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Brief introduction




o HEPS is a 4th generation, 6 GeV, ultralow emittance synchrotron light source.
e It is currently under construction in the northeast suburb of Beijing, China.
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eThe new project management was announced on Feb. 20,2020.
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e Preliminary design studies (2008~2016)
m Lattice design iterated and finally came to hybrid-7BA lattice

= Injector design studies and related physics studies carried on at the same time

o HEPS-Test Facility (2016 — 2018)

s R&D on the accelerator and beam line techniques for a DLSR

m Developed key hardware techniques that are essentially required for constructing a diffraction-limited storage
ring light source and completed the physics design for the HEPS project.

e HEPS project (2019 — 2025)
= About 6.5 years, budget ~ 4.8 billion RMB (manpower excluded)

= The civil construction started in June 2019, expected to be finished at mid-2021.
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Design goals of the HEPS
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Beam energy 6 GeV

Natural emittance <60 pm-rad

Brightness > 1022 phs/s/mm?2/mrad?/0.1%BW

Beam current 200

Injection

grcumference (m)

Courtesy of R. Walker, L. Liu
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Design of the light source




Booster: FODO lattice,
€~ 16 nm @ 6GeV

Storage ring
C=1360.4m

Booster 0.5-6GeV
C=454m
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Mature technology

On axis swap out +
High energy accumulation (in booster)

Ring: 48 hybrid 7BAs,
gy~ 34.8 pm @ 6GeV

In phase one, 14 beam lines will be built.
Brightness of above 4*102%2 at 200mA expected.
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e Evolved over more than 10 years [, Candidate lattice structures include DBA 2, TBA [3], standard-7BA

1451 hybrid-7BA [6-8] and modified hybrid-7BA [°-12],
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o Modified lattice to meet the challenges from hardware and engineering design

= More space in arc area (~1.1 m per 7BA), and released requirements on some magnets [1]

= Emittance almost recovered, dynamic aperture reduced but still enough for injection [2!
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[1] Y. Jiao, et al., Radiat Detect Technol Methods 4, 415-424 (2020).
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o Global optimization of the lattice with stochastic optimization methods

= lterative application of MOGA and PSO [ allows much better performance than using either of them €. [2D
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o Global optimization of the lattice with stochastic optimization methods

= lterative application of MOGA and PSO [ allows much better performance than using either of them €. [2D

o Machine learning enhanced genetic algorithm 341 for nonlinear optimization

= More efficient and better optimization performances
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o It requires: one more transfer line, and extraction section in the ring 1.2
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Charge accumulation in Booster at 6 GeV [
(a) Used bunch extracted from the ring, (b) passing through a transport line,
(c) Injected to booster, merged with an existing bunch, (d) after about 10

thousands’ revolutions in booster, extracted from the booster, (e) passing through
another transport line, (f) re-injected to the ring
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o It requires: one more transfer line, and extraction section in the ring 1.2
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e Less single bunch charge requirement [3:4]

Max. Q from Linac >16 nC 7 nC

Max. Q from Booster > 14.4 nC 5nC

[1] Z. Duan et al., Proc. IPAC’18, pp.4178-4181, THPMFO052.
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o 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 [1and 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 12, and ion instability [6.71) for 200 mA operation

m 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 [?; also, injection transient instability should be careful [8°]
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o Considering large initial field and alignment errors, and using the response matrix of the bare lattice,
simulation of the first turn trajectory correction of the ring has been done [1.2]

o Next, include more practical considerations, and simulate the whole process of the initial
commissioning process (from first turn around to a few mA storage).

HEPS

Accumulate Rate (%)

= The probability of successful first turn trajectory correction is higher than 80%
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e 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 [ 21 (before active beam dump or beam extraction) to increase the beam size
and decrease the energy intensity on collimators and other components

Electron beam distribution at the
collimator after active beam
dump

(@) wil/o pre-kicker

(b) w/ horizontal pre-kicker

(c) wi/ vertical pre-kicker

(d) w/ horizontal and vertical
pre-kickers

| Storage ring
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\
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»
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The max. beam intensity at
collimators reduced by about
200 times with pre-kickers

4 collimators at the 2nd dispersion bumps [1] Y.L. Zhao, et al., HEPS-AC-AP-TN-2020-024-V/0.

HEPS of the 1st, 13th, 25th, and 37th 7BA. [2] Z. Duan, et al., HEPS-AC-AP-TN-2020-031-VO0.



Construction status
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HEPS 202183H17H py.




o Up to date,
= 80% of the total earthwork in the park area had been completed (~ 210,000 cubic meters);
= Roof-topping works for the utility building and the booster RF hall had been completed;

s Outdoor construction works had been started.
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Construction status
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Summary




==l Summary

A  BeEPs

o HEPS design has been basically frozen

= On one hand, pursue as high brightness as possible

= On the other hand, ensure high feasibility and stability

e In spite of pandemic, civil construction goes steadily

= At the same time, hardware components, e.g., magnets, put into mass production

e A lot of work ahead

= Make the installation and commissioning more smoothly and easier.
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