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Overview of the CEPC injection

and extraction systems




, CEPC Injection and extraction systems

In CEPC accelerator complex, there are 9 injection and
extraction sub-systems, including:

(@ DR injection and Extraction system(e+)
(@ Booster LE injection system (e+,e-)

F»Off-axis injection
---------------------------------------------------------------- 3 (in W and Z mode)

__________________________________________________________

(& Booster HE injection system (e+,e-)
(D Collider swap out injection system (e+,e-) —0On-axis injection
.(® Collider swap out extraction system (e+,e-)/  (onlyin Higgs mode)

Booster
10~120GeV

/8\ Linac

DR1.1GeV

® Collider © >l dump
120GeV :




«& Malin types of inj. & ext. hardware
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3> Hardware R&D plans

. One team is in charge of both HEPS and CEPC inj. & ext. system. A part
of hardware R&D for 2 projects are overlapping.

. Hardware R&D activities:

Lambertson septa magnets

Outside vacuum magnet: Septum thickness >3.5 mm

Half in vacuum magnet: Septum thickness =2 mm

Kicker systems — Overlapping part

Strip-line kicker and super fast pulser ( PW=10~50ns )

Slotted-pipe kicker and fast pulser ( PW=250~300ns )

Ferrite core kicker ( in-air with metallic coated ceramic vacuum chamber) and pusler
Lumped parameter dipole kicker ( PW=1.36us half-sine )
Distributed parameter (delay-line) dipole kicker ( PW=440~2420ns trapezoid )

Distributed parameter (delay-line) Nonlinear kicker ( PW=440~2420ns trapezoid )



Lambertson magnet




2 Typical requirements for CEPC LSM

Quantity - 2 2 2x5
Energy GeV 11 10 120
Deflection angle mrad 120 22 0.35
Insertion length m 0.5 0.8 1.75
tlg\g:r%]neuc field strength for injected/extracted T 0.883 0.9175 0.08
Min. S_ep_tum thlcknes§ ( mclud_lng septum m 35 55 5
board, inj./ext. beam pipe wall, installation gap)

Field uniformity - <+0.05% <+0.02% <+0.05%
Leakage field - <1x103 <1x103 <1x103
Clearance of stored beam z_;tt lambertson ( HxV ) mm 36.4x22 30550 i

( refer to stored beam orbit )

Clearance of inj.&ext. beam at lambertson

( HxV ) ( refer to inj.&ext. beam orbit ) mm et Loz ]
Physical aperture of stored beam vacuum mm 99527 55555 7556

chamber

Half in vacuum




In order to decrease the septum thickness, higher Bs magnetic shielding material, VP , is adopt for septum
board. Thinner wall of beam pipe, or sharing wall of beam pipe structure is preferred.
To reduce difficulty on small aperture vacuum chamber machining and welding, half-in-vacuum and

embedded thin-wall vacuum chamber structures were proposed.
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Half In-Vacuum LSM for HEPS SR

* Feature : Partial magnet is located in the vacuum; total septum thickness=2mm; VP(1J22) is adopt for septum

New idea was proposed in 2019 Physical design optimization result: Leak field<0.02% Mechanical design and prototype R&D
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&, Halfin-vacuum LSM R&D for HEPS SR

* Prototype progress:
e Y prototype was completed in 2021
* To verify the mechanical structure, machine
and welding processing, NEG coating.

7a prototype




Full size prototype:

e Startedin 2021

e All the mechanical component
processing was completed

* The biggest challenge is magnetic
shielding block machining because the
VP is hard and brittle. Although it can
be segmented processing by EDM, but
annealing deformation is hard to
control.

Lifting rings M10%4 Top yoke

Ceramic tube
Coil holder

Coil
Shielding end plate

@Adjustable block

Pumper port (CF100 X10) "\, o her i Adjustable support

Support plane CF25 flange Rectangleflange

Full size prototype®
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* Feature . magnet is located in the air; total septum thickness=3.5mm , Length=1.6m

* Because FeCoV ( 1J22 , Co50 ) is hard to machine, the magnetic shielding blocks must segmented

processing by EDM . And that, the embedded thin wall SST vacuum chamber for stored beam is needed.

Stored beam pipe
FeCoV (1J22)

“Injected beam pipe
SST (316L)




* The latest progress: the prototypes are being assembled

Fe (DT4) Stainless Steel(304)




Slotted-pipe Kicker system




DR inj./ext. Kicker design parameters

Quantity - 2
Type - Slotted-pipe kicker
Deflect direction - Vertical
Beam Energy GeV 1.1
Deflect angle mrad 10.7
Magnetic effective length m 1.4
Magnetic strength T 0.0281
Integral magnetic strength Tm 0.03934
Clearance region(HxV) mm 32.8%x26.6
Good field region(HxV) mm 19.8x16
Field uniformity in good field region - +1.5%
Repetition rate Hz 100
Amplitude repeatability - +0.5%
Pulse jitter ns <5
Bottom width of pulse(5%-5%) ns < 250

2



Outer body (316L)
Cooling water pipe

Busses (FOC

N\
S =

= \.insulation support (ceramic)

To vacuum pump




* The latest progress: the kicker prototype is pass the vacuum assembling test and
the magnetic field measurement have completed. The field distribute

HELR) 51 A x(-6,6)y(-8,8)- LA B SryZ bl a3 o it



, 250ns-fast kicker pulser design

D @

e Scheme: 20-stage inductive adder based on SiC-MOSFETs.

e The co-axial transformer is configured as bipolar output. G

U] S

e The pulser is located outside tunnel and 10 50 Q cables with
length more than 30m are applied to connect with kicker.

e Matching terminal resistor is 10Q).

20-stage inductive adder



" Pulser prototype for HEPS

* Latest Progress : Single stage and double stages full power test has been completed
( 1400V into 0.5Q ) . Mass production and test is on going.

ppppppp

Mass production and test




Strip-line kicker system




), Prototype I: 750mme-long Strip-line Kicker

I

* The strip-line kicker system R&D started from 2016 for HEPS-TF, including 2 kind of
prototypes:750mm-long and 300mm long.

Commercial
Feedthrough 5 «—

Beryllium Outer body

Beryllium
Coaxial Connector MCOPPGF bra

Holder for assembling

copper braid

Silver seal

to Vacuum pump




Feed through
End cover —

D shape blades

Cooling water tube
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Feature : 5 sets of 300mm strip-line kicker in a single module to save the straight section

space.

Coaxial bend transition part

Portfor pump and assemble

HV RF feedthrough
Cooling water feedthrough
Silver seal

/ 3

evsig

TDR impedance [Q]

80

70

60

50

40

[~ odd-mode simulation

even-mode simulation

= odd-mode No.1 kicker test
[~ odd-mode No.2 kicker test
[=——o0dd-mode No.5 kicker test
even-mode No. | kicker test
even-mode No.2 kicker test
[~ even-mode No.5 kicker test

feedthrough part

kicker part

feedthrough part

Voltage into 50 02 [kV]

~

positive output of pulser
negative output of pulser

—positive output with kicker
negaitive output with kicker

| e Pulse voltage: £20kV into

/ 300mm long kicker:
50Q

e Tr(10%-90%)=670.7ps
o Tf(90%-10%)=1.4ns

© e FWHM=1i9ns® ¢ e
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Ferrite core kicker magnet




BST EXT kicker design parameters

Quantity - 2 2
Type ] In-_air dela_ly-line In-air Iymped_parameter
dipole kicker dipole kicker
Deflect direction - Horizontal Horizontal
Beam Energy GeV 120 120
Deflect angle mrad 0.2 0.1
Magnetic effective length m 1.4 0.7
Magnetic strength T 0.06 0.06
Integral magnetic strength Tm 0.08 0.04
Clearance region(HxV) mm 55x55 55x55
Good field region(H x V) mm ? ?
Field uniformity in good field region - +1.5% ? +1.5% ?
Repetition rate Hz 1k 1k
Amplitude repeatability - +0.5% +0.5%
Pulse jitter ns <5 <5
Bottom width of pulse(5%-5%) ns Trapezoid : 440~2420 Half-sine: 1360
Tr/T1(5%-95%) ns <200 <680

40~2000ns| 1kHz

200ns 200ns

[\

1360ns,1kHz




Lumped parameter dipole kicker system

* For 1.3us half-sine kicker, a Lumped parameter dipole kicker is fit.

Features:
e Qut-vacuum kicker with metallic coating ceramic vacuum chamber

Eddy current 1 e

<1360ns,1kHz

Shielding plate

HV conductor

Ceramic vacuum Ferrit%core L
chamber B i
” I VR z — /=
B
v LR
T =27JLC




* For trapezoid kicker system, a delay-line dipole kicker is preferred,

. o o o B 40~2000ns 1kH
because it can helps to achieve ideal trapezoid waveform. While, i
its structure is complicated. 200ns 200ns
challenges
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b , Dual-C type delay-line dipole kicker R&D

Latest progress: We have finished a dual-C delay-line kicker prototype engineer design.

The R&D was initiated at the end of last year.

Capacitor plate@ Capacitorplate @

High potential BE m pEE | ‘/ Ground potential
\R) Ceramic Vacuum chamber
HV conductor

~ ground potential Lead

e e
(= )
(=0 -}
L -]

Ferrite core | High potential Lead

—_ Eddy current
Shieldingplate

Base n S » by 1 —= et
\“ Ceramic support




e Investigating the domestic ferrite core manufacturers

Date: 201608

Gt Ceramic Magnetics, Inc.
a Division of National Magnetics Group DN20OLEEVA

DMEGC
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* Ni-zn ferrite sample core test
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, Ferrite core for delay-line kicker prototype
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y,  Ceramic vacuum chamber R&D

ceramic vacuum chamber with special pattern metallic coating is key component for outside-
vacuum kicker magnet.

Latest progress: the prototype is in fabrication phase — ) -

ellipse

octagon

Race track v

———————

4

3.5 3 2.5

Wall thickness/mm

2

1.5

99

octagon Ceramic material: 99% AL,O
L=1.2m, thickness=

race track

ellipse

Integrated sintering

b, y



Magnetron sputtering coating prepare

* As for metallic coating, a set of magnetron sputtering coating
platform was set up.

“\"‘ -JJ ’ g it |
“ o "‘ .‘ -

n. 'w‘"‘ ;
1 ‘y‘ -

Horizontal coating system have been setup. It can support 700mm long pipe coating one-
time or 1400mm long pipe sectional coating.

In order to obtain uniform coating inner racing track shape vacuum chamber, a horizontal
movable cathode wire target solution is proposed

Graduated bellows is used to
adjust the horizontal position
of cathode wire (compression
at one end and tension at the
other end)

/f/vi'//,'-;;,-,_ ,
Cathode wire Moving track N 1,

,,,,,

Cathode pole




* And we have achieved TiN (Titanium nitride) film sampling on a shorter ceramic
vacuum chamber.

a0k cathode wire 'dischalrge curve
400
2350 -
300
250
0 5‘0 1(;0 1 éO 2(;0 2’:";0 300

| (mA)

cos s esuis —  the conducti@ity of TiN film is about
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L 54 '?ﬁg(-o.oom Q-cm)

) g B

L] L]
Energy [keV]

0711
” o | | WU [FI—EIE BT obs. ervor [X1 bs. evror (K] abs. ert
L 1 %] | (Lsigma) (2sigme)  (3sig

K-Serle 2251 4983 035

100.00 100.00




y FIlm pattern study

* The film pattern study by PCB is ongoing.
——~_ sl b
ferriten, —<_
W Mesh filmx
coil Metallic —
chamber film(spiral) Strip film
COMSOL 3D Model
* the film square resistance is set to 0.2 Q (equivalent to 86nm copper film or 1.1 um TiN film)
*  Material conductivity is set to 5000S / m, and the corresponding thickness is 1mm. Comb film
30k 30 | | I none
unifrom
i it
e 20| —— spiral
- = -
5 15 25| , Ladder film
3 = /
1.0 10 7
05| 5k
00 |- - ok = I f.l
v N B Spiral-THY
Time (ns)

* The coating pattern on PCB research by Vector network analyzer(VNA).




3 Summary

e The types of all inj./ext. components are determined. The hardware designs

towards TDR are being carried out. One team is in charge of both HEPS and
CEPC inj. & ext. system. A part of hardware R&D for 2 projects are overlapping.

e The Lambertson septa prototypes for HEPS are in assembling phase.

e The slotted-pipe kicker prototype has completed. The pulser full power
prototype is in mass production and assembling process.

e Strip-line kicker and fast pusler prototypes has completed for 3 years.

e R&D of delay-line kicker including ceramic chamber with TiN coating has started.



Thank you for attentions!!!




The type of CEPC injection and extraction
hardware including Lambertson septa , strip-
line kicker , slotted-pipe kicker, Lumped
parameter ferrite core kicker , and delay-line
fast kicker.

The hardware designs towards TDR are being
carried out. One team is in charge of both HEPS
and CEPC inj. & ext. system. Some hardware
R&D are overlapping.



Backup slides




The CEPC accelerator complex consists of a Linac, which including a

small damping ring for positron beams, several transport lines, a booster
ring and 2 storage rings, all of which are in a single tunnel.

ESBS
150|V|EV -‘4Ge\11 200MeV 1.1GeV 4GeV 10GeV
Off-axis injection Off-axis injection Outside of the ring
LU, L Inside of the ring
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Figure 2.1: Tunnel cross section in the arc region



Booster Ring

Booster operating mode ge v | ________z |

Beam energy (GeV) 10 120 10 80 10 45,5

_ Injection Extraction Inj./Ext. Injection Extraction Injection Extraction
(both) (off-axis) (on-axis) (off-axis) (off-axis) (off-axis) (off-axis)

242 (in half ring) 7 (in half ring) 1524 (uniform) 6000

680 23800 220 25

- - - - 80X 75

- - - - 2460

Bunch by bunch Bunch by bunch Bunch by bunch Train by train

100 1000 100 1000 100 1000

1360 440 50 <6900

- - - >1980

<680 <220 <25 <2460

<680 <23800 <220 <2460 <4400

2.42 0.242 0.007 15.24 1.5 60 0.075

0.11 0.2 0.1 0.11 0.2 0.11 0.2

0.004 0.08 0.04 0.004 0.05 0.004 0.03

55

Considering the compatibility of three operating modes:

N N~ I -
(both) (off-axis) (on-axis)

100 1000 1000

50 440~2420(Adjustable) 1360

- 0~1980(Adjustable) -

<25 <220 <680

60 15 0.007

0.11 0.2 0.1

0.004 0.08 0.04

55 55 55

{40“2000ns»_1k|'|2 [\
—>f j— N e

50ns,100Hz 200ns 200ns 1360ns,1kHz




Collider ring

Booster operating mode . Hg | ______w_ ! ________z |

Beam energy (GeV) 120 80 45.5
Injection Injection Extraction Injection Extraction Injection Extraction
(off-axis)  (on-axis) (dump) (off-axis) (dump) (off-axis) (dump)
Bunch number 242 (in halfring) -7 1524 (uniform) 12000
Min. bunch spacing (ns) 680 220 25
Bunch number per train X train number - - 80X 150
- - 245
Bunch by bunch Bunch by bunch Train by train
1000 1000 1000
1360 440 <2460
- . >1980
<680 <220 <245
<680 <23800 <680 <220 <4400
0.242 0.007 0.242 1.5 0.15
0.1 0.2 0.2 0.1 0.2 0.1 0.2
0.04 0.08 0.08 0.027 0.05 0.015 0.03
75X56

Considering the compatibility of three operating modes:

(on-axis) (off-axis) (dump)
1000 1000 1000
1360 440~2420(Adjustable) 440~2420(Adjustable)
- 0~1980(Adjustable) 0~1980(Adjustable)
<680 <220 <220
0.007 15 15
0.2 0.1 0.2
0.08 0.04 0.08
75X 56 75X 56 75X56

/ \ ( 40~2000ns |\ 1kHz t 40~2000ns |\ 1kHz

1360ns,1kHz 200ns 200ns 200nS 200ns




» DR and BST LE inj.

DR inj. & ext. BST LE inj.
Inj. heam Inj. beam
5.5mm 14mm

Septum=5.5mm

| Septum=3.5mm |

A A
Top view X (mm) Side view y (mm) Top view X1t (mm) Side view y t (mm)
Stored Stored Stored Stored
beam _, > beam > beam _, > beam >
-0 ” z [_septum Z _-e-~" Z septum Z

Injected -30.0 Injected ___- > Injected -22.0 Injected @ ----- >
beam beam -® beam beam -50.0

Injected beam X(mm) Y(mm) Z(mm) Injected beam X(mm) Y(mm) Z(mm)

LSM in -30.0 -23.75 -500.0 LSMin -22.0 -50 -800.0

LSM out 0 -20 0 LSM out 0 -50 0

Stored beam X(mm) Y(mm) Z(mm) Stored beam X(mm) Y(mm) Z(mm)

LSM in 0 0 -500.0 LSM in 0 0 -800.0

LSM out 0 0 0 LSM out 0 0 0




3, LSM physics design for DR

® Stored beam pipe(VP) inner

diameter= @22mm,

Thickness=2mm

[ 2mm

imm ® Injected beam pipe (SS):

41xX19mm T

3.5mm W=41mm, H=19mm,

Thickness=1mm

108
108

i i
] &
I Exit of LSM ® Septum
Thickness=2+1+0.5=3.5mm

® Magnet gap: 22mm

Stored beam chamber
(VP,FeCoV,1J22) ® Winding:

W=70mm,H=105mm,T=96
® Exciting current=166A
® Inductance=0.0228H

Contributed By Yuwen Wu 45



Surface contours: B
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31725 -340.85887
_ Component: BY, from buffer: Arc, Integral = 4.79296554990799E+06

-32.618728 -13.969049 -3.1099323 -0.0497476 -4.8
0 240 -24.0 -240 -240
-160.76137 196375782 200.0

-520

Horiz Fptal Leakage field . 1.

Xcoord 0.0
Ycoord -5.0
Zcoord -698.8

|

0.0 0.0 0.0 0.0 0.0
5.0 5.0 5.0 5.0 5.0
-519.04 -339.28 -159.52 20.24 2000

__ Component: BX, from buffer: Line, Inegral = 8.57366654133875




LLSM physics design for BST LE-Inj.

® Stored beam pipe(VP) inner

diameter= g55mm,

0.50
0.50

0

Thickness=4mm

10

60

4mm
0.5mm

1mm "® Injected beam pipe (SS):

110

140
140

5mm inner diameter=g29mm,

il .

Thickness=1mm

|
-
i

| ]

Exit of LSM

® Septum
Thickness=4+1+0.5=5.5mm
® Magnet gap: 32mm

Stored beam chamber () Winding;
(VP,FeCoV,1J22)
W=70mm,H=140mm, T=128
® Exciting current=188A
® Inductance=0.0682H

Injected beam chambe

Contributed By Yuwen Wu



Surface contours: B
- 2.214753E+004

H- 2.000000E +004

- 1.500000E +004

H- 1.000000E +004

- 5.000000E +003

L 2.946752E+001

-8.0

-10.0

Xcoord 0.0
Y coord -16.0
Z coord -1289.94

39.952 -579.9
__ Component: BY, from buffer: Line, Integral = 3442.03726476587

9000.0|
8000.0j
7000.0j
60009 Stored beam vacuum chamber:1J22
5000.0f R . . s
Ceénter magnetic field intensity : 9200Gauss
4000.0j : .
agnet effective length : 849mm
3000.0j
2000.0j
1000.0
0.0
X coord -16.64 -9.2475461 -4.0108756 -0.930299 -5 999E-03 -1.24
Y coord -44.0 440 -44.0 -44.0 -44.0 440
Z coord -1099 94 -820.01604 -540.04346 -260.03885 19.981174 300.0
___ Component: BY, from buffer: Arc, Integral = 7.81026858067896E+06
o ///\
o S S
-05
o Horizontal Leakage fi - 1.56E-04
15
20
25
3.0
00 ord 0.0 00 00 0.0 0.0 0.0
160 ord 160 -16.0 -16.0 -16.0 -16.0 -16.0
500.0 ord -1299 94 -939 952 964 219 976 140.012 500 0

-579
ponent: BX, from buffer: Line, Integral = -1219.24571910393




» Magnet physics design

e 2D simulation model e Good field region: 19.8x16mm
e Max. voltage of coil: Umax=10622V 4 Field uniformity: -0.9%~1.5%
e Max. exciting current: Imax=2400A

e Magnet coil inductance=387nH

80.0
Y [mm]
60.0

Field uninformity in good region
15
14
13
12
11
1
09
08
0.7
06
05
04
03
02
01
0
-0.1
02
-03
04
05
-06
0.7
08
-80 : ; “
;Qo_o -40.0 0.0 20.0 40.0 60.0 80.0 9 85 -8-75-7656-555454353252-15-1-050051 15225335445 5556657758859
X [mm] y(mm)

40.0

n.=-0.9%~1.5%

20.0

0.0

-20.0

(Bx-Bx0/Bx0*100%)

00 Good field region

19.8%{;6mm

-60.0 —

Contributed By Lihua Huo,Lei Wang 49




5 Kicker magnet physics design

68
+ w=s8mm | L=po > 1 = 4m X 107 X = X 1.4 = 1.8683uH
I="h = —2_ % 0.064 = 3.056kA
Uo 41TX10
Z =100

U=I-Z = 3000 x 10 = 30kV

L 1.87x107°
T — —

— = 187ns
Ferrite core R 10

Kicker magnet type Pulse discharge mode Magnetic field rise time
Tr (5%-95%) J\
Lumped parameter Shorted end 3t=561ns
T G

Lumped parameter Matching 3t/2=280.5ns 1360ns,1kHz
Delay-line Matchin 1=187ns — 40~2000ns| 1kHz

Y & ————

200ns 200ns



e Inductive adder + LC resonance discharge circuit (IGBT+SBD)

C1y 660 m; RIZ 01 |
8 Dbreak i [k .
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), Trapezoid wave pulser

e Adjustable pulse width trapezoid waveform pulser based on SiC MOSFET
* Energy storage component

. . 40~2000ns 1kHz
e Capacitor . Flat-top dropping compensate topology

: 200ns 200ns
* PFN : low impedance challenges

* Power stacking topology
* inductive adder: not fit for long pulse
* Marx generator: hard to control structure impedance

Solid-state switches

- |
PEN ‘D__J:_TTH
Or ic C.

Cap.

____________________________________________

v

N
Nl

%’PU

Output switch
AAA AN //W T /

Stage switch

k RLoad
Marx generator

Inductive adder



- Delay-line Nonlinear Kicker (NLK)

* Thinking about if the nonlinear kicker injection is possible for CEPC, after all this top-up
injection scheme should loose the requirement of DA.

360.0[ | ‘

42000
340.0 / \

- .’I Dipole field
3200 / \

‘ |
60.0 . . \‘
! |
Y fmm) \‘
40.0 2 |
20.0 !
0.0
-20.0
40.0 | ‘
-60.0 ¥ coord 00 00 0.0 0.0 00 0.0 0.0 0.0 0.0 00 0.0
Values of BY
00 1000 1200 1400 1600

300.0 / |
2800| | \
2600/ | \
2400||
2200/ \
1200 -100.0  -B0.0 20,0
X [mm]

leferentlal mode excmng

| =
500.0 E—— . .
I injected bunch Nonlinear field
300, Ol / |
200.0] }
1no.o| \
00 \.—\
1000 stored bunch
-200.0 \
-300.0 \ /
-400.0 "‘-\ ri/
5000 '\‘ 7_/"/{7
X coord -50.0 400 -300 -20.0 100 0.0 100 200 300 40.0 500
¥ coord 00 0.0 0.0 0.0 00 0.0 00 00 0.0 00 00

60.0
Y [mm]
40.0

20.0

0.0

-20.0

-40.0

-60.0

41200 -1000 -80.0 -600 400  -20.0 oo 200 400 600 800 1000 1200 1400  160.0 Values o BY

Common mode exciting

X [mm]




, NLK physical design optimization
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&y Delay-line NLK preliminary design

SRR

Capacitor plate @

Capacitor plate@ G d potential
High potential J rouna potentia
; | Ceramic Vacuum chamber
HV conductor
\\ ground potential Lead
. /-/. E
Ferrite core \ High potential Lead
] _ ~~_ Eddy current
ase Shielding plate
Ceramic support

L R Ty

R sisceiiiisin |




