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Te CMS Silicon Tracker

The CMS tracking system [2,3] has been designed to provide a
precise and efficient measurement of charged particles trajectories in
the LHC collisions.
Physics requirementsi1:

* Momentum resolution: 6p_/p. ~1/2% (|n|<1.6)

« Very high tracking efficiency for tracks with p_ > 500 MeV :

- &(M) ~ 99% for muons
- For hadrons g(h*") ~ 90%

The CMS Silicon Strip Tracke
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General Features

* Volume: 24 m3 - covered Siarea: 210 m?
* Running temperature: -10°C

Inside the CMS Solenoid (4 T bending magnetic

field)
* STRIP detector:

* 15148 modules (pitch: 80 — 205 um)
* Single point resolution of 20 — 60 um

* 2-D measurement with double sided (= DS)
modules: mounted back to back with a tilt angle
of 100 mrad

* High Granularity and radiation hardness is

2794 il modules obtained by means of a “heavy” tracker
(up to 1.8 X))
End-caps — TEC The challenges . |
/\« 040 disk A CMS Silicon Strip Module:
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RO » The SST is the main tracking devices of CMS and will have to Keplon Tl BICORgex ok TR
& face the demanding environment of LHC collisions: NI s /mm adaptr
\ Physics constraints and design solutions p — p collisions at design luminosity (103*cm2s2, 14TeV) ( "o
Physics Enviroment Design features * 40 MHz crossing rate .
High particle fluence Radiation hardness » O(20) superimposed pileup (PU) events / crossing (arbon ore Jbiid supply
Higgs - : : : : : : , and readou
1908 = e pp event High particle density High granularity » O(2000) charged tracks / crossing e o
with Low Luminosity PU BX i . - R : HV connector
ime = 25 ns Very fast read-out * Trigger Levels 2/3 (HLT) include track reconstruction: reduction from
100 kHz to ~300Hz
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-5 million cosmic events collected £ + Cosmic RecoData Pass2 o STem ||« single Side i }
I.E 4 - Cosmic RecoData Pasa3 I i 'g : g 2 Double Side
At CERN Tracker Integration Facility (41 (TIF) all SST subsystems were | (cosmic muons with p> 200 MeV/c). z - of module ha_ls_been correlated W't_h Strip z > — : }
assembled into the Tracker support tube since fall '06 to March '07. 3 length, obtaining as expected a linear % :j ::::s: %]

Integration did not result in new defects, only a few per mil bad
channels (0.2%)

| &, - Commissioning

I - Monitoring
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Slice Test Layout

Scintillator based system used to trigger on cosmic events.

* Trigger Rate ~5 Hz

* Three different trigaer configurations used for data-taking

The TIF Slice Test consisted
~ 'In cooling, powering and

" Ireading-out ~ 15% of the SST *16% of TIB
g/mportant exercise on: «25% of TID

“g - Data Management
WA - Tracking & Alignment

- No p, measurement (B=0T)

... .} | |correlation, since noise scales with detector

["noise_11413_11311_TOB_L4|

In non-Gaussian tails at high values and of dead channels.

* Stability of noise performance studied taking pedestals and noise runs at different
times when running in stable configuration (T=-15,-10,0,10°C).

* For constant temperature noise is stable better than £0.5%.

powerful rejection of fake hits (~1000) .
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* 5cm of lead on the bottom scintillator to reject soft muons
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Signal to Noise Ratio Latency scan Hit reconstruction efficiency
i ' ' ' ] i ' ' The response of CMS silicon modules has the analytical form of the .
Signal to Noise ratio normalized to detector effective thickness was evaluated layerwise allowing P oS | _ j y | * Efficiency measurement module by module
a more accurate result from modules of the same layer at operation temperature T =-10°C. transfer function in the time domain of a CR-RC circuit: _ _ o _ _
. SN Ratio is defined as: S/N S. s , Since the rise time of signal of Check presence of hit on a module given a track within a fiducial area
. — — rern . £ .
(N) \/ZN.Z / niete S ()< —e Y front-end electronics lasts onntohe sensor—
- Z SIrips ﬂk ) eV . . . __
: . _ ’ _ . e T several bunch crossings, a voltage 2L ~_ * Unbiased track finding & fitting
where Ni is the noise of the n-th strip of the cluster and nstrips number of strips in a cluster L9 TIE : : . oo e — N lusi f hit | tructi
TOB Tayer 2 hrerrrrerrrrrrrerrrerre | Py 120 S CR-RC pulse proportional to the input charge is W TSN (exclusion of hit in reconstruction)
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§ 14000 Wi 2.568+0.009 1nu:—§ fgféfstmted by stored in a pipeline memaory. af T i\‘%\;;\;\& £ 1004 TIBTOB fayer efficiency at -10°C
2 12000 ,TP mju;;z; - Distributions were fitted with a Landau convoluted so| »\. thelatencyscan During the slice test a latency scan ol ’f/////; ;;\%\;\\{\:\\\ § g 1_cu;jz- S
6000 x*/ndof. 40— o determine the best trigger latency o AR ﬂ L IS N I A SR S S M
B - 1% 5 : TIF data
:EEE - Stability vs time was also checked. 20 in order to maximize the signal peak o a0 200w e s w0 Ezzz - :: | |
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SST Performance at Global Runs * == " Mooz | Algnmentatine Slobal Runs
AR | N | RSN *With O(100k) independent d.o.f., alignment of CMS Silicon Strip Tracker poses a major challenge.
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In December 2007 the Silicon Strip Tracker was inserted inside CMS g g : ‘-'!;5‘.jf:,_'.;;’ﬁ@?;‘:fﬁj;‘,q'j.! *The Global Runs were also the first opportunity to test the full scale alignment of the Silicon Strip
- — ‘ : | Vo NN . : .
ol w = ﬁg‘gﬁ%ﬁ__ﬁﬁgg;; Tracker, using in-situ track based alignment.
-Full cabling and piping i '_ < 4 NN : : : .
oted in March ‘08 e e st R e o *Together with the Laser Alignment System and Detector Surveys, track based alignment algorithms are
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at the Tracker Cooling GaooF o Tk ] et 4784 | 600 = ot rack Fnger] Moan agstse Two alignment algorithms (HIP and MillePede) were used, both aiming to minimize the global X2 function:
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Since July 2008 the Silicon Strip Tracker joins CMS operations. Top-Bottom track matching in the two halves of the SST was tested | jignment precision reached at Global runs -
TraCker Operated In the flnal CondltlonS: Same data proceSSIng too at gIObaI runs' |Normali5&d . Oftra‘:kf" | Distribution of mean of residuals for TIB ] | Distribution of mean of residuals for TOB |
chain as expected for collision data. —+ High quality track selection, and independent reconstruction in g 1:_” Sl —mmmmene Lo s 40 S =2y
A cosmic Global Run_without magnetic the two halves S vy e ema28 = soof R 3 100 B
: . B urveys) : <7Fo= 1.92 ; nm.s.=1.53 E - E 1200
field took place in July and August. TEC | o g(T|B) ~ £(BIT), flat in dxy (®), maximum for small do (n) I O 7 et ol 52 of TIB | § 70 % of TOB
. ey ) - Iy
The test was very important for CMS: tl === [BotTop_eff vs dz | e e - 300 800
engages for the first time the entire TIB 1 s 200} 600
DAQ system. More than half a million s o . 100 ::
tracks were recorded out of 50 million :Lains?:gir;nl?gﬂ: at{lack 0.6 n_ I T B e a llllll xz';ndu,f 005605 001 0 o001 002 {cms §oz 002z -001 0 001 002 [ct:‘.‘gs
events. tracker subsystems -
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Tracking at the Global Run
PRI RIS RIS AN AU S [1] CMS COLLABORATION, Physics TDR vol. 1— CERN/LHCC 2006-001
CMS collaboration deploys three tracking algorithms for reconstruction ; : [om]
: : : : Calibration at the Global Runs [2] CMS COLLABORATION, The CMS Tracker System Project: Technical Design Report, CERN/LH
of cosmic muon tracks: Combinatorial Tack Finder (CTF), Road Search
and Cosmic Track Finder, the former two developed for p-p collisions *At the Global Runs it was possible for first time to calibrate the full SST | [3] CMS COLLABORATION, The CMS Tracker: addendum to Technical Design Report, CERN/
and the latter specialized to reconstruct single track cosmic events. repeating with the 100% of modules the calibration measurements [4] CMS Note 2008/xxx (in preparation): Silicon Strip Detector Performance with Cosmic
P g
Algorithm performances together with stability in time were tested. performed at TIF Tracker Slice Test, such as S/N, optimization of cluster | fracker Integration Facility

run

Cluster Thresholds Optimization

The Silicon Strip Cluster building provides a fast and

Em':lise 11413 11311 7034;:52 | TOB Mean CMSub Strip Noise | AppllEd COﬂditiOﬂSZ
Il::n“ 3.874 w45
Cnierton N R *Noise evaluated trough pedestal studies
gt | s
ean 3336000 RIS STHE * Three different thresholds on S/N:
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* The Silicon Strip Tracker operating with volume. Deviations form this behavior are + Hl
. . 3
ranging from +15° and — 15° C. D explained by different supply voltages. ve %E : }
- Up to 15% of the SST was read-out 2.6
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*13% of TEC | s = iy dx cos &, ,
0] ™ T | 40| with cos9sp cosine of the angle of incidence of the track with
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Noise Studies signal is defined as: AdE q
S — — Tot
Determination of noise profiles (in ADC counts) with Gaussian fit, of noisy channels Norm dx K

ThS =3; ThN =2;

- S/N >ThS
i S/N >ThN
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thresholds, hit efficiencies, latency scans and signal synchronization.
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