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Outline
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Time of flight measurement

Search for exotic physics 
with long-lived particles

2

Time development of 
electromagnetic shower

Detection of the               decay enhanced by the good energy resolutionH → γγ

ECAL

Fast scintillation timescale of PBWO4: >80% of the light emitted in about 25 ns

Identification of the primary 
vertex in events with low track 

multiplicity (e.g.               )

Photon Identification

arXiv:1212.1838v1

H → γγ

http://arxiv.org/abs/1212.1838
http://arxiv.org/abs/1212.1838
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ECAL Time Measurement
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Photodetector 
Front End 
electronics

γ

Extal ∝ A0

Txtal ∝ T0
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ECAL Time Measurement

Time resolution
@TestBeam

 Extal > 3 GeV (barrel)

 Extal >10 GeV (endcap)

σxtal,i<1 ns

43

Photodetector 
Front End 
electronics

γ

Extal ∝ A0

Txtal ∝ T0
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Time development of a shower

PHOTON JET

Single shower - development from the impact point (seed) to the 
peripherical crystals

PHOTON

Multiple showers - not compatible with a single photon – energy 
deposits almost synchronous

JET

4
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Signal and Background Discrimination

φ

η

γ

! 

"Ti = Txtal,i #TseedStudy of                        vs the distance along     and η φ

5

! 

"Ti = Txtal,i #Tseed

! 

"Ti = Txtal,i #Tseed

Time of the single xtal in the cluster

Time of the seed of the cluster 
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Signal and Background Discrimination

EffSIG ~ 0.7
EffBKG ~ 0.3

Work in Progress
Photons
Jets

Work in Progress
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η

γ
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"Ti = Txtal,i #TseedStudy of                        vs the distance along     and 
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"Ti = Txtal,i #Tseed
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"Ti = Txtal,i #Tseed

η φ

5

Jets            

           Photons   

Time of the single xtal in the cluster

Time of the seed of the cluster 
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Vertex Identification

~ 6 cm ~ 6 cm

6

Measured time affected by WHERE and WHEN the collision occurs

Exploit the geometrical relationship between Vz and the Time of flight of the photon
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Measured time affected by WHERE and WHEN the collision occurs

2 objects needed 
to extract Vz

Events with two 
photons

Exploit the geometrical relationship between Vz and the Time of flight of the photon

Tmeasured = Tflight(vz) + Tinteraction 
Vz and Tinteraction 

 2 unknowns

~ 6 cm ~ 6 cm

6

Vertex Identification
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Vertex Resolution

Linearity 1:1 between  Vz,ECAL and Vz, trk

Vz, ECAL resolution currently limited by time resolution and crystals intercalibration

σMC~ 5 cm

Work in Progress Work in Progress

VZ,ECAL- Vz, trk  Vz, trk

 V
z,

 E
C
A

L
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Exploit events with High-PT photons and Jets

Resolution of Vz,ECAL defined assuming the position given by the tracker (Vz,trk) as true 
value of the interaction point 
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First search using ECAL Time

arXiv:1212.1838v1

8

Search for long-lived particles within the GMSB model

http://arxiv.org/abs/1212.1838
http://arxiv.org/abs/1212.1838
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First search using ECAL Time

Signal expected in 
high time region

SM

arXiv:1212.1838v1

8

Search for long-lived particles within the GMSB model

http://arxiv.org/abs/1212.1838
http://arxiv.org/abs/1212.1838
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First search using ECAL Time

Signal Expected in 
high time region

8

SM

arXiv:1212.1838v1

Search for long-lived particles within the GMSB model
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8

No excess observed  
Best existing limit on 
long-lived neutralino

http://arxiv.org/abs/1212.1838
http://arxiv.org/abs/1212.1838


Livia Soffi IFAE, Cagliari 04.04.2013

Conclusion
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Fast scintillation timescale of PBWO4 allows precise time measurement with 

CMS ECAL.

 Time of flight and time development of electromagnetic showers can be exploited 

in physics analysis. 

 First CMS publication that exploits

   time from the ECAL set the best existing

   limit on long lived neutralinos in the SUSY

   model.

arXiv:1212.1838v1
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http://arxiv.org/abs/1212.1838
http://arxiv.org/abs/1212.1838
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Backup
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Outline

Data Sample:

492.6 pb−1: /Photon/Run2011A PromptReco-v4/AOD 
182.5 pb−1: /Photon/Run2011A 05Aug2011-v1/AOD 	
354.7 pb−1: /Photon/Run2011A PromptReco-v6/AOD 
1382.7 pb−1: /Photon/Run201 PromptReco-v1/AOD

GMSB Lambda-100 CTau-1 7TeV pythia6 cff/Summer11*
GMSB Lambda-120 CTau-1 7TeV pythia6 cff/Summer11*
GMSB Lambda-140 CTau-1 7TeV pythia6 cff/Summer11*
GMSB Lambda-160 CTau-1 7TeV pythia6 cff/Summer11*
GMSB Lambda-180 CTau-1 7TeV pythia6 cff/Summer11*

MC Sample:
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CMS

17
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Electromagnetic Shower
 Matched Photons  ΔR(γreco,γgen)<0.1 with pT > 30 GeV/c and |η| < 1.4
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! 

"Ti = Txtal,i #Tseed

! 

"#i =
#xtal,i $#SC
0.0174

! 

"#i =
#xtal,i $#SC

0.0174 φSC slice = |ηxtal,i − ηsc| < 0.0174
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ECAL Time Measurement

Time resolution
@TestBeam

 Extal > 3 GeV (barrel)

Photodectors 
FE electronics

γ

 Extal >10 GeV (endcap)

σ(t1 − t2) =
N

Aeff/σn
⊕

√
2C̄

Aeff = A1A2/
�

A2
1 +A2

2

Extal ∝ A0

Txtal ∝ T0

σxtal,i<1 ns

193



Livia Soffi IFAE, Cagliari 04.04.2013

CMS 

20
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GMSB ANALYSIS 
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TSIG In DATA and MC
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VZ In DATA
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Identification performance
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Photon ID Vertex ID


