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Accelerator facilities at IHEP (Beijing)

High Energy Photon Source (HEPS)

6GeV diffraction-limited synchrotron, 2019-2025

Beijing Electron Position Collider (BEPCII)

1.89GeV collider + 2.5GeV SR, operation since 2008
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BEPCII

ÅBeijing Electron Position Collider (BEPCII)

- One machine, two purposes: collider + synchrotron light source

- BEPC: 1991-2004, BEPCII: 2004-2008, operation since 2009

- Beam: 1.89GeV 910mA (collider mode), 2.5GeV 250mA (SR mode)

- Two 500MHz KEK-B type SRF cavities 

- Two 250kW Thales klystrons (+2 spares)

- Two AFT circulators + Two AFT loads (1 spare each)

7.5mos (collider)

2.0mos (sync.)
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BEPCII klystrons

East RF hall West RF hall

Klystron
Original 

klystron

Spare 

klystron

Original 

klystron

Spare 

klystron

Operation time
2006 -

2019

2019.08 ï

2023.07

2005 -

2021

2021.08 -

now

Cumulative HV runtime 

until now (hour)
~85,000 ~28,000 ~82,000 ~20,000
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BEPCII klystrons: noise

East RF hall klystron (open loop)
BII ref signal

West RF hall klystron (open loop)
External signal source SMA100A

ÅDominant noise: -55dBc @ 100Hz offset

ÅVery likely come from one of the LINAC klystrons
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BEPCII klystrons: noise

Normal case

-80 dBc @ 1.2 kHz offset

Abnormal case

-60 dBc @ 1.2 kHz offset

ÅAbnormal spectrum observed for the klystron, happened occasionally, restart 

HV solved the issue

ÅReplaced the capacitors and resistors of the HV filter circuit, no improvement 
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BEPCII klystrons: control system

ÅControl system spare parts used up in 2020

ÅExpensive upgrade offered by Ampegon ~50k USD per system

ÅAdditional funding secured to replace one Klystron with SSA (~100k USD)

ÅEventually replace the remaining klystron with SSA in the future
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BEPCII upgrade

ÅBEPCII upgrade (BEPCII-U)
- Upgrade approved in 2021, dark time: Jul. 2024 ïJan. 2024

- Beam energy: 1.89 GeV -> 2.35 GeV, beam power: 114 kW -> 290 kW

- Abandon dedicated SR mode, keeping the parasitic experiments

- Install two more SRF cavities + two more transmitters

- Add two new 200kW SSAs, join the 1 SSA + 1 klystron setup
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BEPCII-U HPRF integration

ÅRF transmitter

- Keep one existing klystron and PSM

- Add three 200kW SSA

ÅRF power distribution

- Keep existing circulators and ferrite loads

- Add new circulators and resistive loads

- Integrate SSA waveguide system 

to the existing RF distribution system 

ÅRF control

- Refurbish RF control system and layout

ÅUtilities

- Upgrade electric power distribution cabinet

- Upgrade cooling water distribution panel

East RF hall

West RF hall
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Hybrid HPRF

ÅSSA, circulator and load adopted the same design as for HEPS, shared spares

Å One 200kW SSA + one 300kW resistive load installed in East RF hall in summer 2023, 

replaced the existing klystron for operation

ÅNom. Op: 150kW, accumulated operation time: ~5500 h, no module damage till now

Å Resistive load operation: interference observed for one T-sensor
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High Energy Photon Source



12International Workshop on Ampegon RF Transmitters, Apr 11-12, 2024, OnlineP. Zhang

HEPS in Huairou Science City (Beijing)

ÅHigh Energy Photon Source (HEPS)

- A diffraction-limited SR light source (4th-gen), 1st high-energy SR light source in China 

- Main parameters: 1360.4m circumference, linac + booster + SR, 6 GeV, 200 mA

- Construction time: 06.2019 ï12.2025, Location: Huairou Science City, Beijing

- Budget: 4.76 B CNY (~652 M USD)(incl. materials, civil constr. & commissioning,  excl. labor costs)

- Support: Central government + Local government + Chinese Academy of Sciences
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Milestones of HEPS
ÅGroundbreaking in Jun 2019

ÅCivil construction completed in Nov 2021

Å PAPS completed in May 2021, currently in operation

Å Booster installation completed in Jan 2023

Å Storage-ring installation started in Feb 2023

Å Linac commissioned in Mar 2023

Å Booster commissioned in Nov 2023

ÅStorage-ring commissioning to be started in summer 2024
Linac tunnel

Booster tunnel Storage ring tunnel
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Main features of the RF system

Å Double-frequency RF system: 166.6 MHz + 499.8 MHz

Å Active harmonic RF compatible for on-axis swap-out & on-axis accumulation injection schemes

Å SRF for the storage ring, normal-conducting RF for the booster

Å Heavy damping of higher order modes for storage-ring SRF cavities

Å Solid-state power amplifiers for ring-RF transmitters, digital low-level RF control
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Main RF parameters

BS SR (main) SR (HC) Unit

RF frequency 499.8 166.6 499.8 MHz

Total RF voltage 2 ï8 5.4 0.91 MV

Cavity technology Normal-conducting Superconducting Superconducting -

Cavity type 5-cell ɓ=1 quarter-wave 1-cell elliptical -

Technology readiness Mature product In-house new dev. In-house exp. -

No. of cavities 6 5 2 -

RF voltage per cavity 1.35 (op.)

1.9 (design)

1.2 (op.)

1.5 (design)

0.91 (op.)

1.75 (design)

MV

RF power per cavity (max) 70 (61 cav + 9 beam) 170 105 kW

No. of transmitters 6 5 2 -

RF power per transmitter 100 (c.w.) 260 (c.w.) 260 (c.w.) kW

Transmitter technology SSA SSA SSA -

LLRF control stability (p-p) °1%, °1¯ °0.1%, °0.1¯ °0.1%, °0.1¯ -

LLRF technology Digital LLRF (in-house dev.) -
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High-power RF

Booster RF

Storage-ring RF

RF hall surface area: 1600 m2 RF hall surface area: 2400 m2

ÅTransmitter type: SSA

ÅPower transmission
- 9-3/16ò coaxial rigid lines for 166MHz

- WR1800 rectangular waveguide for 500MHz

ÅHigh-power circulator for each RF station
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Joint development with vendors

ÅJoint development of all SSAs with vendor
- Amplifier module: thermal design, prototyping of the module

- Combining topology: 8:1 coaxial combiner, directional coupler added for each arm

- Directional coupler: waveguide combiner, coaxial combiner
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Oct. 2020

3kW prototype 

module passed AT

Mar. 2021

All 36kW cabinets  passed ATJun. 2021

260kW prototype 

passed FAT

Oct. 2021

260kW prototype passed SAT

Mar. 2024

Installation completed 

in SR RF hall

Apr. 2023

Series production

completed

Development timeline: 166MHz 260kW SSAs
Oct. 2019

Award of contract
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SSA at HEPS (prototype)

ÅTwo frequencies: 166.6 MHz, 499.8 MHz

ÅThree power levels: 100 kW, 150 kW, 260 kW

ÅTotal RF power: 2.47 MW

ÅTwo prototypes developed and passed SAT in 2021, used for various tests

500MHz 150kW prototype (PAPS) 166MHz 260kW prototype (PAPS)
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SSAs at HEPS booster

ÅBooster RF SSAs (100 kW * 5) installed in Jan 2023, commissioned in 

Apr. 2023, in operation since Jul. 2023 routinely at ~80 kW per SSA
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SSAs at HEPS storage ring

ÅSR RF SSAs installed in Mar 2024, start commissioning this week
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Circulator
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166MHz circulator CCS unit

VNA test results

166MHz 300kW circulator
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ÅFalse arc alarm

Å Insufficient water cooling (thermal design)

Å Insufficient coil current compensation

Å Return to the factory for hardware repairment

166MHz 300kW circulator: initial results
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ÅControl box issues
- Issue1: coil current did not change in ramp mode (software bug)

- Issue2: power ratio for ramp and fine-tuning not suitable. Hard to enter ramp mode, always in 

fine-tuning, not sufficient coil current compensation.

- Issue3: coil current jumped to the last register value when it need adjustment. Large jumps in 

coil current triggers RL interlock. (software bug)

- Issue4: a fault ramping down occurred while it should be in ramping up mode since circulator 

control system unit first time exceeded the power threshold. (software bug)

- Issue3 and issue4 mentioned above occurred every time CCS restarted, which resulted in the 

automatic mode not functioning properly.

- Issue5: The relay jumped repeatedly when switching between positive and negative values, 

making the CCS unit not working properly. (software bug)

ÅFinally we worked together with Ferrite company, and solved these technical 

issues! (very time consuming, ~1 year)

Early issues
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166MHz 300kW circulator: results

SW mode short-circuits at 112mm SW mode short-circuits at 675mm


