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* Goal && principles

* Main parameters



Introduction Basic information

»Luminosity is the core and key parameter of the collider

» Integral Luminosity is the fundamental value of the collider
* T.is the scheduled operation time

Ly ={, L(®dt=(L)T, )

» As the first injector part, high availability
of the Linac is very important

* Beam commission, operation

* 77 is the availability
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Introduction Linac design goal

»Linac design goal and principles
* High Availability and Reliability

e ~15% backups for Klystrons and accelerating structure, need to study in the future (TDR)
e Simplicity

* Layout /s-band accelerating structure (2860MHz)/Thermionic electron gun

* Always providing beams that can meet requirements of Booster

Parameter Symbol m
10

e” /e* beam energy E./E., GeV
Repetition rate Jrep Hz 100
Ne-/Ne+ >9.4x10°

Cost

Total life-cycle costs

Min. Costs

Design, purchase and
maintenance costs

e /e* bunch population

nC >1.5
Energy spread (e /e*) o8 <2 X103
Emittance (e /e*) & nm <120 e
e” beam energy on Target GeV 4 — —
e bunch charge on Target nC 10 Opt'AvallabwA, Apo||§:ig'ys figure
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Introduction Potential

»The linac should be have potential to meet the higher requirements
and updates in the future, which is very likely for mostly accelerators

* Emittance:

v'Damping Ring for positron beam
O Higher transmission of linac
O Larger errors tolerance
O Higher injection efficiency, easier injection design, smaller damping time in some case

* Bunch charge: larger than 3 nC |___Parameter | Symbol |Unit| Value | potential_
v’ Positron production and layout e /e'beamenergy  NIVISWECLU &0 Gkl

Repetition rate Jrep Hz 100 -
4 GeV electron beam Ne-/Ne+ 594x10°  >1.9X 1010

e /e* bunchpopulation

* Bunch structure nC 15 = >3
Energy spread (e /e*) O¢ <2X103 -
‘/One_bunCh_per_pUIse Emittance (e /e*) &, nm <120 == <40
O short-range Wakefield e- beam energy on Target GeV 4 ;
e bunch chargeon ne 10

Target
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Layout scheme

Source design: electron/positron source
Main linac design

Error study

Damping Ring



Positron Linac

Positron Linac
ESBS

150MeV 4GeV

SAS TAS

» SAS (the Second Accelerating Section)
* Positron beam to 4 GeV && 3 nC

FAS

t

200MeV 1.1GeV 4GeV 10GeV

» ESBS ( Electron Source and Bunching System)
* 50 MeV && 11nC for positron production

> FAS (the First Accelerating Section) » DR (Damping Ring)
* Electron beam to 4 GeV && 10nC for positron * Positron beam 1.1GeV, 60m
pmducn?n : » TAS (the Third Accelerating Section)
» PSPAS (Positron Source and Pre-Accelerating .
: e Positron beam to 10 GeV && 3 nC
Section)
* Positron beam larger than 200 MeV && larger
than 3 nC
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Electron linac

Electron Linac EBTL
ESBS FAS Pq

150MeV 4GeV1 4GeV 10G th

» ESBS ( Electron Source and Bunching System) > EBTL (Electron Bypass Transport Line)

* 50MeV &&3nC e Electron beam @ 4 GeV && 3 nC
» FAS (the First Accelerating Section) > TAS (the Third Accelerating Section)
e Electron beam to 4 GeV && 3 nC e Electron beam to 10 GeV && 3 nC
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150MeV

o | 7 00
o etestron Iys, 1 Acel. Stryl 21 (3) Klys. 84 Accel. Stru.
1 nC for positron .
ESBS FAS
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200MeV 1.1GeV

. EBTL

mmmmmmmmmmmm

3 Klys. 6 Accel. Stru.

PSPAS

NM 44444

Electron By-pass Transport Line

éﬁéﬁéﬁéﬁﬁéﬁéﬁé
= ahimana DA

21 MV/m

19(3) Klys. 76 Accel. Stru.

SAS

4 GeV

mil I!‘IHHHMHIHHH‘HHIHHH bl |

HEHHE
h i

29 (4) Klys. 116 Accel. Stru.

TAS

10GeV
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Source design Electron source

» Thermionic electron gun e O bae anning syt o 10r1ns o ceceon s PATIEN

'”“lll\m (TR

%Wwww Hff”':::::.':::::(::J:ii:,:i':::l::{‘ll[

Iy
L ||||H” I
©00.0
T

T H UHH!HHHHH HH\H’HW
‘][mw
|

»Sub-harmonic pre-buncher
e 143 MHz (20th)
* 572 MHz (5th) -
>Buncher & A St — T
""'\' ln "“"'HHHH ‘HMTF

e 2860 MHz _Li)ici ....... | e s m”'!“
» Focusing structure | | . -

L

|H1
(I

L]

T
f

* Solenoid G e — . — 18MV/m_- %
~3.3 nC for electron =56
> E m Itta nce ~ 11 nC for positron | 22 1 i )
Bunch length (ps)
e <100 mm-mrad (Norm.Rms) m Tk .

» Transmission T MAAN
® ~90% o 0 100 200 360 460 560 600

Z (cm)
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Source desian Positron source

» Layout of positron source

e Target (Conventional)

................ e — . 200 My
v tungsten@15 mm 4 GeV [rarge I<:I\I»
v Beam size: 0.5 mm Electron conson

lux Concentr ¢ Capture accelerating structure 22 MV/m I y .
AMD Solenoi Chicane

* Energy deposition T T e —— = —
v'0.784 GeV/e- @ FLUKA :
v 784 W - water cooling

v The cylindrical W target is
embedded in a cuboid copper block
for supporting and cooling

 AMD (Adiabatic Matching Device)
v’ Length: 100mm
v Aperture: 8mm=>26mm
v’ Magnetic field: (5.5T=>0T) + 0.5T

o o ~ =3

Ne+/Ne— @ target exit

Target

10 15 20 B . B . o
Target length (mm) Position (cn)
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Source desian Positron source

» Layout of positron source
* Capture & Pre-accelerating structure

Modulator
RE window Klystron 80MW

\/ I_e n gt h . 2 m Far;;et_ '''''' : ' * 200 MeV Energy doubler —E
‘/ 4 GeY Power divider
Aperture: 25 mm g— )
‘/ . k”x concentr e Capture accelerating structure 22 MV/m ' ey load
Gradient: 22 MV/m e solerid | chcane
. Accelerating structures
* Chicane e
v Wasted electron separation .
. i — Gradient=10 MV/m 4 -
* Norm. RMS. Emittance - _ 52
o == Gradient=16 MV/m 001 § % 0
v/ ~2400 mm-mrad=>~120nm@10GeV & _ _ o
. Zq, 0.6 ol y ’ y, 0.10 0 10 20 - ) -10 0 10
v Ca ptu re section & low energy pa rt Of o &/ Acceleration mode Phase X(mm) X(mm)
. . Z 04+ \ \ ¢ - 005 Y-Yp Phase-E
positron linac 250
0.2F 1 o0 Ezso
* Energy: >200 MeV " & 20
230
. . -%00 -150  -100 -50 0 50 100 150 200 ° 500 20 200 280 ) -10 0 10 -10 0 10
[ ] PO S I t ro n yl e I d Input phase (degree) Energy (MeV) Y(mm) Phase (deg)

v Ne+/Ne->0.55 @ [-8° ,12° ,235MeV, 265MeV]
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Linac design Electron linac=>

Yp (mrad)

XY

»High charge mode
10 nC @ 4 GeV
Energy spread (rms): 0.5%
Emittance growth with errors

Meet requirements for
positron production

X-Xp

——Energy spread (%)‘

€
X,rms

€
y,rms

Xp (mrad)

300

E (MeV)

Energy (GeV)
¢ .
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Linac design Electron linac=>

» Low charge mode
* EBTL

v’ Local achromatic
v’ Matching
v’ Collimator (momentum tail)

e Bypass distanceis 2 m

100 -

80

©
o

o
~

©
[\

G [m]

o
(V)

o
~

-0.6

400
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Linac design Electron linac=>

' ' 10.16 |
——Energy spread (%)‘ €rms
1.5 ] — €, ms 1014}
= >
g 1 E, ) g1o.12
v g 10 5 10.1}
w- 2
05 ] W 10.08
»Low charge mode OL . =R | A i . —
0 500 1000 0 500 1000 -5 0 S

e 3nC@ 10 GeV s [m]
* Energy spread (rms): 0.15% =
* Emittance (rms): 5 nm |

Energy (GeV)
Beam size (mm)

0 100 200 300 400 500 600 700 800 900 1000
Z(m) Z(m)
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L Inac desian Positron linac

» Transverse focusing structureos
* FODO, nesting on Acc. Stru. 0
* Triplet

» Positron linac
* 3nC&& 10 GeV
e Energy spread (rms): 0.16%

* Emittance with DR (rms):
30/10nm

* Emittance without DR (rms):
~120/120nm

» PSPAS—>SAS (DR) +TAS 25 _—
* SAS: 200 MeV->4 GeV z I | I |
* Damping Ring @ 1.1 GeV <15 310_05. 1
* TAS: 4GeV—->10 GeV < 4] \ 39:%;?%\\/ -

2 : : 9.85 ;
200 400 600 -10 -5 0 5 10

RN
N

RN
o

Energy (GeV)

o N » » oo
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|_1nac design

> linac

Uncorrected Corrected

-

e One-to-one correction scheme ;
* Errors: Gaussian distribution, 3o truncated e o T S
S (m) S (m)

Uncorrected Corrected

0 260 460 660 660 1060 260 460 600 800 1000
S (m) S (m)
Error description m Value
Uncorrected Corrected
20
Translational error

Rotation error mrad 0.2

a

> Beam orbit

e <Imm

o
o

Beam center Y (mm)
S
(4} o

Beam center Y (mm)

4
o

Beam center X (mm)

-20

Beam center X (mm)

S o
Xm0 @ =
) ¥

Magnetic element field error % 0.1 D T s
BPM uncertainty mm 0.1 = | ;w ne
% % 0 ke
E. E.os
0 200 s (;)00 600 0 200 s (r:)OO 600
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Error stud

Misalignment errors with

> Electron linac

First orbit correction + multi-particles
simulation

Low charge
v’ Beam orbit can be controlled well

Beam Orbit X (mm)
o -

1
=N

I[II

1

—

"I“'l""“'l“"'"'"""'l'""""m'“‘I|"|||lm"“!“”""

Beam orbit Y (mm)
o

1
—

* High charge % 50 300 %0 w100 150 20 20 300
v’ Misalignments of Acc. Tubes o
v'BPM noisy a0 o0
v Wakefield Tga,oo , %400 1
* In operation, the orbit and emittance = il ,i", S - A R | '
growth can be controlled better. : i ""' : 'Hi
Correction is based on multi-particles §™ |||| I“m HHl r | “hm”h”
orbit g0 .mi..muliiiiiiiihm"m”’ " 100 ..mu|u||u|||iIIIi|||||u||‘u||||||" "“l
* Meet the requirements for positron X - - ol P o
production S (m 5™
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L Inac desian Field errors

e Simulation condition * Energy spread < 0.2%
* 5000 seeds

* Accelerating structure

* Energy jitter: 0.2%
* Phase errors: 0.5 degree (rms)

* phase errors and amp errors e Grad. errors: 0.5% (rms)

* 4in 1KLY, 4 accelerating tubes in one group

* 3o0--Gaussian 15 25
—,,=0.1deg &8 V_ =0.1%
Modulator —¢_ =0.3deg&&V_=0.3%
20 L err err _
6,,~05deg 8&V_ =0.5%
RF window Klystren 107 q —, =1deg &&V_ =1%
> > 15+ =
S 3
1] © © ﬂ\
Energy doubler T g .g 10t
Power divider o 5 o r
Fa iy |
[ load load [ load load ll,_
sl M S Nk o A LA LL 0 A
. -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.1 0.15 0.2 0.25 0.3
Accelerating structures Energe jitter (%) o, (%)
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|_1nac design Damping Ring--

DR V2.0 Unit Value @ D. Wang
Energy GeV 1.1 ol

o %?fdglﬁf‘%;?frifisg%?ﬁger 2018 04/09/18 15.26.53 H L
Circumference m 75.4 T O EE  ee < o Emittance not critical
Storage time ms 20 = "7 % « two bunchin DR (251ns)
Bending radius M 3.565 oAt T - 1.0 e 20ms
Dipole strength B, T 1.03 ] Zi  IBS
Y keV 36.3 W 0 * Emittance growth
Damping time x/y/z ms 15.2/15.2/7.6 o ML) . iy oo * CSR (Coherent
6 % O 05 0.0 10. 20. 30. 40. 50. 60. 70. 80. . .

0 ' s om synchrotron radiation)
€ mm.mrad 376.7 s

Yoy T * CSR Instability
Nt - 15 R orections
. - dpip=0 compression system (ECS)

€inj mm.mrad 2500 dpip=0.5% before DR
g mm.mrad 530/180 Ip=1.0% :

ext x/y psim * bunch compression
6inj /Bext % 0.2/0.05 t BCS) after DT
Energy acceptance by RF % 1.0 Pystem ( ) arter
fre MHz 650 l n
Ve MV 2.0 " |
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* Lattice optimization

» Actual element dimensions

» Positron source: target thermal stress and mechanical analysis
» Error study

» Damp Ring

 RAMI analysis



|_attice optimization

* Installation space
» The lattice of CDR Linac design have included accelerating structures, quadrupoles, dipoles (EBTL+AMs),
correctors, BPMs, ICTs, PRs; have provide the first version survey data.
» The install space have been considered, but need to check with the “actual” element;
» Parameters of magnets maybe have some modification, especially the aperture of quadrupoles at the
low energy part of positron linac;

» Solenoids and waveguide installation space of positron source part
» Maybe more PRs ...

* Positron source

» Target and supporting thermal stress and mechanical analysis
* Damping Ring

» |IBS && CSR consideration

» ECS && BCS design

* Error study

> Start-to-end simulation
» Including more errors
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WIEREWAER

»RAMI (Reliability, Availability, Maintainability, Inspectability)
* Higher availability means higher Integral Luminosity, e.g. LHC-2016 running
* At the design beginning, should consider these issues, such as SNS, ILC, ESS, IFMIF,

HL_LHC (LHC)...
»CEPC Linac have some consideration on the availability in the CDR

» Detailed simulation and analysis in the TDR '—%fgﬁ_f:rz'e
I
* Based on AvailSim2.0, we are developing the RAAS-1.0 o .
Availability A. Apollonio

A1

Failure Rate:  A()=7(1)/R(f) = % i |

CM

-
- -

Scheduled MDT

< non-scheduled
MDT

Constant Failure Rate
Region

[
)
I
|
1
)

RFQ IS&LEBT

Failure Rate

\
‘
Reliabh@ty
\\

Early Life :
Region |

-~
------

Proton Linac Front-End example
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 The CEPC Linac design of CDR have finished and can
meet the requirements of Booster including Linac
scheme design, beam dynamics and error study;

* The Linac have the potential to meet higher
requirements and updates in the future;

 Some TDR issues and plans are presented including
lattice optimization and availability analysis.



