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We are investigating S=-2 
systems via (K-,K+) reactions 

with the KURAMA 
spectrometer and the HypTPC 
at the J-PARC K1.8 beamline

Why S=-2 systems?



two hyperfragments are uniquely identified. In this report, we describe the analysis of this

event in detail.

2. Analysis

2.1. The event topology

A superimposed image and a schematic drawing of the event are presented in Fig. 1. In

Fig. 2 a), b) and c), magnified pictures are shown around the vertices A and B, vertex C and

vertex D, respectively. The range and angle of each track are listed in Table 1, where theta

and phi denote zenith and azimuthal angles, respectively. We named this event “KISO”.
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Fig. 1 A superimposed image by photographs and a schematic drawing of KISO event.
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Fig. 2 Close-up images around each vertex. a) Points A and B. From the point A, an

Auger electron can be seen bellow track #2. b) Point C, and c) point D.
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E07, Double hypernuclei in Emulsion Exp.
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FIG. 1. Schematic view of the experimental setup around the
(K−, K+) reaction target.

(20 [x] × 20 [y] × 35 [z (beam direction)] mm3) as the target
[16]. The experimental setup around the target is schematically
shown in Fig. 1.

The SciFi-Bundle detector sandwiched between the dia-
mond target and the emulsion stack measured the position
and angle of each "− hyperon with a high precision. The
positions and angles of the "− hyperons at the surface
of the first emulsion plate (thin plate) were thus provided.
Under a microscope, first we identified the tracks of "−

hyperons detected with the SciFi-Bundle detector in the thin
plate, and then followed the tracks to their end points in the
emulsion plates. The production of a double-! hypernucleus
and its decay were searched for around the end points. The
hybrid system of the SciFi-Bundle detector and emulsion was
described in detail by Ichikawa et al. [17]. We searched for the
tracks of "− hyperons in the emulsion using a fully automated
scanning system and followed each identified track using
semiautomated scanning system (See details in Ref. [18]).

Scintillating fiber (SciFi) detectors, U-Block and D-Block,
were placed both upstream and downstream of the emulsion
stack. If a daughter track originating from the decay of a
hypernucleus escaped from the emulsion stack, the track could
be still observed in the U-Block and/or D-Block. Thus we
could measure the range and identify the particle for the
track to kinematically reconstruct the event. The detail of the
performance of the SciFi detectors is described in Ref. [19].

In the experiment, we followed about 2 × 104 candidate
tracks of "− hyperons, and found nearly 103 stopping vertices
with charged daughter tracks in the emulsion. Among them,
sequential decays with three vertices were found in seven
events. Although we were not able to reconstruct three events

because some tracks were difficult to be seen clearly, the !-!
interaction can be discussed on four events with nuclear species
in the following section.

The detail of the experiment can be seen in Refs. [8]
and [18].

III. DOUBLE-! HYPERNUCLEAR EVENTS

A. Nagara event

In the recent PDG results [13], a huge amount of data
from an experiment was taken into account for the mass of
the "− hyperon, where other old data were not used for its
compilation. The mass value was adopted to be 1321.71 ±
0.07 MeV/c2 which was 0.40 MeV/c2 heavier than the old
one of 1321.31 ± 0.13 MeV/c2. This mass change of the "−

hyperon requires revision of the values of B!! and #B!!

obtained from the vertex of "− hyperon capture, i.e., the
production point of the double-! hypernucleus in the Nagara
event. In this chapter, although interpretation of the Nagara
event has not been changed from the previous paper [8],
numerical values are presented for revision.

A picture and schematic drawing of the event are shown in
Fig. 2.

Three charged particles (tracks 1, 2, and 3) were emitted
from "− hyperon stopping vertex A, and one of them (1)
decayed into three charged particles (4, 5, and 6) at vertex B.
At the end point of track 4 (vertex C), it was associated with
two charged particles (7 and 8).

Since there were typographical errors in the data of lengths
and angles of the tracks in the previous paper [8], they are listed
with correction in Table I. Coplanarities calculated for the three
tracks emitted from vertices A and B are again well presented
to be −0.002 ± 0.030 and 0.003 ± 0.013, respectively.

Since the mass value of the "− hyperon was changed, we
applied kinematic analysis to the production vertex A in the
same manner as in the previous paper [8]. The results are
presented in Table II. In the table, the modes with #B!! −
B"− < 20 MeV are listed.

Even if the mass value of the "− hyperon were changed,
the results of the kinematic analysis could not be changed for
all possible decay modes at vertex B from the previous results.
Very recently, the binding energy of a ! hyperon in 7

!He was
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FIG. 2. Photograph and schematic drawing of the Nagara event.
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TABLE I. Track lengths and emission angles from vertices A, B, and C of the Nagara event. Several values with underline are corrected
ones for typos in the previous paper [8].

Point Track Length (µm) θ (degree) φ (degree) Comment

A 1 8.1 ± 0.3 44.9 ± 2.0 337.5 ± 1.8 double-# hypernucleus
2 3.2 ± 0.4 57.7 ± 5.2 174.9 ± 2.9
3 88.6 ± 0.5 156.2 ± 0.5 143.0 ± 1.0

B 4 9.1 ± 0.3 77.7 ± 1.6 115.9 ± 0.8 single-# hypernucleus
5 82.1 ± 0.6 122.8 ± 1.0 284.2 ± 0.7 stopped in base
6 13697 81.0 ± 0.5 305.5 ± 0.2 π−

C 7 742.6 ± 0.6 138.5 ± 0.2 322.1 ± 0.3 stopped in D-Block
8 5868 ± 20 52.2 ± 1.2 123.7 ± 0.7 scattered before stopping

given to be 5.68 MeV by Nakamura et al. [20]. Although
we took 7.0 MeV as its upper limit in the previous paper,
interpretation of the event is not influenced by the new value
of the 7

#He binding energy.
We found again that the case of a #

6
#He is consistent in

both processes of production and decay as follows:

12C + %− → #
6
#He + 4He + t

↪→ 5
#He + p + π−.

Kinematic fitting has been performed for the vertices A and
B; the values of B## and 'B## were obtained as a function
of the %− binding energy (B%− ):

B## = 6.79 + 0.91 B%− (±0.16) MeV,

'B## = 0.55 + 0.91 B%− (±0.17) MeV.

Taking into account a B%− of 0.13 MeV [21] for the 12C-%−

system, the values of B## and 'B## are 6.91 ± 0.16 MeV
and 0.67 ± 0.17 MeV, respectively.

TABLE II. Possible production modes of the double-# hypernu-
cleus, the Nagara event. Although the vertex is also coplanar within
error, the cases of neutron emission are presented. Only the cases of
'B## − B%− < 20 MeV are listed. In case (1), values by kinematic
fitting for the vertices A and B are presented in the text.

Target 1 2 3 B## − B%− 'B## − B%−

[MeV] [MeV]

12C #
6
#He 4He p 2n >16.46 >10.22

12C #
6
#He 4He d 1n 14.08 ± 0.63 7.84 ± 0.63

12C #
6
#He 4He t 6.93 ± 0.19 0.69 ± 0.20 (1)

12C #
7
#He 4He p 1n 21.24 ± 1.24 12.88 ± 1.26

14N #
6
#He 7Li p 1n 24.02 ± 1.98 17.78 ± 1.98

14N #
6
#He 6Li d 1n 25.42 ± 1.25 19.18 ± 1.25

14N #
6
#He 4He 4He 1n 17.55 ± 1.47 11.31 ± 1.47

14N #
7
#Li 4He t 1n 25.79 ± 0.87 16.79 ± 0.87

14N #
8
#Li 4He d 1n 31.16 ± 1.50 20.00 ± 1.50

14N #
9
#Li p 4He 1n 31.06 ± 1.33 17.46 ± 1.33

16O #
8
#Li 4He 4He 1n 30.66 ± 0.83 19.50 ± 0.83

B. “Mikage” event

The event was tagged by a K+ meson of which mo-
mentum and mass were measured to be 1.105 GeV/c and
0.493 GeV/c2, respectively. Figure 3 shows a photograph
and schematic drawing of production and decay of a double-
hypernucleus for the Mikage event. A %− hyperon came to rest
at point A, from which two charged particles (tracks 1, 2) were
emitted. One of them (1) decayed into two charged particles
(3, 4) at point B. The particle of track 3 decayed again to two
charged particles (5, 6) at point C. The particle of track 6 was
escaping from the emulsion stack to the upstream Scifi-Block
detector (U-Block). The coplanarity calculated from angles
of tracks 3, 5, and 6 was −0.35 ± 0.13, so the three tracks
are coplanar within three standard deviations. The lengths and
angles of these tracks are summarized in Table III.

The particle of track 4 stopped in the emulsion after
nearly 20 mm flight from the decay point (B) of a double
hypernucleus. There are no charged particles emitted from its
stopping point. In order to identify the species of the track
4, we performed the energy-loss measurement (counting of
developed grain per unit length of emulsion, “grain density”)
at four regions within 10 mm from point B. If we assume the
particle of the track and its initial kinetic energy, the grain
density can be calculated for each region along the track.
Therefore, by minimizing the sum of the deviation between
the measured grain density and calculated one at each region
in the emulsion stack, we obtained the initial kinetic energy
and the goodness of the fitting (χ2) for each assumed species.
Meanwhile, the kinetic energy was also derived from the
range-energy relation, which is independent of the energy-loss
measurement. These results are presented in Table IV, and thus
the particle of track 4 was found to be a proton by comparison
of both data.
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FIG. 3. Photograph and schematic drawing of the Mikage event.
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TABLE V. Possible decay modes of the single-! hypernucleus
in the case for decay in-flight at vertex C without neutron emissions
for the Mikage event. Evisible is a kinetic energy from both charged
particles (tracks 5 and 6). The kinetic energy (Edecay) of the single
hypernucleus is calculated from momentum of daughters (5 and 6) at
the decay point C. Again, the value of 5.68 MeV is taken for the !

hyperon binding energy in 7
!He given by Nakamura et al. [20].

Single hyp. Track Q value Evisible Evisible − Edecay

5 6 (MeV) (MeV) (MeV)

3
!H 3He π− 43.20 50.53 ± 1.70 44.07 ± 1.73
7
!He 7Li π− 42.14 51.20 ± 1.73 45.96 ± 1.78
9
!Li 9Be π− 46.23 52.16 ± 1.77 46.08 ± 1.85

although the value of #B!! at the decay point is much larger
than that of the Nagara event, the errors are also large, to give
consistency with Nagara. Thus we obtained the error-weighted
mean values of B!! and #B!! as 22.15 ± 2.94 MeV and
3.95 ± 3.00 MeV for the process (2) and 23.05 ± 2.59 MeV
and 4.85 ± 2.63 MeV for the process (3), respectively. Since
the mesonic decay rate of a daughter 9

!Li nucleus is not so large
(about 20%) [22], the case of !

6
!He would be more likely.

C. “Demachiyanagi” event

The event was tagged by the K+ meson with 1.139 GeV/c
and 0.487 GeV/c2, which are the momentum and the recon-
structed mass, respectively. No charged particle except for
the K+ meson was seen in the SciFi detector. This means
all charged particles relating to the event were stopped in the
emulsion.

A $− hyperon entered and stopped in the emulsion with a
range of about 7 mm and formed a star. The photograph and
schematic drawing of the event are shown in Fig. 5.

To get a better position resolution, we cut and swelled a
small area of the emulsion plate and sliced it into a tiny piece
of 0.5 mm width. That made it possible to observe the event
from the vertical (ordinal) and the horizontal directions, and

TABLE VI. Possible decay modes of the double-! hypernucleus,
the Mikage event, decaying to single-! hypernuclei listed in Table V.
Only the cases of #B!! > −20 MeV are listed. Since the value
of a ! binding energy of a 11

! Be nucleus, B!(11
! Be), is not known,

a parenthetic value of #B!! is obtained assuming B!(11
! Be) =

B!(11
! B).

Double-hyp. Track B!! (MeV) #B!! (MeV)

3 4

!
6
!He 3

!H p 2n <46.07 <39.83 (1)

!
7
!He 3

!H p 3n <54.55 <46.19

!
8
!He 3

!H p 4n <56.49 <45.13

!
9
!He 3

!H p 5n <59.22 <44.90

!
9
!Li 7

!He p 1n 47.50 ± 8.35 33.90 ± 8.35

!
10
! Li 7

!He p 2n <67.07 <50.07

!
11
! Be 9

!Li p 1n 37.59 ± 10.58 19.37 ± 10.59 (2),(3)

!
12
! Be 9

!Li p 2n <54.53 (<34.05)

TABLE VII. Possible production modes of the double-! hy-
pernucleus, the Mikage event. Only the cases of #B!! − B$− <

20 MeV are listed.

Target Track B!! − B$− #B!! − B$−

1 2 (MeV) (MeV)

12C !
6
!He 6Li 1n 9.88 ± 1.71 3.64 ± 1.71 (1)

12C !
9
!Li 3He 1n 22.98 ± 1.44 9.38 ± 1.44

12C !
11
! Be p 1n 20.73 ± 3.06 2.51 ± 3.09 (2)

14N !
6
!He 7Be 2n >17.41 >11.17

14N !
7
!He 7Be 1n 22.27 ± 3.23 13.91 ± 3.24

14N !
11
! Be 3He 1n 21.95 ± 2.67 3.73 ± 2.71 (3)

16O !
9
!Li 7Be 1n 33.10 ± 2.82 19.50 ± 2.82

these photographs and schematic drawings are shown in Fig. 6.
Comparing the two photos, one can recognize three vertices in
the event.

From the $− hyperon capture point A, two charged particles
(tracks 1 and 2) were emitted in collinear topology within
measurement error. Track 1 shows a decay topology into a
charged particle (track 3) and neutral one(s) at point B. Two
or three charged particles [tracks 4, 5 (6)] were emitted from
the end point C of track 3. Because the first half of track 5 is
rather thick, another track may exist parallel to track 5. This
possible track was assigned as track 6. Ranges and angles
of tracks are listed in Table VIII, where they were measured
before swelling the emulsion. The range of track 1 is quite
important in determining its mass. Then we determined the
most probable value and an upper and lower limit of its range.
The reason why the range error of track 1 is different values
for the sign, (+) and (−), is that the $− hyperon seems to have
turned to the (+) direction before stopping. Regarding track
3, the range error is also determined by the stopping point of
the track. The particle of track 4 was identified as a proton
from the measurements of the grain density and the range.
The effect on the measurement of the angles by any distortion
due to swelling was checked and found to be negligibly small
within quoted errors.

A

#6

#5 #3

#2
#4

#1C

B
Ξ-

10 µm

10
µm

FIG. 5. Photograph and schematic drawing of the Demachiyanagi
event. A photograph was obtained by summing up images taken at
various focusing position of the microscope.
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FIG. 7. Image around the target region for the Hida event. The
solid lines are tracks of incoming K− and outgoing K+ mesons
measured with the spectrometer system. The dashed line is a predicted
track to be the reconstructed !− hyperon scanned with the SciFi-
Bundle. The dotted and dashed-dotted lines are extrapolated ones for
the track of the !− hyperon (associated with point A in Fig. 8) and
tracks 6 and 7 using the position and angle of those tracks in the
emulsion, respectively.

says that process (1) is the most probable, though processes
(2) and (3) cannot be rejected.

Regarding the excitation of the double-" hypernuclei,
theoretical study has been made for the nuclei with A = 7–10
based on four-body cluster structure [9]. In the paper given by
Hiyama et al., they discussed the 2+ excited state and obtained
2.86 MeV of the excitation energy for the "

10
" Be∗ nucleus,

which is in very good agreement with our result in process (1).

D. “Hida” event

The momentum and mass of the tagged K+ meson were
1.119 GeV/c and 0.495 GeV/c2, respectively. An image of the
target region for the event is shown in Fig. 7. A track shown as
“predicted track” in the figure has been followed and arrived at
a star presented in Fig. 8, which is a photograph and schematic
drawing of the Hida event.

10 µm
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C
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FIG. 8. Photograph and schematic drawing of the Hida event.

The reconstructed !− hyperon candidate in the Scifi-
Bundle was a particle of track 7, and this track was followed
downstream of the emulsion to its end point. A heavily
scattered track associated at point A becomes straight upstream
of the emulsion stack, thus this particle must be a !− hyperon
from the (K−,K+) reaction vertex. Its track was escaping
from upstream of the emulsion and was not recorded in
the Scifi-Bundle. From Fig. 7, the (K−,K+) reaction seems
to have occurred at the most downstream position of the
Scifi-Bundle.

Three charged particles (tracks 1, 2, and 3) were emitted
from the at-rest capture point A of the !− hyperon candidate.
One of them (1) decayed into three charged particles (4, 5,
and 6) at point B. The particle of track 4 decayed again into
two charged particles (7 and 8) at point C. The particle of
track 6 escaped from downstream of the emulsion stack and
its trajectory was recorded in the v-z plane of D-Block.

The lengths and angles of these tracks are summarized in
Table X. Regarging the particle of track 6, it was identified as
a proton using range data in the emulsion and D-Block, and by
ionization measurement in the emulsion. The particle of track
7 was also found to be a proton by ionization measurement in
the emulsion and brightness of the track in U-Block.

Since both of the double-" and the single-" hypernucleus
decayed nonmesonically, it was found that the double-"
hypernucleus must be a ""Be or ""B nucleus, only from the
number of the emitted charged particles and the assumption
of a !− capture by a light nucleus (12C, 14N, or 16O).
Kinematic analysis has been made at production point A and
possible modes are listed in Table XI. The event reconstruction
at points B and C gave us no constraints to the nuclide
identification.

TABLE X. Lengths and angles of the tracks for the Hida event. The length of track 7 is only the visible amount in the emulsion. Points A
and B are noncoplanar vertices, where coplanarities are −0.434 ± 0.073 and −0.449 ± 0.006 for points A and B, respectively.

Point Track Length (µm) θ (degree) φ (degree) Comment

A 1 2.3 ± 0.2 53.3 ± 4.0 116.0 ± 5.8 double-" hypernucleus
2 53.5 ± 0.2 100.7 ± 0.2 7.0 ± 0.1
3 4.7 ± 0.6 91.7 ± 3.2 256.7 ± 1.0

B 4 7.7 ± 0.1 4.1 ± 0.5 95.1 ± 6.2 single-" hypernucleus
5 74.9 ± 0.4 74.6 ± 0.1 180.5 ± 0.1
6 >5847.9 ± 11.3 147.6 ± 0.1 51.2 ± 0.1 proton

C 7 >6728.8 ± 8.2 31.0 ± 0.1 115.3 ± 0.1 proton
8 96.0 ± 0.4 107.2 ± 0.1 356.6 ± 0.1
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KEK-E522

and above the �� threshold.

2. E42 Spectrometer

The proposed experiment (E42) will be carried out via (K�,K+) reaction o⇥ the nuclei at the K1.8
beamline of the hadron hall of the J-PARC ficility. E42 spectrometer consists with a large-acceptance
hyperon Time-Projection-Chamber and forward KURAMA spectrometer as shown in Fig. 1 (a). The
K� beam enters into a HypTPC, which measures all charged tracks from the �� decays or �p��
decays as shown in Fig. 1 (b). Simultaneously, forward KURAMA spectrometer detects the forward
outgoing K+ particle with high momentum resolution.
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Fig. 1. A schematic view of the HypTPC with KURAMA spectrometer (a) and (b) shows a cross-sectioanl
view of TPC and typical event display of �� production.

The HypTPC has a cylindrical active volume of 500 mm diameter and 550 mm in length. The
K� beam injects a side of HypTPC and the electron drifts downward along the magnetic field. The
HypTPC can measure all charged particles and � decays from the 15 mm long diamond target with
almost 4� acceptance. The accpetance can be improved by locating the target 150 mm upstream of the
center of the TPC gas volume. The target holder has a thin copper strips in 2.5 mm pitch to provide
uniform electric field near the target. A gas electron multiplier (GEM) is employed to make a stable
operation. We had performed a test experiment to confirm an operation of the GEM amplification
with a high-count rate proton beam at RCNP. The GEM amplification can be operated up to 106 Hz
of beam intensity [8].

We have optimized the configuration of pad size and layer structure, as shown in Fig. 2 (a). The
pad width is about 2.5 mm and a length of inner pad is 9 mm, while an outer pad has 12.5 mm length.
The total number of pads is 5768. A General Electronics for TPC (GET) will be used in the pad
readout with an induced charge in the pads and a electron drift time. The performance of the readout
electronics depends on the multiplicity of the each GET board. The color in the Fig. 2 (a) shows the
readout section for one GET board, which has 256 channels for a board. We have taken into account
a multiplicity of the readout electronics and it is optimized to get a similar multiplicity for the each
GET board with various configurations of the readout electronics and have chosen this configuration

2

E42, Hyperon TPC (HypTPC) with KURAMA 
spectrometer

5

  Most stable spin and isospin singlet with 6-quarks (uuddss) compose was 
predicted by R. L. Jaffe. We search for H→ΛΛ→π-π-pp and H→Λπ-p→π-π-pp 
with Hyperon Time-Projection-Chamber (HypTPC), Yield : 11000 ΛΛ

Drawn by S.H. Kim

•Large Acceptance  
•Target is inside TPC  
•High resolution (~1 MeV/c2) . 
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Development of the 
KURAMA 

spectrometer
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New KURAMA spectrometer
Beam : 1.67 GeV/c, 105 - 106 K-/spill → Operation with a high counting rate  
Solid angle : 280 msr (E373 : 170 msr) → Detectors w/ a large effective area
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K- beam

K+
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target

FBH

Emulsion stack

SSD3000 mm
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∆Ω !; Δ! = !2! ! cos !
!!!!!!

!!!!!!
× ! number!of!accepted!eventsnumber!of!generated!events! 

KEK-E373 experiment : 170 msr (pole gap : 50 cm) 
E07 ⇒ 80 cm pole gap

= 282 ± 1 msr
K+

→ 65 % improvement

Enhancement 
in the solid angle

80 cm pole gap
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ELPH test experiment

9

Beam time : June 23th - 26th at ELPH

   We performed a test experiment to evaluate a position dependency 
and an angular dependency for SSD, BAC, PVAC, BH2 and CH.

SSD

BAC
PVAC

BH2

CH

500 MeV/c e+



KURAMA magnet and Drift chamber

KURAMA magnet AIDA chamberKL chamber

•KURAMA magnet is ready. 
•Check the signal of the DCs 
•Development of a new  

Multi-hit TDC module  
(NOTICS KOREA)  

Active area : 1.8 x 1.8 m2

10

New-DC1



Timing counter
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PMT H10570 H2431-50
Gain 5 x 10 2.5 x 10
T.T.S 0.25 ns 0.37 ns

Max HV -1750 V -3500 V

Scintillator EJ-212 EJ-230

Purpose Thin 
scinti.

Fast 
timing

W.L. 423 nm 391 nm

Rise time 0.9 ns 0.5 ns

Scintillator  
 120 x 40 x 6 mm3

Fishtail light guide 
OLD, more then 20 years.



Intrinsic TOF resolution of the BH2
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EJ-212, w/o reflector

Position dependency from the ELPH text experiment.  
By combining three timing counters ( two BH2’s and downstream 
trigger), the intrinsic resolution of the BH2 were estimated. 

H2431-50H10570

Bad TOF resolution comes from low gain, but 80 ps is good enough to identify the scattered Kaon. 



Time-of-Flight wall

Number of Segment: 24 segments  
Scintillator: EJ-200, 1800 x 80 x 30 mm3 

PMT: Hamamatsu H1945 (30 years old) 

Active area : 1805 x 1800 mm2
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ToF resolution Attenuation length

σInt ≅ 90 ps 
with aluminised Mylar  Att : 140 cm Att : 290 cm
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Active area : 1.8 x 1.8 m2

TOF resolution is estimated to be about 120 ps
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…

[front view]

[top view]

…

…

… 24 ToF scintillators 
30 x 80 x 1800 mm3

[side view]

6 trigger scintillators 
30 x 80 x 1200 mm3

10 mm overlap each
Setup
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Trigger counter  
(1200 x 80 x 30 mm3)

We are performing the cosmic test with six large size trigger counter
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e+ Beam injection positions
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BAC identifies the pion background from the K- beam in the online level. 

n=1.03, SP-30

3-inch FM-PMT



New SSD system

Type Single-Sided, p-in-p

Number of Strips 1536 per one plane

Effective Area 77 x 77 mm

Pitch, Thickness 50µm, 300µm

Planes x,y,x’,y’

The SSD identifies Ξ- track from the diamond target to the emulsion 
stack with high counting rate and resolution. 
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X layer Y layer

RMS of pedestal at the ELPH facility 

S/N ratio

X layer Y layer

cf. S/N ratio for the old sensor (E10 sensor) 
: about 20

SN ratio SN ratio



PVAC : Trigger high momentum K+ (PK > 0.84 GeV/c).  
           Low momentum protons (<1.6 GeV/c) can be rejected. 
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Proton Veto Aerogel Counter 
(PVAC)

The PVAC will be used for improving the 1st level trigger efficiency. 

図 2.4: (a)(K,− ,K+)反応における散乱後の粒子の運動量と再構成された質量の 2次
元プロット。(b)1.3 GeV/c以下の運動量を持つ粒子に対して再構成された質量。散乱
後の粒子のほとんどが陽子であることが分かる。この実験データは、以前にKEKで、
p(K−,K+)Ξ−反応の断面積の測定が行われたときのものである [16]。
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3D-Matrix Trigger

K- beam

KURAMA  
magnet

CH 
64 segments

TOF 
24 segments

FBH 
16 segments K+ particle from Ξ- production 

+ charge high momentum 
+ charge low momentum 
- charged particle

  By taking the matrix coincidence of the CH and the TOF, the charges and momenta of 
the outgoing particles are roughly selected in the online trigger. 

K+

Measure beam 
position

K+ Beam Size at FF, X (mm)
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QQDQ beam-line spectrometerQQDQ beam-line spectrometer

Beam profile @ FF J-PARC E07
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Charge Hodoscope

# of Channel 64
thickness 2 mm 

width 11.5 mm
spacing 10.5 mm

read-out 1x1 MPPC w/ 
WLS fiber

effective area 674 x 450 mm

MPPC1 MPPC2 MPPC3 MPPC4



Old_MPPC_6
LED:2.85V LED:2.92V

LED:2.99V

MPPC readout, CH
MPPC array board (16 ch)

EASIROC board

•HV gain tuning 
•ADC (Peak height) 
•MHTDC (16 hits, 1 ns) 
•LVDS(discriminator) output

EASIROC

FPGA

LVDS output

SOY 
Ethnet

Input Test out

20

7 mm

139 mm

45 mm

Matrix  
trigger module

HV line



Gain and Efficiency
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We measured the gain and position & angular dependency at the ELPH facility. 
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64 segments have almost similar gain. 
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No Y dependency
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MPPC array board for FBH
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Old_MPPC_6
LED:2.85V LED:2.92V

LED:2.99V

•Fine beam Hodoscope (FBH)  
Measurement of the beam position with fine segment.  
We used the improved MPPC (S12571-100P)

Old MPPC vs New MPPC

HV:75.1V HV:69.2V

Old MPPC vs New MPPC

HV:75.1V HV:69.2V

New_MPPC_1

LED:3.03V

LED:2.80V LED:2.98V

•FBH’s MPPC array board

•cf. CH’s MPPC array board (S10361-100P)

5 mm

90 mm

30 mm

HV line



Development of the 
HypTPC
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Hyperon Time-Projection-Chamber
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Target and  
Target holder

TPC Hodo

Gas vessel

Field cage

GEM, Gating grid,  
Read-out pad

E = 180 V/cm

B = 1.5T (dBρ/B = 1.6%)

P10 gas

106/spill K- beam

• High counting operation, GEM and gaiting 
grid are adopted.  

• Small pad size (5678 pads)  
• Large acceptance

Trigger scintillators

Dead layers

Diamond Target 
& Target holder

Pad layers TPC outer volume
& Field cage

K- beam

p �-

�

�

p

�-

K+

Superconducting
Helmholtz coil 



Configuration of Readout-PAD
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Inner pad : 10 layers, 2.1 - 2.7 x 9 mm2 
Outer pad : 23 layers, 2.3 - 2.4 x 12.5 mm2 

Read-out pad :5768

Beam

Target 
position

Colours show read-out channels for each AsAd board. 



ASIC for  Generic Electronic for TPC (AGET)
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1.  Introduction 
 

This document gives a full description of the AGET (ASIC for General 
Electronics for TPC) circuit. It must perform the amplification, the detection and the 
analog storage of the shaped detector signal before its digitization by an external 
ADC. The architecture is based on the one of the AFTER chip [ref.2] with 
significant new features and modifications to match the different detectors (gain 
and drift time), to detect the signal (trigger & hit channel address), to support the 
different kind of particles (charge) and also the different kind of nuclear reaction 
(2p radioactivity). 

Four of these circuits (Fig. 1) are soldered on the Asad (ASIC Support & 
Analog-Digital conversion) card with four 12-bit ADC (one per AGET). The digital 
outputs of the 4 ADCs are transmitted by 8 differential lines with a maximum 
speed of 1.2 Gbit/s to the CoBo board.  

The CoBo (Concentration Board) board is responsible for applying a time 
stamp, zero suppression and compression algorithms to the data. It will also serve 
as a communication intermediary between the AsAd and the outside world. The 
slow control signals and commands to the AsAd will be transmitted via the CoBo 
(four AsAD per CoBo). 

 The Mutant (Multiplicity Trigger And Time) card manages the multiplicity, the 
conditions for the trigger, and the distribution of the clock on the whole system. 
The global data is transmitting through network switch to computer farm.  
 

 
Fig. 1: Global view of the GET electronic. 
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ZAP board ZAP

Ready

Ready in this fiscal year

Ready early in the  
next fiscal year



HypTPC

27

HypTPC without field-cage 3 layers of GEM sheet

616 mm

10
0 

m
m

Cathode plane

Wire plane for  
TPC calibration

Gating grid

Conversion board

GEM sheet



Hyperospectrometer Magnet
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•Uniform B-field with TPC active 
volume ( 500 D and 550 H) at B = 1.5 T 

•Large Opening window, 400 (H) and 
90o opening angle.  

•The design of Helmholtz-coil was done 
by KR-tech (Korean company). 



Transverse B
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R <150 mm : dBr/B0 < 0.3 % 
Corner :  dBr/B0 ~ 1.3 %

B-field calculation by KR-Tech’s own software 

XY- plane

R <150 mm : dBr/B0 < 0.3 % 
Top :  dBr/B0 ~ 1.6 %

ZY- plane



Summary
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The KURAMA spectrometer is almost ready!! 

We performed a beam test at the ELPH facility.  
Characteristic of  BAC, PVAC, CH and BH2 were 
evaluated.  

!

We just got the HypTPC and it will be tested soon. 

Full read system will be ready early in the next fiscal 
year.  

Fabrication of the SC-Helmholtz-coil will be start in 
this fiscal year.



�
������	� 
Thank you 
����


31


