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ECAL Design and Characteristics

~10m2, 90 tons

EndCap: 1.48 < |η| < 3.0
4 Dees: 14648 crystals(3x3x22 cm3)
with a Pb (3X0)-Si Strip Preshower

Barrel: |η| < 1.48
36 SuperModules

61200 crystals (2.2x2.2x23cm3)

Design benchmark
H→γγ (MH<140 Gev/c2)
Target resolution
ΔE/E ~0.5% for E>100 
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ECAL requirements

Every 25 nsec: 20 events, 1000 tracks (high luminosity) 
Fast, high granularity, triggering capability

High radiation levels: direct from collisions
ECAL Barrel:  ≤ 0.3 Gy/h   (x 10‐50 Endcaps)

Strong magneJc field: 3.8 Tesla 

ECAL detector is barely or prac3cally unserviceable

PbWO4
Homogeneous medium 

Fast light emission               ~80% in 25 ns 

Short radiation length         X0= 0.89 cm 

Small Molière radius           RM= 2.10 cm 

Emission peak 425nm 

Reasonable radiation resistance 
to very high doses

Caveats
LY temperature dependence     -2.2%/°C 
Stabilize to ≤0.1°C need cooling 
Formation/decay of color centers 
Need precise light monitoring system 
Low light yield (100 ɣ/MeV) 
Need photodetectors with gain

BTCP (Bogoroditsk, Russia)
SIC (Shanghai, China) 

High reliability + On-detector signal processing
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ECAL: The Barrel

July 2007

December 2007
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ECAL: The Endcaps

Pb/Si Preshower
Installed during the 
’09 winter shutdown

August 2008
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Front-end readout chain
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PbWO4
Crystal

APD/VPT
Multi-Gain

Preamplifier
ADCFE

Fiber
Readout

800 Mb/s
optical link to
upper level

Data integrity checks
Event formatting

• Bandwidth to DAQ:
• Maximum 528 Mb/s

Average 200 Mb/s
Data Reduction:

• Selective readout
• Zero suppression

Suppression factor ~20

APT (Barrel)
Gain 50/200

40 ns shaping

25 ns sampling
12-bit ADC
Selects Gain

10 time samples for 
amplitude and time 

reconstruction
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20

VPT (Endcap)
Gain 8-10
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Laser Monitoring

Black: during irradiation
Red: after mon. corrections

Simulation of crystal transparency 
evolution at LHC (L=2x1033cm-2s-1) 
- based on test beam irradiation 
results 

Transparency changes can be 
corrected to better than 0.15 %

Electron signal in crystal versus 3me (h)

F1 F2

PIN FE

LaserS

PWO

F1 F2

PIN FE

LaserS

PWO
Laser stability monitored by PN diode (< 0.1%)

Optical switch

440nm 
796nm

Crystal damage and recovery during and 
in-between LHC fills
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The OD Electronics

TCC
Trigger

Barrel VME Crate
3x [DCC,TCC,CCS]

Barrel
 1 TCC68 per SM
Endcap
 4 TCC per sector

TCC
Control

DCC
Data
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ECAL Trigger Path
RegionalRegional
CaloCalo  
TriggerTrigger

Pre­Trigger primitives
@ 40 MHz, 800 Mb/s

VME ECAL
Off­Detector
crates : service

cavern

D
C
C

C
C
S

TT
CC
CC

…S

L

B

GlobalGlobal
CaloCalo  
TriggerTriggerGlobalGlobal  

TriggerTrigger
ECAL Trigger Primitives
for each BXs :
! Trigger tower ET (8b)
! Compacity bit (ECAL
fine grain)

HCAL Trigger
Primitives

Per regional RCT crate:
! 4 highest isolated E.M objects
! 4 highest non­iso E.M objects
! 4 highest central, forward,   jets

! 4 isolated E.M objects
! 4 non­iso E.M objects
! 4 central, forward,   jets

!"#$%%&'(#)*+,$-#...

Front End
On­Detector :

experimental cavern

Trigger Concentrator Card
Synchro Link Board

Optical fibers  70 m

Copper links = 10 m

E.M objects : based on
the sum of 2 Trigger

Towers
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OD Monitoring

ECAL
Supervisor

TCC
Supervisor

DCC
Supervisor

CCS
Supervisor

DCC

TCC

CCS

FrontEnd

Heartbeat
Flashlists:
• Boards status
• Variables
• Tables

WS-Eventing

Client

pulse

Client

Client
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Monitoring Clients
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DCC monitor
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Commissioning Timeline
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Commissioning “Toolbox”

• Cosmic Events

‣ B field ON and OFF

‣ Mips (ECAL triggers using APD gain 200!!!)

‣ Catastrophic Bremsstrahlung (up to 200 GeV 
per event!)

• LHC first beam Events 

‣ 40 hr of beam for CMS

‣ Beam splashes (spectacular)

‣ Halo events (few muons, not really useful)
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CMS Cosmic Campaign

4 runs exceed 
15h

Cosmic RUn at ZEro Tesla

• Several weeks of data taking since 
May ’08

• More than 300M events collected

Cosmic Run At Four Tesla

• Continuous running for 4 weeks 
to gain operational experience

• About 300M events with most of 
CMS sub-detectors participating

• Magnetic field 3.8T 

Nadia Pastrone   INFN-Torino
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Cosmics: Event Display
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CR: Cluster Occupancy

Top Bottom

Occupancy
• Top-bottom flux
• Uncalibrated
• Additional modulations due 

to the cluster efficiency 
varying with crystal light 
yield

LV problems (now fixed)Masked Towers
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CR: ECAL Timing

Average timing of a 
cosmic cluster in bunch-
crossing units (25 nsec): 

• top-to-bottom 
• time of flight 

ΔT

top bottom

top

bottom

µ

ttop − tbottom = c · tflight

The ECAL FE uses a set of 10 weights to 
calculate the pulse amplitude
The pulse must be timed in precisely for a 
correct amplitude reconstruction
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CR: Energy deposit

Energy Deposit per ECAL cluster Dependent on the 
track path inside the 
active ECAL volume

µtop
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CR: Stopping power

dE/ρdx of cosmic muons inside ECAL active volume v.s. 
muon momentum as measured in the tracker

ECAL measurements

Bremsstrahlung contribution

Collision losses

Total stopping power
(not a fit)

•
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LHC Beam Splashes
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Lhc beam shots
~2×109 protons hits onto the closed collimator 150 m upstream of CMS
 

• Hundreds of thousands of muons pass through CMS per event from 
both sides

• Enormous amount of energy deposited in calorimeters

• Allowed synchronization of triggers (previously with cosmic muons)

• Muon end caps, BPTX beam pick up, etc

• Internal synchronization of sub-detectors 

“wave” of µ
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LHC Beam Splashes in CMS

ECAL 
HCAL 
Drift Tubes 
Inner Tracker OFF
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Energy Deposit in ECAL

• More than 99% of ECAL 
channels fired

• Few ×105 muons deposit 
∼200 TeV in ECAL 

• White areas are channels 
masked from read-out 

• Endcaps are not 
intercalibrated. 

• Lowest LY channels near 
the beam pipe
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Beam Splash in the Monitoring

ECAL Trigger Primitives occupancy for ET > 25 GeV

Sept 10th, ECAL sees all 
Trigger Towers above 
threshold peaking at same BX 
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ECAL Timing
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Splash events: 
wonderful source of 
synchronous hits over the 
whole detector

Time resolution within 
a tower σ =1 ns

1 clock = 1nsη detector coordinates

Previous settings based on 
synchronization with laser 
events (fiber length to 
reproduce collision timing) 
Splash events allowed 
to time in the detector 
at 1ns level 

IP

Splash/Halo
timing correction:

∆t = +
Z

c

IP
timing correction:

∆t = +
√

R2 + Z2

c
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Summary

• 2008, a long year

‣ ECAL (Barrel + Endcap) is installed, signed off & taking data

‣ More than 300M cosmics data acquired with B=0 T + almost 300M 
comics data @ B = 3.8 T

‣ Spectacular splash events from LHC beam dump on collimators seen 
by ECAL: source for timing and signal studies 

• Physics results

‣ dE/ρdx

• Understanding ECAL

‣ Timing

‣ Amplitude

‣ Problematic Trigger Towers and Channels

‣ Trigger and readout thresholds

• Interplay with CMS

‣ Synchronization with the other subdetectors, calibration sequence, 
global trigger...



 May 10th-15th 2009 Beijing16th IEEE NPSS Real Time Conference Alessandro Thea - ETH Zurich

Spares
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Trigger Primitives

TT
CC
CC

S

L

B
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Commissioning of ECAL Trigger Primitives
• Based on the comparison with an ECAL-TP Emulator 
• Hardware description at bit level (linearizer, filter, peak finder, compression etc) 
• Used for L1 studies (MC Production) and monitoring of hardware 
• Initially checked with test beam data 


