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Outline | SiTrInEM

Development of a small size tracking system for education purpose - 50
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D I t O d u Ct I O The Silicon Tracker with International Education Objective (SITrInEQ) project intends to design and buid a tabletop tracker to be used with conventional sealed sources. The driving

idea consists in providing an easy-to-handle and open instrumental platform, which students can use for laboratory experiment. The instrument platform implemented in the GEANT4
includes CMOS pixel sensor chips, magnetic field. In order to better understand the tracker design parameters, we developed a full simulation tool of SiTrinEQ based on the GEANT4.
The studies of interaction between beta-ray and the materials e.g. bending of the beam, multiple scattering will be shown. The SITAnEQ will be helpful the students to understand the
basic knowledge of the tracking system

roduction | [ tum M t Strategy |

The main purpose of the SITANEO project is to build a smal size tracking system that will help The formuia represents lever arms between sensors, multiple scattering between pariicies and
students to undersiand thé BaSE trajectory tracking system. Figure.1 shows the expected materials, and particie trajectory bending by magnetic fields. First, the lever arm effect can be ignored

composiion of this project. The STrnEQ is conducting joint reesarch Koree-France through by placing the same distance between each pair of sensrs. Moreover, If we ignore the effecis of
w0 coopraive prjecs, STAR rogam and France-orea Parde Physes Laboraioy multiple scatteing, this calculation leaves only the bending terms by the magneti field, making it an

[} n (FRPPL) ideal formula of momentum calculaton.
Geant4 (GEometry ANd Tracking) is a
toolkit is USed for “the Simulation of the
passage of particies through matter”

using Monte Carlo methods. This
toolkit includes facilities for handiing
geometry, tracking, detector response,
run management, visualization and
user interface.
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Fig. 2. V-2 view of the SITrInEQ -~y -t

Fig. 1. The composition of the SITANEQ project

- GEANT4 Simulation Studies |

1 GEANT4 simulation studies s L -

: Fig. 5. Aa distributions

| Shamper peak on the 4¢

events | distribution is obtained with : Comparison of Az distributions between 1.5 MeV Electron-
| 2 MeV electron-gun sample : gun and Srf-90 source samples is shown. Events with
! comparing to 1.5 MeV : negative A valudes due to the multiple scattering were

sample. removed.

» Data analysis based on Electron gun an

X-Z plane. In principle, a line between first and second

sensor and a line between third and forth sensor must ~ 4 o — ¥ - z :
- have the same angle respect to the Z-axis. ¢y; (i = [ o g0l Pt St e et
12,34 /= 2,34) and ¢ are defined as above in Fig. 6. Reco P distrbution with and w/o Ap cut Fig.7. Land iting for 5+-50 and electron-gun samples -
Events with low momentum due to the multiple scattering Reconstructed momentum distributions are well fitted with

order to compare the two angles.
background can be removed using [4¢| < 0.6 cut. Landau distribution.
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Fig. 3. X-Z view of the SITrInEQ setup 7 e 227 - - 20 e 1 |
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The X-Z plane of the SITrinEQ detector is shown. The E k? e Sesnsource | 1
electron trajectory ideally have to be a straight line in = Mo 461 st si<os AT i

—I Event display I

El gun sample (2 MeV), B-field : 0.2 T
The reconstructed momentum (Reco P) can be compared with the actual momentum by

» Measurement of electron momentum S

The momentum resolutions are measured for both 2.0 MeV Electron-gun and Sr-90
samples. For both cases, mean values ~0.1 and standard deviation ~0.4 are obtained.
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=+ Full simulation studies based on the GEANTA4 for the Silicon Tracker with International Education Objective (SiTrinEQ) were performed. The studies of interaction between electron
and the materials e.g. bending of the beam, multple scattering were made.

+ The momentum reconstruction algorithm have been developed using the ROOT framework. The real hardware setup for the tabletop tracker will be build based on the simulation
studies.

4 SiTrInEO hardware setup i

References J. Baudot, (2017), “Silicon Tracker with Intemational Education Objective”, FKPPL workshop, IPHC Strasbourg, France

d by the Brain Korea 21 Plus Project funded by the Ministry of Education(No. 21A20131100009) and the National Research Foundation of Korea(NRF)
lran! fumied by Ihe Korea government(MSIT)(No. 2018K1A3A1A21044459).

l Summery & Plan The Poster presented at Korea Physics
Society (KPS) Meeting in April of 2019.
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Introduction _SiTrInEQ

A Motivation of the SiTrInEO project
» High energy physics based on the accelerator uses large-scale devices and infrastructure
» Difficult to understand for students the principles of the tracking system

A The main purpose of the SiTrInEO project
» Help students to understand the basic tracking system

A The SiTrInEO is conducting joint research France-Korea through two cooperative projects.
» Supported by the STAR program and FKPPL
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The SiTrInEO Collaboration LSJI[[DEM
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Momentum Measurement Strategy I SITNEQ!

Y-Z view of the SiTrInEO setup 2nd Pixel 1% Pixel .
2ooB field = 0.2 T-- sensor  sensor * Same G, for all pixel sensors

Sr-90 °* Lever-arm between sensorsin a pair=d
}?\. * Multiple scattering contribution * BL = bending power

4t Pixel 3™ Pixel
sensor  sensor

® only from last or first plane * K, k,, ks = constants
/ y‘ Lever-arm effect Bending power
E d E P—
--------------------------- O—
. e —P = + k, 5PN ey
< > | | 2 ~
d=5mm L=20 mm d=5mm P P D kgBL
0 The formula represents: Multiple scattering
» Lever arms (d) between sensors
> Multiple scattering between particles and materials ksBLo, 0.3BL
> Particle trajectory bending by magnetic fields (B) — P = T & Ao
: : : 2
d The lever arm effect can be ignored by placing the same distance
between each pair of sensors. ks
Q If ignoring the effects of multiple scattering: (- = 0.3,0p » Ao

> lIdeal formula of momentum calculation V k2
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GEANT4 Simulation Studies SITNEQ

x-z view of the SiTrInEO setup
4" Pixel 31 Pixel 20 Pixel 15 Pixel  The electron trajectory must be a
;---Bfield=0.2T... straight line in x-z plane.

ccr P iiiEEEEEIEEEEL : Sr-90 > Magnetic field does not affect on

Vector 1

electron trajectory in x-z plane.
X » The angle of Vector 1 and Vector 2
— L»Z have to be the same in principle.

— — — — — — — — — — — — — — — — — — — — — — — — — — — — —

- Q¢ (=123, j=2,34) and A¢p
— x| are defined as in the left figure in
z; =271 | order to compare the angles from
|
|
|

two vectors.
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GEANT4 Simulation Studies — Event display _SiTinEQ”
Based on Electron gun sample (1.5 MeV), B-field magnitude : 0.2 T

3D view Side view (y-z plane) Top view (x-z plane)

%

Electron

Electron
beam

beam
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GEANT4 Simulation Studies — Event display _SiTrinEQ

Based on Sr-90 source sample, B-field magnitude : 0.2 T

3D view Side view (y-z plane) Top view (x-z plane)

5r-90 source RV _~8r-90 source! !
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Generator level momentum distributions _SiTtnEQ

~ Electron gun (1.5 MeV) Sr-90 source
x10 106 =
- . = Entries 8993100
600~ Entries 683499 - All events Mean 1.06
- Mean 1.491 105 StdDev  0.4447
500 — = ;
I Std Dev  0.008429 ” - Eniries 141500
o — — L Mean 1.45
) - c
> 400 o 1o4§— StdDev  0.2724
5 - L
@ 300 N -
e 8 1=
> 200 g - ;
- > B
u 10° =
100— =
- - Selected events
C | 1 1 1 I 1 1 | | | 1 1 1 | 7| 1 1 1 1 | 1 1 1 1 | 1 1 1 | | | | | ‘ | | | | | | | | 1 | | | | | | 111 | | | | | | |
% 0.5 1 1.5 2 25 3 0 05 25 3

1 1.5 2
Gen-level momentum (MeV)

Gen level P (MeV)

1 Sharpe momentum distribution (peak: 1.5 MeV) U Blue: All electron events from Strontium-90 source
- Red: Selected events requiring at least one hit on
each pixel layer.
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A¢ distribution in x-z plane I SiTrInEM

41 Pixel 34 Pixel 27 Pixel 1t Pixel ——— Electron gun 1.5 MeV -—
sensor  sensor - Bfield=02T . sensor - sensor : soomE- A > 0 Entries 683499 |
e e e e e e e e e e . 80000 £ Mean  -0.004497 |
s iPIPPTEIEETEIEE S Sr90 | =™ suvev  odsss| |
'+ Vector 1 | %60000_ |
S EEEEEEEEEE R 2 so0of- |
EEEEEEEEE R e |
S YYVVVVVVVVVVVVVY s y | 20000 |
ffEEEEEEEEEEEEEEEEEEEEEEEERY | 10000;— :
| QEIII_I—JE II—1I II0II 1 él 3 |
|< g | | Y4 [ Ai ________ -
d=5mm L=20 mm d=5mm mm e Sr-90 source ————— |
I =0 Entries 159800 I
 Comparison of A¢ distributions between 1.5 MeV : ool At >0 Mean  -0.01206 :
Electron gun and Sr-90 source samples 5 0 I
I & 15000
| s |
4 Since ¢4, and ¢34, have to be same in principle, A¢p has | B ol :
[ L
to be zero. : N |
» Events out of the peak due to the multiple scattering | “oF |
> Required |A¢p| < 0.6 : I E e e :
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Aa distribution in y-z plane I SiTrInEM

_ 2 onsor | sanaor ——————= Electron gun (1.5 MeV) ———————— |
-+ field = 0.2 T+ | # |
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A Basically Aa can not be smaller than zero : - © omp | :
> Electrons are bent in one directon | =~~~ N e
by magnetic field. !_  a Ao J|
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Aa — A¢ scatter plots

SITINEQ

Electron gun (1.5 MeV) Sr-90 source
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 Most events are distributed in 0.2 < Aa < 1.2 and |A¢| < 0.5 for both cases.

» Signal region : |A¢| < 0.6 and Aa > 0
 Events in 1.5 MeV Electron gun sample spread more broadly.
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Reconstructed momentum distributions (I)

SiTrINEQ”

- Entries 563599 14000 — Entries 141500
80000- Mean 2.136 - Mean 1.654
70000 Std Dev 1.195 120001 Sz“j r?:f" © 006 gff’:;
2 - X2/ ndf 1.598e+04 / 44 ” - X .006e+
£ 60000 £ 10000— Prob 0
o = Prob 0 o x Constant 7.522e+04 + 3.053e+02
E 50000 :— Constant 4.7e+05 + 9.5e+02 2 8000 L MPV 1.186 + 0.001
Nt 400005 MPV 1.476 + 0.001 °© u Sigma 1618 £ 0.000¢
& - Sigma 0.2351+ 0.0004 Q6000
O = QO B
€ 300001 Elect = 5 Sr-90 source
> - ectron gun 2 4000
20000 B
: (1.5 MeV) F
10000 j 000
O:II llllllllllllllllllll } TR B O_IIHIIIIIIIIIIIIIII --—-L"'I-E"'l""J""
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10

Reconstructed P (MeV)

Reconstructed P (MeV)

[ Reconstructed momentum distributions are reasonably fitted well with Landau distribution.

 Most probable value (MPV) in both distributions:
» Electron gun: 1.48 MeV (Gen-level momentum: 1.5 MeV)

» Sr-90 source: 1.19 MeV (Average gen-level momentum: 1.43 MeV)

A Investigating the reason of the low reconstructed momentum in Sr-90 source sample
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Reconstructed momentum distributions (II) _SIr InEM

2 107
- ~ o FaVWa ~
Sr-90 source Sr-90 source
1.8
- Q)
1.6 =
i ® o °
> c —— &
o 14 8 10 i e
= —— =~
- Q
1.2 3
‘ o o
| T
08 i | | | | 1 1 | | | | | | 1 1 | | | | 1 1 1 1 | 1 | | | 1 1 1 1 | | | | 1 1
0.8 1 12 14 16 18 2 0.8 1 12 14 16 18 2
Gen-level Momentum (MeV Gen-level Momentum (MeV

J Left: Reconstructed momentum as a function of gen-level momentum
» Slightly lower measured the momentom w.r.t the gen-level momentum (Investigating)

J Right: Uncertainty of reconstructed momentum as a function of gen-level momentum
» 10-15% of uncertainty measured.
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Momentum resolution from simulation studies SiTrlnEM

 Definition of momentum resolution:
» 0, = (RecoP —True P) / True P, where P is momentum

d Momentum resolutions are measured for both 1.5 MeV Electron gun and Sr-90 samples
» Electron gun: MPV ~ - 0.004, ¢ ~ 0.165

» Sr-90 source: MPV ~-0.153, 0 ~ 0.114

- Entries 563599 - Entries 141500
40000 Mean 0.2922 14000 __ Mean 0.09829
- Std Dev 0.4799 - Std Dev 0.4091
35000~ 2 / ndf 8414 /36 L ¥2 / ndf 8317 /36
o E Prob 0 . 12000 B Prob 0
T 30000 Constant_2.311e+05 + 4.733e+02 c C Constant 8.046e+04 + 3.179¢+02
o - MPV -0.003858 + 0.000492 g 10000 — MPV -0.1528 + 0.0007
o 25000 — Sigma 0.1652 1 0.0003 ) - Sigma 0.1141+ 0.0003
—— — “— —
e} C O 8000
5 20000 Electron gun 5 & Sr-90 source
Qo - Qo -
- 6000 —
g 15000— (1.5 MEV) g C
Z C Z -
10000— 4000
5000— 2000 —
0 — | C | I
-1 -0.5 0 0.5 1 1.5 2 -1 . 2
Op Cp
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“Mockup” setup at IPHC, Strasbourg L&IILLD.EM

. .................... SChematIC VleW

5mm 5mm
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SiTrInEO pixel sensor

- n L
v el oy
-l

>
=
S e
-

MIMOSA 238

960x928 ~ 0.9 Mpixels
pitch 20.7x20.7 pum?

— Sensitive area 19.7x19.2 mm?
— Total area 20.2x22.7 mm?

- binary output
- readout time 192 ps
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Halbach magnet

_SiTtInEQ
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1 Use several small magnets to:
» Increase the field strength

» Improve field homogeneity
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Exchanging researchers

.
1 From Korea to France
» Jun, 2018: Jongho (2 weeks) Lol e

» Jun, 2019: Chang-Seong (1 week)
» July, 2019: Daekwon (1 week)

JEONBUK

JEONNAM: & | ¢

Brussels

=Belgium e

d From France to Korea
» Dec, 2018: Jerome (1 week)
> Mar, 2019: Adéle and Romain (1 week)
> Expecting visitors in October, 2019

Chang-Seong Moon (KNU) 2019 FKPPL Workshop (Jeju Island)



Summary & Plans SiTrInE_O4

 Full simulation studies based on the GEANT4 for the SiTrInEO were performed.

» Good agreement with generated and reconstructed electron momenta using Electron gun and Sr-
90 samples

d The momentum reconstruction algorithm have been developed using the ROOT

framework.
» Optimized geometry of the pixel sensors and magnetic field to improve the algorithm performance.

d Preliminary results based on the GEANT4 simulation presented at the KPS meeting.

d The “Mockup” setup for the SiTrInEO project has been completed based on the
simulation studies.

 Ready to take real data with complete setup for the SiTrInEO tracker
» Stay tuned!
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Thank you
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Backup
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GEANT4 Simulation Studies — Event display _SiTinEQ”
Electron gun sample (2 MeV), B-field magnitude : 0.2 T

Side view (Y-Z plane)
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GEANT4 Simulation Studies — Event display _SiTrinEQ

Electron gun sample (1.5 MeV), B-field magnitude : 0.2 T

Side view Top view
\ (x-z plane)
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GEANT4 Simulation Studies — Event display _SiTrinEQ

Electron gun sample (1.0 MeV), B-field magnitude : 0.2 T
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Shape comparison of momentum distributions _SiTlInFQ

1 Blue: All electron events from Strontium-90 source
J Red: Selected events requiring at least one hit on each pixel layer

Sr-90 source sample

Log scale distribution Normalized distribution
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Reconstructed momentum distributions — landau fits
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