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Heavy ion accelerators at IMP (in operation)

HIRFL (Heavy lon Research Facility in Lanzhou)
€ lon species: H~U

€ Beam Energy: several MeV/u ~ 1 GeV/u
€ User facility for:

, lon beam applications...

SRF Linac
CAFe2 (China Accelerator Facility for new Element)
€ lon species: M/Q<3

€ Beam Energy: 4-8 MeV/u

€ User facility for:
* Super Heavy Element synthesis

LEAF (Low Energy high-intensity heavy ion Accelerator Facility)
€ lon species: H~U
4 Beam Energy: 0.3~1.0 MeV/u
€ User facility for:
« Atomic Physics. Astro - Nuclear Physics. Material Science
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Heavy ion accelerator HIAF at IMP (under construction)
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SECR: Superconducting
ECR ion source

>460 epA U46*, CW

“ 'I > 1 emA U3%*, pulsed
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@%% SECRAL-II delivering high intensity heavy ion beams for HIRFL

K[ — ’/',

T W g 50T eneroT BN Wisefgl:izde 28 GHz W Power (kW) 10.0
- — SECRAL-TN . \? =8 18 GHz uW Power (kW) 2.0
— W 2 \'3 D Axial Field Peaks (T) 3.7 (Inj.), 2.2 (Ext.)
: : a . Mirror Length (mm) 420
Wa-\—./.-eEEdee No. of Axial SNs 3
B, at r=63 mm (T) 2.06
SC-material NbTi
Magnet Cooling LHe bathing
Chamber ID (mm) 125.0
P, (liter) 5.1
Max. Power Density (kW/I) 2.3
Dynamic cooling power (W) 6.0 (~8 L/h)

SECRAL-Il superconducting ECR ion source in routine operation for HIRFL
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Recent technical advancement of SECRAL-Il ion source

B More efficient plasma heating
Optimized microwave heating scheme with

» tapered waveguide

» Vlasov launcher

B More efficient plasma-chamber cooling
» Microchannel cooling chamber
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o Ao Operation for HIRFL
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%% High intensity highly-charged U beams preparing for SSC-linac

World record CW and pulsed beam intensities of 238U4%* produced by SECRAL-II
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Allows the acceleration of U beam up to 500 MeV/u with CSRm

B 2.2 times gain in beam intensity with 1.5 ms peak pulse
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High intensity highly-charged U beams preparing for HIAF

World record CW intensities of highly-charged U beams produced by SECRAL-II
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%% SECRAL-Il operation improved performance of HIRFL-SFC cyclotron

Beam intensities from SFC Cyclotron
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%% SECRAL-Il operation improved performance of HIRFL-SFC cyclotron

Beam Energies from SFC
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SECRAL-Il operation improved performance of HIRFL-CSRm

CSRm performance enhancement together with other technical improvements

36 A rlso+

SECRAL-Il: ~350 eyA (~4 times historical operation current)
« High current: SFC--8.5 AMeV/15 epA
« CSR,, Beam Current Increase by a factor of 5

78Kr26+

SECRAL-IIl: ~280 epA (not available before)
« High current: SFC--6 AMeV/12 epA

« CSR,, Beam Current Increase by a factor of 10

129Xe3¢2+

SECRAL-II: ~200 epA (not available before)
« High current : SFC—3.9 AMeV/8 epA

« CSR,, Beam Current Increase by a factor of 5

Current 1.6x10°%pp

"18)
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High intensity SC heavy ion linac dedicated to SHE: CAFe2

€ lon species: M/Q<3
€ Beam Energy: 4-8 MeV/u

€ User facility for:
« Super Heavy Element synthesis
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Acceleration of high intensity heavy ion beams by CAFe2
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High voltage platform

- HB\ 2023

H. W. Zhao, HB’23, Geneva  15/30



Acceleration of high intensity heavy ion beams by LEAF

P Transmission@measurement [l Transmission@simulation
Acceleration@measurement [l Acceleration@simulation

100 +
86.9
81.3 . . .

RFQ Beam Commissioning
— ~100 epA N?*
X
>
S -, B Transmission efficiency: >95%
O
T '_l Acceleration Efficiency >80%

Y. Yang, et al., PRAB 22, 110101(2019)
Without MHB 1st harmonic 2nd harmonic 1st+2nd harmonic
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Acceleration of high intensity heavy ion beams by LEAF

lon source: 78 ehA
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Heavy ion beam preliminary results

U35+ 74 epA

B Transmission: ~95%
Acceleration: ~72%
|
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Acceleration of high intensity heavy ion beams by LEAF
Ard* 494 epA from RFQ

Heavy ion beam preliminary results
After collimation:0.548 emA

B Transmission: ~90%
B Acceleration: ~75%

1L [ [ . .
== _m_ﬁ_%l ﬂ M Transverse Emittance & Profile [FC]
— Bt
H RFQ ] Longitudinal Bunch Length [FFC]
= =
= Eis
Beam Position & Phase [BPM]

Beam Energy [BPM]

@ - Energy Spectrum [Silicon]

’K Monitor
ACCT |6.54B mA oz} FC4 |6.410 mA
ACCT2 (9484  pA Eus{ Acceleration
‘E 4
- £ 1 ‘ 74.8755 %
Transmission E 04
. 3 ] 0.017
- ‘ 90.1108 % 02]
i\r-_.’- ' - | | lN
= ]
; " || ! . ; . Noise_ACCT1 Foooo l"_
; B o o R naaa s A s na s Ra s e a s nan s s s s e n s
. O CITIA | T e s am oo e i ap o N . ACCTz .
IO n S O u rC e O 75 e m A 100 200 200 400 500 posﬁfts 700 800 900 1000 1100 1199 oise_ |a°°°° 0 100 200 W0 400 R0 Posﬁlnts TO0BOD B0 1000 1100 11| Noise FC4 FOOOO

£,,=0.23, 0.18 . mm.mrad
- AR\ 2023

H. W. Zhao, HB’23, Geneva 18/30



Perspectives in ECRIS development: intensity

The next generation heavy ion accelerators demand high intensity beam

O VENUS-2011
A ~©-AECR-U-1997

4th G ECRIS

34 G ECRIS

24 G ECRIS

Charge State
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Production of 547 epA U3>* by SECRAL Il
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® Beam quality not promising!

® How to realize efficient injection to downstream accelerators?
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Perspectives in ECRIS development: efficiency

51V/+248Cm>Z= 119

% 102 — ’%j___,_z 1 event/year@1 ppA
7 103 \ 24Cr+248Cm—->27Z= 120
104 — Hot fusion K 1 event/year@3~5 ppA
1 511|2 11|4 11I 6 11|8212lo15212|4 126 Challenges:
New Elements and beyond O 20~50 ppA high'y charged ion beams

G. Adamian, N. Antonenko, A. Bezbakh, and R. Jolos, Physics of Particles D COSt EfﬁClency Of rare ISOtopeS

and Nuclei, Vol. 47, No. 3, pp. 387-455 (2016) . o . .
O Efficient coupling and acceleration
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Technical advancement with ECR ion sources have enabled
significant improvement in accelerators performance at IMP

B Beam intensity and quality both important in high intensity beam
acceleration

v' Beam intensity determines the final intensity

v' Beam quality determines the acceleration efficiency

v' Intensity + quality determines the quality of accelerated beams
B For next generation heavy ion accelerators, more critical

challenges are foreseen

We appreciate the great support of the accelerator teams at IMP !!
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