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Welcome to e/y + Hands-on

» Physics motivations

Goal
] ® |Learn basics of e/y reconstruction and ID
> e/y reconstruction and v Variables used in ID/discrimination
] . ] ® Efficiency studies with Z—ee TnP
iIdentification ® Make comparison and performance plots

> Exercises

Some useful links

CMS Offline WorkBook : https://twiki.cern.ch/twiki/bin/view/CMSPublic/\WWorkBook

2025 CMSDAS

CMS DAS: https://lpc.fnal.gov/programs/schools-workshops/cmsdas.shtml

« LPC, "IN PERSON at FERMILAB* (January 13-17, 2025) - Indico Agenda

E/gamma POG twiki : https://twiki.cern.ch/twiki/bin/view/CMS/EgammaPOG 2



https://twiki.cern.ch/twiki/bin/view/CMSPublic/WorkBook
https://lpc.fnal.gov/programs/schools-workshops/cmsdas.shtml
https://twiki.cern.ch/twiki/bin/view/CMS/EgammaPOG

Importance of e and y iIn CMS

» Standard Model (SM) physics _oglms Ijﬁ?lflt{f (13 TeV)
vV H—yy 3 - H— yy, m,=125.38 GeV All categories -

v W - ev ~ 5 S/(S+B) weighted 7

v *OEO - ¢ Data ]
Z—ee SH — S4B fit E

- Standard candle of particle physics e N — B component

« Detector calibration 2 b BESE E

% C |:|i2 o ]

)  0fF -

» Beyond the Standard Model (BSM) physics @ F :
v' Z’and W’ decay directly the SM leptons (i.e. electrons) % o E

« Any BSM with W/Z in final state
v" Photons important to BSM searches: Dark Matter and SUSY

IIII|IIII|IIII|III
B component subtracted

etc. 20002:L J:é

« Low-mass or high-mass X — vy oo E

« Anything with a Higgs in the final state : X — HH/HY, with 500 E- ~

HIY — vy A A NN

" 100 110 120 130 140 150 160 170 180

»> Trigger m,, (GeV)

v Electron/Photons used to trigger events like those listed above
v" Their standard model production rate is significantly lower than
hadrons produced from QCD

JHEPQO7 (2021) 027



e and y interactions in CMS

Both create electromagnetic showers in electromagnetic calorimeter (ECAL)

Stlicon -
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These two processes form the
basis of the “electromagnetic
shower”
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Two crystal producers: BTCP (Russia) and SIC (China)
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Lead Tungstate (PbWO, ) scintillator

Tapered crystals to
provide off-pointing
of ~ 3° from vertex

» 80% of light released in 25ns
* Has a density of 8.28 g/cm?
* A radiation length of 0.89cm and a Moliére radius of 2.2cm

* Total weight of the ECAL is 88.7 tonnes

Barrel:

36 Supermodules

(18 per half barrel);

61200 crystals;

Total crystal mass 67.4t;
Avalanche PhotoDiode readout;
coverage: |n| < 1.48, ~26Xj.

Endcaps:

4 Dees (2 per endcap);

14648 crystals;

Total crystal mass 22.9t;
Vacuum PhotoTriode readout;
coverage: 1.48< |n| < 3, ~25Xj.

Barrel crystal, tapered
34 types, ~2.6x2.6 em? at rear

Endcap Preshower:

Pb (2Xg, 1Xg)/Si;

4 Dees (2 per endcap);
4300 Si strips;

1.8 mm x 63 mm;
coverage: 1.65< |n| < 2.6.

Endcap crystal, tapergd
1 type, 3x3 em? at rear



e and Yy reconstruction

At CMS, Reconstruction & Identification of e & Y is done primarily using

Tracker + ECAL

With

bremsstrahlun
and conversio

What does an electron
look like?

Electron emits

bremsstrahlung photons
v multiple energy deposits
in ECAL : take into account

-
Tracker

3 " Golden

cases

particle-flow
ECAL
surface

ECAL energy
deposits

Gaussian Sum Filter (GSF)

v For all other charged particle
tracking, Kalman Filter is used

v Electrons use a dedicated

tracking algorithm known as

[ Gaussian Sum Filter (GSF). It

energy of brems T is a non-linear extension of KF
v' Electron track can have o LN v' GSF track connected to
“kinks”: special tracking C{ Extrapolate superclusters via the PF

needed for electrons to
take care of that

> \ BremClusterfy\ - - track tangents
Track N Tracker layers

algorithm )



ECAL/Energy Reconstruction

ECAL RecHit energy is
calculated by a muiltifit from
ECAL Digis

RecHits are clustered into
Particle Flow (PF) clusters

PF Mustache Algorithm

creates superclusters

v' Groups clusters wide in
¢ and narrow in n

v' This is to catch
bremsstrahlung

Refined supercluster adds
soft brem and accounts for
photon conversions using
tracker info

* Clustering of ECAL clusters

Moustache supercluster
a cluster of clusters

CMS simulation (13 TeV)

Clustering

*

S O 2 e T T 10°
" E T R A 1)
E 0.15 -l NI Ay S A BN 0-5

Arbitrary units

A\ EEE

Clusters
corresponding
to electrons /
photons

these two clusters overlap,
clustering algo shares energy of ;.
rec-hits between the two ;
clusters according to a Gaussian -
energy profile, each gets a

fraction of the rec-hit energy

\/ found 5 Clusters

;.'-.-I" 0 05
A¢ [rad]

" : Refined superclusters use the

. iInformation from the tracker, to

' be able to link bremsstrahlung

~emissions to missed ECAL deposits

With
bremsstrahlung
and conversions

There is also dedicated photon
conversion recovery algorithm

Conversion reconstruction is challenging:
> Displaced tracks to be reconstructed (issues

ECAL

with resolution and combinatorics)
Trailing conversion leg may be very soft 7
Conversion legs can radiate photon

Tracker

" Golden >
cases >



Energy corrections

Several losses occur before electrons and photons deposit energy in the ECAL

» We calibrate the reconstructed energy back to the expected original energy using correction procedures
» Employ machine learning (Regression) in tandem with algorithmic approaches
» Tracker information used for E-p combination

CMS Simulation (13 TeV) 2016 CMS Simulation (13 TeV) 2016
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ECAL

Tracker

ECAL & ES
RecHits

e and y reconstruction

General
tracks

ECAL & ES
s PEClusters

|

Mustache
SuperClusters

Tracker

driven \
seeds

GSF tracking

L

driven

seeds
Pixel Doublet

ECAL

PFEgammaAlgo

\

gedGsfElectrons

Refined
SuperClusters

gedPhotons E



Electron and photon identifications

CutBasedElectronldentificationRun3

Two schemes are primarily

122X-tuned selection, barrel cuts ( |eta supercluster| <= 1.479)

. o ge o o Veto (122X) Loose (122X) Medium (122X) Tight (122X) Accessin!
used for identification:
> Cut-based se leCti ONns on va ri ous abs(dEtaSeed) < 0.0071 0.00691 0.00481 0.00411 link 7
abs(dPhiln) < 0.208 0.175 0.127 0.116 linkc?
high—level properties HIE < 0.05+1.28/Egc+0.0422p/Egc  0.05+1.28/Ego+0.0422p/Ege  0.0241+1.28/Egc+0.0422p/Ege  0.02+1.16/Egc+0.04220/Eg  link 7
. . rellsoWithEA < 0.406+0.535/p1 0.194+0.535/pT 0.0837+0.535/p1 0.0388+0.535/p7 link 7
> MaCh.":]e lear_nlng based . abs(1/E-1/p) < 0.178 0.138 0.0966 0.023 linke Cut based\
ClaSSIflerS tralned On these hlgh expected missing inner hits <= 2 1 1 1 linke? e
level properties pass conversion veto yes ves yes yes. linke?
[&] - - .

: s L . efficiencies and data/MC
Exercise 1 : photon S 0.351- JINST 16, 05 (2021) ecale factors With Z_see
identifications with machine I Tkl
| ing (TMVA BDT) © 03— . Cut-based ID tag-and-probe (TnP)

earning 3 0
g, 0.25[ g Barrel . ~
S - [ Endcap
ECS 0.2—

80%
Signal
efficiency

0.15

0.1

0.05

I|I[1l‘l[][|ll]l

II\I|\III|\II\}
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oo
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> 10
MVA based

Signal
efficiency
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https://twiki.cern.ch/twiki/bin/view/CMS/CutBasedElectronIdentificationRun3

spread etc.)

Variables in e/y id : EM shower

» Description of the electromagnetic shower
(energy deposit pattern, lateral and longitudinal
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Lateral extension in
terms of crystal cells

(

Used as template in
for example Vy/VVy
measurements for
yields extraction

- 2
Xlsxswi(ni_nsxs)
Z?KSW,'

> w,-=4-.7+ln

Ej

Esxs

o
N
311

Fraction of events/ 0.005
o
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w [

0.05/-

5 B I:’ Converted y ]

01}

E.. : Energy of supercluster

E,,, : Energy contained in 2X2 crystals

E,,; : Energy contained in 3X3 crystals

E.,s : Energy contained in 5X5 crystals

E,.s : Energy contained in 1X5 crystals
n width of supercluster

dn,.:
dd, : ® width of supercluster

Description of the EM shower shape

R9 8 TeV
A I L I L B
" CMS ]
- Simulation 1

i |:| Unconverted or late converted y

L Hoyy, P> 25 GeV

ag " n "
|
b A N
a1

anangn L

E3x3 I’ !, . ,II .
e L
------ <095 * e
< /, "‘w X
, o >0.95

sC

5x5 matrix contains ~96% (~97%) of unconverted photon energy in EB
(EE)

S4=E;,/Esys



Variables in e/y id : tracking + clustering

ug

/
7
I

/7
!
/

Nosf . : Hits in the “gsf” track

NKf .. : Hits in the “kf” track

E/p : Energy of supercluster/ momentum
X?: Track quality

» Tracking and clustering matching parameters
(momentum trajectory extrapolated to ECAL

considering the magnetic field etc.) */;,; Ad between track and supercluster
*"I
a'**
g Conversion ID variables

l” Conversion Safe Electron Veto
’:" If a secondary vertex is found, this is not an electron!
LA
gl A Pixel Veto

Track in pixel detector, this is not a photon

RN Use case How to access the variable

: . " . 12
N Pixel seed veto analysis sensitive to electron -> photon fake rate pat::photon->hasPixelSeed()




Variables in e/y id : Isolations

Isolation cone around e/y

AR = sgrt(An2+A¢?) = 0.3/0.4

L

mei  [oetecr
» Quantification of isolation of these objects &
(Energy sums of crystals in ECAL in a defined R

area, leakage in HCAL etc.)

-: Energy leaked into
HCAL / Energy in ECAL 10

Charged hadrons HCAL clusters
-- HCAL energy within AR = Neutral hadrons ECAL clusters
0.15 from the e/y supercluster Photons Tracks
Leakage in HCAL
efy E— \
e/y hadron*/- n
— hadron®

Jets E hadron® TN

0 0.010.020.030.040.050.060.070.080.090.1 N~ L ulT

- -
i g

A dR<0.3 13

-

ECAL . HCAL HoverE dR<0.3



TwoO exercises

» Exercise 1 (=15min) -- Photon identifications with machine learning (TMVA
BDT) with photon candidates in EB and EE separately
v [publicfs/cms/user/taojg/README_PhotonIDMVA ForRun2Hgg
v" ML techniques: MVA, Xgboost, ... (more ML in Conggiao Li)
v" Run3: ID MVA trained and provided by EGamma POG

» Exercise 2 (~=15min) — ely selection efficiencies and data/MC scale factors
with Z—ee tag-and-probe (TnP) technique
v [publicfs/cms/user/taojg/README_Zee TnP
v' Example: selection efficiency with a cut on the photon ID MVA score (>-0.7)
v’ Efficiency of any selections on ely



https://indico.ihep.ac.cn/event/24586/timetable/#20250119

Exercise 1 : photo ID with TMVA

1) Produce comparison plots of the discriminating variables for
prompt and fake photons

2) Photon identification training with Machine Learning “TMVA

17
BDTG Toolkit for Multivariate Analysis (TMVA)

3) Application of photon ID MVA : evaluate the photon id MVA
scores of the photon candidates in any samples (data, H—>yy MC, )



Environment setup

d /publicfs/cms/user/taojq/ (or your home dir) € Your working area
fsetenv SCRAM ARCH slc7 amd64 gcc/700 (Bash: export SCRAM ARCH=slc7 amd64 gcc/700) (echo $SHELL)
Bash: export SCRAM ARCH=el9 amd64 gccl2 Csh/TCsh: setenv SCRAM ARCH el9 amd64 gccl2 (echo $SHELL)

Bash: source /cvmfs/cms.cern.ch/cmsset default.sh Csh/TCsh: source /cvmfs/cms.cern.ch/cmsset default.csh
msrel CMSSW 14 1 0O

d CMSSW 14 1 0/src/ < Can test with any CMSSW version you have checked out (OS9)
msenv

kdir PhotonIDMVA ForRun2Hgg

d PhotonIDMVA ForRun2Hgg

p /publicfs/cms/user/taojq/PhotonIDMVA ForRun2Hgg/* .
ffjust put a soft link to the input file, since it's a large file
n -s /publicfs/cms/user/taojq/PhotonIDMVA ForRun2Hgg/InputFile .

ROOT (+TMVA)

16



LI |

the identification
fake photons

Both prompt and non-prompt photons selected from Glet MC

Excise 1 : Produce plots o

variables for rompt anc

> mkdir SigBkgCon l}_lr-l_'_.:."Il ;Plots

Oinin: Can be directly used in for

example Vy/VVy cross section

measurements for yields extraction

Preshower ogg: the standard deviation of
the shower spread in the x and y planes of
the preshower (only defined in the endcap)

2 |ZEXi =)
S I 7

CMS Simulation Preliminary 1 3 TeV CMS Srmulat:on Prehmmary 13 TeV - CMS Simulation Preliminary 13 TeV
T T T T T T T T T T T T T T T T | T T T - = T I I T | T T T T | T T T T | T T T T E
S i | | | 1 & 50000 — 3 .
8 i —— Prompt y ] — EE nOt — Prompt y ] vt _ — Prompt y |
| — [4)] a . —
o= 1§ || covered by ES 12 — onprompy
0 C — Non-prompt y i > 400001 — Non-prompt vy _| % 7]
& 40000 I ] s f Inl<1.4442
I_I.,.J_40000:— EB ml<1.4442 — EE m|>1.566 a3 10°F EB ' =
N ] 30000 — - ]
30000 — — | ] - 1
. ] . 102 =
B ] 20000 — - .
20000— — H - L ]
B ] , ] 10 -
10000 . 10000 - . : f
: : 1 = 1 - 1 1 1 | 1 1 1 1 | 1 1 1 [
- L . L L] oL e 10 20 30 40
0h05 0.01 0.015 0.02 0.025 0 5 10 pf photon Iso (AR=0.3) (GeV)
Ginin ORrr

Also PF photon iso in
AR=0.4 used in yy XS
measurement (/HEP...Eur.
Phys. J. C (2014) 74:3129)


http://cds.cern.ch/record/1565449/files/DP2013_021.pdf

Excise 1 : Photon |dent|f|cat|on vvlth TI\/IVA "‘BDTG”

» TMVA — BDTG (Gradient Boosting 5%%é%fiﬁ%%%%%%@%ﬁﬁﬁ]f:ﬁfﬁﬁﬁﬁﬁiﬁ%%é%i%%%‘%ifﬁﬁ Half for training
. _ R e N s and the rest half for
Decision Trees) : could try more ML 3 e e .
P 3 ot - Lo testing (homework)
methods (TMVACIassification.C) il e
| g o 10k of each sig/bkg
» Train v-1D MVA for EB and EE separately ... f+;z;i£:§&+¢’;g;’a;;;;;;;;;ifw ””” for training (~2min)
v' Shower shape variables: E,,,/Es,s, COViyig Gipinn Ro, 0, O = gjjg’eggzg Etgb zii;ﬁ,ﬁ” = and 100k of each
Preshower ogg and Egs/Egc (EE) e L sig/bkg for testing
v Isolation variables: PF Photon ISO, PF Charged 1SO (~2min)

dataloader->PrepareTrainingAndTestTree( mycuts, mycutb,

(selected vertex), PF Charged ISO (worst vertex)
v' Other variables: p, Supercluster 7, Supercluster Egay

"> weight files: PhotonID Weight/weights/
>& t_tmva_eb.log & PholD_* Train_GletMC_BDTG.weights.xml (x=barrel/endcap)
(for later application)
= output root files: PholD_*_Train_GJletMC.root (*= barrel/endcap)

» Once training done, “TMVAGuUI”

>root -1

>TMVEA: : TMVAGU1 ("PholD 1.--:1_ rel Tr

——> :ampa:izanh of _nput:,



https://root.cern/doc/master/TMVAClassification_8C_source.html

Information in the output root

8 000 [ETSTONE g ! - T T T T T E 7 § 028 FrTTTT T 5 ez T TTITY
s (" M g ] z N 3
TMVA:TMVAGui("PholD_barr e R ¢ ful e § - P i
: " < £ g ¢ ; z wp E g = g = oo e
el_Train_GJetMC.root") P i ] oo i
1 1o E o8 3] E
i ° 05 1 15 w-znfu.:: J 0.005 DMI”:-OSI.;“.IQE_ZB:::M oﬂ 5 10 15 20 25 !lﬂi_P:IP'::;ng °ﬂ 5 10 15 20 25 :ﬂ_?m:lm;
] TMVA Plotting Macros for Classification —][c Irpus vanabe: pho_SCEtawidth] Input variabe: pho_SCPRWIA oot vt pho- g malEAP PSS
9 e P — . S . g e MU
R A 8 E g 18000 8 oz g 3
{1a) Input variables (training sample) “ : I s g 3 § W g ‘3 £
{1b) Input variables 'Decao’-transformed {training sample) | 2 ; z i = s gz ;. = £
N ;- 3 : £ £
(1c) Input variables 'PCA'-transformed (training sample) | " % m: ] 78 H
40 4000
(1d) Input variables 'Gauss_Deco'-fransformed (training sample) | P - ,..,5 et T N o P m“mﬁanf"g % mmmg i
, X _SCElaWidth pho_SCPhiWidth pho_SigmalEtalPhiFull5x5 | Iso _§
{2a) Input variable correlations (scatter profiles) Correlation Mrix (signal) Correlation Matrix (back d)
: A . orrelation Matrix (backgroun
{Zh) Input variahle correlations ‘Deco’-fransformed (scatter profiles) Uingar comsiation cosfficients In % % 20 il Signa) fiset sabvpie) T | T~ Stghal alning shmpie T
(2¢) Input variable correlations 'PCA-transformed (scatier profiles) | B S ': L '; . ”’: oo [T 5 Z 18 -] Background (st sample)| |+ Background (raining sampie)
4 IR o = Smimov test: signal (background) probability = 0( 0) E
2d) Input variable correlations ‘Gauss_Deco'-fransformed (scatter profiles 5 a0 12 Moo 2l pho_SCEta : z 65 T
p
: - : - & o B oo FChWorstiso 7 26 15 64 100 S 1k .E
{3) Input Variable Linear Correlation Coeflicients ':‘ : ; " : _ ': ‘: no_prcniso TR SRR B 2t Not enough training and .
§ . i P s
{4a) Classifier Output Distributions (test sample) | ST RN w-PrPholso R 10 10E testi tsin th . s
M 2 188 43 17 100 28 25 ; E EES
(4b) Classifier Output Distributions (test and training samples superimposed) ; e — — ‘ 8 esting events in € excise 2
s ' oo B g talPhiFullsxs | &) 1 1 15
- 1 - 7 - e
{4c) Classifier Probahility Distributions ftest sample) ™ sopiwian | E A 6 g
: : S o B : _Scetawidth | 1R A7 4 2 a =y
(4d) Classifier Rarity Distributions (test sample) | - e 00 Bl « [l . -g
(5a) Classifier Cut Efficiencies - : RN sz 100 81582 <0 2 GG . e N 3

il
-1 08 06 04 02 0 02 04 06 08
BDTG response

1 2 2 9 10

(5h) Classifier Background Rejection vs Signal Efficiency (ROC curve)

ong B Bl 81 Pho ghe
. . 50k, sCEnSC &
(5h) Classifier 1/(Backgr. Eficiency) vs Signal Efficiency (ROC curve) | ’%’5%%.?’Ehwﬁ?§”’% e .
(B) Parallel Coordinates (requires ROOT-version == 5.17) | e 1 L ——————— m
Signal effici — 5:9:::2:::'55'“ writ o = ""-h-.i._,\ ]
i I " " imm ety & | T T T —eee ency” - E 1
(7) PDFs of Classifiers (requires "CreateMY aPdfs" aption set) | Background efficiency e Y purity $ 09 : —~— :
{8) Likelihood Reference Distributiuons | § 1k T 25 § 5 08k \\ 1ROC:
. 5 - » 8 € F ] .
9a) Network Architecture (MLP) | 3 T 2 ..t \\ 1Reciever
.......... e o o R -
{9b) Metwork Convergence Test (MLFP) J § 03 L > —""-\ ] o a‘g: OGE \ ] Operatlons
(10) Decision Trees (BOT) S ool ~— N\ 15 @ C 1 :
| ] ] : \.__ Characteric
{11) Decision Tree Canfrol Plots (EDT) | e ] = E E
L e . 10 - 1S
(12) Plot Foams (PDEFoam)] | “--:.:_\‘ 1 04 F -
1 | Boost Control Pl r : i h 5 035 MVA Method: \
3) General Boost Control Plots 0.2 [ Fomd0g0 signal and 1000 background - S STt SR, Y ¥ 3 o .
[ events the wm.SL(S:B s \ F ARG : \:
(14)@[,]“. ,M”ml“mmlm'o-“ ———— 027|||\|||\|\||||\|\ ||\|\|\||\|||\|\|||\||\|’19
°||||||||\|||\J|\||J|\|\||\||||| 0 “o0 041 0.2 0.3 0.4 0.5 0.6 07 0.8 09 1

-1 08 06 04 02 0 02 04 06 038

Cut value applied on BDTG output Signal efficiency



> Evaluate the phOtOn |d MVA scores ORe photon - 137107 (13TeV) P_J.FSJMS. 187107 (13TRV)
Candldates In any Samples (Z%ee data/MC’ Z%MM’Y g£ - = éimrulatiscl}rnnilti?.oz- sysl. unc. 1 'gg : I:I" igT:'EII“:I:; E -BI-E.legI'DUFId stat. unc. ;
data/MC, diphoton data/MC for validations, data and gy b o 1 Gl 2 vt pda ]
H—>yy I\/IC for anaIyS|s)
Sample.C o 10°
suppress bkg on anal 108
» To obtain comparison plots of photon ID MVA between .
S|gnal photons and fake photons, in EB and EE separately 3o
t -1 -b -g DrawCompar] ;-::II'1P_-:':-tEE T : D:, . i W0 B Y S—
with plotting st H > > in score Min ID BDT score
S s LD ()7 (2021) 027
' *_pdf plots
CMS_Simuaton Prelimnay 13 Tev A e Py e oY
& osf —prompty | S °F (g e Applications in Hoyy analyses:
P EB —Fakey ] @ o —Fakey | * After looser cut (>-0.9), photon ID MVA scores
= 05) = 041 = . .
3 | o _ of leading and subleading photons are used as
W o4 1 Yol - two of inputs of diphoton BDT (for event
0l 4 : categorization targeting untagged event classes
ol 1 02 T with signal mainly from ggH production mode)
| ol * Tighter cut in some dedicated event classes, such
0 ; h: : as >-0.2 in VBF tagged events
]’-1‘_14 [ R e J Llul.uuﬂl.ul I‘A/J,.:

-1 -0.8-06-04-02 0 0.2 04 06 0.8 1 -1 -0.8-06-04-02 0 02 04 06 08 1
Photon ID MVA score Photon ID MVA score



EGmma POG y-ID MVA : Run? vs Run3

» Some update on the input features

Run2 EGamma v ID MVA | Variables NanoAOD
Rg Photon_r9 (full5xb)
Eso/ Esys Photon_s4 (full5xb)
Covinid Photon_sieip.
Sinin Photon_sieie

For both EB and EE Muidth Photon_etaWidth
Oyideh Photon. phiWidth

PF Photon Isolation

Photon_pfPholso03

PF
charged Isolation wrt choosen vertex

Phaoton_pfCharged|soPFPY

PF Charged Isolation wrt Worst vertex

Photon_pfChargedlsoWorstVix

Super cluster raw energy

Photon_eneragvRaw

Super cluster eta

Photon_scEta

Energy density p

fixedGridRhoAll (event-level)

EE-only

ES effective sigma

Photon_esEnerayOverRawE

ES energy/ SC raw energy

Photon_esEffSiamaRR

Same inputs as Run2 H—yy photon ID MVA: dedicated MVA for

vertex determination in H—>yy = “pf Charged Iso wrt choosen vertex”

Current Run3 EGamma y-ID MVA: similar as Run2

v" “PF photon isolation” removed

v' Adding H/E, Track Iso (hollow cones 0.3)
and Track Iso (solid cone 0.4), PF ECAL
cluster Iso, PF HCAL Cluster Iso (EE-only)

v Keeping the rest the same as Run2
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Exercise 2: selection eff with Z—ee ThP

» Selection efficiencies and trigger
efficiencies can differ in data and MC

v" If using MC (signal), want the MC to behave like data

» Scale Factors (SF) are made to match MC
efficiencies to Data efficiencies
v' Defined as the ratio of data efficiencies to MC

efficiencies
v usually applied as an event weight

» Efficiency-type SF measured via Tag And

Probe* OR a different dataset
v' High pT: Z->pu*u, Z— e*e
v Low-pT: Jy—u*u, Jy— ete
One leg as Tag with tighter selections (ID, HLT .. ), the other

leg as Probe with looser selections to study the selection
efficiencies : peaks in ee/pp invariant mass spectrum

Electrons

3 types of scale factors to use

Reco ID Trigger
. reconstruction ° ID Effects e  trigger effects
effects e Centrally ) NOT Centrally
. tracking Produced Produced
. Centrally
Produced

UL SF documentation

If you have a custom ID or trigger scheme
May need to make your own SFs
m  Present your results to the EGamma POG for approval
> Reach out to the EGamma contact in your Physics Analysis Group (PAG)
s EXO, B2G, HIG, etc should have folks
m The POG keeps a list of approved custom scale factors to prevent duplicate work
e Often has frameworks already in place

Exercise: selection with a cut on the
customized photon ID MVA score (>-0.7) :
/publicfs/cms/user/tacjg/README_Zee TnP

Efficiency of any selections you plan to study
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https://twiki.cern.ch/twiki/bin/view/CMS/EgammaUL2016To2018#Scale_and_smearing_corrections_f

Environment setup

Useful links: https://github.com/cms-egamma/egm tnp analysis
https://twiki.cern.ch/twiki/bin/view/CMS/ElectronScaleFactorsRun?

#To a container with 0S7

/cvmfs/container.ihep.ac.cn/bin/hep container shell Cent0S7/ :
cd /publicfs/cms/user/taojq/ OS7/ (039 1N
export SCRAM ARCH=s1c7 amd64 gcc700 tegtnjg)

source /cvmfs/cms.cern.ch/cmsset default.sh
cmsrel CMSSW 10 6 29

Zee TnP package

cd /publicfs/cms/user/taojq/CMSSW 10 6 29/src/

cmsenv

#git clone git@github.com:cms-egamma/egm tnp analysis.git
cp -r /publicfs/cms/user/taojq/Zee TnP/egm tnp analysis .
cd egm tnp _analysis

Nlote: 1f you modify anything in histUtils.pyx then you need to run make cython-build before make
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https://github.com/cms-egamma/egm_tnp_analysis
https://twiki.cern.ch/twiki/bin/view/CMS/ElectronScaleFactorsRun2

Configurations and modifications

: i - : : : etc/config/settings_Tao2017.
Skip this step, all modifications included in s -
flags = { Any selections/cuts you plan to study

/publicfs/cms/user/taojg/Zee_TnP/egm_tnp
_analysis }

baseQutDir =

1) settings.py: etc/config/settings_Tao2017.py ## not: you can setup another sampleDef File in inputs
> example Wlth UL2017 Zee TnP img_?_;éeg‘;i.inputs.tnpSampleDef as tnpSamples
_ : Data and MC samples
2) Input samples: etc/inputs/tnpSampleDef.py samplesDef = {
3) Tree name, mass range and binning defined in . tnpSamples.TaoInp2017[ ].clone(),
. : tnpS les.Taolnp2017 .cl ;
tanGM_fltter.py . Ngﬁe?mp =5 1a0P [ I-ctoned)

4) Other modifications: "minPtForSwitch"” related in
libPython/fitUtils.py, initial values and ranges of
"nBkgF" and "nSigF" in libCpp/histFitter.C,... S A pT and n bins

‘: 'float', 'bins': [-2.5,-2.0,-1.566,-1.4442, -0.8, 0.0,

<. I
', 'type': 'float', 'bins': [20.

0,35.0,50.0,100.0,200.,1000.0] 1},
i [-2.5, - ) )

11,

etc/inputs/tnpSampleDef.py

#'/eos/cms/store/user/jtao/ZeeTnP/UL17/" Homework- test With more bInS
- OpeEmy L , i A P
TaoEos2017 + e .

it .
preselections

'mass>60. && mass<120. && tag Ele et>35. && ph et>20. && ph hoe<0.08'

isI‘J’IC = True, nEvts = -

: tnpSample( f
TaoEos2017 +

isMC = True, nEvts = -

: tnpSample( TaoEos2017 + && tag Ele et>35. && ph et>20. && mcTrue>0.5" ##

data mcTrue &




Fitting https://twiki.cern.ch/twiki/bin/view/C
MS/ElectronScaleFactorsRun?

« Signal
NOminaI f|tS Sk| P the Systematics o Template from MC and smear with Gaussian
: « Background
(homeWO rk) o RooCMSShape

 Mass window : 60-120 GeV

» MC efficiencies : MC truth matching and tau rejection and then evaluated by counting

Lot i L
####AH A Titting params to tune fit by hand if S -
A BRI A 1 1 BB I B S Systematlcs

croPariionfit = | . Sand B parameters

» Variation tag selection criteria: tight/medium WP, change of tag pT (e.g. 25 to 35)
Signal model: use a fully parametric model (Double Crystall Ball convoluted with
Breit-Wigner + exponential for low pT bins). The usage of the Double CB allows
to properly fit also the high pT bins.

Background modelling: RooCMSShape vs Exponential (keep signal model as the
nominal one)

]

tnpParAltSigFit = [

]

tnpParAltSigFit addGaus = [

[ ]
o
o
=
1)
3
—3
(=}
D
3
1
Q
—_
Qo
e
c
w
D
[a]
=
S
el
—
o
_
w
D
D
=
@]
—
jab]
=2
47
jab)
3
=
L

Additional sources may be considered in case of photon ID e.g. electron/photon
R9 difference, Higgs to Z pT spectrum difference...

Remarks:
» Generator systematics affect only MC so they are derived from a simple counting
method.
« In most of the analysis a PU reweigh is already applied thus it is not needed to
account for an additional systematic contribution in the scale factor(i.e. double
counting).If data/MC corrections for different

etc/config/settings_Tao2017.py than the nominal PU reweighing are needed it is possible to recompute the scale factors
with three simple steps:

» recompute the target PU distribution varying the minbias xsec
« update the puTarget in the configuration
« rerun the MC counting fit
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https://twiki.cern.ch/twiki/bin/view/CMS/ElectronScaleFactorsRun2
https://twiki.cern.ch/twiki/bin/view/CMS/ElectronScaleFactorsRun2

Exercise 2: binned histograms

===> (Qutput directory:
results UL2017//passingIDMVACut/

> ChECk bins bin®0 ph sc eta m2p50Tomlp57 ph et 20pO0To50p0O
(" - cut: ', 'mass>60. && mass<120. && tag Ele et>35. && ph et>20. && ph hoe<0.08 && mcTrue>0.
. ph_sc _eta >= -2.500000 && ph_sc _eta < -1.566000 && ph_et >= 20.000000 && ph_et < 50.000000")
python tanGM fltter,py bin®1 ph sc_eta mlp57To0p@O ph et 20pAAT050pOO
. L (" - cut: ', 'mass>60. && mass<120. && tag Ele et>35. && ph et>20. && ph hoe<0.08 && mcTrue>0.
- ph sc eta >= -1.566000 && ph sc eta < 0.000000 && ph et >= 20.000000 && ph et < 50.000000")
etC/Conflg/SettlngS—Ta02017py ﬂag bin®2 ph sc eta Qp@0Tolp57 ph et 20p0OTo50pA0O
. . (" - cut: ', 'mass>60. && mass<120. && tag Ele et>35. && ph_et>20. && ph_hoe<0.08 && mcTrue>0.
passmgIDl\/IVACut --checkBins ph_sc_eta >= 0.000000 &% ph_sc_eta < 1.566000 & ph_et >= 20.000000 & ph_et < 50.000000')
bin®3 ph sc eta 1p57To2p50 ph et 20p00To50pA0O
(" - cut: ', 'mass>60. && mass<120. && tag Ele et>35. && ph et>20. && ph hoe<0.08 && mcTrue>0.
ph_sc eta >= 1.566000 && ph sc eta < 2.500000 && ph_et >= 20.000000 &% ph et < 50.000000')
H H binEl4_ph_sc_eta m2p50Tomlp57 ph_et 50p80TolG0OpOG
> Create the blnnlng (" - cut: ', 'mass>60. && mass<120. && tag Ele et>35. && ph et>20. && ph hoe<0.08 && mcTrue>0.
. ph sc eta >= -2.500000 & ph sc eta < -1.566000 &% ph et >= 50.000000 && ph et < 1000.000000')
py[ho/’) [anGM fitter. oy bin05 ph_sc_eta mlp57ToBp0® ph et 50peaTol080peo
- (" - cut: ', 'mass>60. && mass<120. && tag Ele et>35. && ph_et>20. && ph_hoe<0.08 && mcTrue>0.
3 3 _ ph sc eta >= -1.566000 && ph sc eta < 0.000000 && ph et >= 50.000000 && ph et < 10060.000000")
efC/COﬂﬁg/SeffIHQS_ 7-8020] 7py f/ag bin06 ph sc eta O@p0OTolp57 ph et 50p00Tol0OOPOO
. . (" - cut: ', 'mass>60. && mass<120. && tag Ele et>35. && ph_et>20. && ph_hoe<0.08 && mcTrue>0.
pa’SS//’)g/DMl/A Cut --createBins ph_sc_eta >= 0.000000 & ph sc_eta < 1.566000 & ph_et >= 50.000000 & ph_et < 1000.000000")

bin®7 ph sc eta 1p57To2p50 ph et 50p00Tol00ApOO

- resultS_UL2017//paSS|ng|DMVACut//b|n|ngpkl (" - cut: ', 'mass>60. && mass<120. && tag Ele et>35. && ph et>20. && ph hoe<0.08 && mcTrue>0.

ph_sc eta >= 1.566000 && ph sc eta < 2.500000 && ph et >= 50.000000 &% ph et < 1000.000000')

Starting event loop to fill histograms

» Create the histograms of Zee invariant mass 55 gata 2017 J results UL2017/passingDMVACUYDa
% Data .
09 : bata 2017 ta_2017 passinglDMVACut.root and
% Data 2017 .
python [ﬁpEGM_ﬂtz‘er.py % Data 2017 DY_MC_NLO_passingIDMVACut.root
etc/config/settings Tao2017.py --flag oL
; y % Data_2017 results | assin ut/Data . “passin ut.roo
,Oc?SS//’)g/DMl/A CUZ‘ - —C/’eafe/—//SZ‘S % Data:ZBl'i bin@éiphgtgﬁggpmzpse%gl\f\;@gjﬁe:ﬁjégéngsepeegggg\smg ! ‘
. % Data 2017 bJ:.nGGiphiscietairanSGTomlpS? ph_et 20p00To50p00 Fail;l
--> results_UL2017/passingI DMVACut/*.root % Data 2017 DinG1 ph sc ota mips/To0pOd ph et 20p60To30p00 Fail;l
" " " - . % Data 2017 bJ:.n@2:ph:sc:eta:0p00T01p577phiet720p00T050p007Pas_s;1
--> N_eta*N_pt "Pass” and "Fail" TH1D hists % Data_2017 D e
% Data_2017 bin®3 ph sc eta 1p57To2p50 ph et 20p00To58pA@ Fail:l
% Data 2017 bin®4 ph sc_eta m2p50Tomlp57 ph et 50pBOT01000p0O Pass;l
% Data 2017 bin@4 ph sc eta m2p50Tomlp57 ph et 50p00Tol000pOO Fail;l
. . . . . o Data_2017 bJ:.n057phiscietaimlp57T00p@@iphietijGGTol@@GpGG Pass;1
Time-consuming step, depending on the binning * Data 2017 e e e
. . o binB6 ph sc eta 0p@OTolp57 ph et 50pBBT0o1000pA0 Fail;l
(N_eta*N_pt ) and |nput root f||eS ) ggzg—ggg bin@?jgh:sc:etajlngozgse:Eh: :SGEGGTOIGGGEGG:Pass;l

bin@7 ph sc eta 1p57To2p50 ph e

t 50p00To1000pAO Fail;l

IEIEI s Data 2017




root -|
results_UL2017/passingIDMVACut/Da
ta_2017_passingIDMVACut.root

c=new TBrowser()

_|roo1
((]]PROOF Sessions

=5 ROOT Files

= ﬁgre:uhs UL2017/passinglDMVACut/'Data_2017_passingl DMVACut.root
|k bin00_ph_sc_eta_ m2p50Tomip57_ph_et_20p00To50p00_Pass;i
|A:Jnﬂﬂ ph_sc_eta_m2p50Tomip57_ph_et 20p00Tos0p00_Fail;1
|k:3n{]‘ ph_sc_eta_mip57ToOp00_ph_et 20p00To50p00_Pass;1
|A:Jnﬂ‘ ph_sc_eta_mip57ToOp00_ph_et 20p00Ta50p00_Fail;1
|k:3n02 ph_sc_eta_Op00Toip57_ph_et 20p00To50p00_Pass;1
|A:Jn{|2 ph_sc_eta_Op00Toip57_ph_et 20p00To50p00_Fail 1
|k:3n03 ph_sc_eta_1p57To2p50_ph_et 20p00To50p00_Pass;1
|A:Jnﬂ3 ph_sc_eta_1p57To2p50_ph_et 20p00To50p00_Fail, 1
|k:3n04 ph_sc_eta_m2p50Tomip57_ph_et 50p00To1000p00_Pass;1
|A:Jnﬂ4 ph_sc_eta_m2p50Tomip57_ph_et S50p00To1000p00_Fail;1
|k:3n05 ph_sc_eta_mip57ToOp00_ph_et 50p00To1000p00_Pass;1
|A:Jn{|5 ph_sc_eta_mip57ToOp00_ph_et 50p00To1000p00_Fai;1
|k:3n0-5 ph_sc_eta_Op00Toi1p57_ph_et 50p00To1000p00_Pass;1
|A:Jnﬂﬁ ph_sc_eta_Op00To1p57_ph_et 50p00To1000p00_Fail;1
hnnﬂ? ph_sc_eta_1p57To2p50_ph_et 50p00To1000p00_Pass;1
|A:Jnﬂ? ph_sc_eta_1p57To2p50_ph_et 50p00To1000p00_Fail;1

Invariant mass with tag + passed probe,
tag + failed probe

20.000 < ph_et < 50.000

20.000 < ph_et < 50.000

Bin0 passed: S+B

)ﬂ 03 EinDd_ph st ola mWERSOTomipST ph ot 20p00ToS0p00 Pass
- - Entries 1672010
180 — Mean 88.63
- - Std Dev 6.013
160 —
140 — —
120 —
100 — -
80—
60—
40— _
20— -
— o _ y ate-
= 7 1 | - T Z e e
%o 70 80 90 100 110 120
-2.500 < ph_sc_eta < -1.566
BI n 0 fa I Ied : S + B EinD0_ph_sc ola mEpS0Tomip5T ph ot 20p00ToS0po0_Fal
8000 == . Entries 145543
- + Mean 87.54
7000 — + + Std Dev 12.98
6000 —
5000 —
4000 —
3000 —
[ —+
[ —+
— _'__'__'_
2000 — +—o——0—0—0—-+
- ++—|—0—.— —o—_._'_'_
1000 - R SO
=1 I R N R L AR I N N RN NN NN O N B! 27
60 70 80 90 100 110 120

-2.500 < ph_sc_eta < -1.566



Exercise 2: nominal fitting

results UL2017/passmg|DI\/IVACut/pIots/DY MC_NLO/nominalFit/

bin04_ph_s

N_S

eff — — passed

N—Spassed-l_N—Sfalled

MC: python tnpEGM._fitter.py
etc/config/settings Tao2017.py --fag

passinglIDMVACut --doFit —mcSig

--> plots:
results_UL2017/passingIDMVACut/plots/DY_MC_NLO/nom
inalFit/*.png

--> rootuples:
results_UL2017/passingIDMVACut/DY_MC_NLO_passinglD
MVACut.nominalFit-bin*.root

Data: python tnpEGM_fitter.py
etc/config/settings_Tao2017.py --flag
passinglDMVACut --doFit

--> plots:
results_UL2017/passingIDMVACut/plots/Data_2017/nomin
alFit/*.png

--> rootuples:
results_UL2017/passingIDMVACut/Data_2017_passingIDM
VACut.nominalFit-bin*.root

Note: may need to tune parameters for some bins

* fit status pass: 0, fail : 0
* eff = 0.9705 + 0.0002

--- parmeters

- meanP = -0.010 +0.237

- nSigP = 255625.563 + 236.514
- sigmaP = 0.219 +0.125

- meanF = 0.029 + 0.042

- nSigF = 7781.650 + 47.391

- sigmaF = 0.175 +0.343

_eta_m2p50Tom1p57_ph_e

passing probe

et_50p00To1000p00.png

failing probe

bin04_ph_s:

* fit status pass: 0, fail : 0
* eff = 0.9654 + 0.0008

- parmeters

-acmsP =79.986 +29.302

- betaP = 0.010 =+ 0.000

- gammaP = -0.031 + 0.002
-meanP =-0.411 +0.009
-nBkgP = 6613.147 + 215.843
-nSigP = 162795.962 + 450.285
-sigmaP =0.826 + 0.026
-acmsF =80.000 +9.114
-betaF = 0.023 = 0.003

- gammaF =-0.015 +0.002
-meanF =-0.346 + 0.069

- nBkgF = 6805.331 =+ 136.406

-nSigF = 5838.369 + 132.816
- sigmaF = 0.887 +0.172

c_eta_m2p50Tomlp57_ph e

passing probe

t_50p00To1000p00.png

tailing probe

DY MC:
only Sig

Data:
S+B



Exercise 2: data/MC scale factors

Once all fits are fine, put everything in the
egm format txt file, and get the plots of
eff and SFs with unc.

python tnpEGM_fitter.py
etc/config/settings Tao2017.py --flag
passingIDMVACut --sumUp

o>
results_UL2017/passingIDMVACut//egammakffi.txt
--> results_UL2017//passingIDMVACut/*.png
--> results_UL2017//passingIDMVACut/+.pdf

Note: systematics plots are empty
(skip the fitting, homework)

SFs are usually applied as an event
weight, to correct your MC signal with the
cut/selections employed in your analysis
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UL2017 data eff. and data/MC SF (stat. unc.)
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https://indico.cern.ch/event/1360354/#5-photon-mva-id-for-x-hhhy

e/y scale factors
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UL2017 SF and stat. unc. : 2D
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e/v uncertainties
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SF : <3% different
from 1

Except EB/EE gaps,
typically stat. unc.
<~1%

My presentation at

EGamma meeting
on 15 Mar 2024
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