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Abstract 
High Energy Photon Source (HEPS) is a fourth-genera-

tion light source with a natural emittance of 34.82 pm, aim-
ing to produce high-brilliance photon beams. The ultra-low 
emittance poses challenges for beam instrumentation, re-
quiring high-resolution beam position and size measure-
ments in the sub-micrometer range. The high current and 
multi-bunch operation necessitate a bunch-by-bunch feed-
back system to address beam instabilities. This paper will 
provide an overview of the beam instrumentation at HEPS.  

INTRODUCTION 
HEPS is the first fourth-generation synchrotron light 

source in China, located in Beijing. The HEPS project aims 
to establish a high-performance high-energy synchrotron 
light source with a beam energy of 6 GeV, and beam cur-
rent of 200 mA, offering a radiation brightness potential of 
up to 1 × 10ଶଶ  [photons· sିଵ · mmିଶ · mradିଶ ·(0.1% 
bw)ିଵ] in the typical hard X-ray regime [1]. The facility 
includes a 500 MeV S-band linac, a ramping booster span-
ning 0.5-6 GeV, transport lines, and a 6 GeV storage ring 
equipped with state-of-the-art beam instrumentation and 
diagnostics systems. The HEPS storage ring comprises 48 
7BA cells grouped into 24 super-periods, with a circumfer-
ence of 1360.4 m. The key beam parameters for the storage 
ring are detailed in Table 1. 

Table 1: HEPS Storage Ring Parameters [2] 
Parameters Value 
Energy 6.0 GeV 
Circumference 1360.4 m 
Main RF frequency 166.6 MHz 
Harmonic cavity frequency 499.8 MHz 
Harmonic number of main RF 756 
Natural emittance 34.82 pm 
Bunch Length 5.02 mm 
Working point(x/y) 114.14/ 106.23 
Bunch length (zero current) 5.02 / 29.70 (HC) 
Damping time (x/y/z) 10.2 / 18.9 / 16.4 ms 
Beam current  200 mA 
Synchrotron frequency ~1.1×10-3 
 
In order to fully utilize the advantages of HEPS, such as 

high energy, high brightness, and small beam sizes, it is 

crucial that the photon beams remain extremely stable in 
both position and angle, with deviations ideally not exceed-
ing 10% of the beam sizes and divergence. In the low beta 
section, where the beam size is approximately 3 µm in the 
vertical direction, users expect the orbit change to stay 
within 10% of the beam size itself (0.3 µm). To meet this 
requirement, the resolution of the beam position monitor 
should be better than 0.1 µm. Additionally, we require ad-
ditional instrumentation to meet the requirements. The 
beam instrumentation to be installed at HEPS is detailed in 
Table 2. 

Table 2: Beam Instrumentation in HEPS 
Beam instru-
mentations 

Linac LB BST BR RB SR 

BPM 8 8 80 11 13 578+2
4 

ICT  7 2 - 2 2 - 
NPCT - - 2 - - 2 
Bunch Current 
Monitor 

- - 1 - - 1 

OTR/YAG 7 2 - 2 2 - 
Synchrotron 
Light Monitor 

- - 2 - - 2 

Tune measure-
ment 

- - 1 - - 1 

Beam loss mon-
itor 

- - 4 - - 500 

B&B feedback 
system 

- - 3 - - 3 

Streak camera - - - - - 1 
Bunch cleaning 
system 

- - - - - 1 

Energy analyse 
station 

2 
     

Emittance 2 
     

INJECTION DIAGNOSTICS 
The HEPS injector comprises a linear accelerator 

(Linac), a low-energy transport line (LB), two high-energy 
transport lines (RB & BR), and a booster (BST). Beam di-
agnostics within the injector are essential for monitoring 
the beam status and enhancing injection efficiency.  

Linac 
The linac beam instrumentation includes 6 integrating 

current transformers (ICT) for monitoring the total bunch 
train charge. During routine operations, the beam trajectory 

 ___________________________________________  
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will be monitored using 8 beam position monitors, with 
1 button-type and 7 strip-line type. Two screens 
(OTR/YAG) will be used for measuring beam emittance 
and energy spread at the exit of the first accelerator unit 
and the end of the linac. The other 4 screens are utilized for 
beam profile monitoring. The screens are constructed of 
YAG:Ce material, known for its excellent resolution of the 
beam image, high sensitivity, and high radiation hardness. 
However, in the high-energy section of the linac, Optical 
Transition Radiation (OTR) screens are installed to prevent 
YAG target saturation. Linac diagnostics are summarized 
in Table 2. 

Booster 
The circumference of the booster is approximately 

454 m, allowing the beam energy to be ramped up from 
0.5 GeV to 6 GeV. The booster orbit will be monitored us-
ing 80 Beam Position Monitors (BPMs) equipped with 
turn-by-turn capability. The BPM electronics will be 
aligned with those used in the storage ring to simplify 
maintenance procedures. The sum signal from the electron-
ics can be used to monitor the beam current. 

The average current will be measured using a commer-
cially available radiation-hardened New Parametric Cur-
rent Transformer (NPCT), while the bunch pattern will be 
monitored using BPM pickups and bunch-by-bunch elec-
tronics developed in-house. For tune measurement, the 
electron beam will be excited with white noise using strip-
line kickers. The beam response will be observed with a 
real-time spectrum analyzer connected to dedicated BPM 
buttons at the front end. Synchrotron radiation from a di-
pole will be employed to observe the beam during ramping 
and emittance measurements. There are two visible beam-
lines in the booster. Additionally, the capability to monitor 
bunch length with a streak camera will be provided [3]. 

Transfer Lines 
There are three beam transfer lines in HEPS, named 

“LB”, “BR”, and “RB”. They are utilized to transport elec-
tron beams from the LINAC to the booster (LB), from the 
booster to the storage ring (BR), and from the storage ring 
to the booster (RB), respectively. The primary purpose of 
the high-energy beam transfer line “RB” is to employ the 
booster as a high-energy accumulator [2]. 

The diagnostics for the transfer lines consist of Beam Po-
sition Monitors (BPMs) for measuring beam position, flu-
orescent screens for providing information on beam size, 
and Integrating Current Transformers (ICT) for measuring 
beam charge at various locations and determining the effi-
ciency of the transfer line. Scintillation beam loss detectors 
are utilized to monitor beam loss along the beamline during 
injection and extraction commissioning. 

STORAGE RING DIAGNOSTICS 
Current Monitors 

A high-precision DC current measurement will be 
achieved by utilizing a commercially available radiation-
hardened new parametric current transformer (NPCT) 

from Bergoz. The NPCT device offers a resolution of bet-
ter than 0.5 µArms/√Hz and features a large dynamic range 
and bandwidth, making it a versatile tool for measuring 
lifetime and injection efficiency with the integrating cur-
rent transformers at the transfer line. Two sets of NPCT are 
installed in the HEPS storage ring for redundancy pur-
poses. 

A bunch current monitor with fast ADC sampling BPM 
sum signal is utilized to measure the bunch current and 
share the data with the injection control system for bucket 
selection. 

Beam Position Monitors 
To monitor changes in the beam orbit throughout the en-

tire ring, each 7BA unit must be equipped with 12 BPMs, 
with black dots representing the BPM locations as shown 
in Fig. 1. Additionally, two BPMs is positioned at the in-
jection and extraction points separately. HEPS will accom-
modate a total of 578 BPMs, with 24 sets of spare BPM 
blocks available for bunch-by-bunch feedback, bunch cur-
rent monitoring, machine studies, and other potential ap-
plications. Due to the shape of the vacuum chamber, the 
BPM blocks are designed with three different geometries. 
There are 10 BPMs (1st to 7th, 10th to 12th) with a circular 
cross-section having a diameter of 22 mm, and two BPMs 
(8th and 9th) featuring a light-guiding slit. Figure 2 illus-
trates a schematic of a BPM with a synchrotron light-guid-
ing slit [4].  

 

 
Figure 1: Layout diagram of BPM in a 7BA unit of the stor-
age ring. 

 
Figure 2: The cross-section of BPM with light-guiding. 

The BPM support shown in Fig. 3 made from carbon fi-
ber and Invar composite. Natural frequency of the bracket 
is over 55 Hz with concrete pouring. Carbon fibre square 
tube can have thermal coefficient -1.0E-6/K. Super Invar 
Alloy can have thermal coefficient 0.63E-6/K [5]. With 
tunnel temperature controlled to 0.1℃, the BPM stand with 
1.2 meter will have a thermal expansion smaller than 
±20 nm. 
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Figure 3: Carbon fiber and Invar composite bracket for 
BPM. 

All Beam Position Monitors (BPMs) will be utilized dur-
ing machine operation for slow orbit acquisition and orbit 
correction. Home-made BPM electronics will provide 
220 kHz turn-by-turn data for fast diagnostics, 22 kHz data 
transferring from an independent network for the Fast Or-
bit Feedback, and 10 Hz data for slow orbit correction. Ad-
ditionally, all BPMs will serve machine interlock purposes. 
During the initial commissioning phase, all BPM electron-
ics can acquire 256 turns of turn-by-turn data and will be 
used for beam orbit correction. 

After installing the BPM blocks, the button-to-button 
transmission will be measured using the Lamberson 
method to estimate the offset caused by variations in button 
sensitivity. The same measurement will be carried out after 
the installation and bake-out process is completed to verify 
the performance of each block [6]. A correction factor will 
be applied to the signals of each button to compensate for 
their sensitivity. 

The alignment group will provide a measurement of the 
mechanical offset of each BPM, which will be used to cor-
rect the beam position during the commissioning phase. 
The final BPM offset will be determined through beam-
based alignment once there is adequate beam current and 
beam lifetime in the storage ring. 

Beam Loss Monitor  
The Beam Loss Monitor (BLM) system consists of 

192 photomultiplier-scintillator based Beam Loss moni-
tors, with 4 monitors per cell, powered and controlled by 
48 self-developed electronics based on open hardware 
RedPitaya. The BLMs are calibrated relative to each other, 
but they cannot measure absolute dose. The system can 
provide information on fast losses. During injection when 
more losses occur, and the signal is integrated over 1 turn, 
similar to the turn-by-turn (TBT) data of the BPM. During 
the initial commissioning phase, the electronics can pro-
vide 30 turns of TBT beam loss data, which will be valua-
ble for identifying any potential issues that may arise dur-
ing this period. 

Tune Measurement 
The working point measurement system consists of a 

button-type beam position probe, a 180º high-frequency 
hybrid, a mixer, a strip electrode exciter, a power amplifier, 
and a spectrum analyzer. The system extracts the differen-
tial signal containing the horizontal and vertical beam po-
sition information using a 180º hybrid. This signal is then 
filtered and amplified by a bandpass filter and amplifier 

before being sent to the mixer to mix with the ring RF sig-
nal. After filtering by a low-pass filter, the signal is sent to 
the spectrum analyzer, allowing the measurement of the 
transverse oscillation signal of the beam. The sweeping 
signal generated by the signal generator is amplified by the 
power amplifier and then applied to the strip line kicker to 
provide transverse excitation to the beam. 

Synchrotron Radiation Based Beam Diagnostics 
At HEPS, there are two beam diagnostic beamlines for 

measuring transverse beam sizes and longitudinal bunch 
length. Both beamlines utilize the first dipoles after the 
straight sections as their source points, located at the sec-
tors of injection or RF to avoid interference with ID beam-
lines. The X-ray diagnostic beamline (XBL) is specifically 
designed for capturing beam images and measuring beam 
sizes using X-ray pinhole and KB mirror imaging. Figure 4 
is the layout of XBL. A streak camera (SC) is employed at 
the visible light diagnostic beamline (VBL) for bunch 
length measurements.  

 
Figure 4: Schematic diagram of X ray diagnostic beamline. 

Bunch by Bunch Feedback 
HEPS operates in a high-intensity, multi-bunch mode, 

which can lead to instability of coupled bunches. The main 
sources of impedance causing these instabilities are the 
high-order modes generated by the high-frequency cavities 
and the wall impedances of the beam pipes. High-order 
modes and wall impedances can result in severe transverse 
instabilities of the beam, leading to reduced beam lifetime 
and even causing the beam intensity threshold. Therefore, 
a feedback system is needed to suppress the instability of 
the coupled bunches. 

HEPS will use bunch-by-bunch digital feedback systems 
to suppress transverse coupled bunch instabilities. A typi-
cal bunch-by-bunch digital feedback system consists of 
three main parts: the bunch oscillation signal detection sec-
tion, the digital signal processing section, and the power 
amplifier and kicker section. Three sets of beam feedback 
systems will be installed for the suppression of horizontal, 
vertical, and longitudinal instabilities. 
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