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Motivation

« CP violating operators affecting the Higgs/multiboson interactions can be probed via
Effective Field Theory:

o O = e Wi, WIvPWhn
L=Lgy+ Z ;\2 Oz@) c;/A\? the Wilson Opp = ®1®B*™B,,
i coefficients, A the scale of Oy = TOWIH T,
new physics By = OB, .

- Beyond-the-SM amplitude is then given by:  [Mssul® = [Msml* + 2Re{MsuM3e} + [Ma|”

* Interference term leads to asymmetries in CP-odd observables

inclusive Wy production

* Inclusive Wy production particularly sensitive to 0, and Oy, E z/:zoimmd:”

« Differential cross-section as function of NN-constructed CP-odd oo o
observable (2209.05143, Phys. Lett. B 832 (2022) 137246): g

-+ Predicted factor of 10 (2) improvement in sensitivity to 0, ; g

(0, ) compared to any other known measurement (including in
Higgs final states) 001
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https://arxiv.org/abs/2209.05143
https://www.sciencedirect.com/science/article/pii/S037026932200380X

Motivation

* ATLAS has no Run 2 measurement of inclusive 1//y production cross-section

« Latest ATLAS result using 2011 data at /s = 7 TeV: Phys. Rev. D 87 (2013) 112003
* CMS with 7 TeV and 13 TeV measurements: Phys. Rev. D 89 (2014) 092005, Phys.

Rev. Lett. 126, 252002
* Very important to measure this fundamental process of the SM!

=)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.092005
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.252002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.252002
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Event Selection

&
Variable Definition
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s 5% Event Selection

« At least one photon
* Only one lepton (electron or muon) in the event
* No b-tagged jets (Veto top-related events)
« MET > 40 GeV
« Lepton:
* pr > 30 GeV, |n| < 2.47 (electron)
 pr>30GeV, |n| <2.5 (muon)
* Impact Parameter: dy/04,< 5, zoX sin€ < 0.5 mm
« Photon:
 pr>30GeV, |n| < 2.37
* my < 80o0rm, > 100 GeV (Veto Z-jets event)

¢ ARl)/ > (0.8
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Background treatment

between MC and data is due to the MC cannot
describe the background with faking photon/lepton well.

3 | | | AITLIASW In Progreses

° Vs=13TeV, 36.1gfb'15

% Inclusive W(— Iv)y ]

consists of two types of contributions: 2 $ Data .

.Wy (Sherpa) 3

backgrounds My 51, channel]

+jets —

Z+jets §

. Zy, tXy m ;

. . . Others

» Contributions obtained from MC = Stat. Uncertainty =

backgrounds -

- Jet faking photons: in W+jets, Z+jets, &, single-top ., _
o 1.

L] - . ~ * ........................................................................................................................................... —]

- Jet faking leptons: in y+jets s Pre E

_ 3 1 '»//»//«7?/7%'///////////////////////////////////////////////////////////é

- Electron faking photons: in Z+jets, tt, diboson 0.9F . . — —

200 400 600 800 1000 1200
* Photons from pile-up interactions p, [GeV]

» Estimates obtained via data-driven methods
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Background Estimation:
Jet Faking Photon
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MANCHESTER

=) Photon Isolation Variable

* In this analysis, we select photon with:

Et coneso < 0.022 pr,, + 2.45 [GeV] 1T e

;_.C’ 12000:— Inclusive W('—> I;/)y —]

: L% - ¢ 20152016 Data -

where Et coneso 1S the sum of transverse 10000¢- Bvrcher 1
energy within the photon cone of AR < 0.4 2000/ S
6000 Wz =

: . . . - ‘_'Others ]

« We define photon isolation variable: 4000f~ ]St Uncerainty ]
Eiso = ET.coneao — 0.022p7,, 2000} -

Fiso < 245 GeV T ettt e

20 -10 0 10 20 30 40 50
E;cone40 - 0.022pT , [GeV]

 We use the full E;;, range to estimate the
fake photon yields by its side band.

E;;, of tight ID photon
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J = vy Background Estimation workflow

In the1st bin of m7 ,, we want to measure:
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r ATLAS work in progress

100

Calculate the integral of background
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L5y For the fit stability

* A basic assumption: the MC should have same scale factor to data in both loose and tight ID region
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Background Estimation:
Electron Faking Photon
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“Pseudo” Fake Rate

 The simplest fake rate for electron fake photon:

N )J/Qeco
p —
p%ZTuth

 However, in data, truth-level event can’t be measured, hence we need to use
reco-level event, let us define a “pseudo” fake rate:

. B N)l/’?eco B Ng"ruthpey B pEy
e=y NeReco Ng‘ruth(l _ P)Ee (1 _ P)Ee

Here €, is the photon (electron) reconstruction efficiency.

data
e-y

* And this pseudo fake rate will be applied via SF = HC This will be applied to

ey

the MC event with a photon from a faking electron.
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Control Region Definition

* The way to measure F,_,, Is to use:
NReco
Y

Reco
N,

Fyy =

* We need a control region provides high-purity electron sample. Solution: to use
/ — ee region.

« We can use one electron to tag the event, and probe for another
electron/photon. And the photon-electron pair with invariant mass falls around
the m, can be treated as an electron fake photon event (N)’,’?ec"). And the events

with electron pair around m, will be used as NJéc°.
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Control Region Definition

Leading electron, always treated as tagged

Sub-leading electron / mis-reconstructed leading photon
with pT lower than leading electron. Treated as probed.

We have:

Nee = €5(1 — p)*N
ee_ e 2 etag  CR,.: # of electron = 2, # of photon = 0, electron
Ne)/ — EeEyp(l o p)Netag pair has opposite sign, leading one is tagged

* CR,y,: # of electron = 1, # of photon =1, pr, >

Hence we have: pry, €lectron is tagged
P Ney B PEy
by = —
Y Nee (1-p)ee
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&2 How to get number of ee/ey events

« Calculate the invariant mass of each ee / ey pair

S O vaent T fa e msmess

 Focus on the region of [70, 110] GeV. ; soof- 2304 <220 Ay e
+ Model fit to data/MC oo [ E
+ Use Double Sided Crystal Ball function with 40 ¢ 0 .
symmetric tail as signal PDF. ool E

» Use Analytical Exponential Function (f(x) = i 4 N ]
Ne(@1x +2x)) a5 background PDF. RN

 Integrate the signal PDF in region [86, 96] GeV t
get the number of event.
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Fake Factor Map

After getting number of events, we

Scale Factor
ATLAS work in progress

can obtain a map of SF. > SAMRRARLRRARERRRM T I
(O] £ ]
e 90— —
- = B ]
* For MC event with an electron-faking- ol Lo 1Be KW MWW MR S
photon, according to the pT and eta c :
of the photon, we can get a related "8 E
SF. 60— 3
| | o . . . e |
« The SF will applied to the event C o [ N o
weight and we obtain the data-driven O ime,  em s, nem gm,
_faki S PTIN  T E

elegtrop faking photon background A e 08 T o T e e D o
estimation. i
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Result & Summary
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Result

Events / GeV

data/ MC

T I T T T I T T T I T T T I T T T I T T T I T I_
ATLAS Work In Progress3
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]

R R =

11 +¢$ ........................................................................................................................................ _z

1 ///ﬁ?////%/////////////////////////////////////////////////////////////é

0.9 o . . .# . . -
200 400 600 800 1000 1200

P [GeV]

* What is missing?

« The data-driven jet-faking lepton estimation (~10%)
* Pile-up Photon Background
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0 e E

11 :

B )

09 # ....................................................... _f
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p,  [GeV]
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Summary

2015/2016 data and MC16a being used for studies

» Reasonable agreement between data/MC even before data-driven estimates
« Jet faking photon is ready to extend to full Run2

« Electron faking photons is ready to extend to full Run2

Ongoing & Next:

« Jet faking lepton (Two teams working on it: Matrix Method and Fake Factor Method)
* Pile-up photon

« Unfolding our result

Thank You'
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Back up
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MANCHESTER

1824

Object Overlap Removal

Object overlap removal (OR) use the ATLAS OR tool, use the standard OR setting:
https://indico.cern.ch/event/631313/contributions/2683959/attachments/1518878/2373377/Farrell_ORTools_ftaghbb.pdf

Reject | Against__|Critefia |

electron electron shared ID track, pt1 < pt2
muon electron is calo-muon and shared ID track
electron muon shared ID track St e p
jet photon dR <04
photon electron dR<04 By
photon muon dR <04
jet electron dR<0.2 Ste p
electron jet dR <04
jet muon NumTrack < 3 and (ghost-associated or dR < 0.2)
muon jet dR <04
2024/04/10 Zuchen Huang/Inclusive Wy Analysis 26


https://indico.cern.ch/event/631313/contributions/2683959/attachments/1518878/2373377/Farrell_ORTools_ftaghbb.pdf

yaniis  Object Overlap Removal (Truth Level)
Truth level overlap removal is mimicking reco overlap removal

mm—

photon dR<0.4 Ste p
photon electron dR <04
photon muon dR <04 By
jet electron dR <0.2 Step
electron jet dR <04
jet muon dR <0.2
muon jet dR <04
2024/04/10 Zuchen Huang/Inclusive Wy Analysis 27



-’“MNCIIER Sample Overlap Removal

Sample overlap removal uses the ATLAS VGammaORTool:
https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/VGammaORTool

« On V+gamma samples parton level cuts are typically applied on pT(gamma), deltaR(gamma,l),
and iso(gamma).

« These samples thus need to be combined with V+jets samples, in which no photon cuts are
applied, to fill up this part of the phase space.

« The overlap, defined by the V+gamma generation cuts, needs to be removed from the V+jets
sample. Accurate simulation of photon emission in V+gamma generation with respect to
emission from hadronisation model in V+jets

Showered . q
u .

- | \
, * V+jets l Vy+jets

Remove overlap V+jets contribution
V=W, 2)
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https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/VGammaORTool

Events / GeV

data/ MC

Data/MC comparison and Variable Definition (Sherpa)
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Data/MC comparison and Variable Definition (Sherpa)

3 ATLAS Work in Progress_ 3 1 ATLAS Work n Progress ] AT aTias wokinpogess
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S | — y Background Cross Check: ABCD Method

In parallel, we use ABCD method (2d side g S000p— 7 < T T T
band) to estimate the jet faking photon G 4500F fa-iaTeu 2t E
background, the ABCD region is defined as: O 4 weeemc E
35005_ ¢ Fitting Template :? —g
A: Tight ID, Tight ISO 00| E
B: Tight ID, Anti-tight ISO 2000 —t— E
C: Loose’4 but not Tight ID, Tight ISO 1500 — 3
D: Loose’4 but not Tight ID, Anti-tight 1ISO o00E e —— T E
500 o ——
* The estimated background is generally higher ‘g)
than the MC expectation. 5
« And the ABCD method is agreeing with the g S :
fitting template method. R O |
bin number
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MANCHESTER

&N j — y Background Cross Check: ABCD Method

In parallel, we use ABCD method (2d side band) to estimate the jet faking

photon background, the ABCD region is defined as:

(2] 5000_ L | L -
. . :1&; —  ATLAS Work In Progress -
A: Tight ID, Tight ISO S i E
B: Tight ID, Anti-tight 1ISO TOE bwesene E
. ’ . . E_ ¢ Fitting Template — —E
D: Loose’4 but not T!ght ID, Tlght .ISO J000E- + nncn v 1 E
D: Loose’4 but not Tight ID, Anti-tight 1ISO 2500 T 3
2000/ | —— =
Ngig 15002— _+_ —i
re - —— -
Creg = siZ Loose’4 ID C D 1000 =—e— P E
N 500—e— ——
A = —
NJHes yWriets  Tight ID A B oF i | e e

= Ny IeS N HTets 2 45 SR S P

]—)'y N NA * CC S 2; “““““““““““ $ T ““““““ ———
Ny 7 =Rx*(Np — Ny *cp) T 15 =t %=
ND — NA * Cp E 3 B
E 1 EFA1 11117 /v//v/lv/v/-/-/-/-f-/-/-/-f-//-{-////v/v/v/v/-/-/-/-/-;:-/-//-/-f-/////v/v/v‘/v///-/-///-/-/ﬁ/-{’///////////%
N3 Number of truth matched photon events in reg (A, B, C, D) 1 2 3 4 5 6 7
reg bin number

N,.4: Data yields in reg (A, B, C, D)
N,I/'e/;]ets Number of W+jets events in reg (A, B, C, D)
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Kinematic dependency: 1D

« We divide the probe electron / photon according to different eta bins.
And calculate the pseudo fake rate and scale factor in different eta bin.

? [ "1 "' " [ *°***r[°"r*r*r+*j°rrT |
ATLAS Work In Progress ;
o 012 Vs =13 TeV, 36.2 b ]
L .
0.1 “® Z+jets MC N
-®-2015-2016 data 7
¢ -
0.08 R
Heo
* 4
0.06 e
. i
. i+ g
0.04 . —
* ]
() . O’i ]
0.02 '3“3:0 ‘.:¢.*“.0¢ ]
il ° I ] ]
5 R R A R
g 2:_ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ + ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ _:
LAL, 1 S_+'.0..0.¢o*9..”9”4»’0?*?.’.0.’?*0.+¢09¢.Q¢..°...Q+9¢+nfo_f
g - ]
0:_ .......... —— e L o S s — o _:

25 -2 15 1 05 0 0.5 1 1.5 2 2.5
n

Long Error bar means fitting failed, Error matrix not correct, will deal with that later
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Validation Method

* In stead of doing a fit, we can use truth match to calculate the “pseudo
fake rate by truth match in Z+jets MC.

* All event are passed the control region selection. Besides, we require:
Mee /Mgy, € [86, 96] GeV
* For electron, we require the truth match information:
« Type = IsoElectron, Origin = Zboson

* For mis-reconstructed photon, we require the truth match:

« Type = IsoElectron, Origin = Zboson
« Type = IsoPhoton / NonlsoPhoton / BkgPhoton, Origin = Zboson / FSR

* To calculate the “pseudo” fake rate, N, and N, are simply the event
numbers passed the requirement.
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Validation M

F(e—y)

Ratio to Validation
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ATLAS Work In Progress
Vs =13 TeV, 36.2 fb

“® Z+jets MC

—& Truth Match Validation

%o *ased .n’.
290004 ®
* | |

T T T T T T
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* Long Error bar means fitting failed, Error matrix not correct, will deal
with that later.
* Generally deviation is smaller then 5%.
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