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O HIAF Introduction

- HIAF (High Intensity heavy-ion
Accelerator Facility)

e Accelerators

super conduction ECR ion source
+ super conducting CW Linac
+ fast ramping synchrotron

e Terminals

(1) Low energy nuclear structure terminaf

(2) High energy experimental terminal

(3 High energy fragment separator
HFRS

(4) High precision spectrometer ring
SRing

(5) Electron ion recombination terminal

(6 Radioactive ion beam physics
terminal

# Fast cycle ring

Circumference: 570 m 3
Rigidity: 34 Tm :

Two planes painting injection

' % Fast ramping rate (3-10Hz) 4/ 7

Vi

o> DE S BRI T 7 Fh

V"\J Institute of Modern Physics, Chinese Academy of Sciences

Spectrometer ring

Circumference: 273m
Rigidity: 13-15Tm
Electron/Stochastic cooling

Two TOF detectors
Four operation modes

iLinac:

Superconducting linac
Length:100 m

Energy: 17-22 MeV/u(U35+45%)

I Iy | L,

SECR:
Superconducting
ECR source

" oaliy — - - S— —

2



| . -
O HIAF Introduction > BRI R

- HIAF: proposed in 2011, approved in 2015, Budget ~400 million USD, start civil construction
in Dec. 2018, installation finished in Sept. 2025, located in Huizhou.

--——i————-.

September. 2025 Fast ramping synchrotron 3
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- Fast ramping synchrotron

 the dipole magnetic field ramping rate is up to 12 T/s

corresponding the PS for dipoles must be ramping with 40 kA/s

the maximum RF voltage is 240 kV for required energy

the vacuum chamber thickness is reduced to O 3 mm to av0|d eddy current

0.5

0.3 1

0.2 1

0.0
(o)

Electron cooling is NOT necessary for beam accumulation in BRing TUNE spread
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- HIAF is aimed to provide the ultra-high intensity heavy ion bunches (~10*! ppp)
- Improve the average power as much as possible (operation cycle ~3 Hz)

- . . 1.E+15 - -
ILInac BRing SRing FAIR o @ \\97
Length / ® operation 2, % it
- \\\C)
circumference 114 569 277 1080 QR Q«q\IAF-utau gg:agjlr; zrgy
(m) . S;:is-umpl . HI\.;:F
\ | I
Final energy of U 17 (yssey | 835 (U#) | 835 (U2r) [RIUMMUESN &
(MeV/u) = \ EN: DLAJ;‘-‘QEWIJ[U} )
Max. magnetic in 1E+14 HIAF-SRing(U) )
rigidity (Tm) --- 34 15 100 % ® CSNS-li(p) \ ) Arss{\\
& " F-.ER 9{v) F BRing(p) \\
!\/Iax. l_Jeam 28 puA 1x10*ppp ((2~4)x10%pp [WEEAKEIE E JPARC-RCS/(p) I JPAF:C:F;TM”
intensity of U (U35) (U35+) p (U9%2¥) (U28+) G ® Isis(p) ‘ "
c FMR-Slswn-:p]
#® CSNS-I(p) N
: fast ramping . ] |
Operation mode | CW or pulse (12T/s, 3Hz2) DC 0.5 1413 1 - - 00
particle energy (GeV/u)
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O Electron Cooling System in HIAF <> B T

- A 450 keV classical magnetized DC e-cooler is needed to reduce the phase volume and
compensate energy loss for internal target experiments

= uﬂ 2 * High voltage system: based on cascade transformer, 15
g o modulates, each for 40 kV, operated at 450 kV (total 600 kV)
il W - magnetic system: 6 individual sections, 22 coils for each
1 Finternal Ji - A with el i ol
Lt | target « Bending section: toroid with electrostatic plate

« Gun and collector: thermionic gun with oxide cathode and
collector cup cooling by oil
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- SRing was designed for isochronous, normal and internal target modes
- Cooling is working at internal target mode

10 T
- + emittance x|
Internal targe mode Particle 23892 — cmittance y ||
S OO B0 O o lon energy 800 MeV/u R N
g o1 -[_\ T rl- T ' T T A T ' T I Fo. gﬂ _IZ . = -.‘\\
50 | 1l '|| '|,.-" | \ uh '|| |1 .~ | Particle number in the ring 1x109 : ~
| \HH '| ' | E S~ ~~—
40. 4 | |‘f| 1l H | |||\ |.| || ||| ] i " . £ o1 ~—
IRy |E| | | ‘ i . Initial emittance H/V (RMS] 4.0/2.0 7.mm.mrad ~—
| h WL (T || h| I || i | ; — amittance
a || |d| ,'||. g| | | | | || | Initial  momentum  spread 8.0x10
20. || ||| I|||r 1 ‘I e (RMS) ' 0.01
-HIIJ\/MHI I|| "l "I III|| || I| [ ’ ’ e " %
o I | A I\J|| ||L) i - 2. Electron energy 438.8 keV time (s)
1l A |,| Vo | -__| e
0.0 55— }fm —r3a;] Zéa " >;o ~—3e0”? | Electron current 2.0A 14107 | — 10~
& () = a2
. e momentum | |
e Horizontal be%[m,elopes Electron beam radius 30 mm \\ s
[m] _ _ 7.4 m (2.6% of N
Effective cooling length the ring) s \ I
Dt | Longitudinal magnetic field
0.0 71 | at the cooling section 0.157 pao™
AN T _ momentum
2T Magnetic field homogeneity 1x10* y ,
1x10 1x10
Electron beam temperature| 0.5eV/3.0x10°5 ’ : P . #
015000 (transverse/ longitudinal) eV e 5

reragae 1 am entittm



0 General design and timetable

S NERSRECIERR

V"\J Institute of Modern Physics, Chinese Academy of Sciences

- 2019, first contract for electron gun and collector

- 2020, first coil for the cooling section, setup for coil axis measurement

- 2021, gun and collector test, transformer manufacture,

- 2022, first cooling section, test of HV sections and repair them several times
- 2023, test of high voltage system, measure the longitudinal magnetic field

- 2024/25, installation step by step, get the first electron beam

Parameters value
Straight section 16.0m
Cooler length 11.2 m
Cooler height 5.0m
Effective length 7.4m (2.6%)
Cathode radius 15 mm
HV ripple 5.0x107°
Field homogeneity 1.0x10™
E-current 2.0A
vacuum <2.0x10™™ mbar

assembling, disassembling, re-assembling,... 3



O Cooling Section %% R L T T

- Coils, correctors and magnetic field homogeneity

« clockwise and anticlockwise pancakes are alternately arranged, compensate transverse field
« measure the magnetic field axis for each coil, optimal combination of coils based the results

400
-0.2

Use alignment to ensure the Hall

-04

sensor Is centered within the coil - e
and perpendicular to the coil plane =
measure the transverse field 1
component e

-14

0
coil axis results

Tl b i #11 K21/ (mrad)

coil axis measure setup
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0 Cooling Section

- Coils, correctors and magnetic field homogeneity

e compensation coils at the end to modify the transverse magnetic field
« use compass method to measure the homogeneity in the cooling section
 change the position of each unit, adjustment of coils in the central unit

-3720
- T -

0.0002

- compensate the toroid

0.0001 1E-4

field, extend the effective B

cooling section

-0.0001 1E-4
J RTDI-200mm
-0.0002 A —— RTDI-200mm-DCY1

Bi/Bz (Gs)

-0.0003 -

-0.0004 -

-0.0005 f T T T T
-3800 -3700 -3600 -3500 -3400 -3300 -3200

Z (mm)

-3720
0.00030 . ;

Bx/Bz

0.00025

—— RTDI-200mm
— RTDI-200mm-DCY"1

0.00020 -

0.00015 -
0.00010 1E-4
e
0.00005 - -6 I I ' I I
0 500 1000 1500 2000 2500
O'Ooooc-)asoo " 700  -3600  -3500  -3400  -3300  -3200 - o i z [IT‘IIT'I] ) o o 10

Z (mm)



O Toroid and Bending cnp> MBS ERITIT IR 73R

« U-shape cooler, toroid provides longitudinal guiding field for electrons
 Electrostatic plate provide a compensation of centrifugal force =mV?4/R
» Colls are used to make an electron beam position correction

maximum bending field is 10 kV/cm



O Gun and Collector %% R L T T

- oxide cathode can provide electrons with the density of 1.0 A/cm?  * g.e to power? -
» ¢rid electrode 1s used to make a ‘hollow’ electron beam 5
 perveance has NOT met the design value M K ,
: ;g_‘./-.-"".-',“_ Thnt \"'T'_!"'I:!~-—f. 8 0:4 e - S i
3 g O |
12- \

0 1000 2000 3000 4000 5000 6000 7000 8000
th

anode230grid185.txt

el Ug=185V
o Ua=230V

L AR AR

I I . . . . =
50 60 70 80 90 100 110 120
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 collector in a decreasing magnetic field, guiding electrons to the surface
 suppressor electrode serves to block secondary electron emission
 0il cooling is used for the collector cup (separate to the oil cooling of HV system)

10°

Rlas ) Unax(V) = 6 I MégnEtiC

collector efficiency with different¥— ¢

F300V from ex

ok g suppressor voltages —— U400V from ex
\ + U 300V from ex

5\ — Uc =200V from exp
\\ - U _F600V fro
_ 3k UC=S(II'[]V from si
=T — O— U_F400V fro
n r - = U _F300V from si
j-::: o — % -Uz L200V fro

488 |

¢ o e =
= T = T T

8 8 8 8 8 8B 8B B B 8
wow oW owm @ ]

5 B B B B

200 |
suppressor  Collector cup

anod

! | 0.2 0 0.2 0.4 0.6 0.8 I
1400 2o ) Us/Uc
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0 Vacuum system > a
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- cooling section is divided into 3 vacuum chambers, with NEG coating
- 2ion pumps installed in the cooling section

- titanium pumps in toroid and end of acc. tube

Titanium pumps

VI AVTIVAAT I

OPPO Renos K 5G
163-11 2024/09/27,10:28

g vacuum of 1.4x101 mbar

unexpected increase of
acuum

Apr 29 For 30 May1 May 2 May3 May 4 Nay §

05 1 4
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- Cascade transformer frequency is around 20 kHz
- 15 sections with the output voltage of -40 kV for each one

S e
;1L : 31 O
[T R xS
/ RAL I \"“ ey
— [T
ToYus )=
vk [ Wb ._/?\ ;
w FE 307 e BED
5 RIETE .
ﬁ“, »20kv_':_ \ CapaCItorS transformer
+§ <+ * 40 kV 1
' 20 KV L : -
" = 4 t = e~ 20kHz e
15% : > : 8series
: , : T '
l‘\,\'\,' 4 20 kV_][j— 08 10se ries
1 = < * ‘ 40 kV 1559ng95
-}-/ 20 KV HLH L = SmH C :12-6nF’ : ; : |
I'L_,m_w.__—r m 0 s
" c 06 i i fif
- _ 3
il T 40KV Ls - 25“H Cl - 2'5“H 3 oade i Ll ANN NG
17 /%ﬁ . o > 7 AN\
: I ) ; L20 5 b . Li3 P - ;
22 KHz 9 E 5 LR | v = e ‘ |
:'.':?IEE=_-II_N }F ?2'3' To Rzt RIZ pod— - cow L e
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0 High Voltage System

PID control obtain the RMS stability about 10~

Q%; DERSRIE NS

Institute of Modern Physics, Chinese Academy of Sr.lenoes
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O Electron Beam Commissioning > R T A P

- The High voltage operated in 405 kV with the SF6 at 0.2 MPa
- The output electron beam is up to 350 mA
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[ Conclusion

« Atraditional magnetized DC electron cooler, following the design of
coolers installed in CSRm, CSRe, COSY...

« The voltage up to 400 kV and electron beam around 350 mA was
obtained in the machine.

« The vacuum problems should be solved recently, the voltage and
electron beam current should be increased carefully step by step.

 Thanks Dr.Parkhomchuk and BINP colleagues for their long-term
support!

Thanks for your attention!

Sk MBS R RIS

\) Institute of Modern Physics, Chinese Academy of Sciences
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