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HIRFL Layout and
SECRAL Goals

• To achieve performance enhancement
of HIRFL accelerator complex.

• For cyclotron injector:
Xe31+, U 41+

DC Beam: 50-100 eμA
Pulsed Beam: 100-200 eμA
More intense beam is required
for heavy ion linac injector

•Develop a compact fully
superconducting ECRIS

12.1 Tm

1100AMev 12C
500AMev U72+

9.4 Tm

500AMev
U92+

10AMev

100AMev

HIRFL: Heavy Ion Research Facility in Lanzhou

Introduction
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ne~ ω2
rf , I~ ω2

rf

Becr=ωrfme/q , Binj ≥2 Becr
High B, ωrf , Prf

The option for fully superconducting ECRIS

SERSE in Catania (14.5-18 GHz) VENUS in Berkeley (18-28 GHz)

Advantage:
Higher sextuple field;
Larger plasma chamber;
Higher rf power up to 10 kW;
Higher frequency >28GHz

Disadvantage:
Very strong interaction forces;
Much longer sextupole;
Bigger source body;
Hard to buildSERSE and VENUS are pioneers, MS-ECRIS, RIKEN SC-ECR, SuSi…

Conventional Structure
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Inject. Solenoid

Middle Solenoid

Extract. Solenoid

Sextupole Coil

Aluminum Clamping Ring

Iron Segments for Sextupole
Field Booster and coil Clamping

Iron York and Shielding

Iron pole

Option of SECRAL

Completely New Design!
Reverse conventional structure
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O7+: 810 eA (2.5 kW,23- 25 kV)
Br1.23 T, Binj 2.2T, Bext1.36T, Bmin0.46 T

Ar11+: 810 eA (3.15 kW, 23-25 kV)
Br1.18 T, Binj 2.20T, Bext1.20T, Bmin0.455 T

Ar14+: 270 eA (3.2 kW, 23-25 kV)
Br1.30 T, Binj 2.48T, Bext1.33T, Bmin 0.516 T

Ar16+: 73 eA (2.8 kW, 23-25 kV)
Br1.49 T, Binj 2.65T, Bext1.53T, Bmin 0.55 T
Better results are expected for higher Q

Performance review (1)
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129Xe20+: 505 eA (2.75 kW, 23-25 kV)
Br1.09 T, Binj 2.23T, Bext1.27T, Bmin 0.47T

129Xe27+: 306 eA (2.85 kW, 23-25 kV)
Br1.29 T, Binj 2.52T, Bext1.41T, Bmin 0.529T

129Xe30+: 101 eA, 129Xe34+: 21 eA , 129Xe38+ : 2.4 eA
(3.2 kW, 23-25 kV )
Br1.29T, Binj 2.52T, Bext1.41T, Bmin 0.536T
Better results are expected for higher Q

Performance review (2)
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Micro-oven

With maximum Prf =1.6kW, some preliminary but very
promising metallic ion beams were produced:
287eμA Ca11+, 162eμA Ca14+ , 75 eμA Ca16+,
20eμA Ca18+, 2.3eμA Ca19+

35 eμA 58Ni17+, 10 eμA 58Ni19+

180eμA Pb25+, 173eμA Pb27+, 65 eμA Pb 31+

Better results of very high Q are coming for Ca, Ni, Pb,
Bi and U next year, firstly modify injection part and aslo
use Al chamber.

Results not so good, test time too short (10 days)

Ca

Performance review (3)
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Plasma Detection

Bigger ECR zone

Higher microwave frequency
18 GHz vs 14.5 GHz

Better plasma confinement
Higher magnetic field

Large plasma chamber
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SECRAL at the Axial Injection Beam
Line of IMP Cyclotron (2007. 4)
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On-line Operation Timetable

2006.9—2007.3 2007.4—2007.5 2007.6—2007.7 2007.8

2007.9 2007.10—2008.3 2008.4 2008.5—2008.8 ……

warmed up to Room
temperature and Removed

to the basement

Cooled down, source operation
performance recovered, and

produce intense O7+ and Xe27+

beams for the new injection beam
line commissioning

Continuously produce
intense Xe27+ ion beam for

HIRFL-CSR test

Summer maintenance time

Test of AG mode, Al liner,
and the new HV insulation

column made of PEEK

Being in lack of LHe,
SECRAL warm up to 70 K

Cool down to LHe temperature
and recover source performance

(new Al chamber and HV
insulation column installed)

Test of Kr ion beam
production and produce

intense 78Kr19+ ion beam for
HIRFL-CSR test
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x

y

x’

y’

Xe27+

Xe27+

IMP Allison-type emittance scanner.
Located after the analyzing magnet

SECRAL

At 15 kV, < 1kW,
lower intensity

Preliminary emittance analysis
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Intense 129Xe ion beam for HIRFL
• The first beam: 129Xe27+, extraction

voltage: 22 kV,
rf power 1.2-1.6 kW,
Beam intensity: 140-160 eA,
Continuously operated for more than
one month.

• Dedicated to commissioning of IMP new
project HIRFL-CSR.

 SFC Xe beam increased by factor 10
 SSC Xe beam increased by factor 50
 CSRm accelerated Xe27+ beam to 235

MeV/u, accumulated beam intensity up
to 500 eA (1×108 pps), the heaviest ion
and the biggest beam intensity achieved
for a heavy ion synchrotron with a
cyclotron injector, impossible without
SECRAL.
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MMI + Ramping (MMI + Ramping (129129XeXe27+27+--2.9~235MeV/u) in2.9~235MeV/u) in CSRCSRmm

500uA, 1108, η=83%
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Intense 78Kr ion beam for HIRFL

Intense 78Kr19+ ion beam for the test of

CSRm and CSRe. The delivered beam

quality is quite good. The total service time

is up to 2 months, non stop, which plays

important role in the successful

acceleration and accumulation of 451.1

Mev/u 78Kr 28+ ion beam inside CSRm, and

the accomplishment for the first time of

accurate nuclear mass measurement inside

CSRe（△m/m<10-5) in China.

SECRAL

Circulator

Circulator

18GHz, 1.8kW

18GHz
1.7kW
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Experimental setup for mass measurement

RI BLL2

PT 2008.62008.6 -- 77
Mass measurement onMass measurement on CSReCSRe
by secondary beamsby secondary beams

CSRm
78Kr28+

204.7MeV/u
402.5MeV/u
403.0MeV/u
404.5MeV/u
451.1MeV/u
458.4MeV/u

CSRe
Iso-mode

Secondary Beam

TOF

PT
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New Development (1)

Even with PEEK column, local discoloration from
intense x-ray flux is obvious after two-week
continuous operation with 1.5 kW 18 GHz

microwave power
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New Development (1)

ceramic
PEEK 50 kV
HV insulator

column

1.5 mm Ta X-ray
shielding foil (the
same as VENUS)

Double-wall water cooling
Al plasma chamber

Longer lifetime
under strong X-
ray irradiation

Effective
shielding of

strong X-rays

Better water cooling and
more active effect on

higher charge state ion
beam production

Ta Foil Al Chamber

PEEK HV Insulation column
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New Development (1)

90%90% BBmaxmax (no plasma) : <1.5(no plasma) : <1.5 l/hl/h;;
1.0 kW, 18GHz: <1.51.0 kW, 18GHz: <1.5 l/hl/h;;
1.01.0--2.0 kW, 18GHz: 1.52.0 kW, 18GHz: 1.5--2.02.0 l/hl/h
2.02.0--3.0 kW, 18GHz: 2.03.0 kW, 18GHz: 2.0--2.52.5 l/hl/h

With SS chamber without Ta shielding

With Al chamber with ~1.5mm Ta shielding

No coil currents: <1.5 l/h;
85% Bmax (no plasma): ~1.8 l/h;
<1.0 kW, 18 GHz: ~1.8 l/h;
1.0~1.6 kW, 18 GHz: ~1.8 l/h.

Good shielding of X-ray with
only ~ 1.5 mm Ta foil
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New Development (1)

Stainless steel plasma chamber with a dimension of ID=
Ø126 mm, very stable ion beam has been obtained. Even

during the long-term operation for accelerators, the stability
is normally better than 0.5 eμA/150 eμA for Xe27+ beam.

With the new Al chamber of Ø116 mm ID,
stable intense ion beam could be obtained and
delivered to the accelerators, but it is curious

that a good long-term stability is hard to achieve.
Feedings gas or biased disc should be

frequently optimized to achieve the stable state
for on-line operation. Even at the stable state,

the stability is not so good as that achieved with
SS chamber (2~3 eμA/160 eμA) .

Plasma volume effect?

Ø126 mm vs Ø116 mm

Chamber material effect?
SS vs Al

Or ……

Double frequency
18GHz+ 14 GHz, as D. Hitz has done
And 28GHz+18 GHz on VENUS
One possible solution?

If Al chamber worse beam stability
For routine operation SS chamber
better choice?
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New Development (2)

Volume Effect,
Vplasma

Insufficient
magnetic

confinement of
SERSE at 28 GHz

Not enough rf power
and frequency scaling

effect

Call for higher
frequency?

ω2
rf + Lecr effects

+ …?

24 GHz:

More optimized for the radial field that

SECRAL can provide

To test double frequency heating, 24 GHz

+ 18 GHz better than 28 GHz + 18 GHz
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One 24 GHz/7kW Gyrotron microwave power
generator has been ordered from GYCOM Ltd.,
Nizhny Novgorod, Russia

24GHz/7kW Gyrotron

≥ 5 msPause duration

1 – 10 s-1Repetition rate

5 – 100 msPulse duration RF

< 500 μsRise time

< 30 μsFall time RF

Pulse mode operation

better than 0.25 dB/24 hPower stability vs time*

≤ 30 dBCoupler damping

≤ 1%RMS ripple

100 W … 7 kW with an increment 25 WPower adjustability

maximum 50 MHzBandwidth (-1 dB)

95% minimum TE01,
5% other modes

Mode purity (whole system)

TE01Mode entering ion source

0.1 kW – 7 kW, smoothly controlledOutput microwave power

either CW or pulse modeOperation regime

24 GHz  50 MHzOperating frequency

New Development (2)

More to be expected
at ICIS’09
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Summary & Conclusion
A superconducting ECR ion source SECRAL with an innovativeA superconducting ECR ion source SECRAL with an innovative
magnet structure has been successfully built. SECRAL has reachemagnet structure has been successfully built. SECRAL has reached thed the
designed specifications and be able to operate with a nice reliadesigned specifications and be able to operate with a nice reliability andbility and
stability;stability;

SECRAL has been used for accelerators at IMP to produce intenseSECRAL has been used for accelerators at IMP to produce intense
stable high charge state heavy ion beams for more than one year.stable high charge state heavy ion beams for more than one year. ManyMany
outstanding work at IMP could not be possible without the stableoutstanding work at IMP could not be possible without the stable
operation of SECRAL, such as the successful acceleration andoperation of SECRAL, such as the successful acceleration and
accumulation of 235accumulation of 235 MeV/uMeV/u 129129XeXe27+27+, 451, 451 MeV/uMeV/u 7878KrKr28+28+ and also theand also the
outstanding work of onoutstanding work of on--line nuclear mass measurement by secondaryline nuclear mass measurement by secondary
beams onbeams on CSReCSRe. Within the maximum 2 months continuous operation,. Within the maximum 2 months continuous operation,
no quench or other problems occurred. Generally, ion beams are vno quench or other problems occurred. Generally, ion beams are veryery
stable and well up to the requirements of HIRFL accelerators.stable and well up to the requirements of HIRFL accelerators.

Several performance development works are under processing, suchSeveral performance development works are under processing, such
as the new aluminum plasma chamber, double frequency heating, anas the new aluminum plasma chamber, double frequency heating, andd
24 GHz microwave driving. More results are expected in 2009.24 GHz microwave driving. More results are expected in 2009.
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