the SM, Higgs boson coupling is proportional to particle’s mass

. Eli L ATLAS Preliminary :

The measurements are ongoing S F Eevwlevas it e T

& C H= a9 S USSP T ° W ]

-Weak boson < gt SHggsbosn -

-3rd-generation charged fermion =t e _

103;_ #g _;

For 2nd-generation charged fermion E Tam et
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-strange 77 osk | | e
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- Particle mass [GeV]

ATLAS-CONF-2020-027



5/19

C"V’)‘ Motivation for H —» ss Search

]| .
00 Variables

@ Result



Higgs Production and Decays Focused on 6119

As the first step of H —» s§ search, study with truth not through detector simulation

p LHC 5 P(€), €")=(-0.8, 0.3), M =125 GeV .
o 4005 ................. :g Suppose H — bb,cc are
@ W @ S300f /= — W uson separable
Strange jet is difficult to be identified = § i Consider H - gg
$200 : o
_ ILC N ® - Branching ratio:
e 7)) . _
SN ¢ 2100} : ~100 times H — ssS
[ 47/\7\]\\—\ O . - z% | . . .
) - Jet shape is similar
High jet identification performance 900 250 ‘To 350 400 450 500
\Ns (GeV)
Experiments Higgs production Signal:H — ss
ILC 7H Background:H — gg

Signature: high pt muon



Boosted Decision Tree (BDT) 7119

x>A
Create decision tree Yes No
@ — Hierarchy
@ Signal Y
@ Back gouund Yes No €3 No
. Bkg | | Sig )] |{ Sig | Bkg |

Combination of multiple decision trees with better
discrimination performance

4

BDT



Significance 8119

S
VS + B

(Significance) =

S=o(ete” > ZH) X Br(Z —» p~p*) X Br(H - s5) X L X &g,
B=o(e"e” > ZH) XBr(Z > p u") X Br(H - gg) X L X gpyg
L:Integrated luminosity= 2000 fb~! (10 year,250 GeV)

0 Cross section
Br: Branching ratio

[ The goal :Estimation of the significance ]




Flow 9119

Sample Generation Separation between

3

Significance

H - ssand H - gg
with BDT

estimation

/Assume ILC Direction_, A Input variables A
-Only ZH production % -Number of particles
-g!’uth lf lag g@ = -Number of kaons
-olgnal:H — ss > Z -Ener sum
-Background:H - a9 z axis : beam axis &

\_ VAN /
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Variables for the BDT 1119

Obtained from final state particles by event

(MTotal number of particles @Total number of K*, K~ with energies greater
than b GeV
difference due to color charge s jets contain more K*, K~
Number of all particles Energy of K" or K
‘g, 0.14F f», e
“ 012k —H > ss > 0'255_ P~
C =H —» 5 C —H
0.1 99 g %fEr —H > gg
0.08F § 0.15|
0'06;_ 0.1
0.04 -
C 0.05
0.02F :
0~36""20 60 80 100 120 140 760 %246 8 10 12 14 16 18 20

Number of particles Energy of K" or K[GeV]



Variables for the BDT 12119

Obtained from final state particles by event
(3E(AR):Sum of energies in cone
Difference due to jet shape (difference due to color charge)
E(AR)= Es(AR) + Ei(AR)

E, (E5): sum of energies in s (5) iet cone
Sum of energy when A R=0.05

t 0.6F
it 055_ Two input variables used:
- ~ “t| AR =0.05,0.09
AR = \/(775 — 771') + (¢s — ¢i) 0411 Example figure shown
o 03] for AR = 0.05
(Ms:Ps) o 025_
' 01__:!:'_‘

@ I I L

Final-state particle = e

0 20 40 60 80 100 120 140
Energy [GeV]



Summary of Variables 1319

AR = 0.09

® Final-state particle
- K orK™

(MTotal number of particles

@Total number of K*, K~ with energies greater than 5 GeV
(3Sum of energy in the cone at AR=0.05

@Sum of energy in the cone at AR=0.09



Correlations Matrices 14119

Correlation Matrix (background) @ Total number of

w Kt K~ with energies
greater than b GeV

(2 Sum of energy in the
cone at A R=0.09

(3Sum of energy in the
cone at A R=0.05

@ Total number of
particles

Linear correlation coefficients in % Linear correlation coefficients in %

100

® @ @ @ ® Q@ & @
[ Different correlations among @), ® and @ ]
for signal and background




Difference between Energy and Particles Counts 1°/19

Correlation sum of Ewhen A R=0.05 and Total particle number Correlation sum of E when A R=0.09 and Total particle number

AR j— O 05 4] 1200 = AR — O 09 }d,,—) 160 - ‘g
: g s = V. g :
2 £
= S
= 800 S 100
_ o — 5 300
H — ss 3 H — ssS g
600
p=l 3
z =z 200
400
200 100
e by b by by b b b b by
0 20 40 60 80 100 120 140 160 180 200 ~ 20 40 60 80 100 120 140 160 180 200 ¢
Sum of energy when A R=0.05 Sum of energy when A R=0.09
Correlation sum of E when A R=0.05 and Total particle number Correlation sum of & when A R=0.09 and Total particle number
8 2000 o 8 160 1200 ‘q&;
° 2200 L%‘ -(.8; 140 o
& 2000 S 1000
H c%' 1800 © 120
- 5 1600 H - S 100f 800
g g E 1400 gg 3
E 1200 § 600
=4 =4
= 1000
800 400
600
400 200
200 | | | | | | |
P ITINN ISR O U U T T s s S A I N SN A M O AN L ! L 0
O 20 740 60 80 100 120 140160 180200 ° 20 40 60 80 100 120 140 160 180 200

Sum of energy when A R=0.05 Sum of energy when A R=0.09

[BDT can consider difference in correlation
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DT Response 17119

Signal (background) events have values closer to 1 (-1)

TMVA overtraining check for classifier: BDT

3 Signdi (testsample) ' | | # Signal (training sample)'
% L] :@ Background (test sample) * Background (training sample) ]
E- " Kolmogorov-Smirnov test: signal (background) probability = 0.13 {0.008) ]
L - -
T a4l =

B &

3 s

-~ g

] £

20 1] 3

B ; =]

L 2

- &

1 @

B z

B 2

- o

=

o ~
0.3 0.2 0.1 0 0.1 0.2 0.3 0.4
BDT response



Significance Estimation 18/19

Using Receiver Operating Characteristic (ROC) curve
| obtain &5, and &,,, Which is required to obtain significance

ROC Curve

o o
Q0 w

( ,1-0.00272) For the integrated luminosity 2000 fb~1,
the maximum significance is 1.20

Background_rejection 1-,,,
o o O
g O -~

o o o
N oW b

o v b b b b b v b s b by
0102 03 04 05 06 0.7 08 09 1
Signal_efficinecy e,

=Jisy



Summary 1919

As the first step in H - s§ search
-Separation between H - ss and H — gg was performed with BDT
-Using truth information, for the integrated luminosity 2000 fb™1,
the maximum significance is 1.2¢
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Optimized Cone Size and Number 21719

Optimized number of E(AR)
(MTotal number of particles

Com parison @Total number of K*, K~ with energies greater
-BDT input: Fixed O,2 than 5 GeV
Changing number of E(AR)

Ex.When Input two E
-AR:0.05-2.0  (0.01 step) x.When Input two E(AR)

BDT input:),2),E(AR),E(AR’)

Result Max value of Significance

1.2

1.15 /Best ’

1.1

D,®,E D,®),E,E' @D,2),E,E'E"

[The optimal combination of E(AR) is AR = (0.05,0.09)]




Discrimination Index 22119

Significance
o(ete” > ZH) X Br(Z - p p*) X Br(H — s5) X L X &4

\/a(e+e‘ — ZH) X Br(Z » p~u*) X L X {Br(H — s5) X &5+ Br(H - gg) X €prg}

L:Integrated luminosity »¢Each constant is a value
0(e+e_ N ZH):CFOSS section that takes ILC into account.
Br(H - gg), Br(H — s5), Br(Z - u~u*):Branching Ratio
£5ig:0lgnal efficiency

eprg:Background efficiency

»BDT Output



Constants used for Significance 23119

 L:Integrated luminosity
2000 fb~1 (10 year,250 GeV)
e g(ete™ - ZH):Cross section
300 fb
* Br(H — gg), Br(H — s5), Br(Z -» u~u*):Branching Ratio
Br(H - gg) = 8.187x1072
Br(H —» s5) =5.05753x10"*
Br(Z - py~ut)=3.36 X102



Ability to |dentify Single Variable 24119

Power :indicator of the identification accuracy of a single variable
|[Msig — M|

\/ Slg + Gbkg

0sig -Standard deviation of a variable with signal events
M,;,:Mean of a variable with signal events
opkg -Standard deviation of a variable with background events

My 4:Mean of a variable with background events

power =

Variables with higher values have higher discriminative power



Ability to identify single variable 25119

Power values by cone size When AR = 0. 09,

5.00€-06 Power value was highest
o \
5 00E-06

5_ 400E-06

3.00E-06

Best discriminating ability of
LO0E-08 single variable is at 0.09

0.00E+00

AR



K—,K™ thatare E > 5 GeV per event 26/19

Number of K* or K particles with energy greater than 5 GeV

- _
¢ 05
LIJ —
B —:H — s§
0.4~ —:H - gg
0.3
0.2
0.1
0: I l T T T
o 1 2 3 4 5 6 7 8

Number of particles



Sum of energy in cone

27119

Event

Sum of energy when A R=0.05

0.6=
0.5
04}' —:H — s§
- —H - gg
03;:
0.2
0.1}L
- Lo m

G\D

20 40 60 80 100 120 140

Energy [GeV]

Event

0.35
0.3
0.25

Sum of energy when A R=0.09

—:H —> s§
—:H - gg

I R RS R S TR N
20 40 60 80 100 120 140

Energy [GeV]



Kaon Energy Comparison 28119

Focusing on the final state particles of each ot H - ss§ and H - gg
(MTotal number of particles
@Sum of energy in the cone at A R=0.05
(3Sum of energy in the cone at AR=0.09
@Total number of K*, K~ with energy greater than 5 GeV
(®Total number of K*, K~ with energy less than 5 GeV

D-®B) and W-B) and W-G®+®) as input variables,

BDTs were created and compared



Result 29119

Add E=5 GeV K*, K~ Excluding variables related to K+, K~
Background rejection versus Signal efficiency

L aaassanaananey

0_9;_ _____________ _________________ _________________ ______________ (

0.8 :_ ............. ................. ................. .................. ................. ................. ............ :

il
T

09|
08

0.7 :_ ............. ................. ................. .................. ................. ................. ......... _: 0.7 :

Background rejection
Background rejection

0.6 :_ ............. ................. ................. .................. ................. ................. .......... : 0.6 :

0.5 :_ ............. ................. ................. .................. ................. ................. .......... : 05 :
0.4 :_ ............. ................. ................. .................. ................. ................. ............ : 0.4 :

- MVAMethod: :
0.3 e ................. BDT .................. ................. ................. ............ = 0.3 :

0.2:IIIIiIIIIiIIIIiIIIIilIIIiIIIIiIIIIiIIIIiIIIIiIIII: 0.2:IIIIiIIIIiIIIIiIIIIilIIIiIIIIiIIIIiIIIIiIIIIiIIII:
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1

Signal efficiency Signal efficiency

Max Significance:1.19 Max Significance:1.12



Result 30119

Add E=5 GeV K*, K~ but exclude E=5 GeV Kt K~

Background rejection

0 0.1 02 03 04 05 06 07 08 09 1
Signal efficiency

Max Significance:1.12¢



