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MOTIVATION

H - 27 - 4l

Mainly at low energy, but why ?
In this channel, electrons can have pr as low as 7 GeV, and the
uncertainty on their scale factors (SFs) at low p; 1s one of largest

experimental systematics

Improving those SFs gives you a more precise Higgs measurement
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INTRODUCTION

CMS Experiment at the LHC, CERN
‘ Data recorded: 2012-Aug-31 04:05:17.543876 GMT

Run/ Event/LS: 202016 / 616792473 / 562

DoubleElectron Run2012

1 @M.Hakk1 Ehliz
2 (@wblogs.ubc.ca

3 (@elestuchemusical.blogspot.com
4 @cms
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INTRODUCTION

Scale Factor

Methods

1 @M.Hakk1 Ehliz
2 (wblogs.ubc.ca
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Tracking and Calorimeter Systems

Kalman Filter » (Gaussian Sum Filter
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Tracking and Calorimeter Systems
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Tracking and Calorimeter Systems
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Datasets

Data Run-3 data at /s = 13.6 TeV from 2024 with an integrated luminosity of about 109.8 fb~1
MC Monte Carlo samples with the aMC@NLO generator at next-to-leading order in QCD, then ran them through a full
GEANT4 simulation of the CMS detector
Y 1 n=20 2
n=—0.55 vt n =055
n = —0.88 o looe n = 0.88 0
n=—1.32 \6:120" 71" f = 60° / n=1.32 =R —
V\ﬁ.j;(;w 0 :H4i°3 U/V n = ln[tan(z)]
n=-244 o m=243
= —0cC 4—9;1800 2 H;OO_ZFU:_FOO
1,2 @ tikz
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Tag and Probe Method

Tag

7 —>ete”

Strict selection criteria (isolation, trigger...)

Introduces bias

Data-driven approach

Probe

- Loose selection criteria (enough selection
to form Z candidate with the Tag)
- It 1s unbiased
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Tag and Probe Method

Simple Example

» Baseline (loose) selection:
Er > 20 GeV

Has a matching tracker track

* Study (tight) selection to be measured:
H/E < 0.05, where H/E is the ratio of hadronic to electromagnetic energy
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Tag and Probe Method

Simple Example

» Baseline (loose) selection:
Er > 20 GeV
Has a matching tracker track

* Study (tight) selection to be measured:
H/E < 0.05, where H/E is the ratio of hadronic to electromagnetic energy

Probe ID | E; [GeV] | Track Matched? | H/E | Baseline? | Study Cut? | Category
1 25 Yes 0.03 Yes Yes Passing
2 22 Yes 0.08 Yes No Failing
3 18 Yes 0.02 No Not a probe
4 30 No 0.01 No Not a probe
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Tag and Probe Method

Simple Example

» Baseline (loose) selection:
Er > 20 GeV _ Npass _ 1
€= T2

Has a matching tracker track Nyass + Nrair

* Study (tight) selection to be measured:
H/E < 0.05, where H/E is the ratio of hadronic to electromagnetic energy

Probe ID | E; [GeV] | Track Matched? | H/E | Baseline? | Study Cut? | Category
1 25 Yes 0.03 Yes Yes Passing
2 22 Yes 0.08 Yes No Failing
3 18 Yes 0.02 No Not a probe
4 30 No 0.01 No Not a probe

without background
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Tag and Probe Method

Simple Example

» Baseline (loose) selection:

Er > 20 GeV . — Npass-sig v SF.(Ep7) = € pata(ET, 1)
Has a matching tracker track Npass—sig + Nrait—sig sy eyc(Er,m)

* Study (tight) selection to be measured:
H/E < 0.05, where H/E is the ratio of hadronic to electromagnetic energy

Probe ID | E; [GeV] | Track Matched? | H/E | Baseline? | Study Cut? | Category
1 25 Yes 0.03 Yes Yes Passing
2 22 Yes 0.08 Yes No Failing
3 18 Yes 0.02 No Not a probe
4 30 No 0.01 No Not a probe
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Models of signal & background

Signal Background
* Breit-Wigner * Exponential
* Gaussian * Bernstein Polynomial
* Crystal Ball * Chebychev Polynomial
* Double Crystal Ball * RooCMSShape
CB Functions Z — BW
:_—é E o=1Mean=0 § 0-165_ Mean =91.2
005~ ——mn=1a=10 z 0.141— I' =2.495 GeV
- n=1La=10 3 -
- ——mn=1a=10 S 0121~
0.04 — o -
E 0.1—
0,031~ 0.03;
0.02; 0'062_
E 0.04—
0-01:— 0.025—
9:) %o '7Iol — 80 90 100 11{o'm‘ ['G;Q/]zo
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Models of signal & background

: n
Signal Background bvn (x) = ( )x”(l —x)"Vforv=0,..,n
* Breit—Wigner » Exponential v
* Gaussian * Bernstein Polynomial T, (x) = cos(n arccos(x)),x e[—1,1]
* Crystal Ball * Chebychev Polynomial A
* Double Crystal Ball * RooCMSShape fx) =e
Exponential Bernstein 2nd Degree
A=-0s T B,(x) = ao(1 — x)?
2 oos E - // ™~ +a;2x(1 — x) + a,x?
0.035 0.006 | ap=1
0.02_— - a1 = 2
- 0.004 - a, =1
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Measurements for several E+ and 1 bins
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Measurements for several E+ and 1 bins

Passing Probes 1.444 < 11 < 1.566 and 10 < E; < 15 GeV
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Measurements for several E+ and 1 bins =

Passing Probes 0 < 1| < 1.4442 and 10 < Et < 15 GeV Failing Probes 0 < 1| < 1.4442 and 10 < E7 < 15 GeV

s DATA DATA

0w

e Entries = 200 215 :

£ 7000 Mean = 89.660 + 1.362GeV - 3500 - Entries = 165 060
g €; = 0.9511 + 0.0021
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%0 70 80 20 100 110 120 o0 70 80 20 100 110 120
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Data: unbinned fit in the barrel (|n| < 1.4442), 10 < Er < 15
GeV, tag pr > 35 GeV.

June 2025 Mehmet Ehliz Internship at LLR (Ecole polytechnique) h




Optimizations at Low Probe E Cut =

Tag pr Threshold

Passing Probes, defanlt i, E; binning tag pp = 45 GeV

Failing Probes, default ), E; binning, tag py = 45 GeV
DATA

DATA

- a0 |

Entries = 158086 *.
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Entries = 132 417

S

fo nlns

Events/(0.6)

Events/(0.6)
T

------
E-2.7. 0.

100

ryvwarimsl maes L]

Data (default n, E7 binning, tag pr > 45 GeV)
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Optimizations at Low Probe E+ Cut

Track Isolation

iso
Passing Probes, default n, E1, tag pr, andp— <0.15
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(a) Data sample with iso/pr < 0.2
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Optimizations at Low Probe E Cut ==

Transverse-Mass Veto

W —ev
iso iso
g Passing Probes, default ), E1, tag pr.— and my < 60 MeV Failing Probes, default 7, Et, tag pr,— and my < 60 MeV
_ miss 14 __
mr = \/2 Pr.e ET (1 CosS A¢ ) paTA | DATA
Entries = 3 007
| o = 3.207 + 0.070 GeV L Entries — 412
. ] B Mean = 89.346 + 0.090 GeV -

Ag i1s the angle between the electron and A| € =09410+0.0039

the missing ergy vector

Events/(0.6)
Events/(0.6)

ETY5% is missing transverse energy

GO o 80 o0 100 Ttr0 120

Invariant mass [GeV)

Data sample with previous cuts and adding (my < 60) GeV
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Optimizations at Low Probe E Cut ==

Passing Probes 1.4442 = 5 < 2.5and 10 < E; < 15 GeV tag p;y  Failing Probes 1.4442 < 5 < 2.5 and 10 < Ey < 15 GeV tag py

= 45 GeV, mr < 60 Gel/ > 45 GeV,my < 60 Gel/
DATA DATA
© o [
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Results
Tag-and-Probe efficiencies and scale factors (SF= €gaa/emc) for 10 < Ep < 15
GeV
In| range  Tag pp ISO/pr myp €data SF
< 1.4442 > 35 GeV — — 0.9511 £+ 0.0021 1.0293 £+ 0.0023
1.5556-2.5 > 35GeV — — 0.8428 4+ 0.0145 0.9467 + 0.0163
< 1.4442 > 45 GeV - — 0.9263 £+ 0.0082 1.0024 £+ 0.0089
1.5556-2.5 > 45GeV — — 0.8861 £ 0.0067 0.9955 £ 0.0075
< 1.4442 >45GeV < 0.2 — 0.9565 + 0.0061 1.0352 + 0.0066
1.5556-2.5 >45GeV < (0.2 — 0.9334 +0.0096 1.0485 4+ 0.0108
1.5556-2.5 >45GeV < (.15 — 0.9258 4+ 0.0828 1.0400 £ 0.0931
< 1.4442 > 45GeV < 0.15 — 0.9619 4+ 0.0051 1.0413 £ 0.0055
< 1.4442 >45GeV < 0.15 < 60GeV 09723 +0.0457 1.0525 + 0.0495
1.5556-2.5 >45GeV < 0.15 < 60GeV 0.9276 £ 0.1500 1.0422 + 0.1685
1.5556-2.5 >45GeV < 0.2 < 60GeV 09517 £0.0034 1.0692 + 0.0038
< 1.4442 >45GeV < 0.25 < 60GeV 0.9465 £ 0.0032 1.0248 £ 0.0035
June 2025 Mehmet Ehliz Internship at LLR (Ecole polytechnique)
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Conclusion and the Future

* Electron Reconstruction Efficiency: Measured using the Tag-and-Probe method on
CMS Run-3 data, comparing real data and Monte Carlo in bins of E and 7,
calculated scale factors

* Background Suppression: Applied optimized cuts to reduce background under the
Z peak, improving the peak in the falling probes in low E7 bins.

* Impact and Outlook: Results show per-cent level agreement between data and
simulation
* Methods extensions: to other resonances (J/1)

* 2nd Uncertainty: Calculation of systematic uncertainty
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Backup...
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Efficiency Measurements

Comparison of Efficiency Extraction Methods

Aspect

Histogram-Ratio

Simultaneous Likelihood
Fit

Unbinned
Likelihood Fit

Extended

Data format

Binned histograms

Binned histograms

Raw (unbinned) events

Fit strategy

Simultanous fits for “pass”
and “fail” samples, then cal-
culate ratio manually.

Simultanous fits for “pass”
and “fail” samples, then cal-
culate ratio automatically

Same model as Simultaneous
I'it, applied directly on un-
binned events.

pass: eN Pgg(m) + (1 —

o f(m) = £)N Pye(m) : o

PDF's used S Pag(m) + B - Posg(m) - (1}_ E}Ngﬂig{m) N ‘-}ame model{apphed to indi-
vidual events.
. _ eN Pyg(m)
Efficiency [JDmTltEdST;Ef r it £y is fitted directly. €3 is fitted dlref:t.l}*, with
€1 = S 50 better precision.
Error propagation | Manual, based on yield er- | Automatic, via RooFit co- | Automatic, via unbinned
TOrS. variance. likelihood.
Correlations han- | Slightly ves — eisn’t a param- | Yes — shared parameters are | Yes — full parameter depen-
dled? eter. linked. dencies preserved.
Binning effects May bias results. Less sensitive. No binning bias.
Best for... Simple setups, high stats. Moderate stats, automatic | Low stats, highest precision.
extraction.
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Extra Plots
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Top: Fits using a single Crystal Ball (CB) for Er > 60 GeV.
Bottom: Fits using a Double Crystal Ball (DCB) for Er > 60 GeV.
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