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Workflow

Purpose : For ttHH events analysis, estimate various muon WP for distinguishing tt
events which are main background of the analysis

Ntuple like ttHH vs tt

NANOAODSIM # event histogram

and significance

custom root

ection(some muon ID WP
drop branch with various muon.lso)
and event selection.

ttHH vs tt

# event histogram
and significance

object selection: (the best muon Iso
with various muon ID WP)
and event selection.

ttHH vs tt

# event histogram
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MC Samples

ttHH
semi-leptonic : private TTHH DL bbWW, including z-lepton samples with 100k events. (by Tianyi Yang)

di-leptonic : private TTHH SL bbWW, including t-lepton samples with 100k events. (by Tianyi Yang)

tt
semi-leptonic : Run3Summer23, TTtoLNu2Q_ TuneCP5 13p6TeV_powheg-pythia8
di-leptonic : Run3Summer23, TTto2L2Nu_TuneCP5 13p6TeV_powheg-pythia8

sample cross-sections
ttHH (SL : 0.0000618 pb, DL: 0.000012 pb)
tt (SL : 404.0 pb, DL: 96.9 pb)

¥ Luminosity is normalized with each ttHH event samples. (SL: 1618 ab™! , DL : 8333 ab™ 1)
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Object Selection

b-jet

 medium WP b-tag (85%) with PNet
« pr>25GeV && |n| < 2.5

Muon

» Selection : pr > 15 GeV && |n| < 2.4 && |d,, | < 0.05 && |d,| < 0.1

Loose ID PFlsolation (very Loose(1) ~ very very tight(6))
Medium ID Tracker-based Isolation (Loose(1),Tight(2))

Tight ID Mini Isolation (Loose(1) ~ veryTight(4))

Soft ID Multi Isolation (Medium(2)) (loose is meaningless)

MVA wp medium ID
MVA wp tight ID

test various ID and isolation combinations.
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Event Selection

Event Selection
e 2 muons of Same-sign (or more muons)

 Least4 b-jets

Significance Definition

# ttHH selected events

Significance =

V# tt selected events
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Events

significance

CNS
107
108
10°
104
10°
102

10

0.5

Result — Semi Leptonic

Loose ID Muon

in Progress /S = 13.6 TeV
= [JttHH
— [ ttbar
E

_|—4|_|—,7

! A L . S . . L . L .
Pllsg; Pllsg;  PHsa, PHse, PHso, Plsor Hisar . Wsar . Minie e e i Ml
Oz~ Olazy Oty Oty lasy lafsy ™ Ol Ol ’"3010',"?‘;;80!@;‘;:;"30!@"3;"80!0*{4; 1501y

Events

significance

CMs

107

108

10°

10*

10°

102

10

0.5

Medium ID Muon

In Progress /s = 13.6 TeV
= [JttHH
- [Jttbar
=5
E

_1—4,_|—I7

E H | . . [— . . . . . .
P, [y o, Pl Pllso, Plso, Hlsn, Hlsa, i i Wi 0, My,
swdﬁ 7 qu;‘?f swd[_g 3 D!qqu Ofd[_z, D‘fdfﬁ‘j Ofary 7 ofq,ref ilsg, Vo7 ‘;ISOJQ. fe‘;fswc"fs ;'Fs"fo'fq ;ngo o



Result — Semi Leptonic

Tight ID Muon Soft ID Muon
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Result — Semi Leptonic

MVA WP medium Muon MVA WP Tight Muon
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Result — Semi Leptonic

For all ID case, Multi Isolation (Medium) has the
best significance.

Events

For the Multi Isolation Muon case, MVA Tight
Muon ID has the best significance.
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Result — Di Leptonic
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Result — Di Leptonic

Tight ID Muon
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Result — Di Leptonic

MVA WP medium Muon MVA WP Tight Muon
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Result — Di Leptonic

« For all ID case, Multi Isolation (Medium) has the
best significance.

* For the Multi Isolation Muon case, MVA Tight
Muon ID has the best significance.

Conclusion

« MVA tight Muon ID + Multi Isolation Muon
gives the best significance for the ttHH events,
both SL and DL cases.
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