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ÅBrief introduction on HEPS

ÅSchedule , cost & manpower

ÅOrganization of the project

ÅMain progresses since Jan. 2020

ÅRisks and mitigation

Outline
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Design goals of HEPS

Main parameters Unit Value

Beamenergy GeV 6

Circumference m 1360.4

Emittance ǇƳϊǊŀŘ < 60

Brightness phs/s/mm2/mrad2/0.1%BW >1x1022

Beam current mA 200

Injection Top-up
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¸Location:  Northeast of BeijingιIn Huairoudistrict, about 
80km away from IHEP

Project overview 

IHEP

Huairou Science City: An area of 233 acres, including:
Å HEPS
Å SECUF (Synergized Extreme Condition User Facility)
Å Simulation Facility for the Earth
Å Series research platforms in energy, environment, 

biology, materials, etc.
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Project overview 

Ring building 
Experiment hall
Ring tunnel
Service bldg.
User bldg.

Cryogenic  building

Utilities building

LINAC

Booster tunnel

Office and lab. building

Guesthouse building

Long beamline 
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SCHEDULE

The construction period 
was estimated to be six 
and a half years.

ÂDate of Groundbreaking 
ceremony: Jun. 29, 2019
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Proposed HEPS Funding Profile

Civil 

Construction
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Utility
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Accelerator
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Beamlines
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Performance Measurement BaselineM RMB

Project Management incl. design + contingency +
all fare for admin process + collaboration, etc.

Baseline Budget Value Evolution
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Manpower

381.65

445.95
497.4

524.3
479.65

443.75
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Staffing Plan by Year

Junior Technicians

Junior Engineers

Senior Technicians

Senior Engineers

Physicists

Project team was formed.

Å275 full-time staff (physicsts-34%,engineers-62%, 
Technicians-4%)

Å~250 open positions (a 500-person team in 2023 
expected)

Physicists
34%

Senior 
Engineers

28%

Senior 
Technicians

3%

Junior 
Engineers

34%

Junior 
Technicians

1%
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ORGANIZATION

Ţhe new project management was announced on Feb. 20,2020.
Project manager Weimin PAN

Executive deputy manager Yuhui DONG

Deputy manager GangXUι JianLIANGι Sheng WANG

Chief engineer HuaminQU

Deputy engineer WeifanSHENG, Jing ZHANG

Chief technologist GuopingLIN

Deputy technologist
JiansheCAO,

HaijieQIAN

Chief economic manager YaZHOU

5 Divisions (52 systems)

Project Management

Science and Technology 

Committee

Accelerator 
Ping HE, Jingyi LI

Technical Support 
Jianshe CAO

Beamline 
Ye TAO, Ming LI

Utility
Guoping LIN

International Advisory 

Committee

User Committee

Civil Construction

Min ZHOU, Fan YANG 

Jian LIANGGang XUYuhui DONGWeimin PAN

HEPS Project Office
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HEPS Project Organization

52 systems in total

Radiation Safety
Office

(independent)
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Accelerator 

1. Linac, Booster, Storage Ring

2. Accelerator Physics, Magnet, Power Supply, Vacuum, 
Mechanical, Insertion Device, RF, Cryogenics, Microwave, 
LinacPower Source, Injection&Extraction, Alignment
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¸Accelerator design

Proposed Key Performance Parameter Summary

Main parameter Design Goal@12/2025 for test

Beam energy 6 GeV 6 GeV

Beam current 200 mA 100 mA

Circumference of SR 1360.4 m

Circumference of booster 454.5 m

Hori. Natural emittance <0.06 nm·rad 0.1

Brightness
>1x1022

phs/s/mm2/mrad2/0.1%BW

2x1021

phs/s/mm2/mrad2/0.1%BW
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Accelerator Physics 

PRD design, J. Synchrotron Rad., (2018). 25, 1611. 

To deal with challengesfrom technical and
engineeringdesign,updated the accelerator
physicsdesign[1,2,3,4]

Å Storagering lattice: enlargeddrift spacein arc
(1.1 m more space/7BA),slightly largermagnet
aperture (25Ą26 mm), emittance preserved
(34.2Ą34.8 pm) with howeversmallerdynamic
acceptance

Å Boosterdesign: higherbunchcharge(2Ą5 nC),
and emittance reducedby more than 50% (35
Ą 16nm)

Å Linacdesign: higher bunch charge(5Ą 7 nC)
andoptimizedlayout

Å Transferlines: updatedaccordingly

Storage ring: 48 hybrid 7BAs 
w/ ABs, and AB/BLG cell,
e0~ 34 pm @ 6GeV

Booster: FODO lattice,
e0~ 36 nm @ 6GeV

Linac: 500MeV, 
w/ mature technologies

On-axis swap-out injection +      
high energy accumulation

[1]. Y. Jiao, et al., RDTM (2020).

[2]. Y. Peng, et al., RDTM (2020).

[3]. C. Menget al., RDTM (2020).

[4]. Y. Guoet al., RDTM (2020).
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Accelerator Physics ïcont. 

Proposed neural network enhanced 
MOGA for lifetime optimization [1]

τuse the trained model  to make fast 
estimates in a fraction of second (vs. 3 hrs)

τpromises less seeds to bring more 
diversities in solutions

τ lifetime further improved by more than 
10%

Possibility studies of applying RF 
modulation in booster to help 
injection [2]

τCollective instability in the transient 
swap-out injection process may limit 
injection efficiency

τLengthen the bunch w/ RF modulations 
in booster

[1]. J. Wan, P. Chu,  Y. Jiao, PR-AB (2020).

[2]. H. Xu, Z. Duan, N. Wang, G. Xu, NIM-A (2020).
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Magnets of Storage Ring

ÅMagnets
ʛ37 magnets in one 7BA cell
ʛBLG 0.11 Ɋ1 T
ʛQuad 82 T/m
ʛBD 66 T/m
ʛSext 6082 T/m 2

ʛOct 512600 T/m 3

ʛFast Corr 0.08 T

QF1FC1QD1BLG1QD2SD1ABF1SF1QF2OCT1SD2QD3BLG2QF3BD1FC2ABF2QD4BLG3

BLG3QD5ABF3FC3BD2QF4BLG4QD6SD3OCT2QF5SF2ABF4SD4QD7BLG5QD8FC4QF6

Long. Grad. D. Focus Quad. Def. Quad.

Anti-B / Focus Quad.

Focus Sext. Def. Sext.

Dipole / Def. Quad. Octu. H / V Fast Corr. Trim coils

BLG1/5 ABF1/4 BD1/2 QD7
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Storage ring magnet

Şextupoles and Octupoles begin the mass production 

1̧st article prototype.

Core and 
coils of 

sextupole

Core and 
coils of 

octupole
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High Precision Stabilized DC Power Supply

IGBT, 
One single module

MOSFET, 
Two modules in parallel

MOSFET,
One single module

Prototype Test resultScheme

Stability
290Aχ 5.12ppm
240Aχ6.1ppm
150Aχ6.0ppm
60Aχ 9.2ppm

Repeatability
Better than 20 ppm

1.Three power supply prototypes with 
different topologies are produced and 
tested.

2. The test results of each prototype 
meet the specification.
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Current setting amplitude 

attenuationαdBβ

phase 

delayα β̄

0.16 A@ 100 Hz -0.08 0.7

0.16 A@ 2 kHz -0.36 36

0.16 A@ 5 kHz -1.2 72

0.16 A@ 10 kHz -2.7 105

0.16A@100Hz 0.16A@2kHz 0.16A@10kHz

3Ҧ3.08A Step 3.08Ҧ3A Step

Current settingαAβ Response timeα˃{β

0Ҧ0.08 53

0Ҧ0.16 62

3Ҧ3.08 57

3Ҧ3.16 64

13.16Ҧ13 63

13.08Ҧ13 52

3.16Ҧ3 62

0.16Ҧ0 62

Fast Correction Power Supply

prototype

test platform

T
e

st
 r

e
s
u

lt

1.amplitude-frequencytest

2.Step response 
test

3.Current wave test
Current settingαAβ 1 5 10 15 -1 -5 -10 -15

FFT RMSα˃± 89.8 99.3 95.9 96 88.9 98.2 92.2 91.2

Current waveαppmβ 17.96 19.86 19.18 19.2 17.78 19.64 18.44 18.24

N

Setp
resolution

I

I
I =

resultχ18bit

Current resolution test
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DPSCM & DCCT

Digital power supply control module(DPSCM)

Main 
board

AD & DA 
board

Test board

Main board
(mother board)

High speed fiber 
board(daughter 
board)

Closed loop test system 
based on simulated load

finalized 

and used in 

PS 

prototype

DCCT
In mass production stage

Single ring test record Testdata Paired waveform record Matching error record

Each DCCT data records and technical specifications, which can be traced in detail.

Up to now, 1450 of 20a and 580 of 300A have been produced.

20A DCCT testing

strict testing has been taken to each produced

300A DCCT testing DCCT test program



20HEPS  · 10/26/2020LER2020

Vacuum
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Vacuum
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Girder & Magnet Support

Â SR Magnet support system

É Factory acceptance of the girder prototype has been finished. Adjusting 

and stability performance meet the design requirements.

V Adjusting resolution :1˃m

V 1st natural frequency :>54Hz(requirement)

É Prototypes of concrete plinth are

manufactured and grouted in the test hall.

Modal test has been performed and the result is better than expected.

V Transverse modes >400Hz(most concerned)

É Adjustable magnet support on girder has been designed.

V Ultra-thin wedge are adopted to give good performance on both adjustability and stability.

FODOMULTIPLETs

1st natural frequency
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Mechanicalsystem
Â SR SextupoleMover

É Fully test of the 1st prototype accomplished.

É Modified prototypes are designed and in 

manufacturing to secure reliability.

Å Scheme of slide guide without motion coupling  is preferred. 

Å 1scheme will also be studied to test the possible stability.

Slide guide 
Mover

Rolling guide Mover É BS Magnet support

¸ Design finished and reviewed.

¸ Tender is under way.

É Support of vacuum chamber

¸ Installation manipulating space has been checked.

¸ Thermal stress has been evaluated for the support 
of VC with high power deposition in Apple knot 
light beam line.

¸ Prototype will be fabricated to test the adaptation 
of VC baking expansion.
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AA ID System Progress CPMU Engineering Prototype

ü CPMU engineering prototype is the key task this year. Magnets 
and poles with TiN coating are ready, the production of 
modified mechanical structure is done, assembly is ongoing, 
commissioning will be started soon. 

ü In-vacuum Hall probe bench is upgraded, under tuning. 
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AA ID System Progress OtherIDsô progress

ü The design review of IAU IAW IVU is finished. Call for tender and 
procurement are carrying out.

ü The preliminary design of AK undulators, Mango wiggler is done. 
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RF system
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Cavity system
500MHz NCRF 
cavity

166MHz SRF cavity 500MHz SRF cavity

Å500MHz NCRF cavity
- Contract awarded (03.2020)
- Final design review approved (08.2020)
- Production underway
- 1st cavity expected 10.2021

Å166MHz & 500MHz SRF cavity
- Cavity technical design reviewed (08.2020)
- Cavity & FPC contract awarded (10.2020)
- Cryomodule design underway

Å500MHz SRF cavity
- Mechanical optimization completed (09.2020)
- Technical design to be reviewed 

From RI.
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High -power RF & control
300kW load SSPA RF hall design

ÅHigh -power RF
- 166.6MHz/260kW and 500MHz/150kW solid -state amplifiers 

under development (early 2021)
- High -power trans. prototype to be completed (end 2020)

ÅRF control
- Low-level RF 2nd prototype to be complete (end 2020)
- Interlock system prototype under development (end 2020)

Å Interface
- RF hall design being continuously updated
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HEPS cryogenic system

Helium cryogenic system
1) Helium cryogenic system flow was finished
2) Technical requirements helium refrigerator was finished and invitation for bid at November 12.
3) Helium fluid cryogenic transfer and distribution was calculated 
4) Preliminary design of SRF cavity cryomodule
5) Designed multi-channel cryogenic transfer line test plate

LHe LineLHe

5K-8K

8K-300K

CD

Distribution

Valve Box

GN2 Line

GHe Line

40K-300K

Quench Line

 

Phase Separator

LHe Dewar

LN2 Line

 

SC Cavity

Valve Box

 

 

   

   

To Atm

FI

FT

 

  

 

Buffer Tank

 

Medium Pressure Tank
SC Cavity SC Cavity

  

GN2 Tank LN2 Tank

SC Cavity

Valve Box

 

FI

FT

LHe

High-purity

Tank

Impure

Tank

Purifer

  

LN2

Refrigerator

Liquefier 

Coldbox

Ghe

Gasbag

Compressor Unit

To Atm

 

helium cryogenic system flow 

helium  cryogenic transfer and distribution

166.6MHz SRF cavity cryomodle

Multi -channel cryogenic line test plate 499.8MHz SRF cavity cryomodle
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HEPS cryogenic system

Nitrogen cryogenic transfer line & users 

Nitrogen cryogenic system
1) Nitrogen cryogenic system flow was finished
2)  Nitrogen cryogenic refrigerator was designed
3) Nitrogen cooler coldboxof CPMU was designed.
4) Nitrogen fluid cryogenic transfer and distribution for beam lines 

Nitrogen cryogenic refrigerator flow

Nitrogen cryogenic system flow 


