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Object selection

Good Muon Good Photon
e (Cut-based-tight muon ID and isolation e Cut-based-medium photon ID
* pr>30 GeV for |n| < 2.4 e Pixel seed veto
e Muon rochester correction e pr>20 GeV for |n| < 2.5 (remove gap)

Good Electron * Energy scale and smearing

e (Cut-based-medium electron ID
e pr> 35 GeV for |n| < 2.5 (remove gap) Jet

e Energy scale and smearing * PF AK4CHS Jets, tight jet ID
e pr>30GeV and |n| < 4.7
Veto Lepton e JES & JER correction

e Muon is with loose ID and loose isolation e Loose pileup jet ID (for pt< 50 GeV)
e Electron is with veto ID

e pr>15GeV and ‘ﬂ‘ < 2.5 b-jet

MET * In[<2.5
e MET pT > 20 GeV e Medium deepjet working point



Correction

Pileup reweighing
Lepton energy correction — muon Rochester and electron energy scale/emearing

Lepton ID/ISO/RECO/HLT scale factors
Photon energy scale/smearing

Photon ID/Pixel Seed Veto scale factors
Jet energy correction

Jet pileup ID scale factors

b-jet ID scale factors



Event selection

Event pass high-level trigger HLT_lsoMu24 for muon channel and
HLT_Ele32_WPTight_Gsf for electron channel

Exactly one lepton
» Reject events containing extra leptons with veto lepton
requirement

At least one photon
At least one jet
At least one b-jet

AR(2,y) > 0.4,AR(2,)) > 0.4,AR(y,j) > 0.4



Features

Feature importance
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True Positive Rate
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Events/bin

Data/Pred.
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Events/bin

Data/Pred.
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Events/bin

Data/Pred.

Plots in SR (u channel)
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Events/bin

Data/Pred.

Likelihood fit in the SR (p channel)

Theoretical uncertainties (PDF, PS, renormalisation and factorisation)
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In this BDT distribution and muon channel, all uncertainties are in InN style with a flat
constant value given, the expected significance is 14.3 ©
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Likelihood fit — pre-fit plot

N tyq N\
12000 — t-channel tq B W(y)+ets
B £ its B Z(y)+jets
= Y+
10000~ .. B Vv
N tt+jets <~ Pred.
000~ [ tW(y) —e— Data
6000
4000
2000 —
b aanicansm
_IIIIIIIIIIIIIIIIIIIIIIII|IIII|IIII|II.II
1.5F
1= ¢ e 1 » ® Qe ¢
O5b .
0 1 2 3 4 5 6 7 8 9

BDT output

250

200

150

100

50

tyq

o

1

2

3

4

5

6

7

8

9
score






Events/bin

Data/Pred.

—L—L_L
o o <
(0] (o) o

e Y Y G G S
o O O O O O
N O w A 1 O N

10

MS 59.7 fb' (13 TeV)
Y

B W(y)+jets

B Z(y)+jets

W

<< Pred.

—e— Data

Events/bin

Data/Pred.

10™
10°
10°
10/
10°
10°
10*
10°
102
10
1

107"

1.5
1
0.5

CMS 59.7 fb' (13 TeV)

C =
= [ g ;v

= | t-channel ig B W(y)+ets
= I iy 4jets B Z(r)+jets
- ) R,

= tt+jets ,ééé Pred.

= B we) —e— Data




Events/bin

Data/Pred.

10™
10°
10°
107
10°
10°
104
10°
102
10

1
107"

1.5
1
0.5

-1
CMS 59.7 fb”' (13 TeV)
= v v
= | tchanneltq ] W(Y)".'JetS
- - tty+jets B Z(y)+jets
= tr+] —tp
E tt+jets - Pred.
= B we) e Data
% ———@—

Number of jets

Events/bin

Data/Pred.

.CMS 59.7 b (13 TeV)
joop N | mw
10° - t-channeltg L W(Y)"_'Jets
= . B Z(y)+jets
108 ;E - tEY +jets 1
107 - fhets 2 Pred.
10 [ twiy) —— Data
10°
10
10°
102
10
1
10~
1.5
1
0.5
0

Number of forward jets



Events/bin

Data/Pred.

—

CMS

59.7 b (13 TeV)

<,
o

_.__‘__‘_;-‘-*

I tvg

_ tchannel tq

L thy+ets
tt+jets

I tw(y)

-tV
B W(y)+ets
B Z(y)+jets
vV
~2 Pred.

—e— Data

Events/bin

Data/Pred.

_L_L_L
o o <

CMS

1 tvg

_ tchannel tq

L tiy+ets
tt+jets

I tw(y)

—0—0—0-——0—0—

59.7 fb™ (13 TeV)

-tV
B W(y)+jets
B Z(y)+jets
B vV
=2 Pred.

—e— Data

Events/bin

Data/Pred.

—

o
—
o

CMS 59.7 b (13 TeV)
I tyg iV
_ tchannel tq B W(y)+jets
T thy+jets B Z(y)+jets
ty+] —y
tt+jets - Pred.
B W) —e— Data




Events/bin

Data/Pred.

—

1
CMS 59.7 o' (13 TeV)
10°E | t-channeltq ] W(Y)"_'Jets
108 - tf +iets - Z(Y)-Hets
7 Y W
106 tt+jetS ’ééé Pred.
10 T tw(y) —e— Data
****

1.5

1-—6—0-6—0 80 8 0 P S € — 99—

Events/bin

Data/Pred.

1

= = 24 A A g
o O O O O O O o ~
\o} w EEN (63} » ~ (o] (o) o

10

1
CMS 59.7 fb" (13 TeV)
= v i
= | tchanneltq - W(y)-|.-jets
E - fiv +iets - Z(y)+jets
- ) VY
; tt+)ets ’ééé Pred.
il I tw(y) —e— Data

Events/bin

Data/Pred.

CMS

T tvq

- t-channeltq

- tty +jets
tt+jets

I tw(y)

_I._L_L_L_L_L_L_LS
SOOOOOOOO -
\V) w o1 o N o © o

—

59.7 fb” (13 TeV)

ttV
B W(y)+ets
B Z(y)+jets
B VvV
<< Pred.

—e— Data

107"
1.5
1———0.000..000&—*‘*—0*—%.—»@0»«—%%
o5 . ...
20 40 60 80 100 120 140 160 180 200
Lepton pr



