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The CMS Pixel detector
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Outline

 What is CMS?
 What is the CMS pixel detector?
« Calibration

» Clustering
« Commissioning results
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Main goal: Find Higgs boson

| « High accuracy
| tracking of charged
particles

 Excellent muon and
electron
identification

« Excellent photon
resolution in 50-100
GeV range

Criteria also good for general searches
CMS is general purpose experiment

LUNDS
S
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Key; Muon
Electron
= Charged Hadron (e.g.Pion)
))M" — — — - Neutral Hadron (e.g.Neutron)
/ = ====Photon

Transverse slice
through CMS

Silicon
Tracker

Electromagnetic k
Calorimeter

Calorimeter Superconducting
Solenoid
Iron return yoke interspersed
with Muon chambers T T
Om m 2m 3m 4m Sm 6m 7m
| ] ] ] ] ] ] ]
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Pixel Detector:
Center of CMS detector
Closest to collision point

.-\ I\\I y

Barrel + Forward pixel:‘
~ 67 M pixels ( 100 x 150 wm? ), BPIX >48M & FPIX >18M
. Constructed in 1440 modules (8k - 66k pixels each)

A Cornell University PSD8 Dr Freya Blekman, Laboratory for Elementary Particle Physics II




Pixel Readout Chip
(‘(ROC)

» Developed at PSI with IBM
. Size: 52 x 80 = 4160 pixels  coumn |

« Bump-bond connection to
sensor

* Includes amplification &
zero-suppression on pixel

3 T
L W)
=

level
* Readout unit: double Bouble
Iumn plxels\ _
co |
« Buffers hits until trigger Double
decision readout
« Each ROC must be tuned .. buffer
for optimal performance: (depth: 32)
part of initial checkout Time stamp
procedure puffers

Cornell University PSD8§




Installation

 Assembly at FNAL
(forward) and PSI (barrel)

 Installation:
— Barrel July 23-24
— Forward July 29-31

* First weeks: check out
connectors, cooling,
minimal performance.

* Full detector in cosmic data run with rest of CMS: August 22

« Less than one Month from installation to first data taking:
— Expert commissioning team > 30 people

l) Cornell University Dr Freya Blekman, Laboratory for Elementary Particle Physics 13



Calibration during check out

« Convoluted online
calibration system

— Goal is to determine the
settings for all different
components needed to
operate the detector

— Many (~25) calibrations
necessary

— Most elaborate calibrations
done in offline analysis due to
large data volumes

« Charge injection + readout
used to measure response
— controlled by online software

r Cornell University
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Calibration system

Convoluted framework, designed for CMS trigger farm

Raw data O Uansfefo Already used for
orfine D3P = VEJ commissioning CERN and PSI
7 L=
DB

\ Run O O =) FECONST

configuration I db ) db et

( Gain
[ Dedicated (=response)

CalibDigi Calibration

Producer Digis Pixel Alive

9 L (=efficiency) *
S-Curve Publish to
(=noise) Web

Other
calibrations?

B0 . . . ~ P . .
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Pixel gain calibration

[ FPix_Bpl_D1_BLD1_PNL1_PLQ2_ROCO: Vsf=105 |

 Measured by charge .

=3
2220

insertion for every separate i,

180

pixel
Design: response linear to
1.5 - 2 minimum interacting

— Dedicated (online) calibration
to achieve linear behavior

— ROC level

« After tuning linearity:

— Linear up to 35k electrons ©

— Side-product: find
unresponsive pixels and mark
as dead

— Measurement input to (offline)
cluster reconstruction

N Egj Cornell University

160—

140—

120—

particles (1 mip~20,000 ele) + =

Scan optimal
linearity ROC (x11k)

165.4 £ 0.086
ysize  52.35+ 0.09755
87.52+ 0.1317
39.47 £ 0.1971
n-linearity ( xmid/xsize ) = 2.217383

ymid

OCO: Vsf = 130

xmid

xsize

ymid  167.4 + 0.2865
53.56 + 0.302
xmid  57.64 +0.3044

Shown: same (FPIX) ROC
Before and after correction

160 ysize

ize 42.59+0.2911

| Non-linearity ( xmid/xsize ) = 1.353311

caa oy T
200 250
Veal

FPix_Bmli_D1_BLD10_PNL1_PLQ1_GainCurve_row_0_col_36 l

B 250 T A N AL
0 260[
o - |
[N - -
o [ =4
D 200 ]
S f .
< . Final measurement -
[«b) I = . . g |
S V linearity per pixel ]
= (x 67 million) -
50} {
- CMS Pixel E
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Pixel data quality monitoring (‘DQM’)

™ I
Client Controls £

o Offline calibration software
part of pixel DQM

 DQM = powerful tool

Summary Slides | TrackerMaps | Expert Actions

Plot Summary:  Bamel Endeap | Error Summary:
Pixel QFlag Subdets Eta-Phi

Detector Trees

Single Module View | Summary View | Alarm View

— Uses asynchronous system e
with servers & clients [ g

— Code can be run both on HLT rmm
or in offline runs e

Fooo

— Versatile: can be examined by
gui, web browser or histogram _
output file S e | e G

— Infrastructure for summary histograms, reference histos, detector
hieranchy navigation, offline browsing

— Accessible to DQM shifts at CERN and remote

l) Cornell University Dr Freya Blekman, Laboratory for Elementary Particle Physics 17




First look at detector quality

« So significant fraction 0.003
expected to be retrieved

« Results from DQM ""r_*'T”“r
— Average detector response:  osss|-
over 99.9 % efficient 0.007
— Inefficiency typically means " ""F
ROC needs retuning E

.992

o

-
10
10Ok
1NF
10
Ao_

£

 |n total <20 modules
currently under-performing
Most are retrievable

|II||H\’IIII|HH‘IIIF

=130
ele!

mean noise level module (/65¢e) o

L PRI SRR I IR
100 200 300

Modules
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CMS pixel detector: The greater plan

Exit poi’nt track

'§'1400:"|"'|' RRRRN N LR AR RARRE RRRRE I~

£ 3501 e

g 3oo§— Eﬁmén;y ar —

250/ n £

« CMS: 4 Tesla field in so0l- . o

tracking volume 150f E

100 )

« Make use of shallow angle: oF 3

cluster sharing i3 E

— Need for accurate charge 50_[[ ©  CMSsimulation

measurement 100400 -50 /0o 50 100 150 200 ﬁ?i(:t[ig?]

 Need to understand Lorentz

Angle: measure from data Entry point track

Cornell University PSDS8 Dr Freya Blekman, Laboratory for Elementary Particle Physics 19



Cluster reconstruction

| CMS pixel detector ., [

configured to have small

pt sensor backplane

n+ pixel implant
Bump bond

angles traCk - mOdUIe - — Readout chip .
« CMS cluster o Jodic | Tomplato oxamples

reconstruction is two-step * —

1. Find cluster using charge
interpolation method

— Fast but not most accurate

1 TR T B - 1 1 L 1
o 500 1000 o 500 1000

2. Use fit to “template” clusters o o estentm o g osen
for final track fit 2 = o
—  Templates derived from z 10§_~\_/ A
[l [l [ [l E : E 12; Tamw
detailed S|r_nulat|on & will be 2 s : 10;_-_,\
measured in data 2 eF R N
. . . [ — standard -
— Dependent on irradiation, § p— o o
track angle, magnetic field 2p T e riowac 2
— Significant improvement in 807850 HS 8% 5° o010 15|n|(e>a?5
position resolution low charge bin high charge bin

Cornell University SD8 Dr Freya Blekman, Laboratory for Elementary Particle Physics




Pixels read out as part of CM/g

« CMS currently running with /4
the whole detector / f\

— Waiting for beam / r:Micro strip hits
/i
: /

» Shown: Cosmic ray ; : \
event WIthOUt Pixel barrel hits/ . ®
magnetic field N‘i
(zoom) /P .

/e
 This week: runs with 3.8 T /// z Barrel geometry
magnetic field H
/ ¢ \
« First beam expected: < "
s 10 September (next week!) i

i ,{v‘,
| AEBR " ’ o . —_p : :
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http://cms.cern.ch/

CMS pixel detector combines charge information with
template clustering for excellent hit resolution

CMS pixel detector has
successfully passed first
commissioning phase

We are looking forward to the
first collisions!

Many thanks for your attention

— more exciting results coming VERY, 2N
soon |

s
-
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