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Lifetime measurement of 
light hypernuclei at J-PARC



Hypertriton
• Lightest hyper nucleus: bench mark for ΛN(ΛNN) interaction models. 

• Important input to determine the ΛN spin-singlet strength 

• Small BΛ~130 keV from old emulsion data  
→ large spacing between Λ & d 
→ lifetime should be simlar to free Λ (263 ps) 

• for example 256 ps by H. Kamada, et al, Phys. Rev. C Nucl. Phys. 57, 1595 (1998). 

• Spin 1/2 determined by the two-body decay ratio R3  (G. Keyes et al., NPB67, 269, 1973).

B𝚲~130keV,
~10 fm separation

Efimov state?𝚲

deuteron
3𝚲H



Experimental status
Measurement of the lifetime and L separation energy of 3

LH ALICE Collaboration

A Additional Material
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Figure A.1: Collection of the 3
LH lifetime (left) and BL (right) measurements obtained with different experimental

techniques. The horizontal lines and boxes are the statistical and systematic uncertainties respectively. The dash-
dotted lines are the corresponding theoretical predictions.
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(Part of) Recent progress in theory

• Pion FSI enhance the decay rate 10~20% 
A. Gal, et al, Phys. Lett. B 791, 48 (2019). 

• Σadmixtures reduce the decay rate ~10% 
Strong dependence on BΛ 
A. Pérez-Obiol, et al, Phys. Lett. B 811, 135916 (2020). 

• Branching ratio depends on BΛ 
F. Hildenbrand et al., Phys. Rev. C102, 064002 (2020). 

• etc…

Measurement of the lifetime and L separation energy of 3
LH ALICE Collaboration

In summary, the most precise measurements to date (a figure with the historical collection can be found
in Appendix A) of the 3

LH lifetime and BL, presented in this Letter, strongly support the loosely-bound
nature of 3

LH and contribute significantly to the understanding of the Y–N interaction. The measured
value is indeed in perfect agreement with the BL that fits best the correlation functions for protons and L
baryons [15–17]. The main remaining piece to be set for the complete understanding of the 3

LH structure
is the measurement of branching ratios for the various decay channels [18]. The Run 3 of the LHC will
make those measurements accessible with unprecedented precision.
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Figure 3: The 3
LH lifetime relative to the free L lifetime as a function of the BL for pionless EFT [18] (red),

cEFT [19] (orange), and the original p exchange calculations [48] (magenta). The blue point represents the
measurement presented in this Letter with the statistical and systematic uncertainties depicted with lines and box,
respectively.
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Ongoing/Planned experiments
• Heavy ion collision (for lifetime and Binding energy) 
• ALICE Run 3(2021~2024), Run 4 (2027~2030): ~50 times yield expected 

• GSI: FRS+WASA data taking peformed in 2022 

• Binding energy measurement 
• MAMI (e, e’K): decay pion spectroscopy. data taking peformed in 2022 

• JLab (e, e’K): C12-19-002  

• J-PARC E07: Emulsion full scan 

• Counter experiments for lifetime 
• ELPH: (γ, K+) 

• J-PARC P74: (π-, K0) at K1.1 

• J-PARC E73: (K-, π0) at K1.8BR test data taking peformed in 2020/2021



J-PARC E73/T77 experiment
✓  reaction to selectively populate the ground hypernucleus 
✓Lifetime measurement in time domain

(K−, π0)



(K-, π0) reaction

• Convert a proton to a Lambda→ produce neutron-rich hypernucleus 

• Low recoil momentum → hypernucleus mostly stops before its decay 

• Spin-nonflip reaction is dominant at 1.0 GeV/c or lower 

•  spectroscopy is difficult → high-energy gamma tagging at forward angleπ0

T. Motoba

K− + n → Λ + π−

K− + p → Λ + π0

widely adopeted with magnetic spectrometers

difficult to do  spectroscopyπ0

Recoil momentum on Carbon 



Experimental setup

Short Title of the Article

2. J-PARC T77 experiment

As the pilot run of our hypertriton (3
⇤

H) lifetime mea-
surement experiment (J-PARC E73), the J-PARC T77 ex-
periment demonstrates the feasibility of the novel production
method as 4He(K*, ⇡0)4

⇤
H. Instead of a full reconstruction

of the ⇡0 momentum, we utilize the kinematics of the in-
flight reaction to e�ectively select the hypernuclear events.
As illustrated in Fig. 1, its working principle can be outlined
as follows: the projectile ⇡0 decays almost immediately into
two �s, whose polar angle and energy in the laboratory
frame is a function of the ⇡0 momentum; in the ideal case,
by covering the very forward angle, ✓ f ✓symm., one can
capture one of the two decayed �s with higher energy with
100% e�ciency because of strong boost from the mother ⇡0

particle. This means that by tagging the high energy � in the
forward angle, one can e�ectively select the fast ⇡0 in the
forward direction from the (K*, ⇡0) reaction. These events
have a higher probability of forming the hypernuclear bound
state due to the small recoil momentum of the ⇤ hyperon.
The populated 4

⇤
H hypernucleus can be identified through

the coincidence measurement of the two-body mesonic weak
decay, 4

⇤
Hô4He+⇡*.

Figure 1: Illustration for the working principle of (K*
, ⇡0

) event

selection with � tagging in the forward direction. ✓symm. stands

for the symmetric opening angle of the two decayed �s whose

CM polar angle is perpendicular to the ⇡0
boost direction (solid

line).

In the J-PARC T77 experiment, we chooseK* beam mo-
mentum at 1.0 GeV/c to avoid background from K* in-flight
decay and minimize the contribution from ⌃ production.
As a result, the ⇡0 emitted at 0 degrees from the 4He(K*,
⇡0)4

⇤
H reaction has a momentum of Ì0.9 GeV/c and the

✓symm. is Ì7 degrees in the laboratory frame. A technical
challenge is to construct a suitable calorimeter to catch the
high energy � ray in the very forward angle, which overlaps
with the intensive meson beam. We solve this problem by
constructing a Cherenkov-based electromagnetic calorime-
ter with PbF

2
crystals, which have a very short dead time and

strong radiation robustness. We achieve a reasonably good
energy resolution of Ì 5% at 1 GeV energy deposit.[5]

The schematic view of the J-PARC T77 experiment setup
is shown in Fig. 2, which consists of a forward calorimeter, a
Cylindrical Detector System (CDS), and a cryogenic system
for liquid 4He target. The calorimeter is placed in the forward
direction to detect the high energy � emitted from the decay
of ⇡0. The CDS comprises a solenoid magnet, a Beam Profile
Chamber (BPC), a Cylindrical Drift Chamber (CDC), and

a Cylindrical Detector Hodoscope (CDH), which is used to
detect the ⇡* meson from the two-body mesonic weak decay
4

⇤
Hô4He+⇡* to identify the 4

⇤
H hypernucleus. The details

of the CDS can be found in Ref. [6].
The data taking for the J-PARC T77 experiment is con-

ducted in June 2020 at the J-PARC hadron facility’s K1.8BR
beam line. Approximately 6ù109 ofK* beams are irradiated
onto a liquid 4He target, resulting in the successful identifi-
cation of approximately 1.2ù103 4

⇤
H hypernuclei using the

⇡* decay spectrum.

Coil

Solenoid magnet

CDH

π0→γ

π-

K-

CDC

BPC 4He

PbF2Veto

target
cryostat

T0

tT0

tCDH

Figure 2: Schematic view of the J-PARC T77 experiment setup

with liquid
4
He target; high-energy � rays are tagged with PbF

2

calorimeter; Cylindrical Detector System(CDS) is the tracking

device to capture decayed ⇡*
particle from

4

⇤
H weak decay.

3. Data analysis

3.1. Event selection

To e�ectively select the K* beam, we use a threshold
type Aerogel Cherenkov counter at the trigger level to veto
⇡* and e* contamination in the beam. We also use the
beam time-of-flight to further purify the K* beam in o�ine
data analysis. To suppress background events with multiple
charged tracks, such as multiple pion reactions, we require
both single track in the CDC and single hit in the CDC
inner layer. We also require consistency between the CDH
hit segment and the CDC tracking. The reaction vertex is
reconstructed by combining a K* beam track measured by
BPC and a ⇡* track measured by the CDC. A distance of
closest approach (DCA) cut of f 5 mm is applied for vertex
selection.

To e�ectively enhance the signal-to-noise ratio of the
populated 4

⇤
H hypernucleus, the fast ⇡0 events in the forward

direction are selected using large energy deposits in the
calorimeter. Fig. 3 shows the correlation between the ⇡*

momentum and energy deposit of the �s that have decayed
from the ⇡0 after event selection. The e�ectiveness of our
innovative ⇡0 tagging method is clearly demonstrated. Fig.
4 shows the final ⇡* momentum spectrum after the high-
energy � selection with E� g 550 MeV. 1 The ⇡* produced

1Throughout the beam time, the calorimeter is calibrated and moni-
tored with 1 GeV/c e* beam mixed into the K* beam.
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tdecay = (tCDH − tT0) − tcalc.
CDC − tcalc.

beam



PbF2 EM calorimeter

• Cherenkov-type, Radiation hard 
• 25 x 25 x 140 mm3 

• 40 segment 
• 1/4” PMT with Fe magnetic shield

19
D.F. Anderson, et al., Nucl. Inst. Meth. A290 (1990) 385
P. Achenbach, et al., Nucl. Inst. Meth. A416 (1998) 357

Experimental setup: π0 tagger (PbF2)

π- peak
electron 

peak

expected performance after 
one month beam time
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T77/E73@K1.8BR

neutron counter
charge veto counter
proton counter

beam dump

beam sweeping
magnet

liquid H2/D2/3He/4He
target system

CDS

beam line
spectrometer

K- beam

γ, n p

15m

• ~ 2 x 105 K- /spill ( ~70% on target ) 
@ 50 kW, -1.0 GeV/c 
• K/pi ~ 0.4 
• ~50 kW @ T77, 2020.6 
• ~60 kW @ E731st , 2021.5

uninstall



4He data: Pion momentum spectrum

• H4L peak was clearly observed. 1 gamma tagging method is proved for the first time. 
• Background is now well understood with quasi-free hyperon processes.

4ΛH π-

2-body decay  
“almost” at rest 4He
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4ΛH lifetime

• Comparable presicion with the latest STAR data ( )218 ± 6(stat.) ± 13(sys.)

Short Title of the Article

from the two-body decay of 4

⇤
Hô4He+⇡* has a prominent

peak with the correct momentum after energy loss correc-
tion.

The dominant background in the experiment is from
the quasi-free ⇤ and ⌃

0,* in-flight decay. To reproduce the
background events, we use the elementary reaction K*

+

N ô ⇤_⌃
0,*

+ ⇡0 convoluted with Fermi motion in
Monte Carlo simulation and apply the same analysis as for
the experimental data. [7] The experimental spectrum is
fitted using the ⇡* momentum distribution for each back-
ground processes and calculated 4

⇤
H production process to

determine the relative amplitudes.[8] As shown in Fig. 4,
excellent agreement between simulation and experimental
data has been achieved, which allows us to subtract the
background time distribution and derive the 4

⇤
H lifetime

based on simulation.

0

5

10

15

20

25

30

0.3− 0.25− 0.2− 0.15− 0.1− 0.05−
 Momentum (GeV/c)×Charge 

0

100

200

300

400

500

600

700

800

900

1000

 E
ne

rg
y 

on
 C

al
or

im
et

er
 (M

eV
)

Figure 3: Correlation between ⇡*
momentum and neutral

particle energy deposit in the calorimeter. The red horizontal

dotted line at 550 MeV shows the threshold for high-energy �
tagging
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hadronic reaction.

3.2. Timing analysis

An important advantage of the J-PARC T77 (and also
the future J-PARC E73) experiment is the capability to
directly measure the 4

⇤
H lifetime in time domain, which pro-

vides a unique opportunity to solve the hypertriton lifetime
puzzle.[9] In particular, the mesonic decay time of 4

⇤
H can

be obtained experimentally as

t
decay

= (t
CDH

* t
T0
) * tcalc.

CDC
* tcalc.

beam
, (1)

where t
decay

stands for the decay time of the 4

⇤
H event,

t
CDH

* t
T0

is the measured time di�erence between the
CDH counter and T0 counter, tcalc.

CDC
is the calculated time of

flight between the vertex and the CDH using the CDC track
information, tcalc.

beam
is the calculated time of flight between T0

counter and the vertex using the momentum reconstructed
with K* beam line spectrometer.

To optimize the time resolution, we perform time cali-
bration and slewing correction for the CDH counter using
prompt (⇡*, ⇡*) events measured by the CDS, where the
⇡* beam is mixed in and prescaled with the K* beam.
These events are selected in a similar manner to the (K*,⇡0)
events, except that the requirement for the detection of a
forward-neutral particle is removed. To cover our region of
interest, only ⇡* in the momentum range of (*0.3,*0.1)
GeV/c are used for calibration.

The time response function shown in Fig. 5 is obtained
from the prompt (⇡*, ⇡*) hadronic reaction at the 4

⇤
H signal

momentum range of (*0.138,*0.124) GeV/c. The response
is well described by a Gaussian function with the standard
deviation of � = 123 ± 1 ps.

4.
4

⇤
H lifetime result

The decay time spectrum at the 4

⇤
H signal momentum

range of (*0.138,*0.124) GeV/c is obtained as shown in
Fig. 6. Background contribution from the quasi-free hyperon
processes are already subtracted based on the MC. The 4

⇤
H

lifetime is derived by fitting the time spectrum by an expo-
nential distribution convoluted with time response function.

T. Akaishi et al.: Preprint submitted to Elsevier Page 3 of 5

χ2/ndf = 26.8/28

 ps206 ± 8(stat.) ± 12(sys.)

Short Title of the Article

Table 1
Systematic uncertainties for

4

⇤
H lifetime measurement.

Contribution Value

Intrinsic bias of J-PARC T77 approach ±2 ps

Uncertainty from � selection ±4 ps

Uncertainty of time calibration ±7 ps

Uncertainty of background subtraction ±5 ps

Uncertainty in fitting process ±7 ps

Total (quadratic sum) ±12 ps

A binned minimum �2 fit gives ⌧(4
⇤

H) = 205.9 ± 7.9 ps,
where the quoted error is statistical only.
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Figure 6: 4

⇤
H lifetime fitting with time resolution function after

background subtraction.

To ensure the accuracy of the measurement, it is impor-
tant to carefully consider and quantify the sources of system-
atic uncertainty. The main sources of systematic uncertainty
for the measurement of the 4

⇤
H lifetime are intrinsic bias in

the experimental approach, uncertainty in time calibration,
uncertainty from � selection, uncertainty in background
subtraction, and uncertainty from the fitting process of the
timing spectrum. These uncertainties are summarized in
Table 1.

The intrinsic bias of the experimental approach refers
to the systematic uncertainty in our method. Specifically, it
refers to the di�culty in distinguishing between the reaction
vertex and decay vertex, which can result in a displacement
of a few millimeters due to the forward recoil of the popu-
lated 4

⇤
H hypernucleus. We evaluate such e�ect by the Monte

Carlo simulation using a di�erential cross section calculated
by Harada. [8] Through a comparison of the input values and
analysis results, we have determined that this intrinsic bias
is controlled within ± 2 ps.

The selection of �-ray energy can a�ect the background
distribution from quasi-free hyperon decay. We perform
the full analysis procedure by varying the energy threshold
by ±50 MeV for both experimental data analysis and MC

background evaluation. The impact of this e�ect is found to
be less than or equal to ±4 ps.

The uncertainty in time calibration arises from run-by-
run and segment-by-segment alignment, the dependence of
hit position on our 79-cm long scintillation counter (CDH).
We evaluate these uncertainties using the (⇡*,⇡*

) data.
Additionally, a 0.5% uncertainty in the K* beam momentum
a�ects the calculation of tcalc.

beam
. The overall uncertainty is

confirmed to be within a tolerance of ±7 ps.
The uncertainty in background subtraction arises from

the unknown amount of background events and the timing
distribution. To estimate this uncertainty, we intentionally
scale the background events from quasi-free ⇤ and ⌃ in-
flight decay by ±2� from the best fit of our simulation. The
ratio between quasi-free ⇤ and ⌃

0 is fixed in the nominal
fitting based on the cross section in the literature since
the momentum distribution of the two process are similar.
We evaluate the e�ect of the uncertainty in this ratio by
suppressing ⇤ or ⌃0, respectively. We also employ a con-
ventional side-band subtraction method, which is found to
be consistent with the quoted systematic error.

The uncertainty in the fitting process is estimated by
varying the time range and binning width. We also check
the uncertainty by changing time resolution of the Gaussian
response by ±5 ps, whose e�ect to the lifetime is found to
be negligible.

By combining the fitting results with systematic uncer-
tainties, we conclude the 4

⇤
H lifetime as

⌧(4
⇤
H) = 206 ± 8(stat.) ± 12(syst.) ps, (2)

which is consistent with previous results.[10, 11] The pre-
cision of 4

⇤
H lifetime has been essentially improved by our

experiment and other measurements[11], which allows a
more reliable test for the 4

⇤
H wave function especially for

the repulsive core.[12]

5. Summary and outlook

The J-PARC T77 experiment successfully establishes
a new method to produce the hypernuclei with ZA(K*,
⇡0)Z*1

⇤
A reaction, which meets the long demanding request

to study the isospin dependent hyperon-nucleon interaction.
As the first application of this method, we derive the 4

⇤
H

lifetime with top class precision.[10, 11] Our next plan is
to measure the hypertriton lifetime with the present method
and solve the so called hypertriton lifetime puzzle.[9]
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A R T I C L E I N F O
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hypernuclear weak decay lifetime

A B S T R A C T

We present a new measurement of the 4

⇤
H hypernuclear lifetime using a novel production reaction,

K* + 4He ô 4

⇤
H + ⇡0, at the J-PARC hadron facility. We demonstrate, for the first time, the e�ective

selection of the hypernuclear bound state using only the �-ray energy decayed from ⇡0. This opens
the possibility for a systematic study of isospin partner hypernuclei through comparison with data
from (K*, ⇡*) reaction. As the first application of this method, our result for the 4

⇤
H lifetime,

⌧(4
⇤
H) = 206 ± 8(stat.) ± 12(syst.) ps, is one of the most precise measurements to date. We are

also preparing to measure the lifetime of the hypertriton (3
⇤

H) using the same setup in the near future.

1. Introduction

Hypernuclear physics investigates the interaction be-
tween hyperons and nucleons in nuclei. Examples of sig-
nificant findings in this field include the first direct evi-
dence of nuclear mean field and the modification of nuclear
structure by ⇤ hyperons.[1, 2] Hypernuclear bound states
have traditionally been produced through three reactions[3]:
ZA(K*, ⇡*)Z

⇤
A, ZA(⇡+, K+)Z

⇤
A and ZA(�<, K+)Z*1

⇤
A.

These reactions are known as the strangeness exchange reac-
tion, associated strangeness production, and electromagnetic
production, respectively.

Each of these three reactions has unique kinematic and
dynamic characteristics. The strangeness exchange reaction
is known for its small momentum transfer, which makes it
a suitable choice for producing substitutional hypernuclear
states by replacing one neutron with a ⇤ hyperon. On the
other hand, the isospin partner of strangeness exchange
reaction, ZA(K*, ⇡0)Z*1

⇤
A, is experimentally challenging

?Title footnote text
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sakuma@ribf.riken.jp (F. Sakuma)
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due to the detection of ⇡0 meson. Despite the long-standing
interest in producing isospin mirror hypernuclei and study
isospin-dependent e�ects in hypernuclear structure with this
reaction, there has been no successful report except Ref. [4]
with limited missing mass resolution. The ZA(�<, K+)Z*1

⇤
A

reaction can also convert a proton into a ⇤ hyperon but the
strong spin-flip amplitude induced by the photon prevents
the production of isospin mirror hypernuclei generated with
strangeness exchange reaction.

J-PARC E73 collaboration propose a novel implemen-
tation for ZA(K*, ⇡0)Z*1

⇤
A reaction by selecting fast ⇡0

mesons through the detection of high energy �s in the
forward direction. This novel method opens the possibility
for a systematic study of isospin partner hypernuclei through
comparison with data from the (K*, ⇡*) reaction. Our setup
is especially useful for coincidence measurements, such as
hypernuclear mesonic weak decay and hypernuclear �-ray
spectroscopy. In this letter, we present the result of the
first application of this method: the measurement of the 4

⇤
H

mesonic weak decay lifetime.
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• Successfully observed the peak from 2 body decays. 
• 3ΛH Cross section sensitive to the binding energy of 3ΛH. 
• 3-body decays are also observed. could be used for the lifetime evaluation.

Although 3
ΛH is the lightest hypernucleus, its binding energy has not been 

determined yet. Recently, theoretical calculations[1] suggest the 
production cross-section of 3ΛH is strongly related to the binding energy, 
because of a loosely binding nature of 3ΛH. In particular, the production 
cross-section ratio 3ΛH/4ΛH (R) with the same experimental setup can be 
discussed the 3ΛH binding energy.

We will provide the information of binding energy of 3ΛH and study the 
mechanism of the production and structure of 3ΛH.

[1] T. Harada, Y. Hirabayashi, Nucl. Phys. A 1015(2021)122301.

J-PARC E73 experiment employs the (K−, π0) reaction. This is a novel 
production method to convert a proton into Λ hyperon by tagged by π0

meson. Hypernucleus of the ground state is selectively produced by this 
so-called strangeness exchange reaction.

Comparison of 3ΛH/4ΛH production cross-section 
via (K-, π0) reaction at J-PARC

Takaya Akaishi (Osaka University) for the J-PARC E73 collaboration

1. Introduction 2. J-PARC E73 experiment

3. Analysis Result 
Target 4He(0.144 g/cm3) 3He(0.070 g/cm3)
Date June 2020 May 2021

BeamTime 65 hours (~ 3 days) 107 hours (~ 4.5 days)
# of Beam 5.0 G Kaon 8.8 G Kaon

5. Summary and Outlook  

Hypernucleus 4
ΛH 3

ΛH 3
ΛH/4ΛH

# of signal 1.6×103 3×102 0.20
Branching ratio 50 % 25 % 0.50
Luminosity(L) 1.1 (nb)-1 1.2 (nb)-1 1.1

# of signal/(BR*L) 2.9×103 1.1×103 ~0.4

4
ΛH 

2-body decay
~ 1600 events 3

ΛH 2-body decay
~ 300 events

– Data
– QF- Λ (Sim)
– QF-Σ0 (Sim)
– QF-Σ- (Sim)
– All(Sim)

4. Discussion

γ

π-
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liquid target 
system 

Calorimeter

Solenoid magnet

K-

3
ΛH 3-body decay

3
ΛH → π- + p + d

Figure 3: π- momentum distribution of 4He target

Table 1: Beam time summary

Table 2: the number of hypernuclear signals

Figure 2: Overview of the setup in K1.8 BR Beamline

We have measured the 3ΛH and 4ΛH production using strangeness exchange reaction, 3He, 4He(K−, π0)3
ΛH, 4ΛH, as J-PARC E73 experiment at 

the J-PARC K1.8BR beamline in Japan. The E73 experiment can provide important information for the 3ΛH binding energy. A recent theoretical 
calculation suggests that the production cross-section ratio(3

ΛH/4ΛH) can be used to study the binding energy of the 3ΛH. We will introduce our 
preliminary result with this new method.

BΛ = 0.41 MeV
rΛ-d ~ 5.8 fm

BΛ = 0.13 MeV
rΛ-d ~ 10 fm or

The π- momentum distribution can be obtained from CDS. As shown in the 
figure 3 and figure 4, π- signal from hypernuclear mesonic weak decay can 
be clearly seen. This is the first successful identification of hypernucleus by 
tagged by π0 without using the missing-mass method. The background 
events from quasi-free Λ and Σ in-flight decay are well reproduced by 
geant4 simulation.

Figure 4: π- momentum distribution of 3He target

The E73 experiment has already been performed with 4He, and 3He 
targets to produce 4ΛH and 3ΛH, respectively. We showed the preliminary 
result of π- momentum distribution in the (K-, π0) reaction.
Mono-momentum π- events are clearly observed which come from two 

body decay of 4
ΛH and 3ΛH.

Ratio of production cross-section 3
ΛH/4ΛH is suggested a sensitive 

observable for the binding energy of hypertriton.  
A rough estimation of the cross-section ratio, 3ΛH/4ΛH , has been 

obtained, which is evaluated to be R ~ 0.4.
Obtained R-value suggests that 3ΛH is a loosely bound system.

Finalization of the number of hypernucleus signals and  evaluation of 
systematic error are in progress.

The number of hypernuclear signals is obtained by subtracting the 
simulated background from the data. Since acceptance and efficiency are 
almost the same, the ratio of the hypernucleus yield after correcting the 
branching ratio is directly the ratio of the cross-section. Our preliminary 
result shows R ~ 0.4. This suggests that a shallow bound hypertriton 
consistent with emulsion data.

c.f. BΛ=0.13 MeV(Emulsion) ⇒ R ~ 0.3–0.4
BΛ=0.41 MeV(STAR)       ⇒ R ~ 0.65

K- + 3He, 4He → 3ΛH, 4ΛH + π0 (tag)
3

ΛH, 4ΛH → 3He, 4He + π- (measure)
CDS is composed of a solenoid 
magnet, a drift chamber and timing 
counters.
Momentum resolution ~ 2.4 MeV/c 
We use the PbF2 crystal, a 
Cherenkov light-based calorimeter. 
The energy resolution is σ/E ~ 5 % 
at 1 GeV and the PbF2 crystals 
have a nice separation between 
pion and electron.

c.f. Dr. Y. Ma’s talk in 
Session 1; Mon-Ⅱ

Λ hyperon

deuteron

Λ hyperon

deuteron

Figure 1: physical picture of hypertriton

K- 3He 3
ΛH π0

rΛ−d = ħ2
4μBΛ

In order to enhance the hypernucleus signal to noise 
ratio, calorimeter energy selection and Distance of 
closest approach(DCA) cut were performed in the 
offline analysis.
The geant4 simulation is implemented with realistic 
geometry, Fermi motion, and detector resolution. 
3-body decay of hypertriton were also observable[2].
[2] H. Kamada et al., Phys. Rev. C 57(1998)1595

133 MeV/c 114 MeV/c

The 14th International Conference on Hypernuclear and Strange Particle Physics, HYP2022, poster session

K- 4He 4
ΛH π0

4He

π-

3He

π-

The high momentum π0 is used to tag Λ hyperon 
productions with smaller recoiling momentum,
which has higher formation probability of hypertriton. 
Since the hypernucleus decay at rest, the hypernucleus
can be identified by finding a mono-momentum π-. 

OSAKA UNIVERSITY
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The high momentum π0 is used to tag Λ hyperon 
productions with smaller recoiling momentum,
which has higher formation probability of hypertriton. 
Since the hypernucleus decay at rest, the hypernucleus
can be identified by finding a mono-momentum π-. 

OSAKA UNIVERSITY
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Theoritical calculaction(DWIA)

R = σlab(3
ΛH)/σlab(4

ΛH)
R ~ 0.3—0.4 @ BΛ=0.13 MeV(Emulsion),  ~ 0.65 @ BΛ=0.41 MeV(STAR)

→provides a better understanding of the structure of the 3ΛH bound states

2022/03/23J-PARC 2022ハドロン研究会
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“KbarNNN” in 4He data
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Fig. 1. a) 2D event distribution plot on the M (= IM!p ) and the momentum transfer q (q!p ) for the !pn final state. The M F (q) given in Eq. (2), the mass threshold M(Kpp), 
and the kinematical boundary for !pn final state, are plotted in the figure. The lower q boundary corresponds to θn = 0 (forward n), and the upper boundary corresponds to 
θn = π (backward n). The histograms of projection onto the M axis b), and onto q axis c) are also given together with the decompositions of the fit result.

tation. On the other hand, the distribution centroid of M above 
M(Kpp) depends on q, and the yield vanishes rapidly as a function 
of q. The centroid shifts to the heavier M side for the larger q, sug-
gesting its non-resonant feature, i.e. the propagator’s kinetic energy 
is converted to the relative kinetic energy between ! and p, near 
the lower q boundary. Thus, the most natural interpretation would 
be non-resonant absorption of quasi-free ‘K ’ by the ‘N N ’ spectator 
(QFKA) due to the final state interaction (FSI). This process can be 
understood as a part of the quasi-free K reaction, in which most 
K s escape from the nucleus, as we published in [21]. Note that 
there is another change in event distributions at M(Kpp), i.e., the 
event density is low close to the θn = 0 line below M(Kpp), while 
it is high above M(Kpp) (this point will be separately discussed in 
the last section).

This spectral substructure is in relatively good agreement with 
that of Sekihara–Oset–Ramos’s spectroscopic function [23] to ac-
count for the observed structure in [22]. Actually, their spectrum 
has two structures, namely A) a “K −pp” pole below the mass 
threshold M(Kpp) (meson bound state), and B) a QFKA process 
above the M(Kpp). Thus, the interpretation of the internal sub-
structures near M(Kpp) is consistent with their theoretical picture.

3. Fitting procedure

We first describe what we can expect if point-like reactions 
happen between an incoming K − and 3He, which goes to a !pn
final state. The events must distribute simply according to the !pn
Lorentz-invariant phase space ρ3(M, q), as shown in Fig. 2a. We 
fully simulated these events based on our experimental setup and 
analyzed the simulated events by the common analyzer applied 
to the experimental data. The result is shown in Fig. 2b, which 
is simply E(M, q) × ρ3(M, q), where E(M, q) is the experimen-
tal efficiency. One can evaluate E(M, q) by dividing Fig. 2b by 
Fig. 2a bin-by-bin, which is given in Fig. 2c. As shown in Fig. 2c, 
we have sufficient and smooth experimental efficiency at the re-
gion of interest, M ≈ M(Kpp) at lower q, based on the careful 
design of the experimental setup. On the other hand, the efficiency 

is rather low at the dark blue region and even less toward the 
kinematical boundary, as shown in Fig. 2c. If we simply apply the 
acceptance correction, the statistical errors of those bins become 
huge and very asymmetric. This fact makes the acceptance correc-
tion of the entire (M, q) region unrealistic. Therefore, we applied 
a reverse procedure, i.e., we prepared smooth functions f{ j}(M, q)

(to account for the j-th physical process) and multiplied that with 
E(M, q) × ρ3(M, q) (= Fig. 2b) bin-by-bin. In this manner, one 
can reliably estimate how the physics process should be observed 
in our experimental setup, and this permitted us to calculate the 
mean-event-number expected in each 2D bin. The three introduced 
model functions (at the best fit parameter set) are shown in Fig. 3.

A very important and striking structure exists below M(Kpp), 
which could be assigned as the “K − pp” signal. To make the fitting 
function as simple as possible, let us examine the event distri-
bution by using the same function as was applied in [22], i.e., a 
product of B.W. depending only on M , and an S-wave harmonic-
oscillator form-factor depending only on q as:

f{Kpp} = CKpp
(
%Kpp/2

)2

(
M − MKpp

)2 +
(
%Kpp/2

)2 exp

(

−
(

q
Q Kpp

)2
)

, (1)

where MKpp and %Kpp are the B.W. pole position and the width, 
Q Kpp is the reaction form-factor parameter, and CKpp is the nor-
malization constant, as shown in Fig. 3a.

A model-function of the QFKA channel, f{Q F KA} (M, q), is intro-
duced as follows. As described, we assume that a ‘K ’ propagates 
between the two successive reactions. It consists of 1) K −N →
‘K ’N and 2) non-resonant ‘K ’ + ‘N N ’ → ! + p in the FSI. When the 
‘K ’ propagates at momentum q as an on-shell particle in the spec-
tator’s rest frame (≡ laboratory-frame), then the resulting invariant 
mass M (≡ I M!p(‘K + N N ’)) can be given as:

M F (q) =
√

4m2
N + m2

K + 4mN

√
m2

K + q2, (2)
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Status & Outlook 
• 2020.6: Feasibility demonstration with Helium-4 

• lifetime paper will appear soon 

• 2021.5/6: Cross section measurement with Helium-3 

• Analysis is almost finalized ( T. Akaishi Ph.D thesis ) 

• Now: waiting for the beamtime allocation 

• Lifetime measurement of 3ΛH ( >1000 events in 25 days) in 2023/24? 

• Vertex detector (VFT) will be installed using Koubo budget 

• UU’VV’(45 degrees) spiral 4 layers around the target 

• final assembly is ongoing at the “M-line” company  

• 2026~: start experiment with a new solenoid spectrometer
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Summary
• Hypertriton provides a benchmark for hypernuclear physics. 

• We have explored a new method to investigate the neutron-rich hypernuclei 
with K- beam & gamma-ray tagging 

• Lifetime with highest precision and different systematics from HI experiments 
τ(4ΛH) :  ps → arXiv:2302.07443 

• lifetime of 3ΛH will be measured in 2023/24: ~20 (stat.), < 20 (syst.) ps 

• Cross section (x Branching ratio) of 4ΛH, 3ΛH　 

• Kaonic nucleus can be studied using the same dataset: “KbarNNN” signals ! 

• New larger solenoid spectrometer will provide further oppotunities.

206 ± 8(stat.) ± 12(syst.)


