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Motivation and goals

Motivation: f
e 10 measure the parameters of the Standard Model A
(SM) to very high precision;
e Ihe search of new physics predicted by the beyond SM
(BSM) theories; ©o =

Precise measurements of triple and quartic gauge
® couplings sensitive to BSM physics. One of the
sensitive processes is Z(vv)y process.

1%

Goals: «© @

miss

o TO calculate integral and differential in £}, Njets, PT , Ad(y, ph™), pr(Z7), M.
cross-sections and compare the results with the theory predictions;

® To obtain the strongest up-to-date limits on anomalous neutral triple gauge-boson couplings (aTGCs).

We want to estimate backgrounds as accurate as possible but background processes emerging

from object misidentification are not well-modeled in Monte-Carlo. Many analyses at the LHC
experiments use data-driven methods to solve this issue.
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The backgrounds and the phase space definition
Signal: Z(vv)y

Backgrounds:

) Yy + jets - via MC — ABCD method based on E%liss significance and additional variable
33% ® (or slice method?):

26% o W(—lv)y - fit to data in additional CR based on Ny, (shape from MC);

20% e e — y- fake-rate estimation using Z-peak (tag-n-probe) method;

14% e jet— y- ABCD method based on photon ID and isolation and slice method (shape from Zy QCD);
1.9% o Z(ll)y - via MC;

1.6% e tty - via MC.
® FixedCutLoose isolation working point is chosen.

Preselections

Selections
Preselections Cut value Selections Cut value
B > 130 GeV Enss significance > 11
E% > 150 GeV |A¢(E%“SS,7)\ > 0.7
Number of photons N, =1 AG(ERSS 4| > 0.4

Lepton veto N =0, N, =

K. Kazakova (NRNU MEPhI) MEPhI@Atlas



jet — vy background

® The background induced by the misidentification of a jet as a photon is studied in this analysis.

Phot\qn Enery Deposit n0 Ener o.posu\\ Hadronic jets in which neutral mesons

\ \ carry a significant fraction of energy may be
: s \\

misidentified as isolated photons.
\ . | \ the SR will be contaminated with jef — y
A1 A \ NN

| o | 2 <>
ABCD method for jet — y: g A soration sap B
the phase space is splitted into 4 regions based on the -
® identification (#ight or loose’) and isolation (/solated or non- = O
isolated) criteria for photons; o =
° the main assumption is the absence of correlation between g
identification and isolation criteria. = C D
The estimate of jef— y events in signal region A derived by ABCD é
method is 2100 + 100 + 300 .
Photon Isolated Photon Non-isolated
A large uncertainty is observed. Thus, we have a motivation
to estimate jef — y with other methods. More details in back-up
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Estimation techniques of the slice method |

Strategy:

1. Split the phase space into 4 regions based on kinematic
cuts and isolation. The fit region (FR) is a region with
relaxed cuts on several variables, where events have a
leading photon candidate that is isolated. The SR is a
subset of the FR, events in the SR pass all signal
kinematic selections.

2. The CR1is a region with relaxed cuts on several
variables, where events have a leading photon candidate
that is not isolated. The CR2 is a subset of the CR1, events
in CR2 pass all signal kinematic selections.

3. Photons in all four regions pass the tight selection criteria.

»

Isolation

h

CR1
E™MisS sign. > 0
E™Miss > 0 GeV
|A¢ (ET™SS, v)| >0
| Ap (ET™SS, jp)| > 0

CR2
E+MSS sign. > 11
E{Miss » 130 GeV
|Ap (ET™SS, y)| > 0.7
| Ap (E™SS, j))| > 0.4

Tight Tight
non-isolated non-isolated

AT AT
CR3 (FR) SR

ETMSS sign. > 0
ET™SS5 0 GeV
| A¢ (E™MSS, y)| >0
| A (Ex™sS, jp)l > O
Tight
isolated

ETMsS sign. » 11
E™Miss » 130 GeV
|Ap (ET™SS, y)| > 0.7
|A¢ (ET™SS, jp)| > 0.4
Tight
isolated

Kinematic cuts

4. The fit is performed in the FR, where the jef — y process used for the fit is derived from CR1. The
relaxed cuts in the FR and the CR1 are applied to dispose of enough statistics.

5. Photon is required to pass p$™*°/p2 < 0.05 track isolation in isolated regions. To increase the statistics in
non-isolated regions the inverted track isolation p<**°/pY > 0.05 is applied.
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10.

Estimation techniques of the slice

method I

The fit can be performed for different variables in the
phase-space region with relaxed cuts on these variables.

To study the dependence of the result on the isolation
criteria, control regions CR1 and CR2 are split into
successive intervals by the isolation variable, instead of a
single integrated anti-isolated region.

In this way, the number of jef — y background events for
a given isolation slice i can be estimated as follows:

NjEt_>7’

t Z(vv)y bkg
CR1(i) RI N, - N

_ ard
— “YCRI(i) = “'CRI(Q) CR1(i)

Isolation

A

CR1
E1™isS sign. > O
E™iss > 0 GeV
|A¢ (ET™MS, v)| > 0
|A¢ (ET™SS, j)I > 0

CR2
EMiss sign. » 11
E{Miss > 130 GeV
| A¢ (ET™SS, y)| > 0.7
|Ad (ET™SS, j;)| > 0.4

Tight Tight
non-isolated non-isolated

AT AT
CR3 (FR) ' SR

ET™MSSsign. > 0
ET™SS> 0 GeV
|A¢ (ET™S, v)| > 0
|Ap (Ex™SS, jp)I >0
Tight
isolated

ETMisS sign. > 11
EMiss 5 130 GeV
|Ap (ET™MSS, v)| > 0.7
| A¢ (Ex™sS, jy)| > 0.4
Tight
isolated

Kinematic cuirs
The fit is performed in the FR. Thus, the total number of events in the FR estimated from non-
isolated slice of the CR1is given by:

data _ Z(vv)y bkg Jjet—y
Npry = @ (NFR(i) t NFR(i)) + NFR(i)
I . . . . jet—y jet—y
The fitting parameter T(;y gives the estimated number of jef — y events in the FR: NFR(i) ~ 1) NCRl(i)
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Estimation techniques of the slice method ||

<
.9 A
1. In this study, a parameter « is taken to be equal 1. The fit 5 C
: : : ) : o R1 CR2
parameter T(; is derived for each slice and kinematic A E™MisS sign. > 0 EMiss sign, » 11
variable. E™isS > 0 GeV E™Miss > 130 GeV
|Ad (ET™SS, V)| >0 |Ap (ETMSS, v)| > 0.7
|Ad (ET™SS, j1)| >0 |A¢ (ET™SS, j)| > 0.4
12. Finally, the fitted jef — y yield is extrapolated to the Tight Tight
signal region. The estimate for each slice and kinematic non-isolated non-isolated
variable is determined by the equation: CR3 (FR) SR
: _ ETMSSsign. > 0 ETMISS sign. > 11
NJet'_U’ — T( X (Ndata s NZ(VV?Y _ kag - ) E{MiSS > 0 GeV EMiss 5 130 GeV
SR (i) ! CR2(i) CR2(i) CR2(i) | A¢ (E7™SS, v)| > 0 |A¢ (ET™SS, v)| > 0.7
|A¢ (Ex™%, 1)l > 0 |Ad (Ex™5, j))| > 0.4
Tight Tight
FixedCutLoose isolation working point is chosen. isolated isolated
Isolation working point is defined as:

E™20/pY < 0,065

Five isolation slices are chosen: [0.065, 0.08, 0.095, 0.115, 0.14]
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Fit process

® The fit was performed for 4 variables: ErTniSS, E%’iss significance , [A¢(y, pmlss)l and [A¢(j1, p™)]

® The fitting parameter T(;) is derived from the fit for each slice and variable.

The results of the fit for slice 1[0.065, 0.08]:

103 )—<\1|O|3| TT _ )(103

-‘(Q :I L | L I L I L ‘ L ‘ L | I: ﬂ 120_| LI | UL ‘ L ‘ 1 1T | L | L IL Q T I TTTT ‘ LI I TTTT ‘ TTTT I TTTT ‘ TTTT I TTTT Q 140 TTT ‘ TTTT I LU | LU ‘ LU I TTT17T | TTTT ‘ |||||||| | T T 1=
§45000__ ATLAS Internal -¢-Data W Signal § - ATLAS Internal -¢-Data [l Signal § | ATLAS Internal -¢-Data WSignal | § [ ATLAS Internal - Data .Slgnal
W c Vs=13TeV, 139 fb”' [l Background [jet -y I W [ {s=13TeV, 139 o' llBackground [Wjet -y | Y qpo Vs =13 TeV, 139 fb™' [llBackground [jet -y | W 120 s =13 TeV, 139 fb”' [l Background [ljet > v ]
40000: Fit region 77 Uncertainty = 100 Fit region 72 Uncertainty — r Fit region 77 Uncertainty . I Fit region 7 Uncertainty
E Slice 1 ] [ Slice 1 ] | Slice 1 i [ Slice 1 i
35000 ) - . . . . _
F Post-Fit 3 I Post-Fit - 80— Post-Fit — 100/~ Post-Fit ]
30000 = 80~ 7] i ] i ]
o E i —eo— 0 7
60 1
i 60 ]
40 i
- 40 7]
201 20 -
Dl | ! W
-8 0 1 1 g 8 -8 OEI /| [ 8 0E g
T 1.25F E & & 1.255— ER 1.255— E
IR i LSS S L S R e o 15 e e .
§ ors: 5o | 5 o7 . 1807
055 ‘ : : : : 3 0.5 : ‘ : - - 3 0B ] 055t b b
) 05 1 15 2 25 3 0 0.5 1 15 2 25 3 200 300 400 500 600 700 800 900 100f 0 5 10 15 20 25 30 35 40 45 50
|A¢(E'T“i55, i)l [rad] IAG(ET™, y)l, [rad] ET™, [GeV] E™ significance

Pre-fits and post-fits for other slices are performed in back-up
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The results of the fit

Result of the fit for Zy QCD Sherpa generator:

Slice | Ty, Emss | Ty, EMSS gign. | Ty, |[A(ERSS 5] | Ty, |[A(ERSS ~)|
1 [313£007| 3234008 3.06 + 0.08 2.71 + 0.07
2 381 4£008| 3.8%84 0.09 3.56 & 0.08 2.99 & 0.08 The fit
3 | 4.0040.09 | 4.05+ 0.09 3.68 = 0.09 3.01 & 0.09 parameters T
4 1496 +0.11] 5024 0.12 4.47 4+ 0.11 3.42 4+ 0.11
5 | 1.95+0.05| 1.96 =+ 0.05 1.53 + 0.04 1.00 & 0.04
Slice | Observed Ng%;j)
1 444 + 22
2 320 = 19 Observed jet — y events in
3 265 + 17 the CR?2
4 207 + 15
5 363 + 22
Slice | Nipy's B | Nigo)', BE sign. | Nig 7, JAERS, ji)| (| Nig)s [AERS, 5)]
1 1393 + 74 1437 + 78 1358 + 74 1205 + 66 jet— y events
2 1217 &+ 76 1239 £ 78 1139 £ 72 956 + 62 in the SR for
3 1058 + 71 1072 + 73 972 + 66 795 + 56 each slice
4 1026 + 78 1037 + 79 924 + 71 706 + 56
5 708 + 46 709 + 46 556 + 37 364 + 26
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Linear extrapolation

'.9 B I || I | I I I | I I | | I I I | I 1 | I I I | I 1 I I _ . . . . i
o 2200 ATLAS Internal | — lIsolation distribution for jef — y MC samples
_'g 2000: | 5=13 TeV #FittoE;”'sss_ignif. ] 2 1201"%""I'"'I""I'"'I""I""I""I'_L
7 20008 RuomE ] § 0 Amas e :
S , mlss ] - € -e— MC Zj, W(t, v) h.c. —
1800 . : :th :0 IEAEE,S Y E 100:— leNd_o.f.=J23'55/26 _:
1600 | = 80} -
1400 - sof + ; E
1200F = o | -
ST P
800 - = ﬂ*./ ..................... AN
= . 02 2001 0 007 002 003 004 0.05 0.06
600F- ™ s
400 = Landau fit C—> X=0.012 = 0.010
[ 1 13 1 | | | | | | 1 1 | | | | | | 1 1 | | | | | | 1 | I | ~] 2 H H
0 002 004 006 008 01 012 0.14 X"/ Naoy. for Gaus fit is 92.78/26
E_c|:_one20/ pT Variable Estimate in x = 0.012 Z &
B 1830 £ 110 = _ 07
® The estimate of jet — y background is 1810 = 90 events. EF™ sign. 1890 + 120 - 1
IA(BRS )| 1870 + 110 i
W/o |A¢(y, ﬁmlss)l the estimate is 1860 = 70 events. |A(ERSs ~)| 1720 + 90 o2
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The sources of the systematics

Systematic uncertainties come from:

The uncertainty in the choice of the extrapolation target for the isolation scan, estimated by changing
the isolation target by +1o;

® The uncertainty comes from different generators.

Variable Estimate in x = 0.002 Variable Z~ QCD MadGraph
E}f}iSS 1920 + 110 EITI‘lISS 2010 £ 120
B sign. 1990 + 120 EF™ sign. 2040 = 120
1911 events, d = 98 events 1982 events, 0 = 169 events

Total systematic uncertainty is 195 events.
Thus, the estimate of jef — y events in signal region A by slice method is 1810 = 90 + 200.

The estimate of jet—y events in signal region A derived by ABCD method is 2100 + 100 + 300.

The final estimates for different methods coincide within the uncertainty.
W/o |A¢(y, ﬁTmiSS)I the estimate is 1860 + 70 + 180 events.
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Likelihood-based approach |

The main idea: to fit signal and other backgrounds distributions except jet — y to data in
all ABCD regions

The essence of the method is to perform a fit of the likelihood function, which is defined as:
BICID NbITlS

L(Njilfe fny) = LI 1 | Pois(Njilvy, +va,ifr, + vsfn)
=A =1

where model parameters are defined as:

o le

o) fNj - varying parameter for signal in each region;

- the number of the data events in each region and bin;

® fpﬁ - varying parameter for estimated background in each region and bin;
® Ub].i - the number of events in MC backgrounds (excl. jet — vy );
® 1/5].1. - the number of signal events;

o) 1//),].1.— the number of estimated background (jet — y ) events.
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Likelihood-based approach Il

Likelihood based approach is constructed with the assumption that R = 1for each bin in
the distribution for jet — y background:

_ Vo aif Fai " Vil Foi
Vapif Fgi * Vyeif Fei

® To avoid the redundancy of the model the following limitation is applied: fPBi — fPDI-

The search of maximum of likelihood function is performed with RooFit toolkit:

oL 0 oL 0
ofr,  Ofn,
et —
This way the number of jet — y events in SR: N] = ’YAszAz

The proposed method significantly reduces the number of steps to be done to obtain the
estimate compared to ABCD-method
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MC samples

The likelihood-based approach is applied to associated Zy production with Z-boson decaying

® into neutrinos (Z — vv). One of the backgrounds comes from y+j events. Zj events come from
jet — y misidentification

Selection Cut value
The processes considered in the analysis are generated in Emiss ~ 130 GeV
® MadGraph5 MC event generator using pp collisions with Vs El > 150 GeV
=13 TeV and the integrated luminosity of 139 fb-! Number of tight photons N, =1
Lepton veto Ne=0,N, =0
o Pythia8 is used for parton showering and hadronization, Event selection criteria for
Delphes is used for detector simulation. Zy candidate events

Thus the study uses Asimov data which is not real data but the sum of MC generated

processes, the likelihood-based estimate of jet — y background and MC prediction should
coincide. It is so-called «closure test».
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The results of the fit

The fit was performed for ¢ and 7] :

=3
S
=3

3500

2 g 9000 E:g:‘-"':‘l A —— gsimﬁv gata § E Esg:'-}:\l B . gsimolv( ga)ta
< - I Signal (Zy) S 3000 Post I Signal (Zy
g %3N 0.725932 @ AN, = 0.021548 ¢
The final estimate is chosen based on the X /Ndof g = ekt I I B Beckground -

value in the SR and R-factor. I o I —
Nbins Py Ty ool i

Estimate R-factor )(2/ Nj,. 7. Estimate| R-factor XZ/ Ny, I

6 13255711111.04 +£0.03) 045 32387122/1.03+0.03 0.39 T ) W%ﬁ%%%%
7 129067100 0944+0.03 073 324371201044+ 002 055 | == ool VR e

8 3179714104003 073 3276743, 1.04+0.02 026 ;= — Qe —
9 [31197130/1.01 £0.03 062 325171321.05£0.02 050 | 7 e =t B BT S pna -7
& = ety g 1sz— [iet—y
. - . e
The systematic uncertainties were derived by o \ L e

e variating the value of isolation gap by o in non-
iIsolated control regions.

e Ihe estimate of jet — y events in SR obtained by
llkellhood method is N 77 =3179*117 £ 69 for ¢y and N7 = 3243+126 + 48 for 1],

® The MC prediction is N'~7 = 3093 + 178 events
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Summary

The estimate of jet—y events in signal region A is derived by ABCD method. The estimate
® :
is 2100 + 100 + 300 events.

The alternative slice method is performed for jef—y estimation process. The estimate of
® jet—yeventsin signal region A derived by slice method is 1810 + 90 = 200. The final
estimates for the methods coincide within the uncertainty.

The alternative likelihood-based method of estimation of jef — y events was developed. It
® uses the information about the shape of the distributions in the regions and provides a
much simpler way to obtain the estimate of the number of background events.

Thank you for your attention!
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R factor Zj and W(tv) in MC

Working point loose’2 loose’3 loose’4 loose’5
FCTight 1.06 £ 0.16 1.15+0.16 1.17 £ 0.15 1.30 £ 0.17
FCTight (inversion) 1.05 +0.14 1.21 £0.15 1.38 £ 0.16 1.65 4+ 0.19
FCTCaloOnly 1.18 £0.13 1.31 £0.13 1.37 £0.13 1.54 £0.14

FCLoose 1.0 = 0.2 1.0 = 0.2 1.0 £ 0.2 1.3 £ 0.2
FCLoose (inversion) 1.11 +0.13 1.23 +£0.12 1.34 + 0.12 1.60 + 0.13

— 1. T T T T T T T T T T T T T T T T T - - T - - T r - T T - - r - - T - - T T - r
540 ATLAS Internal ' [ 1 8 °*FATLAS intemal | ‘ | '
8 “*FLoose2 T f (s=13TeV - Tight(MC) E
14 I eFixedCutTight = [ FixedCutTight --Loose2(MC)  J

1 3;oFixedCulTight (track inversion) T e} [ Preselections+selections -s-Loose2(Data) -

~t «FixedCutLoose (track inversion) = 0'25; B
C a 0_2:_ — mlSS : :
12F - - ] ET™ significance =

v £ }tw L BP0 (1- o)
C AT . ] B E

1:_—u= LT T T T T T I T AT T '___: 0.05F ++* ] . ) .
n i . 01 is the total variance in the

re

C 1 ¥+ i
0.9 -4 s g | L*g longitudinal direction to the E}"™*
C 7 4
] U S EA U B B g%ﬂ-ﬂ-— . *i* PLT is the correlation factor of the
=20 25 30 35 40 45 i= o
Isolation variable, [GeV] oozzp oo longitudinal L and transverse T

measurement
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Isolation distributions (loose’3)

0.35 ——T— T — — —— T ——— ——— T —r —r — T
8 = 'ATLAS' 'Internal I e 8 OSFTATLAS Tintemal ‘ I 8 °°CTATIAS Tmtemal T e
= C {s=13 TeV ' . ] F {s=13 TeV ) . 2 E nterna 1
5 o0s3F -e- Tight(MC) - 5 o03F - Tight(MC) 3 € - Vs=13 TeV - Tight(MC) .
L . ' — - . . . . v — (]
E L Prescioctiasselections sty E [ DredCuttiont (rack inversion) o poosedMe 3 £ 250 FixedCutTightCaloOnly -+ Loose'3(MC)
=z 0.25:— - —: z 0_25:— reselections+selections -- Loose'3(Data) _: '25 [ Preselections+selections -e- Loose'3(Data)
- ] - 7 02 —
" E 02k = - ]
. 3 - = 0.15— 3
015 o = 0.15— — C ]
E - C o+ ] c + ]
01— — 0.1— 7 0.1_— # -]
0.05— " * | - 0.05 - + - = 0.05]— ++ + g -
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8 C‘FATLAS nteral ' ' = 8 FATLAS * Internal ' ' E
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0.255 = ; ; § A ' Isolation gap | B_ E E
- . 0.2 - o
02[- + = E + ] £
B ] 015 — = \ /
0.15F— 1 — c *"+* = =
= . = - fa)
01 = =)
- $+ 4 = - / \
0.1: e 3 F # *._ *> ] é
E a ull +3Te s
o o e e, Bl c || DF| F
» site ] c otte - % W 5
oeeesd ! . : eeest W00 TEFesetee z
% _‘._| T | T T ‘ T T ‘ T T |-‘ LI [ T T0T T |: _“(% \.0-\ T T T 17T ‘ T 1T ‘ T T1T | T 1T [ LI ‘ H)J: | 2
i ~ Ty 'y =
i +— ; 1 — *%%M +$3 Photon Isolated | iPhoton Non-isolated|
O | |+;..| | L1 1 ‘ L 111 L1 1 | \ | 1 \ |_ 0 | ﬁ | ‘ L 111 ‘ L 111 | | ‘ 1 | | E B — ]
-10 0 20 -10 0 10

K. Kazakova (NRNU MEPhI) MEPhI@Atlas

E$°”92° - 0.065 P, [GeV]

20 30
EF"**- 0.065 p!, [GeV]




R factor in data

FixedCutLoose (inverted), w/o upper cut

FixedCutTight (inverted), w/o upper cut

P MC MC
loose’2 [ loose’3 \ loose’4 loose’5 loose’2 loose’3 loose’4 loose’5
R-factor | 1.11 £ 0.13 1 1.23 = 0.12 | 1.34 = 0.12 | 1.60 £ 0.13 R-factor | 1.05 £0.14 | 1.21 £ 0.15 | 1.38 == 0.16 | 1.65 £ 0.19
Data-driven Data-driven
Cut loose’2 loose’3 loose’4 loose’5 Cut loose’2 loose’3 loose’4 loose’5
4.5 0.97 &£ 0.10 | 1.05 £ 0.10 | 1.05 = 0.09 | 1.06 £ 0.08 9.45 1.10 £ 0.08 | 1.15 £ 0.07 | 1.11 £ 0.06 | 1.16 &= 0.06
4.6 1.00 £ 0.10 ] 1.08 &£ 0.10 | 1.06 £ 0.09 | 1.07 £ 0.08 9.95 1.09 £ 0.07 | 1.15 £ 0.07 | 1.12 & 0.06 | 1.16 &= 0.06
4.75 1.03 £0.10) 1.05 &= 0.10 | 1.07 = 0.09 | 1.09 £ 0.08 10.20 | 1.08 £0.07]1.14 £0.07|1.11 £0.06 | 1.15 £ 0.06
9.5 1.04 £ 0.09] 1.03 &= 0.08 } 0.98 £+ 0.07 | 0.97 £ 0.07 10.45 | 1.10 £0.07 | 1.15 £ 0.07 | 1.13 £ 0.06 | 1.17 £ 0.06
10.0 1.04 £ 0.09] 1.03 &£ 0.08  0.98 £ 0.07 | 0.98 £ 0.07 - -
105 | 1.02 £ 0.09] 1.02 £ 0.08 [0.95 = 0.07 | 0.96 & 0.07 FixedCutTight. Rt cut = 25.45 GeV
11.0 1.06 £ 0.09] 1.02 &= 0.08 } 0.97 £ 0.07 | 0.96 £ 0.07 I ; — 5 5
oose’2 loose’3 loose’4 loose’5
FixedCutTightCaloOnly, w/o upper cut R-factor | 1.07 £ 0.16 | 1.17 £ 0.17 | 1.18 = 0.16 | 1.31 & 0.17
MC Data-driven
loose’2 loose’3 loose’4 loose’5 Cut loose’2 loose’3 loose’4 loose’5
R-factor | 1.18 £ 0.13 | 1.31 £ 0.13 | 1.37 &£ 0.13 | 1.54 £ 0.14 8.45 115+ 0.13 | 1.16 =2 0.12 | 1.16 = 0.11 | 1.21 = 0.11
Data-driven 8.95 1.11 £0.13 | 1.11 £ 0.12 | 1.14 £ 0.11 | 1.17 £ 0.11
Cut loose’2 loose’3 loose’4 loose’5 9.45 1.19+0.14 | 1.22 +£0.13 | 1.27 £0.13 | 1.30 = 0.12
9.45 1.15 £ 0.07 | 1.21 £ 0.06 | 1.20 £ 0.06 | 1.23 £ 0.06 9.95 1.16 £ 0.14 | 1.17 £ 0.13 | 1.23 £ 0.12 | 1.28 = 0.12
9.95 1.14 = 0.06 | 1.20 £ 0.06 | 1.19 £ 0.06 | 1.22 4 0.06 10.45 1.19 +£0.14 | 1.20 £ 0.14 | 1.22 £ 0.12 | 1.26 = 0.12
10.45 | 115+ 0.06 | 1.20 = 0.06 | 1.19 + 0.05 | 1.21 & 0.05 FixedCutLoose was chosen. In order to decrease syst.
10.45 | 121 £0.07|1.26 £0.06|1.24 £ 0.06 | 1.26 & 0.06 |:> ,
uncert. the loose’3 was chosen
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jet — y background estimation (loose’3)

Event yields for the data and non-jet — y background processes considered in the ABCD method

Data W~y QCD W~ EWK e — 7y tty v + Jet Z ()~
A | 26523 &+ 163 3936 &+ 23 136.3 £ 0.7 3039 £+ 12 234 + 3 5262 £ 53 285 £ 5
B | 1475 £ 38 52 = 4 1.86 £ 0.08 8.95 £ 0.03 1.3 £ 0.2 0.6 £04 1.0%0.6
C | 2568 £ 51 60 & 2 2.16 £ 0.09 61.4 £+ 0.2 42 +£ 04 76 £ 6 4.8 £ 0.5
D | 1443 £ 38 2.7+ 06 0.17 &£ 0.02 0.0715 £ 0.0002 0.35 £ 0.13 0+£0 040
N i The signal leakage parameters: Event yields signal:
ng Ny — R( N — cn Nslg) Ne — CCN51 (Isolation gap = 2GeV) T Z % ; B’ E%D Zl(;; 2” )1’ViEX[3K
Np —epNy® e | 0.00939 & 0.00007 B| 98.0+08 214+ 0.04
b=V~ dac ¢o | 0.01536 £ 0.00010 ~G 1615+ 1.0  2.31 % 0.04
NE = o cp | 0.00051 £0.00002 "D| 53+02 0.135 £ 0.009

(
a = cp — Repee;

{b= Np +cpNy — R(cBﬁc + cCﬁB); With R by data-driven [N‘wt%v — 2078+100}
\C = NDNA — RﬁcﬁB.
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Systematic uncertainty |

Systematic uncertainties come from: Iso gap, GeV Ng Np
: . : : : -0.40 1524 += 39 | 1488 £+ 39
non-tight definition and isolation gap choice.
Variation for £1o changes in data yield [ -0.35 1518 = 39 | 1482 & 38 ]
e different generators -0.30 1513 £ 39 | 1477 &+ 38
e imperfect photon iso/ID modelin -0.25 1503 + 39 | 1474 + 38
Periestp ) 20.20 1497 + 39 | 1468 + 38
Different loose prime and isolation gap 2.0 1475 + 38 | 1443 + 38
Central value (with Rgaga) 2078 10.15 1448 + 38 | 1416 + 38
loose2 32T 10.20 1443 £ 38 | 1404 + 37
loose’4 -111
loose’5 173 [ +0.25 1437 + 38 | 1398 4+ 37
Iso gap +0.25 GeV +48
Iso gap —0.35 GeV +29 0 =16%

R iso gap +0.25 GeV —107+0.11

data

R0 80 032 GV — 1 06 4 0.09

K. Kazakova (NRNU MEPhI) MEPhI@Atlas

The choice of loose prime 3 reduced the systematic
uncertainty from 32% to 16%




Systematic uncertainty |l

Different generators:

Different generators

Signal leakage parameters | MadGraph+Pythia8, Sherpa 2.2 | MadGraph+Pythia8, MadGraph+Pythia8 | Relative deviation

CB 0.00939 + 0.00007 0.0155 + 0.0004 39%

co 0.01536 4+ 0.00010 0.0156 + 0.0004 1.5%

CD 0.00051 + 0.000028 0.00077 £+ 0.00009 34%
jet — «y est. (with Ryata) 2078 2061 0.8%

. . . : : diff.gen.

® Uncertainty coming from signal leakage is obtained & = 0.8% Ry, =110=x0.10

Systematic uncertainty come from imperfect photon iso/ID modeling:

¢ 08 =0 (cg+1)/cp

3¢t =0.013 |
¢ Jfrc) - 5?]% (cc+1)/cc 5effiso/ID = 0.013 aefflso/lD =1.3%

CD

® Tiso — 6ieslif) ’ (CB + 1)/CB Estimate
with Ry, 21007100 (stat.) +300(syst.)

o o1 = & - (cc +1)/cc

® Total systematics: dp,, = 16%

K. Kazakova (NRNU MEPhI) MEPhI@Atlas
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Fit process. Slice 2
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Fit process. Slice 3
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Fit process. Slice 3
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The results of the fit

® EventsinFR:

° Events in CR1

for each slice:

Events in CR2

* for each slice:

Data Background (excl. jet — ) Signal
93513 £ 306 65902 + 1019 13742 + 13
Slice Data Background (excl. jet — «) | Signal (Sherpa) | Signal (MadGraph)
1 4572 £ 68 78 £5 20.7 £ 04 27 £ 2
2 3776 £+ 61 48 + 4 184 + 0.3 20 £ 2
3 3642 + 60 79 £ 4 20.1 + 0.3 20 + 2
4 2916 £ H4 41 £ 3 21.0 £ 0.3 27 £ 2
D 7672 £ 88 241 £ 6 128.1 &= 0.8 153 £ 5
Slice | Data | Background (excl. jet — ) | Signal (Sherpa) | Signal (MadGraph)
1 463 £ 22 8.4 £ 0.9 10.1 = 0.3 16.7 £ 1.3
2 337 £ 18 8+ 3 9.3 £ 0.3 127 £ 1.2
3 286 £ 17 11.6 £ 0.9 9.7 £ 0.2 15.5 £ 1.3
4 223 £ 15 5.0 £ 0.9 10.9 £ 0.3 18.6 £ 1.3
D 471 £ 22 41 £+ 2 67.0 £ 0.6 105 £ 3
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The results of the fit

Result of the fit for Zy QCD MadGraph:

Slice | Ty, Emss | Ty, EIsS sign. | Ty, |A(ERS 51)| | Ty, |A(ERS, )|
1 3.38 £ 0.07 3.42 4+ 0.08 3.26 = 0.08 2.96 = 0.07 _
2 |1 4.09 + 0.08 | 4.09 + 0.09 3.78 =+ 0.08 3.28 + 0.08 The fit
3 |1432x£010] 4.27 = 0.10 3.91 = 0.09 3.30 = 0.09 parameter T(i)
4 5.35 + 0.12 529 + 0.12 4.76 £ 0.11 3.76 £ 0.11
5 2.12 + 0.05 2.06 + 0.05 1.63 + 0.04 1.11 + 0.04
g 2000 | ;QLI'ILAISI nternal ; = S—
= = s=13 TeV Fitto E; s!gnlf. s . e
Llaj ?ggg__ ; :z:::z :iii:::%ll _E SllCe ObSGI'Ved NCR2(Z
1600F- I $ROETT 1 444 + 22
14002— | * 2 320 £ 19 Observed jet — y
zgg_ : E 3 265 + 17 events in the CR2
sook. | E 4 207 + 15
6005_ I H 363 4+ 22
400;_ | | | | _:
0 002 004 006 008 04 042 014
Econ520/p
Slice Né?é(—i?/’ E%liss Ng%?’)f E%llss 31gn Jet—w |A(EIIIISS’ ] )| N‘%‘z(—g)’\/, |A(Errlgiss’ ,.Y)‘
1 1482 + 79 1497 + 81 1427 + 78 1296 &+ 71 _/'E'l‘—> y events
2 1294 4+ &1 1293 + 82 1196 + 75 1036 + 67 in the SR for
3 1118 = 78 1105 £ 77 1010 = 70 8h4 + 61 h sli
4 1065 + 84 1053 + 83 947 + 75 749 + 61 each slice
5} 689 + 49 670 + 48 529 + 38 362 + 28
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Distributions
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I:> |Ad(y, MET)| is not sensitive to the jet — y background then estimating with slice method?
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