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࢑ࡱ

ିࢋ + ାࢗ࡭ → ∗∗ା(૚ିࢗ)࡭

(RR)   ↘ ↓ (DR)
ା(૚ିࢗ)࡭ + ࢙࢔࢕࢚࢕ࢎ࢖

Z.K. Huang et al. NIM 
B 83, 408, 2017

Ar15+ DR exp at 35kV cooler
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A. Al-Khalili et al. Phys. 
Rev. A 68, 042702 2003

(ܶୄ :4.5meV)

(ܶୄ :2meV)

(ܶୄ :22meV)



ࡱࢾ =
૚
૛

∥ࢀ࢑ + ୄࢀ࢑ ± ૛ࢀ࢑࢘ࡱ∥

Electron energy of target 10-80keV
Detuning voltage range 1-200V
Detuning voltage precision 1V
Detuning rising/trailing time 50μs
Transverse temperature of e- beam 5meV
Longitudinal temperature of e- beam 0.1meV
Electron density at interaction section 2 × 10଺cmିଷ

E-target thickness 2 × 10ଵସcmିଶsିଵ
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2-10s

ࢍ࢔࢏࢒࢕࢕ୡ-ࡱ_࢑ࡱ

࢚ࢋࢍ࢘ࢇ࢚-ࡱ_࢑ࡱ
10~ૡ૙ࢂࢋ࢑

T1 T2 Tn
1-200V

HVPS + Detuning PS

HV Amplifier PS

• Amplitude: ±200V

• Ripple level: 5 ȉ 10ିସ

Energy range: ݊ ȉ 200V
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Section end



ion

:࢔࢕࢏  ૜. ૝࢓࢓ ȉ ૚. ૡ࢓࢓

:ࢋ  ∅૝૞~૟૛࢓࢓

TGT aperture:  ∅૛ૠ૙࢓࢓
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Operated at NNormal mode:
β୶_୉୘ = 18m, β୷_୉୘ = 17m

D୶_୉୘ = 4.7m

31 slides
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±1 × 10ିହ

1.2 T
0.03~0.06 T

20~40
૚ × ૚૙ି૝

200 mA(hot cathode)
10 mm
1.25 m
1.6 m

99.95%
5.5 m

Ф270 mm
1 × 10ିଽ Pa

VF300
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• ݇ܶୄ ୡୟ୲୦୭ୢୣ=݇ ∥ܶୡୟ୲୦୭ୢୣ=0.1eV
• ݇ܶୄ ୲ୟ୰୥ୣ୲ ~5meV ݇ ∥ܶ୲ୟ୰୥ୣ୲ ~0.1meV

௦_௧௔௥௚௘௧ܤ = 0.0395ܶ ௦_୥୳୬ܤ = 1.2ܶ ߙ = 30
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݇ܶୄ ௦௨௠ < 5ܸ݉݁

•

࢖࢞ࢋࣈ ≪ ૚. ૙

݇ ∥ܶୱ୳୫~0.05ܸ݉݁ < 0.1ܸ݉݁

• ࢉࢉࢇࣈ ≤ ૚. ૙

24



0 1000 2000 3000 4000 5000 6000 7000 8000 9000
0.0

0.2

0.4

0.6

0.8

1.0

1.2
Bs

 [T
]

s [mm]
25

0.04T



Parallelism at interaction section

௦ୄܤ

௦ܤ
~૚ × ૚૙ି૝

Field distortion at junctions of 
Toroid and solenoid

௦ܤ߂

௦ܤ
~ ± ૞ ȉ ૚૙ି૜

14 coils at gun section
20 coils at Toroid
36 coils at interaction section
13 coils at coll. section

on
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Aperture: Ф200mm
Current: 1250A
Power: 128kW

1.2T Solenoid axis magnetic field
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Uniform electron beam
• Convex oxide cathode
• Cathode size: Ф10mm
• Electron current: 209mA
• Anode voltage: 4.8kV
• Grid voltage:  800V
• Gun perveance: ~0.6ܲߤ
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Acceleration length 1250mm

SF6 gas pressure 2atm

Bakeable temperature 200℃

Internal Pressure 1.0 10-8 Pa

Non-magnetic electrode and welding

Ceramic support (lay flat)

NEC product (2FA059260)
Electrode aperture Ф67mm
Electrode gap 12.7mm

Each acceleration tube:
22-gap and 319mm length
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Length: 2.23m

Effective length: 1.6m

Coil internal diameter: Ф400mm

Aperture: Ф270mm

Field Parallelism : 1× 10ିସ

Number of separated coils: 36

31

Solenoid coils

Correction coils

Baking coat

Maximum ion beam envelope at ISO mode

Typical electron beam envelope in DR experiment

Typical e-cooled 
ion beam envelope 
in DR experiment



Collection efficiency: 99.95%

Power: 1kW

Leakage current by water: 4μܩ20@ܣΩ

Bakeable temperature: 200℃

Internal pressure: 1.0 10-8 Pa

Ceramic support (lay flat)
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Size 5.5݉ × 5.2݉ × 1.9݉

weight 12ton
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80 kV 5 mA ݈݁݌݌ܴ݅ ~ ± 1.0 × 10ିହ

200 V >5 mA ܴ݅݃݊݅ݏ ݁݉݅ݐ < ݏߤ50

8 kV 5mA

-2~3 kV 5 mA

20 V 5A

3 kV 5 mA

3 kV 1 A
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Pressure required at interaction section: 1 ȉ 10ିଽܲܽ
• Total surface of vacuum chamber: ~5.6 ݉ଶ

• Total gas flux in case of unbaked vacuum chamber: ~3.7 ȉ 10ିଶܲܽ ȉ ݏ/݈
• Total gas flux in case of baked vacuum chamber: ~5.7 ȉ 10ି଺ܲܽ ȉ ݏ/݈

Vacuum pumps
• 2 ion pumps with speed of 400 and 16 titanium getter pumps ,ݏ/݈
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Gun solenoid 1250A 128kW

Transition solenoids 850A 60kW Gun and collector

Toroid 480A 142kW

Interaction solenoid 100A 15kW

Collector solenoid 870A 32kW

Dipole correctors 300A 36kW Ion beam orbit correction

Internal correctors 10A 150W Electron beam orbit correction
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Number of Hydraulic supplies: 12

Total water flow: 25ton/hr

° °

1.03 1.05 0.72 0.77 7.56 1.05 0.01 0.04

1 1 2 2 1 1 1 2
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Section end
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Thanks for your attentions
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