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_ cms,
Overview é

e The CMS Tracker

» Leakage Current
 Measurements for pixels and strips

 Model agreement
* \Work-in-progress
* Depletion Voltage
* Pixels: Hit efficiency scan results
» Strips: Signal scan results
* Planned improvements and ongoing checks

e Conclusions
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CMS Tracker

Strips
« 200 m? active silicon sensor area (p-in-n)

e ~6000 sensors with 300 um thickness
e ~20000 sensors with 500 pum thickness

e Bias voltage: 300V

| End cap -TEC- |

Pixels
e 1.06 m? (n-in-n, oxygenated)
 66M pixels, 285 um thick
e Bias Voltage
- Barrel: 150V
- Endcap: 300V

24 m

.-'Epﬂ-
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« BPIX (barrel)
« 3 layers
- r=43,7.2,10.8 cm

« 48M pixels, 0.78 m? undepleted E - 0

== Lomzard Weoh Sseroid

 FPIX (forward)
e 2 disks /endcap
- z2=34.5,46.5cm
-b6cm<r<15cm
« 18M pixels, 0.28 m?

n*- pixel implants

© B-Field (4T) 1

/// electrons

(p-type)

depleted { ' :j::j}-"' Silicon

E=0

wonizing | particle track \

Each pixel 100 ym x 150 ym v p*- implant (- 300 V)
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== Lomzard Weoh Sseroid

Leakage Current Measurements

- |
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Current Measurement

* Pixels: power supply only

 Smallest unit of HV measurement: 1 Ladder = 4 Modules =
4x16 Read-Out Chips (ROCs) — 0.81 cm x 0.81 cm

 Full length of pixel barrel along z
» Strips: Detector Control Unit (DCU)

1000

4.7 fbl

BOO

Sensor APVs

600

DCU -

readout The detector control unit is an

ASIC sitting on each of the tracker
modules, with the ability to
measure the temperature at

400

200 Power supply

readout different positions of the module as
- T TR P T well as the leakage current and LV
nﬂ 200 400 600 8OO 1000 VOItageS app“ed
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. chs,/ |
Measurement Conventions é

* Following the guidelines of the Inter-Experiment

Working Group on Radiation Damage in Silicon
Detectors . . .

 Currentis corrected to 0 °C 2
. Eg =1.21eV [(Tyes) = I(T) (Tref) exp (_ Eq [ 1 _1D

T %p |Tres T
« Current is measured in pA/cm3, normalized to the
volume of active silicon

PixelBarrel Bml Sec1 L1+2 H‘l\f1 ch

S18001 ) (0°C) = 269.60 £ 3.58 uA
Et0 - | -000+000pA |
1200 — Eg=1.1210.01eV .
1000 - ¥ =269.95

uuuuuu
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Temperatures

* Pixels: 17 °C (?) in 2011, 10 °C in 2012
« Strips: temperature varies, some regions have no direct cooling
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IIIIIIIIIII|IIII|IIII|IIII|'1—

CMS Preliminary 7 * LHC Beam Spot is not at
center of Pixel Detector!

 W.r.t pixel, LHC beam spot
(x,y) = (-2.4mm, 3.9mm)

» 30% effect on potential Layer
1 lifetime!

« Geometric issues also impact
data rates — where readout
ISsues emerge

Current scaled to 0°C equivalent

Layer 1, 24 Aug. 2012
Total L, = 18.9 fb"

I|IIII|IIII|IIII|IIII|IIII_[

nnnnn

Sinosoidal fit (max 2.12)
IIII|IIIIIIIIIIIIII|IIII|IIII|I

o 1 2 3 4 5 6
Detector azimuthal angle ¢ [rad]

Can also see impact of staggered geometry

Y
st I~
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. Pixels: Azimuthal De

s/
pendence é

G
cr‘ T | L | L | T 1T | I_

U L L L L L L L L L L B B o £ C CMS Preliminary -

: CMS Prel imina r : § 360 ? Current scaled to 0°C equivalent j

N . y 7 = Layer 2, 24 Aug. 2012 |

O — ¢ Current scaled to 0°C equivalent —] - 3401~ Total L, =18.9f"

N * _ o C ]

. Layer 1, 24 Aug. 2012 £ 3201 .
700} VI 3 ol |
- Total L, = 18.9 fb : 2 300f —_

i . 5280: —:
650 . ST ‘
- —] _I - -

- . 260F i

600 - B 240, | Y T

0 1 2 3 4 5 6
Detector azimuthal angle ¢ [rad]

5 N L B B I R L BRI
g CMS Preliminary |
0 2 220 j Current scaled to 0°C equivalent i
=2 Layer 3, 24 Aug. 2012
L e ¢ rmchannele = 200l : TotalL =189fb" |
B Sinosoidal fit max 2.27) - — * e .
450 —_ ® -z channels — E :
B Sinoscidal fit max 2.12) T = B
=1 1 1 1 | IS [N N A N [N N Y B | | L1 1 1 | L1 1 1 | 1= g 180 —
0 1 2 3 4 5 6 E -
. " 160

Detector azimuthal angle ¢ [rad] i,

140/
Detector azimuthal angle ¢ [rad]
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CMS

Current vs. Radius

Leakage Current | [uA/cm®]

» Pixels: beam spot offset gives us measurements in many radii
* Independent leakage current fits give good agreement in radial

dependence
BOO_II|III.|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II_
: F CMS Preliminary -
700
Fit: I(r) = 39217
600 Current scaled to 0°C equivalent
24 Aug. 2012, Total L.'..: =18.9 fb"
500 .
" Pixels
400 Layer 1

300

200

100 Layer 3

1|
3 4 5 6 7 8 9 10 11 12
Channel distance from LHC beamspot r [cm]

2.5

e Pixels: r-132
e Strips: r-1-2°

CMS Preliminary 2011, 4.7 fb™

)

LA
b 'em?

1.5

Normalized leakage current {

0.5

Strips

f(r) =5

x%/ndf= 1392/38

a 93.23+ 1.76
b 1.247 £ 0.005

o

| | |
20 40 60 80 100 120
radial distance [cm]
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CMS

Pixels: Current vs. Time

[".'IH EDD B L | 1 | | L | 11 I ! [ LI I LI ! LI LI !

£ " CMS Preliminary .

~ —

i 200 — Current scaled to 0 °C equivalent —

— - « Layer1 o _

s :_ 4 ]

= 400 « Layer2 o o =

g - « Layer3 . > .
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O 300 ”.- -

m — —
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2011-2012 Shutdown,
Temperature change,
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Current vs. Fluence

2.2 ><10'6 CMS Preliminary 2011, 5.4 fb™! (before HI)

o I /VOI .= Gq) -
leak 25 Al = (offset +) oV
E 18
! L} O <‘To - = - -
o Literature: a(21°C) ~ 4e-17 Alcm T, oft=ssem=2ien
o 5 14 o, = 5.8e-18 £ 1.4e-19
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o 12F
g =
. g 1=
* 2011 Measurements: .
O O
o] ,
. e -
) " - T 0.6; .
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. StrIpS: ~66-1 8 Alcm 0.2§\ L ‘ Il L ‘ Il 1 L ‘ 1 Il ‘ 1 Il ‘ 1 1 X109
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. Pixels: Current vs. Time (1) é

®

» Using day-by-day annealing parameterization
and temperature information over 2011-2012...

... we see the same tension as in the simple fit of a

r""J_' BDD C T | T T T T | T T T T | T T T T | T T T T |
§ CMS Preliminary
i 500 — Current scaled to 0°C equivalent
— E —+— Layer 1 measurement
T 400— Layer 1 model
@ . —}+— Layer 2 measurement
5 — Layer 2 model
¢ 300— —+— Layer 3 measurement
O N Layer 3 model
%‘J L
& 200
m -
E Z I .
100 — f —]
D : s e -“ ”._ 1 1 1 1 | ! ! ] ] | ] ] 1 ] | :
0 100 200 300 400 500

Days from 14 March 2011
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CMS

Pixels: Current vs. Time (2) é

= =
(VB NVMINE}—,

» Using day-by-day annealing parameterization
and temperature information over 2011-2012...

... we see the same tension as in the simple fit of a

r""J_' BDD C T T T T T T T T T T T T T T T T T T T T T
§ CMS Preliminary
i 500 — Current scaled to 0°C equivalent
— E —+— Layer 1 measurement
400 Layer 1 model (+40%)
@ . —}+— Layer 2 measurement
= — Layer 2 model (+50%)
¢ 300— —+— Layer 3 measurement
% - Layer 3 model (+70%)
E 200
m -
@ n
— 100 I
Good agreement n P LR :
I I b “5: ==l — _. ”. 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I ]
when predlctlons o DD 100 200 300 400 500
scaled up by 40-70% Days from 14 March 2011
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Pixels: Model Work-in-Progress é

 Temperature measurement updates
« Revision of 2011 pixel temp: ~17 °C — ~20 °C

« |Impact on both data temperature extrapolation and modeled
current evolution: removes most of the need for scaling 2011

leakage current data

 Unrevised for 2012 (~10 °C): disagreement persists

* To-do: assign and propagate reasonable temperature
uncertainties

 Temperature variation within fills
» Leakage current measurements from start-of-fill are used to
ensure consistent configuration conditions
« Start-of-fill temperature is several degrees higher in Layer 1,
due to increased digital current
« To-do: account for this in temperature extrapolation

« Smaller impacton L2, L3
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Pixels: Fluence Work-in-Progress é
I

= =
(VB NVMINE} =

* Fluence inconsistencies being investigated
* Normalization disagrees with ATLAS by ~20%
« Radial dependence (~r-1-°) disagrees with that of charged
particle count and leakage current (~r-1-3)

» Solutions investigated
. FLUKA arids
- Recent update: radial grid size 2.5 cm — 1 mm
- No significant change in power law fit
 ATLAS/CMS magnetic field difference:

- ATLAS B field studies: 2T — 4T gives ~10% effect at r =
4.3 cm, increasing with radius (I. Dawson)

« Freatmentofkaons
- Same as pions, consistent with ATLAS
 MC generator input: to be investigated
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Strips: Model Agreement (5.0 fb-1)

Lorpacd Meon Sclenoid

= ?
~1 =
ST
CMS Preliminary 2011, 5.0 fb™! ‘ Relative Deviation between Simulation and DCU measurement
— 400
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._a; . TIB 1200
§ 330— r
- - TID -
3 = - 1000}
% 300l TOB T i Mean 0.01674 +0.00125
=] — =+ TEC L
S ek - Si 0.1237 £ 0.0009
7] — . : B igma 12371 0.
250 . . i
: .‘. . . 600?
200[ ) B
: . 400?
150 — C
- . 2001
100:_ O*J\{LLII llJIIll JJ\\lJJJ\l\JJJ‘LL]I
— -1 -0.5 0 0.5 1 1.5 2
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0:\ 11 1 ‘ [ I | I | ‘ [ I | L 1 1 1 ‘ 1 1 1 | | I ‘ 1 1 1 | | |
0 50 100 150 200 250 300 350 400

DCU |, [MA]

« Average strips measurements agree with model within 5-20%,
varying over time and detector region
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Strips: Model Agreement (5.4 fb-1)
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L A
(VB NVMINE =,
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« Average strips measurements agree with model within 5-20%,
varying over time and detector region
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Strips: Model Agreement (7.0 fb-1)

SO 4
R
CMS Preliminary 2012 7 fb™ CMS Preliminary 2012, 7 fb” Entrie:i5t11377
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00 50 100 150 200 250 300 350 400 450 500
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« Average strips measurements agree with model within 5-20%,
varying over time and detector region
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Strips: Model Agreement (10 fb-7)

a0 SO
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« Average strips measurements agree with model within 5-20%,
varying over time and detector region
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Strips: Model Agreement (25 fb-1)

5&(‘%’
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* Average strips measurements agree with model within 5-20%,
varying over time and detector region
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Strips: Model Agreement vs. CMS
Temperature é

» Largest disagreements for high-temperature modules

_ - _ htemp
Temperature Dependency of Relative Deviation in lleak between DCU and Simulated Values Entries 11319
= Mean 15.28
0.05:— ++ Mean y -0.02747
— " ++ RMS 3.675
= ++ " B i RMSy 0.1537
— + +
-0.05— w to
01E f
0.1 - ﬂjr 1
015 f
= 't | J( }L ]L
= T
0.2 + ﬂ# H+ %ﬁ } %M w[ ﬂ HJ[
-0.25 i— i + HL | }[
0.3 + 1 J[ -
.0.351 -
T 1|0 1|5 |2|0| 2|5 3|0 | |3|5| L1 |4|0| L1 |45

Temperature [C]
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== Lomzard Weoh Sseroid

Depletion Voltage Measurements

- |
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s,
Depletion Voltage Measurements é

 Two methods for Strips:

* Noise Scan (interfill periods)
« Signal Scan (during operation)

- Monthly for 5 power groups, twice annually for entire detector
- Fit cluster charge vs. voltage

* Pixels:
» Hit efficiency vs. voltage (during operation)
 Work in progress: cluster charge vs. voltage
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Pixels: Bias Voltage Scan

« Vary voltage during LHC Layer 1 HV Bias Scans

running ?10""_1'—1—4'

 Use small area of 2 CMS f:)reliﬁ'linarfy ]

detector or non- S EE S 0 5 T W N S

physics datataking - J Karancsi -

» Measure efficiency for hits 4l 11/ V.Veszpremi |

on track B fgfr e = Layer--1---(0ne HV- Grﬂup)—
il L]+ 2011/03/18 - 0.05 fb”

* Treat 99% hit efficiency
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voltage” — this no longer 201110112 . 517 b
makes sense after type = 2011/10/27 - 6.07 fb!

inversion ol L 220121041064 6.20 fb ..
4 )/ v 201200702 - 12. ?7fb1

" 2011/05/15 - 0.33 fb?'
+ 2011/07/14 - 1.46 fb"

2011/09/07 - 2.93 fb"'

- * 2012/08/13 - 16.97 fb”
U{} | ; | L1 1 | L1 1 | L1 1 ?1-2!0'%!' ] I%ul ] IfPI ]
0 20 40 60 100 120 140
Bias Voltage [V]
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. Pixels: Depletion Voltage vs. Z é

)
[ ) 99%p0intplotted EEU—HlIHIHH LB LI LI L BN IR I
over a series of 5 | :

ScanS, as a funCtlon = B0 e " :__

of module z position *
40! L [ e

e Type inversion seen, . . _ I T
first in central S T S -

modules, then in -
outer ones <, E

e | E e S _|

i Layer 1 i

- * 2011/07/14 - 1.46 fb,

TO = ....20; 1”]9!0?-2.93’"3_1_

B + 2012/04/06 - 6.20 fb~" .

- 2012/07/02 -12.77 fb’, -

- 2012/08/13 -16.97 fb., -

D_|||||||||||||||||||||.|12\0| |2”19!2?|-|20163|fb||||_
-4 -3 -2 -1 0 1 2 3 4

Ring

14 November 2012 S. Zenz - 21st RD50 Meeting - CMS Tracker Radiation Damage

\9}
-



CMS

Pixels: Model-data comparison

Wm‘m

* Improvement to model: use RD48 oxygenated Si model
(instead of parameters from strips)

Layer 1 HV Bias Scans
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= Lorzard Weoh Ssenoid

Strips: Vdep in 2011

march 201 |

s E
sof—
?of—
more steps toward =
. - BO—
higher HV and higher =
statistics “E
“E module 369121514
30
& P [T T T T N [N T T T T S [ T U T T O o B YO
50 100 150 200 250 3IN0 -,\_DJJ \V}
h2voltlvsvolt2 hdepvolt_diff
— Entries 2065 Entries 2065
& 350 Meanx 1948 Mean -18.06
= Meany 1747 100 — RMS 15.14
= — RMS x 56.96 =
= 300— AMS v 55.84 = .
= TUF - Mean : -8V
vi C —150
= 2501 B
e - -
£ 200~ 40
e E - 10
= 150 —2° -
(i : L
_g‘ - - B
100
= E L
SoE 10 1= ﬂ ﬂdw" Hmm ﬂ u u ﬂ
D:...I....I....I-....I....I....I.... 0 E M BRI R B Er
(] 50 100 150 300 350 300 350 100 80 60 40 20 0 20 40 60 80 100
Vdepl from lab. meas. [V] Vdepl from scan - reference Vdepl [V]

14 November 2012 S. Zenz - 21st RD50 Meeting - CMS Tracker Radiation Damage 29



!

®

Strips: Vdep in 2012

s
IS

e Contrary to expectation, depletion voltage seems to

Increase... april 2012

S‘I{l{l§
L
: i » Less good fits (slope of first part of
the curve)
» Higher Vdepl (while expect it to L
decrease) Model prediction
el for 10fb-1 in TIB
s is in the order of -20V
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‘chas,
Depletion Voltage Work-in-Progress é

* Pixels: switch to MPV of cluster charge

» Strips: investigations into 2011-2012 increase ingoing

. Hvsteresisf oot |

- Effect exists, but too small

. Tirning-shif

 Modeling optimized to improve fits, but offset remains
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Conclusions

 Models give reasonable agreement with
measurements

* Ongoing work on improvements
* Pixel leakage current models
- Temperature measurements
- Monte Carlo generator input
* Depletion voltage measurements

 Major lesson from 2011-12 experience, looking toward
upgrades: no big surprises

* During upcoming shutdown, we will have full lab
access to pixel detector: are there special
measurements we should make?
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