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y==4d Outline

HEFS

ABrief introduction on HEPS
ASchedule, cost & manpower
AOrganization of the project
AMain progresses since Jan. 2020

ARisks and mitigation
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=—d Design goals of HEPS

Beamenergy GeV 6

Circumference m 1360.4

Emittance LIYi N} R <60 Booster 05,66V Slorage e /
Brightness phs's/mm?2/mrad?/0.1%BW >1x1G- \ o LTB

Beam current mA 200 dump

Injection Topup

10/26/2020
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8 OM Project overview

L HEFS
Do . Location: Northeast of Beijingin Huairoudistrict, about
SRR AT L 80km away from IHEP
£ / AL ————
IHEP@ 1 um 4 - m@a ” Y, ?/
S g = mm : ‘mm %"vm 5 :mm 7% ‘\"v“ = 7
i ﬂm o o X35 o\ e i\ /N/
“ o |

Huairou Science City: An area of 233

A HEPS VI ]

A SECUF (Synergized Extreme Condltﬁgm User Facility) ;ﬁfﬁ,’i?’:‘

A Simulation Facility for the Earth =

A S_eries researc_h platforms in energy, environment, l Aﬂlﬁ.“-‘ - i ._‘kmami :
biology, materials, etc. S
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= Project overview

HEFS

- Cryogenic building | 4//’*
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Ut|||t|es bundlng

¢ 34
_ Office and lab. building’ nel |
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Guesthouse building . = " = L
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Ring building
Experiment hall
Ring tunnel
Service bldg.
User bldg.
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. . Project settled Project Proposal Feasibility study Investment budget Kickoff Meeting
e CO n S ru C I O n p e rI O in HUAIROU approved report approved approved Civil construction starts

28.09 15.12 28.12 22.05 29.06
t' t d t b - 2016 2017 2018 2019 2019
Wa‘S e S I I I l a' e O e S I X 2018 ‘ 2019 2020 | 2021 ‘ 2022 | 2023 | 2024 | 2025

nac .
commissioning

and a half years.

A Date of Groundbreaking
ceremony:Jun. 29, 2019 —

Accelerator
commissioning

Booster

Linac and Booster
installation starts.

Civil construction

Storage ring
installation starts,

Accelerator

1 building finished. | | o5 20° So0ster )

- = —p223- -~

Project
1%t SR X-ray] completed v

Joint Commissioning/ Preoperation

Upcoming Events

A2 5 S B R
~B il 2

Pre-Alignment for | (Linac Control

Alignment for I
Storagé ring starts{ {system finished.

Linac starts.
Civil construction

Storage ring Control
system finished.

Cryogenics
Sygte?'n finished.

Technical Support

Utilities in Linac buildings
installation starts

[Utilities in StoraPe ring ] Utilities installation
inished.

buildings installation starts

Integrated power

Storage ring and Hall
station finished.

buildings finished.

Booster buildings
finished.

Civil construction finished.

Civil Construction

4
f IR k¥,

|
|
|
1
1
1
|
|
1
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8 OM ProposedHEPS Funding Profile

o HEFS

M RMB Baseline Budget Value Evolution

4,500.00
4,000.00 Project

3,500.00 Management Civil
3,000.00 17% Construction

1,500.00 7%
1,000.00
500.00
0.00

Beamlines

2018 2019 2020 2021 2022 2023 2024 2025 16%
Accelerator

M RMB Budget Plan By Year 30%

1,200.00
1,000.00 = pMm
800.00 I ®cCD

mUuT

600.00
400.00 =TS . . . )
10000 l . . . o Project Management incl. design + contingenc
. = i " ac all fare for admin process + collaboration, etc.
2019 2020 2021 2022 2023 2024 2025
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==l \anpower

o HEFS

Project team wasformed.
A 275full-time staff (physicst84%,engineer§2%,

Engineers “ Physicists Techniciangl%)
34% 0 i :
S A ~250 open positionéa500-person team in 2023
expected)
Staffing Plan by Year
524.3
500 445.95 - e 47995 44375
a00 38165 m Junior Technicians
300 l I I m Junior Engineers
00 R o = e m Senior Technicians
Senior Engineers
B OB BB OB B
0
2020 2021 2022 2023 2024 2025
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., The new project management was announced on Feb. 20,2020

International Advisory
Committee

Science andl echnology
Committee

HEPS Project Office Project Management

User Committee

@Weimin PAN =) YuhuiDONG | Gang XU @ Jian LIANG @

0 2

5 Divisions (52 Systems) Accelerator Beamline Technical Support Utility Civil Construction

Ping HE, Jingyi LI Ye TAO, Ming LI Jianshe CAO Guoping LIN Min ZHOU, Fan YANG
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HEFS

HEPS

HEPS Project Office

Project Management

2 HEPS Project Organization

International Advisory
Committee

Science and Technology
Committee

Radiation Safety
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.

User Committee
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Accelerator

1. Linag Booster, Storage Ring

2. Accelerator Physics, Magnet, Power Supply, Vacuum,
Mechanical, Insertion Device, RF, Cryogenics, Microwave,
LinacPower Sourcdanjection&Extraction Alignment




== Proposed Key Performance Parameter Summary

HEFS

., Acceleratordesign

Main parameter Design Goal@12/2025 for test
Beam energy 6 GeV 6 GeV
Beam current 200 mA 100 mA
Circumference of SR 1360.4 m
Circumference of booster 454.5 m
Hori. Natural emittance <0.06nmrad 0.1
Brightness > 1167 2x10%
phgs/mm?/mrad?/0.1%BW,| phss/mm?/mrad?/0.1%BW

HEPS - LER2020 10/26/2020



w41 Accelerator Physics

o HEFS

To deal with challengesfrom technical and
engineeringdesign, updated the accelerator
physicsdesignit234

A Storagering lattice: enlargeddrift spacein arc
(1.1 m more spacel/BA),slightly larger magnet
aperture (25A 26 mm), emittance preserved
(34.2A 34.8 pm) with howeversmallerdynamic
acceptance

A Boosterdesign higherbunchcharge(2A 5 nQ),
and emittance reduced by more than 50% (35
A 16nm)

A Linacdesign higherbunchcharge(5 A 7 nQ
andoptimizedlayout

A Transfedines updatedaccordingly

Booster 0.5-6GeV
C=454m

[1]. Y. Jiao, et al., RDTM (2020).
[2]. Y. Peng et al.,RDTM (2020).

Storage ring: 48 hybrid 7BA:
w/ ABs, and AB/BLG cell,
e~ 34 pm@ 6GeV

Booster: FODO lattice,
€~ 36 nm @ 6GeV

/

Storage ring
C=1360.4m

Linac: 500MeV,
w/ mature technologies

On-axisswap-out injection

[3]. C. Menget al., RDTM (2020). high energy accumulation

LER2020

HEPS - 10/26/2020 pRD design, Synchrotron Rad., (2018). 281113



HEFS

Proposed neural network enhanced
MOGA for lifetime optimizatiof!

T use the trained model to make fast
estimates in a fraction of second (vsni3)

T promises less seeds to bring more
diversities in solutions

T lifetime further improved by more than
10%

feedback

M Accelerator Physics cont.

generations

Historical
data

training

Fast estimates of a

lot of candidates

[1]. J. Wan, P. Chu, Y. Jiao, PRB (2020).

[2]. H. Xu, Z. Duan N. Wang, GXu, NIM-A (2020.

0 Standard MOGA
I Enhanced MOGA|

-weighted Touschek lifetime

-1.2 -
-0.85 -0.8 -0.75 -0.7 -0.65
-weighted DA

Possibility studies of applying RF
modulation in booster to help
Injection@

T Collectiveinstability in the transient

swapout injection process may limit
injection efficiency

T Lengthen the bunch w/ RF modulations
in booster

HEPS - LER2020
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Magnets of Storage Ring

BLG3 QD4 ABF2 FC2 BD1 QF3 BLG2 QD3 SD2 OCT1 QF2 SF1 ABF1 SD1 QD2 BLG1 QD1 FC1 QF1

ikl=¢

AMagnets

G 37 magnets in one 7BA cell

¢ BLG 011 Q1T
¢ Quad 82 T/m ’—. v v @
*

G BD 66 T/m I ] DA M N
G’ Sext 6082 T/m 2 QF6 FC4 QD8 BLG5 QD7 SD4 ABF4 SF2 QF5 OCT2 SD3 QD6 BLG4 QF4 BD2 FC3 ABF3 QD5 BLG3
G Oct 512600 T/m 3 I Long. Grad. D. ‘ Focus Quad. X Def. Quad. }> Focus Sext. << Def. Sext.
G Fast Corr 0.08 T I

BLGL/S ABFLA
HEPS - LER2020 10/26/2020



e Storage ring magnet

o HEFS

. Sextupoles and Octupoles begin the mass production

. 1starticle prototype.

. .

Core and Core and
coils of coils of
sextupole octupole

HEPS - LER2020 10/26/2020



w44 High Precision StabilizedDC Power Supply

- HEFS
Prototyp Scheme Test result
i‘é " | 1.Three power supply prototypes with
T o e IGBT different topologies areroduced and
g gla-a) BT ’ tested.

One single module

2. Thetest results of eaclprototype
meet thespecification.

Stability "
MOSEET Repeatability
E . 290/ 5.12ppm  Better than 20 ppm
Twomodules in parallel 240/ 6.1ppm
150A¢ 6.0ppm
60AX 9.2ppm

MOSFET,
One single module

HEPS - LERIOTO 10/26/2020



1.amplitudefrequencytest

M Fast Correction Power Supply

HEFS

I Pas: 10,0005 CURSDR

lout

Jehre

=40.0us

=200.0Y
CH2 50.0mwEy M 25.0 05 CHA 7 480mb CH2 50.0mYEy M 25.00s CHA ™
CHA 5.00mEy 28-Jun-13 11:24 <10Hz CHA 5.00myEy 26-Jun-13 11:23 =10Hz

3M33.08A Step
3.Current wave test

3.0813A Step

FFT RM& > +

Current waver ppmp  17.96 19.86 19.18 19.2 17.78 19.64
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ngh speed fiber
L board(daughter

board)

Main board
| (mother board)

i
HEPS

LER2020

finalized
and used in
PS

prototype

Closed loop test system
based on simulated load

DCCT

In masgroduction stage
Each DCCiiatarecords and technical specifications, which can be tracetetail.

Slnglerlngtest record

T

10/26/2020

Testdata

Paired waveforrmecord

WTH 1
Ch 14Ch 2, Scale 5. 00aW/, Offset 0.0V

Center, ain Scale 5.000ms/, Nain Delay —40. 000000ug

Node Averaging, # Avgs 64, Realtime, Vectors On, Persistence Off
i ing On




HEPS

e &

Vacuum chamber RF shielding bellows Photon absorber

The engineering drawings of the vacuum components for Linac, transport lines and booster have been
completed, and the bids of massive production are underway.

The prototypes of some key components in storage ring such as vacuum chambers, RF bellows and
photon absorbers are being manufactured.

LER2020 10/26/2020



HEPS

NEG Coating

* The synchrotron radiation light channel of antechamber with a
height of 6 mm has been coated with NEG films based on
many times experiments.

* The setup of the massive NEG coating for the vacuum
chambers has been designed, and started to produce.

LER2020 10/26/2020




=4 Girder & Magnet Support

o HEFS

A SR Magnet support system

e Factory acceptance of thgarder prototypehas been finished. Adjusting
and stability performanceneet the design require meksral frequency

v Adjusting resolution :2m
v 1st natural frequency :>54Hz(requirement) M

e Prototypes of concrete plinth are
manufactured and grouted in the test hi — MULTIPLETs- |
Modal test has been performed and the result is better than expected.

v Transverse modes >400Hz(most concerned)

e Adjustable magnet support on girder has been designed.

v UItra—thln wedge are adopted to glve good performance on both adjustablllty and stablllty
Q| ¥ e M
t}' W

. LER2020 | 10/26/2020



# Mechanical system

HEFS

e Fully test of the 1st prototypaccomplished.

e Modified prototypes are designed and in
manufacturing to secure reliability.

A Scheme of slide guide without motion coupling is preferred.

3 A 1scheme will also be studied to test the possible stability.
E BS Magnet support

Design finished and reviewed. L@ =08
b _iob e

&= Q

|
Installation manipulating space has been checked. ©

Tender is under way. f—

5

E  Support of vacuum chamber

5

Thermal stress has been evaluated for the support
of VC with high power deposition in Apple knot
light beam line.

Prototype will be fabricated to test the adaptation

5

HEPS - LER2020 10/26/2020




. AA ID System Progress CcPMU Engineering Prototype

0 CPMU engineering prototype is the key task this year. Magnets
and poles with TIN coating are ready, the production of
modified mechanical structure is done, assembly is ongoing,
commissioning will be started soon.

U In-vacuum Hall probe bench is upgraded, under tuning.

LER2020 10/26/2020



-l AA|ID System Progress Otherl Ds & progr ess

U The design review of IAU IAW IVU is finished. Call for tender and
procurement are carrying out.
U The preliminary design of AK undulators, Mango wiggler is done.

HEPS - LER2020 10/26/2020



260kW  260kw/ 2
v = 60k|/|/
: . e

\)
b 10
ID40 ID39 ID38 ID35 7_60\‘\N
| =D | | Geecav)Razcavd) | | (Reacavo) (SRR =D | | G | | G5 | | G GE3D 3P =30 | | GED |
@ 166.6MHz SC cavity () 166.6MHz SC cavity (phase 2) @D 499.8MHz SC cavity 499.8MHz NC cavity
[ ] straight section (low-p, 6.004m) [ | Straight section (high-B, 6.073m)
Storage ring RF Booster RF

HEPS - LER2020 10/26/2020




500_I:/IHZ NCRF _ 166MHz SRF cavity 500MHz SRF cavity
cavity w ==

From RI.

A 166MHz & 500MHz SRF cavity

A 500MHz NCRF cavity - Cavity technical design reviewed (08.2020)
- Contract awarded (03.2020) - Cavity & FPC contract awarded (10.2020)
- Final design review approved (08.2020) - Cryomodule design underway
- Production underway A 500MHz SRF cavity

- 1%t cavity expected 10.2021 - Mechanical optimization completed (09.2020)

HEPS - LER2020 10/26/2020



300kW load

T D

T
i - o
..

A High -power RF
- 166.6MHz/260kW and 500MHz/150kW solid
under development (early 2021)

-state amplifiers

- High -power trans. prototype to be completed (end 2020)

A RF control

- Low-level RF 2" prototype to be complete (end 2020)
- Interlock system prototype under development (end 2020)

A Interface

HEPS - LER2020
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elium cryogenic system
1) Helium cryogenic system flow was finished
2) Technical requirements helium refrigerator was finished and invitation for bid at November 12.
3) Helium fluid cryogenic transfer and distribution was calculated
4) Preliminary design of SRF caeityomodule
5) Designed mukthannel cryogenic transfer line test plate

.
asbag ki
@

— . _Com
) Q)
X

pressor Unit_ 5
T ﬂ S
7 § O
)y R %
%

%
M essure

helium cryogenic transfer and distribution

LER2020

=a
helium cryogenic system flow

205m main supply mansfer lime

b. fjl.znhar@d 1.225bar @ | 1.226bar
i i e c

499.8MHz SRF cavityyomodle

Multi-channel cryogenic line test plate

10/26/2020



LM HEPS cryogenic system

Nitrogen cryogenic system
1) Nitrogen cryogenic system flow was finished
2) Nitrogen cryogenic refrigerator was designed
3) Nitrogen coolecoldboxof CPMU was designed.
4) Nitrogen fluid cryogenic transfer and distribution for beam lines

Nitrogen cryogenic system flow

x*
A 2
&= =

= =

) 4

L

Nitrogen cryogenic transfer line & users

Nitrogen cryogenic refrigerator flow

HEPS - LER2020 10/26/2020



