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ΞN interaction

TANIMURA, SAGAWA, SUN, AND HIYAMA PHYSICAL REVIEW C 105, 044324 (2022)

FIG. 1. The estimated energy spectrum of the 15
! C nucleus as a function of the p-wave spin-spin interaction strength vp

σ . Shown by lines
are the energies of the levels labeled by the orbital occupied by the !− particle, !l j , and the total spin-parity, Jπ . The experimental data of
B!− are shown by colored bands. The measured binding energy of KISO event was reported in Refs. [6,7], IRRAWADDY and KINKA events
in Ref. [10], and IBUKI event in Ref. [9]. For KISO and KINKA events there are two possibilities each that correspond to the ground and an
excited state of the decay products. For the parameter set (a) in Table I, we regard KINKA event at E! = −4.96 MeV as the ground state for
the fit, while KINKA event at B!− = −8 MeV is adopted for the fit in the parameter set (b).

V HAL
β (Rβ ) = 0. As a result, the factors fβ (r) suppress

the repulsive cores of the HAL potential, which would
induce the short-range correlation missing in our simple
framework. Also, we take zero-range reduction of the RMF
meson-exchange interaction for the set (a) (set (b)) in Table I
[19,20]:

α = −gσN gσ!

m2
σ

+ gωN gω!

m2
ω

= −327 (−342) MeV fm3. (25)

Thus, finally, we employ

vσ = (Vσ/V0)α = 4.87 (5.09) MeV fm3, (26)

vτ = (Vτ/V0)α = 26.83 (28.05) MeV fm3, (27)

vστ = (Vστ/V0)α = −53.56 (−55.98) MeV fm3, (28)

where V0 = −201 MeV fm3 for the selection t/a = 12 in the
lattice QCD calculation. Among the spin and isospin depen-
dent terms of the !N interaction given in Eq. (22), only vσ

contributes to the binding energy of 15
! C since the core is the

isospin T = 0 nucleus, 14N. As seen in Eq. (26), the value vσ

is rather small so that we cannot reproduce the spin-doublet
state of IRRAWADDY and KINKA events by the s-wave
interaction. It should also be noted that the HAL potential
provides the s-wave !N interaction only, and a missing part
of the !N interaction, p-wave spin and isospin dependent
terms, might be important in 15

! C since the core 14N is a p-shell
nucleus.

Next, we introduce a p-wave spin dependent interaction
defined by

V p
N! =

∑

i∈nucleons

vp
σ!i · !!

←−∇ · δ(ri − r!)
−→∇ , (29)

where v
p
σ is parameter to be optimized by IRRAWADDY and

KINKA events. In this work, we do not include ))-!N
coupling for the following reason: The ))-!N coupling of
the HAL potential is very small. For instance, in Ref. [21], the
NNN! four-body system was predicted to have a bound state
with very small decay width (0.05 MeV) related to ))-!N
coupling. From this fact, it is expected that the decay width is
small in the present work.

First, assuming IRRAWADDY is the ground state of 15
! C,

Fig. 1(a) shows the energy spectrum of 15
! C as a function of

p-wave spin-spin interaction v
p
σ . We see that, for the negative

value of v
p
σ ≈ −150 MeV fm5, the energies of J = 1/2+

and 3/2+ are in good agreement with IRRAWADDY event
and KINKA events, respectively. In this case, IRRAWADDY
event (KINKA event) can be interpreted as an observation of
the ground (excited) state. On the other hand, for the posi-
tive value of v

p
σ ≈ 100 MeV fm5 the energies of J = 3/2+

and 1/2+ are in good agreement with IRRAWADDY event
and KINKA events, respectively. In this case, IRRAWADDY
event (KINKA event) can be interpreted as an observation of
the ground (excited) state, too. Next, assuming the lower part
of KINKA event is the ground state of 15

! C, for the negative
value of v

p
σ ≈ −150 MeV fm5, KINKA event (IRRAWADDY

event) can be interpreted as the observation of the Jπ = 1/2+

(Jπ = 3/2+) state, while for the positive value of v
p
σ ≈ 125

MeV fm5, KINKA event (IRRAWADDY event) can be in-
terpreted as the observation of the Jπ = 3/2+ (Jπ = 1/2+)
state.

It should be noticed that the optimized p-wave !N
interaction is more or less the same magnitude as the p-
wave N-! NLO interaction in chiral effective field theory
in Ref. [2].
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consider the isospin breaking from strong interaction nor
the Coulomb interaction, so that T is a good quantum
number. For the NΞ interaction, however, we take into
account both strong interaction and the Coulomb inter-
action, since the latter effect may not be negligible for
weakly bound Ξ nuclei. Accordingly, possible isospin
breaking such as the mixing between T ¼ 0 and T ¼ 1
for NNNΞ may occur.
In the GEM, three and four Jacobi coordinates are

introduced to describe NNΞ and NNNΞ, respectively.
Shown in Fig. 2 are the four rearrangement channels in
NNNΞ. The four-body wave function is given as a sum of
c ¼ 1–4 in Fig. 2 with the LS coupling scheme:

ΨJM ¼
X4

c¼1

X

αI

X

ss0Stt0T

CðcÞ
αIss0Stt0T

×Af½ϕðcÞ
αI ðrc; Rc; ρcÞf½χsð12Þχ1

2
ð3Þ%s0χ1

2
ðΞÞgS%JM

× ·½fηtð12Þη1
2
ð3Þgt0η1

2
ðΞÞ%T;Tz

g: ð1Þ

Here A denotes the antisymmetrization operator for the
nucleons. Spin and isospin functions are denoted by χ’s and
η’s, respectively. Total isospin T can in principle take the
values 0,1,2. However, T ¼ 2 corresponds to the 3N state
of t0 ¼ 3=2 in the continuum, so that its contribution is
negligible. The spatial wave functions have the form
ϕαIM0ðr;R; ρÞ ¼ f½ϕnlðrÞψNLðRÞ%KξνλðρÞgIM0 with a set
of quantum numbers, α ¼ ðn;l;N;L;K; ν; λÞ, and the
radial components of ϕnlmðrÞ are taken as rle−ðr=rnÞ

2
,

where the range parameters rn are chosen to satisfy a
geometrical progression. Similar choices for ψNLðRÞ and
ξνλðρÞ are taken. These four-body basis functions are
known to be sufficient for describing both the short-range
correlations and the long-range tail behavior of the few-
body systems. The 3N binding energy with the present AV8
NN potential becomes 7.78 MeV which is less than the

observed binding energy 8.48 MeVof 3H. This discrepancy
is attributed to the three-body force, so that a phenomeno-
logical attractive three-body potential defined by W3 ·
exp½−

P
i>jðrij=δÞ2] is introduced, where rij are the rela-

tive distances between the three nucleons Ni, with W3 ¼
−45.4 MeV and δ ¼ 1.5 fm.
In Table I, we summarize the binding energies of NNΞ

and NNNΞ systems, where we omit atomic states which
are (almost) purely bound by the Coulomb interaction. We
note that the isospin mixing by the Coulomb interaction is
found to be small, so that the states can be labeled by T in
good approximation.
Let us now discuss the results with the ESC08c ΞN

potential. The binding energy of the NNΞ system with
ðT; JπÞ ¼ ð1=2; 3=2þÞ with respect to the dþ Ξ threshold
is 7.20 MeV, while the NNΞ with ðT; JπÞ ¼ ð1=2; 1=2þÞ is
unbound. Such channel dependence can be easily under-
stood in the following manner: For NNΞð1=2; 3=2þÞ,
nucleon and Ξ spins are all aligned. Since the nuclear
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FIG. 2. Jacobi coordinates for the rearrangement channels of
the NNNΞ system.
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FIG. 1. ΞN phase shifts in the 33S1, 13S1, 11S0, and 31S0 channels using (a) the ESC08c potential and (b) the HAL QCD potential
(t=a ¼ 12).
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Experimental data is still scarce and
ΞN scattering experiment is little difficult ...
Spectroscopy of Ξ hypernuclei is important.

Nakazawa-san’s talk on Mon.
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One of the Day-1 experiment at the J-PARC Hadron Hall
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FIGURE 5. (LEFT)Missing-mass spectra for the
12

C(K−,K+)X reaction at 1.8 GeV/c in a wide energy range, and (RIGHT)That

for a close-up view near the binding energy threshold indicated with a dashed oval in (LEFT).

Next we magnify the view in the bound region indicated in Figure 5-(LEFT) as a dashed oval, and plot it in
Figure 5-(RIGHT). Here, there should be no physical process with a binding energy value larger than about 40 MeV
(−B.E.≤ −40 MeV); up to this energy contributions from the ground state of 12

ΛΛ
Be and its excited states may exist.

Therefore, we think these events in this overbound region should be the background, mostly coming from Kaon
decay-in-flight and having an almost flat distribution (1.08 counts/ 2 MeV). In order to reduce the background, it
was effective to put constraints on the hit positions estimated from the tracking at the TOF counter wall with the hit
positions along the TOF counter segment obtained from the time difference at both ends.

Finally, as shown in red in Figure 5-(RIGHT), we observed a significant event excess of about 55 events in
the binding energy region between 0 and 20 MeV (−20 MeV≥ −B.E.≥0 MeV). This is the same level of statistics
obtained by the BNL E885 (42-67 events). Above the binding threshold (−B.E.≥ 0 MeV), we clearly see a rise for
the quasi-free production. Please note the energy-resolution is 5.4 MeVFWHM , so that a leakage into the bound region
from the quasi-free region is limited. If we simply set the significance of the enhancement over a flat background, the
significance is Z = s√

b
= (55 − 10.8)/3.29 = 13.4. We compared the spectrum with the BNL-E885 spectrum, and

confirmed the overall spectrum shape was consistent with each other with a normalization constant, except the fine
structures near the binding threshold(0 ≥ −B.E.≥ −10 MeV).

The momentum acceptance of the SKS corresponding to this energy region is almost flat. We, therefore, tried a
fit to the spectrum based on two models: (a) one model assumes there would be one broad bump below the binding
threshold, and (b) the other model assumes two gaussian peaks with the detector energy resolution of 5.4 MeVFWHM .
In both cases, we assumed a flat background of 1.08 counts/ 2 MeV as suggested from the Figure 5-(RIGHT) and a
quasi-free component as a straight line convoluted with the detector energy resolution. The peak positions were free
parameters in both cases.

The fitting result in the case (a) is shown in Figure 6-(LEFT) with a blue solid line. We obtained the peak position
at -6.3 MeV and the width of 15.7 MeVFWHM . The binding energy of 6.3 MeV is larger than the estimate with the
BNL-E885 of 4.5 MeV. The large width, which should come from the coupling between Ξ−p and ΛΛ systems, looks
too strong. A recent Lattice QCD result [4] suggests that the transition potential between Ξ−p and ΛΛ channels with
J=0 and I=0 is very weak. So that such a large width is not expected.

As for the case (b), the fitting result is shown in Figure 6-(RIGHT). The red solid line is the fit where the dotted
lines show each component. The peak positions were obtained to be about -9 MeV and -2 MeV. If the binding energy
would be 9 MeV, which is almost twice the BNL-E885 estimate, the potential depth of the Ξ in A = 12 must be deeper
than 14 MeV. It should be noted that in the (K−,K+) reaction the produced states are in isospin 1. Therefore, the real
ground state could be located below this peak. It implies that the ΞN could have a large binding energy. This is a
challenge to the model building of the baryon-baryon interactions.

In the shell model picture for 12
Ξ

Be = 11B+Ξ− in the isospin 1, we expect three 1− states (1−1 , 1
−
2 , 1

−
3 ) to be excited

rather strongly [13]. They correspond to core excitations of 11B (3/2−, 1/2−), and each energy splitting is about 3
MeV which reflects the core energy levels (spin-spin interaction could have some contributions.). Therefore, these
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Resolution improved ( = 6 MeVFWHM), but not enough

From Gogami-san’s slide on the 2nd J-PARC HEF-ex WS

aerogel Čerenkov counter wall ”AC” was installed to suppress pions at the trigger level, and the ”Lucite Counter
(LC)” for suppression of protons.

ANALYSIS FOR THE p(K−,K+)Ξ− REACTION

The overall energy resolution was evaluated with the missing-mass peak of the p(K−,K+)Ξ− reaction on the CH2 target
at 1.8 GeV/c, as shown in Figure 4-(LEFT), and was confirmed to be 5.4 MeVFWHM . Under the peak, we found a small
and smooth background component coming from the quasi-free 12C(K−,K+)Ξ− reaction. The energy resolution of the
spectrometer is a factor of two better with respect to the 10 MeV of the BNL E885 for proton target and depends on
the bending power of the spectrometer and target energy-loss straggling. The former effect depends on the particle
momentum and bending angle of the reaction. In the estimation of the energy resolution for the 12C(K−,K+) reaction
kinematics from the p(K−,K+)Ξ− reaction, that factor is about 1.4. In the case of BNL E885, the energy resolution
for the 12C(K−,K+) reaction was estimated to be 14 MeV assuming this term was dominant. On the other hand, in our
case the target energy loss straggling is dominant and the energy resolution is almost the same in the two kinematics.
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FIGURE 4. (LEFT) Missing-mass spectrum for the p(K−,K+)X reaction at 1.8 GeV/c obtained with a CH2 target. The peak
corresponds to the reaction on proton and the continuous background below the peak is the contribution of quasi-free Ξ production
from 12C. (RIGHT) Forward differential cross sections of p(K−,K+)Ξ− reactions as a function of the incident momentum. Old data
were compiled by C.B. Dover and A. Gal [12].

The relative momentum scale between the beam line spectrometer and the SKS was adjusted to match the mo-
menta in beam-through runs. Absolute energy scale of the (K−,K+) missing mass was adjusted with the peak position
as shown in Figure 4-(LEFT). About 6,000 Ξ−’s were identified per day.

The incident momentum dependence of the forward cross sections of the K− + p→ K+ + Ξ− reaction, Figure 4-
(RIGHT), was obtained at 1.5, 1.6, 1.7, 1.8 and 1.9 GeV/c. The statistics at each momentum was more than about 20
times bigger than the old bubble chamber data. At 1.8 GeV/c, the statistics was about 100 times bigger to obtain the
angular distribution in detail. In a preliminary analysis, we have confirmed with improved statistics that the relative
strengths of the cross sections peaks at about 1.8 GeV/c as suggested by C.B. Dover and A. Gal [12].

ANALYSIS FOR THE 12C(K−,K+) REACTION

The missing-mass spectrum of the 12C(K−,K+) reaction is shown in Figure 5-(LEFT) as a function of negative values
of binding energy (B.E.) of Ξ− in 11B. Owing to the large momentum acceptance of the SKS, we were able to obtain
the spectrum in a wide energy range. The largest part of the spectrum comes from the quasi-free production of Ξ’s
peaking at about 110 MeV in the excitation energy, and the contribution of Ξ∗ can be seen in the higher energy region.
Due to the large momentum transferred to Ξ (q ∼550 MeV/c) in this reaction, the sticking probability is small, so that
there are very few events in the bound region (−B.E. ≤ 0) in this vertical scale. A large shift of the quasi-free peak is
also due to the large momentum transfer(∆E = q2/2mΞ).

020015-6

AIP Conference Prceedings 2130, 020015 (2019)
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12C(K−, K+)12!Be @1.8 GeV/c
Taking account of the nuclear core 
excitation of 11B

ESC08a

T. Motoba and S. Sugimoto, Nucl. Phys. A835, 223 (2010)

∆" = 2 MeV

J-PARC E70
High resolution missing-mass spectroscopy via the (K−, K+) reaction
→ Measurement of the binding energy and width of Ξ hypernucleus

1.37 GeV/c

Separation of peaks with a good resolution of ~ 2 MeV (FWHM)
Statistics of Ξ hypernuclei > 100

750k Kaon /spill
(4.2 sec. spill cycle)Active Fiber Target
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Statistics vs Resolution
Statistics
The production cross section of the Ξ hypernucleus is very small (several tens of nb/sr) 

→ High intensity beam & thick target are needed
Resolution

2022/06/30 Takeshi K. Harada @ HYP2022 5

Δ" =
$"
$%!"

"
∆%!"" +

$"
$%!#

"
∆%!#

" +
$"
$(

"
∆(" + )#$%&'

"

Directly measure *)!± event by event = Active target

thickness = 10 cm

= )!"() + *)!"
= )!#

*+"* + *)!#

Calculate average value from flight length in the target

*)!" *)!#

++
+,)!"()

%!"()
)!#
*+"*

%!#
*+"*

%!" %!#

Calculate average value from flight length in the target
（thick target → large ambiguity）

*)!" *)!#



/ 13

Active Fiber Target（AFT）
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matrix calculated with the ORBIT code.
In Fig. 15, the beam profile at a target position measured in the E05 experiment is shown. The

horizontal and vertical sizes were approximately ±4 cm×±0.8 cm in FWHM (Fig. 16, 17). The vertex
distribution along the beam line is shown in Fig. 18 in the E05 run.
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Fig. 15. K− beam profile on a target in the E05 run at the K1.8 beam line.
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in the E05 run at the K1.8 beam line.
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Resolution evaluation
• RCNP, Osaka Univ. in 2017
• Using one fiber
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38 ୈ 3ষ ཅࢠϏʔϜΛ༻͍ͨΤωϧΪʔղͷଌఆ

MODULEͷ HOLDೖྗͱͨ͠ɻ

3.2 Grand RaidenεϖΫτϩϝʔλ
Grand Raiden (GR)εϖΫτϩϝʔλɼRCNP WSϏʔϜϥΠϯʹઃஔ͞Εͨߴղ࣓
εϖΫτϩϝʔλͰ͋Δɻਤؾ 3.8 ʹ Grand Raiden ͷฏ໘ਤΛࣔ͢ɻి࣓ੴ Q1-SX-Q2-
D1-MP-D2-DSRߏ (D:ۃɼQ:࢛ॏۃɼS:ॏۃɼM:ଟॏۃ)Ͱ͋Δɻଟॏ࣓ۃੴɼ࢛
ॏۃɼॏۃɼീॏۃɼेॏ࣓ۃΛੜ͠ɼ͜ΕΛ 2ͭͷ࣓ۃੴͷؒʹઃஔ͢Δ͜ͱͰ 1
ۂੴͷ໘Λ࣓ۃɼʹ࣌ͷ࣓ੴΛಋೖ͢ΔͱಉۃͷޫֶతऩࠩΛิਖ਼͢Δɻ͞Βʹɼॏ࣍

໘ʹ͢Δ͜ͱͰΑΓ࣍ߴͷޫֶతऩࠩΛิਖ਼͢Δɻ͜ͷ݁Ռɼ∆p/p ! 1/37000ͱ͍͏ߴղ

Λ࣮͍ͯ͠ݱΔ [37]ɻGRଌఆثؚΊͯंͷ্ʹઃஔ͞Ε͓ͯΓɼंΛճస͢Δ͜
ͱͰ༷ʑͳ֯Ͱଌఆ͢Δ͜ͱ͕Ͱ͖Δɻ

Grand Raiden [3]. It is characterized by its high
resolving power R of about 37,000 for a mono-
chromatic beam spot size of 1 mm: The Grand
Raiden spectrometer can analyze particles with
a maximum rigidity of Br ¼ 5:4 Tm which
corresponds to Tt ¼ 450 MeV ð150 MeV=AÞ for
tritons.

Recently, a focal plane polarimeter system [4]
has been constructed for Grand Raiden to
measure a complete set of polarization transfer
observables (Dij) for the ð~pp;~pp0Þ reaction in the
energy range of Tp ¼ 200–400 MeV: In this inter-
mediate energy region, the Dij observables for
proton inelastic scattering provide a sensitive filter
for studies of nuclear spin responses [5]. Further-
more at projectile energies above 100 MeV=A; due
to the energy dependence of the isovector part of
the t-matrices [6], the ð3He; tÞ charge exchange
reaction excites predominantly the spin–isospin
excitations in nuclei [7]. Thus, the RCNP Ring
Cyclotron Facility is a unique facility for nuclear
spectroscopic studies emphasizing spin degrees of
freedom.

The intrinsic momentum resolution of Grand
Raiden is given by Dp=p ¼ 1=R ¼ jMx=DjDx0 with
Dx0 being the monochromatic beam size on target,
and Mx and D the magnification and dispersion of
the spectrometer. Thus, for Dx0 ¼ 1 mm; the
expected momentum resolution should be
Dp=p ¼ 2:7$ 10%5 corresponding to an energy
resolution of about 18 keV for 400 MeV protons.
However, the typical energy resolution achieved
with Grand Raiden and the previous WN beam
line was about 120 keV [8]. This was mainly
governed by the energy spread of the incident
beam.

The demand for higher resolution necessary for
nuclear spectroscopy led to the design and
construction of the new beam line (WS beam line)
[9] connecting the Ring Cyclotron and the Grand
Raiden spectrometer. The beam line should be
designed so that the momentum spread of the
beam does not limit the final resolution. This can
be achieved by lateral dispersion [10] and focus
[9,11] matching between the beam line and
spectrometer in addition to kinematic displace-
ment of the spectrometer. Furthermore, the WS
beam line is designed to realize angular dispersion

matching [9] which is important to determine the
reaction angle with high accuracy.

In Section 2, we present a brief description for
the Grand Raiden spectrometer and detector
system. In Section 3, we will describe the lateral
and angular dispersion matching method. In
Section 4, the design concept of the WS beam line
will be presented.

In Sections 5 and 6, we will describe the
specifications of the WS beam line and its ion-
optical properties in dispersive and achromatic
modes. Sections 7 and 8 are devoted to recent
experimental results with the new beam line. A
summary is given in Section 9.

2. The Grand Raiden spectrometer and detector
system

The magnetic spectrometer Grand Raiden [3]
was designed and constructed for high resolution
spectroscopy at the RCNP Ring Cyclotron Facil-
ity. The spectrometer consists of two dipole (D1
and D2) magnets, two quadrupoles (Q1 and Q2), a
sextupole (SX), and a multipole (MP) as shown in
Fig. 1. The function of the sextupole is to satisfy
second-order ion-optical requirements, namely, to

Fig. 1. A schematic layout of the Grand Raiden spectrometer
at RCNP.

T. Wakasa et al. / Nuclear Instruments and Methods in Physics Research A 482 (2002) 79–9380

ਤ 3.8: Grand RaidenεϖΫτϩϝʔλɻ[38]

GRͷয໘ʹɼཅࢠͷҐஔݕग़ͷͨΊʹ 2ͷ Vertical Drift Chamber (VDC)ΛɼϏʔ
Ϝͷத৺يಓʹରͯ͠ 45◦ ઃஔͨ͠ɻ1͚ͯ ͷ VDC  X ໘ɼU ໘ͷ 2 ໘ߏͰ͋Δɻ
ਤ 3.9ʹࣔ͢Α͏ʹɼU໘ͷਊઢ X໘ʹରͯ͠ ਊઢۃுΒΕ͍ͯΔɻཅ͍ͯ48.19° X
໘ɼU໘ʹͦΕͧΕ 6mm, 4mmͷִؒͰுΒΕ͓ͯΓɼϙςϯγϟϧਊઢͦͷؒʹ 2mm

ִؒͰுΒΕ͍ͯΔɻΨεʹΞϧΰϯͱΠιϒλϯͷࠞ߹ΨεΛ༻ͨ͠ɻ

VDC ʹՙిཻ͕ࢠ௨ա͢Δͱɼిࢠ-ΠΦϯରཻ͕ࢠͷيʹԊͬͯੜ͞ΕΔɻ͜ͷ
ੜ͞Εͨిࢠɼӄۃ໘ʹΑͬͯ࡞ΒΕͨిʹΑΓཅۃਊઢҠಈ͢ΔɻҠಈ

∼ 5 cm/µsͱ΄΅ҰఆͰ͋ΔͨΊɼཅۃਊઢʹऩू͞ΕΔ·Ͱͷؒ࣌ʢυϦϑτؒ࣌ʣΛଌఆ
͢Δ͜ͱͰՙిཻ͕ࢠ௨աͨ͠ҐஔΛΔ͜ͱ͕Ͱ͖Δɻ

ిѹɼϙςϯγϟϧਊઢʹ 0.3 kV,ӄۃʹ 5.7 kVΛҹՃͯ͠ಈͨͤ͞࡞ɻ

VDC ͷޙʹɼ2 ຕͷް͞ 10mm ͷϓϥενοΫγϯνϨʔλΛઃஔͨ͠ɻ྆ʹ

ޫి૿ࢠഒ (PMT) ͕ண͞Ε͓ͯΓɼೖཻࣹࢠͷΤωϧΪʔଛࣦʹԠͨ͡γϯνϨʔ

Energy loss of K± @ 1.8 GeV/c ~ 0.6 MeV

, )
)

< 10%

Normal Target
w/ AFT

Proton beam
Fiber

Grand Raiden
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Multi channel read-out test
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TS1

SST1
AFT

SST2
TS2

e+ビーム
800 MeV/c

Fiber Tracker 
(φ1 fiber, 15 × 15 × 4 mm3)

1 m

Multi Readout

Active region

460 mm

Prototype (= 1/3 of the actual 
device; ~ 600 ch)

Detection efficieny > 95%

ELPH in 2019

e+ beam
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Deterioration of ADC resolution by pile-up
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γ

MPPC (S13360-3075PE)

φ3mm scintillation fiber
Read out 

by VME-EASIROC

Shaped signal
~ 2 μs

Hold timing

Trigger event

①

②

③

Overlap 3

Overlap 1

Overlap 2

• VME-EASIROC has long recovery time of 2μs
• This causes pile-up due to nearby events 
under high beam rate.

• As a result, ADC resolution will be poor.
→ Estimated the impact of this effect on 
missing mass resolution
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Simulation
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Active Fiber Target (AFT)

0.5 MHz in a center fiber
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(→ sigma = 3.4 mm)

Koan beam profile (Y) in the E05 run
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Results

• Although the use of AFT improves resolution compared to normal targets, its 
correction capability is small due to pile-up effects.

• Measurements made with TOT ensure that pile-up problems are avoided and 
energy resolution is maintained at a moderate level
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[MeV] input No active 3mm
No pile-up

3mm
Inc. pile-up TOT (20%)

Resolution（FWHM） 1.03 4.00 2.31 3.14 2.57

No active
(~4 MeVFWHM)
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No pile-up 3mm

Inc. pile-up
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No active
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Final design is on going with a policy of using TOT (and ADC)
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Preparation status & Schedule
~ May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. 2023 ~

AFT R&D Final design Construction Install at K1.8
Cabling

Signal & 
DAQ check READ

Y
SDC in Operatin test Install at 

K1.8 Cabling

Signal & DAQ 
check

S-2S Installed
SDC out Installed Cabling Signal check
TOF

R&D
Mass-pro

Final 
check 

Install at 
K1.8 CablingAC

WC
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Commissioning 
run

(2 weeks)

Final Tuning
(1 - 2 months)

Physics Run
(20 days)

Rearranging aerogels Surveying SDC Connecting PMT and scintillator Cosmic ray test in IQBRC
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Summary
ΞN interaction

• Information needed to build realistic Baryon-Baryon interaction
• Experimental information is still scarce (even with the results of the emulsion experiment)
• Spectroscopy information of Ξ hypernuclei is important

High resolution spectroscopy of Ξ hypernuclei（J-PARC E70）
• Missing-mass spectroscopy via the 12C(K-, K+)12ΞBe reaction
• Measurent of peak structures of the bound states will constrain to the ΞN interaction
• S-2S and AFT will allow measurements with a good missing-mass resolution Δ" ~ 2 MeV

Active Fiber Target (AFT)
• Energy correction event by event
• AFT allows better resolution than normal target.
• R&D was finished and currently constructing

Schedule & Outlook
• We are aiming to be ready on this Dec.
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