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Our way to produce hypernuclei

TRS et al., Nature Reviews Physics 3, 803-813 (2021)



Pioneering experiment: HypHI Phase 0  (2009)

• To demonstrate the feasibility of precise hypernuclear spectroscopy 
with 6Li primary beams at 2 A GeV on a carbon target

6Li + 12C, at 2 A GeV
3
LH -> p- + 3He

4
LH -> p- + 4He



Two puzzles initiated by HypHI
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

d+p-d+p-

t+p- t+p-

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

p

n

L
BL = 130 keV
(data from 60s’)

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

Benchmark
C. Rappold et al., Nucl. Phys. A 913 (2013) 170 

and much more publication



Lifetime of hypertriton
STAR at RHIC ALICE at LHC

155+25-22 ps 181+54-39 ps

142+24
-21 ps 237+34

-38 ps

HypHI
183+42

-32 ps

No theories to reproduce the short lifetime

221±15 ps PRL 128 (2022) 202301

PLB 128 (2019) 134905



Very recent result from STAR

We would provide one data point with very small errors

Hot topics in nuclear experiments: 
STAR, ALICE, J-PARC, ELPH and WASA-FRS



Binding energy of hypertriton

Former value by emulsion (data from 60’s)
0.13 ± 0.05 MeV



Our challenges on 
the hypertriton lifetime



The novel technique 
with FRS at GSI

3
LH  -> p- + 3He

4
LH  -> p- + 4He

nnL -> p- + d + n

Dp/p=10-4

Dp/p ~ a few %
Larger acceptance for p-

With 6Li+12C at 2 A GeV



2012: 

Started the new hypernuclear project with the FRS

• Ideas with two dipole magnets at S2 of FRS

2016: 

Ideas with the WASA detector

2017: 

Proposal approved with the highest priority

2017-2018: 

Preparation for moving WASA from FZJ Juelich

2019 -: 

Preparation at GSI

2022: 

Experiment

• February: S490, h’-nucleus

• March: S447, Light hypernuclei

2015: NUSTAR defines the project as Day-1
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March 2019: WASA moved from Juelich to GSI
Yoshiki Tanaka (RIKEN)

Photo by J. Hosan/GSI/FAIR

Vasyl Drozd (GSI, Groningen, RIKEN)
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Expected results by updated MC simulations
Mass resolution: 

• 3.2 MeV/c2 (1 T field)

• 1.5 times better than HypHI

Statistics

• About 5800 in the peak for 4 days

• 38 times more than HypHI

• 120 s significance

Expected Lifetime accuracy

• 8 ps

• 5 times better than HypHI

The existence or not of nnL will be 
confirmed with large confidence 
level  

4 days measurement

Former HypHI (2012)

target position: z=25 cm
vertex z cut: 35 – 50 cm
#layer(MDC): > 6
cldst cut: < 0.3 cm

Expected performance of the WASA-FRS at GSI 

TRS et al., Nature Reviews Physics 3, 803-813 (2021)
Supplement → Talk by Hiroyuki Ekawa, 18:00 on Wednesday (Wed-Iva)

Also with GNN
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Photos by Jan Hosan and GSI/FAIR



Large fiber detectors 
(RIKEN)

Large fiber detectors
(RCNP)

Mini fiber detectors
(RIKEN)

TOF Barrel 
(RIKEN)

TOF endcaps
(RIKEN & Lanzhou U.)

Superconducting solenoid
Mini Drift chamber

CsI calorimeter

The WASA-FRS experiment at GSI (FAIR Phase 0)

Diamond (Gifu U.)

→ Talk by Hiroyuki Ekawa, 18:00 on Wednesday (Wed-Iva)



WASA at S2 of FRS

Photos by Jan Hosan and GSI/FAIR

S4 of FRS



Experiment at JLab searching for nnL

Possibility for nnL

However, different interpretation from the same collaboration
• K. Itabashi et al., Few Body Syst. 63 (2022) 1, 16 (January 2022)
• K.N. Suzuki et al, PTEP, Volume 2022, Issue 1, January 2022, 013D01

We have 1.8 x 108

deuterons recorded at S4



What to be studied/concluded (soon)
Invariant mass and lifetime

• 3
LH

• 4
LH

• L

Existence or not of the nnL state

• By invariant mass and lifetime with d+p-

Challenges with heavier projectile, 12C

• 3
LH

• 9
LB (proton rich hypernucleus)

→ Talk by Hiroyuki Ekawa, 18:00 on Wednesday (Wed-Iva)



The WASA-FRS collaboration (only core members)
• High Energy Nuclear Physics Laboratory, RIKEN, Japan: 

H. Ekawa, Y. Gao, Y. He, A. Kasagi, E. Liu, A. Muneem, M. Nakagawa, T.R. Saito, Y. Tanaka, 
A. Yanai, J. Yoshida, H. Wang

• HRS-HYS group, GSI, Germany
H. Alibrahim Alfaki, V. Drozd, T.R. Saito, T. Weber

• FRS/SFRS Research Group, GSI, Germany: 
K.-H. Behr, B. v. Chamier Gliszezynski, T. Dickel, S. Dubey, J. Eusemann, D. Kostyleva, 
B. Franczak, H. Geissel, E. Haettner, C. Hornung, P. Roy, C. Scheidenberger, P. Schwarz, 
B. Szczepanczyk, M. Will, J. Zhao

• Meson Science Laboratory, RIKEN, Japan: 
K. Itahashi, R. Sekiya

• Instituto de Estructura de la Materia – CSIC, Spain: 
S. Escrig, C. Rappold

• Cryogenic Department, GSI, Germany: 
A. Beusch, H. Kollmus, C. Schroeder, B. Streicher

• Experiment Electronics Department, GSI, Germany: 
H. Heggen, N. Kurz, S. Minami

• Detector Laboratory, GSI, Germany:
C. Nociforo, E. Rocco

• Nuclear Spectroscopy Group, GSI, Germany: 
M. Armstrong, N. Hubbard, K. Wimmer

• Super-FRS Project, GSI, Germany: 
F. Amjad, E. Kazantseva, R. Knöbel, I. Mukha, S. Pietri, S. Purushothaman, H. Weick

• Target Laboratory, GSI, Germany: 
B. Kindler, B. Lommel

• Institut für Kernphysik, Technische Universität Darmstadt, Germany: 
G. Schaumann

• University of Applied Sciences, Giessen, Germany: 
S. Kraft

• Department of Engineering, Gifu University, Japan: 
A. Kasagi, K. Nakazawa

• ESRIG - Energy and Sustainability Research Institute Groningen, University of 
Groningen, The Netherlands: 

V. Drozd, M. Harakeh, N. Kalantar-Nayestanaki, M. Kavatsyuk

• Institute of Modern Physics, China
L. Duan, Y. Gao, E. Liu, J. Ong, X. Tang 

• Institute of Physics, Jagiellonian University, Poland
A. Khreptak, M. Skurzok

• Department of Low and Medium Energy Physics, Jožef Stefan Institute, Slovenia
Z. Brencic

• Department of Physics, Kyoto University, Japan: 
R. Sekiya

• School of Nuclear Science and Technology, Lanzhou University, China
Y. He, J. Ong, T.R. Saito, X. Tang

• Institut für Kernphysik, Johannes Gutenberg-Universität Mainz, Germany
P. Achenbach, J. Pochdzalla

• Michigan State University, USA: 
D. Morrissey

• Universidad de Santiago de Compostela, Germany: 
J. Benlliure, M. Fontan, A. Gonzalez, G. Jimenez, J. Rodríguez-Sánchez



Young Driving Forces in the WASA-FRS project
• Yoshiki Tanaka 

(staff, High Energy Nuclear Physics Lab., RIKEN)

• Vasyl Drozd
(Ph.D. student, HRS-HYS group, GSI, and Groningen Univ.)

• Philipp Schwarz 
(Engineer, FRS/SFRS research group, GSI)

• Tobias Weber 
(Engineer, HRS-HYS group, GSI)

• Hiroyuki Ekawa
(postdoc, High Energy Nuclear Physics Lab., RIKEN)

• Samuel Escrig
(Ph.D. student, CSIS-Madrid)

• Yiming Gao 
(Ph.D. student, High Energy Nuclear Physics Lab., RIKEN, and IMP-
Lanzhou)

• Ayumi Kasagi
(Ph.D. student, High Energy Nuclear Physics Lab., RIKEN, and Gifu 
University)

• Enqiang Liu 
(Ph.D. student, High Energy Nuclear Physics Lab., RIKEN, and IMP-
Lanzhou)

• Manami Nakagawa 
(postdoc, High Energy Nuclear Physics Lab., RIKEN)

• Cristophe Rappold
(Group leader, CSIS-Madrid)

• Ryohei Sekiya 
(Ph.D. student, Meson Science Lab., RIKEN, and Kyoto University)

• Ayari Yanai
(Master student, High Energy Nuclear Physics Lab., RIKEN, and 
Saitama University)

Photo by Gabi Ott (GSI/FAIR)

Part of the WASA-FRS collaboration
Vasyl

Samuel

Enqiang Yiming

Ayumi

Ryohei

Yoshiki

Manami
Hiroyuki

Philipp

Tobias

Ayari

Christophe



How about 
the hypertriton binding energy? 



Non-triggered events recorded in 1000 emulsions sheets
• 1000 double-strangeness hypernuclear events
• Millions of single-strangeness hypernuclear events

Overall scanning of all emulsion sheets
(35 X 35 cm2 X 1000)

Results from J-PARC E07 (Hybrid method)

S. H. Hayakawa et al.,
Physical Review Letters, 126, 062501 (2021)

→ Talk by Manami Nakagawa, 17:45 on Wednesday (Wed-Iva)



100mm

…

Sliced image

Data size: 
•107 images per emulsion (100 T Byte)
•1010 images per 1000 emulsions (100 P Byte)
Number of background tracks: 
•Beam tracks: 104/mm2

•Nuclear fragmentations: 103/mm2

Machine Learning

Millions of single-strangeness hypernuclei
1000 double strangeness hypernuclei (formerly only 5)

Current equipments/techniques 
with visual inspections

560 years

3 years

Overall scanning for E07 emulsions

→ Talk by Manami Nakagawa, 17:45 on Wednesday (Wed-Iva)



Emulsion scanning system at HENP/RIKEN

Five microscope stations for emulsions

• Three stations are operational  since April 2020

• Two additional stations from Gifu University are arrived TODAY

On June 28th, 2022



Challenges for Machine Learning Development

MOST IMPORTANT: 

• Quantity and quality of training data

However, 

No existing data for hypertriton with emulsions for training

What have been done since 2020: 

Production of training data
• Monte Carlo simulations
• Image transfer techniques, GAN(Generative Adversarial Networks)

Detection of stopped-hypertriton decay (3He + p-)
• Mask R-CNN model

→ Talk by Manami Nakagawa, 17:45 on Wednesday (Wed-Iva)



Discovery of the first hypertriton event in E07 emulsions 

Guaranteeing the determination of 
the hypertriton binding energy SOON
Precision: 28 keV

E. Liu et al., EPJ A57 (2021) 327  

TRS et al., Nature Reviews Physics, 803-813 (2021)
Cover of December 2021 issue

→ Talk by Manami Nakagawa, 
17:45 on Wednesday (Wed-Iva)



Nuclear Emulsion + Machine Learning Collaboration
• High Energy Nuclear Physics Laboratory, RIKEN, Japan

Michi Ando, Wenbo Dou, Hiroyuki Ekawa, Yiming Gao, Chiho Harisaki, Yan He, Risa Kobayashi, Hanako Kubota, Enqiang Liu, Manami
Nakagawa, Nami Saito, Takehiko R. Saito, Shohei Sugimoto, Yoshiki Tanaka, Junya Yoshida, Masahiro Yoshimoto, He Wang

• Instituto de Estructura de la Materia, Consejo Superior de Investigaciones Científicas (CSIC), Spain
Christophe Rappold

• Department of Engineering, Gifu University
Ayumi Kasagi, Kazuma Nakazawa

• Faculty of Engineering Sciences, Ghulam Ishaq Khan Institute of Engineering Sciences and Technology, Pakistan 
Abdul Muneem

• Institute of Modern Physics, Chinese Academy of Sciences, China
Yiming Gao, Enqiang Liu

• School of Nuclear Science and Technology, Lanzhou University, China
Yan He, Takehiko R. Saito

• Graduate School of Artificial Intelligence and Science, Rikkyo University, Japan
Masato Taki

• Department of Physics, Saitama University, Japan
Wenbo Dou, Shohei Sugimoto

• Department of Physics, Tohoku University, Japan
Junya Yoshida

Administration: 
•High Energy Nuclear Physics Laboratory, RIKEN
Yukiko Kurakata



Perspective



Hypernuclear experiments with Super-FRS
One of Day-1 experiments of NUSTAR at FAIR

Single-strangeness hypernuclei
Up to A∼20
Also with multibody-decay channels
• Hypernuclear lifetime

very precisely 
• Hypernuclear binding energy

reasonably precise
• Hypernuclear resonance
• Hypernuclear cross section and kinematics

Revealing the production mechanism

• Proton rich hypernuclei 
with proton-rich RI-beams
C. Rappold et al., Phys. Rev. C 94, 044616 (2016)

• Extremely neutron-rich hypernuclei
with charge exchange reactions 

MISSING MASS method
TRS et al., EPJ A57 (2021) 159

Upgrading the WASA
• Inner drift chamber

In progress with the MOST fund 
at Lanzhou University

• Magnet upgrade with MgB2 and 
Cryocooler

New detector development
• Large super-conducting solenoid
• Inner- and outer-detectors



Hypernuclear project (4.25 A GeV) 
at HIAF in China

Hypernuclear scattering experiment feasible

Single-strangeness 
hypernuclei

Double-strangeness 
hypernuclei

Observation per week 6 X 106 6 X 102

Lifetime accuracy ∼ 1 ps ∼ 10 ps

Binding energy accuracy ∼ 100 keV Sub MeV

Post-WASA detector



Precise measurement of Hypernuclei
Binding energy
3
ΛH, 4ΛH, 4ΛHe, 5ΛHe… 

この研究は今後どのように進むのか

Measurements for Lifetime, 
Decay mode, Magnetic moment
Hypernuclear scattering etc…

at HIAF in China (S = -2)

at FAIR in Germany  (S = -1)

10 μm

Simulated

Double-strangeness hypernuclei

Chage symmetry breaking

4
ΛHe (3-body decay)

p

3He
π-

10 μm

Simulated

4
ΛH (2-body decay)

4
ΛHe

X-

6
ΛΛHe

→ Talk by Manami Nakagawa, 17:45 on Wednesday (Wed-Iva)



New discovery 1: 

Scattering angles
θ = 79.5 ± 0.4°

Beam interaction

4He

π- 41.958 mm

π- stop
with Auger e-

4
ΛH

Hypernuclear scattering

20 μm



Q1. 現在までに分かっていることは何か

2０μm

50μm 2０μm

4
ΛH

4He

π-

X- From upstream
(Not trigered by
Hybrid method)

Stop

Stop

Stop

4
ΛH

Double-Λ
Hypernucl.

New discovery 2: 

4He

π-

Discovery of double-L hypernucleus
as a biproduct of 3LH search



TRS et al., Nature Reviews Physics, 803-813 (2021)

Summary



High Energy Nuclear Physics Lab. at RIKEN 
since 2019

Assistant: 
• Yukiko Kurakata
Staff researchers: 
• Yoshiki Tanaka
• He Wang
Postdocs: 
• Hiroyuki Ekawa
• Manami Nakagawa
Ph.D. students: 
• Vasyl Drozd
• Yiming Gao
• Yan He
• Ayumi Kasagi
• Enqiang Liu
• Abdul Muneem
Master students: 
• Shohei Sugimoto
• Ayari Yanai
Technical staffs: 
• Michi Ando
• Chiho Harisaki
• Risa Kobayashi
• Hanako Kubota

Chief scientist: 
• Take R. SaitoOn June 3rd 2022

Manami Nakagawa, “nuclear emulsion + ML”
17:45 on Wednesday (Wed-Iva)

Hiroyuki Ekawa, “the WASA-FRS”
18:00 on Wednesday (Wed-Iva)



Spare slides



Hypernuclear project at HIAF in China
Towards double-strangeness hypernuclei: E > 3.75 A GeV

Huge variety of
• L hypernuclei
• S hypernuclei
• X hypernuclei
• Double-L hypernuclei



Hypernuclear project at HIAF in China

Main Booster Ring: 
34 Tm (4.25 A GeV)
Above X- production threshold



Hypernuclear project at HIAF in China

Main Booster Ring: 
34 Tm (4.25 A GeV)
Above X- production threshold

Hypernuclear and nuclear physics



Nuclear Emulsion: 
Charged particle tracker with 
the best spatial resolution 
(easy to be < 1 mm, 11 nm at best)

20
m
m

grain

By microscopes



J-PARC accelerator facility



Experimental apparatus 
2016-2017
J-PARC, Ibaraki, Japan

K- Beam 
(180cm above the floor)

Emulsion module

Target
Beam

Ξ-
K-

K+

tracking detector

Emulsion module

J-PARC E07 experiment



100mm

…

Sliced image

Overall scanning for E07 emulsions
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100mm

…

Sliced image

Overall scanning for E07 emulsions



Analysis of J-PARC E07 data with Machine Learning

Hypertriton detection and binding energy

Development of the Machine Learning model with 
Convolutional Neural Network (CNN)

Detecting a-decay events for calibrating 
the emulsion sheet (density, shrinkage, …) 

Completed
J. Yoshida et al., 
Nuclear Instrument and Method A, 
989 (2021) 164930

Starting in April 2020 Challenge: 
No training data for hypertriton

With real data 
for training



Production of training data
Monte Carlo simulations and GAN(Generative Adversarial Networks)

Binarized tracks from MC simulations 
+ background from the real data 

Imitated 
emulsion image

Real emulsion imageBinarized (like for simulations)

GAN: pix2pix

→ Talk by Manami Nakagawa, 
17:45 on Wednesday (Wed-Iva)



Production of training data
Monte Carlo simulations and GAN(Generative Adversarial Networks)

Binarized tracks from MC simulations 
+ background from the real data 

Imitated 
emulsion image

Real emulsion imageBinarized (like for simulations)

GAN: pix2pix
Produced training data

→ Talk by Manami Nakagawa, 
17:45 on Wednesday (Wed-Iva)



Hypertriton search with Mask R-CNN
Training dataset (Simulated images)

50 μm

Two body decay of 3ΛH

50 μm

3He
3
ΛH

π-

Simulated image

model

Training

Λ

この研究では何を行ったか

Real image

Trained
model

Detected!

3He

π-

3
ΛH

Image Mask

→ Talk by Manami Nakagawa, 
17:45 on Wednesday (Wed-Iva)



With Mask R-CNN model

Detection of each object At large object density

Detection of hypertriton events



A Pedestrian dataset

Training of Mask R-CNN with Simulated image
Mask R-CNN Training data (Simulated image)

Mask
(Target event)

Detected!

Trained
model

50 μm
https://www.cis.upenn.edu/~jshi/ped_html/

この研究では何を行ったか

A.Kasagi et.al, 
To be submitted to Computer Physics Communications 

Real image

50 μm

Example of training dataset

Image Mask

Efficiency [%] Purity [%]

Vertex picker 〜40% 〜1%

Mask R-CNN 〜80% 〜20%

Efficiency = No. detected/No. total
Purity = Truth Positive/No. candidates

→ 2nd step done

Performance of α-decay detection
Masks are automatically produced



Hypertriton search with Mask R-CNN
Training dataset (Simulated images)

50 μm

Two body decay of 3ΛH

50 μm

3He
3
ΛH

π-

Simulated image

model

Training

Λ

この研究では何を行ったか

Real image

Trained
model

Detected!

3He

π-

3
ΛH

Image Mask



Analysis of J-PARC E07 data with Machine Learning

Hypertriton detection and binding energy

Development of the machine learning model (mask-R CNN) with 
training data produced by Monte Carlo simulations and GAN technique

Development of the Machine Learning model with 
Convolutional Neural Network (CNN)

Detecting a-decay events for calibrating 
the emulsion sheet (density, shrinkage, …) 

Completed
J. Yoshida et al., 
Nuclear Instrument and Method A, 
989 (2021) 164930

Starting in April 2020 Challenge: 
No training data for hypertriton

With real data 
for training

Completed
A. Kasagi et al., 
To be published



Systematic error for hypertriton BL with emulsion

Approximately 28 keV



Recent theoretical calculation

STAR, HypHI, ALICE: from 121 to 270 ps

Other recent theoretical works

For hypertriton: 
Effective field theory
F. Hildenbrand et al., Phys. Rev. C 102, 064002 (2020) 
• R = G3He /(G3He + Gpd)  is sensitive to the binding energy

For nnL: 
Pionless effective field theory
S.-I. Ando et al., Phys. Rev. C 92, 024325 (2015)
F. Hildenbrand et al., Phys. Rev. C 100 034002 (2019) 
Not yet excluding the bound state 





Press release at RIKEN on September 14th

https://www.riken.jp/press/2021/20210914_3/

with Gifu University, Rikkyo University and Tohoku University 



Also in Japanese newspapers

Gifu Shinbun, September 15th 2021 Akahata Shinbun, September 18th 2021

Additional press release in CSIS-Madrid in December 2021



Superconducting magnet
•Superconducting solenoid
•Excited up to 1 T
•New cryogenic and control systems developed by GSI 
and High Energy Nuclear Physics Lab. at RIKEN 

Yoshiki Tanaka (RIKEN)

Photo by J. Hosan/GSI/FAIR

Vasyl Drozd (GSI, Groningen, RIKEN)



Mini Drift Chamber (MDC)
•1738 drift tubes
•17 stereo layers

✓ 9 layers parallel to the beam axis
✓ 8 layers with small skew angles (6-9 degrees)

• New readout system with Clock-TDCs developed by GSI

Figure from NIM A 594 (2008) 339

Manami Nakagawa (RIKEN)

Photo by J. Hosan/GSI/FAIR



Plastic Scintillator Barrel 
(PSB)
•Newly developed by Meson Science Laboratory at RIKEN
•MPPCs readout in both-ends
•Wave form readout implemented
•Time resolutions

✓ 140 ps with TDC/QDC
✓ 70 ps with wave-forms 

Ryohei Sekiya (RIKEN, Kyoto U.)



Plastic End-caps 
(PSFE & PSBE)
•Newly developed by High Energy Nuclear Physics Lab. at RIKEN, 
Lanzhou University and GSI
•44 sector-plastics for PSFE, 38 sectors for PSBE
•MPPCs readout with TDC/QDC
•Additional wave-form readout implemented for PSFE

PSFE PSBE

Enqiang Liu 
(RIKEN, IMP)



CsI calorimeter
•1020 CsI crystals 
•New readout system with FEBEX developed by GSI
•High energy gamma-rays from p0 decay
•Charge particle PID with DE(PSB)-DE(CsI)
•Participating in tracking

NIM A 594 (2008) 339 Photo from WASA@COSY

Ayumi Kasagi
(RIKEN, Gifu U.)



Scintillating fiber detectors
•5 large stations developed by High Energy Nuclear Physics Lab. at 
RIKEN and by RCNP
•Mini fiber station developed by High energy Nuclear Physics Lab. 
at RIKEN 
•xx’-uu’-vv’, fibers with a dimeter of 0.5 mm
•Matrix (8X8)-MPPC readout 
•Readout electronics (MPPC_rob) developed by GSI 

Hiroyuki Ekawa (RIKEN) Samuel Escrig (CSIC-Madrid)



T0 counter
•Newly developed by High Energy Nuclear Physics Lab. at RIKEN, 
GSI and Lanzhou University 
•28 plastic fingers (1.5 mm X 1.5 mm X 28 mm)
•MPPCs readout in both-ends
•Time resolutions

✓ Better than 100 ps with TDC/QDC

Enqiang Liu 
(RIKEN, IMP)



FRS detectors
S3: 
•Plastic scintillators and TPC
S4: 
•MWDC, plastic scintillators and Cherenkov detector

Photo by Jan Hosan and GSI/FAIR

Manami Nakagawa (RIKEN)

Yan He (LZU, RIKEN)

Yiming Gao (RIKEN, IMP)

Photo by J. Hosan/GSI/FAIR



Very tight schedules for WASA at FRS
October 2021 – January 2022 (only 4 months)

• Finalizing all the detectors and commissioning

• Integration of the data acquisition systems

• Implementation of the cryogenic system for the superconducting magnet

• Development of the online-monitoring system

December 2021

• Final test for the superconducting magnet 

• Decision to purchase 8000 litre liquid-He from the company
• 120 k Euro from GSI and 120 k Euro from RIKEN (High Energy Nuclear Physics Lab, CPR)

Additional difficulties

• COVID-19

• The war in Ukraine (from February 24th, 2022)



The WASA-FRS HypHI experiment 
With 6Li beams at 1.96 A GeV:

• 3He at S4 (near the projectile rapidity) : 3.3 X 108 (40 hours 56 minutes, 5569 files)

• d/4He at S4 (near the projectile rapidity) : 2.7 X 108 (43 hours 51 minutes 5251 filles)
the ratio of d/4He is approximately 2/1

• Protons at S4 (mid-rapidity) : 5.3 X 106 (3 hours 9 minutes, 680 files) 

With 12C beams at 1.96 A GeV:

• 3He at S4 (near the projectile rapidity) : 1.0 X 108 (13 hours 29 minutes, 1861 files)

• 9C at S4 (near the projectile rapidity) : 2.4 X 105 (in the same data set of 3He)



GSI press release on October 21st, 2021



In newspapers
Austrian national newspaper, Der Standard

https://www.derstandard.at/story/2000130648525/teilchenphysiker-uf-der-jagd-
nachhyperkernen-nach

pro-physic in Germany

https://www.pro-physik.de/nachrichten/hyperkerne-im-visier

Also in ESNAF (Turkey) and Phys Org



Another GSI press release on May 16th, 2022


