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Production of solid ion beams with the ECR4M

A new method using a combination of a microoven with a hot
tantalum sheet inside the discharge chamber was used at the
ECR4M for the production of intense beams of metallic ions with a
relatively low melting point such as Mg and Ca.

After the first experiments using CaO+Al as working substance,
metallic calcium was used to provide intense ion beams of **Ca. To
ensure optimal consumption of **Ca during long experiments the

intensity of the **Ca’" beam from the ECR4M was set at a level of
30-50 pAe.

Spectrum of **Ca from ECR4M optimized for “*Ca®",
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M The oven and screen temperature of about 400°C was supplied.

M The efficiency of **Ca’ production was about 4% of consumed
substance.

M The average consumption of metallic calcium without collection
and regeneration can be evaluated as 0.4 mg per hour.




U400

48Ca beam from ion source to target

{U]“j =15 k‘k’,',l
Beams
From ion source 28 pua (48Ca 5+)
In cyclotron center - 4 pua (14%)
Accelerated 3,2 pua (80%)
Extracted beam 1,34 pua (40% stripping)
On the target 1,14 pua (85%)

E:=4%




48Ca beams from ECR4M (14,5 GHz)
with hot chamber screen
(FLNR U400)
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Ip=8,2- 10" pps

Matter consumption —0,8 ™/,
Utilization — 0,16 ™. (20%0)

48Ca consumption (60% in matter)
M. (48Ca)=12- 10" pps (0,4 ™%,
Efficiency &p., = 65%

Efficiency €o.s = 10%




_ Capture efficiency of ,Ca°" at U400 => U400R

| acced | ECR at 15 kV injection voltage( present time) and 50 kV (in the future)
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Currents of aom..ﬂ ions at U400 => U400R

= (pnA) at 15 kV injection voltage( present time) and 50 kV (in the future)
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1. Increasing 48Ca beam intensity on the target up to 4 pua.

2. Variation of the ion energy on the target with factor up to 5

3.lon energy spread on the target Eémm--*

4, Beam emittance on the target up to 10T mm - mrad.







U400R

48Ca- (51 - (67) «(7)

E =200 + 300 mev

lECR oy 4 8 | 12 16 20 24 28
Tacasifisinis| 10| 2.0 ] 2.8 32 | 3.4 38 | 3.9
Laccetisokvippa | 1.5 30 | 45 | 60 | 7.5 85 | 9,6
dm mg,/ 007 | 0.14 | 021 | 028 | 035 | 043 | 05
4t /hour |

ItarceTowe | 063 | 1.3 2.0 2 3.0 | 3.5 4.0
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lons Energy [MeVinuci]

U400 Reconstr <New Gen. Freq, >

Exfraciion Radls 1 8 m, Gemaraton Fraquesacy 6.5 - 125 MHp
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Expected ion beam intensities from DECRIS-SC

for the IC100 cyclotron
(A/Z=5.5+6)
Hom A | 7. | Tpop (epA) | Tece (ppA)
Li 6 14 =200 =200
1] | " i ] { 2 L1
{ | 12 , | 2N =11
e | 12 | 4+ _ -3iM) T8
Mz | 24 4+ { =300 =3
Si | 28 5+ >300 =60
i 5 I 4 | e =100 15
! \r 4 E =30 40
"l Ca | 40 T+ =201) =3
| Ii IR 5+ 1M} 2
LV 51 9+ 100 11
Cr 52 9+ 100 11
Mn 55 10+ 100 10
Fe S 11} L] I
Co = N I [ 1 100 10
\.' i o | J i} Bl X
Cu 63 ' 11+ 8 | 45 _
In 64 1+ I 9 |
hr 84 144 120 R.A [
hr | 84 | 15+ 1 l' r..s'_l
Zr 9% | 16+ 10 0.6
Mo | 98 17+ 10 0.5
_ Sm ns 20+ 20 1
\¢ 129 224 110 5
\¢ 129 23+ 81 .5
\e 132 24+ 6l 22
Ta 181 3+ 1 L 003
Hg L 2m 34+ 5 AT
Ph 208 35+ 5 | o4 ]
U 238 40+ =1 | =0.025 |
sine 0f the ordimary: gas supply system

k NISHINRE MICTO oven

Dfsign_nl’ the special techniques is required (micro oven up to 1900 °C, plasma
sputtering, chemical compounds et al. )
(For all sotopes the enrichment sbout of 10024 was assumed)
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C160

Cost estimation

Main magnet

Vacuum chamber

RF generator

RF system

Vacuum system
Diagnostics

Trim coils

Axial injection
Magnets power supply
Control system

lon source

Beam extraction system
High voltage power supply
Simulation design
Installation

1,2 M$
0,2 M$
0,3 M$
0,5 M$
0,5 M$
0,15 M$
0,25 M$
0,25 M$
0,15 M$
0,6 M$
0,5 M$
0,05 M$
0,05 M$
0,5 M$
0,5 M$

5.7 M$
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lens Energy [MeVinucl]

Extraction Radius 1 192 m, Generalor Frequency § 2 -

Beam intensily i p.A
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Extraciion Radius 1.192 m, Generalor Frequency 8.2 - 12.72 MHz

36 MHz| | o 84
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C-160 cyclotron
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C-160 cyclotron
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Extraction

Type of extraction By electrostatic deflector
Radial position 1180 mm

Length of deflector 880 MM

Gap of deflector 1 eM
Maximum voltageon 100 ®/
defector

Focusing in fringing field By passive iron channel

Jon source + injector

lon source ECR 28 GHz
Injector length 5™
Level of pressure 107 pa
Injection potential >30 kv

Power consumption

[on source + axial 0,2 Mw

injection

Magnet + trim 0,08 Mw

RF 0,08 Mw

Vacuum 0,02 Mw
E 0,38 Mw
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Cyclotron C160

Magnet
Agerage magnetic field 1,3T-1,55T
Pole diameter 2,7 ™M
Number of sectors 4
Magnet weight 330 ton
Copper weight 8 ton
Power consumption 80 kw

R-F

Frequency range 8,1 +12,4 MHz
Harmonic number 23
Number of dees 2
Angle of dee 40°
Dee voltage 60 kv
RF structure 2K
RF power consumption 2 x 20 kw
Electricity power consumption 80 kw

Vacuum system

Pressure 10° Pa

Main pumping x 2 x 5000 L/

(o STYOgEnIic pump

Support pumping x 2 x 500 L/ TMP
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DECRIS-3

3.0+
2.5+
2.0+

E s

1.0+

0.5

Z fem]
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Generation on U400M and acceleration
on U400 6He t'»=800 mcek

¥ T

| Time, sec Efficiency
Process s
Project |{ Test Project | Test
%,-diffussion 50x10° | 50x10” 1 1
from carbon ‘
catcher (1p) ,
Z,-transport to 20 x 10” 20 x 107 1 _ 1
ion source
(Imx O 0,Im) | |
Y;-ionization 1+ | 1x 107 (50-130)x10” | 0,5 | 0,1
and separation i 5
L -transport 2x10" ‘ 2x10° 08 | 0,23
6Hels | _ .
Ls-acceleration 0 ‘ 0 0,5 0.4
capture ,
Le-acceleration 50 x10° | 50 x 10° 1 0,8
|

70 x 107 ‘ (120=200)x10° | 15x 107 0,736 x 10°

Z 2 project

Z L rest —

20
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Table: Beams of the U-400M cyclotron.

Ion |E,MeV/m[l, ECR 1, L
extracted | extracted

"Li** |35 100pA |30pA 6*10" pps

Hp* 132 '90pA  |30pA 4*10" pps

sl P 100pA |35pA 4%10" pps

“N* |35 100pA | 35pA 3*10" pps

“N | 54 S50pA | 15pA 1.5*10" pps

oM 100pA |30pA 2.5%10" pps

INe™ |32 50uA | 15pA 1*¥10" pps
“Ne™ [43 S0pA  [15pA 1¥10" pps |
s |33 10pA [1.7pA 6*10" pps

| YAr'*] 40 120A |2pA 7%10" pps
Bcal™{ 20 10pA | 1.7pA 5%10" pps
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U400

Vi~ 20 KV g

length = 120 m

V,-V,~15V

V,~20kV

Thermo i.s.
ECR is.

etc.
g~0.5

e~ 0.6 ECR is.
g~04

U400M

g.~ 0.12

1™

R.LB.
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1*— n* results with m.mO.MZHH mcamﬁn 10 Ghz
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1*—» n* results with PHOENIX Booster 10 Ghz

PHOENIX BOOSTER 10.Ghz - 250 W - for Kr't — Kr
charge breeding with Kr'*'beam intensity injected : 1.93 pA
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U-400M

T — beams

() sapy 37 + 20

(Bp) _
/(Bp)z —

%:ﬂ.z 4 ETES4 MeV

2. ATH) -37" + 1H"

(Bp%gp)g =1.33  ( degrading in stripping foil )

%:[},25 i FL.=80 MeV

3. 37737

{BP)] | =—1 Lorentz force ?
,/(BP)E ( ¢ &

Z/,=033 ; E.=150 Mer
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DRIBs - Project

Transformation of the primary beam into
a low energy radioactive ion beam

FLNR (JINR) Feb.2001
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