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Outline

Detector description
Construction
Commissioning
Performance
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m;ﬂ: TAL ECAL

Total weight : 12500 T
CMS Overall diameter : 15.0 m
Overall length 215 m

Magnetic field : 3.8Tesla

PRESHOWER

RETURN YOKE

SUPERCONDUCTING
MAGNET

»  FORWARD
' CALORIMETER

HCAL

MUON CHAMBERS
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CMS Silicon Tracker

- S [ I l [ | S [ l l ' TEC - Endcap Out-errOBBarreI
llicon pixel + Silicon strip s L
d e'recfo rs (also on the other oS Tracker
side - not shown) Support

Tube

o

Strips
— 9.6M channels (198m?)
— pitches: 80-180 um
— 10-12 layers TIB

Inner Barrel
e about 4 stereo measurements nze,;y:rrsre

Pﬁ%@” InneTrIgisks
— 66M channels 3+3 disks —
— 100x150 um? pixels 2.4m diameter, 5.4m length

— 3 layers + 2 disks at each end

o

@~2.4m
L~5.4m

Endcap
: FPIX
- Basic Performance: (FPIX)
— o(p)/p, ~ 1-2% (p,~100 GeV)
— [P resolution: ~10-20um Barrel L~90cm
(p,=100-10 GeV) (BPIX) ::min - 4:.81 ;r:m
17/05/201
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" Cables and services

80 01 02 03 04 05 06 07 08 /08 10 11 12 1.3 1.4
) ’ ’ ¢

”’
/ v » .
| | ’ P ’ ’ i s ’ - -~

Silicon Strip Tracker

‘,1.5 1.8

Tracker Inner Barrel (TIB): 4 layers: 2 R¢ (2D), 2 R¢-Stereo (3D)

Tracker Outer Barrel (TOB): 6 layers, : 4 R¢ (2D), 2 R¢-Stereo (3D)
Tracker Inner Disks (TID ): 3*2 disks, : 1 Rz (2D), 2 Rz-Stereo(3D)

Tracker EndCap (TEC): 9*2 disks, : 4 Rz (2D), 3 Rz-Stereo(3D)

Each Track has at least
10 high precision measurements
forPtand 4in ©®

Coverage: || <2.5

n
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1980 1985 1990 1995 2000 2005

Year of operation

CMS SST is the largest

Silicon Tracker ever built !
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Year of operation

CMS
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[l VLSI chips -
o)
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O O
O
| 0o -
O
| Discretel Custom VLSI circulfits
circuits] 64-128 channels/chip
— | | |
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Silicon Microstrip Detector
*p+ n detectors,
-6” technology, <100> orientation
*AC coupled, R-poly biased,
*w/p=0.25, 4-8 um metal overhang,
*Vbreak >500V

Thin sensors:300 um, p = 1.5-3 kQcm

; I \ |
Thick sensors:500 um, p = 3.5-7 kQ2cm ‘!( ”W” ”1
!ll ‘l m T 'u

Different geometries and strip length.

Capacitance at preamplifier ~ 1.2 pf/cm

= 250
=
E o0 |-
1 -
§ 1s0 |- —_—
=
.‘é- 100 -
so [
o, L s L " L 1 1
200 300 400 Soo 600 700 soo0 900 1000 1100
radius (mm)
P — 250
g
= 200 | /
= -
= 150 |- / / _—
=
= = P
100 /
s0 |-
P S P S 1 L 1 1
={T0) 300 avo Svo 60V 700 so0 Y00 1000 1100
radius (mmam)
— 250
E ol
£
1s0 |-
= —
§ 100 //
= barrel layers
s0 - — forward rings
. P - . . :
200 300 400 ELLY 600 700 soo0 S60 100D 1100

radius (mm)

LA VY VARV P g WUV AVAU Y eV L



Difterent Module
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Front end chip preamplifier:

* 0.25 um technology , rad-hard tested

* 128 channels, mux at 20 MHz

« 50 ns shaping time, 192 analog cell pipe line

Can run in two modes:
* PEAK mode: normal CR-RC (50ns)
* slow, lower noise
* DECONVOLUTION: takes 3 consecutive
sampling and applying deconvolution
algorithm
faster signal, higher noise

10 Deconvolution

Calibration Pulse Height [ADC Counts]

8
IITI]ITITI]l]‘l’l1l][|fl]['l']

o
Clime

1
350
Time [ns]

| s
150 200

ILC workshop, Como May-2013

ENC (rms electrons)

APV25 chip

*g 1000~ CMS 2008
g [
(&) I .
a 800H Digital header Tick mark
<< a
600 0 MIP-like signal
Analogue payload
a00t || Al hangedd ERERY
200
5 L
O_I PN T T N S N U T S N U N N T N T ST U J S A O Y A |
(0] 1 2 3 4 5 6 7
Time (us)
2()00 LT T Ty I L J rrTT | L] LI I Ty i rrr_
F | | 4 3
= Peak mode 246+30/pF L =
1600 - Deconvolution 396459 4/pF C e
1200 E ! - E
- A | = .
B _ | .
- _/‘/ g ]
800 F AL L e =
- AT 3
- A | E
400 - e e
C + | -
0 :l L1l LU Ll Ll Lilia Ll L1 1 1 1 Ll Ll I:
-10 -5 0 5 10 15 20 25 30
C(pk)
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chain

Signal Path (upper half)

@ Module: silicon =
APV = MUX

@ AOH (electric — light)
@ Fibre
e FED |

Control Rings (lower half)

e FEC

@ Fibre

@ DOMH (electric + light)

e CCU
=> clock/trigger ring
=> 12C communication

@ Module (APV, DCU)

Analogue
@7 | Optohybrid ~65m Analogue
(5] ' | ' Receiver
5 1
s | s
l:: = —— Frertece
§ E ‘ "vv-”:i‘i‘.l.
E v N 2| TTCre
A4
Distributed In-line FED
Patch Patch
Panel Panel

Control "Ring” Oyt Digital

Transceiver

cosccanas a cosssencane

Experimental Cavern: Radlation Zone | Counting Room

@ Non-zero suppressed data from fibre.

@ Digitisation, common mode noise
subtraction, zero suppression.

= Rely on pedestal and noise values.

ILC workshop, Como May-2013
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- 1992
— CMS Letter of Intent
« 1994-1999
— 1997: Tracker TDR
— R&D
- 2000-2002

— ALL SILICON Tracker: Addendum to TDR
— Additional R&D on 6 silicon
—  Pre-production of components
— 2002: Started sensor production
- 2004-2006
—  Pre-series,

— module/mechanics constructions, sub-
assembly, back-end / services construction,
general QA

— Test of 2% of Tracker in the CMS Magnet Test
Cosmic Challenge(MTCC)

- 2007
— Assembly at CERN
— commissioning and test with cosmic ray of

12.5% before msertion at T=15C, 10C, 0C, -10C

— insertion in CMS

ILC workshop, Como May-2013

Brief SST History

2008

— Placement of services and connections at P5
— Commissioning at T=18C
— CMS cosmics data taking ; SST @ T=18C

2009

— Commissioning at 4C
— CMS cosmics data taking at T=4C
— First collisions data, E=0.9,2.2 T

2010

— Commissioning in deconvolution mode
— Collisions in deconvolution, E=7 TeV

2011
—  Collisions @ L~103c¢m2Hz
— Lint~7 tb-1, E=7 TeV

2012
—  Collisions @ L ~ 6-7 1033cm2Hz
— Lint ~ 23 fb-1, E=8 TeV

eV

11
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Construction of SST

12
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TEC TIB/TID ELECTRONICS

. e | L5
——R | | oy

Garl [ ial Coll
Brussels UVB Catania, E mperial College

Brussels_ULB Firenze, Rutherford
Antwerpen Padova, Helsinki Brunel
Louvain Mons Perugia, Oulu
Lyon Pisa, = @)
.] ulhouse Torino CN— .
Strasbourg -
Fermilab
Aachen | Illinois
- Aachen Il Kansas
Karlsruhe Kansas State
Hamburg Purdue,
Rochester
- ETH Northwestern
St Barbara
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CF plates:

Factory->Brussels
CF cutting
CF cutting] | Faciory Sensors: Hybrids: Pitch adapters: Florence
Factory mes: __| Factories | | Factory-Strasbourg Factories> Brussels
Brussels,Pisa
Pakistan

CERN

rll*l'lllllll _____________ - Louvain

(T LY Wien Jbamnnn & Karlsruheé Strasbour
'l-lll;ll?llll " asmmnmsnansnd Florell(‘e
\4 AW
\ 4

Sensor QAC Perugia fan

Module
assembly

Bonding
& testing i m

v v

\ 4 \ 4

Integration | ROD INTEGRATIO TIB-TID INTEGRATIO ;
inte | e - . Louvainl PETALS INTEGRATION
mechanics FNAL ucss orence | Pisa_|/Torino Brussels| Lyon| Hamburg | Strasbourg Karlsruh4

-
"
4 A 4 A 4

. [TOB assembly | [TIB/TID assembly TEC assembly
Sub- bl
Hhrassembes CERN |r Pisa Lyon@CERN

TK ASSEMBLY
CERN TIF




Kapton bias circuit

ILC workshop, Como May-2013

26 types of modules

Silicon sensor 15 TYPCS Of sensor
masks

24 types of pitch
adapters

12 types of hybrids
19 types of frames

s Al-nserts
CF-frame

15
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e |V: Itot<100nA/cm 2 at Vbias =
5 500V, Vbreak >500V

'« CV: 100V < Vdep <250V

* Pinhole measurement Current through
AC pad: Idiel < 1nA

* Poly Resistance = 1.5+0.5M
» Strip Leakage Current: lleak < 500nA

* Coupling Capacitance: 1.2—-1.3 pF/cm
per um of impl. strip width

* Total Defective strips <1%

Thick sensors: 500 um, high resistivity

Thin sensors : 300 wm, low resistivity

16
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HPK sensors

I(500V) Vdep L Cac

5 N
ek pras
Y B ]
s : .
: B : :
5 3 - 3
; ; P :
Wi
; : : :
¥ 19 & X <
£ [ T S S SR N
QAL E bt bbb b Ao g L M e N 0 2 I ¥ 6 A S F 3 6 £
g i e 1oec v esiech o Total number ofbadl,, Totak tusnber of bad €,
Gurrent {n/A) at 45¢ ¥ shesilecion
R I . 1 -
" " #bad strips
R — AB - i
5
. .
& ¢ 5
0
; : £
& ¥ B
-
é 0k E 20 # W
2 5 kS
E ...........
35
-
5i.
R i e N S R S
HERM I DRI, o Total number of leaky strips - —.
0 P 1
] 2 4 & ] 0

Tatal numaer of bad sirips
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Used for process quality control and irradiation checks:

Tests Acceptance criteria Test Acceptance criteria
CV 100 V < V,,, < 250 V depends on resistivity Structures |CV on diodes [V, <250V
A% Breakdown voltage = 500 V, Ciat C < 1.2 pF/lem
Total leakage current < 100 nA/em’ @ 500 V at 21°C R =20 MQ
Cin C,. in 10% from the parametrization R pols 1.540.5MQ
R Ry > 1 GQ Sensors IV 0.~ 3.5-4.5x10" Alem
Rl Ry = 1.540.5 MCQ; less than 1% may be outside the range Vi = 500 V
R, Ry = 200 k€/cm CV V iy =300: Cyec < as before irradiation + 10%
R R, < 18 mQ/square Cinn Cy < 1.2 pFiem
Cu C,. = 1.2 pF/em per um of implanted strip width.
Vireak 0F Cy vh\'ak(:w) =120V
ll);,; l|),¢ < nAat 120V 18
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Sensor delivery W [

Hamamatsu Thin Silicon Sensors

8000

11 sens/day L

7000
6000 ~

5000 \
4000 \ //
3000 /

g ~3 years
o | = ore |

ott-02 aen-03 apr-03 lua-03 ott-03 aen-04 apr-04 lua-04 ott-04 aen-05 apr-05 Iua-05 ott-05

Upd - aps=
e Hamamatsu Thick Silicon Sensors
18000 : : .
16000 2 P
sens/day 7
14000 N /r
10000 \
8000 \ // pa
6000 & /
/’_’,/ L~
4000 y. /
2000 -
. ) / _’____—__'/
ott-03 gen-04 apr-04 lug-04 ott-04 gen-05 apr-05 lug-05 ott-05 gen-06
gph?lat;? Sep 30 2005 [=—HPK Delivered —  HPK Plan — TOB Justin Time —— TEC Just in Time |
LN el
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Full FR4 HYBRID

|

Advanced” FR4 printed circuit

board technology Flex-Rigid(FR4) Hybrid:
CERAMI C HYBRID Different companies with different
Could be very cheap in large quantities technologies and quality
180 ceramic hybrids were yB . b e
ut....
. . Tolerances in thickness up to 100
M p rol()h.lfci?d it Great difficulties to solder cable micron P
aln bificu tleS.. Non-Flatness in the order of 100
* Small feature size not Onlv a f " tot micron before SMD montage, and
suitable for mass nly a few working proto-types we have seen more
) > ey . . .
produc.tlon Go to Rigid-Flex hybrid = Difficult to pick up
* Soldering of kapton cable Extend FR4 part under PA
* ¢expensive FR4 thickness is limited by di§16leter/

S T%%%%ﬂelrratlo for blind via
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L4

* Flex-Flex (all Kapton) laminated on Ceramic substrate (Al,O5)

Factory: Cicorel SA, (CH)
CMS Hybrid Structure

Flexible Cable

Coverlay 25+25 p e et
Alignement holes
Solder Mask 20 p

FR4 Stiffener 600 u

Epoxy glue 50 u

U0ISI2A NAO U0 AJuQ)

Solder Mask 20 n
Only on UP version
Copper 12+12 p
Polyimide 25 p
Copper 12 p
Acrylic glue 25 p
Polyimide 25 u
Acrylic glue 25
Copper 12 p
Polyimide 25

Copper 12+12pn

Solder Mask20 p

,], ,,'" Only on DOWN version

b

- Epoxy glue 50 u

=}

5

=

Acrylic glue 75 g

=

FR4 Stiffener 600 p :-"

=]

S

LTI IDB nov-04

21
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Robust solution for s
hybrid production

“: % N N This is due 1o the |
| = Picture.

Some via (100 um
diameter) results to
be fragile specially to
termal cycles.

Ni

- Normal via

1. Improved Hybrid design
2. Review of Process at Cicorel
*  Metallization, Etching, Laser Characterization, Glue
Layer, Yield
« test structure with 200 mm diameter VIA daisy
chained
3. Stronger layer between kapton layers:
*  Glue — Poliamide — Glue (G-P-G with 25 um layer
each)

Production was back to full speed after
6 months !

) ) I 22
ILC workshop, Como May-2013 L.Demaria - Experience with the CMS Tracker



Tracker Front End Hybrids

20000 | | | | | | |
18000 .| Factory: Hybrid SA (CH) N
SMD, Die attachment, thermal cycles testing: .
16000 45 h(brlds/day
@CERN \Q £
14000 .
— Test after Arrival \ /
12000 — Assembly with pitch adapter \\
— Bonding to pitch adapter /
10000 —
—  Test /
8000 — Sample testing with thermal cycles
6000 éE/7/
4000 é/ 2 years
| AT AT y
2000 r‘/" ————
0 ' —-é"—./
ott-02 gen03 apr03 Ilug03 ott03 gen04 aprd4 Ilug04 ott04 gend5 apr05 Iug0S ott05
—=— Hybr. PA Ass. Deliv. Hybr. Nov04 Plan —&— Hybr Qualif Deli —— Hybr. PA Ass. Nov04 Plan
updated Sept 30 2005
G.M. Bilei
23
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Aerotech AGS 1000 Gantry
50cm*50cm working area
X,Y.Z,p rotation

CCD camera

PC controlled

Sensor suppy platform
Assembly platform
Pick-up tools

Glue dispenser system

1)PC, 2) camera menitor, 3)AGS 10000 Aerotech, 4)Assembly platform, §)Vacuum
system, 6) Digita I/O interface, 7) Air pressure system, 8)DRS00 drive chassis,
9)CCD Camera 10)Tool rack

RS ot
¥ - R TEA h

24




Components on plate Components assembled and hold
by vacuum. Plate can be placed
to storage area for glue curing

0
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Precision measured with Gantry after glue curing

450 500 500

Enries 3920 L Erriries 3820 | Entrics 3922
¥/ndf 6083 /7 38 L ¥/ndf 8082 S 35 i T
400 - Constant 3197 L Constant 3487 | I 389.2
T ean ~1.978 s doo b N —0.2256 400 P2 1.574
350 - g'l"-,'l"’lﬂ 9,833 - L F3 3.638
- = 4 54,58
e r L Fs —6.368
- - 300 o 300 Fa 2417
= i i -
o [ 3
200 “ 200
oo 100
0 =
rC A 935 =15 =10 =5 0 5 10 15 20
b : ] A . N
Lox (um) Ly (um) AB (mdeg)
N 1 —
< Ar>=-20pm and oa, = 9.6 um < Afl =t = 1 6mdeg and 7as" = 3.7 mdeg

< Ay >=-02 pm, and o, = 8.8 pm < Afl >?=-64 mdeg. and 7,,° =2.4 mdeg

Precision checked with Mitutoyo (3 um precision): differences < 10 um.

26
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Sample of Pitch Adapter-Sensors bonds
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5g
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Sample of Sensor-Sensor bonds
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(0 o e ] [ [ ] e e s e s s
- T, coeimim il
s o s s 5 o s i o o e . S
S D e ) S D 2 e e e e
BA CT M PD Pl TO FL SB AC WM KA ST VI 2N
(200312-01 200602.01)
| T T P [ R W I e e e s
) | ENTRES ™
- $ A- e : H H ..;
- H a L FR - H a -:
2 o e S ) e ) R s e i W .
T D S (el RN R B R0 NS e [N R A
BA CT M PD Pl TO FL SB AC WN KA ST VI 2N
(20050201 200604-23)

Bonding pull force monitored regularly for all centers. Within specs

Bonding
10 Million bonds on hybrid:

all done in CERN: 3 Delvotec, all testing equip.

freq_uenc
achievable

: ~1 Hz even if faster speed

768 ch = 13 minutes (+align./controls etc...)

25 Million bonds on modules made in 13 centers :

test / repairs made in labs < time intensive
take in mind bad sensors channel need rework / unbonding



\ Hu=125
0004

G 00#
t t J;
{ RN 1o N
1 1.2 1.4 16 2
noise [AD

reception test

test after HV bonding
(first 100 modules)

test ofter full bonding

Long term test

—  2-3 days cycling from 20C to

-20C

ILC workshop, Como May-2013

\ i yp=12
‘/ \ H o=0.04
¥ i
%" b ——aaevsmodues

GAPYVs modules

:( '.\ gavssian fit
i

|

12

L ”Hl I l‘]j.s

Module 35317

nokse [ADC]

0 Efas:

.L_VL T

lusy @ 100V

‘0 0.041

Mean =0.16+4

T ——— Al 1027 madales
——— 4 APV < madulas
A ©APVs medules

'.;tl :
‘I Ii

leal:

01 (12 03 O-X 115 &ﬂ

@ 450V

e @ 200V

E:f:Egocipainisgnis: i popidieatippelipig et
07 02 Q3 04 05 o085 a7 a8 09

[Grep ] Typical I, vs

& 50 100 150 200 250 O 3O 400 450

Istituto Nazionale
di Fisica Nucleare

- 30200020035180
g - | ‘\ 1
] C l Tag
20—,
L | Plate1
10
| Plate2
o
B Sen1T
-10 -
20—
! !

PR R
01-01 01-13

a0 0413
time [day-hour]

VIS 1TdCKCI



Istituto Nazionale
di Fisica Nucleare

Module hystory

TOB weekly Module production

TIB Weekly Module Production 6000 S s s —susgouet ooy T 1000
5600 5
4000 100.0 5200 100% completed 4 1 950
o, 3
Y I - 100% W s 2500
i -+ 90.0
3200 4400 j —
“COMPLETED , iy
T5% completed 1 90.0 7] 00— 3
2800 = —_— + 85.0 a
yois ’ D 3600 - 2 a2
SN >  COMPLETED y ~
= 1 = 50% completed T80.0
3 o O 2800 - ©
T 2000 800 = = ! =
Qo g 50% completed 2400 o
= - - T+ + 75.0
1600 —— " = b5t = e 2000 .
1 1 750
. 1600 5% complewt +
1200 i 25% completed 1 700 1200 - ° e f 70.0
800 800 "-
/ = 65.0
400 — ] 850 400 — St
g
0 60.0 0+ + 60.0
e A T T T T T T T T T T T T T T X
15 913172125293337414549 1 5 9 131721252933374145491 5 9 13172125
wLekg 20%413 A7 21 25 29 33 37 41 45 49 1we§ksgl}ﬂ153 17 21 25 29 33 37 41 45 490 1 \uﬁ'eekgs 2006 weeks 2004 weeks 2005 weeks 2006
Hybr at Gantry Mod Assem =#=Mod Bonded =+=HKod ARC Tested Mod LT Tested =#=Total Good =#=Yield ‘ Hybr at Gantry Mod Assem —+— Mod Bonded —— Mod ARC Tested Mod LT Tested —#=Tot Good —O—Yield|

TEC weekly Module Production Up to 10 module/day in TIB
w0 COMPLETED ~wo | Up to 14 modules/day in TOB

6800 - ; - =
00 |l T RIS Up to 18 modules/day in TEC
6000 .
5600 r 85.0
» i:gg 757 completed - 80.0 2-5 years
% 4400 L 75.0 52
3 ;283 50% completed * r 70.0 g
= 3200 --1 65.0 =

B j 10% spare (roughlty) was achieved a

25 rompteted 7 + 55.0

1200 level of 0.1% level defect in good
0 . , + 450 modules (97% of total)
T S 1317212529337 414545 1 5 8 1517 312658 e am a0 1 5 5 a1 02
weeks 2004 weeks 2005 weeks 2006 30

| Hybr at Gantry Mod Ass ===Mod Bonded ===Mod ARC Tested Mod LT Tested ===Tot Good ==+=Yield |
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Sub-Detectors Integration in
Laboratories and Final Assembly
and First Commissioning at

CERN
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Integrated TIB halT-she
and one Disk

a1

*The one shown was in
Florence. It was then
brought to Pisa where
it was coupled with
another half-shell
*The disks were
infegrated in Torino
and then sent to Pisa.

—
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.\"

. Tracker Integration Fac:111ty
at CERN ‘

+ cooling plant, power supplies, readout back-end electronics for 12.5% of SST
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Completed tracker maintaining high quality of production.
* Developed “Standard” DAQ/Detector Control /Data Quality tools.

* Substantial dataset to evaluate TK performance at various
temperatures.
* Important “engineering” tests
O Grounding scheme for all subdetectors
U Many permutations of interference (noise) tests
o TIB/TOB/TEC/FPIX, Plus versus Minus,...
U Thermal performance at various temperatures
4 Laser Alignment at various temperatures
U Zero Suppression vs Virgin Raw data
U Stability of Noise, Gain, etc over time
* Cosmic Data Taking
U 5,025,043 events taken
O Are used for tracking and alignment studies

37
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It is a double stage cooling: main chiller is serving
several cooling plants of which the two biggest ones
are serving the Strip Tracker

— Main chiller was originally a Brine circuit, on 2007 was
changed to C(F,,

Has to take 60 kW power from the Tracker. Liquid:
C¢F14, very volatile and neutral to electronics

— 2 independent system, each with 90 lines each

— Liquid at 4C temperature

System running stably: stable Low Leak rate
achieved: SS1~0; SS2~0.5 kg/d (5 lines closed, out
of 90)

Improvement in 2011:

—  pressure to the detector reduced for unchanged module’s temperature
(0.6-0.8 Bar reduction)

—  CP pressure reduced from 9 to 7Bar and safety pressure switches
were installed

LEAKRATE (kg/d)

—  Pump running with Variable Frequency Driver: longer lifetime,
smoother operation, no pressure glitches, vibrations (pump were
replaced due to overheat)

—  Bigger bypass valve installation to allow a smoother operation

26/10/09

Technical stop
Winter Shutdown
Leak search
CHEEE T 2.3.6
Line 25: TIB 2.3.1
Line 26: TIB 1.3.6
Line 30: TID 2.4
Line 44: TOB

Line 23 LOCKED since,
beginning

line 25 LOCKED since,
Sept-2009

Winter
09/10

Note: Over the same period, SS1 was leaking constantly below
0.1kg/d

) 03/02/10

L.Demaria - Experience with the CMS Tracker
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Augustiseptember

22/08/10

Lines 26
and 44
LOCKKED

%

/e
T

Octol

/ Istituto Nazionale
di Fisica Nucleare

o o ) o S ..
)
| g S )

SS2 LEAK RATE EVOLUTION

Leaky valve (filter,
case) in the cooling
plant

Line 30
OFF

NOW:
0,5kg/d

Line 30
LOCKED

W nter 10111

Task force
mandate

18/06/11
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Power Supply system

*  Floating Power supplies. Mainframe at
* Located inside experimental Service

cavern, in crates Cavern
- powered via AC/DC converter.

*  Rad.Hard and B-field
resistant

- Power to modules

— 1000 power supply modules (PSM).

— each PSM hosts 2 units (PSU)
each connected via a 30-50m
cable to a part of the SST and
providing

— 1PSU= 1LV (1.25V,2.5V)and
2 HV lines for detector modules.
1944 PSU used.

+  Power to Control Rings:
— 356 control power supply 2.5V

Racks @
Exp. Cavern

Reached a Failure rate of 1% per year (2PSU/month) during 2010. During
2011 system is even more stable, below 1%

All failures have a negligible impact on hit efficiency and no effect
on tracking efficiency. Only Power groups failed (there are 2000

of them)
ILC workshop, Como May-2013 L.Demaria - Experience with the CMS Tracker



Commuissioning Steps
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Internal synch Gain Calibr Base line adjust
Internal SynChroniZG"' - AR RS nn s BN CMS Preliminary 2010 CMS Preiiminary 2010
. . . = C R CMS 2008 [ === Gai i ] o 10*E
Gain calibration §7°°5‘ T ERE 103:_2252 Seting 1 1 &
2 ! E g E = Ga?n Sett@ng 2 E 5 r
Base line adjustment %mg | € [ GainSetting3 1 Bt ]
25001 i 2 M T 3 F
1 I C t ] = - L
Pulse shape adjustme * ¢ | ERY: E ok
. C } ! ] C ] F
Pedestal and noise aof E i ] i
measurement b | i F E o
Synchronization with  wof e 1 : £ ﬂ .
. | Ll Lyt o |y | [ T O TR ~ o T T e I O | E
par‘TICles S0 se0 es0 oo 72%me7‘(‘2$) ° =0 0 Tld?%ight [28% wu:'(l)stio ° 10020 AD%)(I)evel [:g% counst(s)})
Pulse shape tuning Pedestal and noise Latency scan (peak)

E E ) . -
§ : E }1% : + Afwmnin;
g L E ‘é" h \ S0ns smeared RC-CR fit
£ rof ] P,
i f/ L
1000t y ++:h+++
F o4 4]
£ ¢
oy MS$.2008
ot
526365080100 120140160

Time (ns)

ILC workshop, Como May-2013

noise_11413_11311_TIB_L4|

70
- TOB
E TEC-
60 TECt ]

TIB peak position: -26025 ns | |
TOB peak position: -2580.0 ne ||
TEC- peak position: -2602.5 ne.
TEC+ peak position: -2577.5 ns |

)]
(=]
T T

N w
o (=]
TITTTT T

Leading strip corrected amplitude (ADC counts)
=) =]
T T

N

Col i RIS l ..
6 8 10 -2700 -2600 -2500 -2400 -2300 -2200
Hor1200 12230 ADC Counts Latency (ns) 42
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Time synchronization
with collisions

CMS preliminary 2010

ggo;—llIIIITIIIIIIIIT]II]II]IEIIll]llTllTllT]lTlI]]lT—f AII IayersbuTTha-‘-un.dero
& T . e - measurement are in peak mode
= [ Rotme - and act as telescope for the
< 80 -] layer under measurement
o [ ToB .
@r0- — The layer under measurement is put
: " - in deconvolution mode and the
60 J charge of the hit associated to
- ] the frack is searched. The
50— T8 7 timing of this layer is scanned in
B . steps of 2ns from -25 ns to 25
- . ns
40— —
300 o 7 One layer per sub-detector. The
- i : delay setting are then uploaded
ST T L PO T T IO O correcting for the time of flight
20 e 105 0 5 10 15 20 25 according to the module position.

Delay (ns)
Deconvolution readout
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Signal time profile

Time profile of the signal in different parts of the silicon strip tracker.
Obtained in dedicated short run with randomized timing. Profile show the
expected width of 12ns. This measurement can be performed without impact
on tracking performances

-
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CMS Preliminary 2012

TIB L2 TiB L4 TOB L2 : TOB '.I"OB LO'
O ' : O . shorts
R
L1 ﬂ'é L3 TOB L1

Active by Partition

TIB/TID 94.63 %
TOB 98.19 %
TEC+ 98.81 %
TEC- 99.13 %
Tracker 97.61 %

ILC workshop, Como May-2013

ToB L3

'_f‘ Reasons for Masking

@ Control ring

@ Control rings
missing
ts @ HV line shoris
@ HV lines open
@ fibres/CCUV/. ..

Almost stable:

L.Demaria

2008: 98.5%
2011: 97.75 %

Potentially recoverable in
2013/14 shutdown:
2-3 control rings (0.7-1.0%).

- Experience with the CMS Tracker
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5 15_‘....'......'. .‘-.=.‘:"' * o0 ..:..‘=........
§ [ "a . .
Wo.98— .
[ n
- L] -
| n
0.96
K n
. .
0.94_ ........................................................
- -
- * Good Modules
0.92—u * Al Modules
CMS preliminary 2011

0.9

CMS Barrel Pixel triplet residuals

14000

. . Entries 154996
CMS preliminary % VS 10,164
L 2
12000 w2 Indf  188.4/94
Data 2011 | mean -0.08852
[ sigma 1271
10000 P,>12GeV u 5154
I | area  1.553e+05
8000 BG -3.645
1 .
6000 | |
9 um
4000 ! {
2000 | / \
0 J .\‘;
T T T T 1
150  -100  -50 0 50 0 150

Barrel pixel triplet residual Ax [um]

Hit Resolution [pum]

Basic Performance

Barrel Pixel RMS z resolution [um]
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50 CMS preliminary 2010
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Number of Tracks / 0.1

No need for fixes in
reconstruction
algorithm with first
collisions

First results already
useful for MC model
tuning

Detailed simulation
of detector defects
in MC

0'3?J(-‘IO?:MS'Preiimilllaryl > Da'ta ' |
\s=7TeV [ Pythia8 Tune 1

2 0 2
Track Pseudorapidity

ILC workshop, Como May-2013
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50
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d,
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CMS Preliminary * Data
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to number of
entries

-2 0 2
Track Azimuthal Angle
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' Track Reconstruction
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Alignment AR v

All modules aligned with few um
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Impact Parameter

CMS preliminary 2010 NS =7 Tev CMS preliminary 2010 NS =7 Tev
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INFN

Prlmary VerteX (G

reconstruction

Event-by-event reconstruction of primary vertices is important: beam spot
measurement, pile-up, b-tagging. PV algorithm is an Adaptive Kalman Filter.

Data-driven method to Random Split PV2

measure efficiency and PV S

position resolutions

PV
CMS preliminary 2010 \Ns=7TeVv CMS preliminary 2010 \Ns=7TeVv
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Entries/0.7

Data/Sim

B-tagging primitives

b-quark jets tagging based on tracking, pixel detector is crucial

CMS Preliminary 2010, \F 7 TeV, |_— 15nb- -1
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J/P—pp : momentum scale and resolution

Measured J/\p line-shape (mass and width) depends on absolute
momentum scale and on momentum resolution = scale calibration and

measure of momentum resolution

J/Y mass vs. n | Momentum resolution
CMS Prellminary (7 TeV, ~40 nb"
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Analog readout; many
independent
measurements (in total

more than 1/2cm of silicon)

Charge asymmetry is

appreciable when plotting

dE/dx vs. gxp.

dE m?
de ~ p2

(Lines drawn by hand to
guide the eyel)

ILC workshop, Como May-2013
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Photon Conversions

Observation of the Xc radiative decay into J/Y

o~ -
L 60 n
%) B s=7 TeV 6=10.9=1.1 MeVic®
2 N ' -— 2
o 50 — JLdt=40 pb”’ m, =3.502+0.001 GeV/c
7 5 1 Am, =456 MeV/c?
) - m72%=3.096 GeV/c? o S eVic
o 40 <1
w | utp
— = y
= ~ Pl >0.5GeV |
a>'> 30 CMS PrelimLi]n
- 5 Xcl,c2 — ; (e
20
10—
_.I (3 Tyt —
I s J

| 1 1 | =
3.4 3.6 3.8 421.0
M, ey = My - + Mppg (W) [GeVieT]
The mass peaks of Xc1 and Xc2 (Am~46MeV) are separated thanks to the

conversion based reconstruction of the soft radiative photon.
55

95
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e CMS has adopted for the first time an ALL Silicon Tracker detector solution. This was
a success thanks to:

— Reliable 6 sensor production (<1% defect)
— Reliable components obtained thanks to prototypes, pre-series
— High QA along all production chain, qualified in all the several production centers
— Early commissioning of sub-detectors and of Tracker well before insertion
» Detector is very stable and reliable. Most problems came from cooling system: deep
intervention along few years have been needed to fix it. Lesson learned !

« Performance are excellent and data matches very well simulation predictions, even if
pile-up is 50% higher than nominal

* Detector temperature will run with coolant at -20C (-10C at silicon detector) starting
on 2015, to be more radiation resistant

« Studies on SST detector longevity show that is not a problem to reach 500 fb-! with full

tracking efficiency. This allows to reach with ample margin the end of LHC, 1.e. before
HL LHC era begin.

* Pixel detector will be replaced on 2016/17 with a new detector with 4 barrel layers,
3+3 disks, less material and new digital front end electronics to cope with Phase 1
luminosity and radiation hardness
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In the central region performance fully dominated by Tracker (up to p=100 GeV)
Challenging demand for momentum and transverse impact parameter resolution
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p; resolution < 1% for low momentum muons in the central
region and d, resolution up to 10 um for high pT muons
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Sensor testing
centers

Fabrication Centers

¥

Control
Distribution Center
CFRN
Quality Quality Quality Quality
Test Center Test Center Test Center Tezt Center
Pisa Perugia Vienna Karlsruhe
Irradiation Proces: Qualification
Qualification &
Centers Stability Centers
Louvain, Karlsruhe Swasbourg, Vienna
h 4
Modules Azsembly
Centers
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« Main tracking detector

o dp/p=10% for 1 TeV
particle (with muon
det)

« High efficiency,good
2 track separation

« Radiation hardness

* As Light as possible

PIXEL

All made in Silicon detectors: Pixel + Silicon microStrip Tracker
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Tracker Material
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LHC performance

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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Summary on
Module Production
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Structure | Channels || Dead/noisy strips | Defects | Total bad strips || Dead/noisy strips | Defects | Total bad strips |
I TEC+ I TEC- |
Sector 1 241664 278 1 module with I°C problem 1046 (0.43%) 512 - 512 (0.21%)
Sector 2 241664 284 - 284 (0.12%) 591 - 591 (0.24%)
Sector 3 241664 234 2 bad APVs 490 (0.20%) 680 1 dead fiber 936 (0.39%)
Sector 4 241664 305 1 dead fiber 561 (0.23%) 304 1 bad APV 688 (0.28%)
1 dead fiber

Sector 5 241664 276 1 module with I°C problem 1812 (0.75%) 725 - 725 (0.30%)

2 modules without HV
Sector 6 241664 373 1 bad APV 501 (0.21%) 604 - 604 (0.25%)
Sector 7 241664 3901 1 dead fiber 775 (0.32%) 345 - 345 (0.14%)

1 bad APV
Sector 8 241664 296 - 296 (0.12%) 360 2 dead fibers 872 (0.36%)
All sectors | 1933312 ” 2437 5765 (0.30%) ” 4121 5273 (0.27%)

TIB/TID+ TIB/TID-

All layers 803952 1123 1 module with PLL problem 3939 (0.44%) 471 4 disconnected modules 3287 (0.37%)

1 module with bad tick 3 dead fibers

2 modules with I2C problem

1 dead fiber
All disks 282624 657 2 dead fibers 1169 (0.41%) 408 1 dead fiber 664 (0.23%)
TIB/TID [ 1176576 || 1780 5108 (0.43%) || 879 3951 (0.34%)

I TOB+ I TOB- |

Layer 1 258048 - _
Layer 2 294912 - -
Layer 3 165888 - 1 dead fiber
Layer 4 184320 - -
Layer 5 304128 - 1 module without HV
Layer 6 340992 - 1 module with HV short
All layers 1548288 921 921 (0.06%) 1096 2888 (0.19%)
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