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Fluence in ATLAS  ITk @ HL-LHC @),

The Phase Il ATLAS inner tracker ITK  Fluence after 4000/fb
(ITk) will be composed of

- € ation Preliminary
A PIXEL (5 layers in barrel) and S ———— A
A STRIP ITk Inclined Dual$ 10"7
- 4 layers of barrel 80
- 6 rings each in the endcaps '

16
80 10

The strip pitch:
75.5um in barrel 40

Si 1 MeV neutron eq. fluence [cm2/ 4000fb]

69.9~80.7um in endcap 10"
The strip length: 20
24.1 mm in barrel LO-L1 et PR s .
48 2 mm in barrel L2-1 3 % 50 100 150 200 250 300 350 400 1O
18.1~54.6 mm in endcap z [cm]
to maintain hit occupancy below 1% Maximal fluences: 3.4x10%4 at barrel L2

6.4x10%* at barrel LO
10.6x1014 at endcap

We design to keep S/N>10 as precision tracker
N: the detector noise depends on the strip length,
S: charge collection after irradiation
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CCE Obijectives oM

Max in strip (EC)
with 1.5 safety factor
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Estimate the Charge Collection of [ = | “
irradiated sens.orsg o 0 A LOA
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degradation due to charge trapping Y- A [E——
- —&— A7 70 MeV Protons iy
. . L Q 10 k —A— A7 26 MeV Protons :-, i
We tested (irradiated) 1lcmxlcm mini 3 SR
' ' - Q | - m- A12A70MeV Prot i
samples using penetrating b-rays 5 | e , _
- @ - A12A Pions :
. . ) 2 -A12A 800 MeV Protons : -
Signal read out with LHC compatible -®:-A12M 70 MeV Protons |
) . 0 PR S S | ) MU S O SR B . PR S R |
fast electronics => Alibava system 1 10 100

Fluence (10" n_ cm'z)

Cluster size distribution also provides

signal isolation properties ATLAS has evaluated CCE in two major

batches (ATLASO7 and ATLAS12, both by HPK)

A Small difference between protons with 26 -
800 MeV and pions

Evaluate if the latest prototype A Larger damage (by ~30%) by neutrons
(ATLAS17LS) agrees with the

orevious study results We take neutron damage conservatively to

estimate the post irradiation performance
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Irradiation Campaign 5y

nominal fluence points n,,/cm? mmm

— .
V Proton irradiation® LS(5x10%) SS (0.96x1015) EC(1.6x101)
CERN-PS (24GeV,u 5mm) -20C max expected including x1.5 safety factor

CYRIC Tohoku U (70MeV cyclotron, 4 3mm) -15C
Samples were scanned to irradiate uniformly: actual fluences are from Al dosimetry

CYRIC: upto ! IV
7pcs stacked Sl TN - L 4
on thin G10 pse | sl W RE ‘

4 : 5 ; [
! 4

AN |
; qi L SRS : Beam - T :
' | directi@n 18
’l e . :‘ L ¥
" .
¥ - \\ | . 1

Board-holders in positions

Thermal box scanned laterally
Birmingham cyclotron: 28 MeV protons (23 MeV at sample), cold box at -30C
Ni foil for dosimetry or Faraday cup current for point-to-point irradiations (more details later)

V Neutron irradiation
TRIGA reactor in Ljubljana

V Gamma irradiation *lonizing dose in proton irradiation is
60CQO" ~

QST Takasakl (<20kGy/h) Max dose: 0.29 MGy in barrel o |ess in neutron irradiation:
0.44 MGy inendcap 1015 n/cm? ~100Gy
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b-ray test with Alibava oM

ALIBAVAA Liverpool BArcelonaand\/Alencig System, development supported by RD50

- Portable evaluation board based on LHC compatible 40MHz analog
electronics built around the LHCb Beetle chip.

- Signal shaping adjusted to 20ns (see next page)
- Signal triggered by penetrating b-rays off %Sr

- Time cut on the asynchronous b-signal using Alibava TDC info (see next
page)

- MPV (300um active thickness, non-irrad) assumed to be 23ke* for CC
calibration *H. Bichsel,Rev.Mod.Phys & (1988)663.

nvironm. chambe

from Alibava homepage 05
HOr

nsor :
f - Collimator

L Alibavd
: __7* | -*-i’ ST

Daughter Bpard
Scintillator & PMT

Sensor
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Alibava Raw Data examples o

Time profile btw trigger and Alibava clock  Cluster charge:
Seed > N&ghbou> 1.5
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Birmingham

AL
OB’“am 1e Wide variation of Q K%5e¥4 <green> samples

Almost no signal out af Q K 1eY¥5 <orange>.

g,e‘\b‘ Ljubljana (n) and CYRIC (p) show higher CCE
Gl‘?~\ compared to those of the same fluence.atQ K. |- 'Y

(The n/CYRI@ difference is consistent with TDR
o\ observation)

nam 5e4 Suspect some strange component in th€® K | 'Y

AeAD beam (>5el4as also confirmed by other groups
gha™ (JSI and Freiburg)

Edge TCT suggests unusual E-field in B 6 h gample
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