BAPS design and R&D

Qing Qin for the accelerator team of BAPS
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1. General Description
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Beijing Electron Positron Collider (BEPC)
(1988 — 2005)
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BEPCII & BSRF

BEPCII

— An upgrade project of BEPC
— A double-ring factory-like machine
— Deliver beams to both HEP & SR
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3-ring structure
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BSRF — upgraded with BEPC, 1% generation light sourc

gt

3 exp. halls y
14 beam lines &
15 stations  f

9 beam lines run
at parasitic mode

13# Exp. Hall

12# Exp. Hall

2000 hr/year run at Y@ FSHD LB UE
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Design Parameters of Storage Rings

Dedicated SR Mode —

Energy GeV 2.5
Circumference m 241.13
Beam current A 0.25
Bunch number 100 — 200
Bunch current mA 1.2-25
Bunch spacing m 1.2
Bunch length cm 1.3
RF frequency MHz 499.80
Harmonic number 402
Emittance (x/y) nmerad 100/1
No. of wiggler 5
Beam lifetime hrs 10@2.5GeV, w/ 5 wig.
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Dedicated synchrotron
radiation mode

Parasitic synchrotron
radiation mode/
collision mode
with 2 wigglers on
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High-pressure diffraction
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Proposals Distribution =

Environment,
eoscience

Condensed
Matter Physics

e Beam time
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e For basic scientific researches

e For national and social needs (health, environment, etc.)

Average about 1000 users, and 150 publications/year 1% fi
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L,

Distribution of light sources in China

Shanghai Synchrotron Radiation Facility:
3rd generation light source,
3.5GeV, 432 m, ~4 nm.rad

More brilliant light
source at higher energy?

BAPS ..
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Scientific requirements for BAPS

* Excellent performance
v Brightness: 104!
v'Hard X-ray: 300keV
v Short pulse: 7 ps

* More ability on the
support of scientific
platform

Promotion on

v nm level high brightness
focusing spot

v enrgy resolution at sub-
meV

v Time resolution at ps
v’ Capacity on penetrating
power

v Combination on multi-
purpose
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L9
Schematic layout of Beijing Advanced Photon Source

Main Ring

E =5-6 GeV &)
ERL recirculation arc 250MeV LINAC C ~ 1300m g
=Booster Booster € ~0.5nm 3

C~400ry

Return transport

5GeV LINAC

test

XFEL (6~8GeV)

700m 650m
YRAERS KGR
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Bei} ng Advanced Photon Source (BAPS)

5-6GeV, ~1300 m, o

~0.46 nm.rad, 0.15 nm.rad w/DW

200 ~ 300 mA,

Brightness: > 102 /s/fmm?/mrad?/0.1%BW

5 b _
E 1 Feasible upgrade to ERL or USR
=
¥
£ 1 - Linac
“ 10f 2 — Booster
z | 3 — Storage ring
Operational | | 4 — Beam lines
Ghstrdehion) 1 5 — Experimental stations
- ol B Planned  f:
1 2 3 4 5 6 7 8 9

Energy (GeV)

Lattice evolution:
e 48 DBA, 1200 m, 1.5 nm.rad, 0.5 nm.rad w/DW

36 7BA, 1370 m, 51 pm.rad, 10 pm.rad w/DW + |
round beam production "--.

e 40TBA, 1280 m, 0.46 nm.rad, 0.15 nm.rad w/ID and ™ ‘ %
DW

e 7BA, ~1300 m, 0.088 —0.048 nm.rad



R&D project of BAPS (accelerator)

— Conceptual Design of BAPS, storage ring design

— Extreme high precision measurement (<1um), control
and feedback of beam orbit

— High precision magnets (quad), combined quad-sext
magnet, and high precision power supply

— Design and manufacture of key devices (BPM, feedback,
synchrotron light monitor, etc.)

— High performance insertion devices (SC wiggler, low-
temp. undulator)

— Mechanics (girder, survey, etc.)
— RF system with solid state power supply and cavity
— Mock up of the girder, tunnel, etc.
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R&D project of BAPS (beam line)

Extremely high performance monochromators
High precision X-Ray mirror mechanism and metrology

X-Ray nano-focusing optics and nano-probe positioning
and scanning technology

Inelastic X-ray scatting spectrometer

Femtosecond time resolution X-ray pump-probe technology
High performance X-ray detector

In-suit measurement under extreme condition

Integration and simulation of engineering materials

YRBERA RGN UL
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Progress on BAPS R&D project

In 2010, BAPS R&D project was proposed to the National
Development and Reform Committee for the next 5-year Plan.
It was approved by Scientific Review Committee. Waiting to
be approved by National Council.

On 18 March, 2011, CAS and Beijing government signed an
agreement to establish jointly the Beijing Multi-disciplinary
Research Center (later BASIC), in Huairou.

In Sept. 2011, a Xiangshan Science Conference has been held
on the demands in China for high energy Synchrotron source.
Users expressed strong interests in BAPS,

The geographic survey and vibration measurements had been
carried out preliminary in 2012 and 2013.

Formal proposal on BAPS R&D project submitted March 2014.
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2. Accelerator Physics Design

e Lattice evolution (5 GeV)

| 43-D8A 32-78A 40-TBA

Circumference (m) 1208 1262 1284

Bare lattice emit. (pm) 1440 75 460

Emit. w/D.W. or Sol. (pm) 500/5 (H/V) 10/10(H/V)  150/150 (H/V)
Beam current (mA) 200 - 300 200 200 - 300
Straight section (N * L) 44*6.4 +4*14.6 16*12+16*8 20*%9.6 + 20*6.6
Critical energy (keV) 13.4 7.56 10.66/5.33
Energy loss per turn (MeV) 2.67 (dipole) 1.51 (dipole) 1.6 (dipole)
Brightness

~1*10% ~2%1022 ~2%1021
(Phs/s/mm?/mrad?/0.1%BW ) nel 2710 3*10

YAHEULRGI MR
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Two scenarios of 7BA lattice (6 GeV)
e MAXIV —type

=T

Beam current I, 200 mA

Bunch number ng 2000

Horizontal damping partition number J, /J,/J, 2.05/1./0.95

Working point (x/y/z) 93.14/49.40/0.0058

Natural chromaticity (x/y) -112/-107

Beta functions in high-beta injection section (x/y) 90/30

Beta functions in low-beta straight section (x/y) 10/3 m

Damping time (x/y/z) 11.2/23.0/24.3 ms

Energy loss per turn, U, 2.25 MeV

Energy spread o 0.001

Momentum compaction 5.9x10-°

RF frequency, f: 500.36 MHz (&
Harmonic number 2160 1%“
Natural bunch length , 2.2 mm 7




Linear lattice design
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40 standard 7BAs + 4 non-standard 7BAs (for injection)

Similar to PEP-X design (Cai, et al.,, PRST-AB 2012, 054002), each standard 7BA, phase
advance is about (4n+n/4, 2n+n/4), thus every 8 such 7BAs form a quasi-3" order achromat
(to cancel the nonlinearities as much as possible).

For each non-standard 7BA, high-beta, 10-m long straight section is designed for injection,
the phase advance is matched to (4x, 2x) to restore the symmetry of the beam optics.




Standard 7BA

Standard 7BA, 29.04 m, 5-m long ID drift
Nine families of chromatic sextupoles

Two families of harmonic sextupoles

Three families of octupoles

X

B. (blue), By (red), 200*D_ (green) (m)

X

Unit cell, compact design, horizontal 7
defocusing gradient combined in dipole,
total length =3 m.

Magnet aperture (radius = 12.5 mm),
vacuum chamber inner radius = 11 mm.

Reserved space for correctors (between SD
and QF).

QF gradient: < 80 T/m, QD gradient in dipole:

< 20 T/m, sext. gradient: < 11400 T/m?, oct.

B, (blue), By (red), 200*D, (green) (m)

DIPOLE

gradient: < 106 T/m3 5 . .

1.5
s (m)

2 25 3
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Non-standard 7BAs

Two non-standard 7BAs, 10-m long drift for injection, phase advances are 8nt & 4n
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Nonlinear optimization

e Strong nonlinearities caused by the chromatic sextupoles make it
hard to obtain a large dynamic aperture and a large momentum
acceptance at the same time.

e The deviation of the phase advance of the injection section from
2nrt adds the difficulty of the optimization.

e Three modes (only different in sextupole and octupole strengths)
are explored, and are used to inject and store the beam,
respectively.

— Mode 1, horizontal dynamic aperture (DA) > =11 mm, momentum
acceptance (MA) ~1%

— Mode 2, horizontal dynamic aperture (DA) ~£10 mm, momentum
acceptance (MA) ~1.8%

— Mode 3, horizontal dynamic aperture (DA) ~£+5 mm, momentum
acceptance (MA) ~3%
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e ESRF-type

Beam energy E,
Beam current |,

6 Gev

Horizontal damping partition number J, /J,/J, 2.05/1./0.95

Working point (x/y/z) 113.14/41.18/0.003

Natural chromaticity (x/y) -143 6/-167.4

Beta functions in low-beta straight section (x/y) 7.9/2.8

Damping times (x/y/z) 15.9/26.6.0/21.7 ms
Energy loss per turn, U, 1.95 MeV
Energy spread o 0.00091

Momentum compaction 3.8x10°

RF frequency, f 499.6 MHz

Harmonic number 2160

Natural bunch length o, 2.4 mm
TRAERERER UL Fi
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Mon 15 Sep 2014 18:50:36

"ATOM" Version: 0.00/00

High Energy Photon Source{ HEPS)
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Dynamic Aperture (1000turns)
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1.

SWAPOUT INJECTION

Kick insz— Kick out

Inject linac beam

@250MeV o

Ramp to 5/6GeV \_

Kick out the bunches, /
and inject to booster .f \\
Wait 3 damping time Jlg'm' T I w0 of
of booster
Inject booster beam \‘\\ N f

to main ring
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3. Technical systems for R&D

w o e R
-------

e Magnet (high gradient quad, combined function '_
magnets)

e Power supplies
e |njection system
e Beam instrumentation
e Mechanics and alighment
e |nsertion device
e RF system
e Test environment
i@##ﬁﬁﬁ#ﬁﬂﬁﬁ
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* Magnet

« High gradient quad and high gradient dipole/quad™

combined function magnet
— 2D design finished

— Pure iron is used as the yoke and pole material.

T
-F

— FeCo or FeCoV alloy will be considered to reduce the
power consumption.

'E 3000
E
- 2800
2600
240.0
220.0
2000
180.0
160.0
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800
60.0
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200
0.0

-50.0

0.0 50.0 100.0 150.0 200.0 250.0 300.0
X [mm]
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e Design parameters of the high gradient magnets‘_i

A

High gradient dipl-tl)ilgel}ci:z:irir:ole
quadrupole combined function magnet

Magnetic length [mm] 690 760
Aperture [mm] 25 35
Dipole [T] — 0.488
Quadrupole [T/m] 100 62.9
Good field region [mm] +5 +5
High order field [B,/B,] 1X104 1X104
Material Pure iron
Ampere turns [AT] 8963 8982
Power consumption [kW] 13.2 14.7

Iya‘ 18




* Power supply

e 10ppm ultra-high stable power supply |

— Stability requirements: an order of magnitude higher
than BEPCII power supplies.

— For fully-digital power supply, application of highly
precious and stable ADC is most important.

— Research on the water-cooling, air-cooling and power
room temperature control to ensure 10ppm stability.

77777777777777777777777777777777777777777777777777777777777 Digital signal + Mains
Currént — — P

4‘—>®—> igi i _ ! Modul ower

Setting Digital main loop and aux.loop > odulator < Device

Current i ¢
Feedback | )
: Filter
Digital signal 1
=2 ADC —

ADC le—| DCCT 3
— Locdl Display T ! T I
| Critical Devices for ultra-high stable | & o g
Reméte Displ power supply | - L % it H
.emp € Display | Magnet F High Energy Physics

Fully-digital power supply !




2Hz dynamic output power supply

Eo
Yy
bl

¢ Tracking error control: 0.1% current tracking error

— Special design for digital control strategy

— repetitive controller: not only the present but also the former error will
act on the plant. The error is active repeatedly, after a few cycles, the
tracking error will be greatly improved.

— Special considerations on mains topology for stabilization

e R
HEC T

and EMI
AP | ¢ Mains
- Settings: DC,AC §
j 7~£ ;®—> Pl T Modulator ™ gg\\;\:s;

2Hz dynamic output:
! tracking error control

| strategy
§Read Back :
| ; DCCT |l@——
— §Disp|ay: DC, AC ADC 1 vg [—
s % gt : 5 4
B feamp) iMagneté #3’6 Haz i
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2Hz dynamic output power supply

* A prototype: 180A/30V e

— With the self-designed digital controller
— Adding the repetitive controller:
» 100 + 50 sin(wt)
» output shows: tracking error better than 0.5 %o




Fast power supply for corretor

* Fast correction magnet power supply

— Remote interface has become a part of digital power supply
control module.

— The current setting should be updated greater than 100KHz.

— Fast link interface (fiber link, 50Mbps) will be developed for
BAPS digital power supply.

Digital power supply control Module

II:iber INk(50Mbps)

<> PSC S
SDI link g
INnterface
Ethernet(LOOMbpPps) [r—

E 40 18 287 fr
EPICS 1OC on Linux Ef@.l}iﬁ;ﬁ"




Compact Digital Power Supplies

e Compact and cost effective design

— For ultra low power correction power converters:

» digital controller occupying a lot of space
» the costs are too high

— use a compact design as the following shows:

» compact and modular design
» one controller for 3 sets power converters
» AC/DC converters providing dc-link power should be common for

severalPS e
: DPC_CC {DBC_AD: !
. 24V 3: (optiomnal |§ )
— e
. - N
= "' ) -: -| .
YT LRI E LI
Auxiliary F j,
Supply E P
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DC 3 10A S 24Y
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DC-Link W,
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Injection

e Top-up Injection Schemes

L
"y, pulsed bunp agechion
-

Potential top-up injection schemes for low

-,

stored bunch orbit - 7 - -

- - RS B -m
emittance ring. b Kicker] b kicker?

b kicker3 bumnp Kickerd

b AN
W

- - - - ‘\\ pulzed setipole mamiet mjechion
» Off-axial injection (need larger DA) Ny,

-

= w _ upected bunch orbaf

>  Pulsed bump injection ———————

staped bineh aibit l
%
%

prleed sextupale magmet
»  Pulsed multi-pole injection

e on-axial swap-out nyection
sepium =

— -

» On-axial injection (need faster kicker) TRy medln
e ted bunch onbat < “I’-’ -
»  Swap-out injection (transverse, Tw<2r) Ty e
N on-axial longitudinal injection
»  Accumulate injection (longitudinal, Tw<t) R OSRIyL

extradted bundh orbir

(Tw-Pulse width of kicker, T- time spacing between bunches) ctored bunch orbi .
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BAPS Top-up Injection System

On-axial swap-out injection system:
> Injection/ejection direction: Horizontal
» Bunch is swapped-out within a single 10.5m long straight section.

> Fast kickers: strip-line kicker; Septa: Lambertson magnet

4— 2m > 4 6.5m o 2n >

A

Horizontal on-axial svrap-out injection schematic

A T Sr— P W >
........ Strip-line kickers Starecllml;und'n orbit
Thin . .
ol Thick septum  septum Injected bunch orbit
Euads —— Extracted bunch orbit

Horizontal On-axial Swap-out Injection Scheme
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Requirements on Injection System

Distance between injected bunch and stored bunch orbit=5mm and

distance between the septa on the both ends of straight section=6.5m
— kick angle: 6 > 0.8mrad -> 0 2 3mrad
—Distance between electrodes > 810mm, provide aperture clearance to injected beam

—Both end of kickers are allowed horizontal position offset 1 ~2mm

Wacuum pipe wall
4~51mm
=tored bunch
......... R AR, S ———
~3mm
v Dr=5min 4--5rmm
[}
~2mm“ Septurn plate I
L Strip-line elecirodes

Injected bunch

YRBERA RGN UL
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Strength Requirement for Strip-line Kicker

> Injection beam Energy: E=5GeV, kick Angle #=3mrad, distance
between electrodes : d=10mm, Geometrical factor of electrode: g=1

=>U*| > 75kV'm
> Six strip-line kickers: 6 X1=6X0.75m => U > 38.4kV (Bipolar pulser)

Fes = Yaq 6?=6?E+6?B=26’E:2g£|—
TW tanh(x) =
g =tanh(Z ) M) =g

Typical Strip-line Kicker and EM Filed Distribution ‘f’*ﬂ HEBD BB uE b
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Design Parameter of kicker system

Need further detailed design consideration

Parameters Unit HEPS APS-U
Injected/ejected beam energy GeV 5~6 6
Minimum spacing of stored bunches ns 10 11.36
Length of straight section for injection/ejection m 10.5 5.8x2
Integrate kick angle mrad 3 2.88
Injection /ejection direction - Horizontal Vertical
Effective length of strip-line kicker m 0.75 0.72
Distance of strip-line electrodes mm 10 9
Strip-line kicker quantity - 6 4
Pulsed voltage of bipolar pulser kV +8.4 +15
Rise time of pulser (10%-90%) ns 4 4.5
Flat-top of pulser ns 5 59
Fall time of pulser (90%-10%) ns 4 4.5

YAHEULRGI MR
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Fast Pulsed Power Supply R&D

Potential solutions is to be considered:

0 RF-MOSFET based pulse power superposition technology

¢ Inductive Adder
e Transmission Line Transformer Adder
e Marx Generator

e Hybrid Adder

0 DSRD(Drift Step Recovery Diode) based PFL(Pulse Form Line)

modulator

YRBERA RGN UL
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Inductive Adder R&D experience

bt =
AT

The prototype was special designed for ILC DR strip-line kicker in IHEP,
2011.

Tek  Slopped SimgleBeq  Thog o 1.4, 12 16:38:01

U =610V

U, /I, =5kV/100A
t /t.(10%-90%)<5n
PW(FWHW)=10ns
RL=50Q

UY

10-stage inductive adder assembly and test result

YR AU CEIR R
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Inductive Adder for HEPS strip-line kicker

HEPS fast kicker pulser (V,=£10~15kV into 50Q, T,/T<5ns, T,,,=5ns y
needs:

— 25~30stage adder
— 6 piece of DE375-102N12A (or 1XZ4DF12N100) in parallel per stage

g ___ __r A A ASNArH—r—=—y _ __ 1 1 __= __ __ = __ a2 _a_1
— 150~180 pitge i iMOSFEE T anordriver amjtotai: T
[ S S S R S S S B S SIS I H St B hl et S
SIS SN U SORONE USSUN MVSUANS- S S S S SN SRS SO SN S R SOOI S -
PR R S S R S S i P i f
I S S A S N S S IS SO S
H H
S 0D S UOUSE OO J0W U0 OO SO EUURE OO0 O O
- -5-- T SO SERP RS- s
~zaoy i i i
. L U [N T O VU SN S S S 1 heeerfemenfeeredieesd
ek -0 R AU O N N RN SR S i. - TR S S
H H H H
= RN PR [SPRpOPI FAPR - N S I R —— — P L R —
' ! ' :
-soov—— : ——1 .
L suban brosndhaanadennanfanana b= ettt EECER DELR SLLEY
T Tt S B 1 posssdpssssessinfaaes et SRS R IS Rt EECty SOt
e T T B el STt Tl P
—dagy
3 B ]
..-.E.-.. shadsaduan mshsanauanasfanasaheos aad -.E..
| p-t-t---i Bk R SR I E— S B
wdfenn R K- D T TR 4 Rt EETE B
! H H
uuuuu
20ns ns = Bomx @ 100dns
[Rg:2

Tirw

25-stage inductive adder with 6 DE375 in parallel & @ 44 % #.4 4 $if a2 #i
each stage (simulated by Pspice) Institute of High Tnergy Physics



Beam instrumentation

e Digital Beam Position Monitor electronics

— RFFE (Radio frequency front end electronics)
— Fast ADCs
— High performance FPGA

Rel
Clock
S— RAM ADX
Secrage Memaory Clodk |['an:¢3~:-3|::?:1 ot
I ) Clock
f . l;l.E llllll
ADC Pick-up
Data signals
CP U ...... - L o
...... 4 4 P Accelerator
. ADE - L RFFE
rogmg FPGA s AU § :
interface ._'
Connectivity
-
i itz b

External Multigigabit gy Physics
Triggers

serial hinks



e Have developed software on the commercial data
acquiring system in the lab.

e DAQ system in the lab have 4 tunnels, sampling
frequency is 500MHz, and the resolution of ADC is 14

bit.

DDR3-800
RDIMMO

COM  @—»| GEPHY (RJM5) |

;

GE PHY (RJ45)

| RS232 (USB)

| SelectMAP

| 4LEDs, 2RST

RTC/EEPROM

FPGA

'

Express
Intel - 4x USB |

Core i5/i7 <4——p DisplayPort |
PREBEN  DC|-E 4X

— I

<4——» FMC-HPC |

<4—» 2x Mictor |

s o 4x RXAUI

Quad

DDR3-800
RDIMM1

PHY R fi

Q’ﬁ_}'.xr'cs

‘ 106E <+~ ITET




e Hardware

— Based on microTCA.4, which is specific to high energy
physics, including RTM(Rear transition module ) and
AMC(advanced meggazineae card).

— MicroTCA.4 is highly integrated and has advantages of

flexibility and reliability, easy to development and
cooperation with international labs and companies.

§
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Poser(®ie')

e X ray imaging system based on KB mirrors

Beam energy of x ray >10keV, characteristic energy: 23keV;
Beam size at the exit of bendingmagnet: 70 Cvertical) <20 Chorizontal) um?;
Al window size: diameter: 2mm, thickness: 1mm;

Divergence angle behind the Al window: 0.35X0.35mrad?; | Visible Optics :
| E 1
Cu Absorber cy Attenuator : :
1
1 -—-:
! [
e e e | T -
o A
) . : X ray-to-Visible :
Al Window slit K-B mirror I Scintillator I
o | 0.35mrad e '
] 7.72m 7.72m
LT
o
i ir” Jlll !ljﬁ I:-Clt B& :F Ti:ﬁ% ﬁ % Jfgqﬁ ﬁ
Fhiote Energylav)

of High Enengy Physics




Mechanics and alighment

— Vibrating-wire alighment technique --- to meet the
tolerance +0.03mm between magnet to magnet.

— Precision-tuning magnet girder --- be manipulated
through control system with the position monitored by
sensors, to meet the tolerance =0.05mm between
girder to girder, and would be capable of beam-based
alignment in the future.

Tolerances Magnet to Magnet Girder to Girder
Horizontal +0.03mm +0.05mm

— Vertical +0.03mm +0.05mm

Roll angle +0.2mrad +0.2mrad o EHATfi



m Girder Requirements

Specifications Design value

Adjusting Horizontal +8 mm
HEEE Vertical 10 mm
Adjusting Resolution 0.002mm
Eigen Frequency >30Hz

® Finished

Acceptance value

+4 mm

+10 mm

0.005mm

>24 Hz

— Design of supporting scheme and selection of adjusting

mechanism.

— Derivation of adjusting matrix.

— Study on motion way and range of the adjusting mechanism.

— Design of control process of the girder motion.

YRBERA RGN UL
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M Supporting scheme
e Four V-grooves set perpendicular two by two,

e —>
&) (&)

Two of eight contact points are for supplement.

B Adjusting mechanism
e Motor driving Cam mover

Specifications Values
Size(L X W) 3.8m X 0.8m
Cam Load 2.5T Girder model
Cam center offset 7mm & Cam mover

Adjusting range X(-8.7mm~9.4mm)
Y(-11.8mm~10.4mm )




e Vibrating wire technique --- based on the measurement of*
magnetic axis to meet the tolerance £0.03mm between
magnet

y
x

to magnet on one girder. .

Magnet

Sensors I
® Finished L éf

. . . Translation stage Translation stage
Derivation of basic theory

Scheme of vibrating wire
experiments

Design of data acquisition and control system

Design of test bench model

Design of sag measurement scheme
Calculation of vibrating amplitudes

Design of the sensor circuit and sensor calibration

YRBERA RGN UL
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uadrupole k y
q p Sexmpﬂle : . % fixed end bench — g

freeend bench

EHHEHNTFE
WA FH
/f‘ FHé

/
/
/
| / -.iiti
EEREER |-\ PR 1 /_

magnet support girder

[rewR] —_

Test bench model S —

e System setup

- Wire —a e
\ [ ‘/,_,_‘ Wire'\ !
- magnets& girder /f% o Nk -!-

- translation stages on both ends | . -
_'al ont;l n::l) t;l 1)::11
- sensors & monitor H = 1

Constant temperaturelaboratory

- data acquisition and control TT— ﬁf

system.
e BEPCII magnets will be used.

YRAEUND KGR UR
Data acquisit{BH &tHe Cftrot eyepeRipsics



M Linear output range and sensitivity of sensors Linear range: ~0.12Mmn

shading voltage shading voltage SenSItIVIty . 30mV/l.lm
Left linear Right linear on
region region 10z
Voltage(V) 3.45 5.8 5.58 3.27 ot _
Voltage difference(v) |365 3|6-9 5 Rp=280Q
Displacementimm] [ 0.18 | 0.3 038 | 050 g
Displacement ’
difference{mm) 012 0.12 o — —t
voltage/displaceme o
nt{mV/um] 30.42 30.75 ‘ 1 R B B e | ‘SZ |<
displacement{mm) L V1
outputs of one of the four Sensors o IR
. . . gRFISKQ

e Signal stability testing

— After filtering, the voltage variation reduced significantly Sensf’r c“'c““i
from 20mV to 6mV.

il kbt S oo ey eEMZ
WeTr el :jc' In.mw lnmm 111:»&1'. Iu.uu.- Im 500 0768955 jiiu:rwurb'" }"
HEAAE deto [ | sawmmmm riovt [

0,007
0.006-
oo
ooz

0 20 40 60 B0 100 120 140 160 180 200 220 240 260

- | Senr output test bench
YAHEULRGI MR

Institute of High Energy Physics
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¢ |nsertion device

— Low temperature undulator

— Small period SC wiggler = One SC wiggler on BEPCII

Low temp. undulator

Length of period
Effective period No.
Length of magnet
Gap tuning range
Gap working range
Peak field

Peak field error

K

Working temperature

12mm

160

~2m

g=5~100mm
g=5"9mm

>0.7T @ g=5mm
<0.1% @ g=5-9mm
~0.8

80K

Small period SC damping wiggler

Length of period 31mm
Minimum gap 10mm
Peak field 1.95T
K ~5.6
Pole No. 20
Total length ~0.3m
Y@ HELD R R

Institute of High Energy Physics



Preliminary Design was done

Magnet Design

Magnets & Pole

Mechanical Structure

Prototype Control System

Cooling System

{ CPMU J Vacuum System , Foil
RF
Others Transition

Magnetic Error
Correction

Y@ A D b I i
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BJT]

Magnet Design

paps Emm

— gap= ‘;rnm

CPMLIE

?ﬁ’il'r'

Type Hybrid |
Period Length 12 mm
Working Gap 5~9 mm
Peak Field 0.84T
il Magnet Size 36%24%x4.1 mm3
‘ -E!! Pole Size 24%19%1.9 mm?3
iy _ End Magnet A 36x24x3.6mm?3
14T ‘ BIRRIEE giﬂ End Magnet B 36%21x1.9mm?3
LA A il End Pole p 24x18%1.15mm?3
| ] Air Gap A-p 1.7mm
ass- Air Gap B-p 2.4mm
- .l Phase Error (RMS) <6° @ g=5-9mm
1; os0| First Field Integral (x,y) <50Gscm
an: e Second Field Integral(x,y) | <20000Gscm?
o MT'MS Quadrupole Normal/Skew | <50Gs
g o gap=Tmm
g —— gap=omm Sextupole Normal/Skew | <100Gs/cm
'5 s I|Ii l ’r Octupole Normal/Skew <100Gs/cm?
L o . ‘Institute of High Er;cr&y Physics
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Cryogenic Property Research on PrFeB

Remanence Br

{ Magnetic Intrinsic Coercivity Hcj |

Susceptibility p

{ Thermal

{ PrFeB

4

Electrical
{ ™~ Electrical Conductivity

Young's Modulus

| : : 5 14 54001
Mechanical J‘ Poisson Ratio

Compression Strength

nstitute of !



Mechanical Structure




Control System

Data processing center. Motion control and protection
Receive and process data subsystem
from other PLC modules;

Temperature monitoring
subsystem

Functions Include driving motor. motor

Monitoring the temperature of | I
send commands to cther PLC prake. speed&Iocation feedbacks motar magnet array at multiple positions s H“HI I [1’1&1# s
modules synchronization. motion protection ﬁﬁ];:ﬁ . i
i ]
1 3 i
i A g Input Communicafion PLC
! Mo dJlP module maodules
1,
B S S 1 ER R s —-[ _ - i
Ethernet

Rotary Encoder

T [ || S—

1 Remote control subsystem s | m Kok

System software . Liner Encoder Linzr Encofer sy PLC communication module exchanges a3 WA il 2 b 2%
&User interface M— remote data with remote client via H

Ethernet

N} ¢ —— o N O A [ O = 8¢
& o

Local Client

MALERE  HUsEORE

—HE [ it nllein

EtherCAT THFFH X

YL LR R
P # P
RS R L TR R L L

LR HeRELS
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Magnetic Measurement Bench

Stretch

Wire




e Superconducting wiggler SC-3W1

— A superconducting wiggler is designed to verify some beam line
technologies used for BAPS

— The wiggler will be installed on the BEPCII storage ring to replace the
original permanent magnet wiggler 3W1
— Design parameters
e Vertical beam stay clear
— 39mm (for collider mode)
e Good field region

— Horizontal: =23mm
— Vertical: =10mm

e Field quality
— First order integral: 500Gs*cm
— Second order integral: 50000Gs®cm?

YRALE ARG UL F
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e Design parameters of the SC-3W1

Peak field [T] 3
Operating current [A] 400
Pole number (main + side) 15+2
Period [mm] 160
Gap [mm] 60
Magnet length [mm] 1360
Coil turns 32X24
Inductance [H] 3.6
Cross section [mm] 1.20X0.75
NbTi wire Insulation [mm] 0.04
Specs Cu:SC ratio 1.3

Critical current [A]

604@7T, 408@8T

YAHEULRGI MR

Institute of High Energy Physics



e Cryogenics consideration

— Cryo-coolers: 2 - 4.2K/60K, 2 - 20K/60K

Estimated heat load (x2) Cooling capacity
4.2K LHe 2.33 W 3W
20K shield 9.2 W 24 W
60K shield 155.5 W 200 W

— Current lead: copper + high temperature superconductor

e Quench protection consideration
— High magnet inductance and high stored energy
— Active quench detection system
— Quench protection circuit with dump resistor

YAHEULRGI MR

Institute of High Energy Physics



e Test environment
— Simulate the real environment for magnets on girder, ete

S
" |Removable
MRS ESS il e HALLS M e 5 rOOf
$358 . 11880 e 14406
42330
BEHRBILUL Fi
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e RF system
— Digital low level control system
— Integrate solid state amplifier and cavity system

YAHEULRGI MR

Institute of High Energy Physics



Summary

1111111
¥I\fi

e BAPS is the next light source in China, with a hlgh
energy and USR machine.

e R&D project of the BAPS started in IHEP, although
the budget is still not in our pocket.

e Accelerator physics design and R&D on
technologies are on the way.

Thanks for your attentions !
Tﬂﬂ#ﬁ%?%ﬁﬂ&ﬁ
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