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Motivation
“Seeking for alpha cluster structure in 2C and Q"

Nuclear density distribution Goal #1
- Bose-Einstein Condensate-like alpha cluster state
- Excited, spinless, resonant state
« Signature is the symmetric decay of 3 alphas
Such phenomenon was not observed with statistical

significance

E=15.1 MeV is just above 4a threshold

Not reported yet because of the challenge to

@
: Candidate for a-cluster of in 10
SNCUE B
@

I 0 .
4o decay of %0 at 15.1 MeV - measure several alphas simultaneously
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Motivation
“Seeking for alpha cluster structure in 2C and Q"

Nuclear density distribution Goal #1
Bose-Einstein Condensate-like alpha cluster state
Excited, spinless, resonant state
Signature is the symmetric decay of 3 alphas

Such phenomenon was not observed with statistical

Goal #2

@ | « Candidate for a-cluster of in 190
© 9 N . « E=15.1 MeV is just above 4a threshold

* Not reported yet because of the challenge to

st 0 .
4o decay of 160 at 15.1 MeV - measure several alphas simultaneously
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TPC-Drum
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o ] ! Collision system : 20Ne + o at 10 MeV/u
.‘E' I

Necessary specification :

« Can measure multiple a's with high precision

« Can measure the collision vertex precisely

« We designed a new active target TPC for alpha cluster experiments at RAON.

 Find evidence for a-condensate state of 2C and 10O
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Introduction to our “TPC-Drum”
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TPC-Drum

AT-TPC padplane

Csl(Ti) detector S Getector Hager l
s o0e TR S |

é' g | Tpg %”g@ 256 ch N -
é é bags “asno 256 ch -

v Active target TPC with 768 channels v Energy will be measured using Si (thickness = 1mm)

v He (90%) + CO2 (10%) 650, 760 Torr v" Resolution for a is 40 — 50 keV

v' 8 Si-Csl array v Momentum vector will be determined by TPC part

v Triple GEM structure v A spatial resolution ~150 um translates to an angular

v' Using GET electronics (4AsAd + CoBo) resolution of ~0.004 mrad im A, 1066, 169610 (2024))

v Easy data synchronization v By correlation of E (Si) and dE(TPC), a can be isolated

from other nuclei
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TPC-Drum

GEM

A-side B-side A-side

Active area : 200 x 200 mm?
A-side : Standard gain area

B-side : Relatively Low gain area

* Field cage

300

280

260

240

220
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180

160

« Double-wired field cage on up- and down-stream
« Operating E field range is up to 250 V/cm

e E-field distortion area ~ 5%

« With drift velocity 1~2 cm/us
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-Drum

TPC
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« Gating grid were designed to reduce the space charge from ion-backflow effect in beam-line

It can reduce electron clusters down to 10% level

Low gain GEM + gating grid system is essential for higher beam intensity runs ( > 10° pps)
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Commisioning results
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Commissioning

. . All track display
Gain ratio map by channels : =

— 1401 1401 1501
E NN IIIIIIIIIIIIII [l 14 - : - -
> 1200 120~ 120 ook
sool L 12 1005_ Example of 1005_ Example of i h
| 1 - single a track - double a tracks s =
80! 801 801 :
| 0.8 y (mm) | » C
60| I 60} 60} o
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-30 -20 -10 0 10 20 30 IS A IS NS R IS S A e x [mm])
x [mm] 40 -20 0O 20 40 -40 -20 0 20 40
X (mm) X (mm) Am241 source at -66.25 mm

* GEM gain has been calibrated with Fe55 source
« Calibration table prepared for position-dependent manner
« o track test with Am-241 source

» Average track length was 11.5cm, which was consistent with SRIM simulation result

2025-05-29 2025 INPC Daejeon SEJONG UNIVERSITY



Reconstruction of Hoyle state

® TPC-Drum ( Toy MC simulation )
1 0 'l o g:zassian Fit
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Separation of signal to background

Background : Sequential decay Signal : Direct decay

“Chioye = SBe+a — a+a+a @

@\ © HCHoyle —a+a+a é\
— . e

© © ©

Reconstructed in 12C* frame

2000 ——
| ~W Direct decay

1750 Sequential decay

1500 1 Toy MC
1250 -
2
S 1000
8 750 Caveat - signals and
backgrounds are generated
500 4 by same numbers (10k).
250 +
0 T T T T T T
70 80 a0 100 10 170 130 140 150

O of all a pairs in COM frame [degree]
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Summary

v" With the goal of exploring exotic alpha-cluster structures, we aim to measure the direct decay
of Hoyle states and the 4a decay of 10 states, which are phenomena of increasing interest in
the nuclear physics community.

v" The beam time proposal was accepted at RAON with 5 days x 8 hours in this year (grade B)

-Drum is working very well and is ready for the experiment at RAON.

—
—_—

v' The TPC
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Thanks!
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Backup slide
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Read-out pad plane

2025-05-29



Read-out pad plane

# of channel : 768 channels

Channel size
« Type 1:0.9 * 11.9 mm?
« Type 2:1.9 * 11.9 mm?

« Gap size : 0.1 mm

v v \
typel type2 typel

Pad plane considered to measure daughter
particles
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Drift Velocity in Drift area
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Triple GEM

- =
i TPC-Drum Fe55 source test
w A .
TPC-Drum MainPadPlane geometry % - @ AsAd1 2 Section2
£E - — 2000 V
120— 0.08—
100 : —21 00 V
80— B
= 0.06 —
60 =
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ADC
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.g A o]
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s P
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GEM voltage (V)
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Calibrations

e 35Fe source test
Event display

E i — 3500
> o  Event A
- —{3000
1o @:Max ADC position
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o

« To get a histogram of each channel, ADC weighted position is measured

500 1000 1500 2000 2500 3000 3500 4000
ADC [a.u]
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GEM

2025-05-29



TPC-Drum

- GEM

320
I—'EI;{T/
2000

« Active area : 200 x 200 mm?
« A-side : Standard gain area
« B-side : low gain area (Type-2 GEM)

A-side B-side A-side

T,
e i

« Triple stacking GEM used with type-1

Eple stacking GEM and type-2 GEM with space 3mm
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GEM

 Geometry

240.00

0320 2000,

I—Br— a
o <

200 00

A-side B-side A-side

20000

Triple stacking GEM
»

Top view Front view

l_vi j | -+ Active area : 200 x 200 mm?
L . « A-side : Standard gain area
Beam line

« B-side : low gain area (Type-2 GEM)

» Triple stacking GEM used with type-1 and type-2 GEM with
space 3mm
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GEM

<Type -1 >
ﬁ_ 200 | « GEM thickness : 256 um
1 Esrg 200 00
il [ ]
A-side B-side A-side
®
'..0.
%
; R et '
) @ o
« A-side and B-side have same size
) |
L Beam line
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%Jﬁ = i * GEM thickness : 256 um

* Hole size (diameter)

A-side B-side A-side e A-side: ~ 75 um
 B-size: ~ 120 um

1§—L

L Beam line

« Type-2 GEM designed to reduce the space charge for high-rate beam ion
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Noise subtraction

2025-05-29



DAQ Setup

256 channels

ASAD 256 ch
@S

256 channels

ASAD
256 ch
SO

256 channels

.Graw file
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Pulse noise subtraction

event0 | padO, layer4, row517

1400 — Raw ADC
C — Noise Template
1200—
C —— Subt. ADC
1000
800
600—
400—
200
0 M—W
_ | | | | |
72000 1 1 1 100 1 1 1 1 200 1 1 1 1 300 1 1 1 1 400 1 1 1 500
event121 | pad3, layer57, row517
1400— — Raw ADC
C — Noise Template
1200
C —— Subt. ADC
1000—
800[—
600[—
400F—
200—
ofes —
T N I N B B B
2005 100 200 300 400 500
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event99 | pado, layer49, row517

1400— — Raw ADC
C —— Noise Template
1200—
C — Subt. ADC
1000—
800
600—
400—
200
01——-—& — St |
7200_|||||||||||||||||||||||
0 100 200 300 400 500
event116 | pad1, layer13, row517
1400— —— Raw ADC
C — Noise Template
1200{—
C —— Subt. ADC
1000
800
800
400
200~
off |
) e S E S B R
0 100 200 300 400 500

event105 | pad2, layer16, row517

1400— — Raw ADC
- — Noise Template
1200—
C —— Subt. ADC
1000—
800
600 —
400[—
200—
ﬂ:ﬁ"“" o |
) U BT T B
0 100 200 300 400 500
event54 | pad2, layer34, row517
1400 — Raw ADC
C = Noise Template
1200[—
r — Subt. ADC
1000f—
800|—
600
4001
200
0 )
o L L L ]
0 100 200 300 400 500




Field cage
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TPC-Drum

* Field cage

2025-05-29

Garfield++ simulation

« We constructed the field cage by referring to the design of the STAR TPC.
« Operating E field range is up to 250 V/cm

300

280

260

240

220

200

180

160



Field cage

 Schematic view

Front-view side-view

#Electrode layer : 30

#Layer spacing : 5 mm

2025-05-29

3 mm

2 mm

3 mm

2 mm

® Field-cage reference
(Sprit TPC and STAR TPC)

0.035 mm Cu\ Field Cage Side Panel

1.59 mm G10 —>

D

STAR Design
S Raen - Oyter Field Cage Cylinder

r 0.035 Cu,lyp

- - i |
i LI | LI [
[ | Nomex | [ ‘ | | 10.0 Field Cage
[ Honeycomb 1 || | ! '
: BN SN EEl B
e — = 1
kS
; | ‘ ~ 80Ty

Electrical — 15Typ —i=t—100Typ ~ — |~—35Typ
Connection
Pins




Field cage

 Schematic view

WFﬂ

170 mm

G
50 mm =

130 mm

T

JUEEEEE A

Down-stream plane Up-stream plane Down stream view

Empty area has a double-wire structure to avoid particle energy loss and scattering
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Field cage

® Electric Field g Drift direction
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Gating grid
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* Gatin g gr Gating Grid Efficiency

— 100 ~ 100
E.u 80:— % = +Average
= ek ” e b —+ Minimum
- I g .
aof- I “ Ground £ 80 ~+ Maximum
. Line - T
20~ I H sm § T0F Wire Pitch = 3mm
- ; " @ -
oF o smm L, Signal E 6o
_20[- H Line e F
F : — = -
i iy ¢ F
—60:— ” g 402_
-80[— i -
L | ] | | 111 | LY 1 1 1 1 1 1 £ | 1 I d i S 30__
~19%960 80 -60 60 80 100 .
Pad 20—_
Wire distance : 3 mm -
10
Gating grid with : 20 mm C

Signal-Ground wire Voltage difference : 30~100V (not determined yet) 20

AV[V]

- Considering beam intensity, voltage of gating grid will be determined
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Title of Experiment Search for Rare a-Cluster Structures Using an AT-TPC
ElMuclear Physics OEnergy OMedicine Dindustry
e OEnvironment COther Applications
Experimental
Devices EkoBRA [CIMRTOF OClassy ClCyclotron ClOthers
Beam Time Unit* CO18TU O2BTU & __10BTU___
Beam Energy (MeV/u) Intensity (pnA / pps)
Ne 6 - 10 MeV/u 10° pps
*1BTU = 8 hours

# Macro pulse per 1s = 20

# Micro pulse in Macro pulse = 5x10°

10° pps = particle per second

# particle per macro pulse = 5x10° particle/5ms

= 0.01 particle per 10ns ~ 1 partice per Tus

85MHz
Micro
bunch

~_»Macro pulse

» Beam Time

_» Micro pulse

50 ms §E ms
I . I'LI
10ns
r‘_ﬁ i i
5 ms
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Gating grid

Development of a gating grid driver of TPC for exotic beam experiments, Eur. Phys. J. C (2023) 83:600

L]
i e = , : # reduced primary electron
— 3 Cathode 18 §-1050 16 H 1 \
—— i e " Gating grid OPEN 107 =
s : Beam -|*1150 i ! i | . F = .
s L ; e + E W il i il -1200 E 14k o g A ; 2\‘: | —— Helium with 5% CO, mixture
i i L= s -12680 § [ o 10E
i i ¥ > 1300 > | e E \
Ve o] Gating [ ‘ 12 W-1350 1.2} ‘ 8 F \
We—'Gud |1, @00 00808 }ooooc.mwwun 1 ‘ M -1400 - ! { 1 E r \
[ i ! -1450 [ b £ F \
b HVanw 1: ‘ -1500 1 A LR L RS R R e E - \
NN N Y L N e 04 02 0 0.2 0.4 0.4 -0.2 0 02 0.4 - r \
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Induction Gap gz vod TR T R R ) I N iy WA | w - \\
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! A Tt X _“,‘,.' "‘v‘:“‘ ‘ 02— PN P
[ o\ 2 & 0 50 100 150 200
14 w - Voltage Difference (V)
2 A ‘2: Fig. 4 The variation in electron transmittance with an increasing volt-
® Wire diameter = 70um ‘I Gating grid CLOSE age difference (2AV)
AN s sgregod b gy g g g g 1)
04 2.2 0 02 04
. . - x (em)
® Wire pitch = 2mm
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Gating grid

Gating grid

voltage AV = 0 V

Gating grid voltage AV = 80 V

Electron start point Electron end point Electron start point Electron end point
£ “[Counts: 450400 £ “[Counts: 450400 o E *[Counfs: 195%0 : 4.3%
e > ~4] : 5 ST T L
4L : = A £ = A
2| >
o_y'.‘
2 s
»
2} .‘
FA R
” GatingGrid 4
et x[mer]
Electron Transparency Electron Transparency
= 6 100 — 5C =
£ E it £
7 iasifi s ma s e g S i
> 0 il = 4
) o 11
PEE "EEETEY SRS TR :i”
: < :III i 5‘ |
ll i
sof- -e - AT A% i!” 0 b
[ ll
sk :i” 10¢ A4
TP % 907 NPT % MANITS 1o i”l
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Gas system
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Gas system

« Gas properties

P10 gas (reference) 4He (90% ) + CO, ( 10 % ) gas (Garfield+ +)

. n ’g‘ | . . . . . . . . . .
E i \g | ° ° )
\g O 14 i —e— P10, pressure = 0.50 atm [ ol 0.1 1 Tra n Sve rse d Iffu Slo n ——e—— CO02 = 10 percent, pressure = 0.50 atm
= B —=— P10, pressure = 0.75 atm E H : : : - : . : : : -
= - o i
O, 0.12 +| —=— P10, pressure = 1.00 atm Y | T S TU S ST SUNE ORI P
DI— - . —— P10, pressure = 1.25 atm DI_ ’ L . . . . . . . . . . —e—— CO2 = 10 percent, pressure = 0.75 atm
01 : Sl P10, pressure = 1.50 atm
0.08 TR B i : ; : i . i i ; : CO2 = 10 percent, pressure = 1.00 atm
0.06[ 0.04f
i \ CO2 = 10 percent, pressure = 1.25 atm
0.04(- ' | §RBeeoe®” . . ceel
- Transverse diffusion L e e
002 L* » o B : : ¥ 2 s 2 . ——6—— CO2 = 10 percent, pressure = 1.50 atm
O_ l I I l o-lllilllilllilllilllilllilllilllilllilllilll
0 500 1000 1500 2000 0 200 400 600 800 1000120014001600180020002200
E [Vlcm] E [V/cm]

« 4He + CO, gas mixture is three times less diffusion than P10 gas.

« We also reduced the pad width to cluster each hit.
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Calibrations

* Alpha source test

£ [ alength , i
5 10t L He4 90% + CO2 10% mixture gas "3"
x E —— 760 Torr ssse

- AD®

10° —e- 1000 Torr

102

10

Energy [MeV]
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Source test
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Alpha source test

Am241 source

£ [ alength "F

§ .| Hed 90% + CO2 10% mixture gas 4

g 760 Tor “‘:/ w/ Field-cage (120 V/cm)
= AGO

10 * 1000 Torr

GEM gain (255V)

.,“_l
M SRIM Simulation

II| 1 | II\\IIl
10 10°

Run : 250304003

Am241 source test

10

760 Torr

Energy [MeV]

« Alpha source is installed in position ( -5mm, -66mm ) from the pad origin
« Considering its pressure condition, track length will be around 11.5 cm
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Alpha source test

All track display Alpha trk length
E . _ length
150 2 12001 Entries 5209
r 3 = Mean 111.2
B 111111 s & - Run250304003 |
B 1000 —
100 - - Only Calculate with x-y pl
: : nly Calculate wi X-y plane
C 800 — \
o - J Hitted 5 layer
B 600— .
o - Hitted 4 layer —»
5 w00l
501 .
. / s Hitted 3 Iayer\ 1‘
.100__ l'/ \\\ l||l |J||l||l O_I L | . . L | L . —|TI—|_H7I 1 - | L - - I L
~100 -80 60 —40 —20 0\ 20 40 60 80 100 60 80 100 120 140

x [mm] [rm]

Am241 source at -66.25 mm SRIM calculation ~ 11.5 cm

(with tiny vertex finding method)

« Estimated track length of alpha is 11.5cm, as expected in SRIM simulation
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Alpha source test (241Am)
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Alpha event
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Prototype performance published in NIMA
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