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ll 4 generation synchrotron radiation light sources
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| High Energy Photon Source
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the smaller emittance,
the smaller horizontal acceptance
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| Injection challenges in 4™ generation synchrotron sources

Fast Kicker
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on-axis injection relaxes requirements on dynamic acceptance
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pursuing ultimate performance requires development of on-axis (swap-out) injection
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| Injection challenges in 4™ generation synchrotron sources

e Transparent injection

= dipole injection kicker -> nonlinear injection kicker o
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Challenges of swap-out injection

 Ultra-fast kicker, compact injection straight section, no <tored bunch . fast kicker
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« Full-charge injected bunch injected bunch

how to deliver 14.4nC  how to handle
« very hard for convention linac + booster scheme full charge bunches 7 extracted bunch?

 For HEPS (APS-U), timing experiment requires 63 (48) bunches with ~15nC

« APS-U: linac + PAR (low-energy accumulator) + booster, dump the extracted depleted bunches

« ALS-U: linac + booster + full-energy accumulator,  recycle the extracted delpeted bunches

« short time lifetime (~1h) requires very frequent injection to maintain almost constant beam current

New ALS storage ring
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| Injection scheme of HEPS

e Swap-out injection, with bunch recycling in the booster as a full energy accumulator ring
m save % costs relative to the scheme with a dedicated accumulator ring

m Decrease the bunch charge requirement of booster LE by %, improving the reliability of booster design

oo CEPC injection &
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| SR Injection region design

Storage  _~ Injection Lambertson stripline 5-cell stripline kicker module
ring \ . kicker septum | ‘ .
P kicker and L
bird _ stripline length/gap 300 mm /8 mm
Ir high voltage
view pulser pulse shape pseudo Gaussian
& pulse width < 10 ns
8mm gap ; +
between fr,]nnkq septum injected beam working voltage of pulser | +15 kV
electrodes ' \ness | W frombooster Lambertson | half in vacuum, FeCoV septum, positioned with 3D rotation
side 74/ A septum integral magnetic field 16T m
view e I~} .
) septum thickness 2 mm
5.2mm vertical separation . . .
between injected & stored beam dipole leakage field <2mT - m
5-cell stripline kicker module 10 ns HV kicker pulser Lambertson septum aperture @ exit of Lambertson septum

Coaxial bend transition part Port for pump and assemble

HV RF feedthrough
Cooling water feedthrough
Silver seal

Vacuum chamber
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| Symmetric injection & extraction region
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| Booster high-energy extraction, re-injection design
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Key design Issues

transmission efficiency

Synchronization

e Wise choice of booster
harmonic number & transport
line lengths

¢ Variation in the circumferences
within error tolerance

e trade-off between injected
beam emittance, injection
error and DA

e mechanism & mitigation of
injection trasient instabilities

DA vs. DA requirement by injection

2 Bare lattice
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hardware specs

e challenging hardware
e tolerance of pulse magnets

e alignment tolerance of
Lambertson septum
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| Design evolution

* |njection timing sequence  Commissioning simulation * Injection efficiency

* Updates in kicker specs * Lambertson alignment tolerance optimization

* Design of pre-extraction kicker * Injection tuning planning * High-bunch charge
mode tests

 Hardware specs finalized

Baseline scheme

Injector requirement

Hardware specs

* end-to-end injection simulations

2 HEPS|
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Hardware joint tests
SR injection commissioning
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Milestones of the HEPS project

HEPS LINAC
rmes Gmy 500 MeV
mmmmm 2.61 nC
Troma Fifsleney 94 9%

May 12,2022  Jan. 13, 2023 Feb.1,2023  Mar. 14,2023  Nov. 17, 2023 July. 1, 2024 July. 23, 2024
The Linac Vacuum-  The Booster Vacuum- The first girder ~ The first electron Electron Beam Ramped Full-circumference Storagenng
sealing in the tunnel sealing in the tunnel was installed in beam Up to 6 GeV \t/acuum sealing °f| t:\ed C‘zg‘r:‘“r::'r:’;:gg
storage rin mpie
completed completed the storage ring rage.ring.complety
tunnel
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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| HEPS storage ring commissioning
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Commissioning circulation beam current First light Emittance better e
Commenced >10 turns reaches 12mA from ID than 100pm light from 1D

2024.07.2 2024.08.04 2024.09.22 2025.01.02 2025.03.18
2024.07.23 2024.07.29 2024.08.18 2024.10.12 2025.01.12 2025.04.1

1st complete First stored beam current injection scheme Emittance result
turn reaches 40mA demonstrated passed review

i FRR0EFNR wnamn :
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 HEPS is in shutdown for installation of 166 MHz SRF cavities, necessary to reach > 100mA beam current
* Will resume operation in early September, aiming to pass the national acceptance test within 2025
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| Commisioning
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of the injection scheme

Booster bunch current monitor

Booster bunch current monitor
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first multi-bunch injection

first SR injection w/ stripline kicker ..
energy accumulation in booster

2024.09.12 2025.01.02

2024.08.08

2024.08.24 2024.12.28

first SR extraction w/ stripline kicker first high energy injection into booster
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| Swap-out with “booster high energy accumulation”

Booster bunch current monitor Booster bunch current monitor Booster bunch current monitor

-
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Booster ramp to 6 GeV, after Merge between extracted bunch from Full-charge bunch re-injected into
injection @ 500 MeV Ring and circulating bunch in Booster the Ring. Booster ramp down

—

First demonstration in 2025. 01. 02.
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ll Swap-out Injection In operation

HEPS Swap-out injection status monitor

Booster Bunch Current Monito . R
gﬂ SN S S S S RN S AN S SO B SN S S SN

_ SRDCCT
u 777777777 | 1 ! :
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| |_essons learned in the commissioning

e Progressive beam tests of key hardware and the timing system Averge ofxreading of 2 T67 8ovts | BEIOFG OpUMIZation
e Oscilloscope is essential in debugging and delay measurement .

e Swap-out injection requires more from beam diagnostics

m Turn-by-turn & bunch-by-bunch BPM provides real-time measurements of P Ol

injection effciency / residual oscillation / energy oscillation Averge of x reading of all TETBPMs | After optimization

m streak camera ( and maybe beam size monitor ) captures the transient effect v

e Manual optimization -> (semi)-auto optimization

Number of turmns

- _Beam-induced signal J
Trigger signal < |

bunch-by-bunch BPM for injection diagnostics
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ll Summary

e The swap-out injection scheme with beam recycling in the booster has been
demonstrated and utilized in routine operation at HEPS

e Novel injection hardware (stripline kicker module, half-in-vacuum Lambertson, HV
pulser based on DSRD & inductive adder ) has been fully tested and running smoothly

e Next step
= Realize 100mA beam current goal for national acceptance test
m High-bunch-charge mode commissioning
= Continue injection efficiency optimization

= evaluate potential influences to users
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