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JUNA first underground beams

Scope of JUNA and JUNA-II
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Introduction of JUNA

Extrapolation 
by Guo et. al., (CIAE) 

13C(a,n)16O

Limit of experiments 
on earth surface

C.M. Energy (MeV)
Low energy Astronuclear Physics:

• Very low background

• High beam intensity
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Introduction of JUNA
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Introduction of JUNA

JUNA

Jinping Underground Nuclear Astrophysics experiment



L. Sun, HIAT2022, Darmstadt, 6/42

Introduction of JUNA

◼
12C(α, γ)16O

◼
13C(α, n)16O

◼
25Mg(p, γ)26Al

◼
19F(p, α)16O

Key reactions of very low cross 
sections at stellar energy :
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JUNA Accelerator and the Challenges

JUNA LUNA DIANA CASPAR project

Source type 2.45 GHz ECR source RF source 2.45 GHz ECR source RF source

Iq

H+ 10 mA 1 mA 100mA 0.1 mA

He+ 10 mA 0.5 mA 50mA 0.1 mA

He2+ 2.0 mA / / /

Beam energy 70~800 keV 20~400 keV 50~400 keV 1 MeV
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JUNA Accelerator and the Challenges

General Issues
• Low background control
• High reliability
• Low power consumption rate
• Footprint control

Ion Source
• Production of intense He2+

• Contamination removal
• Beam quality control

Accelerator
• Wide beam energy range
• Low energy spread
• Beam quality control
• High mass resolution

JUNA Accelerator Challenges
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JUNA Accelerator and the Challenges

Ion Source

50 kV Platform           

400 kV Platform

Solenoid-1
Solenoid-2

30°Dipole

Acceleration Tube
Triplet-1

Triplet-2

Terminal

90°Dipole

Low Background Control
• Main materials background check before application

Stainless Steel, OFC, Polyethylene∕ Boron Composites, …
• Remove contaminations and unwanted beams at low energy (H2

+, He+…)
• High beam transmission efficiency
• High mass resolution dipole to remove contaminant (D+ from 4He2+)
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JUNA Accelerator and the Challenges
He+ generation:

e + He→ He+ +2e

E=24.6 eV

He2+ generation:

e + He+ → He2++2e

E=54.4 eV

Parameters Values

Beam Energy (keV/q) 30~50

Frequency (GHz) 2.45

Prf (kw) 0.3~2.0

Extraction system 4-electrode

n.rms emittance (π.mm.mrad) <0.2

Beam Intensities (emA)

H+ > 10 

He+ > 10 

He2+ >2.0

For He2+ production: Teopt. ~ 100-200 eV

3~5 E0

H+ generation:
e+H2→e + H + H
e+H→2e + H+

E=13.6 eV

2.45 GHz microwave source →H+ & He2+ ??
• Low electron energy (production)

• High gas pressure (recombination)

Intense He2+ production
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JUNA Accelerator and the Challenges

>50 mA CW
>90 mA pulsed

Parameters Values

Extraction HV (kV) 30~50

Frequency (GHz) 2.45

Prf (kW) 0.3~1.0

Extraction system 3-electrode

n.rms emittance (π.mm.mrad) <0.2

Intense He2+ production
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JUNA Accelerator and the Challenges

Via Accelerator Mass Separator 

•Beam energy 260 keV/q

•M/ΔM ＞260，slit=0.36 mm

•He2+vs.H2
+: M/ΔM~140

Via nuclear reaction

⚫
7Li (H,α)α reaction  

⚫ No indication of intense He2+ beam

No indication of intense He2+ beam in the spectrum

Intense He2+ production
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JUNA Accelerator and the Challenges

Parameters Unit Design

Bin(with iron insert) T 0.62(1.40)

Bex(with iron insert) T 0.62(0.70)

Bmin T 0.38

Br T 1.0

Chamber ID mm Ø40

Mirror Length mm 74

Lecr mm 55

NdFeB / N50M/N52M

Frequency GHz 14.5

Size mm Ø202*200

LAPECR1 ion source specs

• Ultra compact

• Intense medium charge state ion beam 

production

• Low power consumption 

Intense He2+ production
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JUNA Accelerator and the Challenges

14.5 GHz LAPECR1 source 

He2+ Commission 

Typical He2+ results：

✓ microwave 425 W @14.5 GHz

✓ Extraction HV: 20 kV

✓ Output: >1.5 emA He2+

~1 emA He2+Beam quality (no optimized)
⚫ εn.rms_x=0.29 πmm.mrad

⚫ εn.rms_y=0.42 πmm.mrad

Intense He2+ production
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JUNA Accelerator and the Challenges

SN-2

Acc. Tube

Triplet-1

90°Dipole Triplet-2

Terminal

X(
cm

)
Y(

cm
)

• Well controlled beam envelope to 
maximize beam transmission 

• Well defined symmetric ion beam 
at target area

Beam transmission at high intensity 
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JUNA Accelerator and the Challenges

• Flexible optimization of beam 
matching to target area

• Well controlled beam quality within 
wide beam energy (70~800 keV) and 
intensity (0.1~10 emA) ranges

ions
Energy 
(keV)

current（emA） α β(cm/mrad) γ（mrad/cm）

H+ 70 10 1.60937 0.38107 9.421029724

H+ 150 10 1.67518 0.21358 17.82108827

H+ 250 10 1.49579 0.12974 24.95288827

H+ 400 10 1.33821 0.09643 28.94126313

He+ 200 10 1.5882 0.22399 15.72560936

He+ 300 10 1.48113 0.15681 20.36697964

He+ 400 10 0.96692 0.06246 30.978775

He2+ 400 5 1.52517 0.12984 25.61724837

He2+ 600 5 1.52517 0.12984 25.61724837

He2+ 800 5 1.47484 0.1174 27.04559647

Beam flexibilities in wide energies and intensities
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JUNA Accelerator and the Challenges

⚫Beam optics matching for Downstream Accelerator-Acc. Tube
• High transmission efficiency 
• Beam optics

‒ 2 sets of correctors for beam errors
‒ 2-solenoid→Twiss parameters control
‒ 30~50 kV extraction HV for different Acc. Tube HV

⚫Minimize contamination 

• 30°dipole magnet 

‒ Dump unwanted beam at low energy and far away from target area
‒ Minimize beam loss of unwanted beam in Acc. Tube

• Water cooling beam dump

⚫Lower the platform current load

• Separate He2+ from He+

⚫Beam diagnostics and control for experiments

• Beam quality

• Beam intensity

LEBT Concerns
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JUNA Accelerator and the Challenges

15 emA H+@50 keV

Dipole Magnet
⚫ Compact
⚫ Less influence to beam quality
⚫ Accommodate to platform footprint

Solenoid Design:
⚫ Large bore design
⚫ Minimize spherical aberration
⚫ Corrector coils integrated

Ion source beam line
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JUNA Accelerator and the Challenges

Beam dump

Unwanted beam loss simulation

Filtering beam contaminants: 
• D+ out of H+ beam
• He2+ out of He+ beam Lost beam cooling

Ion source beam line
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JUNA Accelerator and the Challenges

◼ Mitigate SPC influence 
•High accelerating gradient field, 4 gaps in 250 mm
•ID Ф80 mm beam pipe
•Screening electrode at the exit

◼ Structure Concerns
•99% Al2O3 ceramics for electric insulter
•Electrodes and resistors cooled by LCW water 
•LCW water tube served as the resistor dividers

Acceleration Tube
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JUNA Accelerator and the Challenges

E field Gradient:

◼ Emax in vacuum <75kV/cm

◼ Emax in air<12kV/cm

Acceleration tube scaled to 400 kV potential
Acceleration Tube
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JUNA Accelerator and the Challenges

Coil
Iron Yoke

Iron Pole
 90° C-Type Dipole

 110 mm gap, r=600mm

 ±50mm Good field region with < 0.1% 
homogeneity

 Operational field: 500~3600 Gs

◼ Distribute the beam to the terminal

◼ Remove D+ from He2+ beam

◼ High transmission efficiency

◼ Minimize spherical aberration

Main Dipole
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JUNA Accelerator and the Challenges

Max electric field <15 kV/cm

R200 mm
ø150 mm

◼ Max. operation voltage: 350 kV

◼ Insulation post: 1550 mm

◼ Platform footprint: 4.8×3.6 m2

◼ HV power supply stability: <1‰

GND

1st Stage
2nd Stage
3rd Stage

HV Platform
Acc. tube

High voltage platform
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JUNA Accelerator and the Challenges

◼ Cooling capacity: 80 kW
◼ Water flow: 100 L/min
◼ Water resistance 

• 2 spiral insulator pipes
• polypropylene (PPR,Ф32)  pipe
• supported by PE

◼ Pressure drop < 0.1 MPa @100 L/min
◼ Drain current@350 kV: ≤1 mA

PPR Pipe PE support

LCW manifold
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Development of JUNA: Milestones

JUNA Experiments
2021.01
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Development of JUNA: JUNA at ground lab

◼ Whole system assembly

◼ Beam commissioning

◼ Beam on target check
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Development of JUNA: JUNA at ground lab

◼ Test the whole HV 
system in 3 steps

◼ Rated to 400 kV (350 
kV operational goal)

HVPS

HV platform

Water resistor

HVPS
HV platform

Acc. Tube

Water resistor

HVPS
HV platform

Acc. Tube

HV transformer
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Development of JUNA: JUNA at ground lab
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◼ High beam transmission efficiency in the accelerator 

◼ Accelerated currents: 12 mA or higher

◼ Performance and reliability demonstrated
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Development of JUNA: JUNA at ground lab

FC-1

HV Platform

Beam
Viewer-1

FC-2

4-quadrant 
detector-1

4-quadrant 
detector-2

X/Y Beam 
Viewer-1

Beam
Viewer-2

FC-3

X/Y Beam Viewer-2

4-quadrant 
detector-3

Slits

Beam Dump

Terminal
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Development of JUNA: JUNA at ground lab

He+

He2+

H+

H2
+

D+

….

He2+

H2
+

D+

….

He2+

◼ This separation system: M/ΔM> 279
◼ He2+&D+ separation: M/ ΔM>~160
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Development of JUNA: JUNA at ground lab

Ion sources installed at ground lab test

2.45 GHz
ECRIS

14.5 GHz
ECRIS
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Development of JUNA: JUNA at ground lab

Commissioning at Ground Lab:
• More than 1,000 hours beam time

• Tested all needed ion beams

• Accelerator performance, stability and reliability

• Some experimental tests
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JUNA 1st Underground Beams: Construction

Kickoff 
Meeting

• Accelerator 
components packing

• Shipment 
• Arrival at JUNA site

• Accelerator assembly on site
• Utilities readiness
• JUNA laboratory construction
• Ion source beam extraction

• First accelerated beam

• Experiment preparation

Announcement of 
JUNA underground 
experiments started

◼
12C(α, γ)16O

◼
13C(α, n)16O

◼
25Mg(p, γ)26Al

◼
19F(p, α)16O
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JUNA 1st Underground Beams: Construction

Arrival
Completed

Construction
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JUNA 1st Underground Beams: Operation

Experiments Ion Beam E（keV) I（emA) Beam Exposure (C)

12C(p, ) 13N H+ 200 - 340 2.1 117

25Mg(p, ) 26Al H+ 110 2 1400

19F (p, ) 16O H+ 88 - 375 1-2 475

13C (, n) 16O
He2+ 400 - 785 0.4 12.4

He+ 250 - 400 0.5-2.5 363

12C(, ) 16O He2+ 780 1 400

Best beam performance:
◼ H+: 4.7 emA@70 keV
◼ He+: 6 emA@390 keV
◼ He2+: 2 emA@760 keV

JUNA Beams: Jan. ~ April, 2021
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JUNA 1st Underground Beams: Operation

Linear dependence of the observed energy deviation vs. applied voltage

Courtesy of S. Wang
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JUNA 1st Underground Beams: Operation
JUNA：19F(p, )16O reaction spectrum
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JUNA 1st Underground Beams: 1st Results

19F(p, g)16O reaction 25Mg(p, γ)26Al reaction 13C(α, n)16O reaction
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Scope of JUNA

Phase-I: back to operation in 2023

Phase-II: 4 MV (12C, 16O, …) to be started in 2023
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Summary

◼ JUNA underground lab successfully constructed and used for the 
4 critical reactions 

◼ JUNA accelerator delivered mA H+ and He2+ beams for the 
experiments
• Large flexibility in beam energy choice (70~400 keV/q) 
• Intense beam production
• Suitable for underground lab
• Reliable and stable 

◼ First beam on target leads to promising results
◼ JUNA will be recovered in 2023 and JUNA-II is foreseen
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