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Motivation

Radiation damage is a key parameter affecting

the performance of the silicon modules used in - R=5t4mm
ATLAS R =443mm
SCT4
R=371mm
L R =299mm

ATLAS have simulations which predict the
radiation levels in the ATLAS detector; we can

use these simulations to predict future e
Pixels{

performance of detector R =58 5mm 7:’:
R =-33..25mm /

R=0mm

Imperative we check the accuracy of these
simulations and predictions of other sensor

to ATLAS Radiation Simulation group, can

=1.0
> =15

and future detector designs

Solenoid coil

Side-C Endcap Side-A —_~

i We also use radiation damage

‘‘‘‘‘

also be used to optimise operation conditions,

— 25 measurements as inputs for simulations of

Barrel 6 :
Barrel 5— 33 e u J

Barrel 4 — 37! S 3:\ """" Outer ;
Barrel 3~ =T Middleshort— detector performance; see Ben Nachman's

Inner '
! | I I I T T T T > Z talk
749 | 934 | 12999 1771 .4 21152 2505 27202

8538 10915 13997

I modules with Hamamatsu sensors B} .
We have studies from IBL, Pixel and SCT

| modules with CiS sensors
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Detector layout: IBL

Barrel layer of hybrid silicon pixel modules, 30

mm from beam pipe, inserted in 2015. Looks like e
this }A

.
N
.
S

Operation temperature -4°C in 2015, 20°C until . |
June 2016, 10°C until 2017 and -15°C thereafter

Type 1 Services .

_________

Intermediate Flex

Planar bias voltage initially 80V, rising to 350 V.
3D bias voltage 20 V till 2017, 50 V thereafter

.........
S~ i Tmmmeea

(% o
Expected fluence range of 5-6 10’2 1 MeV

L 14 staves, each containing 8 module groups,
n.eqv fb and TID of 0.3 mRad fb. Expect litetime / o5-h module group contains 4 FE-14B readout
dose of 5x10™ 1 MeV n.eqv

chips, bump bonded to IBL sensors with 50 x 150
um pixels

Cooling Pipe

| Ma-A | M3-A | M2-A | M1-A | MI-C | M2-C | M3-C | M4-C_ Module groups measure ~20x80 mm; temperature,
mmmmmmmm sensor leakage current and readout chip current

S0 0 Thio T o 020 30 draw recorded for each module group

Distance from center [cm]

75% planar modules (M1-3, |z| = 0 - 240 mm) use
2 double-chips
25% 3D modules (M4, |z| = 240 - 320 mm) use 4
single chips
Nick Dann, University of Manchester 4 31st RD50 Workshop, 20/11/17
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Detector layout: Pixel

3 barrel layers of hybrid silicon pixel modules,
50, 88 and 122 mm from beam, called B-layer,
layer 1 and layer 2, with 3 disk layers at end. (
Looks like this

Operation temperature -13°C in Run 1, -10°C in 43°’“”‘J
Run 2

Bias voltage initially 150 V, currently 350 V

Expected fluence range of 0.8-2.9 10’2 1 MeV End-cap disk layers
n.eqv fb and TID of 0.16 mRad fb. (~ 50% IBL)

Expect lifetime dose of 2x10™ 1 MeV n.eqv _
Pixel barrel uses 62.4 x 22.4 mm modules,

e with 50 x 400 um pixels

-/"
_/-
—
./-
-/

_ -— '/ -’

~ .. oSensors read-out using FE-13 chips,
-:_ L bump-bonded to sensors

- R88.8

Cooled using CsFg evaporative cooling
system
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Detector layout: SCT

4 barrel layers of silicon strips, 300-514 mm
from beam, labelled Barrel 3-6 respectively. 9
disk layers at end. Looks like this! g™

Operation temperature ~-2°C for layers B3-5,
~8°C for layer B6 and disks

Initial bias at 150V, rising to 450 V over lifetime

Expected fluence range of 0.2-0.3 10’2 1 MeV
n.eqv fb and TID of 0.02 mRad fb (~5% of IBL)

r

N n=10 s oCT uses ~60 x 60 mm sensors, with ~80
Sid<e_-C S Endcap Side-A - um strip pitch
o : i R n=2.0 i
N YN T Sensors read-out using custom ABCD3TA
Barrel 5— 33 = ~J‘;\~ n=2.5
g;ﬁ]l g; 23;«]) . - %—l Outer AS | C

Middle Middle short

ST T e o o e 2 Cooled using Cskg evaporative cooling

8538 10915 1399.7

I modules with Hamamatsu sensors SySte m

I modules with CiS sensors
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Radiation Types: NIEL fluence

Main radiation damage mechanism for
sensors is from Non lonising Energy
Losses (NIEL)

S
L,
P .

100

80

Fluence is proportional to integrated luminosity, 60

the ATLAS Radiation Simulation group o

calculates fluence rate for all areas of the ¥
ATLAS detector, using Pythia and FLUKA

_|

IBL —— ' JLH
_60 50 100 150 200 250 300 350 400

Si 1 MeV neutron eq. fluence [cm?/ foT]

We convert integrated luminosity to fluence,
using the fluence rate [10' 1 MeV n.eqv cm
per fbo'] Hamburg/Sheffield-Harper models can
accurately predict sensor leakage current as a
function of fluence, temperature and time.
Hamburg model was validated at 20-80°C.

z [cm]

Fluence also affects depletion
voltage of sensors; predicted by Can measure the fluence rate for a sensor by
Hamburg model plotting leakage current against integrated
luminosity, and fitting the Hamburg model to
measurements

More information on simulations in Paul
Miyagawa’s talk
Nick Dann, University of Manchester 7 31st RD50 Workshop, 20/11/17



Radiation Types: TID

Main radiation damage for readout

chips is from Total lonising Dose (TID), SATIPAS Simulation Preliminary
. Pyth|a8 @ 13 TeV
measured in Mrad. FLUKA Simulation

Again, TID is proportional to integrated
luminosity, and the ATLAS radiation
simulation group calculates TID per ifb
for all areas of ATLAS, using Pythia and

Total ionising dose [Gy / fb™]

50 100 150 200 250 300 350 400
1000 zlem]
E g +LAS|PIXG|IPTG|I:‘nInaI’Iy —IResulltoffltltoflrstlpeak; TID affeCtS readOUt Chip current
5 "L B s B consumption; there is not yet a model
© 800 LAB MEASUREMENT  — which accurately predicts this; sce
- USING A SINGLE FE-14B 1
700~ - Backhaus paper
600?— _E .
b Qbest, can state the maximum expected
£ il I . current consumption at a given TID
4005, ATL-INDETINT-2016-018. 1
- Karola Dette et al. 7

300tk i ci bl We expect peak IBL current consumption
TS e at ~1 Mrad
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https://cds.cern.ch/record/2223208

2.5E+14

We have detailed FLUKA simulations of fluence and

TID rates for the entire ATLAS detector, predicting
significantly different radiation levels for IBL, Pixel

Would like to validate FLUKA fluence simulations

and SCT

with leakage current measurements

2E+14

cm?]

~
o
1.5E+14

1E+14

Fluence [1 MeV n,

5E+13

Summary table of radiation rates for each detector

Radiation Types: Summary

ATLAS Pixel Preliminary

B Nachman et al
ATL-COM-INDET-2017-011

=== B-layer
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o
Delivered Integrated Luminosity [fb]

0
4/2/16 5/22/16  7/11/16  8/30/16 10/19/16 12/8/16

N
Fluence rate |Percentage TID rate f|Jgtna(le Total
[1072 1 MeV of IBL TID
5 o [Mrad fb] [[1014 1 MeV
n.eqv cm=2fb] |fluence [%] [Mrad]
n.eqv]

IBL 59-6.6 100 0.30-0.35 6.23 33.04
Pixel barrel 0.8-29 ~50 0.04 -0.16 3.57 19.69
Pixel disks 0.8-0.8 ~12 0.04 - 0.05 0.98 6.15
SCT barrel 0.2-0.3 ~9 0.00 - 0.01 0.37 1.23
SCT disks 0.2-0.3 ~5 0.00 - 0.02 0.37 1.23
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Measurements: IBL leakage currents

We investigated how IBL leakage currents evolve as

a function of integrated luminosity, for all modules x 05 ,  BLfiuenceatz0[10"1 MeV neytron eqv. cm]
at 1zI = 0-80, 80-160, 160-240 and 240-320 mm o S oy | .

101 B oo raonapsotstienes —H

We then calculate IBL fluence rate by fitting N — P ﬁ
[ m3Ssim.ry2=1.37 e _

observed leakage currents with prediction from
Hamburg model. There is a clear z-dependence in
leakage currents.

I M4 Data, 49.7(2.6)% of z=0 fluence
[ M4 Sim. r2=1.26
Fitted region

ATL-INDET-INT-2017-010
N Dann

Leakage current at 20°C [mA/cm®]

Find excellent agreement for 2016 data at T = 10°C ATLAS Pixel Preliminary
(r-x*<1.3). Poorer agreement elsewhere, due to g2

. . . f _1
temperature or under depletion Integrated Luminosity {fb}

v
: y
_|||’|||||||$||

»
|II’|II’III’III’III’III

QX\

I

()
I
o

AN L L UL BRI LRI B B ) ) . .
S 7F ATLAS Pixel Preliminary = Compare predicted rate from Pythia + FLUKA with
s —100 —
< o «— measured IBL fluence rate.
E 55_ _V
o | Jf 1L Jf — General agreement between simulation and
T 4 -0 3 data (correct order of magnitude, greatest fluence
§ ot Jr at |z|=0)
o F —40
5 ~  Insertable B-layer (IBL)
2 2 redicte thia + - H i
< ;Z w1, FLUKA simulation overestimates fluence rate by
C X xtracted from Hamburg Model + Leakage Currents )
T Noameta 15-40%, and underestimates the z-dependence
B ATL-COM-INDET-2017-011
T e T TURTvm (observed a 35% decrease, expected 10%)

Distance along stave [cm]
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Measurements: Pixel Leakage Currents

® u ]
ATLAS has also investigated how B-layer ‘o - - Sa//y Seidel et al .
@ 160 ATLAS Prel'mmaryATL—/NDET—PUB—ZO74—0 E

leakage currents evolve as a function of = ragF. Pixel barrel

integrated luminosity in Run 1. £ " pata  Prediction

< 120 slayer0 -+16 —
. = - elayer1 =416 [ .
Compare observed leakage current wit 5 1005 < jayer2 o E
modelled leakage current, using simulated N\J 80 =
fluence rate values, for B-layer, layer 1 and 2 60— =
_ 40 =
General agreement for all layers in Run 1, " E
limited by large uncertainties on fluence-rate = -

L
simulations 0 2000 4000 6000 8000
Integrated Luminosity [pb™]

(&) 800':"'|""|'“w'”w""|""|"”|" -

@ 7oof ATHAS Frelmnay [Lazsw Also investigated z-dependence of Pixel

e 600 Data ’/j - «—leakage current in Run 1 for B-layer,

3 500? - Lay = layer 1 and 2

3 400?— ?
SOOE‘ATL-%E??&’Z’.SS?Q-OM + Layer; — We can cleerly see a similar structure to
200~ FESE=E= =g the IBL, with higher values in the central
1oo§— yer2 _ regions. Structure is _Iargest in the B

R T ey T layer, smallest in Layer 2.
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Measurements: SCT \eakage currents

Investigated evolution of SCT leakage & =y i fr— L fi— T
oo ' “sensor temperature i -
current against time for all SCT layers 2 : S
m‘\% % <& int. luminosity delivered y % kS
T F ) 2
— 10 = =10 8
Compare observed SCT leakage current £ - : ﬁﬁ :
with modelled leakage current, using & ": = 5
simulated fluence rate values. EAE i
= Layer Data Model prediction | =
L Barrel 3 t1o _
. 107" = Barrel 4 t10 =107
General agreement for all layers in Run 1 sarels 102
aﬂd 2 1072 = Hamburg Model ) *210‘3
- ATLAS Preliminary |
< 600 pri Silkindcagp’ ;gngam caEI)iitsJ;itioné(ZOSi;;L()l-31 T T Disko 0" 2010 2011 2012 2013 2014 2015 | 2016 | 2017 10
g 400 — ‘.P"-"%," "5‘»'?‘_':[;@'”7‘5&5;; Ji‘;}:rﬁ%:f‘é
T 200 &'.".mﬂ' &: :‘.;::JT‘ "’wﬂmﬁm"ﬁﬁﬁﬁm 1 ,f:;, .::&: '.‘:71‘:' :‘:‘ :,, -\.::MT ’w:r,.. ,‘,Tlf: e g ‘ i
~ ouerLayer f;;:;g;;g; T / J |A[t4s Proimiay | SCT barrel leakage currents show no

600 —

Tootmoied] significant z-dependance

it
PNy 1
et "'-‘,r‘"ﬁf."c-'u

b oey f
e “".‘4’.’; —
Iw
Ll

200_ . *pr ca ——csca | ital e - SCT disks show much higher (~2x)
oo s |eakage current in end disks (839), as
- gt predicted by FLUKA simulations

—— CiS, A-side

HVcurrent [uA]
N
[}
o

[o2]
o

HVcurrent [uA]
N
o
o

200 —

G)v—(\l (Dv—(\l

o
&

2115 %2505 2720
odule center in z [cm]
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Measurements: |IBL Readout Chips

Investigated how IBL readout chip

current consumptions evolved . 1 , , "B Totallonising Dose (Mrad]

% 28~ 2015 | | 2016 | 2016 « wean

Clearly see IBL readout chip currents . 5 >~ Vy=1.2 1.0V 1.2V BRange
increased dangerously in 2015. Current&i\:-4 | ; f

stable in 2016 after increasing operating 2‘25 .
temperature 8] /"ﬂ 3/’;_/'! T
160 o ' | "
Currents have remained stable since I il i 0 W I st

/ Integrated Luminosity [fb™]
0 2 4 g fvereoeBhiorllonsngbose radl — There is not yet a good predictive model

< 28 2015 | 2016 | m_; | . - for readout chip currents as a function of
CES 2'6;_ i i ATL-/NDEDT-/;';-ZZM-O% E Tl D
3 2_4:_ F N Dann _:
220 | ki - . i
i1 3 At best, we expected to see a peak In chip
1.857;*: ;, . Aﬂmw@*ﬁmw.wm e e a3 mian AR é current consumption at ~1 Mrad; results
ok | E E are consistent with this
P -°crRec 10°|C~ Titod | |AT.LA.S i?ixell Plrelliml:naf'y E
Mo T 0 20 30 40

integrated Luminosity in Run 2[5"] - Changes in temperature/operating voltage
may have hidden a later peak.

Nick Dann, University of Manchester 13 31st RD50 Workshop, 20/11/17



Measurements: IBL Depletion Voltage

> [ \

) ) i $100 e IBL depletion voltage : A
Also investigated how IBL depletion = |
voltages evolve in IBL planar sensors\fo ATLAS Pixel Preliminary y
comparing predicted values from the Lo s :
Hamburg model, against measured data A :
! A i
“of : :
Hamburg model does not account for X ]
the first depletion voltage 20r B i
measurement, does accurately predict gi ey S ]

02/04/2015 13/02/2016 27/12/2016

the rest e

IBL 1 MeV n,, fluence at z=0 [10" particles cm?]
15 20 25

The IBL sensors receive different fluence rates, and
thus have different leakage currents. The Hamburg
model predicts the ratio of leakage currents should

be constant for all groups

The IBL leakage current ratios are clearly stable after
the increase in planar IBL bias in 2016, as predicted.

5 10

3 80 2016 [ [ | i L _
2, ' . ATLAS Pixel Preliminary _ o
O 170 Fonasrrmfn putsicestoist st st ™ 'W i ‘z':"m"!'f?‘ B =
S = L v 5 ‘ N
=) - TV i | —
Y = ‘J“\,\I\ﬂ'\\\l\\.\\\q - . =
— 160 \ _
© - .
o - | .. -
— . . Lo s M LB
5 1508 e e e i e St SV
€ 140 - ‘ o TR el mhaneoie | =
o . -t oo epsnewoan: 3 b
= L, e T e R - ) R R G
3 130 s sl e =
Py — B v =% cm), 172.2(0.5)% of M4, 100.0(0.0)% of M1 ‘ —
% 120 - I 2 (z-12 cm), 148.8(0.4)% of M4, 86.4(0.1)% of M1 \ =
= - B 3 (=20 cm), 137.1(0.4)% of M4, 79.6(0.1)% of M1 | -
8 110 :_ soreesesseseecesoo- - Planar bias changed from 80 V to 150 V | _:
E — — —  DCS sample rate changed _ E

100 15°clsc=7.  N. Dann ATL-INDET-INT-2017-010 | =

: 1 1 I 1 1 1 1 l 1 1 1 1 [ 1 1 1 1 “ . 1 :

10 20

30 40
Run 2 Inteq'ated Luminosity [fb™
Planar bias increased

Nick Dann, University of Manchester

[S—

We compare 3D modules at |1zl = 240-320 with planar
modules at |1zl = 0-80, 80-160, 160-240 mm

The decrease in leakage current ratios before this is
evidence that the modules were under depleted

14 31st RD50 Workshop, 20/11/17



Measurements: Pixel/SCT Depletion Voltage

E 200:'_. .................... | ........................ eeeerereseeseasansonnse ] ........................ M eeeerrenceeseancrrenee ] ...................... __:
Depletion voltages have also been §180[| = B-Layerdepietionvoitage | — -
. . - u - ]
SImUIated and measured In the B-Iayer 160: ATLASPIerPreI'mInary """"""""""" _:
comparing predicted values from the 1o ;L““égMB/'egggeéa&;@ """""""""""""""""""""""""""""""""""" E
Hamburg model, against measured data in X120 |
100F ‘
Run 1 and 2 "
80
_ 60
The Hamburg model accurately predicts 40
the measured depletion voltage values 20F
0 —51/01/2012 ~ 31/12/2013  01/01/2016
= T T T T T T T T T Date
% Prediction by Hamburg Model ATLAS Preliminary
S ~ Depletion voltage simulations have also
g_ (N7 | / b een d one .l: or S CT B arr el 3 bu.t no
3 ol N o measurements have been made yet
L SCT Barrel 3 *1¢
e — 2011 1
= . 2012 .
PE = wtem Hamburg model predicts Barrel 3
me 207 should have passed the type-inversion
B L5 (cok) point, and that the depletion voltage will
- 2021-2023
: approach 200 V by 2023

|1 |1|011 | | | L1 1 |1|012 | | | L1 1 |1|013 | | | L1 1 |1|014
1 MeV n-eq Fluence [cm?]
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Measurements: Lorentz Ang\es

Charge carriers in ATLAS’s silicon sensors are [T ATLAS Pixel Profiminary
deflected by a magnetic field, the angle of this 2O anCoMNDER201701
deflection is called the Lorentz angle e

[mrad]

A8,

; %IBLDataBOV
40

The Lorentz angle can be measured, and varies j
as a function of radiation damage. \We observe/

the expected increase of angle with integrated

luminosity :
0
See Ben Nachman'’s talk for details on the T, .
. . ntegrated Luminosity
simulation
6235_ [ [
© FATLAS Preliminary . _
E.230¢ » comcraszs 4 AlsO found Lorentz angle for Pixel before Run
?225;— [ Stat. @ Syst. errors —;/ 1 and Run 2
<C - —— Cosmic Rays 2009
§220- e
g 215- - Can clearly see there was no difference in
Botob bk S Lorentz angle between layers, before Run 1
% 70— =
= 000 T pa T r— Can clearly see B-layer has highest Lorentz
ygsk. T COMINDETR2017:006 | E angle, Layer-2 has lowest, before Run 2

B-Layer Layer 1 Layer 2
Nick Dann, University of Manchester 16 31st RD50 Workshop, 20/11/17



Measurements: IBL and Pixel Charge Collection

5 1T T

Measured how IBL charge collection —§% & E
. . : . L S 0O At A Do Ea e B
efficiency varied as integrated luminosity =z ™ ATLAS Preliminary - 3
increased; expect the efficiency to s 08 ’?‘;P'af‘?f T"OdU'eS e

. . (@] — ossinl i .

decrease due to radiation damage o O7F AmmeErTiro =
Observe the expected decrease in g o5 E:: :’ZOVV I
charge collection efficiency 04 L Standalons Simuation 80V 1

03;_ ' Standalone Simulation 15OV | _;

See Ben Nachman’s talk for details on 028 i i1'0 ' ;é,z_
the simulation Integrated Luminosity [fb]

<dE/dx> [MeV g cm?]

135 T | T T T I T T T LI | LI LI | T T T T | T T

Performed similar measurements for B-layer,

I L]
£ ToT3 -5 ATLAS Preliminary - . .
1,3£ Y 3 using dE/dx instead
data 2016, Vs = 13 TeV -
-0 ATL-IDTR-2017-003 _Z
L 1~ dE/dx value is related to the charge collection
12F- Tf"'*‘i*%g....ﬁ_q . / efficiency, and will decrease as radiation damage
- Hogruu, t . iIncreases
1.5 § . ;}-rmg*ﬁ
F | | Analog threshold 3500e — 5000e ] ]
1] 7 Can clearly see the gradual decrease in dE/dx due
el e oo d to radiation damage, and the step changes, due to
Integrated luminosity b} changing tuning thresholds in the readout chips

Nick Dann, University of Manchester 17 31st RD50 Workshop, 20/11/17



summary

We have very detailed models of fluence and TID per ifb for the entire
ATLAS detector

General agreement between FLUKA simulations and leakage current
observations in IBL, B-layer, layer 1 and 2 and SCT

Significant difference in z-dependance of fluence for IBL. Smaller effect
seen in Pixel. No z-dependence found for SCT Barrel

IBL readout chips affected by TID, observations consistent with FLUKA TID
simulations

Hamburg model predicts depletion voltage evolutions; these generally
match measurements in the IBL and B-layer

Lorentz angles have been measured for IBL; values increasing as expected,
but observe lower angles than predicted. From pixel measurements, we clearly
see highest Lorentz angles in B-layer and lowest in Layer-2

Charge collection efficiency is decreasing in IBL, in line with simulations

Nick Dann, University of Manchester 18 31st RD50 Workshop, 20/11/17



Back up
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Temperature normalisation

@D T@T0=al)-®=RTD)-all,0-

where R(7) is the ratio between the leakage current measured at temperature T and a certain reference
temperature 7 . R(7) is given by [6] as:

@) _(Te) . Ee |1 1
(eq. 2) R(T) = 1T —( T) exp( o, [TR T:”

In this work all presented data have been normalized to 7 = 20°C using an effective energy gap of
E,=1.12 eV. Most previously reported data on the annealing of the leakage current have been
parameterized with a normalized annealing function g(t) consisting of a sum of exponentials [7,8]

http.//citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.55.2759&rep=rep1&type=pdf

[6] : S.M. Sze, Physics of Semiconductor Devices, 2nd ed. (Wiley, 1984)


http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.55.2759&rep=rep1&type=pdf

eakage current dependence on fluence

Change in leakage current (Al) in silicon sensors mostly due to electron-hole pair generation
at radiation-induced defects in sensor bulk

Bulk defects mainly created by NIEL, number of defects increases ~linearly with fluence
(D), and leakage current should be ~proportional to fluence, mathematically where 7" is the

sensor volume and «a is the damage function
Al =« CDGQW

Complication; defects can anneal over time, with greater annealing at higher temperature =>

expect leakage current to decrease over time, => add time (f) and temperature (7,)
dependance to damage function a. Also add empirical In term to account for long-term eftects

alt, T,) = a,exp(-tx,) +a,- pIn(t/t,)

Final complication; «a(t, T,)is only valid for a single irradiation. IBL is irradiated multiple times

=> instead find and update «(t, 7,) and @ for each luminosity block, then sum them together
to find total A/, i.e.

Nick Dann, University of Manchester 21 31st RD50 Workshop, 20/11/17



eakage current dependence on fluence

Change in leakage current (Al) in silicon sensors mostly due to electron-
hole pair generation at radiation-induced defects in sensor bulk

Bulk defects mainly created by NIEL, number of defects increases
~linearly with fluence (©.,), and leakage current should be ~proportional

to fluence, mathematically where 7 is the sensor volume and «a is the
damage function

Al =a Oy, 7

Complication; defects can anneal over time, with greater annealing at
higher temperature => expect leakage current to decrease over time, =>

add time (f) and temperature ( /) dependance to damage function a. Also
add empirical In term to account for long-term effects

a(l‘, Tk) = 1 eXp('tAH) + dp - ﬁ |n(f/t0)

Nick Dann, University of Manchester 22 31st RD50 Workshop, 20/11/17



eakage current dependence on fluence

Another complication; «(t, 7,)is only valid for a single irradiation; IBL is

irradiated multiple times => instead find and update «(t, /) and @ for
each luminosity block, then sum them together to find total A/, i.e.

Al = > a; CD,%

(current = sum of all aloha parameters * fluence * volume)

Finally, substitute fluence = constant conversion factor * integrated
luminosity (O, = F* L) canseethat Al =F*> o * L

For IBL, all modules should have same alphas, any differences in
fluence should result in proportional differences in leakage current;
.e.

A/1 /A/ZZ F1 /F2

(current 1 /current 2 = conversion factor 1/ conversion factor 2 )

Test this on next slide by plotting relative leakage currents in each
module group (le plOt Imoolule group 1 / Imoolule group 4)

Nick Dann, University of Manchester 23 31st RD50 Workshop, 20/11/17



Can we predict leakage currents?

Record time (t), mean temperature ( /) and use these to
find the damage function «' for every lumi block, and the

evolution of all previous «'s

Find lumi delivered in every lumi block, convert to fluence
(q)iGQ)

Multiply all o's by relevant @', sum results to find total «

Temperature dependence studied in range 20 - 100 C,
we're at ~10C. Recent studies find greater than expected
annealing at room temperature => model will likely
underestimate annealing and overestimate leakage
current

Nick Dann, University of Manchester 24 31st RD50 Workshop, 20/11/17



Hamburg model parameterisation values

Change in leakage current (Al) with fluence (©.), where V is the
sensor volume and « is the damage function

Al =a Ogq V

Time (t) and temperature (7x) dependance of damage function «
a(t, Tr) = arexp(-t/r) +ag- fIN(t/1)

a; =1.23x107"" A/cm
1/71= Koy exp( Ei/(ks * Tx) )

ko= 1.2x10"° g
E,=1.11eV
kg = 8.62x107° eV/K.
ap =-8.9x107"" Alem + (4.6x10"*/ T,) A K/cm

B =2.9x10"°A/cm
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