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(G SI Present and Future

"Increase in beam intensities up to a factor of 10,000
"Increase in beam energies by a factor of 20 ’_\

SI151007300

FLAIR

- Existing Facility
— Mew Facility

cf. Prof. A. Suzuki at LINAC2010 (12-17, September, 2010, Tsuku
Energy x 1000, Intensity x 1000, Time Resolution x 1000
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H.I. Beam Intensity
(from GSI Home Page)
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Z-dependence

Atomic Number Z

of probable intensity with conventional ion sources
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Main Parameters of TARN

Max. Beam Energy9 8.55 MeV/u
Max. Magnetic Field 9.0 kG
Radius of Curvature 1.333 m
Average Radius 5.06 m
Useful Aperture 45 x 190 mm?
Revolution Frequency 1.3 MHz
Betatron Tunes (~2.25,~2.25)
Transition 7y
Injection Method
Momentum Spread of
Stacked Beam
Rep. Rate of RF
== Stacking w
it bos v L Vacuum Pressure ~1 X1
Layout of TARN and its transport Taken from Proc. of 1984

line from the SF cyclotron,

on Heavy Ion Accelerators™
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TARN-I

1. Combination of Multi-turn Injection and RF
stacking — Totally ~300 times peak intensity
increase

— Momentum Spread of 2.5 % cannot match
with further accelelﬁtlon ith capture into ¢
separatrix— geV = “T,[(iZ 2¢,)sin @, —2cos ;]

Large energy spread needs phase space
displacement—needs time for accelerati D
acceleration efficiency ‘

2. Stochastic Cooling with Notch Filter

(longitudinal phase space)
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Phase Displacement Acceleration
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Stochastic Momentum Cooling at TARN
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TARN to be Upgraded to TARN -I1




Construction of TARN-II




Evaluation of Magnets
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Electron Beam Coollng at TARN 11

Time (min)

Beam intensity (uA)
g b2
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Number of multiturn batch

E-cool stacking at TARN 11

[ 2) Uncooled

g =20 0 20 40

From T. Tanabe et al N I.M. A441(2000) pp326-338 and Proc 5t
Joint Symp. (1993) Osaka, pp16-20.
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High Resolution Experiment

Ho3H W I [ | I B ¥ o %

1  Variation of Revolution
e, | Frequency

DE-B
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v (kv) tr tV
Fig. 9. Yield of neutral He+H atoms formed in the

dissociative recombination HeH*+e—He+H as a function
of electron acceleration voltage. The c.m. energy scale is

also shown. The time window is 0.92-1.47 s and the . EleCtl’On beam COOlillg

electron current is 0.2 A

—Ap/p tends 0
From T. Tanabe et al., Proc. 5t .
Japan-China Joint Symp. (1993) ° Precise mass analySI S
Osaka, pp16-20. becomes possible
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Beam Extraction
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Slow Beam Extractmn by RFKO
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SCRIT Installed into S-LLSR

SCRIT(self-confining radio active isotope ion target)

o s A “ion trapping’”’ phenomenon in the electron

= NS storage ring was successfully utilized for the first time
"l ﬂ‘ﬁ"'k [ to form the target for electron scattering.

M. Wakasugi et al., Phys. Rev. Lett. 100,

164801 (2008)
T. Suda et al., Phys. Rev. Lett. 102
)25(] ()4

— . 2

k22924 HH E R RCNB}%?;?E»f*/

i\l

' LT OYE 18




Development of Compact Cancer Therapy Machine
with Use of Laser Ion Source

., Pulse Synchrotron
% (KEK)

4] ._EJ

Electron Beam Cooling
(Kyoto Univ.)

R 3§
- RF Acceleration Cavity ‘ ’
.

100 TW Laser lon Source

Laser Ion Source

(JAERI, Kyoto Univ.) .
Phase Rotation

(Kyoto Univ
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Heat is transferred from hot Ion

Hot Ion
to cold electron beam

Beam

e Cold Electron Beam

Scheme of Hot Ion Beam Electron-Cooling by Induction Acceleration
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Injected Beam N Cooling Force

! Example of the Momentum Spread before AT ; % ~;—

and after Electron Beam Cooling Pt gV e st e
: (obtained at TSR, E. Jaeschke and D. Kramer C_ T T e
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By D. Mohl., Proc. of ECOOLS84, Kahlsruhe, Germany (1984)

Comparison of Beam Cooling Methods

100 +

STOCHASTIC

COOLING

Sketch of beam eross-ssction te indicate reglons where one of
the two cooling methods is most efficient. The combinatien of

: "core cooling" by slectrons with “halo esoling®™ by the ato- ’
Stochastic and electron cooling time &= a function of beas n

enittance. 5:35':'-':' methad is capable eof taking adventage of both of
en,
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Electron by H. Fadil

COOling Of TSR Experiment parameters
Ion species ct+ 73.3 [Mev]
HOt Ion Electron density 2.4x107  [cm3]
B t TSR cooler Tlength 1.2 [m]
eam a Magnetic field 300 [G]
AEEiER Induction voltage 0~ 0.4 [V]
cooler
{al o] |a' ﬁsg ;IT 7 T 1 2| 8s Q.0
2| ;¥ % f j%
;s ST r: :,»‘r ‘,‘F 1 —0.2
Ion beam energy sweeping scheme =10 ff§f A . -
cecled Bsam NEM—'IE‘ | E‘ ;’ ) 2 f/ N —0.4%
Cooling Forcs i : E% ;’l ),‘I Z X%r‘ :
Indice Rocelerati : T=20 - 5 % %” - 1 _pes
ndice Aoceleration ! o i I o %‘/ B U,=0 S
L o5 L 5.7 .7 - = U =005
i,f . ,§~’ & U =01 1
Injsction Beam Y Pl . B A 4 U =02
i 1 HomEnT =-30 —;;’;’i«g S U =03
AF/F=13 AP /Em0.L 2 o .« U0
S _35 | 1 1 1 1 = =

Electron beam

Elsctron energy ramping
f—

Injsction Beamn

|
.13

energy sweeping scheme

fi Captuied Bean

Cocling Forcos

APAP=1%
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Main Parameters of S-LLSR

Circumference
Average radius
Length of straight section

22.557 m
3.59 m
1.86 m

Number of periods
Betatron Tune
Crystalline Mode
1.45 (H), 1.44 (V)
Bending Magnet
Maximum field
Curvature radius
Gap height
Pole end cut
Deflection Angle
Weight
Quadrupole Magnet
Core Length
Bore radius
Maximum field gradient

> RCNPHFZE

6

Normal Operation Mode
1.872(H), 0.788 (V)
(H-type)

095T

1.05S m

70 mm

Rogowski cuttField clamp
60

4.5 tons

0.20 m
70 mm
5 T/m

SKIEMAER) VT OYE]
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Rln g Layout Induction
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» Compact Cooler Ring
S-LSR
— Circumference 22.56m

— Straight Section Length In operatlon since October, 2005
1.86m . =il =\ |

» Two e-cooling modes \ A3 w1
— Protons 7MeV P - B T
(Ee=3.8keV) |

— 12C6t 2MeV/u
(Ee=1.1keV)

o Laser cooling
— 24Mg* 40 keV
(A=282 nm)
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Electron Cooler installed in S-LSR

Cooler Sol
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Electron Cooling of Hot Ion Beam

longitudinal cooling time d(1219) I(lct_3)

0.0 T T I
T, = 304 [s]
(ap/P) = 0.00 [%]
-0.2 I (AP/P) = -0.97 [%]

-~tD

0 10 20 30
22:10:54 19-Dec-2005 time [s]
FErk22498248 HH E

longitudinal cooling time d(1219) I(lct_4)

0.0
1 T: ! 17 I[s} T
(AP/P) = 0.00 [%]
-0.2 F (AP/P) = -0.96 [%] i
_0_4 .- ------------------ —
-0.6 o
08 =
I
=30 I 1 L 1 1 l
0.0 0.5 1.0 1.5 2.0 2.5 3.0
22:49:04 19-Dec—2005 time [s]
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ESR at GSI, by M. Steck

distanc(’.[cm;

41000 w8 10 1 03 em pom
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5 ®
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g
10"
H
i
1w’ 1 2 ] 7] 3 3 8
10" 10" 107 10" 10’ 100 100 10 10
mymber of stored ions

Figure 2. Experimental momentwm spreads from Schotthy signals vs. number of stored jons |
in the ESR for electron cooled U™ jpns st 240 MeV /u, awg indicates the Wigner-Sejip |

radius of eq.{2}, (after ref. ¥}

ESR at GSI, by M. Steck

Au"™* 290 MeV/n
= | b
E E ®
E «®
= F ® e
w &
=t s
-93 -t L ]
£ w'L
=" f .
- =
2 : .
G JM-L%LMM
i w10 0w
number of stored ions

Figure 3. Beam radius measured with a beam scraper vs, number of stored ions in the ESR

for electron cpeled Au™* jons at 290 MeV fu (from ref. 7},
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CRYRING at Stockholm,
by H. Danared
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Fig. 5! Relative momentum spread as & function of panicle number for the lowest seven eleciron

densitics represented in Fig, 2. The density increases from the upper lefl to the lower right, For sach [
dengity, a Hne is fitted to the data points, & ling is also drawn threugh the peints corresponding te the |
transition to the ordered siate, (The use of different symbols is just 1o help identifving which points |
hetong ta sume glectron density.} |

NAP-M at BINP, Novosibirsk
by V.V. Parkhomchuk
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Phase Transition to 1D Ordered State

l:ll:“:ll:ll B 1 IIIIII. I T 111NN | IIIIIII| | IIIIII1 | Illllli
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Particle Number

T. Shirai et al., PRL, 98 (2007) 204801
FErk2249A248 FHH E B RCNPHRXIEBEAAUERITOYE]L 29



Short Pulse Formation at S-LSR

with Electron Beam Cooling

0
4444444444

[
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.
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D'Pm ‘_--I\!
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Shear Heating and Dispersion Suppressor

hear 1s induced by angular

ER224F98248 FHH E
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Dispersion Suppressor

d’x 3-n 1 AW

+ X = ic Fi
s> ,02 oW Electric Field

d’x l—n: 1 Ap

—+— Magnetic Field
ds~  p° pp
A_W =2 g Non-relativistic Case
W P l
—(v B )
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Vacuum Chamber in the
Magnet Section
(includes the Electrodes)

\
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Summary

Storage Ring can contribute
Intensity Increase for Heavier lons with
relatively low peak Ion Source Intensities

Increase of Phase Space Density by

Application of Beam Cooling
Create Short Bunch Structure by Bunck

Beam Electron Cooling
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Thank you for your kind Attention!!
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