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Overview of HEPS
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Hefei Advanced Light Facility 

High Energy Photon Source

Shanghai Synchrotron 

Radiation Facility (3rd-gen)

Hefei Light Source

(2nd-gen)

Beijing Synchrotron 

Radiation Facility (1st-gen)

HEPS: 1st High-energy SR source in China

Southern Adv. Photon Source

Å In operation: 5 light sources (3 SRs + 2 Linacs)

Å Under constr.: 4 light sources (3 SRs + 1 Linac)

Å Planning, R&D: 4 light sources (3 SRs + 1 Linac)
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Powerful light sources
required with widely tunable frequency range from Infrared to X-rays !

While providing conventional technical support for the general 

users, HEPS will operate as a platform to analyze the structures, 

as well as the evolution of structures of engineering materials 

in the whole process, by in -situ, multi -dimensional and real -

time observation.

HEPS will provide high-energy, high-brilliance, high-coherence

synchrotron light with energies up to 300 keV and more, with the capability 

for nm spatial resolution, ps time resolution, and meV energy resolution.
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Main parameters: Accelerator

Parameter Value Unit

Beam energy 6 GeV

Circumference 1360.4 m

Lattice type Hybrid 7BA

Hori. Natural emittance <60 pmĀrad

Brightness >1× 1022 *

Beam current 200 mA

Injection mode Top-up -

*: phs/s/mm2/mrad2/0.1%BW

[1] Y. Jiao et al., J. Synchrotron Rad. 25, 1611ï1618 (2018).

[2] Y. Jiao, RDTM 4, 399 (2020).

[3] H. Xu et al., RDTM 7, 279ï287 (2023).

ÅAccelerator complex
- Linac (500 MeV)

- Booster (500 MeV to 6 GeV, 1 Hz)

- Storage ring (6 GeV, top-up)
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Main parameters: Beamlines

ÅBrightness of 5× 1022 phs/s/mm2/mrad2/0.1%BW at the photon energy of 21 keV, 

can provide X-ray with energy up to 300 keV

Å 14 user beamlines + 1 test BL in Phase 1, HEPS can accommodate up to 90 BLs

Y. Jiao et al., J. Synchrotron Rad. 25, 1611ï1618 (2018).

3 long BLs

350m longest

19 IDs  6 types
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Multi-Milestones Achieved from mid-2019

June 29, 2019
Groundbreaking 

ceremony

July 1, 2020
The first steel 

beam was 
installed

June 27, 2021
Roof-sealing work for 
the main ring building 

completed

June 28, 2021
HEPS Installs First Piece of 
Accelerator Equipment in 

Linac Tunnel.

Nov. 3, 2023
Civil Construction for 

ancillary buildings 

completed

May 12, 2022
The Linac Vacuum -

sealing in the tunnel 
completed

Apr. 13, 2021
Utility installation in 

NO.2 Hall 
commenced

Jan. 13, 2023
The Booster Vacuum -
sealing in the tunnel 

completed

Feb. 1,2023
The first girder 
was installed in 
the storage ring 

tunnel

Mar. 14, 2023
The first electron 

beam

Nov . 17, 2023
Electron Beam Ramped 

Up to 6 GeV

Aug . 18, 2024
Electron beams with 
currents higher than 

10mA were successfully 
stored.

Oct . 12, 2024
the SR X-ray emitted 
from the R21 wiggler 

was successfully 
transmitted to the end 

station.
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Injector 

Linac (high bunch charge 7 nC)
a total length of about 49 m,  500MeV

an s-band normal conducting electron linear accelerator 

high bunch charge and large bunch charge range

an electron gun, a bunching system, and S-band 

accelerating structure system. 

Booster  (high bunch charge 5 nC)
454 meters in circumference   500MeV -> 6GeV

a four-fold symmetrical FODO structure, with each 

super-period consisting of 14 standard FODO cells, two 

matching sections, and an 8.8-meter-long dispersion-free 

straight section.
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Injector commissioning completed

1st electron beam

3.14

LINAC passed SAT

6.5

Ramped to 6 GeV

1st electron beam in Booster

8.9

Booster passed SAT

11.17

>5 nC of single bunch charge

3.9 7.25

500 MeV, ~2.5 nC 500 MeV, max bunch charge > 7 nC

LINAC CX started Booster CX started 2023

On-site testing of LINAC in May, 2023 , the 

macro -pulse charge reached 7.29 nC, and 

beam energy stability was 0.014%.

The electron beam achieved more than 5 nC

of bunch charge at 6 GeV via the booster on 

Nov. 17, 2023.
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Storage Ring

1700 + Magnets

500 + BPMs

~1300 vacuum chambers

19 IDs

the main component of the HEPS accelerator complex

a circumference of 1360.4 meters 

48 seven -bend achromats , meticulously 
designed to achieve a horizontal natural 
emittance of ~35 pm·rad at a beam 
energy of 6 GeV .

288 Girders

Linac

Storage ring

Hybrid 7BA with unit cell comprises 

dipoles of reverse bending angle and 

longitudinal gradient

High energy accumulation:

effectively reduced single 

bunch charge 

requirement for injector

Bending magnet 

radiation source

booster
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Storage Ring Installation

Aim to verify the feasibility of the magnet, vacuum chamber,
BPM,etc. installation procedure

Å The operation space and interfaces have been 

checked, and pre-alignment scheme, transport 

scheme and other critical problems have been 

thoroughly tested

Process Experiment for Storage Ring Installation

July 2022

The pre-alignment began.

30µm for pre-aligned girders

Feb. 2023

The installation began

50µm for alignment in tunnel

July 1, 2024

Vacuum sealing completed.

April 2022
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Storage ring commissioning milestones

Signal of 2nd turn

First turn

7.23

One bunch stored

8.6

~1.3 s

Current: ~0.4 mA, Life time: ~1 min

Multi-bunch stored

8.8

12 mA stored

8.18

Current: ~12 mA, Life time: ~2 min

Comm.
Started

10 turns 1000 turns

7.29 8.4

7 mA, 2 min

8.15 First light

in Oct. 2024



Commissioning
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HEPS storage ring commissioning

1st, 2nd& 3 rd

round
4th

round
5th

round
6th

round
7th

round
8th

round

SD
#1

SD
#2

SD
#3

SD
#4

SD
#5

SD
#6

SD
#7

1.5 years from beginning, 8 rounds, Beam current 150 mA, Emittance < 60 pm.rad

Commenced on 
July 23, 2024

Installation of nearly all 
accelerator and beamline 
equipment completed
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Equipment installation and conditioning

Å Not all hardware systems were fully ready on Day One of the ring commissioning. 

Å Adopted a pattern of commissioning periods interspersed with shutdowns for equipment 
installation and conditioning. 

Å Two major shutdowns took place in 2025 (totally about 130 days): SD#4 (Feb 5- Mar 22)σ
1ιinstall most IDsψ
2ιfine global alignmentψ
3ιinstall beamdump kickerψ
SD#5 (May 20- Aug 9)σ
1ιinstall 166MHz & 500MHz SCCsψ
2ιinstall 4th collimatorψ
3ιfine alignment of boosterψ
4ιinstall remaining IDs
SD#6σ
1ιinstall 6th booster Cavityψ
2ιPower Supply, Injection& Extraction, 
Vacuum, ID, Cryogenic System 
Maintenance
SD#7σ
1,  Chinese New Year holiday
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¸During the first long shutdown in 2025 (SD#4), within a 40-day period, we completed the in-tunnel 
installation and conditioning of 11 insertion devices (including 1 IAU, 4 IVUs, 5 CPMUs, and 1 AK). 

Â This included ID alignment, vacuum connection, vacuum baking, water and liquid-nitrogen line 
connection, post-baking alignment recheck, testing of feed-forward coils and long coils, and 
commissioning of the motion control system.

Insertion devices
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¸During the first long shutdown in 2025 (SD#4), within a 40-day period, we completed the in-tunnel 
installation and conditioning of 11 insertion devices (including 1 IAU, 4 IVUs, 5 CPMUs, and 1 AK). 

¸During the second long shutdown (SD#5), we completed the installation and conditioning of the 
remaining2 insertion devices (one additional CPMU and one Mango wiggler). 

¸ In addition, during this shutdown, CPMU22.8 was removed from the tunnel, returned to the 
laboratory for modification (increasing the maximum gap by 10 mm) and re-test, then re-installed in 
the tunnel and re-conditioned.

Insertion devices

Gap

7.2 2.4 2.6 1.18 1.18
8 1.7 2.3 1.05 1.04
9 2.6 2.9 0.90 0.89
10 2.6 3.0 0.77 0.77
11 2.5 3.0 0.66 0.66
12 2.8 2.9 0.57 0.57
13 2.5 2.9 0.50 0.49
14 2.3 2.8 0.43 0.43
15 2.1 2.7 0.37 0.37
16 1.9 2.4 0.32 0.32

3

6

Modification of the CPMU22.8 Test results after modification
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166.6 MHz SRF cavities for storage ring

Å All five 166.6MHz SRF cavities assembled and passed horizontal tests in Jun 2025

Å Excellent performance in vertical tests nicely preserved in horizontal tests of the module

Å HOM impedance measurement in line with design (heavy damping)

Å Total heat load per module: 39~43W (dynamic: 5~7W)

Max Vc: >1.6MV (administration limit), 
Q0@1.2MV: 1.5e9~2.1e9, Rad. < 0.1mSv/h
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RF installation and conditioning

Å During the second long shutdown (SD#5), six SRF cavities installation and conditions completed
- an integrated schedule developed, monitored and updated on a daily basis: May 20, 2025 ~ Aug 8, 2025 (81 days)
- Removal of 2 NC cavities, transport & installation of 6 SRF cavities (5× 166MHz & 1× 500MHz)
- First cooldown of all 7 SRF cavities: Jul 22 ςAug 1, 2025 (11 days)
- RF conditioning & performance check of all 7 cavities: Aug 2 ςAug 5, 2025 (3 days)

Å Now, BST and SR RF system in nominal setup and fully operational

166MHz SRF 500MHz SRF High-power RF & LLRF
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Smooth vacuum conditioning

Å Accumulated dose has exceeded 200A·h. 

Å Accompanied by a gradual reduction in vacuum pressure.

Å The normalized beam lifetime increased by 3 orders of magnitudes.

Ặ Ῠ∫Ṁᵗצ
Normalized total beam lifetime 
It(mA*h)

ẇᶍח ᴘẵ
Normalized average pressure rise
αPa/mAβ
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Beam motion of 0.1 mm level reached
1/0: FOFB on/off

1Interference between the tuning of different beamlines largely mitigated.

Update SC power 
supply, w/o FOFB

w/ FOFB
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Accelerator KPPs achieved by Sep 2025

Parameter Design KPP# Measurement Unit

Beamenergy 6 6 6.01 GeV

Beam current 200 100 100.5 mA

Naturalemittance 34.8 100 56.8$ pm·rad

Beam stability 10% 20% < 19.8%
fraction of rms beam size&

divergence

Brightness >1× 1022 2× 1021 4.00× 1021 phs/s/mm2/mrad2/0.1%BW

Capabilityof providing X-rayphotonsof 300keV 349.57 keV

Å Passed accelerator performance tests on Sep 26-29, six key performance parameters met the 
acceptance criteria.

Å Passed HEPS performance acceptance review on Oct 29, after passing beamline performance tests.

#Key performance parameters for national acceptance test
$ Measuredhorizontal+ verticalemittance@100mA,with
gratinginterferometry
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~ half a month to get first beam storage

Commissioning start

First turn around

Circulation of 11 turns

Circulation of 1000 turns

First beam storage

Lifetime ~ 1 min
07.23 07.29

08.04 08.06

Signal of 2nd turn

11 Ḫ

>1000 turns

~1.3

Current~ 60uA

Life time~ 1min

12th turn beam signal
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First-turn circulation

Â First-turn circulation is achieved 

within one day

Å By using both the tools for 

automatically tuning (previously 

validated on the booster) and 

manual knobbing of the beam 

trajectories. 

Å Also thanks to rigorous joint-

debugging before the com-

missioning that verified the polarity 

across all magnets (more than 

1000).

BPM sum signal
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Multi-turn circulation

Â Great challenges were faced to 

achieve multi-turn circulation, 

Å Primarily due to the physical-

aperture limitation, i.e., two 1.6-

meter ± 2.5mm vertical apertures at 

the injection and extraction 

Lambertson magnets. 

ÂWe established 11-turn circulation 

mainly by implementing multi-

corrector strength scans and 

working point adjustment.

12th turn 

signal

Lambertson:

Hχ+/-5.25 mm

V: +/-2.5 mm
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RFon           ramp up sextupole/octupoleRF/sextupoleoff

Critical:
RF frequency 
shift by~200 Hz

C
irc

u
la

tio
n
 tu

rn
s

Turn on RF and sextupoles & first storage

Â RF turned on, and sextupole strengths increased to 90-100% of the design 

values; it took about 1 week to get the first beam storage.
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¸Prior to June 2025, both accelerator and beamline commissioning were affected by low-frequency 
(2-3 Hz) beam fluctuations. A comprehensive investigation identified the power supplies for the 
slow correctors as the main source. After this issue was resolved, beam motion was reduced to 
below 20% of the beam size.

Beam stability

Shifting 
PWM 
frequency 
of slow 
corrector 
power 
supplies optimized
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¸Prior to June 2025, both accelerator and beamline commissioning were affected by low-frequency 
(2-3 Hz) beam fluctuations. A comprehensive investigation identified the power supplies for the 
slow correctors as the main source. After this issue was resolved, beam motion was reduced to 
below 20% of the beam size.

¸ In Dec 2025, start put FOFB into operation,  further reducing the beam fluctuation amplitude to 
below 10% of the beam size at IDs.

Beam stability

Parameter Feedback design

Algorithm implementation Fast + RF feedback

BPM sampling rate 22 kHz (FA)

FC sampling rate 22 kHz

Signal processors (16 stations) FPGA (Virtex-7)

Num. BPMs /plane 192 (4 per cell)

FC /plane 192 (4 per cell)

FC PS bandwidth 10 kHz

FC latency < 25 ms

FOFB closed-loop bandwidth >500 Hz



31May 14, 2026HEPS IAC Meeting 2026 
HIGH ENERGY 

PHOTON SOURCEHEPS

¸Multiple rounds of beam-based alignment (BBA) carried out, meeting the precision requirement for 
orbit correction and lattice calibration.

¸Orbit stability plays a critical role in ensuring the reproducibility of BBA measurement results. In 
August 2025, after the low-frequency (2ς3 Hz) beam fluctuations resolved, the proportion of BPMs 
achieving reproducibility of better than 30˃Ƴincreased from less than 40% to over 80%.

Beam-based alignment (BBA) 

Reproducibility of BBA Results Before and After the corrector PWM optimization
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¸ Orbit correctioniterated with BBA,results in reducedrmsclosed orbit.

Closedorbit correction


