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CMS phase 1 pixel detector

e 4 hit coverage and high-rate capability

e Turbine-like structure for endcap disks
for optimal resolution

e CO, cooling for reduced material

e DCDC converters to keep same
powering services = 9V supplied

e Uniform module design throughout
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Fluences as of today, from FLUKA 3.23.1.0
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Readout chips (ROCs): micro twisted pair cable *
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e 672 modules e 96 modules e 1088 modules fixation
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e Functions up to 480 Mrad e Functions up to 150 Mrad 3
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Radiation effects are challenging for

LHC: a Challenging environment operations and performance:

e Damage and single event

. -1 . .
2017+2018: 1118 fb- upsets (SEUSs) in electronics
2018: 68 fb~ » false signals, chip damage
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Impact on performance and data

Radiation effects clearly seen in Lorentz angle evolution and pixel charge

Effects can be reduced by increasing bias voltage and performing annealing
Decrease in charge collection efficiency taken into account in simulation using

Normalized average pixel charge vs
sensor depth:
e flat for unirradiated sensors
® increase for 350 » 400V and
annealing
e decrease with further irradiation
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Radiation effects on depletion voltage
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Simulation with effective space charge Hamburg model (E_=1.21 eV), fluence from DPMJet + FLUKA 3.23.1.0

CMS pixel operations

Hamburg model parameters from Michael Moll
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Simulation for z = 0 cm, scaled to silicon temperature
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Radiation effects: on-track cluster charge

35CMS Preliminary 2018 {5=13 TeV No impact on hit efficiency!
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Summary and lessons learned

e Successful commissioning of CMS pixel detector since start of 2017
e Despite many challenges, pixel detector performed very well in 2017

CMS pixel offline
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Inner layer chip: crosstalk, inefficiency, timing
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PixelOfflinePlotsAugust2018
https://twiki.cern.ch/twiki/pub/CMSPublic/CMSPixelOperationPlots2018/threshold_bpix.png
https://twiki.cern.ch/twiki/bin/view/CMSPublic/CMSPixelOperationPlots2018
https://twiki.cern.ch/twiki/bin/view/CMSPublic/CMSPixelOperationPlots2018
https://indico.cern.ch/event/767745/contributions/3190493/attachments/1749046/2833176/trackerL1talk_08_11.pdf

CO, cooling

2PACL method: ~ Pumped liquid system,
(LHCb) cooled externally

- S—

Compressor : G

S

—

e Cold transfer

v“

Cooling plant
CMS-TDR-011

© Sub cooled

iif

Liquid Vapor A-B: CO, pressure is increased for transfer to the experiment
B~C: temperature increases from heat exchange with returning CO,
C=D: pressure inside the detector is reduced to reach onset of evaporation
D-E: heat from the detector is absorbed
E~F: CO, liquid/vapor mixture condensates on incoming colder CO, pipe
F+G: CO, is cooled with main chiller

* G: temperature in detector is regulated with pressure in accumulator:

D-G low impedance system with “constant pressure back to D 17
e

Pressure

F E

2-phase

Enthalpy


https://cds.cern.ch/record/1481838/files/CMS-TDR-011.pdf
http://rd.kek.jp/project/co2/index_e.html
https://cds.cern.ch/record/1481838/files/CMS-TDR-011.pdf
https://cds.cern.ch/record/1481838/files/CMS-TDR-011.pdf
http://rd.kek.jp/project/co2/index_e.html

:)CDC ma |fu nCt|O N | N g Enclosed layout (ELT) VS Iingar tra‘nsistors =+ can ‘cut’ leakage

current path by adding ELT in series

Ef a device along this path is damaged => increase in regulator current =>J

FEAST2 continues to operate

Vin <12V

Vin <12V

Peak voltage up to > 8V
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Leakage TID (rad) roomT  T=100C
g Probability of breaking
current

Gf a clamp transistor is damaged => linear regulator stuck => FEAST2 failure )

DCDC in disabled state

~N bootstrap
1%

2200k

phase

48

eaks at a certain dose

and diminishes Capacitor charges up in disabled state and
causes spikes beyond 3.3V
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https://indico.cern.ch/event/788031/attachments/1794169/2923948/ESE_seminar_Feb19_talk.pdf

Cluster charge vs depth: grazing angle method

e |onizing particles arriving at
shallow angle create pixel “signal
street”

e [Each pixel in the street has a
charge from part of the track =
from a certain depth segment

e Compute drift and depth from
track and pixel position and q, 3

---------------- a = grazing angle e Project 3D histogram of drift,

undepleted

— 1 . . :3= mean ?rrivalhDOSiti , depth, and charge along drift path
: s g mean surrace cnarge .
Drift dirctionof electrons and deflection) to obtain charge vs depth.

holes from different depths

From Henrich and Kaufmann @1 = arctan(tan(B)/tan(a)) =



https://www.sciencedirect.com/science/article/pii/S0168900201018654
https://www.sciencedirect.com/science/article/pii/S0168900201018654

