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3D nuclear chart

Advantage
• Precise spectroscopy

• Structure in detail
• Clean experiment

Difficulties
• Limited isospin
• Small momentum transfer to 
separate hypernuclei
• Difficulties on decay studies
• Only up to double-strangeness

Hypernuclear spectroscopy 
with heavy ion beams

HypHI project, 
started in 2005

Hypernuclear spectroscoy
with Heavy Ion Beam



Production of Hypernuclei with HypHI
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Production of Hypernuclei with HypHI

Coalescence of L in projectile fragments
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Production of Hypernuclei with HypHI

Coalescence of L in projectile fragments

NN -> LKN : Energy threshold ~ 1.6 GeV
Heavy ion beams with E > 1.6 A GeV needed
- Stable heavy ion beam at GSI
- Stable heavy ion beam at FAIR
- RI-beam from FRS and super-FRS

Accessible to neutron- and 
proton rich hypernuclei

projectile
target

Hot participant zone

Projectile fragment

L

Hypernuclei



Relativistic hypernuclei

Large Lorentz factor g (>3)
Effective lifetime : Longer by the Lorentz factor

200 ps -> 600 ps at GSI (ct ~ 20 cm)
200 ps -> 4 ns at FAIR (ct ~ 120 cm)

Hypernuclear separation and spin precession

projectile
target

Hot participant zone

Projectile fragment

L

Hypernuclei



Nuclear matter with multiple-strangeness



HypHI at GSI/FAIR: Concept of Experiments
Produced hypernucleus close to projectile velocity

Large Lorents factor g > 3
ct ~ 20 cm at 2 A GeV

Example : 12C + 12C -> ALZ + K+,0 + X

Time-of-Flight detectors
Trackers
N-detector
K+ counter

Magnet

n

Residues 

p, p

K

L-Hypernucleus
target

Mesonic weak decay
• L -> p- + p

Non-mesonic weak-decay
• Lp -> np
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HypHI Phase 0 in October 2009
The goal of the Phase 0 experiments

To demonstrate the feasibility of precise hypernuclear 
spectroscopy with 6Li primary beams at 2 A GeV :          
Mesonic decay L -> p- + p

3
LH -> p- + 3He

4
LH -> p- + 4He

Funding
• Helmholtz-University Young 
Investigators Group VH-NG-
239, 2006-2012
• DFG grant SA1696/1-1
2007-2009, TOF detectors



HypHI Phase 0 (2009), 6Li+12C at 2 A GeV
Example: 
3
LH -> 3He + p-

4-momenta of 3He

4-momenta of p-

• Secondary decay-vertex finding
• Invariant mass

Beam: 6Li at 2 A GeV, 3X106 /s
Target: 12C, 8.8 g/cm2



Setup in 2009



Invariant mass distribution

• Statistical analysis of Λ invariant mass               
(-100 mm < Vertex Z < 300 mm) with RooStats and RooFit package
• Fitting model = ns (Gaus: sig_m, sig_s) + nb (Chebychev: a0, a1, a2)

p+p- for L 3He+p- for 3LH 4He+p- for 4LH

6.7s 4.7s 4.9s



Lifetime: Unbineed maximum likelihood fitting 

p+p- for L 3He+p- for 3LH 4He+p- for 4LH

262      ps+56
-43 183      ps+42

-32 140      ps+48
-33

263 ps



3
LH (hypertriton)

p
n

L
BL = 130 keV
(data from 60s’)

t(3
LH) should be equal to t(L, 263 ps)

Benchmark in hypernuclear physics

183    ps+42
-32

HypHI Phase 0



3
LH Lifetime till Summer 2017

HypHI
6Li+12C and 20Ne+12C at 2 A GeV at GSI
Phase 0 (6Li+12C), 183+42-32 ps (L: 263 ps)

STAR at BNL RHIC
197Au+197Au
Observation of short lifetime of 3LH 
Two/three-body decays combined: 155+25-22 ps

ALICE at LHC CERN
208Pb+208Pb
181+54-39 ps

No theories to explain the short lifetime of 3LH



d+p- and t+p- : Invariant mass

d+p-d+p-

t+p-t+p-



d+p- and t+p- : Lifetime

d+p-

t+p-

181      ps+30
-24

190      ps+47
-35



d+p- and t+p- :Signals from others

Observed d+p- : 202
Observed t+p- : 181

Neutral nucleus with L, nnL ??

3
Ln -> t + p-

3
Ln -> t* + p- -> n + d + p- ?



Solving two puzzles
Signals indicating nnL bound state
All theoretical calculations are negative

E. Hiyama et al., Phys. Rev. C89 (2014) 061302(R)
A. Gal et al., Phys. Lett. B736 (2014) 93
H. Garcilazo et al., Phys. Rev. C89 (2014) 057001 

Short lifetime of 3LH
• HypHI Phase 0: 183+42

-32 ps
• STAR at RHIC: 155+25

+22 ps
• ALICE at LHC: 181+54

-39 ps
No theories to reproduce 
the short lifetime

d+p-d+p-

t+p- t+p-

C. Rappold et al., PRC 88 (2013) 041001

p
n

LBL = 130 keV
(data from 60s’)

t(3
LH) should be equal to t(L, 263 ps)

Benchmark

237+33
-36

142+24
-21



New novel technique 
with FRS 

at FAIR Phase 0 (GSI)



Accelerator complex and FRS at GSI

3
LH  -> p- + 3He

4
LH  -> p- + 4He

nnL -> p- + d + n

Dp/p ~ a few %

Dp/p=10-3

Larger acceptance for p-



WASA to S2 of FRS at GSI

Experiment planed 
in 2019



Rate estimation and 
Simulated invariant mass distribution

would like to ask a total of 54 shifts for the proposed experiment. If the proposed experiment can run with the
other experiments as a part of the FRS-WASA campaign, the 18 commissioning shifts will be shared with the
other experiments.

Table 2: Summary of the channels of interest, magnetic rigidity setup of FRS, requested shifts for each setup and corre-
sponding expected signal integrals after the event reconstructions.

Channel of interest FRS rigidity [Tm] Duration of beams on target Estimated signal integral
d + fi≠ 16.675 24 shifts (8 days) 4.0 ◊ 103

3
�Hæ3He+fi≠ 12.623 9 shifts (3 days) 1.5 ◊ 103
4
�Hæ4He+fi≠ 16.675 together with d + fi≠ 5.0 ◊ 103
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Figure 8: Expected invariant mass distributions of d+fi≠ from 3
�n, 3He+fi≠ from 3

�H and 4He+fi≠ from 4
�H, together with

signals (red) and backgrounds (blue).

In comparison to the HypHI Phase 0 experiment, the expected statistics and mass resolution for the d + fi≠

reconstruction will be apprroximately 20 times larger and 2 times better. The resolution of the 3
�H will also be

approximately 2 times better with almost 10 times more statistics. The resolution of the 4
�H reconstruction will

also be 1.7 times better, and approximately 40 times more statistics is expected. The proposed experiment will
contribute strongly to solve the puzzle for the existence of 3

�n. It has to be emphasized that it can be studied
only at FAIR Phase 0. Furthermore, the precision of the lifetime measurement of 3

�H will be improved, and it
will also contribute to solve the puzzle for the lifetime on 3

�H. The precise measurements for 4
�H can be made

simultaneously with the d+fi≠ measurements, that was also shown to be shorter than the theoretical calculations.

The WASA detector and the other detector components will be ready by the beginning of 2019 in the FRS.
Though the designed maximum field of the WASA solenoid magnet is around 2.0 T, it was operated at 1.3 T
when it was used at COSY. The proposed experiment can also be performed at 1.3 T but with slightly worse
invariant mass resolutions of approximately 3 MeV/c2 for d + fi≠ and 3

�H and 4 MeV/c2 for 4
�H.

3 Summary of Requests
We would like to request 6

Li beams at 2 A GeV (maximum possible magnetic rigidity of SIS18) with an
intensity of 2◊10

8
particles per spill. The total spill length is for 12 seconds with 2 seconds acceleration and

10 seconds extraction. We would like to ask totally 54 shifts in 2019 for beam times with 33 shifts (main) for
the physics measurements, 18 shifts (50 % parasitic) for commissioning the detector systems and 3 shifts (main)
for setting up FRS. If the proposed experiment can run with the other experiments as a part of the

FRS-WASA campaign, the 18 commissioning shifts will be shared with the others.

4 Perspective
The success of the proposed experiment at FAIR Phase 0 will enable new and very unique experimental

research opportunities for hypernuclei with Super-FRS at FAIR Phase 1. At the mid-focal plane of Super-FRS,
FMF2, similar fi≠ measurements to this proposed experiment can be performed. We will consider to develop a

8

10 ~ 40 times more

5 times better resolution



Approval by the GSI G-PAC in 2017

In 2019



FAIR in Germany



Super-FRS at FAIR

Precise hypernuclear spectroscopy with RI-beams



We can still 
go further



Huizhou



HIAF in Huizhou/China
High Intensity Heavy Ion Accelerator Facility

Courtesy of Xinwen Ma

@ 2023

Approved by Chinese government in December 2015
Under construction

New Hypernuclear Project
Spokesperson: Take Saito



HIAF

4.25 A GeV for A/q=2



Hypernuclei with double-strangeness
Heavy ion beams at 4.25 A GeV

Above threshold of X—hyperon (dss) production: 3.747 A GeV

X-p -> LL

X-

L
L

+23MeV



Production of double-L hypernuclei
d + X- -> nLL
t + X- -> nnLL
3He  + X- -> 4LLH
4He  + X- -> 5LLH
6Li   + X- -> 7LLHe
7Li   + X- -> 8LLHe
9Be  + X- -> 10LLLi
10Be + X- -> 11LLLi
10B  + X- -> 11LLBe
11B  + X- -> 12LLBe

projectile
target

Hot participant zone

Projectile fragment

X-

Double-L Hypernuclei

Examples with only up to 
Boron fragments



Current considerations for HIAF

target

Si micro-vertex

dipole 
magnet

super-conducting
Solenoid magnetGEM detectors

plastic barrel

RPC

Straw tube hodoscopes

plastic hodoscopes

hypernuclei

associated p and K

p-

p-

residues

< 10 M Euro



Current considerations for HIAF



Expected reconstructed rate
20Ne + 12C at 4.25 A GeV
Beam intensity: 107 /s

Single-L (S)
hypernuclei

Double-L
hypernuclei

per day 8 X 105 9 X 101

per week 6 X 106 6 X 102

per month 2 X 107 3 X 103

• Small Beam intensity
• Independent to other complexes

Day-1 experiment at HIAF

Hypernuclear scattering experiments with 
• Polarized target(H, HD) + TPC
• Polarized projectiles

3
LH + p -> 3LH’ + p’

3
LH + p -> Ld + p’

3
LH + p -> Lpn + p’



Three-body force in hypernuclei
mS - mL: 75 MeV

Large amplitude for LN-SN coupling

mXN - mLL: 28 MeV
Large amplitude for LLN-XSN coupling

N

N

D

N

N

N

N

Ordinary nuclei
Suppressed

N

N

S

N

N

L

L

Hypernuclei nuclei
Large amplitude



终端--高能综合终端

离子
离子数
ppp

能量
（MeV/u）

238U34+ 1.0´1011 800
129Xe27+ 1.8´1011 1400
78Kr19+ 3.0´1011 1750
40Ar12+ 5.0´1011 2300
18O6+ 6.0´1011 2600
p 2.0´1012 9300

低温高密核
物质测量谱仪CEE

超核终端

质子照相终端
高能量密度

单粒子效应
研究终端

工程总体方案

Beam line for 
Hypernuclear project



Current considerations for HIAF



Super-FRS at FAIR

Precise hypernuclear spectroscopy with RI-beams



Hypernuclear Physics 
with Heavy Ion Beams

Hadronic interactions 
under SU(3)f

EOS

Nuclear structure

Nuclear reaction

Interior of 
neutron stars

If you are interested in, please contact 
Take Saito

t.saito@gsi.de



HypHI Phase 0 and 0.5 collaboration
GSI Helmholtz-University Young 
Investigators Group VH-NG-239

S. Bianchin
O. Borodina (Mainz Univ.)
V. Bozkurt (Nigde Univ.)
E. Kim (Seoul Nat. Univ.)
D. Nakajima (Tokyo Univ.)
B. Özel-Tashnov
C. Rappold (Strasbourg Univ.)
K. Yoshida (Osaka Univ.)
T.R. Saito (Spokes person)

Mainz University
P. Achenbach, J. Pochodzalla

GSI HP2 and Mainz University
D. Khaneft, Y. Ma, F. Maas

GSI HP1
W. Trautmann

GSI EE department
J. Hoffmann, K. Koch, N. Kurz, S. 
Minami, W. Ott, S. Voltz

GSI Nuclear reaction
T. Aumann, C. Caeser, H. Simon

GSI Detector Lab. 
C. Schmidt

KEK
T. Takahashi, Y. Sekimoto

KVI
E. Guliev, M. Kavatsyuk, G.J. 
Tambave

Nigde University
B. Goekuezuem, Z.S. Ketenci, S. 
Erturk

Osaka University
S. Ajimura, A. Sakaguchi

Osaka Electro-Communication 
University

T. Fukuda, Y. Mizoi
Seoul National University

H. Bhang, M. Kim, S. Kim, C.J. Yoon 
Tohoku University

H. Tamura

PhD thesis completed
PhD thesis in progress

Take Saito
t.saito@gsi.de



Summary
Hypernuclear spectroscopy with heavy ion beams
Two puzzles by HypHI Phase 0

Signals indicating nnL
Short hypertriton lifetime

Near future project with heavy ions
FRS + WASA at GSI (FAIR Phase 0) in Germany, 2019
- nnL and hypertriton lifetime

Super-FRS at FAIR in Germany, 2023+X
- Exotic hypernuclei with RI beams

HIAF in China
- Single- and double-strangeness hypernuclei 

Take Saito
t.saito@gsi.de





Spare slides



Monte Carlo simulations 
with WASA at S2 and FRS

3He
p-

6Li + 12C at 2 A GeV
at S2

MDC (straw DC)

TOF barrel TOF endcap

Fiber trackers

Fiber trackers 

GEANT 4, Kalman filter reconstruction and MOCADI, 

(Tracker+RPC)

3
LH -> p- + 3He

to S3-S4



Femto Neutron Stars???
(named by Josef Pochodzalla) 

L L L L

L

n

n n

n

n

GSI/FAIR
J-Lab
HIAF

HIAF HIAF



Invariant mass signals of HypHI Phase 0
d+p-d+p-

t+p-t+p-

PRC 88 (2013) 041001(R)
Neutral nucleus with L, nnL ??

3
Ln -> t + p-

3
Ln -> t* + p- -> n + d + p-

• Poor mass resolution
• Poor S/B ratio
• Signals on top of the bump 

of the background



NuPECC Long Range Plan

Page 65

One of day-1 experiments of NuSTAR at FAIR

Hadron physics
Nuclear structure and 
reaction dynamics



Hypernuclear physics: How it began

“Delayed Disintegration of 
a Heavy Nuclear Fragment”
M. Danysz and J. Pniewski, 
Phil. Mag. 44 (1953) 348.

Cosmic ray 
(high energy proton)

Nuclear fragment 
with lifetime > 10-

12

Nuclear reaction
with Ag or Br

pion

Emulsion exposed to 
cosmic rays 

50 µm



Hypernuclear physics: How it began
Postmark for 20th International Physics Olympiad in Warsaw, 
1989



Hypernuclear physics: How it began
Postcard issued by Polish office in May 1993



Production of Hypernuclei with HypHI

Coalescence of L in projectile fragments

projectile
target

Hot participant zone

Projectile fragment

L

Hypernuclei

Contributing to 
nuclear reaction studies



Present hypernuclear landscape

Known hypernuclei



Hypernuclear landscape with HypHI

Known hypernuclei
104 /week
103 /week
With hypernuclear separator
Magnetic moments



HypHI Phase 0 (2009), 6Li+12C at 2 A GeV
Example: 
3
LH -> 3He + p-

4-momenta of 3He

4-momenta of p-

Dp/p ~ 5 % 

Dp/p ~ 5-10 % 

Small acceptance
~ 20 %

Low efficiency of vertx trigger
~ 1 %


