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Abstract

u u This note presents the study of measuring tt and single top in association with a pho-

Q &A tWI kl . F u I I traC k Of CO m m e ntS ton production simultaneously. Both the inclusive and differential cross sections are
. measured in proton-proton (pp) collisions at a center-of-mass energy of /s = 13 TeV,

based on the data recorded by the CMS experiment, corresponding to an integrated
luminosity of 138 fb~!. Measurements are performed in events with a well-isolated,
highly energetic lepton (electron and muon), at least two jets from the hadronization
of quarks, and an isolated photon, as well as moderate missing transverse momentum.

The photon emitted from the initial state radiation, top quark, and top quark decay
‘ M S — P l l B 't aI k " I O P — 2 5 — O O 3 products are simulated in separate samples. The particle level differential cross sec-
u tions are measured as functions of the leading photon transverse momentum ( p%), the

leading lepton transverse momentum ( p%), the angular separation between the leading
lepton and photon (AR(Z, 7)), my.,, the pseudorapidity of the leading jet not passing
the btagging discriminator (#jgp,j), and the number of jets (Njys). The parton-level
differential cross sections of AR(t,7) and the charge of the top quark decaying to the
lepton topology are presented in addition.
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Physics motivation

Ve, Vy

e The tyq process is observed by ATLAS. CMS so far only has

evidence for tyq, first-ever tyq differential cross sections and
simultaneous tyg+tty cross section

W + ww< ® [hese processes represent a direct probe of the top-photon coupling
- W‘\P’%\% O Precise measurements provide a stringent test of SM predictions
) \ O Anomalous top-photon electroweak coupling via EFT fit to tyg+tty
W\‘\
T Simultaneous measurement of the tyg+tty
° Y q * Full set of correlations between the two processes
. g e Possible for a more straightforward EFT interpretation
0 T : . :
59290000 W  Compatible precision of tty results in TOP-18-010
e b
7,
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Methodology and strategy

g b
“ q

%, oS4 Signal events (Ne=1, Ny 21, Nj=2,
< T . Nb=>1): exactly 1 lepton, at least 1 photon,
8 7, at least 2 jets, of which at least 1 is b-jet

Separate signal and background: Train BDT to separate tyq, tty and others

Background estimation/constraint (tty as signal):

e Simulation: V+Jets/Vy+Jets, tW/tWy, TTV, VV
* Data-Driven backgrounds:

e |V (nonprompt y), =2 (honprompt £), double nonprompt, and e—y (ele misiD)

* Define proper control regions

e Constrain normalisations of main and data-driven backgrounds
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Data: Full Run-Ill dataset SingleMuon and SingleElectron (EGamma)

Sample and trigger

Trigger: Single electron and muon trigger = Sks are ready for these HLT paths

» Signhal MCs are sum of separated samples with photon from both decay and production

¢ TGJets_leptonDecays_TuneCP5_13TeV-amcatnlo-pythia8

¢ ST_t-channel_top_4f_InclusiveDecays_TuneCPo_13TeV-powheg-madspin-pythia8
¢ ST_t-channel_antitop_4f_InclusiveDecays_TuneCPo_13TeV-powheg-madspin-pythia8

©
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with k-factor of 1./1

 Phase space overlap removal of samples is applied
 Full MC sample list can be found in AN note

~~

) \

) \

>~ tyq default

>~ tty default

tty alternative

— provided for differential fits to
be compared to the data


https://cms.cern.ch/iCMS/jsp/openfile.jsp?tp=draft&files=AN2023_188_v7.pdf
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Sample and trigger — signal photon definition

® Definition refers to TOP-23-002

Good photon passing Table 6 is classified into categories shown in Table 7

©

Item Requirement
lpdgId] 22
tat 1 — stabl ticl : :
SEEES vab € parte® L Mother particle Decay photon Production photon
Mother No meson or hadron in ancestor particle list
N o 20 CeV lepton mother Yes No
f;;ﬂ <25 W or b mother of t -+ Wb  Yes No
AR(part,y) > 0.1 withall status =1and py > 5GeV particle-level particles but not v or 7 t mother of t — t Yes No
AR(4,7) > 0.4 with all status =1 and pr > 5GeV particle-level leptons o o . .
Table 7: The definition of classifying production and decay photons from the collection of gooc
Table 6: List of requirements to define a good generator-photon at particle-level. generator-photons at the particle level.

TGJets_leptonDecays_TuneCPo_13TeV-amcatnlo-pythia8 — production photon
ST_t-channel_top_4f_InclusiveDecays_TuneCPo_13TeV-powheg-madspin-pythia8 —» decay photon > tyq default
ST_t-channel_antitop_4f_InclusiveDecays_TuneCPo_13TeV-powheg-madspin-pythia8 —» decay photon

/

— production photon }

with k-factor of 1.71 » decay photon tty default

— production photon } tty alternative

— decay photon
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Sample and trigger —tty signal

* The k-factor of 1.71 is derived in fiducial region at particle level by comparing the full LO tty with the sum of
prod. y from NLO MG5+Pythia8 and decay y from NLO Powheg+Pythia8, documented in AN v7 in Fig. 3 of Sec

3.2

« Show good agreement in lepton and photon pr

» Show different trends in Njets @ NLO has more events when Njets = 4

— The value of 1.71 is consistent with the theoretical paper in https://www.arxiv.org/abhs/1102.1967

CMS Preliminary 59.7 fb' (13 TeV)
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Selection & correction

> 35 > 30 > 20 > 30 > 30 > 20
oy o4 <25 <47 <25 —
not in ECAL gap | not in ECAL gap AKACHS AKACHS PFMET
cut-based cut-based tight ID cut-based bt ot 1D
medium ID medium ID II:?iIeLjS D medium B
Impact (dxy,d2) Tight Iso (<0.15) pixel seed veto et pr<sg) 2°ePIetID
Signal requirements: Applied correction:
e Event =1 good PV and pass MET Filters and pass  Pileup reweighting
high-level trigger e L1 prefiring (2016 and 2017 MCs)
e EXxactly one lepton e [epton energy correction
* Reject events containing extra £ with veto e Lepton ID/ISO/RECO/HLT scale factors
lepton requirement e e/y energy scale/smearing
* Atleast one photon e Photon ID/Pixel Seed Veto scale factors
e At least two jet with at least one being b-jet e Jet energy correction
e AR(Z,y) > 0.4,AR(Z,)) > 0.4,AR(y,})) > 0.4 e Jet pileup ID scale factors

e MET pr > 20 GeV e p-jet ID scale factors
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Top reconstruction

¢ Method refer to TOP-23-004 and TOP-24-015
* Chi-square minimisation is performed
* Leptonic and hadronic top quarks are reconstructed depending on the available objects

* If the reconstruction is not possible, give a default value -10

Mpeyp — My 5 ) Myjj — My, o My — My, i — My
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Event categorisation

Basic
A. Exactly one lepton with pt+/e> selection

Basel 30 (35) GeV, |n|< 2.4 (2.5) | | |
aseline B. Pass single e(u) HLT paths No jet requirement At least 2 jets

selection
| C. At least one photon with ptv> 20
GeV in the barrel or endca

No Yes

miss

Vy validation region piiss > 20 GeV

e Nonprompt y contribution is comparable
® \/ery large statistics is helptul to validate b-veto CR n
corresponding background normalisation

WYy enriched region
e Nonprompt £ contribution is visible

® Nonprompt y contribution iIs comparable to Wy

Included in the final fit Nyjets = 1

® Constrain the corresponding background Events are further separated
normalisation by correlating the same systematic to e channel and p channel

uncertainty in the SR




CMS

Event yields

Process Muon channel Electron channel

Pre-fit Post-fit Pre-fit Post-fit
tyq 3341.6 3737.0 2081.8 2360.1
tty+ets 19223.3 19920.0 13296.7 13801.3
tyq out 203.9 200.5 116.6 117.3
tty+ets out 251.1 254.5 127.3 126.8
Nonprompt 7 15555.6 15262.9 11206.3 11165.1
Nonprompt ¢ 1727.5 1933.6 2627.1 2963.4
Double Nonprompt 2653.7 2706.6 2620.9 2800.2
tty — 2/ 10708.0 10548.3 7404.8 7334.3
tty — 2¢ misID 7157.7 9433.0 5023.26 6659.1
Wy+jets 6135.7 6767.0 42434 4596.9
Zy+ets 2521.5 2617.6 1855.0 1938.8
tWey 1901.3 1871.4 1364.9 1376.1
Z+jets 43.9 31.2 5518.9 7135.3
Others 622.5 673.9 442 .6 491.2
Other misID 468.6 608.6 469.3 607.4
Sum of prediction 72516.0 £ 3427.6 76566.2 + 1162.6 | 58398.9 + 3222.0 63464.6 & 414.6
Sum of data 76477 + 276 63592 + 252

The ele misID estimation in the final fit:

11

1. Float the Z+jets normalisation as rateParam for electron channel
2. Float the tty—= 2% misID and the remaining total mislD (signal not included) as rateParam for electron and muon channel

 Uncorrelated across years and jet flavour channels.
 Correlated between lepton flavour channels.
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= Compact Muon Solenoid
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Control plots — e channel

CMS Preliminary 138 fb™ (13 TeV)
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BDT training

A BDT is trained in the signal region with tyg production photon as signal and others as backgrounds

e Using simulation events

* Train one model for different lepton channels and years

Feature Importance (Normalized to 100)

noBjet eta
noBjet pt
bjet eta
toplep_m
bjet pt
Photon_eta
deltaR I
mlg
tophad_m
mTW

MET pt

Features

deta_lepTopg
Lepton_eta
ncentral_jets
Lepton_pt
deta_hadTopg
deltaR Ig
deltaR jg
Photon_pt
tophad_pt

reco W_energy

Receiver Operating Characteristic (ROC) Curve

False Positive Rate

(before unblinding)
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BDT Score Distribution
1 Train Signal [ Train Background
Test Signal Test Background
0.0 0.2 0.4 0.6 0.8 1.0

BDT Score

 Hyper-parameters tuned by HYPEROPT package
* Total 21 input features checked in partial SR of BDT<0.5

 Train and test matched well with ROC ~ 87%
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Compact Mucn Sclenoid
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Compact Mucn Sclenoid
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Theoretical systematics

 Renormalisation and factorisation

« PDF — splited

« PDF as (if provided) ~——|Normalization effect removed

» Parton shower (FSR, ISR) L
nals

\

/
 Uncertainty on fraction of production and decay photons for tyg and tty sig

Documented in AN v7 Sec 8.3.1

» (Cross sections for minor backgrounds — VV, ttV, etc.
e When the INN XS uncertainty considered, the above theoretical uncertainty is not applied

tgQ _reco and_gen MEren_tgQ incl_muon_SR 2018 tgQ_reco_and_gen MEren_tgQ incl_ele SR 2018 - tgQ_reco_and_gen MEren_tgQ incl_muon_CR_2018

350 —— nominal " —}— nominal ; —— nominal
300 —+— MEren_tgQup 2009 —— MEren tgQUp 70 —— MEren_tgQUp
—— MEren_tgQDown ‘r —— MEren_tgQDown 60 - —+— MEren_tgQDown
250 -
- 50_
- 200 A . .
=) .

- i
< 40—

<
150 20
100 - 20 -
I
50 - 10 -
O 1 1 1 1 1 1 1 1 O
1.05 1.02 ]
1.05 -
o _I_I_I_. o) j_l—— 8
w100 === e e e e, ———— S I B 100 F=——m e E - e——— — — — - — — — T 1.00 === +—r-—-—-q---- = ———r e ——————————
e —_— l e o AI_'_'_I L[]
0.95 - 0.98 -
0.95 T T T T T T T T 1 1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 25 50 75 100 125 150 175 200

BDT score BDT score m_{l#gamma}
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Experimental systematics

Luminosity
PU

L1 pre-firing (2016 and 2017) — split to Muon and ECAL parts
Lepton ID/ISO/reco/HLT

Photon ID/veto scale factors — photon ID split to syst. (rate+shape) and stat. parts

Pileup Jet ID/Btagging SFs \
Jet energy scale and resolution — split JES (LOWESS smooth for some of them) —
Uncluster MET energy

\W_~

Nonprompt photon — introduce next slide - /
Nonprompt lepton — infroduce next slide

Shape uncertainty on jet multiplicity — introduce next slide

rateParam for ele misiD
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Experimental systematics — Nonprompt data-driven

n

SR Z (data” s fake rate” > li BE Z ((prompt + ele mis. );/MCIJ X fake rate1J X k1J o)

nonprompty

1 1j

nonpmmpt = Z (data » X fakerate,) — Z (prompt 7 MCi(jjR X fake ratey)
ij

;SR Z (datadouble or X fake rate, X fake rate, X ky;c) — 2 (prompt £y MCV X fake rate, X fake rate, X ky;c)

double nonprompt double CR

1

We consider the following uncertainties for nonprompt data-driven:

* Fake rate calculated in different sideband region — difference to nominal as uncertainty
* Fake rate calculated in different n binning — difference to nominal as uncertainty

 Prompt subtraction with variation of 10%

* kmc factor uncertainty by comparing values\in data and MC — for nonprompt v and double nonprompt

\ /

19



CMS

Without Njets shape uncertainty applied

.. - .. -1
CMS Preliminary 138 fb™ (13 TeV) CMS Preliminary 138 fb™' (13 TeV)
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. -1
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T T - A I B X R e T S e N

Number of jets Number of jets

Experimental systematics — shape uncertainty on Njets

20

* This uncertainty consideration is triggered by
different Data/Pred. trend in CR and SR

e Uncertainty on jet multiplicity from Zy and Wy for
muon channel, Z+jets included for electron channel

1. Calculate symmetric variations by using the sum of Wy and
Zy (Z+jets) that the +10 variation in the sum of Wy and Zy
(Z+)ets) can cover the data and prediction disagreement

2. The uncertainties are calculated as a function of jet

multiplicity distribution in t

3. The same uncertainties ca
applied to the SR

Zg_allGenlLeptonpt Zg_njets SR incl_muon_SR 2018

ne binning of [2, 3, 4, 5, 6, ]

culated in the b-veto CR are

Wg allGenLeptonpt Wg_njets SR incl_muon_SR 2018

4,—\_ —4— nominal —— nominal
200 A —|—|_|_ —— Zg_njets_SRUp 500 ~ o — —+— Wg_njets SRUp
— 1 —}— Zg_njets SRDown _'_|_|_|_|_ —}— Wg_njets_SRDown
' 400 - 1
150 - 1
= i 5 300 1y
< 100 <
200 A
50 -
100 -
0 1 O 1
124—7 1.2 +—yp
= o —
£ 1.0 = e e R N T ittt
o o
I —
0.8 A 0.8 -
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

BDT score

BDT score



>, & Simultaneous inclusive fit

Table 1: A summary of the selection used in different regions.

 Perform a simultaneous fit for events in the signal and b-veto CR SR Fiducial region
control regiOnS Pass the single lepton HLT X
: : C o : At least one good PV X
* The signal region uses the unrolled 2D distribution of BDT score and N — 1 (pl. > 10GeV) NE" = 1
AR, y) = 5 binsfrom 0to 1and [0.4, 1.2, 2.0, 2.8, ] NIeo > 1 NE™ =1
. . . . Nreco 2 Ngen 2
 The control region uses the my, distribution — 10 bins from 10 to 200 s = jets =

pL > 30(35) GeV and || < 2.4 (2.5)
pi > 20GeV and || < 2.5

« POls are signal strengths of tyq and ¢ty ph > 30GeV and [y] < 47
» Signal events out of fiducial are regarded as backgrounds but have same AR(L,7) > 04, AR(L jets) > 04

GeV (overflow included)

uncertainties as the real signal events . _A(I;(%jetsl)\f O-i 1 AR(%J'G:(S) > 0.1
e All systematic uncertainties are considered o _pfrmss g 202:;‘ <
: | CMS z CMS om0

UEP = 1.00+9080 = 1.00+997 (syst) T0944 (stat), S =g - =
M, = 10010585 = 1.0010536 (syst) "5 (stat) I 5
2 = 112590 = 1125°7% (yst) *318 sta)

Hepy = 1.0447005 = 1.07700¢] (syst) “o o1 (stat)
Ttot.tyq = Pyq X ot tyq = = 233.517 17, fb ; |
Trok iy = Piy X O g, = 14301873053 fo
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Simultaneous inclusive fit — impact plots
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CMS

Simultanesous differential fit

Maximume-likelihood unfolding using BDT in different reconstructed variables bins

Other setups are same as the inclusive fit

Photon pr, lepton pr, mey,, AR(£,y), Nigntj, Njets are measured at particle level

AR(t;,y) and leptonic top quark charge are measured at parton level

Very diagonal response matrix, no regularisation needed

CMS Preliminary 138 fb™ (13 TeV) CMS Preliminary 138 fb™' (13 TeV)
% °F MG5 NLO prod % 100 (MG5 NLO prod
&S = Ogp ( . prod.+ | ® Data 3 | Og prod.+ ® Data
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~ — = — I
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= ¢ T S
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ompact Mucn Solen

Differential XS for tyg measured at parton level

Simultanesous differential fit

20

Variables Bin u+tAu  Predicted o/fb Predicted do/fb Observed do/fb
_ CMS _Preliminary 138 fb™ (13 TeV) 20-27  1.049 1017 5704 +2.18 8.15 + 0.31 8.55 + 1.45
g 0gy (MG5 NLO prod.+ pl 27-38  1.066 T013¢  53.58 & 2.03 487 +0.18 5.19 + 0.66
5 - Powheg+Pythia8 NLO single top decay) ! 38-60 11431019 50271207 2284 0.09 261 +0.27
§ A0 { Total Unc. 60200 0.979 F0101 46,67 +2.42 0.33 & 0.02 0.33 & 0.03
o - 30-40 0958 T35  63.04 +2.43 6.30 & 0.24 6.04 + 0.82
= 800 é 40-50 1.168 )15 4674+ 1.82 4.67 +0.18 5.46 + 0.60
- P1 50-65  0.938 70157  44.50 + 1.85 2.97 +0.12 2.78 + 0.36
200 I 65-90  1.205 101 3322+ 1.46 1.33 £+ 0.06 1.60 £ 0.19
- ) 90-200 1.168 Tp172  20.05 + 1.05 0.18 £ 0.01 0.21 + 0.03
1001 10-50  0.757 70155 43.68 +£1.79 1.09 £ 0.04 0.83 & 0.14
- = 50-75  0.957 0137  44.34 + 1.68 1.77 £ 0.07 1.70 £ 0.24
- ey 75-95  1.009 T51%  32.04 +1.29 1.60 =+ 0.06 1.62 £ 0.27
§ 12 95-140  1.165 70126 4288 + 2,02 0.95 + 0.04 1.11 4 0.12
= | o 1 ---------------------------------------------------- { --------- 140-200 1.100 T91j,  44.61 +2.38 0.74 + 0.04 0.82 =+ 0.09
£ o0sE — — e — 04-12 08541913  40.70 £ 1.69 50.87 + 2.11 43.44 +7.15
AR(ty) AR(Z,7) 12-20 1.043 7057  46.87 +1.92 58.58 + 2.40 61.10 £ 7.59
CMS Preliminary 138 1™ (13 TeV) 2.0-2.8 1.256 tg}% 59.58 + 2.60 74.48 + 3.25 93.55 + 9.46
g 700 o MGSNLO ode 2.8-10 1.153 70135  60.40 +2.78 8.39 =+ 0.39 9.67 + 1.17
g - Powheg+Pythiad NLO single top decay) ® Data -4.7--1.2  1.003 70105 72.03 £ 3.13 20.58 + 0.89 20.64 + 2.19
g 600 }Total Unc Mightj -1.2-0.0 1412192 31.63 +1.37 26.36 + 1.15 37.22 + 13.67
> - | 0.0-1.2 1908 79230  31.94+ 141 26.61 + 1.18 50.78 + 14.41
0 1247 1008 1913 7195+ 3.15 20.56 + 0.90 20.72 + 2.51
- { 2-3 1344 791% 11739 £5.07  11739+5.07  157.78 +13.56
400~ N 34 0.690 7012 63.5542.86 63.55 + 2.86 43.85 + 9.63
- 4-10 0279 T9353  26.61 +2.51 444 + 042 1.24 +£1.36
300 — } 0.0-1.7 1.106 t915% 208.87 +£10.11  122.86 +595  135.89 & 22.42
= AR(t,7) 1.7-25 113910230 136424542 17053+ 677  194.23 £ 40.50
000 25-31 1.029 7933 139.69 £572  232.82+954  239.57 + 54.60
g 12F 3.1-10  1.096 0170 209.76 =896  30.40 & 1.30 33.32 &+ 5.11
S | — {» ———————————————————————————————————— T TR TR TEr A K ch 10 1170 9131 27147 £ 1149 27147 £1149  317.62 + 35.02
e - Oop quark charge 0.094
g gE 0-1  1.090 70055 42328 +19.10 42328 +£19.10  461.37 & 38.94

-0 | 0-1
Charge of the top quark
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138 fb™' (13 TeV)

- gy (MG5 NLO prod.+ ® Data

= Powheg+Pythia8 NLO i decay)

= Ogy (MG5 NLO prod.+ } Total Unc.
— 1.7 xMG5 LO tty decay)
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Simultanesous differential fit

138 fb' (13 TeV)
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= Ogy (MG5 NLO prod.+ ® Data

== Powheg+Pythia8 NLO tt decay)

= gz Oow (MOSNLO prod.+ } Total Unc.

== 1.7 xMG5 LO tty decay)
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. Tocooccannroniooabooi E I VEJ e
— 0-1.7 1.7-25 2.5-3.1 3.1-

AR(t,y)
138 fb' (13 TeV)

Ogy (MGS5 NLO prod.+
Powheg+Pythia8 NLO tt decay)

® Data

{ Total Unc.

% Ogy (MGS5 NLO prod.+
1.7 xMG5 LO tty decay)
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b 2 20 b 4 4 4 4 4 4 40 20 4 4 4 4 S S S S S g ¢

-0 | 0-1
Charge of the top quark

Variables Bin U=t Au Predicted o/fb  Predicted do/fb Observed do/fb
20-27  0.994 10077 368.88 &+ 5.95 52.70 + 0.85 52.38 + 4.03
pl 27-38  1.025 T00%  348.12 4 5.66 31.65 4 0.51 32.44 4 2.07
38-60  0.976 100 328.56 + 5.49 14.93 £ 0.25 14.58 + 1.01
60-200  1.087 10077 322.73 £+ 6.76 2.31 +0.05 2.51 +0.18
30-40  1.069 T9i5  311.73 £ 5.01 31.17 £ 0.50 33.32 £2.32
. 40-50  0.982 T2 250.91 + 4.01 25.09 & 0.40 24.64 & 1.51
PT 50-65  1.014 10062 272.82 4 4.41 18.19 £ 0.29 18.44 + 1.12
65-90  1.002 008 263.07 + 4.44 10.52 4 0.18 10.54 £ 0.66
90-200  1.050 t9078  269.75 + 5.64 2.45 + 0.05 2.57 £+ 0.19
10-50  1.050 T 293.37 £5.16 7.33 £0.13 7.70 £ 0.41
50-75  0.890 0070 263.75 + 441 10.55 + 0.18 9.39 £ 0.74
My 75-95  0.904 T9.987 21290 + 3.46 10.65 £ 0.17 9.62 £ 0.92
95-140  0.915 t9077  305.72 + 5.06 6.79 £ 0.11 6.22 £ 0.52
140-200 1.002 t5082 29254 + 6.44 4.88 +0.11 4.89 +0.42
04-12 11117508 31037 £555  387.96 £ 694  431.02 & 25.02
AR(L, ) 12-20 1.0321907%  291.02+507  363.78 £6.33  375.42 + 27.83
2.0-2.8 0.859 098  391.46 +6.49  489.33+8.12  420.33 +41.35
2.8-10 0964 004 375444660 5214 +0.92 50.27 + 4.98
-47--1.2 1.049 1915 264.04 +£5.37 75.44 +1.53 79.14 +10.79
Might -12-0.0 1.133 70070 42096 £ 638  350.80 £5.32  397.46 + 24.38
0.0-1.2 09821507  420.01 + 637  350.01 £530  343.71 +24.33
1247  1.097 70153  263.27 +5.34 7522 +1.53 82.52 + 10.72
2-3 046510315 231.17+954 23117 +954  107.49 + 96.63
N 34 1.090 0083 43023 £10.31 43023 £10.31  468.95 + 36.14
4-10  0.990 0025 706.89 £22.48  117.82 £ 3.75 116.64 + 6.42
0.0-1.7 1101 9070 1045.86 +18.52 61521 £10.89  677.35 + 42.45
AR(t,7) 1.7-25 1118 1919 54726 +9.82  684.07 £ 1227  764.79 + 80.72
25-3.1 0.887 Th15%  623.95+10.89 1039.91 +18.15 922.40 + 131.55
3.1-10  1.127 191%  556.04 £10.70  80.59 + 1.55 90.82 + 13.22
-1-0 1.033 700t 1396.57 +26.80 1396.57 £ 26.80  1442.66 + 91.48
top quark charge 0.065
0-1  1.085190% 1376.54 4+ 26.46 1376.54 +26.46  1493.55 + 91.54
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Background estimation — Nonprompty

e Under the selection of exactly one lepton and at least one photon N¢=1, Ny =

e The ABCD regions are built by varying the charge isolation and Ginin

e Assuming the nonprompt photon performance in C and D is similar with in A and B, the
nonprompt photon fake rate can be estimated and corrected by the following equations

Ich

1.141
1.051

R . b\ ) Datai(j: — (prompt + ele mis.) MCié
fake rate” = - . T
Datag, — (prompt + ele mis.) MC},
N, =1 N, =1 > measurement region . :;
NES S NE S . nonprompt MCY  nonprompt MC}.
ME nonprompt MCE | nonprompt MCin)
A B
N, =1 N, =1 application region . + T
Ny > 1 Ny > 1 nonprompt contribution = Z (datal X fakerate” X k¢ )
0.01015 0.011 !

Endcaps

Barrel . ] ] \
0.0272 0.028 ¢, . — Z ((prompt + ele mis.) MC}J3 X fake rate” x k;J/I C)
"

J
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Lepton selection
Fakeable

Tight

Background estimation — Nonprompt £

Yes No

pss & my < 20 GeV

1.

2. Measure the tight-to-loose rate f=

31

Build QCD jet-enriched region with requirements of
® [xactly one lepton

o p%“ss <20 GeVand my < 20 GeV
® At least one jet with pr> 30 GeV and AR(Z,))>0.4

Rt

Nnr -+ Nr
® N1 the number of leptons passing tight £ ID in QCD jet-enriched region

® nr the number of leptons passing fakeable £ ID in QCD jet-enriched region

3. Build nonprompt ¢ data-driven CR with fakeable ¢ ID and apply to

SR with weights f/(1 — f)

L] i S
— fij) %(Promptf MC],, x - fij)

nonprompt A Z (data
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Background estimation — Double Nonprompt

The nonprompt £ enriched region is with
ysr and £cr selection, after weights
applied, the estimation is made up of:

o N J

 Prompt ysr + prompt £cr = b.2

* Nonprompt ysr + prompt £cr = b.3

o —

A o Method refer to SMP-19-002 and SMP-21-011

Nonprompty.  The nonprompt y enriched region is with

QO Nonprompt # ycr and {sg selection, after weights

O applied, the estimation is made up of:

8 * Nonprompt ycr + prompt ¢sgr = a. J

U; Prompt y * Prompt ycr + prompt {sgr = a.2
Nonprompt ¢ . N

{ source

If we only consider these two data-driven samples, contributions between

and are double counted. And we

don’t want any nonprompt y contribution appearing in the nonprompt ¢ estimation like the b.3, vice versa.

The double nonprompt enriched region is with
ycr and £cr selection, with products of fake £ and

y weights applied, the estimation is made ui:)/ of:
° —

* Prompt ycr + prompt £cr — C.2

. —

 Nonprompt ycr + prompt £cr — c.4

 Weighted CR Nonprompt £ (y) @ Nonprompt £ (y) in SR

"~
"~

"~
"~

We want a.1 +

"~~~ l
"~ "~

"~
"~

c.4 = Nonprompt ysr + Prompt {cr = b.3
a.2, b.2 and c.? can be subtracted from simulation

-+
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Background estimation — Double Nonprompt

If we subtract double nonprompt from each nonprompt y and £, and add double nonprompt again:

U
U

e ¢4

U

b.3

U

=a.l +

+

+

+ N, double nonprompt

In this way, we get the pure nonprompt y and { as well as the double nonprompt

Only nonprompt y

CMS Preliminary

138 fb™' (13 TeV)

C
2 - [ tvg B tW(y) W Z+ets
92] L -
5 250001 s-channeltq  ttV Y
0 - tty+ets B W(y)+ets Nonprompt vy
20000 | tty—2 M Zy +jets - Total unc.
B —— Data
15000 — Channel: wy +jets 9%
10000~ b-veto CR
5000 —
© 1.2
&J - QX %2 QRELCCL +—0—_‘__‘__¢_—¢—+—¢—_¢_+—0—
B 1—0— Y S Wen, a0 S A/
8 oggb
Q . 20 40 60 80 100 120 140 160 180 200
m

Events/bin

Data/Pred.

25000

20000

15000

10000

5000

1.2

0.8

Nonprompt y + Nonprompt ¢

CMS Preliminary

138 fb™' (13 TeV)

- W vy B twW(y)
s-channel tq v
- B W(y)+jets
tty +jets B 2 +jets
tty =21 W Z+jets
—— Data

AAY,
Nonprompt vy
Nonprompt [

~. Total unc.

Channel: uy +jets =&

b-veto CR

Nonprompt y + Nonprompt £ + Double Nonprompt
(with overlap removal)

Events/bin

Data/Pred.

25000

20000

15000

10000

5000
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0.8-

CMS Preliminary

138 fb™' (13 TeV)

e B tW(y)
. s-channeltgq ttV
tty —11 B W(y)+jets
tty =21 B Zy +jets
~ Total unc. —-Data

L Z+jets

LAY
Nonprompt vy
Nonprompt |
Double nonprompt

Channel: wy +jets

——

b-veto CR
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Events/bin

est /

Events/bin

Est./SR

MS Preliminary

59.7 fb' (13 TeV)

CMS Preliminary

59.7 fb' (13 TeV)

CMS Preliminary

138 b (13 TeV)

CMS Preliminary
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Background estimation — Nonprompt Closure

138 fb™' (13 TeV)

C
12001 ) — £ B .
- Nonprompt in A '_E: 800: Nonprompt in A % 100 Nonprompt | in SB -E — Nonprompt | in SR
B —e— Nonprompt estimated from B 2 7003_ —e— Nonprompt estimated from B *qc'; - —=e— Nonprompt | estimated from CR 3 B e Nonprompt | estimated from CR
1000— Stat © = > - Stat ©10000—
B at, > - Stat L] o SR B
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800— — - 8000 —
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Background estimation — ele misID validation

e Validation by checking agreement in Vy VR where ele misID mainly from Z+jets
 The agreement in muon channel is acceptable

* In the electron channel, disagreement can be cure by normalisation factor derived from my, distribution
— No shape mismodeling, agreement can be fixed by a simple normalization factor

- 1 . i
CMS Preliminary 59.7 fb™ (13 TeV) CMS Preliminary 59.7 fb™' (13 TeV) 1000000
C - - R — .
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200000 ;— . > 200000 5 400000— % |
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e Validation by performing fit for Vy events by regarding Wy as signal
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