


CMS SiStrip Tracker

 Charged track reconstruction in LHC < SiStrip Tracker

collisions: — ~9M strips
— 40 MHz collisions e pitch: 80um — 200 um
e ~1000 particles/xing (high lum.) * length: 85 mm — 200 mm
o Pixel + SiStrip — surface 198 m2
— B=4Tesla « 15148 modules
T ~-10/-25C — many with two sensors (~24k)

cooling

— Resolution: Apt/pt ~ 1-2% (n<1.6)
* ip.: 0~10-100 um

— Tracking efficiency: e~99% (W)

 ~90% hadrons

— ~10 hits per track (~4 3D hits)
e occupancy ~1-2% (high lum.)
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CMS TK Inner Barrel and Disks

Two symmetric parts:
— forward and backward
Barrel: 4 layers
— two layers 3D
— radii: 200 to 550 mm
Disks: 3 disks with 3 rings
— two rings 3D
— 750 to 1050 mm from IP
Channels:
— 3540 modules
o 320 um thick, 80-120 um pitch
— 2353152 strips
— power: ~13 kW
* >50% from modules

Build by INFN Consortium:

— Bari, Catania, Firenze, Padova,
Perugia, Pisa and Torino

Silicon Service cylinder

detectors (disks are
hidden inside)

| patch panels
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TIB/TID + with the margherita. ’ \
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System Components

 Module Hybr|d+AOH K
— Sensor + FE Hybrid s
» chip: APV25 (128 strips) - analog

* Optical converter (AOH) =
— one laser/fiber = 256 strips

o Controls/Clock/Trigger

— Control chip (CCU)
» [2C protocol with modules
* rings of CCUs

— Digital optical converted (DOH)
» optical link to VME controller (FEC)
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System Components (Il

e ‘

* Power :“_h‘ Az

— LV: 2.5V -1.25V
e one channel: ~ 6-12 modules
— HV:~400 V
* one channel: ~3 modules
e Cooling
— Aluminum pipes/ledges
e 300um thick walls

— C6F14
- T~-25C
 keepsensorT<0C
o Statistics: -
— 9192 (analog) + 960 (dig.) fibers %4
— 608 LV/HV channels/cables
— 148 cooling manifolds T ——

— 120 Control Rings Carbon fiber
shells and disks

PSS
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Last (two?) year(s) activities

« Two halves integrated and assembled in sequence with
some overlap to optimize the schedule:
— Module/AOH integration on mechanics
» Forward: Mid 05- Apr 06, Backward: Apr 06 — Aug 06 (10 + 4 months)
— “Final” complete test: Burn-in
» Forward: Oct 05 - May 06, Backward: Jun — Sept 06 (8 + 4 months)
— Assembly
» Forward: Jun 06, Backward: Sept — Oct 06 (1 + 1 months)
— Shipping to CERN
« Forward: June 06, Backward: October 06
— Reception and Services “dressing”
* Forward: Jun - Oct 06, Backward: Nov 06 - Jan 07 (4 + 3 months)
— Insertion in CMS Tracker and Final external connections
» Forward: Dec 06, Backward: Feb 07
— (Part of) CMS Tracker Cosmic run
 Feb - Jun 07
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SubStructure integration

* Half layers and Disks shipped to | \ e
Pisa for final tests after
module/AOH integration

— 10 half layers from Firenze
— 6 half layers from Pisa
— 6 disks from Torino
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Each component tested
individually before and during

assembly

Andrea Venturi - CMS TK TIB/TID construction - RDO7 - Firenze

27-29 June 2007



» Test of (part of) the final
components on the final structure

— electrical/optical performances

— cooling performances

— noise performance: grounding
scheme

Readout channels:
W max ~200 modules: half layer

“Final” optical fanout and cables
but not “The Final” ones !
To be installed after full assembly
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 Cooling (air/liquid):
| T=10/0 C (warm)
T=-10/-25 C (cold)




Burn-in Measurements

« “Commissioning” runs 1800 tickmark height

200

— chip parameter setting 1600 vs laser input
. . 1400— o
= electrical / 12C / optical performances 200k gain
» Pedestal/Noise run (HV bias 400 V) 10001
— “Peak” and “Deconvolution” APV25 800
mode 600}
e Temperature measurements 400

| . J \ . B
Op“cal perfOrmanceS 0 tick m;rskogeigth (cc.'untzs(;c.0
| tick_chip_0x620211-000 | Hck_chip_x20211.000
a e e curves are simulations ___
800 o S Meany  117.5 i
c . RMS 2887 .
700 RMSy 1499 e H/W\
6001 digital tickmark -
5002— from APV Chlp 10° 3
400 used to monitor i
3005 optical performances 3
200 -
E 1k | L |
100 i —ﬂ@ﬁmﬁﬂﬁmﬂﬁwwﬁﬂﬁfﬁmﬂﬂ g '
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0
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tick mark heigth (counts)
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Thermal/cooling performances

« Hybrid and Sensors temperatures from chip on modules (DCU)
— Different air and liquid temperature settings to separate the effects
— Two poor cooling loops detected: one has to be replaced

air —
= TIB DS Hybrids = |
wol o DS sensors Double sided modules:
o 6*2 chips
a3 ool Hybrids ~ -5 C
»E LLL,\ sl Sensors ~-14 C
O N

a I I I | | I
%U 26 -20 15 -10 -5 0 5 10 15 20

sensor temperature (degrees C) no h e at| ng fr om
leakage current
F ‘ 250 ‘
250 — . j 5 c
| SS Hybrids =0~ SS sensors Single sided modules:
- 0 4 chips
1w: mu:— Hybrids - -13 C
J L ol Sensors ~-16 C
| :
S R B hybr?diemgaraiu:g{des;riascz)ﬂ 930 “25 20 ?DJ_ -1': = SI - I1IOIHI15I - I20

0
sensor temperature (degrees C)
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Pick-up from control lines found
Grounding scheme modified to reduce it

20
18
16
14
12
10

IIT[IIIIlIIIlIIIII

- Raw Noise
— CM Noise

S N & O

loise tails carefull

old grounding
scheme

New
Ground

connection
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Entries 124160
Mean 4.845
RMS 0.3832
%* I ndf 2327/ T2
Constant 2.387e+04 + 85
Mean 4.823 + 0.001
Sigma 0.3047 & 0.0006
T

10}

Layer 1
Forward:
OLD

Hﬂ grounding
m n scheme

bl

1ADC count ~ 250 e-

T I\IIIHl T IIIHIIl T IIIJIHl T TT

Entries 124416
Mean 4,688
RMS 0.3303
%% { ndf 386.9/ 34
Constant 2.283e+04 + 80
Mean 4.687 + 0.001
Sigma 0.3251 + 0.0007

|
Layer 1
Forward:
NEW
grounding
scheme
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Full Detector Performanc

A = Jiiii 1

an
ar

Improved understanding of
“features” (and workarounds)

Improved grounding scheme
Bad component replacements:
— Last Chance !

— one cooling loop

— few modules, AOHSs, electrical
buses

CMSub Noise

rn-in results

-
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TIB-

APV25;
Deconvolution
mode

\j‘j—ﬂ\ﬂ 1IN | TN ‘

8 70 2 14
noise (ADC counts)

1ADC count ~ 250 e-

Bad channels status: CET
i TID+
— no broken component 10°
— Strips: maf_ no
« dead: <0.1% grounding
: - reworking
* “noisy”: <0.1% 107 in Disks
But...still a long way to do before - HJJL
assembly completion !!
— with limited testing capability b T TN T .ﬁﬂﬂﬂ. o nnp .
0 2 4 6 8 10 12 14
noise (ADC counts)
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Structure Assembly

Layers and Disks Assembly
— each half separately
Cables, fibers and pipes routing <& N
— components and connections less Bl o '

and less accessible
(only) LV electrical tests at each step

N\ <
N
sy
N

NG N

- -'_ :h
-

' Layer 3 inserted in Layer 4 o9
V- TIB/TID couplmg 14 W\
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Shipping to CERN

JM :lr//' - [AERRER.

e Support “cradle” on a dumping ‘
system in a box loaded on a truck 71 Ak 4

— online acceleration monitoring L | f

« WIFI connection to a following

car
— low speed: ~12 hours trip
e Eventually no problem
g

near Genoa

max:0.9 g
(layer 1)
rms:0.11 g

= accelerations = =
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Service routing: fitting the envelope

_ _ _ ™ 4 12-fold
* Routing cables, fibers and pipes to fibers
patch panels - fanout

— fitin a tight envelope (2-3 cm thick) “ribbon”

. Install final 12-fold fibers: “ribbons’” SR SERA NG 0N patch
« Final fiber connections ' '
— ~10.000 fibers/connections

\)

Cables and

fibers fitted All fibers ‘
around TID
connected

cylinder

vl

to fanout
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QW D

Optical connectlon checks

Flbers Fanout
Connections

Last chance to clean/fix these
connections

Light yield tested as in burn-in
Low light/no light channels

investigated
— repaired and/or cleaned if A
Statistics: 7//" ¥ sy ‘I'\ LAE
. .f: A 131N EEST 0 L\ L
— 7 broken fibers (008 %) | Digital tickmark height: gain=0 | Enme;'c" .
— ~20-30 low light (0.3%) (usable) i Mean 4026
— 8 missing modules (no comm.) 8 °©
(0-2%) g i low light channels:
g‘oz 3 mostly recoverable
2 . with higher input

Optical connection gain settings

estimator: digital 10
tickmark height with
fixed laser input gain

I L Ll ‘ 1 | ‘ L1l | ‘ L1 11 ‘ L1 | N | | Ll 1 1 | L1 1 ‘ L1
0 100 200 300 400 500 600 700 800 900 1000
ADC counts
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Surveys

« 3D survey with photogrammetry

of the full structure

— W.r.t. insertion rails
— envelope check

» layers survey to be
combined with module
fixation (ledges) survey

— tracking alignment
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« TIB+ and TIB- inserted in Outer
Barrel (TOB)

— 1.5 mm overlap at z=0
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Cables and Pipes

« Electrical and cooling lines extended
tot he TK boundarles
— 608 final cables (mostly Al)
— 144 copper pipes

e Tests
— pressure test: 12 bar (He)
— pressure/flux curves
— LV, HV, temperatures

e 12 modules (4 channels ) with HV
bias problems (~0.6%)
Emriiissu_sss 52

e Mean 4.943
180— RMS 0.1062
160— . 1250
140F- Example' — 1288 L2CL1 (20°C)

- LV currents ——10SS bar y = 0.1203¢ + 0.0797x - 0.072
120:— — 98§ 10- Example: R? = 0.9987
100:_ —6DS 9:

- - pressure/flux

80:— 6 -
“0E N
o z —
20— L __—
= Lo bl .u[. JL_|ﬁ||| 0- — ‘ ‘ ‘ ‘ ~I/min
% "1 2 3 4 5 6 7 8 9 10 0 1 2 3 s 5 6 7 9
| (A)
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CMS Tracker Sector Test

10/ ool T l v
—ALO70 1Ull 11 I

with a Cosmic trigger
— since Feb 2007
— follow P.G. Lenzi’s talk

 TIB/TID: 22 control rings, 642
modules (~18%)

— already tested in Nov06 before ~6Hz
insertion with Cosmic trigger trigger
* Results are very preliminary rate

— very recent and a lot of channels

« Motivations:
— noise performance in fully RNy I -4
| ]

integrated Tracker e e R
A N AT AR L LA L1 1 M L ML LI T
— long(er) term (in)stability REERSH RN, L:: A""'/I T |:',|; it A
- e j‘_‘_‘_'_‘_ — _? Tl T=L 3 1L 1
» work in progress Aot PR

— operation at different S e A TP T P e e e LT
[H RN 2] RV, Sk aiF ks Bl S | L1 I;-I LT
temperatures R R e

e 15C, 10C, 0C, -10C e e e S

— Tracking with real data

1 :
0 200 4000 600 BOD 1000 1200 1400 1600 1600 2000 2200 2400 3600 2800 mm
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Preliminary TIB/TID performances

| Average Tick Height with gain=0 |

* Electrical/Optical links 2o T
— stable performances ™ Bl __-245+006082
450—
— one LV channel successfully : ~-0.6%/C
440—
patched :
. 30—
 Noise Performance: Laser output vs
environment: HV bias ~ 290 V E
W02 4 e 8 10 12 14 16
T(C)
_ !‘aser OUtpUt V.S — \ Timing tickmark TIB/TID peak_10607 | fnina ok T peok 0007
T input signal gain 4 Enines 1654 Mean 6404
- Mean || 4252 Laser output with RMS __ 64.05
RMS 53.29 ~ .
a0 i u optimal gain
120:_ run 10601 l :
100~ |~ gonct -
gof_ —3::::5 10; NO new
C - problem
60— L
wE
20— 1
n‘:I|||||..|.4_|_|—|J I Y S S S o 1 I S I N \\I\llllll\\\H‘H\H\HIHHI\\I\‘\\\\‘\I\ll\ll‘\\\\
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
2007-06-10 13:59:21 ADC counts ADC counts
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TK Sector Test: TIB/TID noise tests

e Noise Performance e Tests:
dedicated tests show small e grounding scheme at patch panel
sensitivity to setup changements * noise injection in power cables
= e = | e ---<| Changes in cable S
) o I = ~ | shields connections: Noise Injection:
| NO EFFECT 10-15 MHz
/ 85-100 dBpV (4-20 mA)
_ I IREARES Ch:-lljsrgzi:‘er.“kd(mude
3 b B

ERE RS ek
H‘HI‘HI|IH5 ;

H|HI|III|III_|_.' i J‘HI|III|\H‘

L
500

g
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[ Mean CMSubNoise (PEAK mode) TIB+TID vs run |

Sector Test: TIB/TID noise performances

e Strin Ise stabilitv IS under control  -ss |Layers and Rings
s L1 Ir.l 1 INJ I\ \JL\A”IIIL] Iw Al ITNANI] \SAC AN LSS | % = - * TIBLI+L2
. . C * TIBL3+L4
— ~0.5% spread in stable conditions ~ &asf + ToAng)
. . . c = TID Ring 3 ]
— S/N stability being studied NP '
. .. . - Q - LY ot . - H : .
— individual chip/module stability 232 1 s
under investigation gaflle ¢ 0 P M e -
3 C ]
: C 8 F
— bad strip statistics is stable o 8-
- - q -
* detailed comparison to be done 29
« TIB/TID S/N ~ 28 (PEAK mode) %f00 6500 7000 7500 5000 8500 ‘9000 9500 10000 10500 11000
Run Number
: | cStoNCorr_TIB_onTrack | cStoNCorrTIB_onTrack
| TIB+TID CMSub noise run 10610 | TIBTID Entries 10319
Entries 417280 2400 — Mean 35.04
2 5 ean 3.222 = -
‘5'10 = ':MS 02545 2200 — * Egn ° 27.791:3?);
8 r Peak mode: : = A 26652 0,032
8 4; . ncn:::mm sslz::i;z: 2000E p2 1.192e+04 + 174
510 g ~8OO ele Sigma 0.1!;861:0.0-002 1800?
s ey Cluster S/N TIB
210° = 1400 t K |
% 1200 rack angie cofrr.
000" MPV ~ 27.8
800
600 |
400
200— J
wwHH|wll‘l\\‘\ll|l\“lll O.Z:V’r‘-r\|||\\_:_\r‘-| e Lo Lo Lo L Ly gy
10 12 14 16 18 20 0 20 40 60 80 100 120 140 160 180 200
ADC counts (1 ADC count ~ 250 ele)
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Conclusions

* Inner Barrel and Disks fully
integrated in CMS Tracker

 ~15% of Tracker continuously
tested since Feb 2007

» Performances are good and well
within specs: S/N ~ 28 (Peak) Vs
— S/N ~ 17 (Deconvolution) (?) [
— bad channels ~0.3 % + 0.6% (HV)
* Ready to switch on the full Tracker
in the cavern in CMS:
— likely October 2007

112.4417.4 Fps
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