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CMS
A Compact Solenoidal Detector for LHC
[ MummaEnsl [ TrackER] [ervaTaL EcaL | [Heal]

Total welkght ;12,5001

Ovemall dlameter: 15.00m

Overmlllength : 21.60m

Magneticfleld : 4 Tesla CMS-PARA-DD1-11/07/37 JLB.FF
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Surface building (SX)
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TR 1 UX5 about 100
. . . meters underground
Service cavern (US) Pillar ¥ LHC tunnel
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CMS in the CollisienpEezi

CMS Detector assembled
in SX5.

11 independent rings

CMS 101 JF Nov 10, 2005 10



Heavy Lowering

Heavy
lowering
starts Feb
2006. 15
major lifts.
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June 2004

USC 55 for
readout
electronics,
trigger,
voltages,
services.
Accessible
during LHC
operation
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USC55 Ventilation SySiEi

Recent view
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USCS55 Relay Racks

USC55 Beneficial Occupancy (i.e. can install our crates) Feb 2005
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SCX5 Control Roomranae
Computer Earm
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SCX5 Control Rooem
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Magnet coil built
inserted into outer
Vacuum tank

vertically
Rotated and
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Coil Swiveling analliRSErnieys

Happened in early September
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End cap —-TEC-

i

Outer Barrel -TOB-

Pixel Detector:
~45M pixels

24 m

o5

Silicon Tracker

210 m2 of silicon sensors
Support tube 6,136 Thin detectors (1 sensor)
9,096 Thick detectors (2 sensors)
10M channels

CMS 101 JF Nov 10, 2005



Tracker Inner Raditiss
Pixel Detector (44N Channelss

3 barrel layers

e r=41-46¢cm, 7.0—-
7.6cm,99-104cm

+ ~32x 10° pixels

2 pairs of Forward/Backward
disks

 Radial coverage 6<r <
15 cm

_ 7
* Average z position: |
34.5cm, 46.5cm

e Per Disk: ~3 x 106
pixels

= 3 high resolution space
points form < 2.2

Pixel size: 150 mm x 100 mm driven by FE
Hit resolution:

r-0 6 ~10 pm

r-z 6 ~ 17 um
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Sensor Construction

» bump-bonded sensor/readout chip
sandwich

100x150 pm pixels

w
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Components ofi FonVaieR=n

ROC

Panels, (200)

P-4 TBM P-3
‘/ \ T s e
‘-

HDI (4 types;;

(4,500)

Cooling channels, (100, 4)

Y -Disk (8, 2 types)
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Y -Disks E?r"‘l’ard
ixels

Prototype
Cooling Loop

7

Cooling Tube
| Alum. Brazed
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: Endcap (TEC): 9 Disk pairs
¢ Tthk sensors (500 l.lm) < 60 cm Thln sensors

- r> 60 cm thick sensors

9 disks TEC Inner Disks (TIB): 3 Disk pairs
* Thin sensors
Inner Barrel (TIB): 4 layers
» Thin sensors (320 um)

+ Short strips Strip length ranges from 10 cm in the inner

layers to 20 cm in the outer layers.

Pitch ranges from 80um in the inner layers
to near 200um in the outer layers
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500
Haman

~5,600 Tracker Outer Barrel (TOB) modules
 To be assembled and tested at FNAL & UCSB
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 Rod assembly will be done in the SiDet Lab C clean room.

e We receive rods with interconnect buses and interconnect
cards from CERN.

 Arod consists of 6 modules (12 for “double-sided” = back-

to-back stereo and RPhi modules).

Module Support Blocks
Interconnect cards

Cooling pipe

Module Frame

Interconnect bus

CMS 101 JF Nov 10, 2005 28



Fraction complete

i
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TOB Structure
is now complete
at CERN
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PbWO, Crystal
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4T B-field precludes use of PMT’s..

Avalanche photodiodes in barrel.

Two 5% 5 mm? APD’s/crystal.
Gain — 50.

QF — 80% (@ 420 nm.

Temp sensitivity —-2.4%/°C.

Gain — 10.
OF —15% (@ 420 nm.
Rad tolerance - <10% at 20 kGy. B —

Operates in high B — field. ————
e
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The first Crystal SupermiedilE
tested in the heam

[ weights methad : 8 Crystals around crystals 2047041104 with sum of 8 crystals each

weeghts method . Resclubions measueed lor 3 Sflerents regors 20UTOUTI0M = 270 oryslals.
. Amung orysial 24
1 '4 aroued cryatsl P04
arod orysial 1104
1.2 |
Resolution fit
0.0356 0.141
1= +0.00424 + -
0.8 Resolution fit
n.u:ﬁ +0.00420 +0-133
0.6
L ]
4 :
0 = Resolution fit
020 “T_-W:“ +0.00348 + 0122
o-' o g g e o Ry Wy By g
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EndCap Preshower Del

Two-layer silicon preshower detector placed in front of the endcap calorimeters

Cooling screens

2 X, absorber \

Micromodules I Xa (IbSOI‘bB!‘
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Motherboards

Heating films

2mm silicon strips to separate y’s from n°’s and for vertex identification.
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Had Barrel: HB

Had Endcaps:
HE

Had Forward: HF

C.M.S PARAMETERS

Lengtudinal Yiew - Field OFF

Had Outer: HO
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Central Hadron Calerimetes
HB HE, |

Scintillator +
Wavelength
Shifter Readout

Inserting scintillator into HB
wedge

CMS 101 JF Nov 10, 2005 40



Optical Design foif 5 (EAYS

Common Technology for HB, HE, HO

Layer to Tower Decoding Fiber

\ HPD in RBX
;/

Optical cable

Optical Connector / /

Clear Fiber
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HE Right Now,
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EM (165 cm)

Iron calorimeter

Covers 5 >mn >3

Total of 1728 towers, i.e.

2 x 432 towers for EM and HAD
n X ¢ segmentation (0.175 x 0.175)

Forward Hadron C

HF

Al OFliImErEs

To cope with high radiation levels (>1
Grad accumulated in 10 years) the
active part is Quartz fibers: the
energy measured through the
Cerenkov light generated by shower

particles.

ETh
2.866

2,918
29376

3064

3132

3.240
3327

3503

3677

3833

4027
4.204

4,377
4,552
4,730
4,903
2.205

RADIUS
1300.0——
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HF are first Items to be lowered in May 2006
Individual wedges Both ends assembled in Bat 186
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Barrel Mu

GAS Ar/CO, (85/15)

HV: Wires 3600 V
Strips 1800 V
|-beams -1200 V

Single Wire
Resolution : <300 um

B 100um @
150um 6
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/ O SLINES
: OSL ;
1

Honeycomb
O SL

The Barrel Muon system comprises 250 chambers for 5 wheels:
Total 1700 SgM. Each Chamber has 2*4 ® and 1*4 © layers
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Installation of D
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Installation of
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468 Cathode Strip Chambers

~2,000,000 wires
~6,000 m? sensitive area
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Fosition Is obtained from

gaussianfittol — ——

the recorded |

charges _

_ | slow
- signals

| from

' cathodes

‘are held

~ | by track

6 layers in each chamber

Position resolution ~ 50 microns (from strips)
Timing resolution better than 25ns (from wires)
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468 chambers needed

100% tested and at CERN

67% installed
65% commissioned
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Resistive Plate Chamber (Used for CMS Muon Triggers)

ltem CMS Requirements
Time Resolution <3ns
Efficiency 295 %

Rate Capability 2 1 kHz/cm?
Intrinsic Noise Rate < 15 Hz/cm?
Streamer Probability <10%

HV Plateau 2 300V
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Dedicated trigger detector, with fast timing response
Basic functions:

* identify candidate muon track

» assignment of bunch crossing to the candidate track(s)
- estimate their transverse momenta

An RPC module is made self-supporting, mounted outside the muon
chambers (barrel and endcap) to match the active area of the tracking chambers

Y insulator
) | ' bakelit e I"'f‘-——-—c_:lre;xphite: coating

) gas
3 read-out strips
<>

@P spacer —» @D ]
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TK dummy tub

TK cosmic

(or TIB +TI

elements!!) !
Tracker _—1l
support 1

EB supermodule

Magnet test: -
challenge™ [

ambitious integration test:

| SSues:

-compatibility with basic
programme of tests

-special installations

-muon, rpc, hcal, ecal, trk detectors

-cabling & services (esp LV)

-controls and safety

-trigger

-off-det electronics

-DAQ & Run Control

-DAQ integration requires:

-local DAQ (over VME)

-FED Slink

Common trigger (ad-hoc with LTC?
-databases

-data-structure/storage

-analysis software  etc etc etc
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Commissioning CVIiSRVid

TINININININI

:

i ] a0 @ 1] K’ k)
Strip Nurnber
WIRES
Leryar 1 %
11
[:
Leyer & I

1 Wire Graup Number
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LPC Involvement with \VVericel
Slice

Remote Operations Center (ROC) to
analyze calibration runs, alignment.
Starts in December
Large scale magnet test starts in Feb?

Other LPC Involvement?

Data Quality Monitoring:

HCAL has person at LPC for this
High Level event filtering
“offline analysis”
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Activity Mame

2006
MoJ

2007

A A 5 0O N D JF

HE- RBX inst & test in 5152
HE+ BB inst & testin SL 51
Install volee services YB +-

Install volee services TEO
Install volee services YE-
Install volee services TE+
HE- aszembly EBX, ophics,calibration T ]

HE

HE+assembly, EBX optics,calibration
ME11 Insertion & cabling

EE/ES pre-cabling, other TE 1 cabling

MERE+ 1/2 & 1/3 Inserticable
ME/MRE- 1/2 & 1/3 Inserticable
Col module manufacture

Col modules -2 to +2 assembly
Col inte vac tank

Prep for cool-down & cool-down
HE., fit EB rails, insertion in coil

EE supermodule insertion in HBE+ ()
TE mszertion trial and 3T modules
Mlagnet Test detector cabling
Close, magnet & sector test, open
DT/EE manuffassyitest

MEB+EE 2 mstall YTB+2, cable
MEB+EE 3¥ matall TB +1

WE +EB 33 install YEO

WMEA+RE 3 install B -1
WMEA+RE 3X install YB -2
Instfcable HO on YB +2,+1,0,-1,-2
ME CSC manuf/assyitest
ME11 manuffassy/test
RE manuffassyitest
ME/RE SX install YE+ 4
ME/RE SX install YE +3
ME/RE SX install YE +2
ME/RE SX install YE -2
ME/RE SX install YE -3
ME/RE SX install YE- 4

Cosmic Magnet Test
Feb 06

Magnet + infra

HCAL
AAAAAAAA ECAL
M1 MUON
Wi
TRIDAS + CPT

Commissioning
Cabling

Critical path

23 Mar 2005 AB

M2
M1

M YY) =

ME1+ RE1 M2 M2 M2
M2 S = |

 — |
——— |
e |

M1
—m :
|

CMS 101
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' 2005

21 V34.2 UX Asse

2006

Install beampipe & bake-out H F A p r 06
Test magnet cooling system

Close (incl TOTEM installation)Ready for beam

TriggerDAQ integration

Connect & Commission dets/DAQ

Local Dag: MB EB HO,HE EB MERE, Align SCx

Farm & computing chain installation & tests ::::::';5

Equip SCXH (pre-load racks) comnect to TSC

SCX ready, mfrastructure installation M1

Tepip TS with crates & DCS uscss Reigv for W1
Equip US with racks nﬁiﬂ‘é [iT} ;EEApr 05

Installation of TSC contrel & service areas

Pre-installation of TSC control & service areas ) 1 SDK
Tnstall M54 it & ventlation M1 | @ TrewmebnsDx o
LHC conumissioning & pilot run L?nvss;k for CMS B 2:;:::’[’“5

Open detector, 10m

ECAL endcap assembly/calibration
EE+ES+ install & commissioning
EE-/ES- inst & commissioning

Other maintenance
Close experiment, ready for physics

n—
i

i VE+ I;IE] [?DJDYE- M1
o 1213 M1I
Commissioning
— and pilot run
M1
b M1

BE e JlJ A5 0/N D J F M A M JJ &S 0 MNDUJF M A&MJIJI AS 0 HNDJIF MAMIJASOMNDIEMAD®M

¥B-, ! 7 1 ; — — M1 3
Close yoke, test magnet furface schedulz) | e [ Magnet + infra
Cosmic challenge and fisld mapping  (surfzce) [T  HCAL
Tistall EB+ and part of EB- (SX) (surface) BO0Y ] B rcAL
F d Shielding Assembly (HEP) and 3305 Ready for crates

erwar kg sently Jiet . in UXC: 30 Apr 06 == muon
Install U2 Infi(elec,vent, floor, chains HF garage & UNCES ready RN
jacks). Repar P56 shaft M1 -z iron nose [  TRIDAS + CPT
fostal Porwars shieldng syt HE BB Commissioning

t:
Totall cables n chais HF E== Cabling
Assembleftest HF —_———————— Critical path
Lower major elements, install HB in solencid e 4]
Connect cable chains to major elements # HE g 23 Mar 2005 AE
Install Barrel Muon horizontal sectors ) Ej i L~
HB :insert layer 0, cable & commission ‘ﬁ -end =
ECAL harrel supermodule assembly/calibration — R e ad y fO r
Cable + end YBO TK and EB,using TK dummies M2 b
_crd m
Commission EB e a
Install EB- M1
ES+/- window install & cable. . J I 2007
Lower Major y uly
Components e
Cable -end YEO TK and EB,using EB dumn p fiest o TR 7
connection

Install last EB- modules EEaE

initial CMS ready for
collisions 15 Sep 2007

Install EE/SE
and pixels
after pilot run

CMS 101 JF Nov 10, 2005
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Pixel Detector

http://agenda.cern.ch/askArchive.php?base=agenda&categ=a
54217&id=a054217sltl/transparencies

Tracker

http://eps2003.physik.rwth- _ _
aachen.de/data/talks/parallel/14Detectors/14Tricomi.ppt

ECAL

http://agenda.cern.ch/askArchive.php?base=agenda&cateqg=a035690
&1d=ala5090s911% Z2Fmoreinto% ZFCamporesi.ppt

HCAL
http://luscms.fnal.gov/users/freeman/Elba%20Talk%20May%2024.ppt

Muon

http://eps2003.physik.rwth-
aachen.de/data/talks/parallel/14Detectors/14Cerrada02.ppt
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