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Beijing Syr_‘?hmtg’” A In operation: 5 light sources (3 SRs + 2 Linacs)
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22 Powerful light sources

required with widely tunable frequency range from Infraredto X-rays !

“
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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.

Engineering Materials

Advance Materials

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 .
Blolog|ca| Medicine

in the whole process, by in -situ, multi -dimensional and real - Energy and Environisntisis [ ’
time observation.
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e =M Main parameters: Accelerator

A Accelerator complex
- Linac (500 MeV)
- Booster (500 MeV to 6 GeV, 1 Hz)
- Storage ring (6 GeV, top-up)

Storage Ring
C=1360.4 m

48 hybrid 7BAs
w/ ABs, and AB/BLG cell
€~ 34 pm @ 6 GeV

Booster

C~454m 0.5-6 GeV
FODO lattice Beam energy 6 Gev
€~ 36 nm @ 6 GeV c
_________ On-axis swap-out injection + CII’CU mference 13604 m
high energy accumulation . .
Lattice type Hybrid 7BA
Hori. Natural emittance <60 P MAT &
Brightness >1x 1022 *
Beam current 200 mA
[1] Y. Jiao et al., J. Synchrotron Rad. 25, 16117 1618 (2018). Injection mode Top-up -

[2] Y. Jiao, RDTM 4, 399 (2020).
[3] H. Xu et al., RDTM 7, 279i 287 (2023). *: phs/s/mm?2/mrad?/0.1%BW




X OM Main parameters: Beamlines

A Brightness of 5x 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

A 14 user beamlines + 1 test BL in Phase 1, HEPS can accommodate up to 90 BLs
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Ring Dasign Enargy aGey  Ring Baain Current and Lifatime.

Ring Desigh Circomfierence  12804m
HEPS LINAC FENSRBRS Ring Deslgn Natural Emittance 35 p=

Boam Energy 500 MeV : — BEEEMHEME Ring Beam Current
Bunch Charge 2.61 nC . = LELRE L Ring Beam Lifeti

Ring RF

386 MY '
Trans. Efficiency 94 % - . p—
Ing Average Vaeuum  0.000036ERs |
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May 12, 2022 Jan. 13, 2023 Feb. 1,2023 Mar. 14, 2023 Nov .17, 2023 Aug . 18, 2024 Oct. 12, 2024
The Linac Vacuum - The Booster Vacuum - The first girder The first electron  Electron Beam Ramped ~ Electron beams with ~ the SR X-ray emitted
sealing in the tunnel sealing in the tunnel . . b Up to 6 GeV currents higher than from the R21 wiggler
was installed in eam
completed completed . 10mA were successfully was successfully
the storage ring stored. transmitted to the end
tunnel station.
June 29, 2019 July 1, 2020 Apr. 13, 2021 June 27, 2021 June 28, 2021 Nov. 3, 2023
Groundbreaking The first steel  Utility installation in ~ Roof-sealing work for ~ HEPS Installs First Piece of  Civil Construction for
ceremony beam was NO.2 Hall the main ring building Accelerator Equipment in ancillary buildings
installed commenced completed Linac Tunnel. completed
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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.




HEPS LINAC
500 MeV

2.61 nC

P

o

500 MeV, ~2.5 nC 500 MeV, max bunch charge > 7 nC Ramped to 6 GeV
15t electron beam LINAC passed SAT

>5 nC of single bunch charge
1st electron beam in Booster Booster passed SAT

3.9 3.14

7.25 8.9
LINAC CX started Booster CX started 20 23
On-site testing of LINAC  in May, 2023 , the The electron beam achieved more than 5 nC

macro -pulse charge reached 7.29 nC, and of bunch charge at 6 GeV via the booster on

beam energy stability was 0.014%. Nov. 17, 2023.




the main component of the HEPS accelerator complex

| Hybrid 7BA with unit cell comprises
dipoles of reverse bending angle and
longitudinal gradient

- = 4

TN Bending magnet
4 % radiation source
booster

Magnets IDs 7

...-"fj?j:} ¥

vacuum chambers

BPMs Girders ,_ \

a circumference of 1360.4 meters

High energy accumulation:
effectively reduced single

bunch charge
requirement for injector 22—

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




"l

o i A The operation space and interfaces have been
checked, and pre-alignment scheme, transport
scheme and other critical problems have been
thoroughly tested

July 2022 Feb. 2023 July 1, 2024
The pre-alignment began. The installation began Vacuum sealing completed.
30um for pre-aligned girders 50um for alignment in tunnel




SR:RO3:BPM:ROIBPMOS:ADC
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? ' Signal of 2dturn
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Current: ~0.4 mA, Life time: ~1 min Current: ~12 mA, Life time: ~2 min

First turn Multi-bunch stored 12 mA stored

Comm.

Started (‘

1 1
7.23 7.29 8.4
I I

10 turns 1000 turns

First light
In Oct. 2024
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Commissioning




HEPS storage ring commissioning

1.5 years from beginning, 8 rounds, Beam current 150 mA, Emittancepnttad

2024-11 2025-01 2025-03 2025-05 2025-07 2025-09 2025-11 2026-01 2026-03 2026-05

3O HIGH ENERGY
o—- HEPS ‘ SHOTON SOURCE HEPS IAC Meeting 2026 May 14, 2026



| Equipment installation and conditioning

A
A

SR:R45:DCCT:R45DCCT:Current [mA]
0 IID ZIG 30 4IO 50 &0 V0O &0 80 100 110 120 130

Not all hardware systems were fully ready on Day One of the ring commissioning.
Adopted a pattern of commissioning periods interspersed with shutdowns for equipment

Installation and conditioning.

SD R
_____________ # il
I

T
2024-09 2024-11 2025-01 2025-03 2025-05 2025-07 2025-09 2025-11

HIGH ENERGY

2026-01 2026-03

PHOTON SOURCE HEPS IAC Meeting 2026

11 install most IDg

21 fine global alignmenp

3t install beamdump kickeu)

SD#5 (May 20Aug 9p

11 install 166MHz & 500MHz SQCs
21 install 4th collimatoy

31 fine alignment of boostap

41 install remaining IDs

SD#®

11 install 6th booster Cavity

21 Power Supply, Injection& Extraction,
Vacuum, ID, Cryogenic System
Maintenance

SD#0

1, Chinese New Year holiday

Two major shutdowngook place in 202%totally about 130 days): SP#4 (Feb-dMar 22,
gl-fst Ond® 3cd —_  Ath B eth—Fth gth g
g- ~gound. o rounds .. POURD round...g...round.... o ..FOUN

May 14, 2026 17



Insertion devices

. During thefirst long shutdownin 2025 (SD#4), within a 4@ay period, we completed the ftunnel
installation and conditioning df1 insertion devicegincluding 1 1AU, 4 IVUs, 5 CPMUs, and 1 AK).

A This included ID alignment, vacuum connection, vacuum baking, water andditpaigien line
connection, posbaking alignment recheck, testing of feémward coils and long coils, and
commissioning of the motion control system.

(=) HIGH ENERGY
) HEPS ‘ SHOTON SOURCE HEPS IAC Meeting 2026 May 14, 2026 18



| Insertion devices

. During thefirst long shutdownin 2025 (SD#4), within a 4@ay period, we completed the ftunnel
installation and conditioning dfl insertion devicegincluding 1 IAU, 4 IVUs, 5 CPMUs, and 1 AK).

. During thesecond long shutdowriSD#5), we completed the installation and conditioning of the
remaining?2 insertion devicegone 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) aitelstethen reinstalled in
the tunnel and reconditioned.

~ 3 Gap

y . 7.2 2.4 2.6 118 | 118

b 8 1.7 2.3 1.05 1.04

) , =] 9 26 2.9 090 | 0.89

i ) & oA 10 3 2.6 3.0 0.77 0.77

Y S ¥ el S e 11 25 3.0 0.66 0.66

1= P ' gk "8 12 2.8 2.9 0.57 0.57

W . —— o 13 25 2.9 050 | 049

¥ el ol S 14 2.3 28 | 043 | 043

e | e ] £ < »l AT} 15 6 2.1 2.7 0.37 0.37

: . LN A s A NS 16 19 2.4 032 | 032
Modification of the CPMU22.8 Test results after modification

3O HIGH ENERGY
) HEPS ‘ SHOTON SOURCE HEPS IAC Meeting 2026 May 14, 2026 19



| 166.6 MHz SRF cavities for storage ring

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

A Excellent performance in vertical tests nicely preserved in horizontal tests of the module
A HOM impedance measurement in line with design (heavy damping)

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

MaxVc >1.6MV (administration limit),
QO@1.2MV: 1.5e9~2.1e9, Rad. < 0.1mSv/h

HEPS 166MHz SRF Module Horizontal Test Results

1E+10 T + 1.E+08
- [#Q0 (LG rate) - 166CM 1 1 E407
L | A QO (LG rate) - 166CM2
[ |#QO0 (LG rate) - 166CM3 1.E+06
BQO (LG rate) - 166CM5 e 1E+05 ©
" |@Q0 (LG rate) - 166CM4 e ’ § e 1E+04 B
: =5
S 1 E400 1 OHEPS op. target A & ! 1 E403 :
S F | oRad - 166CM1 : S
- |4 Rad - 166CM2 g °° y 1E+02.8
L | oRad - 166CM3 e &
| - o 3
o Rad - 166CM5 1 E+00
L | oRad - 166CM4 ¢
® e o 8 o 1 1.E-01
1.E+08 1 1E02
0 02 04 08 08 1 12 14 16 18

Photo taken on 27.05.2025 by G. Yuan. > A Ve (MV)
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| RF installation and conditioning

A 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 caviti@6§®dHz & ¥ 500MHz)
- First cooldown of all 7 SRF cavities: Jut 22g 1, 2025 (11 days)
- RF conditioning & performance check of all 7 cavities: Aug®y 5, 2025 (3 days)

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

166MHz SRF

R37CAV2 i
' (166CM5) |
R37CAV1
(166CM3)
g =

#  R36CAV2
/ (166CM2) ~

R36CAV1
| (166CM1) |

;2 HEP\

HEPS storage rmg tunnel

HIGH ENERGY
PHOTON SOURCE

500MHZ SRF nghpower RF & LLRF
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§

HEPS IAC Meeting 2026 May 14, 2026 21



Smooth vacuum conditioning

A Accumulated dose has exceeded 28th
A Accompanied by a gradual reduction in vacuum pressure.

A The normalized beam lifetime increased by 3 orders of magnitudes.
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Beam motion of 0.1mm level reached

Interference between the tuning of different beamlines largely mitigated. = 1/0: FOFB on/off

PSD (um?%/Hz)

3
i

Vert. PSD (um?/Hz)

-
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Accelerator KPPs achieved by Sep 2025

A Passed accelerator performance tesia Sep 269, six key performance parameters met the
acceptance criteria.

A Passed HEPS performance acceptance revievDct 29, after passing beamline performance tests.

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% TSI @ [ [ sSE E17 -
divergence

Brightness >1x 1072 2x 1071 4.00< 1071 phss/mn¥/mrad/0.1%BW

Capabilityof providing X-ray photonsof 300keV 349.57 keV

#Key performance parameters for national acceptance test AERmxRI=nRs Ittt 71l

$ Measuredhorizontal+ verticalemittance@ 100 mA, with
gratinginterferometry

JO HIGH ENERGY | | |
) HEPS ‘ SHOTON SOURCE HEPS IAC Meeting 2026 May 14, 2026 24
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Circulation of 11 turns First beam storage

First turn around Circulation of 1000  turns

gla AN R "
n:nos:nm:mmols:m

! I-\
. = 1 \
' Sianal of 2nd. turn

LA AL LA AR RAALLS ”””"”lIIII‘I'ITII'lWT‘”T”‘I'ITIIIIFI'HH”WI'II\"HTHIWIT['II'H”

ADC Counts
= s
—
— . . . . .

>1000 turns

R — - R ]

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 < )l
Count I !
SRRO3EPM ROJGPAIS Rawack. A SR R0D BPM RO3BFMYS Rawadc C SRROJBPM ROIBPMIS Rawadk D 1



A First-turn circulation is achieved
within one day

A By using both the tools for
automatically tuning (previously
validated on the booster) and
manual knobbing of the beam

trajectories.
A Also thanks to rigorous joint-

debugging before the com-
missioning that verified the polarity

across all magnets (more than
1000).

First-turn circulation
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ADC Counts
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O Multi-turn circulation

-
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A Great challenges were faced to _

achieve multi-turn circulation, —— —
rrecten B Lambertson:

3 H— Hx +/-5.25 mm
V: +/-2.5 mm

A Primarily due to the physical- 5.2mm
aperture limitation, i.e., two 1.6- .
meter = 2.5mm vertical apertures at
the injection and extraction
Lambertson magnets.

\aCuurm
chamber

A We established 11-turn circulation G. o SMROIBPMROBPMOSTETABCOSUM
mainly by implementing multi- pran
corrector strength scans and signal
working point adjustment. =0yl ey,

Value
1E4

00 10 20 30 40 50 60 70 80 90 100 11.0 120 130 140 150 160 17.0 180 190 20.0
Turns




) Turn on RF and sextupoles & first storage

A 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.

I I
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Beam stability

. Prior to June 2025, both accelerator and beamline commissioning were affectedfrequency
(2-3 Hz) beam fluctuationsA 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?
N Before
L After
N
£
S
o
%
107 .
® Shifting . . 10° 10" 102 10°
PWM - PS(ch | Frequency (Hz)
~| frequency oo DR ;o7 g g |
of slow i | 3
: corrector | = Bofore
power "r‘ﬁ‘l"M.J*".M". s i ey v 5 y After : .
supplies *g - - - 10%"0, design optlmlzed
= :_:_:_:_: _____________ - T
L 00 _ 2000dv o. L
10° 10 102 10°
Frequency (Hz)

(=) HIGH ENERGY
) HEPS ‘ SHOTON SOURCE HEPS IAC Meeting 2026 May 14, 2026 29



| Beam stability

. Prior to June 2025, both accelerator and beamline commissioning were affectedfrequency
(2-3 Hz) beam fluctuationsA 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, stapput FOFB into operatlo,n further reducmg the beam fluctuation amplitude to
below 10% of the beam size at IDs. —

— FOFB off

——FOFB on 102
Parameter Feedback desig 102 0
: Ng N§10—4
Algorithm implementation  Fast + RF feedback g 10° o
> 1A .
BPM sampling rate 22 kHz (FA) 2 499 f 2 M
FC sampling rate 22 kHz > . ]
0 2 0 2
Signal processors (16 station FPGA (Virtex) o T 9 SindiEh
g8 Mmr T T
Num. BPMs /plane 192 (4 per cell) g% |18 o) 1 |
FC /plane 192 (4 percell) — zf FE LN g1
. : 2 50% _' 5-20»
FC PS bandwidth 10 kHz 5 Ev SN - S
FC latency < 25ms §§_§$:T Lt I E—— FOFB off FOFB on <40 Horizontal 1
EQE 18 1% 1 1 Vertical
FOFB closelbop bandwidth >500 Hz J 58y S0y g
J=— V1—1 | PHOTON SOURCE SRR e L a— . 30
HEFS - 10 10 10 10

2200 2230 "2300 2330 0000 0030 0100 "01:30 Frequency (Hz)
2026-01-22



| Beambased alignment (BBA)

. Multiple rounds of beanbased 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 lovrequency (23 Hz) beam fluctuations resolved, the proportion of BPMs
achieving reproducibility of better than 30 Yincreased from less than 486 to over 8.

HEPS BBA progress

| !

Sep. 2024 Dec. 2024 Full year 2025 jan. 2026
First Round BBA Started COD based BBA Troubleshooting Convergentfe essentially
achieved
Measurement

Beam stability improved, to Systematic troubleshooting,

TBT BPM-based Fast BBA enhance BBA measurement Multiple repeated Final verification completed,

High-precision offset

measurement, completed precision, started BBA based measurements, and beam ibration f
initial offset calibration on closed orbit distortion stability improvement calibration for 578 BPMs
(cob)

Established a solid foundation for high-performance operation of the HEPS accelerator, meeting precision

requirements for orbit correction and lattice calibration

578 BPMs in Ring 48 periods Duration: 16 month Target precision: < 30 pm
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Delta offset Statistics

15+

-

36.8%<30um,30um<26.3%<50um,

50um<17.6%<100um,19.3%>100um

<30

30~50 50~100 >100
Delta offset (um)
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Reproducibility of BBA Results Before and After the corrector PWM optimizati

Delta offset Statistics

801 80.8%<30um,30um<8.7%<50um,
701 50um<8.0%<100um,2.4%>100um
60 1
£ 501
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v
940
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201
101
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ll Closedorbit correction

_ Orbit correctioniterated with BBA results in reducedmsclosed orbit.
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