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CMS at LHC

CMS:
- Length 22 m , diameter 15 m, weight 12.5 kton

- Magnetic field 3.8 Tesla

LHC:
- 27 km ring, 1232 superconducting (1.9 K) dipoles

- p − p collider, 7 TeV each beam

- nominal luminosity 1034 cm−2s−1, rate 40 MHz

Tracking Detector:
- Pixel volume: L = 93(53) cm, R = 4.2÷ 15 cm

- Strip volume: L = 540(225) cm, R = 21÷ 120 cm

- Pixel: 65.9M ch.(1.1 m2), Strips: 9.7M ch.(210 m2)
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CMS Pixel Detector

CMS Pixel Detector built of:
- BPix: 768 modules, 11520 ROCs, 48 Mpixels

- FPix: 192 panels, 4320 ROCs, 18Mpixels

Rapidity coverage:
- with 3 pixel hits up to |η|=2.1

- with 2 pixel hits within 2.1<|η|<2.5
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Pixel: different module designs
BPIX FPIX

Cables:
signal&power

HDI print
with TBM

Si sensor

16 ROCs

Base strips:
Si3N4

- BPix has 2 module designs: 16ROCs and 8 ROCs

- FPix has 7 plaquette designs: 2-10 ROCs
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Pixel barrel and endcup
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Sensor concept (n-in-n)

BPix sensor FPix sensor
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Readout Chip
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CMS Strip Detector
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Strips: different module geometries
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Strip sensors and modules
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Module summary
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Tracker performance
I Silicon Strip Detector

- 10÷14 points per track

- hit resolution: 15-45µm

I Pixel Detector

- 3 points per track

- hit resolution: 10-35µm

I Tracker

- σpT /pT ' 1÷ 2% (pT '100GeV/c)

- σIP ' 10÷ 20µm (pT '100÷10GeV/c)
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Pixels: operational status
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Strips: operational status
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Outlook: 10 years of LHC luminosity
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Present Pixel Detector
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Proposed Pixel upgrade
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Shift material budget out of tracking region
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BPix upgrade mechanics
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New central beam pipe
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Constraint of present CMS services
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Ultra light mechanics for BPix
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New supply tube
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CO2 cooling for lighter detector
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DC-DC LV Power Converters
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Construction and operation experience

I Avoid too many module designes

I Readout chip DACs should be optimized in a lab for different
operational T (to be used later during detector operation)

I Foresee enough time for detector commissioning after
installation (several months: 5-6)

I Foresee T and current measurements of the installed detector
with highest possible granularity

I In case of presence detector volumes operated at different T,
pay attention on sealing

I Foresee spare cabling (for future possible upgrades)
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Construction and operation experience (cont.)

I Carefully design insertion procedure of the detector (and
exercise before installation!)

I DAQ SW

I start to write it as early as possible
I be ready for SEU handling and unexpected (like PKAM in CMS)
I foresee to use the same calibration algorithms as used during testing/QA

in the lab
I start to collaborate with central DAQ as early as possible (even better to

have a ’spy’ there)

Thanks to my colleagues who helped me with this talk and/or whose material I’ve used here: R.Wallney,

R.Horisberger, D.Kotlinski, W.Erdmann, T.Rohe, H.-Ch.Kaestli, W.Bertl, S.Streuli, K.Gill, L. De Maria, F.Hartmann,

G.Sguazzoni, F.Palmonari, P.Kostka, A.Polini
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Back up slides
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a bit of history
I Main steps:

I 1994: Pixel detector proposed for CMS, Technical Proposal
I 1998: Tracker Design Report
I 1994-2005: R&D on readout chip (ROC) and sensor
I 2005-2006: final version of ROC and sensors production

I FPix:
I 6/2006-10/2007: plaquette and panel construction and testing
I 2/2007-11/2007: disk assembly
I 4/2007-12/2007: delivery from FNAL to CERN
I 1/2008-7/2008: system tests at TIF

I BPix:
I 6/2006-3/2008: module production and testing
I 11/2007-3/2008: mounting modules on ladders
I 2/2008-4/2008: integration with supply/service tubes
I 3/2008-6/2008: system tests at PSI

I 2008: insertion of BPix on July 23-24 and FPix on July 29-31
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Pixel Detector System
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Hit resolution
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Leakage current
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ROC data losses
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Material budget (BPix example)
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Lighter detector
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Upgrade pixel module

Cables:
signal&power

new design
C
C
C
C
C
C
C
CW
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used for L2-4
@
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@I

6

HDI print
with TBM

Si sensor

16 ROCs

Base strips:
Si3N4

I Increased number of modules

I BPix: 1184 (instead of 768)

I FPix: 672 (same number but with more ROCs

per module on average)

I in total about 125M pixels (instead of 64M)

I One module design: 2x8 ROCs

I new type of signal/power cables

I 3 types of HDI: 2 in BPix and 1 in FPix

I new digital readout chips

I no base strips for L1 modules

Layer 1 mounted modules
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FPix upgrade
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APV25 chip
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Performance comparison
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Tolerances of new Pixel and Beam Pipe crucial
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Beam-gas background (PKAM) I
I What is beam-background events:

I showers of particles that graze the detector along the beam axis (z)
I occur coincident with bunch crossings
I consistent with beam-gas interactions in the beam pipe
I lead to a huge occupancy in BPix (but concentrated in 1 out of 36 FED

channels)
I impose challenges to maintaining event synchronization, especially at high

trigger rates
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Beam-gas background II
I Where is a problem:

I beam-gas event is large and can block FED(s) for long time
I next event comes at NOT expected time (later)
I FED(s) stays out of synchronization (timeout sent to CMS DAQ)

I Solution:
1 drop the event(s) that not arrive when expected (event ’data2’)
2 if N (tunable) consecutive timeouts, stop CMS trigger, so FED can

resynchronize itself

Andrey Starodumov LHeC Tracker Design viewed from CMS 42 / 48



Longevity of pixel module

I Present ROC and Si sensor:

I tested at ≥ 1.2× 1015neq/cm2 and stay operational with VBIAS=450V
I and designed to work under-depleted

I Below L1 is discussed since the rate at L2 4 times lower

I Inputs for rate calculations

I from present detector: rate at L1 (4.2cm) per 1fb−1 is 3× 1012neq/cm2

I E factor (7TeV to 14TeV): 1.13
I R factor (1/R1.3): 1.7

I Hence 250fb−1 corresponds to 1.5 × 1015neq/cm2

I Sensor limiting factors at high radiation dose:

I higher bias voltage required
I high leakage current
I lower charge collected
I detection efficiency and spacial resolution degrade
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Depletion voltage
I Depletion voltage calculated using different models
I To take into account annealing a year splited as follows

I 50 days cold at T=0◦C with no beam (winter shutdown)
I 200 days cold at T=0◦C with beam (data taking)
I 100 days cold at T=0◦C with no beam (pauses in data taking)
I 15 days warm at T=+20◦C with no beam

I 4 years with 125 fb−1 per year for L1 at R=3cm

2501/fb, 1.5e15

T.Rohe (SW by M.Moll)
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Sensor performance summary
L1 (2.9cm), Thr = 3200 e−, resolution from M.Swartz

Φ [neq /cm2] 0 1.2×1015 2.4×1015

L [fb−1] 0 200 400
VBIAS [V] 150 600 1000
σr−φ at η=0 [µm] 10 20 28 (binary)
σz at η=0.5 [µm] 14 20 43 (binary)
Signal [e−] 24k 12k ∼ 12k
Detection efficiency [%] ∼100 ≥95/98(0/3 Tesla) ≥92(600V)

T.Rohe T.Rohe
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Detector status: known problems
Detector component # ROCs Problem

FPix_BmO_D1_BLD9_PNL2 24 low signal amp. (bad TBM)
FPix_BmI_D1_BLD11_PNL2 24 one ROC without analog output, whole panel lost
FPix_BmO_D2_BLD8_PNL2 24 bad Address Levels (slow rise-time)
FPix_BmO_D2_BLD8_PNL1 21 bad Address Levels (slow rise-time)
FPix_BmO_D2_BLD7_PNL1 21 bad Address Levels (slow rise-time)
FPix_BmO_D2_BLD9_PNL1 21 bad Address Levels (slow rise-time)
FPix_BmI_D2_BLD10_PNL1 21 bad Address Levels (slow rise-time)
FPix_BmI_D1_BLD6_PNL1 21 no signal
FPix_BpI_D2_BLD4_PNL1 21 no I2C to AOH, need to open CMS
FPix_BpI_D2_BLD4_PNL2 24 no I2C to AOH, need to open CMS
FPix_BpI_D2_BLD5_PNL1 21 no I2C to AOH, need to open CMS
FPix_BpI_D2_BLD5_PNL2 24 no I2C to AOH, need to open CMS
FPix_BpI_D2_BLD6_PNL1 21 no I2C to AOH, need to open CMS
FPix_BpI_D2_BLD6_PNL2 24 no I2C to AOH, need to open CMS

BPix_BpI_SEC5_LYR3_LDR12F_MOD2 16 no HV
BPix_BpI_SEC8_LYR3_LDR22H_MOD4 8 no HV
BPix_BpO_SEC1_LYR2_LDR1H_MOD4 8 no HV
BPix_BpO_SEC8_LYR2_LDR16H_MOD4 8 no HV
BPix_BpO_SEC7_LYR2_LDR13F_MOD3 TBM-B 8 token lost
BPix_BmI_SEC2_LYR3_LDR4F_MOD3 16 token lost
BPix_BpO_SEC4_LYR2_LDR8F_MOD1 TBM-A 8 bad ROC
BPix_BmI_SEC3_LYR2_LDR5F_MOD3 TBM-A 8 bad ROC header
BPix_BmI_SEC3_LYR2_LDR5F_MOD3 TBM-B 8 ROC cannot be programmed
BPix_BmO_SEC7_LYR2_LDR14F_MOD4 16 dead module
BPix_BpI_SEC8_LYR1_LDR9F_MOD2 16 no trigger
BPix_BmO_SEC4_LYR2_LDR8F_MOD4 TBM-A 8 bad ROC
BPix_BmI_SEC3_LYR1_LDR4F_MOD4 TBM-B 8 no signal (wire bond?)
BPix_BpO_SEC7_LYR3_LDR19F_MOD2 16 token lost
BPix_BpI_SEC1_LYR3_LDR3F_MOD2 16 can’t be programmed
BPix_BmI_SEC5_LYR3_LDR13F_MOD2 16 remote sensing wire

Andrey Starodumov LHeC Tracker Design viewed from CMS 46 / 48



Thresholds
I Procedure :

I The mean absolute threshold on each ROC is computed from a subset of
pixels on the ROC ( 2%)

I The absolute threshold of each pixel is obtained from an SCurve
calibration covering two bunch crossings

I An SCurve is the hit efficiency as a function of injected charge (VCal).
I The threshold is taken as the VCal corresponding to 50% efficiency

I Conversion: #electrons=65.5×VCal - 414 (X-ray calib.)
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DACs optimization

I Few operational parameters are T dependent

I some DACs tuned dynamically, so no need for a special procedure
I others should be re-adjusted

I BPix

I 2 sets of DACs for +17 ◦C and -10 ◦C taken at PSI
I T dependence approximately linear
I new DACs obtained by linear interpolation from 2 sets

I FPix

I DACs tuned in P5 using special calibration procedures

I Thresholds are minimized in BPix/FPix: 2740/2480 e−
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