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Task introduction

Task : Verification of key techniques of high energy circular electron positron
accelerator

Task budget : 9.74 M RMB

Task in charge: IHEP, CAS

Task leader: Chi Yunlong

Number of participants : 18 (Senior 11, Other 7, 4 Ph.D. students)
Task period: Jul.1, 2018~Jun.30, 2023

Main research : Sub-Taskl: High precision Low-field dipole magnet prototype

Sub-Task2: Vacuum pipe. RF shield bellows. NEG coating prototype
Sub-Task3: Electrostatic separator prototype
Sub-Task4: Z-pole Beam polarization design study



Overall progress in the medium term

Field precision 0.1%@60Gs Reached
Sub-task1 o
Field reproducibility  0.05%@60Gs Reached
3x101%Torr
Vacuum pipe
Sub-task?2 Leak rate: 3x10-10 Torr.L/s 3x101°Torr-L/s
RF shielding bellow  Finger contact force: 125+30g 125+25¢
Electric field strength 2.0MV/m@ =110kV (in design) Reached
Sub-task3 Good field region (1%0)10 X 10 mm? (by simulation) Reached
Vacuum pressure 2 X 101%9Torr (in design) Reached

The parameter selection of
polarization insertion devices and

: . Reached
- _ the working mode of the precise
Sub-task4 Polarization design energy measurement are defined
The realization conditions of beam
Reached

polarization > 50% are simulated.



Design review

CEPC Vacuum system R&D design review meeting, Dec.27, 2018

CEPC positron electron beam electrostatic separator prototype
design review meeting, Jul.18,2019
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Low-field Booster dipole magnet R&D

Main Specifications of CEPCB dipole magnets

16320 4700
Midterm target

1 1000

60 Good field region (mm) 55

Two kinds of the subscale prototype magnet with and without iron
cores have been designed and developed. The field specifications
of both magnets reach the midterm target @60Gs.



Low-field Booster dipole magnet R&D (with iron core)

» To increase field in the cores and decrease weight of the cores, the technology of
core dilution is adopted.

» To reduce the influence of the remnant field on the low field precision, the grain-
oriented silicon steel laminations are used to stack the magnet cores due to their
low coercive and remnant field.

The dipole magnet with iron core was tested in the lab.



Low-field Booster dipole magnet R&D (with iron core)

v The field uniformity in Good Field Region is about 0.3% at low field level of 28Gs
(target 0.1%) and 0.1% at high field level, which can not meet the requirements.

v" The magnet is excited for 4 times from 28Gs to 338Gs then back to 28Gs, the
field reproduciblility at all level is better than the required value of 5E-4.

v The field uniformity at 60Gs is about 3E-4, which is better than the midterm target.
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Low-field Booster dipole magnet R&D (w/o iron core)

mmmmm

» The Inner and outer conductors of the CT colls are directly fabricated from two
aluminum tubes with the right diameters.

» The shielding cylinder was made from a long iron tube with inner diameter of
300mm.

» All the surfaces of the aluminum conductors were anodized for the insulation from
turn to turn, the thickness of the anodized film is about 50 microns.

» The final assembling errors of the CT coil dipole magnet were checked to be less
than 50 microns.




Low-field Booster dipole magnet R&D (w/o iron core)

v The field precision at all level, especially at low field level of 28Gs, is better than
the required value of 0.1%, which reaches the midterm target.

v" The magnet is excited for 3 times from 28Gs to 338Gs then back to 28Gs, the
field reproduciblility at all level is better than the required value of 5E-4.
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Design of the full-scale prototype CT coll dipole magnet

* On the base of good results from the subscale CT dipole magnet, the mechanical
design of a full scale prototype CT dipole magnet was finished on the cooperation
with &-fe # company. The production of the magnet will be begun in the

coming month.

v The total length of the magnet including the shielding tube is 5.1m.
v The cooling tubes are inserted between the coil conductors to decrease temperature rise.

v' The touch resistance of the contacted surfaces of the conductors will be reduced by coated
silver films.




Vacuum Chamber prototype

A 6 m long simple vacuum furnace is fabricated, which is used to weld the water
cooling channels of Cu chambers through low temperature brazing solder.

The welding seams are checked by wire-electrode cutting. The welding joints are
smooth and have good contacting.

The prototypes of copper & aluminum vacuum chambers with a length of 6 m
have been fabricated and tested, which meet the engineering requirements.

—_— e
===
===
===
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RF shielding bellows R&D

Total length: 140 mm

Inner and exterior diameter of bellows: 125mm/140mm
Expansion/contraction: 5mm/12mm

Offset: 2 mm

Bending: 50 mrad

Finger contact force: 125+ 25g (Midterm 125=+30g )

s

'y

Bellows Spring Contact
module fingers fingers
module module




NEG coating setup

« The DC magnetron sputtering setup of NEG coating have been built and some
experiments carried out with DN40 vacuum pipe.

* Thickness of film: ~1.1 um; Proportion: Ti: Zr: V=0.28 : 0.3 :0.42 ( after Ar* surface
etching of 10 nm) ; Columnar film for high pumping speed.

« All related parameters (plasma gas pressure, substrate temperature, plasma current, and
magnetic field value) are recorded and suitably adjusted to ensure the stability of the
deposition process.

15

NEG coating setup



Electrostatic separator

The Electrostatic-Magnetic Separator is a device consisting of

perpendicular electric and magnetic fields.

One set of Electrostatic-Magnetic Separators including 8 units,

total 32 units needed for CEPC.

Separator length

Inner diameter of separator tank
Electrode length

Electrode width

Nominal gap

Maximum operating field strength
Maximum operating voltage
Maximum conditioning voltage
Good field region (0.5%o limit)

Nominal vacuum pressure

4.5m

380mm

4.0m

180mm

75mm

2MV/m

+ 75kV
+135kV
46mm x 11mm

2.7e-8 Pa

UHV tank

Magnet

coil

Support

electrode

metal-ceramic
support

high voltage
feedthrough

16



Electrostatic Separator Design (midterm target)

E_Iectrc.)de (a pair of metal flat plgte) s'g'(?m'lgf:;g()eg;::y Lnr:;g:;tﬁs :eli%réﬁﬂ ?Ilc?rlr?Oﬁ%o
 Dimension : 4m long and 180mm wide % b .
« Material : Pure Titanium | o~
*  Field strength : 2MV/m o

UHV tank | | = j—|
* 4.5m long and 38cm inner diameter - S

« Material : stainless-steel 316L

Length: 400cm

With: 18cm

Thickness: 2cm
J adius: 1.5cm

< 400cm i Density: 4.54g/cm?3
Weight: =65kg

Maximum field strength:
3.86MV/m @150kV
6.95MV/m @270k,

25cm :I: 400cm rI



Separator dipole magnet Design

The magnet adopts h-type yoke structure, because of the higher field integrals uniformity and
installation consideration of the electro-static system.

The magnetic field design and manufacturing technology are quite mature.

The magnet development is supported by IHEP internal fund.

500.0—
¥ [mm)
4500—

T s e— T

QW —

0%000 8000 5000 4000 3000 200 -1000 00 1000 2000 3000 4000 5000 6000 _ 7000
X [mm]

Magnetic flux density distribution in the core 3D Model and Magnetic flux density distribution
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Electrostatic separator prototype

« Complete design of electrostatic separator both electrical and mechanical
design, all parameters are meets design indicators (midterm target)

« The prototyping contract signed in Mar. 2020
« Review of the manufacturer's design carried out on May 11, 2020
« The fabrication is scheduled to be complete by mid of Oct. 2020

The flange welding

Large flange of UHV tank machining The body of the vacuum chamber for processing




Z-pole Beam polarization design

« Parameter selection of polarization insertion devices and the working mode of the
precise energy measurement using resonant depolarization (mid-term indicator 1)
« Using asymmetric wigglers to boost polarization build-up from 250 hours down to ~ 20 hours
« Determined the asymmetric wiggler parameters and implemented into the CEPC lattice
« Designed the scheme of resonant depolarization measurements to continuously monitor the

beam energies

Polarization vector

[s<

depolarizer

polarimeter

]
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Wiggler £ & Ny
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(MW)

16. 5
(12000 #H, 461
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(100 5[, 0. 76
mA)

0.035

(100 Hl,

0.76 mA)

Operation scheme
« 100 non-colliding dedicated bunches
Turn on wigglers only to polarize these

bunches

Afterwards, colliding bunches injected
and physics starts
Self-substainable process

Polarization (%)

100 bunches, depolarize one
every 10 min, self-sustainable
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Z-pole Beam polarization design

* The realization conditions of beam polarization > 50% are simulated (mid-term indicator 2)
* Simulated the equilibrium beam polarization of imperfect lattices
e Updated the simulation program based on PTC, and simulated the equilibrium polarization for
realistic imperfect lattice seeds after dedicated correction
* The equilibrium beam polarization is above 50% for a beam energy of 45.6 GeV (ay=103.5) for the
10 simulated lattice seeds, and the polarization time is above 100 hours, much larger than the
beam lifetime of 2~3 hours
|Identified the realization condition of average beam polarization > 50% during colliding beam
experiments
* top-up injection
* Injected beam polarization > 50% P S 45;50|neltyrl’icélf$d
* Polarization time >> beam lifetime

80

60 |
Injected beam polarization
Radiative polarization: » P '/F
* FensDK P
equilibrium beam polarization Pa?g = L
in the ring 1+Tpg/Th 1+ThH/Tpk

40t

xPD

Equilibrium polarization(%)

o0l —— excluding higher order spin resonances

—=- including higher order spin resonarjces

21
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Z-pole Beam polarization design

« To address the great challenges in polarized e+ source, proposed to convert the
e+ damping ring into a e+ polarizing ring, by introducing asymmetric wigglers, to
booster self-polarization build-up down to ~20 second, this novel idea looks
promising to facilitate polarized e+/e- colliding beams.

« Plan: detailed lattice design of e+ polarizing ring, collective effects

A tentative parameter table of e+ polarizing ring

Beam energy (GeV) 2.5

Energy Ramp Circumference (m) 200

10 ->120GeV

Polarized electron gun 10 GeV Electron Wigglers xtraction RF cavity nggler total Iength (m) 22
N Poskron S - B+/B- (Tesla) 15(21/1.5
/ \‘ CEPC top-up injection timing w/ e+ polarizing ring

Q / olarization in the booster |njEC‘tI0n Extraction Injection Extraction Injection UO (Mev) 4
Polarizing ring for positron :Iarizing Store St . . . .
ring 20s 20s Polarization build-up time (s) 17

Electron .E .E— -E rms energy spread ~0.3%
gun I )

Natural emittance (nm) ~10

120 GeV
Collider

Booster [8s | [ 8s )\ [8s |\ [ &8s\ Radiation damping time (ms) ~1




Z-pole Beam polarization design

Spin rotators in the collider rings to realize longitudinal polarization at IPs

« Just did first attempt to insert simplified spin rotators into the lattice

« Plan to do spin matching studies and iterative lattice optimization to achieve high
luminosity and polarization, to be delivered by late-2021

Maintenance of beam polarization in the booster

« Evaluated the spin resonance strengths throughtout the acceleration and the polarization
loss

* Proposed a concept of Siberian snakes using fixed strength solenoid snakes

* Plan to carry out detailed design and simulations, to be delivered by mid-2022

Solenoid spin rotator in the collider ring lattice

Remaining beam polarization after crossing a spin  Closed orbit spin tune for a no-ramping solenoid snake with
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Papers, patents and international conference talks

Journal Paper:
[1] G. Y. Tang, et al, “The circular electron-positron collider beam energy measurement with Compton scattering and beam tracking method”, Rev. Sci.
Instrum. 91, 033109 (2020).

Conference Paper:
[1] Z. Duan et al., “Concepts of longitudinally polarized electron and positron colliding beams in the Circular Electron Positron Collider”, Proc. IPAC 2019,
MOPMPO12.

Conference talk:

[1] W. Kang, “Development of the prototype dipole magnet for CEPC Booster”, Workshop on the Circular Electron Positron Collider, EU Edition 2019, Oxford,
UK, 2019.4.

[2] W. Kang, “CEPC Booster and Collider Ring Magnets R&D”, IAS Program on High Energy Physics 2020, Jan.19-23, Hong Kong, China.

[3] Haiyi Dong, “CEPC Vacuun System”, Workshop on the Circular Electron Positron Collider, Beijing, 2019.11

[4] Bin Chen, “Electrostatic-Magnetic Deflector and Magnet Power supply for CEPC ”, International Workshop on the Circular Electron Positron Collider,
Beijing, 2019.11

[5] Bin Chen, “Design of the Electrostatic-Magnetic Deflector for CEPC”, IAS Program on High Energy Physics 2019, Jan.21-24, Hong Kong, China.

[6] Z. Duan, “Polarized electron and positron beams at CEPC”, mini-workshop on “Beam polarization in future colliders”, IAS-HKUST, HK, 2019. 1.

[7] W. H. Xia, “Preliminary studies of beam polarization in CEPC”, mini-workshop on “Beam polarization in future colliders”, IAS-HKUST, HK, 2019. 1.

[8] Z. Duan, “CEPC Z-pole polarization”, Workshop on the Circular Electron Positron Collider, EU Edition 2019, Oxford, UK, 2019.4.

[9] Z. Duan, “CEPC Z-pole polarization”, Workshop on the Circular Electron Positron Collider, Beijing, 2019.11.

Seminar:
[1] Z. Duan, “Longitudinally polarized colliding beams at the Circular Electron Positron Collider”, TDLI & INPAC Joint Theoretical Particle Physics Seminar
Series, Shanghai Jiaotong University, 13/01/2020.
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Existing problems and solutions

Mission 1- Low-field Booster dipole magnet :
— No

Mission 2- Main ring vacuum system :
— No

Mission 3- Electrostatic separator :
— No

Mission 4- Beam polarization design

— Due to the Covid-19 pandemic, international travels have been delayed till indefinite future. This
impedes collaborative studies of CEPC beam polarization with experts from BINP of Russian.

Solution :
— Attempt to establish some mechanism of routine video meetings with BINP colleagues

— Attempt to organize video mini-workshops at a later stage, to invite more discussions from
international experts
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Use of personnel and funds
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Taskl: Comparison between Implementation and Budget until Midterm

e TR H 2 total Bﬁi?j(taérl::t” Ilzrg]ﬁ)illezr?)zgtlz;t/gg Rate ofbeuxdpge;se/total Rate of ezﬁzgsé(ta/midterm
2 (—) direct fee 878.19 430.49 379.5 43.21% 88.16%
3 (1. device fee 456 261 333.2 73.07% 127.66%
4 | (1) purchase device 140 75 105.9 75.64% 141.20%
5 (2) trail device 296 166 227.3 76.79% 136.93%
6 (3) modifed device 20 20 0.00 0.00% 0.00%
7 2. material fee 116 56 2.9 2.50% 5.18%
8 |3, testing fee 76.2 24.7 2 2.62% 8.10%
9 4. power fee 18 4 0 0.00% 0.00%

S,

10 [ravel/conference/interna 131.1 53.2 21.9 16.70% 41.17%

tional communication

11 |6, publication 20.29 15.19 1.6 7.89% 10.53%
12 |7, labor 51 13.6 17.9 35.10% 131.62%
13 |8, consult 9.6 2.8 0 0.00% 0.00%
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Summary- Magnet

« Two kinds of subscale prototype dipole magnets with and without iron cores were
fabricated and tested.

+ Although the field precision of the dipole magnet with iron cores has reached the
midterm target at 60Gs, it is difficult to meet the precision requirement at low level
of 28 Gs due to the unavoidable influence of the remnant field.

« The CT coil dipole magnet without iron cores has high precision and good
reproducibility field both at low and high field level, which is satisfied with the final
requirements.

« The full-scale CT dipole magnet has been designed on the basis of the good test

results of the subscale prototype magnet and will be fabricated in the April of next
year.



Summary- Vacuum

« The prototypes of copper & aluminum vacuum chambers with a length of 6 m
have been fabricated and tested, which meet the engineering requirements.
Surface treatment of copper will be taken into accountant.

« The key components experiments such as spring fingers and contact fingers
have been carried out. Contact force is uniform by different fingers and meets the
target of 125+ 25g.

« 1.5m long vacuum pipe have been coated to explore the coating parameter at
geometrical shape of 56mmX75mm.

« 6m long vacuum chambers will be coated by moving the solenoid by a horizontal
coating equipment .



Summary- Separator

« Complete design of electrostatic separator both electrical and mechanical design,
all parameters are meets design indicators.

« Carried out design of separator dipole magnet, The magnetic field design and
manufacturing technique is quite mature. The magnet R&D is supported by IHEP
iInternal fund.

« Start separator prototype fabrication and scheduled to be complete by mid of
October 2020.



Summary- Polarization

* Mid-term assessment indicators have been reached
— Operation scheme of polarized beam for energy calibration
— Simulation of beam polarization for realistic imperfect lattices
* Some progresses beyond mid-term have been made
— Proposal of e+ polarizing ring
— Maintenance of polarization in Booster
— Spin rotator in the Collider ring



Schedule

ID WBS Chinese Name Task Name Duration Start Enish 2018 2019 2020 2021 2022 12023 2024 2025 2026 2027 2028 2029 2030 2031 2032
H2 H1 | H2 |H1 | H2 H1 H2 H1|H2 H1|H2 H1|H2 H1|H2 H1 H2 | H1|H2 H1|H2 H1 | H2|H1|H2 | H1 | H2 | H1 H2 H1 | H2
111 G RETE BURF s T8 HEPLINE Key technology verification of accelerator 1261 days  18/5/1 23/31 [} 1 Key technology verification of accelerator
2 14 ﬁc“ﬁﬂiﬁ:ﬁ“ CEPC high precision and low field dipole magnet 1111 days  18/5/1 22/8/2 [; 1 CEPC high precision and low field dipole magnet prototype
prototype
3 1141 RS R e exper pr yp 568 days 181511 201772 r———— 1 Miniature experimental prototype
4 1111 Fkid- e Physical design 153 days 18/5/1 18/11/29 - Physical design
5 [1.1.1.2 TR BT Construction machinery design 153 days 18/11/30 19/7/2 - - Cor machinery design
|6 [1.1.1.3 In Tk Processing and manufacturing 153 days 19/7/3 20/1/31 [ - Pr ing and f: ing
| 7 1114 SERROE Experimental verification 109 days 20/2/3  20/7/2 [ Exper verification
8 1.1.1.5 B R Prototype improvement and testing 66 days 20/313  20/6/2 Prototype improvement and testing
|9 112 IERREAENL Formal magnet prototype 543 days 201713 22/8/2 r————— Formal magnet prototype
EIJ 21 Pt Physical design 108 days 207713 20/12/1 ¥, Physical design
111 ]1.1.22 AR Construction machinery design 153 days 201212 21/7/2 [ +, Construction machinery design
112 11.1.2.3 In i) Processing and manufacturing 151 days 211715 22/1/31 [ Processing and manufacturing
113 1.1.2.4 HKITI Experimental study 66 days 21/5/3  21/8/2 - Experimental study
1141125 FEHLEGHE improve the prototype 88 days 21/8/3 21/12/2 ¥ improve the prototype
115 /1.1.2.6 SRS ROE Experimental verification 107 days 21112/3 22/5/2 ¥ Experimental verification
116 1.1.2.7 PR TS Acceptance testing 66 days 22/5/3 22/8/2 . Acceptance testing
117 1.2 HERG Vacuum system 1217 days  18/5/1 22/12/28 1 Y
18 1.21 P E 5. RFEBERGESCE . ¥ Preliminary design of vacuum box, RF shielded 220 days 18/5/1 19/3/4 Preliminary design of box, RF d and device
B B it bellows and coating device ]
19 1.2.2 Iifﬂjii‘r‘ AR, EiTH Engineering design, bidding and signing of technical 220 days 19/3/5 20/1/6 - - Engi ing design, bidding and signing of technical contracts
A5 ] contracts
201.23 FEHLUIN TR Prototype processing and manufacturing 220 days 20177 20/11/9 [ + Pri ype p ing and
|21 ]1.2.4 B9 5. RFBF RSO 3l Acceptance of vacuum box and RF shielded bellows, 220 days 20/11/10 21/9/13 - - Acceptance of vacuum box and RF shielded bellows, coating experiment on inner wall of vacuum box
o B AR P RE DR AR S0 coating experiment on inner wall of vacuum box
221.25 EBRE SR, il Coating sample test, pumping speed test 220 days 21/9/14  22/7/18 [ -, Coating test, pumping speed test
231.26 TSR, BEHAR Review and acceptance, document filing 117 days 22/7/19  22/12/28 [ Review and p filing
24 1.3 4 E Electrostatic separator 1261 days  18/5/1 23/311 1 Electrostatic separator
251.3.1 SERCE L AR B EGTS Complete the parameter calculation of electrostatic 200 days 18/5/1 19/2/4 Complete the parameter calculation of electrostatic separator
separator
26 (1.3.2 SE T e 73 2 2% AL LB 4 The beam impedance analysis of electrostatic 240 days 18/7/10  19/6/10 fbe +, The beam impedance analysis of electrostatic separator is completed
Hr separator is completed
27 1.3.3 SE iR FEL 1 2% Y R AT S Complete the overall scheme design of the 190 days 19/6/11  20/3/2 [ Ci lete the overall schi design of the electrostatic separator
Wit electrostatic separator
28 1.3.4 SERLARLE IR BRI Complete the design of insulation support parts, high 220 days 19/4/30  20/3/2 —Complete the design of insulation support parts, high voltage feed through wall parts
ERC LA voltage feed through wall parts
29 1.35 SE R L 73 1 2% 5 DG AR Complete the mechanical design and processing of 140 days 20/5/4 20/11/13 ¥ Complete the mechanical design and processing of the key components of the electrostatic separator
fr L T S T the key components of the electrostatic separator
30 [1.3.6 SE LI L7y B AR R R A R Complete the assembly of the electrostatic separator 20 days 20/11/16 20/12/11 ¥ Complete the of the el separator
131 1.3.7 AL . BEAT R LS Build test platform for electrostatic field preliminary 140 days 20/12/14 21/6/25 [ Build test platform for electrostatic field preliminary high voltage sophistication
A high voltage sophistication
321.3.8 ,u’a»mmwm et 2 Complete tI:: design and manufacture of high order 280 days 20/6/1 21/6/25 ' . fomplala the design and manufacture of high order mode absorber
i T mode absorber
33139 BEAT v H) 32 56 F0 o B B LT Optimize the design of cooling system and high order 210 days 21/8/16  22/6/3 % Optimize the design of cooling system and high order mode absorber
| M|t mode absorber
34 1.3.10 SE i e B 28 R TR E Complete electrostatic separator high voltage 210 days 22/2/3  22M11/23 Ci electr P high ge sophistication and ']
LIREN sophistication and testing
35 1.3.11 Tl H &5 P o Final project review 0 days 23/311 23/311 3/1 « Final project review
36 1.4 ;mx&mmﬂnsu Study and Design of Z energy region polarized 1217 days  18/5/1 22/12/28 [; v+ Study and Design of Z energy region polarized beam
beam
37 1.4.1 ATFIHIRBWILATMWAME  Accurate energy measurement based on 1050 days  18/5/1 22/5/9 [ 1+ Accurate energy measurement based on resonance depolarization
iR resonance depolarization
38 [1.4.1.1 PR LR B0 B HOE R Parameter selection of polarized torsional pendulum 150 days 18/5/1 18/11/26 Parameter selection of polarized torsional pendulum
30 [1.4.1.2 R R E ) LR A mode of operation for accurate energy 178 days 18/11/27 19/8/1 & A '"04107 operation for accurate energy measurement
measurement
40 1.4.1.3 A i ) B 5 S b Error analysis for accurate energy measurements 500 days 20/6/9 22/5/9 = —Error analysis for accurate energy measurements
41 1.4.2 RALHHER R Polarized beam collisions 1108 days  18/5/1 22/7/28 r Polarized beam collisions
42 1.4.21 RACIRIE A= R Generation and retention of polarized beams 1108 days  18/5/1 22/7/28 [ tion and of polarized beams
43 1.4.21.1  FEABERIE Injector design 861 days 18/5/1 21/8M17 w -, Injector design
44 1.4.2.1.2 U1 G5 SR Beam polarization is simulated numerically 247 days 21/8/18  22/7/28 [ Beam polarization is simulated numerically
45 1.4.2.2  SUEBRALIHN Longitudinally polarized beam collisions 1100 days  18/5/1 22/7118 [} Longitudinally polarized beam collisions
46 (1.4.2.2.1 [ e e 38 & Mok s S5 it Selection and design of spin rotator parameters 400 days 18/5/1 19/11/11 W Selection and design of spin rotator parameters
47 1.4.22.2 il {F ARG LTS L Design and optimization of storage ring magnetic 700 days 19/11/12 22/7/18 [ Design and optimization of storage ring magnetic focusing structure
1k focusing structure
48 1.4.3 i H s Project summary 117 days 227119 22/12/28 Project summary
49 1.4.3.1 05 B AL S IALIE 1T () P T Write the physical design report of the polarized 117 days 22/7119  22/12/28 " Write the physical design report of the polarized beam operation
ks beam operation 3 5
50 1.4.3.2 [5] 47 VRSOmITEH Sl Peer review and project acceptance 0 days 22/12/28 22/12/28 12/28 & Peer review and project acceptance




Thank you for your attention!



