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High Energy Photon Source

αHEPS | High Energy Photon Source β

Parameter Value

Energy 6 GeV

Circumference 1360.4 m

Emittance 34 pm·rad

Brightness >1x1022

phs/s/mm2/mrad2/0.1%BW

Betatrontune 115.15/104.29

Radiation loss 2.64 MeV

Momentum compaction factor 1.83e-5

Harmonic ratio 3

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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Multi Bend Achromat, MBA
M = number of bending magnets in one achromat cell

Third - generation

Layout of one cell 

Emittancein third-generation light sourceЕ1000~5000 pmÖrad

Emittancein fourth-generation light sourceЕṂ100 pmÖradĄX-ray diffraction limit

Beam profileLattice

The Fourth-generation Light Source

Fourth- generation
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Milestones
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4 Rounds of SR Commissioning 

¸Ѯ ᴣ ṝ2 ς ψ♯

08-06, first 
storage

08-18
10 mA

09-20
Above 30 
mA

the 3rd roundThe 2nd roundThe 1st round The 4th round

Beam stored, 
current reach 10mA

Increase the current, 
Beamline commissioning

Orbit and optics correction, 
parameter optimization.
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Orbit Correction

¸Based on measured response matrix

ÂUsing 20%~50% SVD values

ÂH/V RMS Orbit <100um (w/ BBA)

ÂReduce the corrector strength while remaining rmsorbit  
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Optics Correction

¸Using LOCO, RM and measured dispersion

ÂMulti-iterations of correction

ÂUsing skew quads to reduce coupling and Dy

É BetaBeating~4.7%/5.6%

É std(DDx/DDy)~3.9mm/5mm

É Coupling~10%

É H emittance less than 100 pm.rad



Orbit stability issue
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Beam Orbit Motion and Sources

Ļong-term stability (< 10-2Hz) : 

üWeobservedthat the horizontalaverageorbit drifts slowlywith a periodof about12 hours. Thisis
believedto be related to periodicchangesin the circumference. Thisissuecanbe compensatedby
adjustingthe RFfrequency. Thesourceof the slowdrift is still under investigation,but it is currently
speculatedthat it maybe relatedto tidesandtemperature.

ü Theblue dots representthe tidal height data
of Tanggustation in Tianjin(about 140 km in
straight-line distancefrom HEPS),and the red
dots representthe horizontalaverageorbit. It
isevidentthat they havethe sameperiod.
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M̧id-term orbit motion (10-2-103Hz): 
ü1,000,000 turns TBT data was used to analyze the mid-term orbit motion.

üWithout orbit feedback, the integrated orbit motion is about 4mm/2mm in both planes @ID BPM in 
the low beta-section.

Beam Orbit Motion and Sources

Frequency range or 

Spectral peaks

Sources

<5 Hz Ground vibration

50 Hz Power supply noise?

70~84 Hz Girder resonant

360 Hz RF

1000-TBT BPM noise
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Beam Orbit Motion and sources

¸Mid-term stability (10-2-103Hz): 

ü1,000,000 turns TBT data was used to analyze the mid-term orbit motion.

üWithout feedback, the integrated orbit motion is about 4mm/2mm in both planes @ID BPM.

üThe fluctuation of orbit motion mainly causedby low-frequencyvibrations (1~5Hz) and power
frequency(50Hz).

girder

RF 

ü PSDshowspeaksaround70-84
Hz and 360 Hz. These peaks
may caused by girder
resonanceandRFnoise.

ü However, the contribution of
both to beam fluctuation is
verysmall.

R21_X,24/12/27
1~5 Hz,1.4mm

50Hzι1.7mm
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Girder resonant

MP-II
FD-II

FD-I

DQ-II

BLG3 BLG1BLG4
BLG5

DQ-IMP-I

BLG2
Sextupoles

Sextupoles

¸ All 288 support modules have been tested 
after the alignment in the tunnel, and all 
meet the requirements.

ü- Eigen frequencyχҗ70 Hz 

ü-¢ǊŀƴǎƳƛǎǎƛōƛƭƛǘȅΥ ҖмΦлр

ü- Adjustment resolution : 1 ˃Ƴ

R39FD2-BD2

54

74

94

114

134

1 8 15 22 29 36 43 50 57 64 71 78 85 92

1st Natural Frequency

FODO MP DQ
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¸.ta ǎƛƎƴŀƭ ǿŜǊŜ ŎƻƳǇŀǊŜŘ ǿκ ϧ ǿκƻ ŜƭŜŎǘǊƻƴ ōŜŀƳΣ ǘƘŜǊŜΩǎ ƴƻ рлIȊ ƴƻƛǎŜ ǿκƻ ōŜŀƳΦ

¸The amplitude and phase of the three RF cavities were found to be sufficiently stable.

¸The 50 Hz peak of beam motion does not originate from BPMs and RF cavities.

Potential source of50 Hz noise
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¸We analyze the location of perturbation source by global orbit motion and inverse 
response matrix. 

Potential source of50 Hz noise

R36-R39

Orbit motion at all BPMs

1( ) ( )f R X fq -=
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¸To invest the 50Hz noise, we need to evaluated the orbit motion induced by power 
supply noise. 

¸The measurement of power supply noise's PSD is done by the CoCo- 80X 
oscilloscope, including all types of magnets (quadrupole, combined dipole-
quadrupole magnet, trim coil, and fast corrector).

Power Supply Noise
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Power Supply Noise Induced Orbit Motion

¸Power supply current noise DIrmscan be calculated by measuring the current noise  PSD Sn(f)

¸Usually  quoted in units of  ppm:

¸Considering the effect of vacuum chamberι

¸We define the reduced power supply noise:
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Power Supply Noise Induced Orbit Motion

¸Orbit motion amplification factor A is defined as :

where

¸ For quadrupole: 

whereιKandIk is the strength and operation currentιL is the effect lengthιdrms is the rms displacement

¸ For corrector

¸ Finally, the amplification factor can be calculated:



20
HIGH ENERGY 

PHOTON SOURCEHEPS I.FAST Workshop 2025 on the stability of storage ring based light sources

Power Supply Noise Induced Orbit Motion

Ax(m1/ 2) Ay(m1/ 2) Noiseαppmβ Hαumβ Vαumβ

Q 4.4*10-3 3.1*10-3 5.5 0.023 0.016

ABF 8.6*10-2 1.2*10-3 5.3 0.34 0.005

BD 2.6*10-1 1.1*10-3 4.3 0.80 0.003

SC 1.2*10-2 8.0*10-3 37(trim on SD) 0.42 0.28

FC 6.1*10-3 4.6*10-3 25 0.25 0.19

Total 0.96 0.34

50Hz PSD (um^2/Hz) Integrate (um)

H 0.375 0.2

V 0.023 0.03

The PSnoise does not significantly
contribute to the 50Hzbeammotion.

Table: Contribution of each type of magnet power supply
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Vibration on CW10 Pump Room

?

50Hz noise

CW10 pump

ü We havedetectedvibrationsaround50Hzon the floor
of the water pumproom nearR42.

ü Vibrationswith anamplitudeof 5nm rmswere found at
49.6Hzon R42QD6 accordingto further measurements.
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¸Vibration on the regular monitoring point U206 (on the floor in R42 area)

Experiment with CW10 Pump on/off

Vertical: 3.5nm

Longitudinal: 2nm Horizontal: 1.5nm

Pump off < 1nm

Pump off < 1nmPump off < 1nm
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Experiment with CW10 Pump on/off

02 testχ
near
R42QD3χ
2nm

01 testχ
near
R42ABF3χ
6nm

03 test: near 
R42QD2χ2nm

07 131108+05+

04 test
near
R42ABF4χ
χ4.8nm

05 testχ
near
R42QD4χ
5nm

¸Find the position with largest vibration amplitude in R42 area.

06 test 
07 test

01 test 05 test 02 test 03 test04 test

bridge

02+

U206χ3.5nm
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Experiment with CW10 Pump on/off

4nm
9nm

5nm

6nm

3.5nm 1.5nm
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ÅThedirection of largestvibration on the floor is vertical,while on a magnet,the direction of largest
vibrationishorizontal,dueto the girderhaslargeramplificationfactor in the horizontalplane.
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Estimation of the Water Pump Vibration on Beam
¸We establish a vibration model that the 50Hz vibration is the strongest on R42QD5, and it 

attenuates in the other magnets on both sides of the cell (R42).

¸Vibrationon the magnetis incoherentsincethe coherencelength is lessthan 1m at 50Hzaccording
to our measurement. Sowe assumethat all the quadrupolesvibrationphaseareincoherent.

¸Simulation results show that the contribution of pump vibration on beam motion is less than 0.2um  
at 50Hz.

¸ It seems that the pump vibration does not significantly contribute to the beam motion at 50 Hz.

Much lower than 
actual beam
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Potential Source of360 Hz Noise.

Experimentwith tuningRFvoltageswasconductedto find the sourceof 360Hznoise.
1. Totalvoltage3.84MV (R35RFvolt: 1.54MV,R38RF/R40RFvolts: 1.15MV)
2. Totalvoltage3.74MV (R35RFvolt: 1.54MV-> 1.44MV)
3. Totalvoltage3.54MV (R35RFvolt: 1.54MV-> 1.44MV,R38RF/R40RFvolts: 1.15MV -> 1.05MV)

360 Hz

344 Hz

319 Hz

Total voltageεMVζ 3.84 3.74 3.54

Theoretical synchrotron Frequency
εHzζ

389 379 358

peakεHzζ 360 344 319

ü Tuningonly the RFvoltagewill movethe peakat 360Hz,so
the noiseis not comingfrom the vibration from anydevices.

ü Throughsimple experiment, it may relate to longitudinal
oscillation. But for precise mode identification, further
experimentswith the RFsystemare needed(for example,
RFphasenoisetuning).

R39BPM04 (large Dispersion)



Orbit Feedback
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Orbit Stability Criteria

HEPS 
stability requirement

Shorttime (0.01-1000 Hz)

orbit angular

Horizontal 1.0mm 0.2 mrad

Vertical 0.3 mm 0.06 mrad

48 7BA cells, 576 BPMs, 192 fast correctors (FC), 288 slow correctors (SC)
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Global Orbit Feedback Scheme

¸Strategy: SOFB+FOFB+RFFB

¸Commissioning: SOFB+RFFB

¸Prototype testing:FOFB

Parameter Feedback design

Algorithm implementation Fast + SOFB

BPM sampling rate 22 kHz (FA)

FC sampling rate 22 kHz

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

Num. BPMs /plane 576 (12 per cell)

FC /plane 192 (4 per cell)

SC /plane 288 (6 per cell)

FC PS bandwidth 10 kHz

FC latency < 25 ms

FOFB closed-loop bandwidth >500 Hz

Global orbit feedback scheme 
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SOFB on

üTo suppress the horizontal orbit drift due to tide effect, RF frequency was used as variable in SOFB (SOFB+RFFB).

ü50% of singularvalueswere adopted,and the correctionwere appliedevery3 secondscurrently (upgradeto
above1 Hzplanned).

üWith the adjusting of RF frequency, the long-term stability was improved.

üThe averaged  horizontal orbit drift decreased from a peak-to-peak value of 30 micron to 0.8 micron.

üThe averaged  vertical orbit drift is smaller than 1 micron.

üThe horizontal orbit drifts at dispersive BPMs have been reduced to several microns.

X@R21BPM04

X@R21BPM01

XAvg

R01FC1HPS

YAvg

RF freq RF freq

R01FC1HPS

SOFB on

Slow Orbit Feedback
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Fast Orbit Feedback

ü576 BPMs,16 FOCsand 384 PSCsare connected
throughopticalfiber andopticalcable.

üAdopted a star-ring data transmission network
structure.

üAdded BPM data transceiver (BDT) for point-to-
point reception of all BPM data correspondingto
BPMsubstations,andthen sentto FOC.

üThe advantagesof star ring structure: Reducethe
power of FOC,decreasedata transmissionlatency,
and prevent the failure of one BPMfrom affecting
the transmissionof datato other BPMs.

¸ChC. tǊƻǘƻǘȅǇŜ ǘŜǎǘƛƴƎ ƛǎ ǳƴŘŜǊǿŀȅΧΧ
FOFBdatatransmissionnetwork
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Fast corrector & Vacuum chamber

Step response measurement

üIn order to achievethe 10 kHzsmallsignal
bandwidth of the power supply, a
switchmodepowersupplywasadopted.

üA topology based on multi-level
technology,through the hardwarecascade
of multi-H bridges, was developed to
improve the switch frequency and the
output voltageof the powersupply.

üThe fast corrector magnet was made of
0.15 mm thicknesslaminated silicon-steel
platesfor the return magneticflux.

üThe vacuum chamber is made of Inconel 
625, the thickness is 0.5 mm.


