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Motivation

e The tyq process is observed by ATLAS and not hasn’t been
observed by CMS yet, also no differential cross section results

O We could seek for the CMS observation and cross section
measurements (plus tWy as signal for more stats if possible)

q : ® This process represents a direct probe of the top-photon coupling
v W N’&,\W< O Anomalous top coupling (top-photon electroweak) by top EFT fit

p \\7/1% is interesting (tyg+tty EFT)

O Could perform the EFT interpretation for tyg+tty or even plus tWy

b
Simultaneous fit for tyg+tty i q
» Obtains full set of correlations between the two processes t o+ q
e Possible for a more straightforward EFT interpretation o T :
e High precision tty results (precision is similar between CMS w i

full Run2 and ATLAS 2016 data) g


https://link.springer.com/article/10.1140/epjc/s10052-016-4452-7
https://link.springer.com/article/10.1007/JHEP05(2016)052

CMS result:

 Measure the y channel making use of 2016 data only

e Signal is with exactly 1y, 1y, 1b-jet, =1j, and satisfy MET > 30 GeV

« BDT is trained against signal and main background tty
 Observed (Expected) significance is measured to 4.4 (3) o

ATLAS result:

 Measure both the p and e channel with full run 2 data
* Signal is with exactly 1y, 12, 1b-jet, and MET > 30 GeV
o Categorise signal to Ofj and =1f] (hnumber of forward jets)

 NNs are trained in the SRs
* Observed (Expected) significance is measured to 9.3 (6.8) o
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Main analy5|s strategy

Separate signal and background

Background estimation/constraint (tty as
signal):

o Simulation: tt, V+Jets/Vy+Jets, tW/tWy, TTV, VV
 Data-Driven backgrounds:
e |V, |, ey (mainly in e channel)

* Define proper control regions
* Constrain main and data-driven background
normalisations

Events
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Main analy5|s strategy

Separate signal and background

Background estimation/constraint (tty/tt

as signal):
e Simulation: tW/tWy, V+Jets/Vy+Jets, TTV, VV
» Data-Driven backgrounds:

e |V, |, ey (mainly in e channel)

* Define proper control regions
* Constrain main and data-driven background
normalisations
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https://arxiv.org/pdf/1606.03449.pdf

Object selection
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Three different cases are considered:

2 jets and 1 b-jets: only leptonic top is constructed

 3jets and = 1 b-jets: both hadronic and leptonic top are

constructed with their lowest 2

* >4 jets and = 1 b-jets: both hadronic and leptonic top are =<
constructed

If the reconstruction is not possible, give a default value -10
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Correction & Event selection

e Event =1 good PV and pass MET Filters

Pileup reweighing e Event pass high-level trigger

Lepton energy correction ® HLT leoMu24 for y channel

e muon Rochester and electron energy scale/smearing * HLT_Ele32_WPTight_Gsf’ for e channel

Lepton ID/ISO/RECO/HLT scale factors e Exactly one lepton

e/yPhoton energy scale/smearing * Reject events containing extra £ with veto

i lepton requirement
Photon ID/Pixel Seed Veto scale factors P qul

. e At least one photon
Jet energy correction

JetpHeupib-sealefactors

b-jet ID scale factors — to be updated

e At least two jet and at least one b-jet
e AR(Z,y) > 0.4,AR({,)) > 0.4,AR(y,]) > 0.4
e MET pr>20 GeV



Simulation — removal strategy

between sam

nles w/ and /wW/0 a

counting wher

running over samp

Due to photons added from hadronization and parton showering, there are phase space overlap

\Vladgraph matrix element y (e.g. tty /tt, DY/Zy) = take care of double-

es X+jets and Xy+jets

¢ QOverlap definition : events contain at least one good
Is from NanoAOD GenPart with:

¢ The good

w |pdgld| =
W status =

22
1 — stable particle

Y« pr>20 GeV, [n| < 2.5

w isSPrompt — not from hadron, y or T decay — |(different for different production mode

w AR(y, part.) > ROgamma for every status=1 genparticle (not y or v)

0.1

Removal for X+jets and Xy+jets
« Xy+tjets events have at least one

0.05 0.05 0.05 0.05 0.05 as above

y from top y from top or

. X+jets events don't have the

or ISR ISR as above



Events

Events

10

Distributions in X(y)+jets — w/ and w/o removal

* Reconstruction level with only lepton and photon selection
e Ny=1, Ny = 1, pass removal requirement
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Signal simulation — 1yq

e Generator level with requirements

tyg NLO production with 4-flavour scheme:

Process card

generate pp >t b~jaSS w+ w- [QCD] @0
add processp p>t~bjaSS w+ w-[QCD] @1

Madspind card

decay t > w+ b, w+ > ell+ vl
decay t~ > w- b~, w- > ell- vl~

backup

> 30
<2.5
1
13/11

No meson mother

11

e N, =1, Ne=1, Nj=2, Npb=1 and pass removal requirement

run card

mll_sf = 30

ptgmin =10

ROgamma = 0.05 5

> 15
<25
1
22

e No meson mother
e |solated
e AR(2,y) > 0.1

> 30
<4.7

« AR(Z,) > 0.4
 AR(?,y) > 0.1
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* |partonFlavour| =5
. AR(Z,) > 0.4
 AR(£,y) > 0.1

Sample used:

 TGJets_leptonDecays_TuneCPo_13TeV-
amcatnlo-pythia8: 0.995 pb

e ST_tchannel_top_4f_InclusiveDecays_TuneCPS
_13TeV-powheg-madspin-pythia8: 136.02 pb

 ST_tchannel_antitop_4f_InclusiveDecays_Tune
CPS5_13TeV-powheg-madspin-pythia8: 80.95 pb



Events/bin
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Signal simulation — 1yq

e Reconstruction level with SR requirements
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The loss due to incomplete simulation in tyg NLO sample is not large which
accounts for =25%, mainly concentrating on low photon pr and low AR(?Z,y)



(Signal) simulation — ¢ty 13

e Generator level with requirements

tty LO production with 5-flavour scheme: e N, =1, Ny=1, N;=2, Npb=1 and pass removal requirement
__.CMS 59.7 b (13 TeV) o
Process card s 10 tty NLO mg5 fi—>212v NLO pow S 4500F tty NLO mg5 ti—>212v NLO pow
2 10" Stat. ti—lv NLO pow £ - Stat. ti—lv NLO pow
L%’ 10° —e— ity LO x1.86 |_C|I>j 40005_ —e—tty LO x1.86
generatepp >tt~>Il+vlbdsuc~b~a 1o 3500
add processpp >tt~>ucds~bl-vl~b~a 10° ZZZZ_
10° =
10' e, 2000
10° e o = L
102 "’"—0—_.:0-—0—_._ e 00 . 1500 ;—.. /
N - - 10 S0t ., 1000} .
tty NLO production with 5-flavour scheme: 1 ok 1
N 0 Ly g ............ |...&_| ................
Process card 2 19 o oed 2t .
< {lg0-0 090 0. ¢ . ¢ o ¢ 300 S So n b e RS0 S 1 ml J K,LI
generate p p >t t~a (QCD) @0 2 05—y —R——— e 2 0-5&"'a'“'2'““:s,'“'4“(5«’?‘6'“'7'““3""9'““10
add processpp >t t~aj(QCD] @1 Gen Photon b, (GeY) A Rl)
output TTGJets_5f_NLO_FXFX -nojpeg Sample used:

* TTGJets_TuneCPo_13TeV-amcatnloFXFX-madspin-pythia8: 3.697 pb
* TTGamma_SingleLept_TuneCPS5_13TeV-madgraph-pythia8: 5.056 pb

* TTGamma_Dilept_TuneCP5_13TeV-madgraph-pythia8: 1.495 pb

Madspind card
decay t > w+ b, w+ > all all
decay t~ > w- b~, w- > all all

* TTToSemileptonic_TuneCP5_13TeV-powheg-pythia8: 833.9 pbx0.44~367 pb
K-factor for ttv LO : 1.86 * TTTo2LZ2Nu_TuneCP5_13TeV-powheg-pythia8: 833.9 pbx0.107=89.2 pb
* TTJets_TuneCP5_13TeV-amcatnloFXFX-pythia8: 833.9 pb




Events/bin

fiy NLO/LO

(Signal) simulation — ¢ty M

* Reconstruction level with SR requirements The k-factor ~1.86 works well here but is
e Ne=1, Ny =1, N=2, Np>1 not suitable in region of Nb=0 (plots backup)
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Stacked histograms: Normalised tty LO + tt after
overlap removal

Black points: tty NLO+ tt after overlap removal
From stacked histograms, most contribution comes From stacked histograms, contribution from tty
from tty LO, tt contribution is small after removal NLO and tt contribution is comparable

Stacked histograms: tty NLO + tt after overlap removal
Black points: Normalised tty LO + tt after overlap removal




(Signal) simulation — fty

‘Gamma_SingleLept_TuneCP5_13TeV-mac

‘Gamma_Dilept_TuneCPo_13TeV-madgrap

graph-pythia8: 5.056 pb
N-pythia8: 1.495 pb

A large value of the k-factor is needed — dependency study
In differential cross section measurement, we need to consider any dependency
between the k-factor and variables but not a simple constant.

Gdets_|

uneCPS5_13TeV-amcatnloFXFX-mads

oSemi

02L2ZN

nin-pythia8: 3.697 pb

_eptonic_TuneCPo_13TeV-powheg-pu

thia8: 833.9 pbx0.44~367 pb

u_TuneCP5_13TeV-powheg-pythia8: 833.9 pbx0.107<=89.2 pb

Loss due to the incomplete simulation is large. Need to consider treatment of the
compensation added from the ¢f (signal or background ?)

Today’s resultsare based on the tfy NLO

15
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Background simulation — Zy+jets

* DYJetsTolLL_M-50_TuneCP5_13TeV-amcatnloFXFX-pythia8: 6077.22 pb ] * Ne=1, Ny =
 /GToLLG_O1J_5f_TuneCPS_13TeV-amcatnloFXFX-pythia8: 51.48 pb ESOOOOE_ —— DY w/ removal
e /GToLLG_O1J_5f_lowMLL_lowGPt_TuneCPS5_13TeV-amcatnloFXFX-pythia8: 174.1 pb 250005_ Zy w/ removal
"ﬁ run card run card zooooi— —— 2y (low m) w/removal
Z\y production process card: {ptl="1 ptl =15 15000
generate p p > lep lep a (QCD) @O mll_sf =10 mll_sf = 30 ook |
add process p p > lep lep j a [QCD) @1! {ptgmin = 9 | iptgmin =15 50005_ r
{ROgamma = 0.05 | |ROgamma = 0.05 _ﬂﬂl& ,,,,, s
CMS 59.7 fb' (13 TeV) CMS 59.7 fo'' (13 TeV) |
S 18000~ [ trq 5 3000 g e Ny=1, Ny > 1
Sl 4 e S—
14000— o n Lu80000__ w/ remov
120005— ' 250005_ -::\\;(Y) 7oooo§— - Zy w/ removal
10000 20000 -
8000 15000 — = — Zy (low m”) w/ removal
6000 — 10000 jzzzz: -
ZSZZE! °000 i_ 30000 E— ;
% L?MMWJJQM%%QQKQ% % 1.?_ oo é_ _{IZIJVI,JI—I{_M | | | | |
R (U B e Rt S 0y o1 2 8 4 5 & 7 & 90
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Background estimation — Nonprompt y

Events/bin

chiso |
e N¢=1, Ny =1 bareel i. Datal. — (prompt + ele mis.) MC,
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Data}, — (prompt + ele mis.) MCJ|
Results seen backup
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1.051
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Nonprompt y estimation — closure

chiso |
o Ne=1,Ny>1 R
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C D tt yu|
. measurement nOnprompt ttD
region
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B ..
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S Within 20% uncertainty, agreement is acceptable
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Background estimation — Nonprompt ¢
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0 — CR(7)
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Build QCD jet-enriched region with requirements of

o P < 20 GeV and m¥ < 20 GeV (m \/ 2pLpI[1 — cosAG(Z, PI5%)])
® At least one jet with pt> 30 GeV and AR(Z,)>0.4
Measure the tight-to-loose rate f= T
Nnr + Nr

® N1 the number of leptons passing tight £ ID in QCD jet-enrich region
® nr the number of leptons passing fakeable £ ID in QCD jet-enrich region

Build nonprompt £ data-driven CR with fakeable ¢ |ID and applied
to SR with weights f/(1 — f)
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Event categorisation

A. Exactly one lepton with prt+/e>

- 30 (35) GeV, |n| < 2.4 (2.5)
Baseline |
selection B. Pass single e(uy) HLT paths

C. At least one photon with prv> 20

GeV in the barrel or endcap
Vy CR

Vy enriched region
e Nonprompt y contribution is comparable

® \/ery large statistics is helpful to constrain
corresponding background normalisation

WYy enriched region
e Nonprompt £ contribution is visible

® Nonprompt y contribution iIs comparable to Wy

® Constrain the corresponding background
normalisation by correlating the same systematic

uncertainty in the SR

No jet requirement

>

Basic
selection

No

At least 2 jets

Yes

pss > 20 GeV
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Control plots — b-veto CR (n)
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Glance at electron data

2018 EGamma data

10'° g 10° £
10" %— Lepton cut 107 B —— Lepton+Photon cut
10 =
10 = ——— Lepton+Photon cut —
10° & 10° -
= — . Lepton+Photon+Jet cut
s [ Lepton+Photon+Jet cut —
10° == s
— 10 -
0 : M
10° 10% -
10° & —
— 10° &
10" = =
10° 10 -
107 =
10 &=
10 =
| I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I I B
1 _3 _2 _1 O 1 2 3 1 I I _l ] ] ] ] _l ] ] ] ] _l ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | o I
3 2 1 0 1 2 3
Electron $¢$ Photon $¢$

backup




103 -

1013

10_13

1003

Photon ¢ spike

1 223 MC ele matched photon =

MC prompt photon

| = 1
1=1_ 1 | -
wl ——

1t —242v

Electron channel after
lepton+photon+jet selection

-3 —2 -1 0 1 2

Photon_phi

60

80

-1

0
Electron ¢

120

INn electron

140

20

backup




Photon ¢ spike In muon

e Ny=1, Ny =1 (Only lepton and photon selection)
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The case In muon Is not extreme as the electron channel. In order not to
iIntroduce any bias, events in region of photon ¢ [0.5, 0.7] are removed




nij et_eta %

A BDT is trained in the signal region N¢=1, Ny > 1, N;=2, Np>1

Feature importance

ML training
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True Positive Rate

ML trai

Recelver operating characteristic
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Systematic uncertainties

Theoretical uncertainties:

Renormalisation and factorisation — envelope after exclusion of two extreme cases

PDF
Parton shower (FSR, ISR)

Experimental uncertainties:

Luminosity, PU, L1 pre-firing (2016 and 2017)

Lepton ID/ISO/reco/HLT All uncertainties are in InN

Photon ID/veto scale factors style currently. Shape
Nonprompt photon/lepton estimation uncertainty histograms are
being produced

Jet energy scale and resolution
Statistical uncertainties from MC and data-driven
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Fit strategy

The signal significance is calculated using a simultaneous fit for events in the sighal and
b-veto control regions.

The signal region uses the BDT distribution with 10 uniform bins from O to 1

The control region uses the my, distribution

Uncertainties are correlated between two regions

Events/bin

-1 -1
14000CMS 59.7 fb" (13 TeV) _ 20000CMS 59.7 fb" (13 TeV)
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12000 - t-channel tq - Zy+jets % 18000 :_ t-channel tq - Zy+jets
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Events/bin

Data/Pred.

Inclusive fit result

The expected significance: 8.34 o
The expected signal strength (u): 1.0079-12

~0.11

ch1/Nonprompt_g 7451.64 +/- 1809.43

OO B W(y)+ets ch1/Nonprompt | 1213.42  +4/- 3292
12000~ [ tchannel t S hets ch1/VWV 178.441  +/-  12.8351
0000F- ::re’ff Nonprompt y ch1/Wg 2836.42  +/-  189.362
- ) onprompLiepion ch1/Zg 1288.91  +/-  98.3949
000wy e Data ch1/tWg 3890.309  +/-  49.0447
6000(— ch1/tgammaQ 1249.99 +/-  85.0116
ooote e ch1/tgammaQ_t 387.039  +/-  29.3986
= g ch1/ttV 711181  +/-  5.09108
2000~ - chi/ttg 4520.62  +/-  288.786
S —— T P T ch1/ttjets 12236.7  +/-  845.143

R e o o o ch1/total 31823.6  +/-  2042.59
G a3 o S B B ch1/total_signal 1249.99  +/-  85.0116

0 2 4 6 8 10 12 14 16 18 ch1/total_background 30573.6 +/- 2013.13



Events/bin

Data/Pred.

Inclusive fit result

The expected significance: 8.34 o
The expected signal strength (u): 1.00*9-12

—0.11
ch2/Nonprompt_g 18096.1 +/- 4386.54
20000 - tvq B W(y)+jets ch2/Nonprompt_| 2521.21 +/- 099.716
180001 17 t-channel tq - \Z/<J>+J'ets ch2/VV 1459.75  +/- 104.97
16000 tty +jets Nonoromot ch2/Wg 35588.8 +/- 2634.51
14000 tt+jets N omot |
- onprompt lepton ch2/Zg 11852.6 +/- 915.586
12000 O tW(y) Pred.
: iy o Dot ch2/tWg 115.008 +/- 8.60117
10000 2 ch2/tgammaqQ 396.239  +/- 29.3866
80005 SPREeS o ch2/tgammaQ_t 128.104  +/- 9.70915
6000 2 ch2/ttV 11.8966 +/- 0.884525
4000} ch2/ttg 851.327 +/-  68.3295
2000F- ch2/ttjets 2419.49  +/-  198.034
A . T T ch2/total 734405  +/-  5548.26
TG T e e 2 0 S o8 S ch2/total_signal 396.239  +/-  29.3866
p.ofs T T AT T e e ch2/total_background 730442  +/-  5531.41
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Next to do

Build DNN with three output nodes — tyq, tty, and others
* DNN tuning — hyper-parameters, input features, structures

Photon ¢ spike solution = get confirmation with EGamma group (really large
effect in electron channel)

e mis. y data-driven background — get electron channel results
Get uncertainty histograms — Perform fit

Give presentation in tX meeting
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Rough estimation for tyq full Run2

CMS tyq with 2016 data had significance 4.4 (3) o in gy channel and only barrel photon

Simple calculation for sensitivity with full Run 2 data:

e |t could be 8.5 (6) o In y channel

e |f add e channel, it could be 10 (8) o with precision 0.1

* |f add endcap photon events, could increase a little bit more

CMS tyq post-fit yields table ATLAS tyq post-fit yields table Particle level measurement

Process Event yield > 11j SR 0fj SR tty CR Wy CR
tt+y 1401 + 131 = tqy 2360 + 250 2450 + 310 880 + 120 1260 + 140
. N t(— lvby)q 500 + 170 660 + 210 180 + 60 330 + 120

Wryjets 329 £78 7y (production) 3100+ 400  4700+700 4300 +£600 2700 + 400
Zy+ets 232 =55 ty (radiative decay) 3800+ 600 9200+ 1400 5600+ 600 4200 + 900
Misidentified photon 374 + 74 Wry-+ets 2500 +400 9200+ 1400 1170 £320 31700 + 3000

) ] N Zy+iets 970 £310 2700 + 800 430+ 150 7700 + 2400
ty (s-and tW-channel) 57 =8 e — v fake photons 5100+ 500 10400+800 4900 +400 5500 = 500
VVy 8x3 h — y fake photons 1100 £400  2700+900  1300+£500 2600 + 800
Total background 2401 £ 178 Other prompt y 1340 £350  2600+900 1400400 4000 + 600
Expected signal 154 & 24 Fake leptons 300+£190 1000 + 500 110 + 50 3600 + 1700
Total SM prediction 2555 -+ 180 Total 21250 £150 45720+240 20180+ 150 63590 + 280
Data 7535 Data 21227 45723 20194 63 592
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FIG. 4. Feynman diagrams for gluon radiation in (a) the
signal process of top FSR t* — tg and (b) the background
process of top decay t — bW g.

https://arxiv.org/pdf/1606.03449.pdf
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Data and trigger



> 35 > 15 > 35
< 2.5 <2.5 <2.5
not in ECAL gap notin ECAL gap notin ECAL gap
cut-based cut-based veto pass Veto but falil
medium ID ID Good
Impact (dxy,d>) — Impact (dxy,d>)

Object selection

> 30

<24

cut-based tight
1D

Tight Iso (<0.15)

> 15

<24

cut-based
loose ID

> 30

<24

pass Veto but
fail Good

Very loose Iso pass Veto but

(<0.4)

fail Good

41



Events

w

Distributions after removal
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43

Distributions after removal
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Distributions after removal
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Removal In different generators
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Signal tyq sample check

® Syntax like 1. generatepp>tb~ja, (t>w+b w+> L+ vl
® pp>1212z>ete- (on-shell z decaying) # 1 processes with 291 diagrams generated
# original cross-section: 0.272 pb
® pp~>ete- $ z (forbids s-channel z to be on-shell) #  scale variation: +19.3% -15.2%
. #  central scheme variation: + 0% -43%
® Are linked to cut |[M* — M| < BWu *T # PDF variation: +2.566-307% -2.556-307%

® Are more safer to use 2. generatepp>tb~ja S w+w- (t>w+b wt> L+ vl)

® Prefer those syntax to the previous slides one # 1 processes with 291 diagrams generated

# original cross-section: 0.271 pb
#  scale variation: +19.2% -15.2%

® Syntax Like #  central scheme variation: + 0% -43%
- pp>z>ete- (ask one S-channel z) # PDF variation: +2.56e-307% -2.55e-307 %
= > e+ e- i .
pp>ete-/z (forbidsanyz) 3 gengrate p p > t b~ j a S w+ w-, (t > w+ b, w+ > [+ vl)
= pp>ete-$%z (forbids any z in s-channel) # 1 processes with 291 diagrams generateo
e ARE NOT GAUGE INVARIANT ! # original cross-section: 0.269 pb
. . #  scale variation: +19.3% -15.3%
® forgets diagram interference. #  central scheme variation: + 0% -43.5%

: : L. : # PDF variation: +2.58e-307% -2.58e-307%
® can provides un-physical distributions.
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tty reco-level distributions

When Np=0
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Since the tt contribution is small/suppressed when require Npb=0, this deviation might be fine
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Nonprompt y estimation — fake weight

o7 bins: [20, 35, 50, 80, 120, co]
n bins: [0, 0.8,1.4442, 1.566, 2.0, 2.5]
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Nonprompt ¢ estimation — tight-to-loose rate

ot bins: [30, 40, 50, 100, ©o]
n bins: [0, 0.5, 1.0, 1.5, 2.0, 2.5]
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Nonprompt £ estimation — closure
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[t

v SR plots — N, >2 N,

2

A — J jets
_ CMS 59.7 fb (13 TeV) R J
% 10'° % tyg B W(y)+jets % = tyq B W(y)+jets % 9900 tyq v)+jets
= 10° = @ t-channel tq B Z+jets € 7000~ M t-channel tq B Z+jets = — [ t-channel tq - Z+Jets
= = 5 = S 2000F
o 108 E tty +jets Zy+ets ) = tty +jets Zy+jets ) = tty +jets Zy+jets
107 E- tt+jets \AY; 6000 tt+jets A, 1800 tt+jets AY,
10° E tW(y) Nonprompty 000F- tW(y) Nonprompty 1600 — tW(y) Nonprompty
105 S ttV Nonprompt lepton — ttV Nonprompt lepton 1400 ttv Nonprompt lepton
- - =
10t ; Stat. —o— Data 4000 Stat. —e— Data 1200 ;_ Stat. —e— Data
= —— & — o o 1 -
10° " B 3000 o A
et — o m 800 — «**
= I ] —— B I ® —
10 — o 2000 Fe 600 ~eqee® -
1E — e 400 ¥
3 1000 =", - =
107 J s, 2 =
?IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII e | ”"mwwmm_‘. %3.%“"""""""""
1.5F —— 1.5 L T ﬂ T ¢ 1.5F T
1_— —— 8 o & — O & i 1isg0e®e 'OQ‘¢¢¢+* *J + f T ! 4]': ,!‘ e 1__ 00000000 0%00% &+ ‘T‘ @
B | T I 8
05 v 05 # ..... +’J A 05k o\ e
0 1 2 3 4 5 6 7 8 9 10 50 100 150 200 250 300 350 400 0 1 2 3 4 5 6 7 8 9 10
Number of jets Photon p_(GeV) A R(ly)
£ ~ .
2 - tvq Bl W(y)+jets c 1800 _
= 2500— [ t-channel tq [ ] Z+j§ts S - tyq B W(y)+jets S 3000F tyq B W(y)+jets
0 B tEY +ets Zy+jets £ 16001 B t-channel tq B Z+jets £ - M t-channel tq B Z+jets
5000/ tt+jets A% Z 14002_ t§y+jets Zy+jets o 2500 t§y+jets Zy+jets
N tW(y) Nonprompty - ti+jets AY; N ti+jets Y,
C tV Nonprompt lepton 1200 tW(y) Nonprompty 2000 - tW(y) Nonprompty
1500~ Stat. —e— Data 10002_ ttv Nonprompt lepton - ttV Nonprompt lepton
- . - Stat. —e— Data N Stat. —e— Data
1000 o® " 800 1500
o=t - *% - S SR
o= 600— o %o 1000 | o
I Py — 3 | —
500 :_ __‘ i“_—_-—_ “ B _— ___._
| e 400 — —__‘ oy — _++
B 4.1“ 200 - Litee 500 — e
:-1— —t T B nm.,“.m_bm | L1l __ 7—7_ — 7i
— = lo:-o- - - '!‘!Q'”C u —re
1_5— * T ’ T L + * B oo b Ly .”‘P’Qmw.“. I Y e e e Y R [ | I L1 M_._u_’—l_ﬁ—ﬂ—
0000® ”‘“‘# L I’JI.,; o) 1 ' ; B B
1e00s * 494 e 1.5 ooh. W' ’ +T Hﬁ TL 1.5¢ +
056 . . . # ,,,,,,, L el s 1@@,9'00 0o 000 Q“‘ o?? . o & L .Li RN S 1k 09 o9 O O 90 4 ® 0O . el
50 100 150 200 250 300 350 400 o ﬁ PP ol
my B0 100 150 200 250 300 350 400 "0 20 40 60 80 100 120 140 160 180 200
m,, MET P, (GeV)

Use tty LO with k-factor 1.86

——

58



4000

Events/bin

3500

3000

2500

2000

1500

1000

500

1.5

0.5

Events/bin

4000
3500
3000
2500
2000
1500
1000

500

1.5

0.5

4500 —

- I tyg B W(y)+jets
- [ t-channel tq B Z+jets
= tty +jets I Zy+jets
= tt+jets e vV
- I tW(y) Nonprompty
- ttv Nonprompt lepton
= Stat. —e— Data
Niz2, No=1, i
— -
- '”‘0.0.’..‘0.0,“.0.,000! e® 000 0. e®0g00
I SS—_— #
— ® :
| 'Qgﬁgﬁenc ""Q g”&'ﬁ"'@"‘&',”@'mﬁﬁcr ¢6®e
I R R R AR A
Photon ¢
I tya B W(y)+ets
B t-channel tq B Z+jets
tty +jets I Zy+jets
tt+jets L AAY
D tW(y) Nonprompty
tV Nonprompt lepton
Stat. —e— Data

Ni=2, No=1, e}

oy

0000°%%00% %000 04040 "l o0 _o°° ",,0"00

e—— W T e

&= o o

e s —— s s e ——

LK o0 ®

92® o 80 _co 00000900, 0% 0,0 4 00s 00c®

-3 -2 -1 0 1 2 3
Photon ¢

Photon cp Sp

50000

Events/bin

40000

30000

20000

10000

1.5

Data/Pred.

0.5

350000

Events/bin

300000

250000

200000

150000

100000

50000

1.5

0.5

Data/Pred.

®
0%%e%0% 00, %0000 05000 00400, %00,0% 00,

- [ tvg Y)+iets

— t-channel tq - Z+Jets

- tty +jets N Zy+jets

~ tt+jets A

C I tW(y) Nonprompty

B ttv Nonprompt lepton
[ e mis.y Pred.

B . —eo— Data

- Nojetcut,p

— L

No jet cut, e

®0o0¢ o

® 'S4 J
e000°°%, o0o®0® o0® _ _®qq0° @

~ 990990000000090000909990006066000000009999000666000

B N B S R
Photon ¢

- [ tyg B W(y)+ets

— t-channel tq B Z+jets

- tty +jets I Zy +jets

- tt+jets R

- [ tW(y) Nonprompty

- ttV Nonprompt lepton

— e mis.y Pred.

- —e— Data

- °

B N .
o'e

i o’“"""’ 0 000%® ®e000,%000° o.'.oo U

-3 2 1 0 1 2 3

Photon ¢

Events/bin

Events/bin

Data/Pred.

Data/Pred.

1014
1013
1012
10"
1079
10°
108
107
106
10°
10*
10°
102
10

10"

1.5

0.5

10'°
10'°
10"
1018
1012
10"
10'°
10°
108
107
10°
10°
10*
10°
102
10

10"

1.5

0.5

e

I tyq B W(y)+jets
t-channel tq B Z+jets
tty +jets I Zy+jets
tt+jets A
I tW(y) Nonprompty
ttv Nonprompt lepton
e mis.y Pred.
—e— Data

~ $999000°00000000099000006600000000999000066000
B I A RS-
Photon ¢
I tyg B W(y)+jets
t-channel tq B Z+jets
tty +jets I Zy +jets
tt+jets D RAY
I tW(y) Nonprompty
Y Nonprompt lepton
e mis.y Pred.
—e— Data

0.0 @.
000a8.® @ “ . { 1Y L J
m L A4 T %d ry g L PV Y L 2

59




2017 SingleElectron data

Photon ¢ spike
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Photon ¢ spike

SMP-19-002: Wgamma cross section

* Signal region

* The photon ¢ region 0.55 < ¢ < 0.7 is removed for the 2018 samples in order to avoid an obvious
detector issue spikes

lectron channel, photon ¢ Muon channel, photon ¢ LT, Photone Photon ¢

137.0fb " (13 TeV) 137.0fb " (13 TeV) cus' Prehl'mmalry — 137|.1 lb;’ (13ITeV) cusl Prel:‘minary
i I 1 l 1 I I I I 1 I I 1 I _ I I I I I I I 1 1 I I 1 1 -W‘H'els - e-induced ¥ ‘ dala -
Bvvijets He->y -+-data - lvv+jets [e->y -+-data y-induced e Wy+jets B nonprompt photon
" Wpileup wg+jets I fake photon -~ [lpileup wg+jets I fake photon Wlpieup -'Z‘:[T::;s =zg:;’:':§:‘::;‘:";t
- B top+jets [l fake electron ] B top+jets [l fake muon
- zg+jets B double fake _| i zg+jets B double fake ]

137.1 b7 (13 TeV)
I 1 T 1 I 1 T Ll I Ll 1
B Bl VV+jets | e-inducedy =-#=dala 7
y-induced e Wry+jets I nonprompt photon |
Blpileuwp Bl top+jets Il nonprompt electron
Zy+jets I double nonprompt  _|

Events / bin
Events / bin

1 1 I I I I I I 1 l I I I 1

L J
!

o

o

b —

T PR
=2 0 2 _ 2 0 2
photon ¢ photon ¢

data / pred
.

data / pred
. R

o
o
o
o

Pre-approval Approval



Control plots — Vy CR ()
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Use tty NLO. The tty LO also gives good agreement, since this is a Vy dominant region
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No meson mother
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e |solated  AR(Z,j)) > 0.4
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* |partonFlavour| =5
. AR(Z,)) > 0.4
 AR(Z,y) > 0.1
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Differential fit



Next to do

Build DNN with three output nodes — tyq, tty, and others

* DNN tuning — hyper-parameters, input features, structures

Nonprompt ¢ data-driven closure ? — different from the Nonprompt y
(consider more and look more)

e mis. y data-driven background

Perform fit inclusively and differentially (with all necessary shape uncertainties)
Give presentation in tX meeting

Next iteration

Check more about Nonprompt £ estimation

Update data era numbers in config = might have mis-match JEC for data
Update muon ID/ISO SFs = Use medium ID/ISO SFs currently
Corrections

 Update btagging SFs

e (Calculate pileup ID SFs

 (Check muon rochester
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