Particle Detector Workshop 2026
Daejeon IBS, February 6-7,2026

TPC Development:
Experience yptre, strc) and Future R&D

 HypTPC: S.H. Kim et al., NIMA 940, 359 (2019)
e sTPC: S.H. Kim et al., NIMA 962, 163687 (2020)
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Experience (HypTPC, sTPC)
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KOREA

Hyperon Spectrometer @ KEK @& @@

developed for hadron experiments at J-PARC @M’&_%E

Collaboration

Trigger Counter Array (HTOF)

Superconducting
Magnet (1 T)

K-i-

Time Projection Chamber |* Large acceptance (~4m)
(HypTPC) » High rate capability (~106 cps)
> High resolution (o ~1 MeV)
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HypTPC S.H. Kim et al., NIMA 940, 359 (2019)
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HypTPC S.H. Kim et al., NIMA 940, 359 (2019)

> 1. Drift Region
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HypTPC S.H. Kim et al., NIMA 940, 359 (2019)

> 1. Drift Region
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HypTPC S.H. Kim et al., NIMA 940, 359 (2019)

> 1. Drift Region
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HypTPC S.H. Kim et al., NIMA 940, 359 (2019)

> 1. Drift Region > 2. Amplification Region
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HypTPC S.H. Kim et al., NIMA 940, 359 (2019)

> 1. Drift Region

farget holder

RN

» 2. Amplification Region

Y

e e

» 3. Read-out Electronics

GET
TN
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Time Projection Chamber (HypTPC)

Oct. 2016
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Drift Reg ion » Il Challenges !! Uniform E field -> high resolution

> Drift length : 55 cm, 1 atm P-10 gas, 130 V/cm
» optimized the field strip design for the field uniformity.

» Near target holder

25 um 25um 25 um

B polyimide B poyimide (] Ralyimide
15 mm. copper 1 5 mm. copper 5um - copper

imm imm l 2 mm

0 5mm 0.5 mm 0.5 mm
IO 75 mm !

0.5mm 10.75 mm

not-to-scale not-to-scale

not to-scale

40
z (mm)

Target .
holder » Beam-through region

+—>

e : e

|< W 5 M W— Insulator
2 5 mm 0.-5MO [side view]
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Gating Wire Plane
> Between Drift & Amplification Region
> to suppress the ion backflow

> $50 pm gold-plated Cu-Be wires
separated by 1 mm.

Cathode I
55 cm — 16 us -Vgate
Drift region I t
Gatin ires ® 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00
gw Amplification region ‘s Gate close Gate open
130 V/cm (Epsa) | 4~ mm e-\‘ J & J & J e
100 um GEM ISV RN A R R Ll il s Kl
1 mm
2 kV/em ] 2 ) o
50 um GEM  N@EM "; close | Signal  gnen
2kV/ecm ] 2mm . « Gate-open ' Gate-close
50 um GEM  NGeMm oF “noise F noise
2.6 kV/em ] 2mm - :;;JH MJ |
PROE = = o= el e el e e e 'm;?;"%-ﬂ.“f»'(‘};{.{.‘“M“?’Rr‘;#'f"ﬁ'.ﬂﬁﬁm/.“\/‘r-‘!&ﬁ'?“.**\P;; m;ﬂn]l“.w} “I't:\kﬂm .2‘50{, s .‘ M; Aﬁ hg.l‘i_
TDC [40ns] TDC [40ns]
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Triple G}EM Layer

- Triple GEM layers
(100+50+50 um)

- Gain ~104

- Segmented electrodes

/Low ion backflow rate ¢

Gating wires ®®°®*°*°*°* s s
4.2 mm

100 pm GEM

Ime o

50

50 yum GEM

2 kV/em | I 2 mm
50 um GEM NGy e
2.6 kV/ecm I 2 mm

[side view]

[top view]
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GEM Specification

50 um GEM | 100 um GEM
Manufacturer | Raytech* Raytech”
| oyt | D
itgmgg Wet Laser
Cu thickness 4 um O um
"""""""" P | 140pm | 140pm
nner dameter | 25 £ 10 m | 35 %10 um-
Outer dameter| 55 £5 um | 65+5 pm

*Raytech company is now merged into Toray company.

Inner ¢

Outer diameter

—>

dia

Cu
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Test Chamber

For the systematic study of GEM
- Accommodates a quarter of HypTPC GEM

Design Fabrication Complete

Gas outlet

GEM feedthroughs
(21x3) Feedthrough for cathade(1) and
II'I r|

Gating grid

“ Pitch=1mn] o]

ar
e' or chaing
E

Feb. 2016 Jul. 2016 Aug. 2016
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New GEM Test Bench at Co60

Fl?’k

“:"‘-"‘.-“‘.'. ———

T NIRRT

Jun.2017  Oct.2017  Apr. 2017

11
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S5Fe Signal Height vs. Vgem

>>Fe signals were clearly seen.

(GEM Sector 2)
800
700
600
500
400
300
200 ¢
100
0

>5Fe pulse height [mV]

290 300 310 320 330 340

lgem [HA]
* Measured by pad: 20-6. (Veem [V])
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GEM Sagging Problem Jun. 2017

Affects the discharge rate, the field uniformity, the dE/dx resolution
- The supporting frame was added and the glumg method was changed
to solve the sagging problem. e

GEM height measurement

@Hayashi-REPIC
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GEM Optimization Mar. 2018

» Measure the ion backflow rate and the gain
» GEM systematic study to decide the final GEM configuration.

Test chamber
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5768 readout pads
Concentric configuration
around the target

10 inner layers:
2.1-2.7 X 9 mm?2

22 outer layers:
2.3-2.4 X 12.5 mm?2
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GET(General Electronics for TPCs) sz

E. Pollacco et al.,, NIMA 887 (2018) 81

o FE HE E E B HE B B N B = W = =" = = ™

™ ] E _I : : ---------- ( r-\ I-H- ] ‘.
|\ —'[ AsAd ‘.E : : EHDD '
Tl e ’ 10 GBE' 1001 :
toeer e || 5768 : 25 MHz : 1 GbE : 1 <2000 MB/s D|HDD :
Pads : MCH %I SSD : :

HYPTPC L Lfamaf—a o= |1 L)
g : 1L © | DAQP :

. | MuTanT ' g st 5 Q. ...... Y

ZAP+AIA TCA crat

4 AGET chips T CoBo | DAQ PC

- Preamplifier(gain 120 fC-10 pC) - Data processing - Run control
- Shaper(peaking time 50 ns-1 pus) Mu%ﬂ% ormatting - Data flow manage
- Circular Buffer(sampling rate 1-100 MHz) nchronous tri - Data storage

ImYa

1Ot A MCH&LTCA Carrier )
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HypTPC DAQ Software

2015

GetController

Combined with HDDAQ

2021

S s GE XVB602 = g
: —= ‘-_T_-“; S e MTM o . . 2
— — DAQ gate 1: VME RM | Lé-l
Trigger CAEN V792 ADC
Trigger ‘ = Front-end server
Event tag == —  EASIROC
Busy _
Data transfer — Front-end server
Slow control i 3
- .| HUL Scaler/RM £
Main DAQ server ”l ] S
HDDAQ - HUL HR-TDC
Conproller ' Front-end server
GANIL DAQ Nov 2017 Eventbuilder | &
L — o |—— HUL MH-TDC/RM
-F I . Event distributer -
or multi-CoBo system Recorder e —
= = =
Online monitor ___, HUL MH-TDC/RM ] B
_ ~  HULHR-TDC E
_ CoBo front-end
gt GE XVB602 2
GET =]
Storage —>  VMERM =
Controller [
Narval " MuTanT ] é
GET CoBo | !L;i
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HypTPC Commissioning at HIMAC

» To confirm the basic performance and high rate capability of HypTPC
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Track Reconstruction

' bHist_cor5507
—_— = Entries BOO
= E L Mean 78.55
O 120r ( Std Dev _17.14
O 10— }
<C s00—

- 1 Time ->y

200—

i e R
e Do vl o el e vl el e il oo g la el sad 1y g
0 20 40 B0 80 100 120 140 160 180  20C

Time bucket [80 ns]

Pad -> x,z

X [mm
-

200
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Track Reconstruction

' IbHist_cor5507
— E Entries 8OO
= E L Mean 78.55
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Track Reconstruction

' tbHist_cor6507
—_— = Entries BOO
< apal- L Mean 78.55
(&) C _ Std Dev 1714
e
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Basic Performance

> Drift velocity
3D track :

th [cm]
NN
TT ? TT ILII]

H.00 ¢

Drift leng
W W
? )

25:
20
: 15;|||||||1||||||||||||||l|||||||||||||
3456 7 8 9 10
- Drift time [us]
» Diffusion Coefficient » Spatial Resolution
= 00T =400 = pm
0.52 + Exclusive
O_ 4: = I Intrins-ic
15 20 25 30 35 40 45 034157502530 35 40 45
Drift length [cm] L, Drift Length [cm]
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High-rate Capability

» Pad Efficiency
,( = PN > 1t -

3D E E :“"' " -.w"‘"""ﬂ'd‘: Q‘:) 098} a2 s
g wan® e § !
................ > After trlgge\ M,, Ea 0.96-
................ \  ored BB e M o 0.94F
199 m gl i
event S e "‘"‘ 092—

Before trigger = ™" 01 T T S

0 10t 100 10f

100 kHz 1 MHz

Beam rate [Hz

» Spatial Resolution
— 0.9;
= %o
g 08_ " o, .
20001 o) O 7_@ . "
= . - | |
R 1500f C S
< -
1000} 06@ " u
500 0.5F
04:| Ll L Ll
__50:.-.I..<I...I<..l...I<..I..-I...I...I.-. 507 tttttttttttttttttttttttttttttttttttttt ‘103 104 105 1
%D 20 40 60 80 100 120 140 160 180 200 D20 20 60 80 100 120 140 160 180 200
Time bucket [80 ns] Time bucket [80 ns] Beam rate [HZ
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STPC Jan. 2015~ S.H. Kim et al., NIMA 962, 163687 (2020)
Design & Order parts Fabrication Complete

- Gas outlet

HV for catho;ﬂ-e

Al mylar
-+ Window for source test | ] % 5

Gas inlet
....... Cathode plane

Field cage ...
Triple GEMs
Read-out pad pla

...... Conversion board

ADC [¢h]

0 20 40 60 80 100
z [mm]

[
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3D Track Reconstruction

Drift Velocity = 5.21 cm/ps y <- drift time

10°

10;

L il

Bl PR PRI TR MRS TR
100 150 200 250 300 350
Drift time [20 ns]
< >

sTPC drift length
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Position resolutions

300F _
400+ — Exclusive
: i — Inclusive
200 300k
| 200+
100 [
100
(o= = s oo '
-2 - 15 -1-050 05 1 152 -2-1.5 1—05005 1 14 2
X residual [mm] Y residual [mm)]
» Gincl, Gexcl E=150 V/cm, B=0, P-10 gas

T = f Cinal * T eaxel *am = 350 pm, o, = 250 ,umJ
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Gain

_ — V¥
140 250+
120F f
100} 2001
80} » 150 .
60+ Truncated ]005_ chuster = 66.0 {C
40: mean
: 50+
202 4
0”....rl.,111.. 0'11,,1. N TR A L w1 A TN
0 100 200 300 400 0 100 200 300 400
Cluster charge [fC] dE/dx [fC/cm]

G — chuiter _ chuster 44 % 103 (VGEI\/l — 330 \/)]
(AE/T) - e Oin N

where AE = 2.43 keV (for minimum ionizing particles)

I = 26.2 eV (average ionization potential for Ar)
e =1.602 x 107 C
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Alpha source test

120 kBq 241Am source g 100"
on stainless-steel disk ) =

in acrylic holder

(3o
-
T ] ™

IIIIIIIIIIIIIII / AT

sl

P-10
g =—\-5.486 MeV

!

’ 0 20 40 60 80 100
. - - z [mm]

y
dE/pad AGET range VGeEm
MP(cosmic) 3keV | 120(C (min) G0V
Alpha(241Am) ~1 2 MeVé 10 pC (max.) 300V /x
| | | ~

A~
__.,./'"i’;?
| /
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Alpha energy spectrum

350}
300}
2505 AFE = 5.486 MeV
200} Q =375 pC
150} ‘ .
| 00; G=1.1x10
: (Veem = 300 V)
50: \ y,
of
0 20 40 60 80 100
Charge [pC]
dE/pad AGET range Veem (Gain) ::l[’:i?)
MIP(cosmic) 3 keV (1) 120 fC (min.) (1) 330V (4,400) (4) 1
Alpha(241Am) ~1.2 Me(XOOi) 10 pC (max.)(83)§ 300V (1,100) (1) 1.2
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Future R&D
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GEM Discharge Problem Jun. 2021

> Beam intensity and GEM bias voltage were limited by the GEM discharge rate.

Superconductmg Magnet

_% ol el N
Uﬂ 300 ZU'CI —100 0

o

;L
B
[~

t
[

é;—

V) T ST, E T

50

Sparks [/h]

40

30

20

10

lIII|IIIIllIlIl!IIIlII[IlIIlIlI

2021 f05!27 2021/06/03 2021 1'06! 10 2021/06/17 2021/06/24 2021/07/01

0

> Beam intensity/ Voem(307 V) were limited
by spark rates.
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Introduction of Glass GEM

> Rigid - self-supporting structure
> High gain — up to 90,000 with single layer
> Robust — tolerant against discharge

[1]T. Fujiwara, et al., MPGD2011
[2] H. Takahashi, et al., NIM A, vol. 724, pp. 1-4, (2013)
[3] T. Fujiwara, et al., JINST, vol. 9, pp. 11007 - 11007, (2014) = 00mm

250 T g T ; T ' T T ; ! 107 T T T ' T ! T T
' j ' ' ' e | » Fe-55 E———— W ——— ] ——— —e— Ar/CF4 (80:10)
i ; P ; ; ; i i —s— Ar/CH4 (90:10)
o GEM 5 T x rays s it
200 : i ‘\ : i "‘: ‘ : i
1 bar ArfCH4 {90 10) A
! 4 8 IS T N T (Y FUSUUIN  UTN S W S (S N
Gas gain; 10, 0o ; 3 ArfCH4
=k | | ; : : ! ; L ;
: [ T T R 1 WM 18% it e e S
z a : a a I | o - ;  t : | ; s : 3
8 N EEE . ] e e e e e e e
100 | < _}
Bt i Ar/CFs
" S N SO S S

( ¢ 700 8b0 %00 1,000 1,100 1200 1,300 1,400 1,500 1,600 1,700 1,800
annel Voltage
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Glass GEM Spec

50 um GEM | 100 um GEM | 270 Hm
| Glass GEM
AIST
Manufact Raytech* Raytech
________ — yayec _Rediment _
_________ resor_|Pobiide #) R e
Etching Wet Laser Wet
__________ method |\ b
Cu thickness 4 pm ? pum 3-4 um
Pitch 140 pm 140 pm 280 pm
T T T
25+10 . 3510 17
________ diameter | 27=10HM | 10w | 1AM
Outer 170 pm
555 65=5
diameter Hm Hm (No rim)

Developed by T. Fujiwara, et al. in AIST.

Commercially available from private company (Radiment Lab, Inc.)

[top view]

P =i BF
ki & s
'.'—.':-'I x| Fa4 (b
": bl
ot Ty

570 pm

[side view]
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Gating Wire Problem

> Noise problem: A very slight imbalance between Vgate= in fast pulsing
creates spike-like noise at the gate open/closed time.

> Structural stability problem: one of the Vgate+ and Vgate- was once
suddenly turned off due to a current trip of the power supply,
causing two neighboring gate wires to be shorted each other.

g %orC Eriies 1
e Vo=-2500 V sz
Lo = -+
aodll— \‘ Vgatei VO—85 V
- 1
1B 1
408
+ q
Al Y4
_N. ‘¢
200_—
D:—' Lo Lyogoo | | | L1y |
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Introduction of Gating Foil
» First proposed by F. Sauli for the ILD-TPC in ILC

»  GEM-like structure with a higher optical aperture ratio and functions
as an ion gate without gas amplification

» Fabricated by Fujikura Ltd. using FPCB production techniques

143

7-;'- | i 2 .ﬁ-: ol -
Optical transparency: ~82%

Microscopic images

26
24
21

—

Unit: ym

Copper

Polyimide

Copper

31

[side view]

[front ‘iew]

L/

[bacvie]

M. Kobayashi et al., Nucl. Instrum. Methods A 918, 41 (2019).
F. Sauli, L. Ropelewski and P. Everaerts, Nucl. Instrum. Methods A 560, 269 (2006).
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Gate Operation

> AV: voltage across the gating foil

The negative sign indicates the E field direction within

the holes of the gating foil opposite to the drift field.

> No field line penetrates the foil,
indicating that the foil is almost
opaque in the absence of
diffusion.

» Gate is closed at AV<O0.
-> required to block the positive ions (= ion blocking power)

> Gate is open at AV=0.
-> required to have high transparency to drift electrons (= electron

transmission rate)
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Summary
HypTPC (201

* HypTPC: S.H. Kim et al., NIMA 940, 359 (2019)
e sTPC: S.H. Kim et al., NIMA 962, 163687 (2020)
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Summary
HypTPC (2014~)

* HypTPC: S.H. Kim et al., NIMA 940, 359 (2019)
e sTPC: S.H. Kim et al., NIMA 962, 163687 (2020)
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Summary
HypTPC (2014~)

Goﬂng Foll

Y e IR Glcss GEM
STPC (20] 5 ) W o5 S

A Al
)00 O
XXX
XXX

e HypTPC: S.H. Kim et al., NIMA 940, < Toomm > & A a
e sTPC: S.H. Kim et al., NIMA 962, 163v0/ (2uzu)
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Summary
HypTPC (2014~)

+ Gas system
HV system
Electronics

e Glcss GEM
STPC (2015 ) B il S | R

A Al
)00 O
XXX
XXX

* HypTPC: S.H. Kim et al., NIMA 940, < T > & 0 A a
e sTPC: S.H. Kim et al., NIMA 962, 163v0/ (2uzu)
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HypTPC Gas System

> ~1 atm P-10 gas

» 1.7 L/min
Differential |~  [Dew Point | |Oxygen
Pressure Sensor Transmitter
Gauge -47.5 °C 84 ppm 6 L/min
e (53 ppm)
60 Pa N X Exhaust
? Pump —".
Line
Solenoid
Valve
0.35 MPa

Regulator+ | | P-10D
Flowmeter Cylinder

1.7 L/min

Mass Flow
Cotitroller I T Regulator+| | P-10®@

Flowmeter Cylinder
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HypTPC HV System

Cathode - MW — Vathode
g S 10MQ
& 130 Viem = =
w w
Wy w
Field cage bottom _ VGem
. . . - F_—..&gatc()
Gating grid wires E L gate- L — VGateo
R 124 V/em = Rg.g»GEM! gatet <= Gate Pulser |, _ V
<+ g —MN— gate- «—  Module Gate+
GEM1 g2 1.5VGEMm = Roemi * Voae
- -
E _[5 2 kV/em m_f’ RGemi-cem? 8??:3 1212,3
GEM2 % VGEM | “WEE RGEMZ
E 2 kV/em = RGEM2-GEM3
~+E WL
GEM3 o Veem=307 V s Roews
E 2.6 kV/em Ry = RGEM3-pad
Pads B e e s e =
HypTPC GEM HV divider
R [MQ)] vV [V] I [pA]
GG-GEM1 0.169 Cathode —10909 129.9
GEM1 1.5 GEM —2459 17T
GEM1-GEM2 1.33 GATE0O —2459 3a7d
GEM2 1.00 GATE+ —2373 345.2
GEM2-GEM3 1.33 GATE- -—-2544 369.4
GEM3 1.00 (Veem =307 V)
GEM3-pad 1.7 (VGate = +86,—85 V)
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