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KNOW THE
CODE OF CONDUCT

HTTP://CERN.CH/GO/D9BT

IT'S EVERYONE'S RESPONSIBILITY TO:

Maintain a professional environment in an
atmosphere of tolerance and
mutual respect.

Abstain from all forms of harassment,
abuse, intimidation, bullying and
mistreatment of any kind.

This includes intimidation, sexual or crude

jokes or comments, offensive images,
and unwelcome physical conduct.

Keep in mind that behaviour and language
deemed acceptable to one person
may not be to another.

Help our community adhere to the code of
conduct and speak up when you see
possible violations.




The golden channel: H —» ZZ — 4¢
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Fundamental for the discovery of the
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More data, more power )
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Discovery of the H boson
HZZ driving the senS|t|V|ty w/ H;/;/

With x40 more signal events
collected in Run-Il the
golden channel can be used
to answer many questions...

CMS PODAS, 14/10/23 - M. Bonanomi



CMS PODAS, 14/10/23 - M. Bonanom i 6



Leptons reconstruction & selection
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& selection =Z candidates
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& selection =Z candidates

H boson candidates
"4

Measurements of properties of the Higgs boson in the

four-lepton final state in proton-proton collisions at
Vs =13 TeV
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From leptons to ‘@ boson S

Electrons Muons

Kinematic cuts
pl>5GeV, | n*] <25

Vertex cuts
d,, <0.5,d, <1cm,SIP <4

Kinematic cuts

p;s>T1GeV, [ n¢]| <25

Vertex cuts
d,, <0.5,d, <1cm,SIP <4

Isolation & ID

Dedicated BDT targeting prompt Tight leptons Select only muons within a well
defined cone (R=0.35)

Isolation & ID

electrons

Z Candidates: any OS-SF pair that satisfies 12 < m,(y) < 120 GeV/c?

ZZ Candidates: from all ZZ pairs, defining Z the one with m;(y) closest to true Z mass
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Trigger selection and efficienc

Events that fire any HLT path (2EG, 2Mu, MuEG, 1E, 1Mu): OR logic increases low p trigger efficiency

Efficiency measured with tag-and-probe method on 4/ events, applied to both Data and MC

HLT path prescale primary dataset CMS P I ellmlnaly 59 V4 fb (1 3 TeV)
HLT_Elel7_Elel2_CaloIdL_TrackIdL_IsoVL_DZ 1 DoubleEG - ML | L [ T 11 | L rr1 | rrrr[rrrd | T T | rrrrrrrr
HLT_Ele23_Elel2_CaloIdL_TrackIdL_IsoVL_DZ 1 DoubleEG (&) . -
HLT_DoubleEle33_CaloIdL_GsfTrkIdVL 1 DoubleEG - — : -
HLT_Elel6_Elel2_Ele8_CaloIdL_TrackIdL 1 DoubleEG Q 1o g ;
HLT_Mul7_TrkIsoVVL_Mu8_TrkIsoVVL 1 DoubleMuon » — : _
HLT_Mul7_TrkIsoVVL_TkMu8_TrkIsoVVL 1 DoubleMuon 9 T : -
HLT_TripleMu_12_10_5 1 DoubleMuon t -
HLT_Mu8_TrkIsoVVL_Elel7_CaloIdL_TrackIdL_IsoVL 1 MuonEG LLI 0.95 - —
HLT_Mu8_TrkIsoVVL_Ele23_CaloIdlL_TrackIdL_IsoVL 1 MuonEG :
HLT _Mul7_TrkIsoVVL_Elel2_CaloIdL_TrackIdL_IsoVL 1 MuonEG _
HLT Mu23 _TrkIsoVVL_Elel2 CaloIdlL_ TrackIdIlL_IsoVL 1 MuonEG -
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HLT DiMu9_Ele9_CaloIdl,_TrackIdL 1 MuonEG . _
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Z Candidates: any OS-SF pair that satisties 12 < my(y) < 120 GeV/c? firing any HLT path (2EG, 2Mu, MuEG, 1E, 1Mu)

ZZ Candidates: all possible ZZs are built, defining Z; the candidate with m;(y) closest to the nominal Z mass

Z1

* m, > 40 GeV/c?
1

®* Pray > 20 GeV, prgy > 10 GeV ensures optimal trigger efticiency

T
+ 0-
®* AR(n, ¢) > 0.02 between each of the four leptons / \/

* my > 4 GeV tfor all OS pairs ensures QCD background suppression Za

® Reject 4y and 4e candidates where the alternate pairing satisfies
| m(Z,) —my | <|my; —my| ANDm, < 12GeV/c?
- e.|.

'/
~NN~—

If more than one ZZ Candidate passes the selection, ZZ
the one with he one with the largest scalar sum of transverse momenta of the two leptons defining the Z2 is retained.

* my > 70 GeV/c?
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In todav’s exercise o

Selection

* Implement the definition of ID and Isolation for electrons and muons
® Implement trigger selection to pick only events interesting for the ZZ analysis
Calibration (advanced/optional exercise)
®* Implement the FSR recovery for electrons and muons
Tasks
* Implement the reconstruction of the Z candidates to build the ZZ system
® Produce plots to validate the analysis selection steps
® Produce plots to check the properties of the ZZ system and validate Data/MC agreement
Some questions
® Plot the leading leptons transverse momentum and rapidity: do the plots reflect the cuts implemented in selection?
® For each event, reconstruct the two Z candidates and plot their invariant mass: how do they look like? If there is any difference, why?
®* How does the invariant mass of the ZZ system look like? Can you explain which process is responsible of each contribution?

®* Advanced/optional: What is the fraction of events affected by FSR recovery? Plot the invariant mass of the ZZ system for these events before and after FSR recovery
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BACKUP SLIDES




Electrons selection

. . ] ' 58.7 fb-1 (13 TeV
Kinematic cuts . _CMS Simulation (13 TeV)

] —— 2018 ID+1SO
p;>T1GeV, || <25 '

| pr>10GeV, |5|> 1479
10 -

Vertex cuts
d,, <0.5,d,<1cm,SIP <4

Background efficiency [%]

Isolation & ID

Tight electrons N

Dedicated BDT targeting prompt . . . . . . . . .
60 65 70 75 80 85 90 95 100
electrons Signal efficiency [%]

® BDT trained in 6 ( | 77 | ,pT) bins to discriminate between prompt vs non-prompt electrons

® Training on Drell-Yan + Jets samples separately on 3 years to enhance overall performance

® 95% efficiency at high p;, 80% (70%) efficiency at low p; in barrel (endcap)
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Muons selection

Kinematic cuts

p;>5GeV, [ n#]| <25

Vertex cuts

d,, <0.5,d,<1cm,SIP <4

ID
PF ID and tracker high pT ID

Isolation
RelPFlso (AR = 0.3) < 0.35

Tight muons

Background Rejection
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Signal Efficiency

® |solation: FSR recovery and Af correction to subtract PU contribution

® Ghost cleaning performed: avoid single u being reconstructed as 2 (or more) muons
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® Radiation of high-energy photons in decay with an 8% (15%) probability for di-muon (di-electron)
e |solated PF photons with p; > 2 GeV, | n”| < 2.5 discarded if: AR(y, l)/E%,y < 0.012, and AR(y,1) < 0.5

® Small effect on the full Run-II statistics O(5.4%), comparable for signal and background processes

qqZZ 2018, only FSR events CMS Frivate work 137 fb~! (Vs = 13 TeV)
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