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Standard Model

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)

mass = =2.2 MeV/c? | =1.28 GeVic? =173.1 GeVic? _’:0

In the Standard Model we have:

e Fermions: the “matter”; quarks and — o

leptons. @ |Ir® IO || ® |- ¢
e Bosons: the interactions; gauge L_UP_J{ cham J|_ tor_ j|_gluon higgs
' 2 =96 MeVic? =4.18 GeVic? o)
bosons and scalar bosons. A PPl | -l | X
. ) d b h
Each gauge boson mediates one o (2o J{ strange ji bettom J|_photon
M M =0.511 MeV/c2 =105.66 MeV/c2 =1.7768 GeV/c? =91im
interaction: o e | a |Fa |2
@O (0 (@ (@ |5
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- Photon: electromagnetic. o ron J_muon =) Zhosn oF
= <lo0evic <0.17 MeV/c? <18.2 MeV/c? ’=80.3m O
N (11
= Zand W:weak. ‘fe e e |® gg
- Gluons: strong. i | etecton || muon ||t || wposon | T 0
-~ | neutrino /| neutrino /| neutrino | { (O RS

Is that all?



Higgs Compositeness: Why?

Standard Model does not explain everything = "Effective Theory":

e New physics at higher energies /A
o Plankscales A ~ 10 GeV? — the gravity could show some quantum
effects.

If we compute the radiative corrections to the Higgs mass we get dm  ocA.

: TS q UNLE Too 0)2
Thus: HOT FoR 115 Gey.. m%[ = mgq) -+ 5m%{

/ l l S oc Al
QS
(125GeV)? (L 10%GeV)?

Fine tunning between mH(O) and dm ! Naturalness or hierarchy problem
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Higgs Compositeness: What is 1t?

Strongly Interacting Light Higgs

Higgs Compositeness theories: Higgs is a

composite particle. Resonances:
. Z ' W'...

Two regimes: ~ m*

e E ~ A: resonances of mass ~ m* interacting

“strongly” with coupling g* —T— A~1TeV
e E <A:typical Higgs field. )
Higgs
— 100GeV

Small deviations from the SM would appears at E < A:

> Quantified using the electroweak obligue parameters W and Y:

2002 /2, 2
m
%% E% Y = 92mW2 W=0 and Y=0 in SM
g *= mx* g *“ Mmx*

Being g and g’ the coupling constants of the SU(2)L and U(1)Y groups of the SM.
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https://iopscience.iop.org/article/10.1088/1126-6708/2007/06/045/pdf

What are we going to do?

Searching for these smooth deviations:

101 o' (13 TeV)

Bzo—lllllllllllII'IIIIIIIII IllIlllllllllllllllllllll:

. - — r CMS : Allowed region: .

> Final I'l" (ee,pp) states. >X_15:_ e/p+p'se : LEP 1I,95%CL ]
> Invariant mass distribution at high 10 : —gshf/SCL =
energies. 2 L« su F

> Setting limits on W and Y and, :
* * 0:— -------------------- + -------------------- —__-

therefore,on m®and g~ 3 ! E

sE 5 -

By measuring Y = measurements of the _10f- : =
oblique parameter W of Run 2 _F ; E
(CMS_EXO_19_017) Complemented. :l L1 1 l { I I | l | I | I { ok [ A | I L1 il] 1 ll { o | lll &l B | I 11 11 l L1l lE
_2925 -20 -15 -10 -5 0 5 10 15 20 25

CMS-EXO-19-017 W x 104

With increasing luminosity we need a careful treatment of theoretical predictions and

experimental systematics.
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https://cds.cern.ch/record/2801451?ln=es
https://cds.cern.ch/record/2801451?ln=es

Analysis strategy

For each set of W and Y values = different contribution:

m  We introduce this effect by reweighting exactly at NLO at generator level the
Drell-Yan samples (formulas in backup).

m Fit: Y and W that maximize the Data-MC agreement by modifying the Drell-Yan
distribution with the reweighting.

We will perform this analysis by fixing the total number of expected entries in MC to
the number of data entries © SHAPE analysis.

This reweighting method is very powerful:

e Exactat NLO.
e It canbe applied to any Drell-Yall signal (resonant or non-resonant).

See CIEMAT Technical Report, AN-24-082 and also this presentation.
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https://www.ciemat.es/portal.do?TR=A&IDR=1&identificador=1085
https://cms.cern.ch/iCMS/user/noteinfo?cmsnoteid=CMS%20AN-2024/082
https://indico.cern.ch/event/1258017/contributions/5284156/attachments/2616316/4522066/Alcaraz_Zprimes_22Mar2023.pdf

Reweighting?... Naively

| want BSM MC — two options:
BSM
1. |produce MC for a particular BSM (W and Y

fixed).

2. | produce MC for the SM and compute for each
event the “ratio of probabilities” of producing
the event in the BSM (W and Y not) and in the

SM: f(X,Y)

BSM SM
\A = f(YW)x
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Analysis strategy: selection criteria

e Selection cuts and dilepton reconstruction » those used in dilepton resonance
searches for Run 2, see:

JHEP 07 (2021) 208

e Weblind the datafor mass > 1 TeV.

You can see also these analysis notes for more information!

CMS AN-2018/011 (dimuon resonant)

CMS AN-2019/101 (dielectron resonant)

CMS AN-2019/024 (dilepton non-resonant)
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http://dx.doi.org/10.1007/JHEP07(2021)208
https://cms.cern.ch/iCMS/user/noteinfo?cmsnoteid=CMS%20AN-2018/011
https://cms.cern.ch/iCMS/user/noteinfo?cmsnoteid=CMS%20AN-2019/101
https://cms.cern.ch/iCMS/user/noteinfo?cmsnoteid=CMS%20AN-2019/024

What samples do we have?

e Data: Run2and Run 3(2022 + 2023), dielectrons and dimuons -
o Datablinded for mass>1 TeV - Slgnal
o Run3 electron results not shown for the moment: scale/smearing - ZZ

corrections not finalized yet, HEEP SFs preliminary.
>  The most energetic events (details in backup): - WZ
e Dimuonin 2023 with m =3.9 TeV.
e Dielectronin 2022 Wlth m —5 3TeV. - tW
e Backgrounds (sources of high energy dlleptons): D WW

o ZZ,WZ,ttbar, tW, WW
ot
e Signal + Drell-Yan background (they interfere):
o Reweighted Drell-Yan samples ( — ee, uu, 7t samples)

All MC samples are corrected according to Egamma POG (HEEP Id, HLT Zvtx, MC smearing)
and Muon POG (reconstruction, isolation, trigger and resolution for high-pT muons)
recommendations. Energy scale corrections are also applied to electron data, and the official
pileup and pre-triggering corrections are applied in MC.

The top background normalization (tt and tW) are determined using control samples (details
in AN-24-008 and backup).
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https://cms.cern.ch/iCMS/user/noteinfo?cmsnoteid=CMS%20AN-2024/082

***MC normalized to Data,
but Data match the
predictions at the 2% level.

Invariant mass distributions.

Muons . Electrons & —
Run2
o 15 o 15
3 T TSianal 3 i f L‘
g 1 reiveten .._.'E!!nn’ﬂﬁ?}{,;ﬁu#%#{-ﬁ#ﬁ - Slgna "Qli' 1 OPPYPSSUL I I I ’ﬂi - 4 LHTLT 1{
Shapes are in good 0_3.2\ 1| Io.‘s\ 11 IO.‘4\ 11 Ioﬁs\ 11 IO.‘G\ 11 Io.‘7\ 11 \OIB\ 11 ‘oﬁgr 11| 1)(103 - zz 0.5.2\ 11 \0.‘3\ 11 10.‘4\ 11 ‘0[5‘ L1 \0.‘6\ L1 \0.‘7! 11 \OIB\ 11 \OISV 111 1)(103
| Dimuon invariant mass [GeV] - WZ Dielectron invariant mass [GeV]
agreement! T W

ww
o it

Scale and 1o
smearing

corrections
not yvet 107
available!

Run3:

e 2022+2023 .-

15 o 15
S = H [ 1
% 1 ate 8 oyaiesithosigktigil ihllhlr ; T 1lwyresasa ®ts .u.h;‘iia# 31“ ;lx il l i
8 sttt l} - TR
- TN T T A 0 A s N \ill‘\III‘\ll{‘\Ill‘\lll‘\ll\‘lll\‘lll\103
Oliver M. Carretero 0§53 s a o5 5s o7 " 6s oﬁs 110 03. 09 1

Dimuon invariant mass [GeV] Dielectron invariant mass [GeV]




Fitting procedure

We perform likelihood binned fits to the invariant mass distributions

e Assuming Poisson statistics in each bin.
e Starting at 300 GeV.

Fit not sensitive to global normalization factors = Shape analysis:
> Only systematics that depend on kinematics will be relevant.

Contributions to systematic uncertainties considered:

MC statistical uncertainties.

Pileup uncertainties.

Top background normalization (=2-3%).

WW background (10%).

Muon momentum scale and resolution uncertainties.
Electron energy scale uncertainties.

PDF set uncertainties (PDF4LHC21, a_uncertainty on PDFs).
Factorization and renormalization scale uncertainties.

Initial and final state radiation uncertainties.

Higher impact
on the shape!
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Expected fits: Run 2 + Run 3 (ee and x )

Data is SM: MC with W=Y=0, stats.

Expected 1-Dfits o &
of Y,settingW=0 g 7f
|
e
Y| < 6 x10%at 95% CL 2
| S
E e N Lo |10
=8 =2 1 2 3
Y
5~ 0.006
RO . Ei’}/lminimum
Expected 2-D 0.002]- = eat
fitsof Wand Y of \
—o.oozf—
-0.0043—
009855555002 —0.001 0
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Expected fits: Run 2 + Run 3 (ee and x )

***Preliminary.

Expected 2-D fits of Y and W when using the MC for W=Y=0 as Data including the W Run2
measurement from the lepton+MET analysis (CMS-EXO-19-017, W=-1.2e-4 + 0.6e-4 at
68% CL)

Datais SM: MC with W=Y=0, stats. + syst.

101 fo' (13 TeV)
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N ' 71 _ g pe e e e | oo geop e | jew ey [T poy o] g g
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Status

Framework of the analysis is ready!

1. Selection criteria and dilepton reconstruction.

2. MCsamples ready and corrections applied (scale/smearing for Run3 electrons).
3. Fitting procedure and systematics also ready.

Now = performing studies to reduce uncertainties (stat+syst) and improve sensitivity:

Use of the information of cos@
Veto top events.

Optimizing mass fit range.
Binning.

For this studies we are using the Run2 dimuon dataset.

(8]
S
[
-
©
(=]

0_8VII\‘!II\‘II\\‘II\\‘II\\[II\\.II\\II\\\ 103

Dimuon invariant mass [GeV]
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Improving sensitivity: coso .

Two sensitive distributions:

e Dilepton Invariant massm,
e Cosine of the Collins-Soper angle cos8
> Highly affected by the PDF uncertainties

l l l l
2(pz E> —pz EM)
cos g = > >
mi \/mll + PTy;
I3) 1.2.
s ! : 1
= ] i ¢ "
where | refers to the lepton and |, to the antilepton. a o_;- ‘ + ‘ ) I
0.8-111|IIlIlllIlllIlllIIII|lll|llllllll|||><103
. o ) -1 08 -0.6 04 -0.2 02 04 06 08 1
Using cos8 . is worth?

sign(cos 6.)xm,, [GeV]
= Fit the distribution sign(cos@ ) X m, (also done

***No requirement on electron charge (JHEP 07 (2021)
JHEP 07 (2021) 208).

208 criteria) :

e Incase of charge coincidence, the one with the
lower pT prevails.
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http://dx.doi.org/10.1007/JHEP07(2021)208
http://dx.doi.org/10.1007/JHEP07(2021)208
http://dx.doi.org/10.1007/JHEP07(2021)208

Improving sensitivity: coso .

Computing the interval of Y at 95% of CL using as Data the MC for W=Y=0 (-2AInL=4):

Form,: For sign(cos@_) X m,:
[-0.000741, 0.000901] [-0.000725, 0.000885]
2% more sensitive
Y Y. . =0.001642 >Y__-Y . =0.001610

-2A InL
4 N WA 0o N ®
-2A InL
- N W A oo N ®

Barely 2% sensitivity improvement:

e We maintain the analysis 1-dimensional fitting sign(cos8 ) X m,
Oliver M. Carretero = Making the observations more consistent.

|
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Improving sensitivity: veto top events

We set the normalization of the tops
backgrounds using control samples: tt and tW: the most
important backgrounds
we select events with at least two jets, and one P s
jet b-tagged that satisfied 81 [~ Data’
EWG =gizgnal
o Jetpt>25GeV - Wz
o |letn|<25 o .
e ID:tight lepton veto 10° .
e b-tag at Medium WP with DeepFlavB 102
(period dependent, typical values around 0
0.3) 1
107"
But we can veto top events using also this
1.2¢
selection criteria: %11_ L l .
81 - . —
e Wereduce % of the tops background ° 09— l |
e More robust measurement at the level of e 10°
assign ment of systematics Dimuon invariant mass [GeV]
Oliver M. Carretero 17



Improving sensitivity: veto top events

Doing this we reduce 7 of the tops background, giving us a_more robust measurement at the
level of assignment of systematics.

Difference:
o tt+tW: 48725.006
e Data: 51184
We are mostly
removing tops events!

’!H R
0'3—1 II—O.S”‘—O.&”—O.AILO.ZIH Hs'l::l(cloll“‘e;:;:;‘;pf[i;\l/; 0.6_1 -0.8 -0.6 -04 -02 Siog.:(coos.tlecs()):mu:.[BGev;
tt+tW: 70487.884 tt+tW: 21762.878
Data: 277570 Data: 226386 s 7t
We also improve the sensitivity with this veto: Yoer
5_
e | After applying the veto: [-0.000728,0.000860]; ‘; N S R—
Y oo Y= 0.001587. o
e Before applying the veto: [-0.000725, 0.000885]; e
Y .. Y..,=0001610. 5

Oliver M. Carretero 1.5% more sensitive!




Improving sensitivity: mass fit range

Optimize the mass fit range = reduce uncertainties (stat+syst) and improve sensitivity.

We compute the interval of Y at 95% of CL using as Data the
MC for W=Y=0 (-2AInL=4):

-2A InL

e 200 GeV is affected by edge effect.
For 300 GeV: [-0.000741,0.000901); Y-V =
0.001642

e For 400 GeV: [-0.000740,0.000903}; Y, -Y__
0.001643 S S A

e For500GeV:[-0.000747,0.000922}; Y, -Y__ = 300 Gev

0/001670 500 GeV 600 GeV The most sensitive!
"o Fbr 600 GeV: [-0.60¢ b];

o D w A o0 oo N
TTTTTT T TT T T TIT T[T T [ TI T TTT T TTTT

-2A InL

***Without veto tops
events and sign(cos®

CS)

_ N W A OO N
T[T [T T[T T

o
=

I I
-3 -2 =1

Oliver M. Carretero Run2 muons 19
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Improving sensitivity: binning.

Optimize the binning = reduce uncertainties (stat+syst)

and improve sensitivity.

Entries

104; Total MC
- After cutting tops events with the current binning: 100 GeV
binwidth [-0.000728,0.000860};Y__ -Y . =0.001587.

Let’s try others criteria:

e Minimum bin total MC entries:
L g epalils 54 | L &5 < O ['0000731, 0000864],

Ea g 4 1 4 % 4 ; o ; }
-6000 -4000 -2000 0 2000 4000 6000
sign(cos 6.¢)x m, [GeV]

Y -Y .=0.001595.
ax  min

m

Entries

Total MC . .
o = 10 entries per bin: [-0.000746, 0.000869];
Y __-Y_ =0.001615.
e Minimum (bin entries)/(bin error) in total MC:

<4— O

[-0.000729,0.000862]; Y, -Y__ = 0.001590.

107

6000 '-4t|mo' ' '-211300' 0 '2oloo' ' '40100' %000 Noimprovement_

sign(cos 8,.¢)x m,, [GeV]
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Next steps

e Pulls of nuisance parameter.
Studies of the stability of the fit for non-zero W and Y
e Translatethe current WandY exclusionsinto g* and m* exclusion plots.

e Apply electron scale/smearing corrections for Run3
> study the systematic.

e FElectrontrigger crosscheck.

Medium/long term:

e Planned extensions of this analysis:
> |lgg contact interaction term (LL, LR, RL, RR) constraints for Run 2 + Run 3 (via

reweighting) exactly at NLO (previously done at LO).
> Direct _search for medium/wide width resonances, like Y-sequential in a

compositeness scenario.

For further details see AN-24-082 and EXO non-hadronic talks on Apr 2024 and March 2023.
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https://cms.cern.ch/iCMS/user/noteinfo?cmsnoteid=CMS%20AN-2024/082
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https://indico.cern.ch/event/1258017/contributions/5284156/attachments/2616316/4522066/Alcaraz_Zprimes_22Mar2023.pdf
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What samples do we have?

e Data: Run2and Run 3(2022 + 2023), dielectrons and dimuons ianal
o Datablinded for mass>1 TeV - S g d
o Run3electrons: scale/smearing corrections not available yet. - ¥4

e Backgrounds (sources of high energy dileptons): - W<z
o ZZ,WZ,ttbar, tW, WW - twW

e Signal + Drell-Yan background (they interfere): D WWw
o Reweighted Drell-Yan samples ( — ee, uu, 7t samples) - t

All MC samples are corrected according to Egamma POG (HEEP Id, HLT Zvtx, MC smearing)
and Muon POG (reconstruction, isolation, trigger and resolution for high-pT muons)
recommendations. Energy scale corrections are also applied to electron data, and the official
pileup and pre-triggering corrections are applied in MC.

The top background normalization (tt and tW) are determined using control samples (details
in AN-24-008 and backup).
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https://cms.cern.ch/iCMS/user/noteinfo?cmsnoteid=CMS%20AN-2024/082

7/7° analysis: Data Samples (Run 2)

o 2016 UL
/SingleMuon/Run2016B-ver2_HIPM_UL2016_MiniAODv2_NanoAODv9-v2/NANOAOD
/SingleMuon/Run2016[C,D,E,F]-HIPM_UL2016_MiniAODv2_NanoAODv9-v2/NANOAOD
/SingleMuon/Run2016[F,G,H]-UL2016_MiniAODv2_NanoAODv9-v1/NANOAOD

o 2017 UL
/SingleMuon/Run2017[B,C,D,F]-UL2017_MiniAODv2_NanoAODv9_GT36-v1/NANOAOD
/SingleMuon/Run2017E-UL2017_MiniAODv2_NanoAODv9_GT36-v2/NANOAOD

o 2018 UL
e /SingleMuon/Run2018[A,B,C,D]-UL2018_MiniAODv2_NanoAODv9_GT36-v1/NANOAOD

Data for Electrons :

o 2016 UL
/DoubleEG/Run2016B-ver2_HIPM_UL2016_MiniAODv2_NanoAODv9-v3/NANOAOD
/DoubleEG/Run2016[C,D,E,F]-HIPM_UL2016_MiniAODv2_NanoAODv9-v2/NANOAQOD
/DoubleEG/Run2016[F,G,H]-UL2016_MiniAODv2_NanoAODv9-v1/NANOAQOD

o 2017 UL
/DoubleEG/Run2017[B,C,D,E,F]-UL2017_MiniAODv2_NanoAODv9-v1/NANOAOD

o 2018 UL
/EGamma/Run2018[A,B,C]-UL2018 MiniAODv2_ NanoAODv9 GT36-v1/NANOAOD
/EGamma/Run2018D-UL2018 MiniAODv2_NanoAODv9-v3/NANOAQOD

Oliver M. Carretero 24



7./7’ analysis: MC Samples (UL16)

MC for Muons and Electrons :

Tags (change between samples)
- preVFP:
/RunliISummer20UL16NanoAODAPVV9-106X_mcRun2_asymptotic_preVFP_v11-v1/NANOAODSIM
- postVFP: /RunliISummer20UL16NanoAODv9-106X_mcRun2_asymptotic_v17-v1/NANOAODSIM

e /TTTo2L2Nu_TuneCP5_13TeV-powheg-pythia8 (pre v11-v1, post v17-v1)
e /TTToLL _MLL_bins TuneCP5_ 13TeV-powheg-pythia8 (pre v11-v1, post v17-v1)
bins: 500to800, 800to1200, 1200t01800,1800toInf
IST_tW_top_ 5f inclusiveDecays TuneCP5_13TeV-powheg-pythia8 (pre v11-v1, post v17-v2)
e /ST tW_antitop 5f inclusiveDecays TuneCP5_13TeV-powheg-pythia8 (pre v11-v1, post v17-v2)
e /WWTo2L2Nu_TuneCP5_13TeV-powheg-pythia8 (pre v11-v1, post v17-v1)
e /WWTo2L2Nu_MLL_200To600_TuneCP5_13TeV-powheg-pythia8 (pre v11-v1, post v17-v1)
bins: 200to600, 600to1200, 1200t02500, 1800toInf
e /WZ TuneCP5_ 13TeV-pythia8 (pre v11-v1, post v17-v1)
e /ZZ TuneCP5 13TeV-pythia8 (pre v11-v1, post v17-v1)
e /DYJetsToTauTau_M-50_AtLeastOneEorMuDecay TuneCP5_13TeV-powhegMiNNLO-pythia8-photos (pre
v11-v1, post v17-v1)
e /ZToMuMu_M-bins_TuneCP5_13TeV-powheg-pythia8 (pre v11-v1, post v17-v1)
bins: 50to120, 120to200, 200to400, 400to800, 800to1400, 1400t02300, 2300t03500, 3500t04500,
4500t06000, 6000tolInf
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7./7’ analysis: MC Samples (UL17)

MC for Muons and Electrons :

Tags (change between samples)
- /RunliSummer20UL17NanoAODv9-106X_mc2017_realistic_v9-v1/NANOAODSIM

[TTTo2L2Nu_TuneCP5_13TeV-powheg-pythia8 v9-v1

[TTToLL_MLL_bins TuneCP5_13TeV-powheg-pythia8 v9-v1

bins: 500to800, 800to1200, 1200t01800,1800toInf

/ST _tW_antitop_5f inclusiveDecays_TuneCP5_13TeV-powheg-pythia8 v9-v2

/ST _tW_top_ 5f inclusiveDecays_TuneCP5_13TeV-powheg-pythia8 v9-v2

IWWTo2L2Nu_TuneCP5_13TeV-powheg-pythia8 v9-v1

/WWTo2L2Nu_MLL_200To600_TuneCP5_13TeV-powheg-pythia8 v9-v1

bins: 200to600, 600to1200, 1200t02500, 1800toInf

/IWZ_TuneCP5_13TeV-pythia8 v9-v1

1ZZ_TuneCP5_13TeV-pythia8 v9-v1

e /DYJetsToTauTau M-50_ AtLeastOneEorMuDecay TuneCP5_13TeV-powhegMiNNLO-pythia8-photos
v9-v2

e /ZToMuMu_M-bins_TuneCP5_13TeV-powheg-pythia8 v9-v1

bins: 50t0120, 120t0200, 200to400, 400to800, 800to1400, 1400t02300, 2300t03500, 3500t04500,

4500to6000, 6000toInf
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7./7° analysis: MC Samples (UL18)

MC for Muons and Electrons :

Tags (change between samples)
- /RunliSummer20UL18NanoAODv9-106X_upgrade2018_realistic v16_L1v1-v1/NANOAODSIM

[TTTo2L2Nu_TuneCP5_13TeV-powheg-pythia8 v1-v1

/TTToLL_MLL_bins TuneCP5_13TeV-powheg-pythia8 v1-v1

bins: 500to800, 800to1200, 1200t01800,1800toInf

/ST _tW_antitop_5f inclusiveDecays TuneCP5 13TeV-powheg-pythia8 v1-v2

/ST _tW top_ 5f inclusiveDecays TuneCP5_13TeV-powheg-pythia8 v1-v2

/WWTo2L2Nu_TuneCP5_13TeV-powheg-pythia8 v1-v1

/WWTo2L2Nu_MLL_200To600_TuneCP5_13TeV-powheg-pythia8 v1-v1

bins: 200to600, 600to1200, 1200t02500, 1800toInf

/IWZ_TuneCP5_13TeV-pythia8 v1-v1

1ZZ_TuneCP5_13TeV-pythia8 v1-v1

e /DYJetsToTauTau M-50_ AtLeastOneEorMuDecay TuneCP5_13TeV-powhegMiNNLO-pythia8-photos
v1-v2

e /ZToMuMu_M-bins_TuneCP5_13TeV-powheg-pythia8 v1-v1

bins: 50to0120, 120t0200, 200to400, 400to800, 800to1400, 1400t02300, 2300t03500, 3500t04500,

4500t06000, 6000tolInf
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77’ analysis: Data & MC Samples (2022)

Data:
e /[Muon,EGamma]/Run2022[C,D,E]-ReRecoNanoAODv11-v1/NANOAOD
e /[Muon,EGamma]/Run2022[F,G]-PromptNanoAODv11_v1-v2/NANOAOD

MC:
Tags (change between samples)
- preEE: Run3Summer22NanoAODv11-126X_mcRun3 2022 realistic v2-v1/NANOAODSIM
- postEE: Run3Summer22EENanoAODv11-126X_mcRun3_2022_realistic_postEE_v1-v1/NANOAODSIM

TTto2L2Nu_TuneCP5_13p6TeV_powheg-pythia8 (pre v2-v1, post v1-v1)
WW1o2L2Nu_TuneCP5_13p6TeV_powheg-pythia8 (pre v2-v2, post v1-v2)
TWminusto2L2Nu_TuneCP5_13p6TeV_powheg-pythia8 (pre v2-v1, post v1-v1)
TbharWplusto2L2Nu_TuneCP5_13p6TeV_powheg-pythia8 (pre v2-v1, post v1-v1)
WZto3LNu_TuneCP5_13p6TeV_powheg-pythia8 (pre v2-v2, post v1-v2)
ZZt02L2Nu_TuneCP5_13p6TeV_powheg-pythia8 (pre v2-v2, post v1-v2)
Z7t02L2Q_TuneCP5_13p6TeV_powheg-pythia8 (pre v2-v2, post v1-v2)
ZZto4L_TuneCP5_13p6TeV_powheg-pythia8 (pre v2-v2, post v1-v2)
DYto2[Mu,E,Tau] MLL-bins TuneCP5_13p6TeV_powheg-pythia8 (pre v2-v2, post v1-v2)
o bins: 50t0120, 120t0200, 200to400, 400to800, 800to1500, 1500t02500, 2500t04000, 4000to6000,
6000

Oliver M. Carretero 28



7./7° analysis: Data & MC Samples (2023)

Data:
e /[Muon,EGamma][0,1]/Run2023[C,D]-22Sep2023*/NANOAOD

MC:
Tags (change between samples)
- 2023C: Run3Summer23NanoAODv12-130X_mcRun3_ 2023 realistic_v*-v*/NANOAODSIM
- 2023D:
Run3Summer23BPixNanoAODv12-130X_mcRun3_2023 realistic_postBPix_v*-v*/NANOAODSIM

TTto2L2Nu_TuneCP5_13p6TeV_powheg-pythia8 (2023C v14-v2, 2023D v2-v3)
WW1o2L2Nu_TuneCP5_13p6TeV_powheg-pythia8 (2023C v14-v4, 2023D v2-v3)
TWminusto2L2Nu_TuneCP5_13p6TeV_powheg-pythia8 (2023C v14-v2, 2023D v2-v3)
TharWplusto2L2Nu_ TuneCP5_ 13p6TeV_powheg-pythia8 (2023C v15-v4, 2023D v6-v2)
WZto3LNu_TuneCP5_ 13p6TeV_powheg-pythia8 (2023C v14-v2, 2023D v2-v2)
ZZt02L2Nu_TuneCP5_13p6TeV_powheg-pythia8 (2023C v14-v3, 2023D v2-v3)
Z7t02L.2Q_TuneCP5_ 13p6TeV_powheg-pythia8 (2023C v14-v3, 2023D v2-v3)
ZZto4L_TuneCP5_13p6TeV_powheg-pythia8 (2023C v14-v3, 2023D v2-v3)
DYto2[Mu,E,Tau] MLL-bins TuneCP5_13p6TeV_powheg-pythia8 (2023C v14-*, 2023D v2-*)
o bins: 50t0120, 120to200, 200t0400, 400to800, 800to1500, 1500t02500, 2500t04000, 4000to6000,
6000
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Analysis strategy: reweighting

The even-by-event weight is of the type ***:

deCIXE 0 9 0 2
> d—Qg ‘(CSM(q , Xas Xe) + CBSM(XCDX@WV)Y)‘

pn(, QW Y) = XX

dpquf 2
> Com(4®, Xas X¢)
Xa,X¢ dS | o ’ |

where y. is the chirality of the quarks and leptons and £, is the solid angle of the lepton in
the dilepton center-of-mass system.

%k %k k

It is a matrix-element reweighting for a given quark/lepton helicity combination that
depends only on the dilepton mass g% The matrix-elements are averaged over all
helicities depending on angular distribution of the lepton (dg*® /d.QI).

All the dependence on'Y and W is contained in the term:
23713 9
Cosm(Xa, xeW,Y) = gt q¥1

My

Note that for W=Y=0, the values in the SM, this term is O so the weight is 1.

(More details in AN-24-082 and also Alcaraz Maestre, J; Bachiller Perea, |; De La Cruz Martinez, B; Fernandez Del Val, D.;

Carretero, O.M.: Searches for compositeness at the LHC, Ciemat Technical Report 1528, ISSN: 2695-8864.)
Oliver M. Carretero
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https://cms.cern.ch/iCMS/user/noteinfo?cmsnoteid=CMS%20AN-2024/082
https://www.ciemat.es/portal.do?TR=A&IDR=1&identificador=1085
https://www.ciemat.es/portal.do?TR=A&IDR=1&identificador=1085

Analysis strategy: shape analysis

e We will perform this analysis by fixing the total number of expected entries in MC to the
number of data entries, i.e. it will be a SHAPE analysis .

e In this way, we avoid systematics (>2%) with a larger effect than the loss of sensitivity
when using only the shape of the distribution. Also, within the expected sensitivity range
of W and Y for the current integrated luminosities, changes in shape have more weight in
the fit than changes in normalization:

L=0.1 ab”, W=-10°, Y=+1073 L=0.1 ab™, W=-10?, Y=+10", normalized
10°g 10°g
- . POWHEG SM, BSM-reweighted c . POWHEG SM, BSM-reweighted
10 POWHEG SM 10 POWHEG SM
\ - Generator level, Vs = 13 TeV . - Generator level, Vs = 13 TeV
107 107
- After normalization E
10? = > 10? o
10 = 10
L T #F 4 Nis i Tﬁp 1
10—1_III|IIII|IIII|I|II|<tIIIIIII 10-—1_IIIllllllllllllllllflllIIII
1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000
Dilepton mass distribution [GeV] Dilepton mass distribution [GeV]
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Luminosities

Muons Electrons

Run 2: Run 2:
e 2016preVFP: 19.50fb™ e 2016preVFP:19.33fb™
e 2016postVFP:17.18fb™ e 2016postVFP: 16.98 fb*
e 2017:42.04fb™ e 2017:41.48fb*
e 2018:61.31fb™ e 2018:59.83fb™"

Run 3: Run 3:
e 2022-preEE:9.77 fb™ e 2022-preEE:8.17fb™
e 2022-postEE:27.84fb™ e 2022-postEE:27.01fb™
e 2023-preBPix: 18.11fb™* e 2023-preBPix: 17.79 fb™
e 2023-postBPix: 9.57 fb™ e 2023-postBPix: 9.45fb™*
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Muons. Summary of cuts.

We ask for events firing the following triggers (depending on the year):

e HLT_Mu50 || HLT_TkMu100 || HLT_OIdMu100 || HLT_TkMu50.

We only use “good” muons, i.e. muons that satisfied the following requirements
(used in these analyses):

e Some ID requirements: global high pt and Global muon.

e Muon pt >53 GeV (inthe HLT_MU trigger plateau).

e Tracker relative isolation < 0.1

Note that we use the muon pT given by the TuneP algorithm.

Now we take the time to form dimuons of different charge u*u -, taking the one with

highest invariant mass.

[ Inorder to avoid “fake high-energy dimuons”, where one comes from a Z, we
exclude the event when there is one possible dimuon with mass |mi., — mz| < 20
GeV.

d In order to reject cosmic muons we exclude the dimuon if the acollinearity of
the muons is <0.02
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http://dx.doi.org/10.1007/JHEP07(2021)208
https://twiki.cern.ch/twiki/bin/view/CMS/SWGuideMuonIdRun2#HighPt_Muon

Electrons. Summary of cuts.

We also ask that the event fires one of the following triggers (depending on the
year):

e HLT DoubleEle33 CaloldL_ MW || HLT DoubleEle33_CaloldL_GsfTrkldVL ||
HLT DoubleEle25 CaloldL_ MW.

We only use “good” electrons that satisfy (as done here):
e HEEPID

An with them we form dielectrons ee (no requirements on charge!), taking the one

with the highest invariant mass.

4 Aswedid for the muons, we exclude the event when there is one possible
dielectron with mass |Miny — Mmz| < 20 GeV to avoid “fake high-energy
dielectrons”, where one comes froma Z.

A Wealso ask that one of the electrons be in the barrel.
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http://dx.doi.org/10.1007/JHEP07(2021)208

Global High pT Muon (or High pT Muon)

e Global muon.

e Atleast one muon-chamber hit included in the global-muon track fit or in the TuneP
fit.

e Muon segments in at least two muon stations, or if the muon only has one matched
station it must be a tracker muon and must satisfy at least one of these conditions:
has one or zero expected matched station based on the extrapolation of the inner
track, the single matched station should not be the first muon station, or has at least
two matched RPC layers.

e The p_relative error of the muon best track is less than 30% .

e |tstracker track has transverse impact parameter de < 2mmw.r.t. the primary
vertex.

e The longitudinal distance of the tracker track wrt. the primary vertexisd <5 mm.

e Number of pixel hits > 0.

e Cut on number of tracker layers with hits >5.
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https://twiki.cern.ch/twiki/bin/view/CMS/SWGuideMuonIdRun2#HighPt_Muon
https://twiki.cern.ch/twiki/bin/edit/CMS/TuneP?topicparent=CMS.SWGuideMuonIdRun2;nowysiwyg=1

HEEP ID
T T

Ex > 35 GeV > 35 GeV
***See this page for more
information n range Nsc < 1.4442 1.566 < nsc < 2.5
isEcalDriven =1 =1
An,Seed < 0.004 < 0.006
Agin <0.06 < 0.06
H/E <1/E + 0.05 < 5/E + 0.05
full 5x5 Ojpin n/a <0.03
full 5x5 EZXS/EXS >0.94 OR EIX5/E5X5 > 0.83 n/a

EM + Had Depth 1 Isolation <2+0.03*Et +0.28*rho <2.5 +0.28*rho for Et<50 else
<2.5+0.03*(Et-50) +0.28*rho

Track Isol: Trk Pt <5 <5
Inner Layer Lost Hits <=1 <=1
dxy <0.02 <0.05
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https://twiki.cern.ch/twiki/bin/view/CMS/HEEPElectronIdentificationRun2#Selection_criteria

Muons. Studying the tt/tW background.

We select events with at least two jets,and =~ Gsea
one jet b-tagged that satisfied: £ i vz
5 10 —
o Jetpt>25GeV B
o |Jetn|<25 =
e |D:tight lepton veto
e b-tag at Medium WP with DeepFlavB

(period dependent, typical values around
0.3)

Before computing the correction factor from
the control sample, we normalized all MCs to N
the Data/MC coefficient and corrected dueto  os® IR .
the b-tagging, using the SFs from the QCD 08 01 0!2 o.|3 o.|4 0!5 o!s o.|7 0.[8 o.|9 1

measurements (mujets) and the efficiencies btagging discriminant
computed. 2018 cutis 0.2783

Data/MC

***We discard studying the tt/tW background using an emu sample, as the variation between years and
between muons and electrons is too large, which could lead to much larger systematics.
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https://indico.cern.ch/event/1096988/contributions/4615134/attachments/2346047/4000529/Nov21_btaggingSFjsons.pdf

Muons. Studying the tt/tW background.

We compute the b-tagging efficiencies in
MC with the same pT binning as the SFs for
each year as:
tagged
At Nb—jet
Nb—jet

Where a b-jet satisfy:

e b-jet at generator level
e |Jetn|<25
e |D:tightleptonveto

And tagged if it satisfies the Medium WP
with DeepFlavB.

Oliver M. Carretero
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Muons. Studying the tt/tW background.

Once we have the efficiencies we correct the 2018 plot
MC due to the b-tagging, applying the weight
according to the BTV POG recommendations:

Hi:not tagged(l . SFigi) Hj:tagged SFjgj
Hi:not tagged(l . gi) Hj:tagged €

w =

Where we run over jets that satisfy:

b-jet at generator level
Jet pt>25 GeV

|Jetn| <25

ID: tight lepton veto

10°
Dimuon invariant mass [GeV]

And the b-tag is at Medium WP with
DeepFlavB.
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https://twiki.cern.ch/twiki/bin/viewauth/CMS/BTagSFMethods#1a_Event_reweighting_using_scale

Muons. Studying the tt/tW background.

Thus, we can fix the "tt/tW backgrounds" by reweighting them with the Data/MC
ratio obtained. We get the following ratios for the different periods:

2016preVFP: 1.008 £ 0.019 (stat. + syst.)
2016postVFP: 0.998 + 0.020 (stat. + syst.)
2017:0.991 £ 0.020 (stat. + syst.)

2018:0.981 +0.020 (stat. + syst.)

2022-preEE: 0.965 + 0.035 (stat. + syst.)
2022-postEE: 0.961 + 0.031 (stat. + syst.)
2023-preBPix: 0.888 + 0.012 (stat., SF missing)
e 2023-postBPix: 0.894 +0.016 (stat., SF missing)

These correction factors are dominated by systematics except in periods of low
luminosity (uncertainty from the efficiencies is negligible) .For 2018 we have:

o 2018: 0.9808 + 0.0069(stat.) o o1ee (syst.corr.) 1o 0o2s (syst.uncorr.) o 00os (e f f.)
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Electrons. Studying the tt/tW background.

[ Signal
R~ R LT EARE 1 lZZ R EEEN CEALES IR

The process is the same as for muons, we 12104 —
select events with at least two jets, and one * — o
jet b-tagged that satisfied: N

o Jetpt>25GeV

o |Jet r]I <25 10

e |D:tight lepton veto :

e b-tag at Medium WP with DeepFlavB

107

(period dependent, typical values around
0.3)

Before computing the correction factor from
the control sample, we normalized all MCs to e |
the Data/MC coefficient and corrected due to "0 01 02 03 04 05 06 07 08 09 |

- -

Data/MC

O a a N
|
—
—e
—e]
—e—|
—e—
—e—
—
——
SP—
—e—
——i
| o
———
—e]
o
| o
P
| o—

° o
(==}
- < L)

the b-tagging, using the SFs from the QCD biageing diseriminant
measurements (mujets) and the efficiencies
computed. 2018 cutis 0.2783
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https://indico.cern.ch/event/1096988/contributions/4615134/attachments/2346047/4000529/Nov21_btaggingSFjsons.pdf

Electrons. Studying the tt/tW background.

We compute the b-tagging efficiencies in b-tagging efficiency 2018 electrons
MC with the same pT binning as the SFs for s
each year as: ool
y 086E +_[_
Ntagged 084 {
b—jet - o l
E = 0.82|—+
Nb—jet 0_8;%
Where a b-jet satisfy: 0'785_
0.76 —
e b-jet at generator level 07l
o |Jetn|<25 _"%(I)d"'ztl)d"'stl)d"ltcl)o"'écl)d"étl)d"%tl)d"écl)d"écéd(;;;i/o)oo
e |D:tightleptonveto
And tagged if it satishes the Medium WP
with DeepFlavB.
Oliver M. Carretero 42



Electrons. Studying the tt/tW background.

Once we have the efficiencies we correct the 2018 plot
MC due to the b-tagging, applying the weight 4
according to the BTV POG recommendations: £

1_[iznot tagged(]‘ . SFigi) sztagged SFJf‘:J 10°)

w =
Hi:not tagged(1 . Ei) Hj:tagged € W
Where we run over jets that satisfy: 1
e b-jet at generator level 10"
o Jetpt>25GeV o A
e |Jetn|<25 % 1.1-
e ID:tight lepton veto 8
0.8 ! : : e
And the b_tag iS at Medium WP Wlth Dielectron invariant mass [Ge\;]03
DeepFlavB.
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https://twiki.cern.ch/twiki/bin/viewauth/CMS/BTagSFMethods#1a_Event_reweighting_using_scale

Electrons. Studying the tt/tW background.

The process is the same as for muons (in the backup you can find the detailed
study for electrons). We get the following ratios for the different periods:

2016preVFP: 0.932 £ 0.018 (stat. + syst.)
2016postVFP: 0.955 + 0.020 (stat. + syst.)
2017:0.953 £0.019 (stat. + syst.)

2018:0.955 £ 0.019 (stat. + syst.)

2022-preEE: 0.928 + 0.033 (stat. + syst.)
2022-postEE: 0.930 £ 0.029 (stat. + syst.)
2023-preBPix: 0.853 £ 0.012 (stat., SF missing)
2023-postBPix: 0.868 £ 0.017 (stat., SF missing)
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Comparing efficiencies: 2018.

Let's compare the average b-tagging efficiency for the Medium WP available in the
twiki BTV (different samples) with those we have calculated.

e BTV twiki:80.7%

b-tagging efficiency 2018 muons b-tagging efficiency 2018 electrons
£ 0.88—
084~ 1 N
L 0.86—
[+ [ B ] =
0.82—F l o8~ I
B i 1
i 0.82 (1
0.8} ‘ 2
0.78f— B
n 0.78—
iR 0.76
0.74f 0.74é—
_IlllllllllllIIIIIlIIIIIIIIII'IIIIIIIIIIII|II IIIIIII IIIIIIIII|IIII|IIIIIl!lllllll!lllllIIIIIII|II
100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000
p,(GeV) p.(GeV)
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https://btv-wiki.docs.cern.ch/ScaleFactors/UL2018/

Comparing efficiencies: 2022prekkE.

Let's compare the average b-tagging efficiency for the Medium WP available in the
twiki BTV (different samples) with those we have calculated.

e BTV twiki:80.2%

b-tagging efficiency 2022preEE muons b-tagging efficiency 2022preEE electrons

0.88|— I 0.88|—
0.86— __[_ ] —-’— l 0.86[— ++'_|— I
0.84f + 0.84f- -+ ‘
0.82 '—+ 0.82 :_"]'

0.8 0.8
o78ft 0 E-k
0761 076
0.74— 04 E

0.72
0-72E111111111111111111lLlllllllllllJlJlllIllll]llll _lllllJlllllLllJlllIllll]lllllllllllljlllllllllll
100 200 300 400 500 600 700 800 900 _ 1000 100 200 300 400 500 600 700 800 900 _ 1000
p,(GeV) p(GeV)
Oliver M. Carretero 46


https://btv-wiki.docs.cern.ch/ScaleFactors/Run3Summer22/

