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Species = "BoronActiveConcentration"
= Function = Gauss(PeakPos = @, PeakVal = le+19, Va
g o LateralFunction = Gauss(Factor = 0.8)
: © }

i S AnalyticalProfile "Doppspray" {
g-cx N Species = "BoronActiveConcentration"
g o - Function = Gauss(PeakPos = @, PeakVal = 5e+16, ValueAtDepth = 5e+12, Depth = 1)
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L . Species = "BoronActiveConcentration"
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Placements {
Constant "ConstantProfilePlacement_1" {
Reference = "ConstantProfileDefinition_1"
EvaluateWindow {
Element = material ["Silicon"]
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}

Refinement "RefinementPlacement_1" {
Reference = "RefinementDefinition_1"
RefineWindow = material ["Silicon"]
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ITS 3 (2027-2030)
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SPD: Silicon Pixel Detector
SDD: Silicon Drift Detector
SSD: Silicon Strip Detector
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New sensor design

CMOS ALPIDE-like sensor

designed by TCAD

P well
(Boron doping as P type )

Y Depletlon region is the area where
’ — moving charges are forbidden.

DopingConcentration (em?-3) l

.9923=+¥£

3.660e+14

1.348e+13

N Next step -> Fabrication
-1.3590+13 at TM EC
-

Metal surface
(Contact)




N1328NLULIINI CMOS pixel sensor :
2110 20x20x30 gnmﬁfﬂa\ffmmm

A«

MMIANEINILAROUNV DY 9 LANGTOU-LTH 11 LTWLTDST G128
Garfield++

= Aﬂl tdl 1
Anwnaiafaufivasy

A& v A v
LANATOW-198 laULFWRTY
LEAINIILAR WAV

ALRNATAW LﬂTﬁg&U%Lam
Depletetion region @

VB sensor

v A A ~
LRBALAY LRAINIILARDWT
204 lan

§ T ol ,,,,r,_,_,.,.,T”
~0.00204 0.003 0.002 0.001 0 —0.001 0.000005090250D00T0D0050.0005




mﬁmsﬂzﬁ’ﬁ’agaLﬁavndﬂﬂszaﬂ%mw‘l%msmmﬁu aunA

6
maamumasﬁ’aﬂfﬂmmu Corryvrevkan

m”u@]aumﬁmﬂ:ﬁ'aya Corryvreckan

-
o v a a s { a J o
idayaduandadyyImIunIwiiainanms
minassdaanlfiniaiisadyyimuadayaai

Quaanluniig L‘%'mifagmﬁ DRAGNLEUNIILAUV D

a‘g&mﬂiﬂ ol 32 UNL81989 (reference plane) V897

37270 aunA

\ J

ﬁ,’%wﬁa;&aLﬁumon'm,ﬁumaaagm’mmaa Pre align N1l
DUT (Device Under Test) ma\‘ﬁzuum’sﬁl’fmgmﬂ
\

S

ﬁu@laumi"ime:ﬁ‘*ﬁagamaﬂﬁna’ﬁv[ﬁmﬂms Align\
a A o ' o ed o . A

lasmaSouisudunisnasiaasodudiunin
™ o 1 U a { a A’

auMATUALMUAIEUM AU asayM AT Aadn

U DUT L'ﬁai’@ﬂi:ﬁﬂﬁmw'l,umimnﬁ'uakl,mﬂ

Qawnwna% DUT luszuuasiaiaayna )




mﬁmsﬂzﬁﬁ’agaLﬁamdﬂﬂ‘szaﬂ%mw‘l%m‘smmﬁumg;mﬂ

6
wadtﬁutﬁaiﬁaﬂfﬂsttﬂiu Corryvrevkan

Corryvreckan Lﬂun’?\h?uLLﬁ‘ﬁ'Qﬂaammum’hmw:ﬁ%gama
ﬂﬁﬂaﬁﬁaﬁ'}mmmﬂs:ﬁw%mw’[umimnf@m}mﬂmaa
wwerasnleanllsunsy EUDAQ Gaflumandurinlesmsi
Lﬁu"ﬂ”aQamﬂmsmaamzuum’;my@agl,mﬂﬁmamjw%”ﬂmma
8¢y (ALICE) Lﬂu;jw‘”@umaanmiﬁém%’uimoms ALICE ITS
upgrade Ja9tiunguiduvatadizlawam ldsunsy EUDAQ 9
mminLﬁuﬁaga"lﬁﬁﬂizﬁwﬁmwmﬂﬁoifuuazmmmlﬁwﬁaga
Yol Ta3 ALICE Nisnwmldsalalasltdain EUDAQ2




mﬁmswzﬁ’ifmgaLﬁam@hﬂ‘szaﬂ%mw‘l%m‘smmﬁumg;mﬂ

%

6
waamumasﬁ"m‘[ﬂmnw Corryvrevkan

Namﬁmﬁ:ﬁ"ﬁaHaﬂizﬁw%mwmmmaﬁhagmmaamumaﬁ? ALPIDE wuules
sa8ldsunIy Corryvreckan

ﬂi’]WLLﬁ@]\‘lﬂ"ﬁ@ﬁTﬂ"ﬂvﬂa}kﬂ’]ﬂﬁladLGIT%L‘M’J?{ ALPIDE LLUUI@T\‘]\‘JE’J NFUAUINNLT 350,800 LNk x waz 0,500

U ALPIDE_6 Chip efficiency map

‘chipEficiencyMap_trackPos_TProéle.

ALPIDE_6 Chip efficiency map T

- —| Entries 144621 | ¢ % 500(— Entries 144607
= = L
& 500~ Mean x 584.5 > C Mean x 584
> C Mean y 296.8 l{0.9 L Mean y 296.8
— Std Dev x 110.9 = Std Dev x 110.9
il Std Dev y 1375 o8 400 — StdDevy 1375
C 0.7 C
300— 06 300 —
C 0.5 C
200 0.4 200—
r 0.3 C
100/ — 02 100/
C 0.1 L
ob— o o 1, NIRRT, | 0 oL | TR4E | | |
0 200 400 600 800 1000 () 200 400 600 800 1000

x[px] x[px]

Q/ Ql

mﬁaﬁ DUDID R mju‘i HUDINNR.




NaMTIATzRTaNAL R ANTAINNIATIITUEUNNATB I ULTES ALPIDE UuUlH
saa281lUsuny Corryvreckan

nuaailszanininniIaTaduaunazad e’ ALPIDE unulds
38 udazgatayadsdinIenudy I sadTiTa TLANA1T

Efficiency vs Run

X
oy
=
T

°1g@1°1Tagm:ﬁmﬂs:ﬁﬂ%mwlumiﬁaﬁ'u
0.9998 6 1 % A
} aUNATILTILTDTUANGAINAN LiEaIaN

0.09%6 f LR TaTaYAAIAMTEURTY Y VDY

0.9994 '} I TwTasuanNaIn® a9 lsiauan

Efficiency

v g o 3 1 A A
0.9992 NﬂaW'D"Vlvl(ﬂﬁ]ﬁiL%%?Wﬂi$ﬁﬂ'ﬁﬂ7Wﬂ'ﬁ

0.999 @li’)'ﬂ’ﬂq’Uﬂ‘l{}ﬂﬂﬂﬁla\‘lL‘ﬁ%L‘ﬁa‘gﬁﬁ’Wll'mﬂ’j']

o P A
09960 + Yauaz 99 Fadw lauiianlava

0.9986

AmAaNLIAY adwnmeﬁa%ﬁ%zgﬂﬁw"lﬂsli‘lu

llILIIJIIILIIIJIl_IlIlllllll_ILIII{IIILIIJLIIJII

100001 100002 100003 100004 100005

1a39m3 ITS3 upgrage

RunNumber




a A ¢ ::' 1 U %]
1. ﬂiz’d‘nﬁﬂ'l‘wwa\‘iL“ﬁ%t‘ﬁaita\lagﬂiﬂﬂizuﬂlﬂﬁ'lLL‘]J?JEIE]%ﬂa‘iJ

Resolution (=<m)

Detection Efficiency (%)

w
INIIIIIIlIIIIHIIHIlIIII

l_
s

6
-El
i Cluster Size @ V=3V
—— —ea— W7-RI1 [f?don Irradiated — 4
"" —e— " T %—= " WyHNonrradiated """ """ 777
—— —e&—  W7-R17 TID Imadiated, 206 krad —
—a— —8— WT7-RSTID Irradiated, 205 krad -
—A—  —a&— W7-R38TID Inadiated, 462 krad —3
—_— —%5—  W7-R41 TID Iradiated, 509 krad -
— —&— WBRSNIEL, 1.7e+13 MeVn_ rcm |
W8-R7 NIEL, I78+13|MBVH ﬂ(:m —2
—1

92

Fake-hit Rate @ V__=-3V
W7-R10 Non Irradiated

—a—  —a— W7-R7 Non Imadiated

e —a—  W7-R17 TID Iradiated, 206 krad
—B8— —g— W7-RS TID Iradiated, 205 krad
—h— —#&—  W7-R38 TID Iradiated, 462 krad
—_— —5—  W7-R41 TID Iradiated, 509 krad
—— —4— WB-RS NIEL, I?e+l.’31MeVn pun
—— —&— WB-R7NIEL, I?e+|31MeVn fem®

&

&

Fake-Hit Rate/Pixel/Event

&

n

]

mli

XN

Threshold (e

Average Cluster Size (Pixel)

NNLRAIANLTZENTNWNNTATIIAUEZOA T
% ¢
RYYIUNRBNVBILTULTDT NNTZREAIAN
Jaunau Vg = -3 V iisuiisuguauianan
. v e d "
LAZRAIINNIIRNYAILTIR (NN Suljic, M.
(2017). Study of Monolithic Active Pixel
Sensors for the Upgrade of the ALICE Inner
Tracking. [Online]. Available:

https://cds.cern.ch/record/2303618.)

'
=

ANWLFAIAIAINNURZLBUAVBILTULTDS T
=-3V
Lﬂ'%'smLﬁwqmauﬁ‘ﬁﬁamm:mﬁmnms

Anszuslwidaunay v,

MURIL3IF (MW Suliic, M. (2017). Study
of Monolithic Active Pixel Sensors for the
Upgrade of the ALICE Inner Tracking.
[Online]. Available:
https://cds.cern.ch/record/2303618.)



NsAN¥IUIEAND NNV LLBLE S ALPIDE Lﬁagﬂﬁ’laﬂﬁﬂiﬁ

il
r=\ a\ 6 a' 1 (Y] [V

1. dsz@nsnnzasimwzasiiagnldnszualdiuuudannay
7 [ : 7 °F
514: Vaa=3-0V:JmM ;3; 75 VgV
i

6f- o

A

50 100 150 200

50 100 150 200 250
Iy4n (DAC)

1L, Z0ac)
ﬂi’]WLLammgﬂLmuﬁmumﬂm Aennszualnisaunay Vg=-3V (ﬁu’l Suljic, M. (2017). Study

of Monolithic Active Pixel Sensors for the Upgrade of the ALICE Inner Tracking. [Online].
Available: https://cds.cern.ch/record/2303618.)




a A & A 1 >
2. ﬂigﬁﬂﬁﬂ'lW"lla\‘iL%%L%Bitﬁﬂl&dﬁﬂizllﬂlwﬁﬂLlﬂﬂga%ﬂaﬂ

F 100/ Pe— € , . .
O e e REEEEEEEEEEEEEE $  nnuaaddszaninInmIaTiauLa:
% 98— Efficiency ~ Fake-hit Rate @ V__= 0V % A
2 — —— —e—  W7G7R10 Non Irradiated Vg Y 7 o
:-:=—J ; 77777777777777 —. = W,C;BIO,NQ"JTI@“P{G?Y 7777777777777 s'f aa3n ﬁmﬁy’]mﬁﬂaﬂ“ﬂamﬁﬁwﬁﬁai NNIZUR
w 96 — —_— —a—  W10R22 TID Irradiated, 100 krad V=0V :03_ o ) = a
5 E —a—  —a—  WI2R10 TID Iradiated, 108 krad V50V 5 Wihdeaunau Vg = 0V Ssuiisy
o — — —+—  W10R23 TID Irradiated, 100 krad V -OV = o o o o
§ 94 ; W13E3R25 TID Irradiated, 100 krmﬁl 5=0V :F.‘; ﬂmauu@ﬂauua:ﬁ AIINNIIRYAD Ui\iﬁ
- 10° § !
o2 — £ (AW Suljic, M. (2017). Study of Monolithic
- 10° . .
90— Active Pixel Sensors for the Upgrade of
88 Fsensitivity Limit : s the ALICE Inner Tracking. [Online].
o 1 Pixels masked ’ o s ’ é o Available:
. L 1 " L n i 1 L L n n | L 1 L L | I " L L 12
50 100 750 200 250'" https://cds.cern.ch/record/2303618.)
Threshold (e)
E 12 _ ] 6 % e 4
3 - - .E ﬂi"]WLLﬁGNﬂ’]ﬂ'J’INR“’Lﬂ F_lﬂ“lladL‘ﬁ%L‘EEl IN
3 C I =
= —° L AnTeua WA Taunay Vgg=0V
l:ul:} N = H a a wa o
al— =, & LUSU‘UL‘Vlﬂuqmﬁummammmmmnmi
C % 3 .
- 3 AYEIUTIF (MU Suljic, M. (2017). Study
6 — i 3 g .
- ¢ of Monolithic Active Pixel Sensors for the
[ = <
|~ Residual Cluster Size @ V_ =0V = :
L) R Gl W7GTR10 Nar Iadiated Yy, _[W ------- - —l2 Upgrade of the ALICE Inner Tracking.
- —e— —=a—  W7C3R10 Non Irradiated V —OV = — . .
- —&— —&—  W10R22TID Irradiated, 100 kradV =0V 1, [Online]. Available:
2— —a— —=4—  W12R10 TID Irradiated, 108 krad vE-ov —]
[ —+— —+— WI0R23 TID Irraiated, 100 krad Vo =0V 3 https://cds.cern.ch/record/2303618.)
T —s— | % WI3E3R25 D Iadiated, 100 kraﬁ/ az0V 1 -
0 * * 50 * - * * 100 150 * * * - 200 * * * - 258

Threshold (e)




NsAN¥IUIEAND NNV LLBLE S ALPIDE Lﬁagﬂﬁ’laﬂﬁﬂiﬁ

Tasa allls

r=\ a\ 6 { 1 [V
2. dsedandn nvasswtsasiie ludnssuanNwuugdawnay

LLamnﬁW@hgﬁLLUUﬁ’zyzyﬂmmaaLsnuuﬁa‘f fAdnszualwindeunau vBB = 0 v Lﬂ‘i‘uuLﬁﬂ‘ummmm’;gaq@ua:@hn’mﬁugaq@Lﬁﬂuﬁ'mh
ITHR WazATha% (ﬁm Suljic, M. (2017). Study of Monolithic Active Pixel Sensors for the Upgrade of the ALICE Inner Tracking. [Online].
Available: https://cds.cern.ch/record/2303618.)

% [ {Sector0,V_=00V,V__=50DAC 7 9 {Sector0,V_=00V,V__=50DAC
= b | —=— Wo7&7R10,0kiad  —=— WO7C3R10, 0 krad S gL —— WO7G7R10,0kad —s— WO7C3R10, 0 krad
§: r —=— W10R22, 100 krad —=— W12R10, 108 krad g F —=— W10R22, 100 krad —=— W12R10, 108 krad
§ | |-+ W10R23,100krad —— W13R25, 100 krad a 7] |- WIOR3. 100kad . WISR2S, 100 krad
3 20f : LN e
E L E E H
E E sEhian
g2 i g 5 5
E F ] Ay R
2 o[- %% ak :
: g [ & B
a !%% — 2r : - —f—
5_ - i
K 1 !
20 40 60 80 100 120 140 160 20 40 80 80 100 120 140 160
) o o Ig[DAC] . - o o yp[DAC]
(M) MANVYNIRIFALNYUND THR (V) AINILABRIFALNYUND lTHR
U 9 U 9
@ [ [Seclor0,V, =00V, V,,_ =50DAC g 9 {Seclor 0,V .= 0.0V, V. =50 DAC
= sf.| —=— W07G7R10,0kiad' —=— WO7C3R10, 0 krad = gL | —— Wo787R10,0kiad —=— WO7C3R10, 0 krad
B “F | - Wi0R22,100kiad o W12R10, 108 krad § Lo WiOR22,100kad o W12R10, 108 krad
§ [ | - W10R23,100krad -+ W13R25, 100 krad > 75| - WIOR23,100kad —~ W13R25, 100 krad
R e e e e —— £
& N g =
E s S IR | g 5F R\\%
£ b = B\\"\
g e FoT ;
= 10 e e 3: H
. - S N I E
- %%ﬂ%bﬂt& o4 E
s EARM. o 5 2t ;
¥ i S e
) S N E R R P P N I S
50 100 150 200 250 50 100 150 200 250
Threshold [e] Threshold [e]

(7) ANANNENIFIFATEUALA T (3) fMILAngIRALAnUALeN



Glass scintillator

G4beamline

BATE BT T e 6 Geant4

http:/ /g4beamline.muonsinc.com A SIMULATION TOOLKIT

GATE G4beamline GEANT4

GATE and G4beamline are toolkit based on GEANT4 which they are used for dose calculation in radiation therapy.

Energy deposition
Glasss scintillator
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The simulation of deposited energy of proton beam to the glass scintillator

Counts
=
o
o
T

GOMD-SLRI Workshop 2022 25



Glass scintillator
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Track following

The algorithm had been used in pCT
prototype of Bergen.

I A .f:'B

. Select a seed

. Cone search

. Collect a hit

. Choose the nearest

. Collect the nearest

. Remove a track data

. Select new seed the Repeat A -F

. All tracks
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Track Finding with Machine Learning

Utilize the ML model to find proton tracks
passing through the complicated-structure
detectors.

A. Simulate the proton beam hitting 6
layers of ALPIDEs using G4Beamline.

B. Prepare a scattering angle dataset of all
possible tracks of proton reconstructed
from hits on ALPIDEs.

C. Train the decision tree-based ML model
that can distinguish the correct track of
Incorrec

£ /Tracks Correct prOtons.
Tracks\ ’-'

0’.
st AT
Tt

e

Tools: G4Beamline, Hipe4ML, XGBoost
Model type: Decision tree, Binary classification




Track Result

Number of tracks distribution
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Track efficiency

* The angle of the search cone is determined by S,,,,, and
its value determines the amount of deflection that is
allowed during track reconstruction.

l: ! !
* Too small values of S,,,,, lead to prematurely discarded = 70k I 1
track candidates, and too large values cause confusion by © | | I
including the wrong candidates where there should be 60— : '
none. sob- I :
* Find the angular change for each candidate in the next . I I
layer and calculate 40 I I
5 - [ I
Sp = \/Z?ayer(AGlayer) , where n indicates the proton  30F | I
densitv. 201 : :
Discard :
c 10~ : —— 0 Mev
L1 P I R o | e
0 50 100 150 200 250 300
Accept Smax (mrad)
* P
Sn = Smax
b
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Image reconstruction
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GEANT4 simulation

pCT image reconstruction

Brain Fleért
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3D model

GEANT4 Simulation

CTP404 Image reconstruction with
FBP and MLP
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