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HEPS overview




)‘ Overview of HEPS

Booster
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Beijing Synchrotron
Radiation Facility (15t

In operation: 5 light sources (3 SRs + 2 Linacs)
Under constr.: 3 light sources (2 SRs + 1 Linac)
Planning, R&D: 4 light sources (3 SRs + 1 Linac)

9 Under construction
@ In operation

@ Planning, R&D

Shanghai Synchrotron
Rad|at|on FaC|I|ty (3rOI gen)
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#  HEPS

* Project outline

- A diffraction-limited SR light source (4-gen)

High Energy Photon Source

DazhuangkKi

80 km from II—FE&IDf’@\aMpug_f‘

Huairou'District,
Beijing, China, 101400

)
- The 18t high-energy SR light source in China Ll o J
- Location: Huairou Science City, Beijing "~ Cnangaing N
- Construction time: 06.2019 — 12.2025 Qe Sy
- Land: 650,667 m2, Building: 125,000 m2 Ty (a - :51“&7*
- Budget: 4.76B CNY (~$652M) (incl. materials, ‘gl Yo

civil constr. & commissioning, excl. labor costs) +

O

| S51] £
// 550 y Road. Nei(
uaniBrg < Xuxinzhuang Town)

0.1M RMB/person/year (CAS) entougou 5 {istnt, | Dongeheng ¢ 3 o
District : ISE o ;
- Support: Central government (NDRC, 80%) —F p(i)JfH.ghﬁ?QﬁS? A N
- . ; Anstitute ! = Yongshun
+ Local government (Beijing, 20%) + Chinese 7% eneraynysics < g
Academy of Sciences (labor costs) e e Tay 150

NDRC: National Development and Reform Commission
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) Powerful light sources

required with widely tunable frequency range from Infrared to X-rays !

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

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

Storage Ring
C=1360.4m

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 + Cl rcu mfe rence 13604 m
high energy accumulation . .
Lattice type Hybrid 7BA
Hori. Natural emittance <60 pm-rad
Brightness >1x10%% *
Beam current 200 mA
[1] Y. Jiao et al., J. Synchrotron Rad. 25, 16111618 (2018). Injection mode Top-up -
[2] Y. Jiao, RDTM 4, 399 (2020).
[3] H. Xu et al., RDTM 7, 279-287 (2023). *- phs/s/mmZ/mradZ/O.l%BW

Yi JIAO, jiaoyi@ihep.ac.cn The HEPS Project



XM Main parameters: Beamlines

« Brightness of 5x1022 phs/s/mm?/mrad</0.1%BW at the photon energy of 21 keV,
can provide X-ray with energy up to 300 keV

14 user beamlines + 1 test BL in Phase 1, HEPS can accommodate up to 90 BLs
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- L _ ﬁf}/ Beamlines Layout in HEPS phase | -go 3
14 public beamlines + 1 optics test beamline C% 1018 RES| | , A R
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Photon Energy (keV)
Y. Jiao et al., J. Synchrotron Rad. 25, 1611-1618 (2018).
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HEPS Accelerator




=2 HEPS Accelerator

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

Storage Ring
C=1360.4m

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

Booster

om Do Beam energy 6 GeV
_________ Ot Swam-out njection + Circumference 13604 m
ety accamten Lattice type Hybrid 7BA
Hori. Natural emittance <60 pm-rad
Brightness >1x10%% *
Beam current 200 mA
[1] Y. Jiao et al., J. Synchrotron Rad. 25, 16111618 (2018). Injection mode Top-up B
31C. Meng et al, ROT 4, 497506 (2020). * phs/s/mm?/mrad?/0.1%BW
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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.

Yi JIAO, jiaoyi@ihep.ac.cn
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the main component of the HEPS accelerator complex

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

Magnets IDs _
booster

f T Bending magnet
/ d % radiation source

vacuum chambers

BPMs Girders i

a circumference of 1360.4 meters

High energy accumulation:
effectively reduced single

bunch charge
requirement for injector 22—

M Storage ring ==

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

The HEPS Project
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Hybrid 7BA —H
HEPS design —H

l I} New bending magnet source

Reverse bending magnet Not need dedicated BM light source,

avoid related physics and technical
Unit cell w/ long. Grad. & issues

reverse bending magnet

Alternating high- and low- Y. Jiao, et al. JSR, 2018, 25,
beta straight sections=> 1611-1618

Brightness increased Y. Jiao, et al. RDTM, 4, 2020,
~30% at half of sections 415-424

ua), ,-fy {red}, 200°D, {green) (m)

i, (bl
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Small dynamic acceptance

swap-out injection
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Key: How to realize
high-charge bunch
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Timing mode requires high-
charge bunch: spacing™~72 ns,
bunch charge ~15nC

HEPS: use booster at high energy
as an accumulator

* Reduced cost compared to
dedicated accumulator

 Reduced requirement on bunch
charge compared to w/o high-
energy accumulation
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@ Measures to ensure 200 mA operation

u”' '

e Detailed impedance modeling

= Impedance contributions were evaluated and optimized based on iteration with hardware designs(i-2

o Numerical simulation on single and multi-bunch instabilities

» Harmonic cavities (500 MHz) and fundamental cavities (166.6 MHz) are used to lengthen the bunches, so as
to increase beam lifetime [Bland especially to mitigate IBS effect and collective beam instabilities 4

= With the aid of feedback system and positive chromaticity, it is feasible to control the multi-bunch instabilities
(coupled bunch instability 1?1, and ion instability [6.71) for 200 mA operation

= No beam loss at the max. target single bunch charge (14.4 nC/bunch, 63 bunches & 200 mA), however,
brightness reduction (10~20%) is unavoidable [2]; also, injection transient instability should be careful [8:°]

<103 1.33 nC/bunch <10 14.4 nC/bunch +5 chromaticity to cure TMCI

4
60 15'10

40.00 nC/bunch

. 30.00 nC/bunch
20.00 nC/bunch

15.00 nC/bunch

0.5 10.00 nC/bunch
0.001 nC/bunch

<y>[m]

0

-0.5

vertical centroid

10 -1

-1.5
2 -0.1 0 0.1 0.2 0 500 1000 1500 2000

z[m] z[m] Number of Turns

[1] N. Wang, et al., IPAC17, WEPIKQ78. [2] N. Wang, et al., Atom Energ Sci Technol 2019, 53(9): 1601-1606. [3] S.K. Tian, et al., IPAC2017, TUPABO67.
[4] H. Xu, N. Wang, FLS2018, WEP2PT024. [5] N. Wang, et al., IPAC2018, THPAKO014. [6] S.K. Tian, et al., IPAC2018 THPMFO055.

YI JIAQ, Jii [7]c. Li, et al., Phys. Rev. Accel. Beams 23, 074401 (2020). [8] Z. Duan, et al., IPAC19, TUPGWO53. [9] H. Xu, et al., Nucl. Instr. Meth.. A 986 (2021)



) Beam loss control in the rino

o Use collimators to localize the beam loss (due to Touschek effect and active beam dump) in
the ring

o Found the beam deposition would be destructive on collimators in the cases of active beam
dump, and other components (e.g., Lambertson septum in the case of extraction failure)

o Plan to use pre-kickers 1. 2l (before active beam dump or beam extraction) to increase the

beam size and decrease the en - yonents
” Hi
Storage ring DZM 54 535 53 :5

Electron beam distribution at
the collimator after active
beam dump

Y (mm)

(a) wl/o pre-kicker

(b) w/ horizontal pre-kicker

(c) w/ vertical pre-kicker

(d) w/ horizontal and vertical
m pre-kickers

5
Booster 0.5-6GeV C=1360.4m X (mm
0.5

C=454m

The max. beam intensity at
collimators reduced by
about 200 times with pre-
kickers

4 collimators at the 2nd dispers#n bumps of I —— e
the 1st, 13th, 25th, and 41th 7BA. X (mm) X (mm)

[1] Y.L. Zhao, et al., HEPS-AC-AP-TN-2020-024-V0.

Yi JIAO, jii The [2]Z. Duan, et al., HEPS-AC-AP-TN-2020-031-VO.
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Magnet type m Features of key magnets & system
Longitudinal grad. dipole BLG 245 - BLG: permanent magnet, field tuning to 50 ppm,

Dip./quad. comb. magnet [RCIV\: LY temperature compensation to 50 ppm/°C

Quadrupole aoFiap 68 - QF/QD: 80 T/m, Bn/B_z < 4x104, harmonics
compensated by “Magic finger©

- RCS: based on coordinate measuring machine = Measuring B9 magnet with CMM
. : ! o ased Rotating coil system
Octupole ocT 98 (CMM), automatic alignment with 10 um precision :

Fast corrector FC 196

Sextupole SF/SD 294

Magnet field measurement system

Rotating coil system RCS

.t S eefale . . s’ . Y
- - .'..0..§’.:~ k K 0% 02’ ¥ v “us ~ .-‘\ =,
QOL~0 -- o o - p o i B 2 - . ., o .v.- P » o

Planar moving coil system " [ Measuring BLG magnet with Arm

3
Hall probe system HPS 3
1
1
1

- based planar moving coil system
Stretched wire system SWS 1ses s —si
Q‘RS QDE OD? ABFA  OF5 503 8lG4 BD2 ABF3 8LG3 ABF2 BC1 BLG2 502 OF2 ABF1GD2 ab1 GF1
Trans. field meas. system TFS Fa BLGS  |SDa| s72 OCT2 apé ar R | a4 | 2 op } oD3 oml 51 S,Dl,“ Bl:Gl JF(‘I

B vV

i‘ 4 "L" v

All magnets and measurement systems
developed in-house by the Magnet group.
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SR requirement:
1.3e-7 Pa (dynamic)

e

Thickness of electron beam 0.1 mm

window (a)

Dimension of the booster 36*3070.7  87/423
vacuum chamber (b) mm

Contact force of RF 1256+25qg 42/1125

shielding bellows (c)
Material of photon absorber C10100 11/288

(d) C15715
C18150
Magnetic permeability of 1.02 7/532

Stainless Steel vacuum
chamber in storage ring (€)

Inner dimension of the Di22mm 27/1019
CrZrCu vacuum champer (f) Di22mm w/
antechamb
er, Di8 mm,
efc.

Yi JIAO, jiaoyi@ihep.ac.cn The HEPS Project



MOM Vacuum system

sl/ —

* 3 sets of NEG coating equipment have been built;

* One is used to coat small aperture circle vacuum chambers, and 6*3.5m vacuum
chambers can be coated simultaneously;

* Another is for antechambers paralleled with 4 groups in a length of 1.5m, and
the NEG coating have been verified in a slit height of 6mm with a length of 1.2m;

« A 6m long vacuum chamber can be coated in the third setup by moving solenoid
vertically.

Yi JIAO, jiaoyi@ihep.ac.cn The HEPS Project



O, |\/|agnet Power Supply

m Features of the magnet power supply system

Linac - High precision current-stable power supplies: long-term stability 10
Trans. 123 DC ppm, accuracy 50 ppm, repeatability 20 ppm

BS Bend. 4 DC+AC - High bandwidth high precision fast corrector power supplies: small-

BS Quad. DC+AC signal step response time 75us, current ripple 20ppm
M 6 Dc+AC - High power dynamic power supplies: tracking error 0.1% vs.
BE Corrector 84 DCAC operating value, from injection to extraction point

- In-house developed digital power supply controller and DCCT:

Simac DC all power supplies are fully digital-controlled with digital controllers
DC and mstalled DCCTs as the current feedback component
DC ‘ &
DC+AC

DC

All power supplies, DCCTs and
digital controllers developed in-
house by PS group

Storage ring PS hall Booster PS hall Digital controller

Yi JIAO, jiaoyi@ihep.ac.cn The HEPS Project



SR magnet support system Parameters

Ultra-high stability & micron-level motion resolution XY <5um
->contradictory requirements <15um
Improve system stiffness : Self-developed wedge mechanism, ¢+1 Omm
high-stiffness concrete plinth & grouting installation process & En
254Hz

288 support modules installed and met the requirements.
- Eigen frequency: 270 Hz
- Transmissibility: 1.05

Yi JIAO, jiaoyi@ihep.ac.cn The HEPS Project



L/ HEFS

TR AT « Features of the storage ring RF system

Beam energy 6 GeV - Cavity (in-house): 166.6 MHz =1 SC QWR (1.1e9 @ 1.6MV) +
U, (W/ IDs) 414 MeV 499.8 MHz 1-cell SCC (2.6e9 @ 1.75MV), heavy HOM damping,

Beam current 200 mA individual cryostat per cavity

- World’s 15t main acc. cavity of B=1 SC quarter-wave type

RF frequency 1666 MHz - HPRF: 260 kW SSA (joint dev.), 300 kW circulator (joint dev.)
RF voltage _ MV - LLRF (in-house): digital LLRF (£0.05%, +0.1°, 1.2MV)
No. of cavities i - Setup: each cavity with individual SSA, occupying 4.5 straights

RF power per cav. | SSA |

RF frequency
RF voltage

RF power abs
QO at 1.75MV >1e9

Yi JIAO, jiaoyi@ihep.ac.cn The HEPS Project



Max. peak | Min. ph ST
e | R R
(] LSS CPMU12: min. period length in the world, phase
IAU TR B 4

In Air 2e0 error and multiple error in the world's leading level
IAW 2 | 1 11 1.64 - . : :
ST (e 5 e 3 - Mango wiggler: completely new idea, offer a big
c‘a i ' ' radiation spot size for Large-field X-ray diagnosis
b . g i 2 and flaw detection
_ AK 1 5 11 - 5 , _
Special - AK undulator: realized by 4 arrays, both circular
Mango 1 1 11 1 i

polarization and low on-axis heat load achieved

IAU & IAW CPMU

[1]1 XY. Li, etal., STATUS OF HEPS INSERTION DEVICES DESIGN, IPAC 2021, MOPABO090, P339-341
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HEPS Progress June 2019-June 2025)

4" round Joint-Commissioning completed on May 20, 2025

Civil Construction and Utility: Completed
LINAC: in operation
Booster: in operation

Storage Ring: Installation of SRF cavities and IDs
underway

Beamlines: Installation of BL Group 2 underway



SR News: every year
Nature News, May 2024

SRN2019
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Source in Beiji|

On June 29, 2019, a sunny mor
jng, more than 300 particip
ing officials as well as the engmeer
lme scientists, witnessed the grol

at the High Energy Photon Sourc 15

greenfield high-energy (6 GeV) ul
tance synchrotron facility. The lig
bemg constructed by the Institute
ergy Physics, Chimese Academy ¢

The kickoff of the HEPS repres¢ 2
formal start of construction of th *
generation synchrotron light sourc >

The circumference of the HI
ring is 1360.4 m. The lattice take:

hybnd seven-bend achromat (7B2
which some bending magnets w ;
bendmng angles and longitudnal g1 1

enable the electron beam to reach

natural horizontal emittance of smaflver than 60
pm.rad [1]. Forty-eight six-meter-long straight
sections, with altemating high and low beta
ones, are designed for generating the bnlhiant
X-ray with a brightness of more than 1 x 102

HEPS is Standing

SRN2022

Figure 1: The HEPS building complex. Tl
1500 m. The extension buildings from this r
the HEPS, reflecting its magnifier design.

This high-energy machine could
a high-energy X-ray up to 300 ke|
trial applications. Among the Phj
lines. there are three long beamling
out of the experimental hall with

Yi JIAO, jiaoyi@ihep.ac.cn
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PING HE, JiansHE Cao, GuorinG Lin, MING L1, YuHut DoONG, WEIMIN PAN, AND YE '
Institute of High Energy Physics, Chinese Academy of Sciences, Beifing, China

The High Energy Photon Source (HEPS) is
a greenfield dth-generation light source. Its
storage ring energy is 6 GeV and its ring cir-
cumference 15 1,360m. One year afler the
HEPS complex buildings were constructed
(Figure 1), we report here considerable prog-
wress, despite the COVID pandemic’s impact
on supply chain and on-site personnel leading
10 unanticipated delays

Accelerator status

Another major milestone s the successful com-
pletion of a mock-up of a standard cell of the
HEPS storage ring (Figure 3). All of the mag-
nets in this cell are now installed and aligned,
all of the vacuum chambers have been con-
nected together and msented into the magnets.
The mock-up assembly allowed the design and
nstallation team 1o wertify many necessary
corrections, which have been integrated mto the
production process 2]

As a necessary measure for the coming

The year of 2022 witnessed compl of
several milestones in accelerator progress, In-
stallation and high-power conditioning of the
Imac [1] were completed in the autumn
(Figure 2), Almost 95% of the booster accel era-
tor components (magnet, girder, and vacuum
chamber ) have been put into the booster wnnel

beim ¢ 2. & high-level application
framework based on Python, named Python

accelerator physics application set (Pyapas),
was proposed and has been developed [3). By
December 2022, the high-level apphcations
for the myector had been developed, while and
others are still ongoing.

Production of the “mg
nents for the HEPS ax
shape. Storage nng mag
inbatches. All of the sext
have been measured witl
tem and met their specific
the longitudinal gradien
measured, and the integra
than 1E-4 devation, Abc
rupoles and  dipole-qu
magnets have been mea
comecior coils 10 the quad
thoroughly studied. Ove:
magnets have been teste
measured 1o be 4kHz

The manufacture of |
power supplies to powe
and correctors has been ¢
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HEPS LINAC
500 MeV

2.61 nC
94 %

Beam Energy

Bunch Charge

Trans. Efficiency

Feb. 1,2023 Mar. 14, 2023 Nov. 17, 2023
The first girder
was installed in
the storage ring

tunnel

0@e

June 27, 2021

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

May 12, 2022
The Linac Vacuum-
sealing in the tunnel
completed

June 29, 2019

beam Up to 6 GeV

July 1, 2020 Apr. 13, 2021

The first electron Electron Beam Ramped

June 28, 2021
HEPS Installs First Piece of Civil Construction for

e — 2

Ring Dasign Enargy
Ring Design Circomfierence 13804
Ring Deslgn Natural Emittance

e

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.

Nov. 3, 2023

Groundbreaking The first steel  Utility installation in  Roof-sealing work for
ceremony beam was NO.2 Hall the main ring building Accelerator Equipment in ancillary buildings
installed commenced completed Linac Tunnel. completed

LI

The HEPS Project
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HEPS LINAC
Flenm Enaegy 500 MeV

Bunch Chape 2.61 nC

P

1 XY
P 44

500 MeV, ~2.5 nC 500 MeV, max bunch charge > 7 nC Ramped to 6 GeV
1st electron beam LINAC passed SAT

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

725 8.9 11.17
Booster CX started 2023

3.9 3.14
LINAC CX started

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

macro-pulse charge reached 7.29 nC, and

The electron beam achieved more than 5 nC

of bunch charge at 6 GeV via the booster on
beam energy stability was 0.014%. Nov. 17, 2023.

Yi JIAO, jiaoyi@ihep.ac.cn

The HEPS Project



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 50pum for alignment in tunnel

Yi JIAO, jiaoyi@ihep.ac.cn The HEPS Project
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First turn
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Current: ~0.4 mA, Life time: ~1 min
Multi-bunch stored

HEPSHIESSIEZITRE C O @

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

12 mA stored

Comm.

@

7.23

Started

Yi JIAO, jiaoyi@ihep.ac.cn
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1
8.4
I

1000 turns

The HEPS Project

First light
In Oct. 2024
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L/ HEFS

o=t S\Wap-out injection

Design scheme

Small charge bunch after acceleration

. verified and in operation

Experimental demonstration

Merged bunch stays in the booster for ~ 20 ms

D

=

High charge bunch to be replenished

D

&

« The swap-out injection with high
energy accumulation in the booster,
has been successfully demonstrated.

 Now used in routine operation since

Jan. 2, 2025

Yi JIAO, jiaoyi@ihep.ac.cn

Booster bunch current monitor Booster bunch current monitor Booster bunch current monitor
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/.‘: \’ ; ? Ring bunch current monitor . Ring bunch current monitor ¢ Ring bunch current monitor
¢ i Z g
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Booster ramp to 6 GeV, after Full-charge bunch re-injected into

injection @ 500 MeV the Ring. Booster ramp down

I
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g2
i.<

o0 W T 150 80 oo

Merge between extracted bunch from
Ring and circulating bunch in Booster

ﬁ
HEPS Swap-out Injection Status

Booster BCM

Ring BCM
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e

300 350 400 500 55 600 650 700

'\\ TN SNy

The HEPS Project



ll Current and Vacuum in HEPS storage ring

Vacuum conditioning on going: average pressure going down slowly

Beam Current in SR [mA]
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166.6 MHz SRF cavities for storage ring

* All five 166.6MHz SRF cavities assembled and passed horizontal tests in Jun 2025
* Excellent performance in vertical tests nicely preserved in horizontal tests of the module

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

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

Max Vc: >1.6MV (administration limit),
QO0@1.2MV: 1.5e9~2.1e9, Rad. < 0.1mSv/h

HEPS 166MHz SRF Module Horizontal Test Results

1.E+10 r 1.E+08
- [#Q0 (LG rate) - 166CM1 | 4 E+07
L |AQO (LG rate) - 166CM2
[ |#Q0 (LG rate) - 166CM3 y 1.E+06
mQO (LG rate) - 166CM5 e T 1.E+05 ©
" |@Qo (LG rate) - 166CM4 2 ’ § e 1 1 Er0a @
=1
S 1 E400 1 OHEPS op. target A & ! i 1E+03 :—
S F | e Rad - 166CM1 T S
- | »Rad - 166CM2 g °° ¢ glEs02.8
L | ©Rad - 166CM3 + 1E+01 &
L _ o 3
o Rad - 166CM5 1 E+00
L | oRad - 166CM4 e
) € » 0o 8 o 1.E-01
1.E+08 1 1.E-02
0 02 04 06 08 1 12 14 16 1.8

Photo taken on 27.05.2025 by G. Yuan. e A Ve (MV)

HIGH ENERGY
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6" round Storage Ring Commissioning

| SRF gea”ng Up for 1OomA will begin in next week

Five 166.6MHz SRF cavities and two 499.8MHz SRF cavities installed in storage ring,
cabling and transmission line installation basically finished

One more 499.8MHz NCRF cavity added in booster ring (5 cavities in total)
The final 166.6MHz-260kW SSA and 499.8MHz-100kW SSA being installed

All 7 SRF cavities cooldown and RF conditioning underway in Aug 2025




)
'. HEFS

Group 1 beamline,

IDs installed in storage ring

Installation and commissioning completed / ongoing
Control and data acquisition software ready

Photon beam Commissioning began in Oct. 2024

Group 2 beamline,
Installation finished in the end of 2024
Photon beam Commissioning in Apr. 2025

] ¥ 8 " il { \ ) | 1Y
: "- "\ _ ‘ ) 3 Sor T'n b
. oy 4

Yi JIAO, jiaoyi@ihep.ac.cn The HEPS Project

All of the beamlines under commissioning

Hard X-Ray Imaging

AW/Mango/IVU(G2

TXM IAU
XAFS 1AU
Group 1 Tender spectroscopy BM
Pink SAXS 1AU
p-Macromolecule IAU
Optics Test IAW/CPMU(G2)
Engineering Materials CPMU
Nano-probe cPMU
Structural Dynamics CcCPMU
High Pressure Ivu
Group 2 Nano-ARPES Apple knot
Hard X-ray Coherent
Ivu
Scattering
Low-Dimension Probe IvuU
NRS&Raman vu




ll Installation of All IDs completed by Aug 2025

Apple-Knot and MANGO wiggler be developed for ARPES and HXI Beamline

19 s ora
for 14 BLs

In Air T ) , ;' All In-house R&D
17 IDs
CPMU 6 6 5
In Vacuum conditioning
VU > > g with beam
: AK 1 1 1
Special 2
Mango 1 1 0 IDs AK+Mango

S Tetal A9 0907 being installed

HIGH ENERGY
PHOTON SOURCE 42




)
'. HEFS

All 15 BLs under commissioning

® 15 round: 2024.10.10.-2024.10.31.
22Days, 4 BLs, BL21I-HXI, BL44B-
Tender, BLA6U-XAFS, BL42I-Test
beamline

® 2" round: 2025.01.22.-2025.01.25.
4Days, +3BLs, BLO9U-Coherence,
BLO8U-Pink SAXS, BL30U-Imageing

® 3" round: 2025.04.10.-2025.04.11.

2Days, +5BLs, BLO/U-Engineering M
BL19U-Nano, BL33U-Raman, BL31U-

HP, BLO2U-Protein

® 4th round: 2025.04.28.-2025.05.20.
22Days, +3BLs, BL23U-Dynamic,
BLO5-LODISP, BL46U-ARPES

4 round SR beam commissioning

ID31-High-Pressure Beamline

ID30-Transmission X-ray Microscopy Beamline

ID33-Hard X-ray Energy Resolution

Spectroscopy Beamline . .
— ID23-Structural Dynamic Beamline

Y 4

ID42-Optics Test Beamline ;
4

ID21-Hard X-ray Imaging

. Beamline
BM44-Tender X-ray Beamline

ID46-X-ray Absorption

Spectroscopy Beamline ID19-Hard X-ray

Nanoprobe Multimodal
/ Imaging Beamline

I

ID02-Microfocusing X-
ray protein
Crystallography
Beamline

7 ID05-Low Dimension Structure "%,

Probe Beamline

ID06-high-resolution Nano Electronic
Structure Spectroscopy Beamline
ID09-Hard X-ray coherent scattering Beamline
ID07-Engineering Material Beamline
ID08-Pink Beam SAXS Beamline

Yi JIAO, jiaoyi@ihep.ac.cn

The HEPS Project



95keV 96keV 97keV 98keV 98keV 100keV

BLO/U
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BL33U-Raman
APD detector, NRS

Lo M\ 14409.8011 15124

1690_Plot_0
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» Preliminary commissioning results

BL41U-ARPES Nano ARPES scanning imaging
Photon Energy@900eV

2meV resolution for NRS
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Mol Beamline Software

A new generatlon experlment operatlng software system (Mamba)

: 1 -_— -I . |
‘8) ), ‘ = One Framework

S .. Mamba < = E Support 15 beamlines in Phase |

Framework

i — \ | project

_________

and future beamlines

One Ecosystem

cover full synchrotron methods
and experiment modes

Mamba: a systematic software solution for beamline experiments at HEPS. Journal of Synchrotron Radiation, 2022

A High-Throughput Big Data Orchestration and Processing System for HEPS, Journal of Synchrotron Radiation, (2023).

Yi JIAO, jiaoyi@ihep.ac.cn The HEPS Project



HEPS Phase Il




LON HEPS phase ||

* Preparing science cases and Project Proposal for the next 5-year plan
« Multiple reviews underway

v" Criteria for HEPS beamline selection: Scientific v Organizing institutionalization research
and Industrial questions as well as cutting-edge teams/projects based on HEPS
experimental methods motivated in 4GSR. v Materials

v" Upon schedule of insertion installation, without v Chemistry (Dynamic properties of
iImpeding the operation of existing BLs, 4-5 ID catalysis)

installed per year
v' 30 BLs to be built in Phase Il

14 1Ds+ 3 BMs Phase| §~-15 IDs+ 15 BMs Phase I

Yi JIAO, jiaoyi@ihep.ac.cn The HEPS Project



=== Beamline Clusters

8 beamiline clusters for 31 beamlines proposed

* Operando, * Phonon » Coordination,  Surface and  Battery * New medicine, » Additive » Exploration in
Insitu, Service measurement, valence state interface in mechanism in high manufacturing, frontier and
span strongly in 3D and high nanoscale, nano and throughput semiconductor, cutting-edge

correlated spatial aging and microscale screeing, Enginnering techs
systems, high resolution decomposition i :';md Connectomics materials

energy and mechanism T —_- and Brain

momentum e T imaging, Organ

resolution Atlas

and regulation

Yi JIAO, jiaoyi@ihep.ac.cn The HEPS Project



== |_ayout of Beamline Clusters

> BMAERFEHSRE

HEPs  High Energy Photon Source | HEPS

391-X ray diagnostic
341-High Energy Resolution IXS Condensed Matter

401-Soft RIXS
411-Nano-ARPES
41B-General PES
42|-Optical Test

Condensed Matter
Condensed Matter
Condensed Matter

Tech frontier

33l-High energy resolution Spectroscopy

32B-Magnetic Coherent Imaging

31I-High Pressure

Condensed Matter
Condensed Matter

Condensed Matter

43I-HE-NRS Condensed Matter 30B-HP Synergic Method Condensed Matter
44]-Magnetic Material Condensed Matter 30I-Transsimission X-ray Microscopy Energy
44B-Tender X-Ray Chemistry 29I-Energy Materials and Devices Multimodal Spectroscopy Energy
461-XAFS Chemistry 28B-Energy Materials and Devices Multimodal Imaging Energy
46B-High-throughput XAFS Chemistry 28l-High Energy Compton Scattering and Imaging Energy
471-X-ray Chemical Imaging Chemistry 25l-Large Volume Press Materials
48B-Time resolved XAFS Chemistry 24l1-Length Metrology Industrial
01l-Time-resolved Crystallography Chemistry 23I-Structural Dynamics Condensed Matter
22|-Multiscale Diffraction imaging Materials
01B-H-T Crystallography Fragment Screening Biomedicine
02I-Microfocusing X-ray Protein Crystallography Biomedicine 211-Hard X-Ray Imaging Materials
02B-Visible Light Diagnostic 201-Biomedical 3D Imaging Biomedicine
04B-EDXRD Materials 19l-Hard X-ray Nanoprobe Tech frontier
05l-Low-Dimension Structure Probe Materials 18I-Pink Beam Coherent Scattering Tech frontier
05B-Comprehensive Material Research Materials 17I-High Energy XPCS Tech frontier
061-High Energy Total Scattering Materials 14B-High-throughput Industrial Application SAXS Industrial
06B-High Resolution Powder Diffraction Materials 13B.Multispectyal Xarav lithoaraph iduistital
071-Engineering Materials Materials .8 e X 9 p.y . -
08l-Pink Beam SAXS Chemistry ey TNB= 12B-Flat Samples 3DNondestructive Imaging Industrial
08B-High Energy SAXS Chemistry S~ 11I-Microscopy Environment
09I-Coherent Scattering Materials - Phase | Beamlines - Phase Il Beamlines 10I-Nano Coherent Surface Scattering and Imaging Environment

Yi JIAO, jiaoyi@ihep.ac.cn The HEPS Project



y==—4 HEPS phase ll: Accelerator part

* New insertion devices for the new « Beam parameter fluctuation
beamlines compensation and longitudinal
New RF cavities to compensate InfEELer
more energy loss  "Intelligent accelerator" upgrade
and beam test platform for future
new light source methods and

mechanisms.

Updated cryogenic and
diagnostics, timing control devices

Yi JIAO, jiaoyi@ihep.ac.cn The HEPS Project






e oM Summary

» HEPS is a greenfield, 4th generation, high energy, ultra-low emittance SR facility.
It is the key facility of Huairou Science City.

» Construction started from 2019. Emittance 100pm-rad achieved. All of the
beamlines under commissioning.

» HEPS is planned to be completed in 2025 (a great challenge and we will work
hard in the next few months) and open to academic and industrial users globally in
2026.

Yi JIAO, jiaoyi@ihep.ac.cn The HEPS Project
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