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Design of BDC at SAMURA

one is a Walenta-type drift chamber with 2.5 mm drift length for
high beam rates. Each BDC is housed in a BDC box filled with
i-C4H10 at 50–100 torr. The BDC boxes are connected directly to
the beam pipe and the target vacuum chamber with gate valves
in between. The BDC parameters and a schematic view of the
BDC are given in Table 3 and Fig. 9, respectively.

The detection efficiency and position resolution (rms) of the
BDC at 100 torr for RI beams from Z = 1 to Z = 8 at 200 MeV/u
are shown in Fig. 10. The BDC exhibits a stable HV plateau at
100% efficiency even for protons (Z = 1), and the position resolution
reaches approximately 100 lm (rms) at about 0.2 kV above the
plateau both for Z = 1 and Z = 6.

3.3. Forward drift chamber 1 (FDC1)

The FDC1 is placed between the target and the SAMURAI mag-
net to measure the emission angle of the heavy fragment. It is a
Walenta-type drift chamber with a 5 mm drift length to handle
the relatively high beam intensity right after the target. Sense
planes have three kinds of wire orientation, xx

0
(0!), uu

0
(+30!),

and vv
0

(!30!), for 3 dimensional track information. The FDC1
parameters and a schematic view of the FDC1 are given in Table
4 and Fig. 11, respectively.

The FDC1 has a wide opening to prevent it from interfering with
the projectile-rapidity neutrons around zero degrees: the effective
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Fig. 9. Schematic view of the BDC and the BDC box.

Fig. 10. The detection efficiency and position resolution (rms) of the BDC at 100 torr for RI beams from Z = 1 to Z = 8 at 200 MeV/u. Closed and open circles are the total
efficiency (!tot) and the efficiency of multiplicity 1 (!m1), respectively.
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sets of 0.5–1.0 mm-thick plastic scintillators (SBT1, SBT2) for beam
TOF (time-of-flight) and a trigger, ICB (ion chamber for beam) for
energy loss, and BDC1 and BDC2 (beam drift chamber) for the
beam trajectory. Heavy fragments from the target are measured
by FDC1 (forward drift chamber 1) and FDC2 (forward drift cham-
ber 2) for the fragment trajectory, and HODF (hodoscope for frag-
ment) for energy loss and TOF. Forward neutrons are measured
by the large neutron array NEBULA in coincidence with the heavy
fragment. c rays from the excited fragments are detected by the
NaI (Tl)-based c-ray array DALI2 [5]. In addition, a BPC (beam pro-
portional chamber) is placed in the BigRIPS beam line for tagging
the beam momentum.

The performance of these detectors has been studied in the
commissioning run using light RI beams from Z = 1 to Z = 8 at
200–250 MeV/u.

3.1. Beam proportional chamber (BPC)

A BPC is used to tag the rigidity of RI beams at the momentum
dispersive focal plane F5 in the BigRIPS by measuring the horizon-
tal position. It is a 4-mm-spacing2 multiwire proportional chamber
with two anode planes. It is housed in the BPC box filled with i-C4H10

at 50 torr. The BPC box is placed in the F5 vacuum chamber in the
beam line. The BPC parameters and a schematic view of the BPC
are given in Table 2 and Fig. 7, respectively.

Amp-shaper-discriminators (ASD3) are mounted directly on the
BPC box in the F5 vacuum chamber. LVDS logic signals are timed,
through the vacuum feed through, by TDCs4 with 0.78 ns/bin accu-
racy. The readout scheme is common to all other position detectors.

The detection efficiency of the BPC for RI beams from Z = 2 to Z =
8 at 250 MeV/u is shown in Fig. 8. The BPC exhibits a stable HV pla-
teau with 100% efficiency for all the particles tested.

3.2. Beam drift chamber 1 and 2 (BDC1, BDC2)

Two sets of BDCs are placed in front of the target to measure the
phase space of the incident RI beams on the reaction target. Each
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Fig. 7. Schematic view of the BPC and the BPC box.
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Fig. 8. The detection efficiency of the BPC at 50 torr for RI beams from Z = 2 to Z = 8 at 250 MeV/u. Closed and open circles are the total efficiency (!tot) and the efficiency of
multiplicity 1 (!m1), respectively.

Table 3
BDC Parameters.

Drift length, half gap 2.5 mm, 2.5 mm
Anode, potential wire /20 rmum Au-W/Re, 80 lm/ Au-Al
Cathode (gas window) 8 lmt Al-Kapton ! 9 (2)
Configuration xx

0
yy

0
xx

0
yy

0
(8 planes)

Effective area 8 cm ! 8 cm
Readout 128 ch/chamber
Operating gas i-C4H10 at 100 (50) torr
Vacuum window 80 (16) lmt Kapton ! 2
Thickness L=Lr= 0.9 ! 10"3

2 Two anode wires with 2 mm spacing are grouped together for a shorter drift time.

3 16 ch ASD module, GNA-210 manufactured by Gnomes Design. Typical threshold
for the ASD is "0.4 V.

4 64 ch AMT-VME TDC module manufactured by AMSC Co., Ltd.
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Resolution ~ 150 um
Operation voltage > 700 V



Conceptual design of BDC

Beam pipe : φ 10 cm or φ 15 cm
Beam size : Unknown !!!
Beam intensity : Unknown !!!

Only we knew the beam size of the SAMURA !!!
àAssumed similar wire configuration as SAMURA



Modules
64CH  RAINER  MODEL  RPR-010

 
 
 

HAYASHI REPIC 
CORPORATION 

IMPO㻾TE㻾㻿, EXPO㻾TE㻾㻿 & MANUFACTU㻾E㻾㻿' 㻾EP㻾E㻿ENTATIVE 

1-28-3, KITA OT㻿UKA, TO㻿HIMA-KU, TOKYO 170-0004, JAPAN 

TELEPHONE: (81)3-3918-5326 TELEFAX: (81)3-3918-5712 

Specifications
・Signal input  64CH 
・Analog processing circuit  Amp-Shaper-Discriminator (ASD)
・A/D Converter  AD9212(10bit) Sampling frequency 31.25MHz
・FPGA XC７K325T （Xillinx)
・TDC function Build in FPGA / Resolution  1ns
・FPGA Configuration option BPI Flash memory / JTAG / Remote JTAG
・CLOCK 40MHz LVCMOS (1) 125MHz LVDS (1)
・Gb Ethernet UTP(1000BASE-TX) or  Optical (1000BASE-X)
・GTX Transceiver SFP connector
・I/O NIM input (3) NIM output (3) ASD test input (1) HDMI-A (2)
・Switch User DIP  (4) SiTCP Network (1) FPGA  Configuration  (1) JTAG Local/Remote(1)
・Power 5.5V (0.4A) 3.8V(0.6A) 2V(2.7A) 1.8V(1.8A)

64CH RAINER V1 (MODEL RPR-010)is a Readout board for GAS Detector developed in
Collaboration with Electronics System Group of HIGH ENERGY ACCELERATOR RESERCH 
ORGANIZATION (KEK).
The board is equipped with functions such as ASD(Amp-Shaper-Discriminator),
ADC and TDC (built in FPGA),and it digitizes the detector signal for 64 channels.
The digitized signal can be transmitted to PC through Ethernet.
Sample firmware for readout is pre-installed in FPGA.
Please sufficiently verify the firmware before use it.
This board has a Network function utilizing SiTCP.
Please do not connect to public networks when you connect the network.
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Design of BDC

• Drift length : 2.5 mm

• Configuration: xx’yy’xx’yy’

• Anode wire : 20 um

• Potential wire : 80 um

• # of CH of x/x’ plane : 32 ch

• # of CH of y/y’ plane : 16 ch

• Active area : 160 x 80 mm2

• # of ASD module : 3 ASD

• Drift length : 2.0 mm

• Configuration: xx’yy’xx’yy’

• Anode wire : 20 um

• Potential wire : 80 um

• # of CH of x/x’ plane : 32 ch

• # of CH of y/y’ plane : 32 ch

• Active area : 128 x 128 mm2

• # of ASD module : 4 ASD

• Drift length : 2.0 mm

• Configuration: xx’uu’vv’xx’

• Anode wire : 20 um

• Potential wire : 80 um

• # of CH of x/x’  plane : 32 ch

• # of CH of u/u’ plane : 48 ch

• # of CH of v/v’ plane : 48 ch

• # of ASD module : 5 ASD



Design of BDC

Drift length : 2.5 mm
Active area : 160 x 80 mm2

Drift length : 2. mm
Active area : 128 x 128 mm2

32 sensor wires & 33 potential wires

16 sensor wires
& 17 potential wires

32 sensor wires & 33 potential wires

32 sensor wires
& 33 potential wires

xx’uu’vv’ configuration



Active area with design 3

U,V angle
(deg)

Active area
(Y)

Wire #
(X-plane)

Wire #
(V,U planes)

Active area
(X)

15
36 44 144 120
36 44 144 130
36 44 144 140

20
36 44 144 120
35 45 140 130
35 45 140 140

30
34 46 136 120
34 46 136 130
33 47 132 140

Wire spacing : 2 mm



Drift velocity
• I-CH4, 100 Torr



Electric field



Drift line

The wire spacing and the active area 
are same distance

àCircle shape of electric field  
Drift time : ~ 40 ns (1000V)



Garfield sim

2.5mm wire-spacing
2.5mm plan-space

2.5mm wire-spacing
2.0mm plan-space

2.5mm wire-spacing
3.0mm plan-space



Garfield sim
2.0mm wire-spacing
2.0mm plan-space



Mylar

• EJ-590/B10 is discontinued
• G-tech (JAP)
• Type : B(11)
• thickness : 2.540 micron
• film base :Polyester

• 12 um Aluminized Mylar @ KRISS



Wire

• SAMURA

• 20 um Au-coated W/Re

• 80 um Au-Al

Gold Plated Tungsten-Rhenium Wire

Gold coated Tungsten Wire



Sensor wire : 50 𝜇	m SUS304 wire
Guard wire : 20 𝜇	m SUS304 wire

50g tension
< Cathode & Sensor (50	𝜇m)>

< Cathode & Sensor (50 𝜇m) & Guard (20	𝜇m )>

Soldering bench@KRISS



Schedule of wiring and requirements

• Design of PCB board : 1 week

• Fabrication of PCB boad : 1 week

• Wiring : 1 plane / 0.5 day * 8 planes à abou 1 week

• Cathode plane : 1 week

• Schedule
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• Design of PCB board : 1 week

• Fabrication of PCB boad : 1 week

• Wiring : 1 plane / 0.5 day * 8 planes à abou 1 week

• Cathode plane : 1 week

• Schedule

• Beam size !!!
• Beam size !!!
• Beam size !!!

• Requirements


