
EPS-AG 2011 Gersh Budker Prize

Yasushige Yano, RIKEN Nishina Center
IPAC’11 accelerator prize winners’ lectures, September 8, 2011, San Sebastian, Spain

The world’ first superconducting ring cyclotron SRC

For his innovation and leadership in 
the design, construction and successful operation of 
RIBF, the world's first radioactive ion beam facility 
based on SC sector magnet cyclotrons. 

Dr. Yano's understanding and foresight have led 
to major advances in cyclotron technology and 
in realizing them he has created a major new facility 
for nuclear physics with unparalleled capabilities 
for years to come.



RIKEN’s Wako-city campus (since 1960)

RI Beam Factory (RIBF)

Overview of RI Beam Factory (RIBF)Prologue



RI Beam Factory (RIBF)
(Operational since March 2007)

AVF (No.6)     

RRC (No.5)    

RILAC            

fRC (No.7) IRC (No.8) SRC (No.9)

BigRIPS

22 years Old Facility

New
Facility



SRC: All ions @345 MeV/u
BigRIPS: RI beams via In-flight U Fission or 

Projectile Fragmentation

SRC BigRIPS
fRC

IRC

RIBF Layout

Self Confining RI Ion Target

700 MeV e-Storage ring

150 MeV e-Microtron
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45 new neutron-rich Isotopes discovered
by in-flight fission of 0.3pnA 238U  beam 
at 345 MeV/u in a 4-day run (Nov. 2008)

Exploring exotic nuclides by RIBF
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RIBF will greatly expand Nuclear World
- Challenge to Big Puzzle of Element Genesis -

Projectile Fragmentation

In-flight U fission & P.F.
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Super Nova1987A

(Productivity larger than 1 particle/day)



Retrospective:
My 24 years of “RIBF Life”

(1987 ~ 2011)

Yasushige Yano
RIKEN Nishina Center
(established in April, 2006)

(1890 ~ 1951)

Director
Dr. En’yo

Deputy in charge of RIBF
Prof. Henning



Celebration of the First Beam Extracted from No.5 Cyclotron (RRC)

20 years later, the First Beam from No.9 cyclotron (SRC) was produced

At 15:34 on Dec.16, 1986

Yano

Prof. Kamitsubo



Y. Yano,   M. Ishihara“Commissioning of 
RIKEN Ring Cyclotron”

Our Dream: Realization of 
World’s leading “RI Beam Factory”



1987年

RRC Cyclotron

SC Sector-magnet
Cyclotron

RI beam generator

Proposal for “RI Beam Factory”
Based on SC Sector-magnet Cyclotron

Panel Discussion on
Superconductivity and 

Atomic Energy

RI beam Collider



In 1995, two year R&D Budget up to $2M was Approved!

150 MeV/u SRC

Multi-USe Experimental 
Storage rings (MUSES) 

World’s first
e-RI beam
collider



In 1996 we came to a conclusion: Beam injection to SRC 
is impossible, because the central region is too narrow.

My God! : The first hurdle



VECC-RIKEN MoU conclusion meeting at Calcutta, India in 1996

During the flight time, I came up 
with an idea: Split a single SRC 
Into SRC and IRC.



SRC MUSES

IRC BigRIPS

In 1997: Construction Budget Was Approved!
We requested up to $750M (@100JPY/US$)



SC Magnetic
Shield SC Sector Magnet

In 1998, we reached a conclusion: Present design of SRC has too many 
problems to be solved to realize it and the problems are due to large 
valley-region leakage-flux in the long run.

My God! : The second hurdle
In 1999, I decided to
cover valley-regions with thick 
iron plates to absorb leakage flux.

Valley-region

8,000 tons



Superconducting Ring Cyclotron (SRC)
World’s First, Strongest, and Heaviest

K = 2,600 MeV
Self Magnetic Shield
Self Radiation Shield
3.8T (240 MJ)
18-38 MHz
8,300 tons

Cooled by liquid He bath

Indirectly cooled by two phase forced He flow



K2600-MeV SRC

On Nov.7, 2005, full excitation of sector magnets was achieved.
A 140-ton cold mass cooled down to 4.5 K in 3 weeks.



厚板（1月東京地区）高値推移グラフ
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In 1999, RIA project (USA) pointed out: 150 MeV/u U beam
RIKEN plans is not sufficient to efficiently produce RI beams 
via In-flight fission. 400 MeV/u is required instead.

My God! : The third hurdle

In 2001, I decided to add one more inexpensive cyclotron, fRC.
And also, BigRIPS was changed to be a large-aperture SC 
separator which can accept large emittance fission fragments.



27AL10+ 345MeV/nucleon

First beam extracted from SRC 
At 16:00 on Dec., 28, 2006.

Control Room

At 15:34 on Dec., 16, 2006.       



“Science” : Dec. 2006

“Nature” : Dec. 2006



My presentation on: 
Discovery of a very neutron-rich 
new isotope 125Pd (Z=46) 
by in-flight fission of 345 MeV/u
U beam. The great endeavor

to explore the nuclear world
Inaccessible so far!



The Emperor and Empress’s Visit     
to the RIKEN Cyclotrons       

March 12, 1992
First Visit by the Emperor

October 3, 2006
Second Visit by the Emperor with Empress

On a guided tour of 
No.5 RIKEN Cyclotron (RRC)

Near No.9 RIKEN Cyclotron (SRC)



In 2001, GSI pointed out: Luminosities obtained in MUSES is low,
Because RIKEN system is based on DC beam, not on Pulsed beam.

We agreed! : The fourth hurdle

What about MUSES?

In 2003, I decided to give up MUSES project; Instead We have 
invented much better cost-effective high performance alternatives: 
SCRIT (invented by Wakasugi and Yano) for precision charge-
distribution measurement and Rare RI ring based on Yano-Goto
formula for precision mass measurement.



Longitudinal 
mirror trapping

Recoiled RI ion

Scattered electron: Detected

Transverse 
trapping

Electron beam bunch
in storage ring

Principle:  “Ion Trapping” in e-Ring

Electron - RI 
Scattering System

Two P.R.L. papers published
on experimental proof of 
principle.

700 MeV Electron Storage Ring
on BF1 floor of RIBF

SCRIT
on the straight section

RI ions: fed from
150 MeV e-beam
driven ISOL



Yamazaki Kamitsubo

Crraddock Kimura

Ishikawa Yamazaki

Yamada Ross

Epilogue

Proceedings are available at HP
of RIKEN Nishina Center



RIKEN (founded in1917) former Campus located in Tokyo

1937

1944

The Largest Cyclotron in the world



Tragedy of Nishina’s cyclotrons

Nov. 1945



SRC

Dr. Nishina’s dream realized !!
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Thank you for your attention!

Prof. A. Arima


