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• r-process produces neutron-rich nuclei

M. Arnould, S. Goriely, Prog. Part. Nucl. Phys. 112, 103766 (2020).
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Goal:
Produce and study neutron-rich nuclei using 
multinucleon transfer(MNT)  reactions

Courtesy of Prof. M. Wada

Broad distributions

Zagrebaev & Greiner, PRC 83, 044618 (2011)

Efficient stopping and ion extraction are required ! 
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Charge exchange in helium   M q++He→M (q−1)++He+

Why helium ?
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Why Cryogenic Helium ?

Highest ionization energy
          ↓
Low charge states (1+, 2+, 3+)
          ↓
Easy ion extraction

O₂ / H₂O freeze out
          ↓
Cleaner helium environment
          ↓
Less ion neutralization



Purification System
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1. DC/RF Field Control

2. 60K Cryogenic System

3. Differential Pumping System 
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Series of Ring Electrodes

Alumina Insulating Supports
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Ion Beams
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Working Principle of the DC Filed

Function:
Axial transport of ions



Principle of RF Carpet Ion Transport
u RF electrodes generate equipotential field distribution
u RF pseudo-potential repels ions
u DC gradient transports ions 

RF Carpet Ion Transport Simulation Based on SIMION

Pitch =2r0= 
0.25mmPush field by DC 

Cage

RF Force

0.6mm
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Function:
Confine and extract ions
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Laboratory setup
cryogenic helium gas
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1.  Liquid nitrogen pre-cooling
           ↓
2. Cryocoolers
           ↓
3. Helium gas circulation
           

Function:
Maintain a stable and clean
60 K helium environment



Facilitate a smooth transition from the high-pressure environment of the gas cell to the high-vacuum 
environment required for the MRTOF.

Two Stages of Differential Pumping:
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① 0.6 mm orifice

②  turbo-molecular pumps

Ø Leybold TVi850 (850 L/s) × 2

Ø Leybold MAG W1300 iP (1100 L/s) × 2 
Ø Leybold MAG W2200 iP (2050 L/s) × 2 
Ø Leybold ECODRY 25/35 plus (25/35 m3/h)× 6 
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Inner Gas Chamber
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① High-purity helium

② 4-order pressure reduction

③ Fast cool-down

④ Stable 60K operation
① ②

③ ④

All subsystems meet the 
design requirements and are 
ready for ion-extraction 
experiments. 



n Ion-extraction efficiency of the RF carpet with 133Cs+ ion source.

n Observed clear RF amplitude threshold for efficient extraction; efficiency saturates post-threshold.

n Experiments at T=300 K and T=90 K, under varying He pressures 

n Max. efficiency: 43-75% at 300 K vs. 87-98% at 90 K. 11
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" Development of the RF carpet for a cryogenic gas cell at HIAF and ion 
transport simulations"  —— accepted  by Nuclear Science and Techniques.
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1st carpet 
(not works)

2nd carpet

43V

E=0.2V/cm

E= 0.02V/cm

2nd carpet

wire carpet

200V

E=10V/cm

wire carpet

7 
m

s

3 ms

Effective extraction 

Stopping

Wada MichiharuUpdate of the gas cell ----wire RF carpet
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✓ Faster ion transport
✓ Space-charge suppression
✓ >10^7 pps
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A = 240
A = 242

A = 244
A = 247

254Cf

U + U

U + Cm

With 150 pnA U beam on U target, 1% total efficiency,  ~100 new isotopes

Courtesy of  Prof. M. Wada
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Thanks!


