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Content & Disclaimer

@ Different Strategies
FLUKA

Leakage currents
Depletion Voltage

®©@ ® @®

®

Each experiment is following the same goal but with
slightly different strategies

e An inter-experiment working group on radiation damage started

e Comparison of tools
e Standard plots/presentation (e.g. current scaling to volume and 0" C)

e With almost £, ,=5fb-! detectors see changes in leakage currents

and innermost detectors (VELO & pixel) see changes in depletion
voltage
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What Happens in a Nutshell
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.... with particle fluence :
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Test Strategies

® Pixel

Currents:
o Some high res. current
measurement boards (10nA)
o Single pixel res. 0.125 nA
Vdep:
o Single pixel cross talk vs.
voltage;
e TS, now more often
e non-beam

o Monitor depletion depth —
threshold -no scan

o In-situ radmon sensors
e Dose & Fluence

o Noise vs. voltage

o Efficiency and depletion depth .

vS. voltage;
e non-beam

® Pixel

e Currents:
o IV scan
o |-Temperature scan

* Vdep:

o Small # of channels (0.5%)

Signal vs. bias
e Several times per year
e Stable Beam

SST:
e Currents:

o Current per sensor via DCU

e Vdep:

o Noise vs. bias scans (1V)

e 4lyear
e non-beam

o Full signal vs. bias scan (V)

o 2lyear
e Stable beam

o Small (0.25%) Signal vs.

bias scan
monthly
e Stable Beam

VELO

Currents:
o IV scan
e  Weekly

o |-Temperature scan during
technical stops

Vdep:
o Noise vs. bias
e Monthly

e Non-beam

o Signal vs. bias — layer
scanning
e Few times per year
e Stable beam

More or less continuous archiving of currents and temperature
ATLAS

Frank Hartmann

CMS

Instrumentation Seminar - Hamburg 2012

LHCB VELO



Experiment measure luminosity but we need local fluences to
allow comparison of measurements with prediction

FLUKA



FLUKA

® FLUKA: Fully integrated particle physics MonteCarlo simulation
package. [1]

® Events generated by DPMJET-3. - <

@ No tracking of particles. £ ey +A+C.B

® Many different predefined scorings  { YV =
 Flux of different particles types 3 \

Ac . /

e Energy spectra
e Dose - "CAg
e Radiation damage e B,
o Activation ==
e Eftc.

® Geometry described with mathematical combination of geometric
elements.

e |Import of mechanical drawings not possible

[1] A. Fasso, A. Ferrari, J. Ranft, P.R. Sala: FLUKA: a multiparticle transport code, CERN-2005-10
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Flux In Tracker Region

Total 1MeV neutron equivalent

1MeV Neutron equivalent, New Geometry, 7TeV

Ch Hadrons in 1MeVneq. scaling, New Geometry, 7TeV

® For analysis of radiation damage the
1MeV neutron equivalent (n-eq.)
scaling is most important.

® The left plot shows the total 1MeV n-eq. flux, the right plots show the
contributions from charged hadrons and neutrons.
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Comparisons and Uncertainties

@ Leakage current: ©
Temperature

FLUKA Effective a(t,T) Leakage current (T)
- Fluence _ ,

measurement Temperature
parameterization
Material description
GRID

@ Depletion voltage:

Luminosity

In-situ measurement

FLUKA Dedicated HH Depletion Voltage

- Fluence model parameter

measurement parameters |
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Does it increases?

Alpha?

Annealing?

Comparison with simulation?
Surface Currents?

.... with particle fluence :

n-type FZ -7 to 25 KQcm
FZ -7 KQem
FZ -4 KQcm
pe FZ - 3 KQem

JIDE'

10 v n—type FZ - 780 Qcm
N o n—type FZ-410 Qcm
& n—type FZ — 130 Qcm

~S ' _ ~ . ( ~
107 20 i o~ A n—type FZ— 110 Qcm
- 80 min 60°C ® n—t "Z - 140 Qcm
« n—type EPI - 380 Qcm
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Leakage Currents
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Evolution of Sensor Currents

LHC 2011 RUN (3.5 Tev/beam)
—@— ATLAS |
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Yes, current changes and at least it qualitatively follow the delivered luminosity




Leakage Current vs. Time
~Luminosity LHCB-TT
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CCATLAS
. JLEXPERIMENT.

ATLAS SCT at the end of pp 201

Histograms showing
increases in SCT barrel
module leakage currents
(normalized to -10C) from

Number of Modules
Mumber of Moduwles

108 158 00 N0 L a0 150 o Fazl
Increase in leakage currents [ni) Increase in leakage currents [nA)

Begin of operation to end 2010.

Number of Modules

E
@
=
=
-E:I
E

ATLAS
preliminary

108 160 Jon o an 150 200 2%
Increase in leakage currents [nA] Increase in leakage currents [nA)

® Very impressive current resolution (10nA), much better than CMS or LHCb
® At that time CMS SST only quoted: “in the noise”
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Total (green) and by-ill (red) Delivered lumi vs time
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« Different layers — different ¢
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® = Offline analysis | . .
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DCU

DCU readout of the leakage current vs.

the corresponding power supply
measurements after 4.7fb-1.
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The detector control unitis a ASIC
sitting on each of the tracker
modules, with the ability to measure
the temperature of the module as

well as the leakage current and LV

400 600 800 1000 voltages applied.
I(LA) Power Supply readout

Each high voltage line of our power supply system is connected to 3-12
modules, to achieve higher granularity CMS needs to use the DCU information.
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CMS Silicon Temperatures

27 04_2011_22_00-1800

TIB L4 TOB L2 TOB L4

TIB L1 TIBL3

DCU measurements of individual modules
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Delta |

Leakage
27/04/2011 and 15/03/2011

diff27_04_2011_22_00-1800lleak-15_03_2011_03_30-1800lle

‘ '
Al ]

TIB L4 TOB L2 TOB L4

TIB L1 TIB L3 TOB L1 TOB L3

Hot regions see higher current - not a real surprise
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Entries 96

Mean 109.3

o » RMS 6.8

15.26 /18 Underflow 0
2,042 £ 0.854 Overflow 0
¥2 I ndf 0.9065/2

Constant 41.23 + 5.12

Mean 109.2+ 0.7

Sigma 6.934 + 0.507

67.14
L]

0.819 0.2815
L] e 1}

L] 3 1}

31.964 /4 % in 18.57 / B
26.78+ 4.10 ons TE4T+ 713
5.524 + 0.090 san 2547+ 0.014
0.6736 + 0.0690 iama 01577+ 0.0088

Imon slope, uAl{fB**-1) Imon slope, wANfB**-1)

® Normalization with respect to volume and temperature
- Radial dependence
- Comparison with expectation
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Radial dependence! J

Frank Hartmann

Inter-experiment working group proposal:
scale to cm? and to 0°C
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A Peculiarity:

Where is the Beam?

~ CMS Preliminary 2011

350 ¢4
BpOSEC-1|

? 300 \
0 L 2
£ \ ..
< 250 S S CMS Preliminary
=1 sy s
3 200 A TTTIgm .
T_u 3 ¢ 7\ : L 2 : & : * + Minus Side
£ * . * ;
6 150 T ] # Plus Side
=
3
g 100 * o

0 225 45 67.5 90 112.5 135 157.5 180 202.5 225 247.5 270 292.5 315 337.5 360

CMS PHI [deg]

Also staggered geometry visible in
dark current profile

Discussion started for 2012 to steer the heam off-center “to center” inside detector
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Radial dependence
FLUKA
Annealing

A Try to Compare Results
with Expectation




Comparison of ionising-dose measurements

o ATLAS

J2 EXPERIMENT

Dedicated RADmMon sensors

readout via DCS

1. Radiation sensitive p-MOS
transistors (RADFETS).

2. Calibrated diodes

and simulated predictions

TID (Gy)

Comparison 1

measurements and simulated predictions

10- T T 1 ] T =l E=
= - NE -
o , ATLAS =1 B
- Pixel Support Tube (r =23 cm, z=90 cm) limi = -
8:— Measured @~  -------. Simulated pre Imlnary —: E 14—
E el e
= — =
i > 12
& f 10—
5/ -
‘ ID End Plate (r =80 ¢m, z = 345 em) | 8
4 Measured = -----e- Simulated / B
| 6
3| -
2 4
1 2
0: i M“M - pna—— st i . ¢ e
05-Aug 19-Aug  02-Sep 16-Sep 30-Sep 14-Oct 28-Oct 0 05-Aug

Frank Hartmann

Measured

ID End Plate (r =80 ¢m, z = 345 ¢cm)

Measured

ATLAS

preliminary Id‘ﬁ

Pixel Support Tube ir =23 cm, z= 90 cm)

Simulated

________ Simulated

ATLAS Current Data vs. Simulation

Comparison of NIEL (1MeV neutron equivalent)
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SAILAS  ATLAS Current Comparison
s e 200 |8 with FLUKA

100

80

® Approach: normalize averaged
currents for temperature and
then calculate fluence in 1MeV
n_equiv (with standard alpha);
then compare derived fluence
with FLUKA Sim

® Larger differences in the inner
endcap regions

® Comparison gets better with
time (and of course more
fluence)

Numbers are ratio
Measured/FLUKA

Comparison

22



Radial Dependency of Leakage Currents

Slope of leakage current increase per fb-1 after 4.7 fb-!
[normalized to 1cm?3 and 0°C]

N

The normalized
93.23+ 1.76 leakage currentis
1.247 £ 0.005 averaged within
each bin of a given
radial distance r
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Attempt to Compare with Simulation

Approach: calculate current increase from simulated fluence (a=7.1 e-17 A/lcm @0°C)

« Simulation: Fluka 7TeV scored to 1MeVn_equivalent per pp collision

« With the above zero temperature we have continuous parallel annealing and a(t,T) is not
directly obvious

« Mind also that the radial dependence also changes a bit with Z (here we used central region)

 FLUKA given in grid of 2.5 x 2.5 cm (linear interpolation used)

CMS Preliminary
CMS Preliminary 2011, 4.7 fo’!

Data fit

FLUKA fit

)

N

LA
fb'em?
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o

x?/ndf = 1392/ 38
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Fluka: 1MeV eq. neutrons with 5fb' data overlapped Z (cm)

Comparison
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BPIX Fluence aftar 1 fb-1

CMS Pixel

MARS

TOR -1.381

® Still uncertainties in I
FLUKA

e Coarse grid _ 7 TeV (FLUKA)
e Material description...

@ Hit density matches
leakage current

® Power law similar to
strips

14TeV (FLUKA)

-] B

Cc
-
[=1]
(=]

ATLAS Barrel: 1218.4r ™%
CMS BPIX: 834.1r "

Al [uAfem?] (corr. to 0 °C)

doysxiom 05QY woij SY 11V

9 10 11 12
Channel radius [em]

Radius of channel includes offset w.r.t. Beamspot but NOT staggered geometry
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Is it visible?

How to treat it correctly?
How to treat it when active during irradiation (operating above ZERO degr
Effective a(t,T)

Excursion: Annealing




Effective a(t,T) at a=4.7 fb1

Slope of leakage current increase per fb-1 after 4.7 fb-1
normalized to 1cm?3 and 0°C

-6 CMS Preliminary 2011, 4.7 fb™’
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Effective a(t,T) at a=5.4 fb'1 before Hl

«10® CMS Preliminary 2011, 5.4 fo™" (before HI)

Al = (Offset +) aVd
offset = 5.3e-08 + 2.1e-08
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Effective a(t,T) at a=5.4 fb1 after Hl

>=:1LT6 CMS Preliminary 2011, 5.4 fb' (after HI)
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=» Need to use effective a(t,T) and model on a daily basis in an integral way
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Example: CMS

Day x-fluence

Inputs:
® Fluence at indiv. module position
® Temperature of indiv. modules
e Measured by DCU
Method/Tools:
® Histograms filled with one bin per day
for the temperatures and fluences i ! |
® Afterwards the impaCt Of eaCh day’s 0 31/03/11 30/04/11 30/05/11 9106!11 29/07/11  28/08/11

fluence to all consecutive days is
computed with the annealing time

Temperatur Profile | Impact based on respective temperaturg

constants based on the given %
temperature at the respective day. g

® The integrated sum over all days gives 2
the result Ezaa

® Sensor self heating included

Output

® Leakage current
e Leakage current of modules for

comparison From database
o Measured by DCU, cross checked by PS

values

® Same for depletion voltage
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Leakage Current Evolution in [ AILAS

ATLAS and Comparison with Model

g-) E ’ | sensoll temperature! !
= - I A B H }: 7777777777 8)0 e
1 : _ _: L':”"_l'___ : | g
2 O KA preiminay ) e 10,5
S F ' T Comparison ‘
S - e e /b = o T . -
- - . % 120~ ATLAS Preliminary
B ] e 100:_ Pixel barrel _:
g - Data Prediction .
1(:)"I o A N i =/ S S S = < - wlayerQ -+ig .
= 3 = 801~ slayer1 =+ig =
— | ] - C slayer2 =+ [] ]
- : : Layer Data Prediction - a on_
'2 e - ————-———-- ;_ ___________ :_ _______ BS ® - i10 D F— 40__
10 = = i i B4 o — +ic [ 7 B .
= : : B5 e — +16 [ ] 20} -
- | | B6E e 16l | 5 ]
-3 1 1 | 1 \ i \ | I | | I | | 0_ | | . ]
10 02/04/11 I 02/07/11 01F1Uf11
2010 2010 2011 2011 2011 2011 2012 Dat
Jul 02 Oct01 Jan01 Apr02  Jul02 Oct02  Jan 01 ate

Prediction is based on the total 7-TeV luminosity profile and the FLUKA simulations, taking the self-
annealing effects into account.

The prediction uncertainties are mostly due to errors in the fraction of the slowest annealing component

(11%) and luminosity measurement (4.5% in 2011). The uncertainty of FLUKA simulation is not included.
Scaled to -10°C for SCT (0°C for pixel)
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Match Data with Simulation in a
Timely Fashion © CMS SST

| Power Supply Measurements | CMS Preliminary 2011 | Temperature Profile Starting point

To be used for
extrapolation
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The Whole Strip Tracker:

Simulation and Measured Values

L=5fb1 (before HI period)

CMS preliminary 2011 ' « Day by day
TEC * Module granularity
- « Annealing
TIB « Self-heating

TID

Simulated lleak [puA]

M
N
-

200

150

100

50

o
150

! L1 |
200

| 1 | | |
250

300 350 400
DCU lleak [uA]

|/|//|’|||||||'||
OD 50 100
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Surface Current



Bulk or Surface? / Bulk & Surface?

LHCb VELO Preliminary LHCh VELO Preliminary

= Before Irradiation = Before Irradiation

— After 477 pb™ — After 477 pb™

Current [mA]
Current [mA]

Example of a sensor Example of another
sensor

Temperature [° C] Temperature [° C]

current dominated this sensor dominated this
and sensor
dominated

=» Looks like, surface current is irrelevant after irrad
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«+.« With particle fluence : «... with time (annealing) :
5000 g =
A7
A
‘_u
1000 ¢
500 = 600V

100
50

10
5

10 100 1000 10000

10" 10! line ti -0°C 'mi
5 annealing time at 60°C [min
Deq107em ™ € [min]

Do we see already effects?
Can we (do we need to) tune the HH model parameters?
Former design strategies ok?

Depletion Voltage
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. ATLAS

/L EXPERIMENT

ATLAS Pixel

Before irrad.

100

2
I
S
E
Z

® Strategy before type
Inversion

e Scan based on inter-
pixel cross talk

o No beam 4 i3

 High ohmic short in T2 T 6 100 120 140
under-depleted case

e Capacitive coupling
when depleted

e Inject enough charge
Into pixel to cause hit in

neighbour when below

depletion voltage 0 80 100
Depletion voltage [V]
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ATLAS Pixel

@ Strategy after type
Inversion

e Determine track
segment depth

o NO scan
e Validation:

o Before type inversion:

hits only if sensor
fully depleted

o Validation yields
~250um in
agreement with
sensor thickness

CATLAS

. JLEXPERIMENT.

cluster size p
EERL =S

ATLAS Preliminary

015 02 025 03 035
track depth [mm)
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ATLAS Pixel

Evolution of Depletion Voltage

Frank Hartmann

Pixel B layer
cross talk scan:
22 June 2011

08 July 2011

11 Aug 2011

10 20 30 40 50 &0 70 80 90 100
‘oltage [V]

Instrumentation Seminar - Hamburg 2012
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Signal vs. Voltage Scans during STABLE BEAM

® Pixel ® Pixel ® VELO
e None e Scan sample e Scan 3 double
modules layers at once
o All sensors . e Cycle through the
from one ingot ,zuvm-t,a;,,”-\? |ayer combinations
® SCT ° Seml manual Bpix BmO SEC6 LYRI-2 HVI . Fu”y automated
e None ® SST o 80% value used
e Scan full detector at matching lab CV
once — ‘
e Semi manual :
o Use pixel for track PN Not a nice
. s distinctive kink %
seeding e E

e Model chip response

ATLAS CMS LHCb VELO
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CMS Pixel - Evolution of
Depletlon Voltage

Bpix BmO_SEQ6_LYR1_HV1 *
« 2010 Oct 28 L dt = 0.043 fb

« 2011 Sep 07'fL dt=2.7 fb
2011 Oct 12 fL dt= 4.8 fb”

« 2011 Mar 16l dt = 0.045 fb
2011 May 15| L dt = 0.31 fb
e 2011 Jul 14 L dt=13fb" "
e 2011 0ct27{L dt=57b"

i : ; : i .
1000 2000 3000 4000 5000 6000
Total Int. Luminosity - 2010/11 [pb']

60 80 100 120 140
Voltage [V]

@ Voltage scan during Stable Beam

@ Take voltage corresponding 95% hitt
efficiency Vgso,~Vyep

Frank Hartmann Instrumentation Seminar - Hamburg 2012 42



Compare with Model

Layer 1 Data-model comparison

“Strips parameters”

400 500
Days from 14-3-2011

Layer 1 Data-model comparison
“Moll parameters”

400 500
Days from 14-3-2011

Model depends on input
parameter!

Which parameters are
the correct ones?
e To be extracted from data

Do we see signs of
Inversion?

Comparing with results
from CDF and LHCB
VELO we do not expect
to arrive at V,=0V

Room for improvement
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Depletion Voltage Measurement

@ Plot collected charge for different bias voltages

@ Determine depletion voltage as the minimum voltage that
collects 95% of the charge at the plateau

@ Extrapolate into the future -
linear fit after inversion point

8 10 12
integrated luminosity (fb™
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For CMS SST — Case by Case

Mind large number of modules/sensors with large variety of
initial depletion voltages at many different radii (fluences)

More Detailed Example of Method
to Determine Depletion Voltage

Frank Hartmann Instrumentation Seminar - Hamburg 2012
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Viepletion V1@ Noise Measurement

It was not clear from the beginning that we can
use this method in p-in-n sensors (CMS strips)

¥2 I ndf 25.66 /17
B [ADCc] 0.55+ 0.2133
A[ADCc] 6.066 + 0.005117
Vdepi[V] 161.6+ 2.97

Depletion Zone

a4}

N
oo

NoiseMean [ADCc]

Undepleted Zone

2eg; V _ d V
q‘NefF‘ Vdep!

Ve
dp" for V < Vdep;‘

-~

o
[

w
C =(
C =G for V > Vdep!

T

= 4.—_1_—4.'——‘___}__#_—'—"_ =

—
-

o
o

50 100 150 200 250 300 350 400
Bias voltage [V]

ST

The noise is fitted with

\/(A + B - dep") + others? for V. < Vigepy ; n=ng else.

Due to the range of the measurement this leads only to reliable results up
to depletion voltages of about 250V.
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Viepletion from Noise in p-in-n Sensors

Sensors

Noise V 4, [V]

80 100 120 140 160 180 200 220 240 260 280
Reference V,,, [V]

Reference measurements are from lab
CV measurements on full sensor or
company CV on diodes

100 150 200 250 300

350 400
Noise V 4o, [V]

Frank Hartmann Instrumentation Seminar - Hamburg 2012
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Vdepletion
Signal vs. Voltage

® Variation of depletion width
changes the amount of charge
collected

® Change of charge carrier mobility

In the CMS Case from

Unfortunately
O cadl plaleadl c
not nice to fit
(deconvolution
mode)

But fortunately the
deconvolution mode
IS very sensitive to
the effects

1 Sampling

Frank Hartmann Instrumentation Seminar - Hamburg 2012 48



V from Signal vs. Voltage

depletion

—
2
c
=
-
|
&
=
e
[
]
(=]
©
c
—
w

@
L)
=]
=
©
=
E
=]
£
=
=
c
=
(7}

30 ey 130 20 230 I 330

Bias Voltage [V] 250 300

Bias Voltage [V]

® onTrack cluster with good Landau fits

® Fit graph with pre-modeled curve
e One for each given voltage

® Frequency:
e Small bias scan 1/month (0.25% of detector)
e Full detector scan 2/year
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Si

gnal vs. Voltage (during STABLE BEAM)

280 43

260

240

220

E 200
= 180
160
140
120
100
&

by

00

IIIlILll‘IIJJJIllL‘IIJI

~
fn
=

Very good
agreement between I
the results from the SRR IEENN——
signal scan and the Reference Ve [V]

reference |

measurements
: (especially in TIB
sainise s ol partition with only one sersor

Signal Ve [V]

J ]
--

Signal V,

| =
PRSI IS T SO (NS YU BRSNS MU URIN NS
100 120 140 160 180 200 220 240 260 280
Reference V., [V]

_IllllIll‘IIWW}lll[[llWl

Q._II\|I\I‘\II‘\I\|I\Ill\l‘\ll‘ll\‘l\lll\ll\_

%

Signal - Reference Measurement | 2 /ndf 64.95/ 30 )

F 1 T T T Constant 263.4+ 72 Sensor per mOdUIe Signal - Reference Measurement | x°/ndf 188 /41
)_0:_ Mean _1.602+ 0.448 FroTT T T T T T Constant 248.6 £ 8.8
- Sigma 20.32+0.36 ’mi Mean — -4.921+0.431

E 7 B Sigma 1418+ 0.34
200 g > ok E
15()? *; Anchor ‘,mz_ _E
100 - measurement wE E
sop- . for the future S E

955100 50" 50 00150 ) SO W ]
vV, [V] H50 100 -50 0 50 100 150
depl

Within to the accuracy of the measurement “no” significant change in Vdep Is visible so far (Dec12).
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To me the most interesting

OLEV - VELO Inverted



%And now to LHCb - VELO

Tips of VELO sensors already inverted

Frank Hartmann Instrumentation Seminar -

{cm® per year

eq

n

TDR Prediction

a) - freq / emy yoar

. at radius = 0.8cm
g Middle )
Al station

5 10 15 20 25
station nr

statio

radius
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% Strategy - Noise vs Voltage

Measure voltage required to get noise to
reduce by a specified fraction of the total
depleted/undepleted change in noise

Dependence on 1/r!? and station (z)

i LHQh Frellmmarjr

o | ®
1/Noise : : : : .rzmd:l]medn:l]ﬁ#! -(?)

I:I rzmﬁi—ﬂ,medlna] i"ﬁl

Bias Voltage

» Allows localized analysis Stations (z)

* N-iNn-n sensor

» Strategy after SCSI to be defined/tested |
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Strategy - Signal vs. Voltage

0 2 & 6 8 10 12 14 16 18

® Blue — tracking sensors — at full bias voltage
®

e Rotate through patterns, fully automatic scan procedure

® Tracks fitted through tracking sensors

e Charge collected at intercept point on test sensors measured as
function of voltage

o Non-zero suppressed data taken so full charge recorded
e Can study regions of sensor
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Signal vs. Voltage
Vdep Changes Clearly Visible

R-Sensor, Region:
- 34-45 mm
23-34 mm

16-23 mm
P 11-16 mm
- &-11 mm

mean :

LHCb VELO Preliminary
L =40 pb" |

A Effective Depletion Voltage / V t

s

10 15 20 25 30 35 40 45 50
Radius / mm

-5 0
A Effective Depletion Voltage / V

» Charge collection efficiency vs. voltage measured.
* Voltage at which CCE is 80% extracted
* 80% chosen as gives best agreement un-irradiated with depletion (CV)

* Dependence on 1/r!? and station (z)
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Eff. Depletion Voltage vs. Radius

LHCb VELO Preliminary

_______ -

EDV/V

}f

%

;

EDY for Sensor 20:

—B— 0pb”

—— 40pb™

—B— 426pb™
800pb~*
1.220fb"

1 1 | | 11 1
10 15 20 25 30 35 40 45 50
Radius / mm

mﬂ
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Eff. Depletion Voltage vs. Fluence

- Measured Effective Depletion voltage versus radius
’ Fluence per region Per sensor The n+-on-p sensors also see

a drop in EDV before increasing
Effective depletion voltage vs fluence |

’t. /
I LHCb VELO Preliminary

The sensor tips have clearly
type inverted, as the EDV of

(1€ 10WE al =101(0]4 [1d

@
o
=
Q
>
=
0
e}
2
Q
4]
o
<)
2
et
o
=
w

&

There is a common
inversion point around

—&— B-11mm

—— 11-16mm
— — 16-23mm
—i— 23-34mm
—— 34-45mm

0 5 10 15 20 25 30 35 40
neq fluence
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Eff. Depletion Voltage vs Fluence

Effective depletion voltage vs fluence

-]
o

LHCb VELO Preliminary

(=}

]
(=1}
=
O
>
=
Q
-
1]
o
]
L)
@
Ia
ey
o
=
w

—&— |nitial EDV < 45¥

If the data is split into sensors with initial —#— Initial EDV > 45V
EDV below and above 45V the data
indicates that there is no dependenceon ol v 101y 1 Ix10%

the initial EDV after type inversion. 25 30 35 40
neq fluence
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Comments and Conclusion



History and Future - Comment

® CMS strategy: Low resistivity silicon to start with a high depletion voltage
and end after inversion with a “not so high” depletion voltage

® VELO hint: after inversion the initial doping is washed out.
@GNS | -

Effective depletion voltage vs fluence

w
@

What is the 5 i . LHCb VELO Preliminary
donor removal? H
For CMS?

Depletion Voltage (V)
N w

A

For LHCB?

neq fluence

CMS did extensive radiation studies during construction to establish the
“respective CMS” HH parameters — donor removal not 100%!

Example from the CMS irradiation quality control

1000 10000 100000 1000000 1E7
annealing time [min]

Let’'s see how much we can constrain the model and corresponding future
extrapolation? Useful for upgrade?!?!

How can 10 LHC years in 10 minutes (Zyklotron)
be compared with 10 LHC year in 10 years?



Conclusion

The effects of radiation on the silicon sensor is clearly visible in the first 5fb -

e Currents ~ integrated luminosity
o Normalization for temperature and volume is necessary to allow comparison

o Annealing clearly visible and needs to be taken into account
e In a day by day basis
o First comparison of data to simulation looks ok

o Uncertainties in
e FLUKA, multiplicity, scaling and alpha - especially in the annealing term (temperature parametrization!)

* Effects on Vygpeion are clearly visible
o VELO partially inverted already

o Methods to determine Ve eiion are established
e Number of scans will remain small — cut into data taking
* Comparison and HH parameter tuning for Vyeyetion is Not yet possible or difficult
- Annealing not yet seen
*  What is the effective donor removal factor?

e Projections are underway to

o estimate lifetime or define environment during technical stops or shutdowns
* CMS: Projections supported the possibility to operate 2012 still at elevated temperatures but not after LS1

o support the upgrade planning



