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i D Compact Muon Solenoid C%

vacuum chamber
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I

Length ~22m r%Q \ |
. muo

Diameter ~ 15 m

Weight ~ 12500 t
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central detector

electromagnetic
calorimeter

hadronic
\ " calorimeter

CMS Objectives:

e Higgs discovery

e Physics beyond the
Standard Model

Search for the Higgs
Benchmark:

H= vy (m, <140 GeV / c?)
Also:

H=12ZZand H = WW

Target = high resolution ECAL
AE/E ~ 0.5% for E > 100 GeV
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Calorimeter Construction

i »

Endcap
‘Supercystals’
(5x5 crystals) =

Barrel
‘Supermodule’
(1700 crystals)

Barrel End Caps Preshower
® 61200 crystals ¢ 14648 crystals * Pb/Si . .
* 36 super modules ¢ 4 Dees *1.65<|n| <2.6 [ Life time:
°|n|<1.48 ©1.48<|n| <3 *3X, ]
*~26X, s~9o5% L Maintenance:
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e  Crystals:

e  Fast scintillation:
e  Radiation length:
e  Moliere radius:

= fine segmentation

Crystals

Lead Tungstate: PbWO,

80% of the light collected in 25ns
0.89cm
2.2cm

—> Compact calorimeter design

Di-

Statistic on 61267crystals

o Low light yield: >8 pe / MeV Mean value :10.2pe/Mev
187 10 -Standard deviation : 1.2pe/MeV
e Lightyield change: -2% [ °C
= requires: T = (18 £ 0.05) °C %9333 1
gTEIEID .
e  Front non uniformity of the light Em? |

yield: |[FNUF| <0.35% / X,

(de-polish one face of the crystalsto ***]
0.35 um for the barrel crystals) :
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Transmission in %
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Low dose irradiation of some crystals at CERN RC
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Radiation:

affects only the light
transmission

Low dose rate
(0.15Gy/h)
irradiation only on
sample basis

Light yield loss
correlates with slope
of transmission
spectrum

all crystals are tested
by an automatic
crystal control
system (ACCOS),
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i D APD: Barrel Photodetector C%

Si,N,
antireflecting
coating

APD type S8141 from Hamatsu:

Junction

e Two APDs per crystal

e Active area: (5 x 5) mm2

e Capacitance: 80 pF

e Reversed bias: (340 - 440) V

e Quantum efficiency: 75% at 430 nm
e Gain variation: -2.4 % / °C

el. contact

e Nominal gain: 50 changes 3.1 %/V Grﬂﬁ:fve to mi:imtze
. surface leakage
e —> Bias voltage stable to £ 20 mV o A ¢

Require 99.9% reliability

e Radiation tests: Co® to 5 kGy

 Gain, dark current, noise spectrum measurement
* Annealed under bias at 80°C, 4 weeks | AT
e = 95% of the APD’s passed selection Capsule directly glued on

the crystal rear face
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CD VPT: End Caps Photodetector C%S

Vacuum Photo Triodes (VPT): single stage photo-multiplier
e Total: ~15000 pcs

e Active area: 280 mm2 e AllVPT'stesteduptoB=18T
 Quantum efficiency: 20% at 430 nm for angles |0] < 30°
* Nominal gain: 10 « Sample testinguptoB=4T
« Excess noise factor: 3  Radiation effects < 10%
> All pcs delivered and tested 1.2
%10 ‘ .
c [ |.. o |-'.. '- o p -_.-al-_'._
9 7 A T .
S 0.8 ’ -
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[} L
T 06 |
== L
<
= 04 -
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02 ? = 1.8 Tesla
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VPT angle (deg.)
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_ . a CMS
i D Barrel Calorimeter Construction

ey us e

Module
' Sub-module assembly (10 crystals) 400 (500) crystals =)

bare supermodule ‘ ‘ Cooling circuits installed ‘

Rt
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Cooling

Excellent thermal stability of crystals and APD’s:

e APD/crystal Stability < 0.1 2C
e Remove ~4.5 kW heat per super module

e Electronics connected to cooling bars using thermal
interface materials

» Total water flow 501 / s (barrel)

17.98— -

17.96

i | i
01/08 02:00 15/08 02:00 29/08 02:00 12/09 02:00 26/09 02:00

Date
2 months




Light Monitoring System

Crystals light yield changes due to irradiation

==> Monitor response to laser light of 440nm, and
796nm

Relative response to electrons and laser light
characterized by a single constant o ==>Test with
20 crystals in a beam: o is a universal crystal

__________________

constant
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D ECAL End Cap

Supercrystal (SC): 5x5 crystals - '

4 “Dees” of 156 SCs each

e Installation of SCs completed

e Installation and commissioning of
electronics ongoing

* First end cap expected for June 08
e Second end cap expected for July 08




r

( D Pre-Shower Detector

Rapidity ~ * 165 <|n| <2.6 (End caps) Trial Mounting on first plane)

Motivation e Improved n’/y discrimination

e 2 orthogonal planes of Si strip
Layout detectors behind 2 X,and 1 X, Pb
respectively

Strip pitch '+ 1.9mm (63 mm long)

Area IF 165 m?Z, 4300 detectors

4 “Dees” of 126 ladders each

¢ all mechanics at hand

* 60% of Si modules and 30% of X KR Sk BT B

ladders tested > X _
* Assembly of first Dee started Ladders: 7 to 10 Si detectors
e = 1 end cap ready in July 08 integrated with FE elecronics
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l—( |

X

Photo detector
APD / VPT

MGPA

ADC

LVDS_Rx

Very Front End Electronics

MGPA

Preamp Gain LVDS

IS

|

4-channel ADC
(AD41240)

I_

t>j—L?

>3

CMS
Two 8 ch
LVDS_Rx
12 bits >
2 bits ,
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ENC: 8000e- gain 6, 12

ENC: 28000e- gain 1

|

Noise: ~40 MeV (g12)

ADC: 12 bit (ENOB 10.9), 40 MHz

W. Lustermann, ETH-Zurich
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( D Front End Electronics

LV1, delay ~3us, max. rate 100 kHz

A \ 4
D e Data

Pipeline Event : Merge
Trigger primitives: | 4OM™ 256 words Buffer  : | 250 words/ | 800 Mbps
25; second 6.3us / event

e Tower energy: >25
e Bunch crossing ID
e Fine grain bit

1— Trigger
TTS TTC RCS E primitives
: |generation| 800 Mbps

Local Triggers T l‘ I 4- 25 — 1 WO rd/25nS
In - Partition
Stand alone
Made TTC optical link ™ TTS copper T T T
link

-+ Laocal copper control
link

Local copper control =
link

Clock&control

; _ CCU /LVDS_MuX | g fibers, redundant
Trigger DAQ e DAQ 40M bps

Data Data I Data

Token Ring__y
Control Loops

To Regional Trigger

L SRP
To SRF From SRP




-

crystals

CMS

Crystals Intercalibration

9 super modules (25%) inter-
calibrated with electron beam
o/V2=0.2%
Electron beam reproducibility

~

<

36 super modules (100%) inter-
calibrated with cosmics
Electron beam cosmic muons
. comparision
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. - j CMS
D Energy Resolution
| . ) Uniform impact (20x20 mm?)
Central impact (4x4 mm?®) ) . )
| After impact position corrections y
o B ‘ et "";" L L L L L L
2 1.4 1} £ 14
ok CMS ECAL Test Beam | T CMS ECAL Test Beam |
=12F Resolution in 3x3 1 = 12f Resolution in 3x3 .
i 1° T E
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(D EB Integration and Installation =

; jes 1700
Barrel anstructlon and l Systematic Testing | gsmg w1
Installation completed - L
e 61200 channels ¢ Pedestal: RMS 1.1 ADC | 40 MeV
; counts € 40 MeV k-
e 102 problematic channels (0.17%) . Toctoulee and 1ocor oE
e 21 dead channels (0.034%) i s

ped rms in ADC counts
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File View Window Event Debug Help

CMS Event and Detector

|Untitled Document Data ||

Magnet
= HCAL Event ™
. "Hcal Barrel and Endcap ... L
| Hcal Forward RecHits
IHeal Outer RecHits
“Heal Forward Digis
= Muon DT Event M
- DT Digis v
| # Wheel -2
| #Wheel -1
| % Wheel 0
: - Wheel 1
| Wheel 2
| DT Hits
| DT 2DSegment
. DT 4DSegment
= DTs
| % Wheel -2
| *Wheel -1
Event Data Collections
Full Tree

Object v

Cosmic Muon Event

fgeMea wNSLOEAELL N L WS
' Untitied Doourment Dated (| RR6 Window #00)

CMS55W Visualisation

cument Data ( RZ Window #0 )

Ty % N v .

Emax = 0.6 GeV

Emax = 0.7 GeV

30.4/0.2 fps

30.7/0.3 Yoo

{No information)

Monthly global runs
(ECAL+HCAL+Muons)

Cosmic event seen in ECAL and Muon DTs

Run # 17220, event # 313
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(I) ECAL Cosmic Muon Occupancy

Occupancy all events Coarse, run 9999 max forced

BE ........
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: P 10°

0.5— i TR £ S S
M 10
L

85721 41 61 81 101121 141161 181 201 221 241 261 281 301 321 341 361 |

TOP BOTTOM



¥ CMS
D sSummary | =

e CMS features a high resolution crystal calorimeter

DeS|gn e Pre-shower detector in the end cap region
. ) Barrel part is installed and tested
Construction o = .
| lati e End caps close to completion, installation start June
| nstallation | * Pre-shower progressing well , installation start July

e All barrel channels intercalibrated to better than 2%

Calibration e Extensive beam studies of 9 SMs have demonstrated

the excellent performance
. e ECAL barrel successfully integrated into CMS and
Operation Yo

participates to CMS global data taking (cosmic muons)
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