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1. Introduction to a preliminary plan
of BAPS

(Beijing Advanced Photon Sources)



Schematic of Beljing Advanced Photon Source

1st Phase: Small emittance synchrotron light sourc e @&2012-2017 ? &
2nd Phase: XFEL based on a (6~8) GeV L-band SC Lina ¢ (2016-2021 ?)
3rd Phase: XFEL-ERL @& Post -2016, but its test facility (2012-2016 ?)
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Light sources comparisons

Facilities 3rd GLS ERL XFEL
e- energy & GeVa 3-8 5-7 14 ~ 20
Current (mA) 100 ~ 300 10~100 (3.4 ~5.0) kA
(peak)
Emitt. & nm & 2.1 ~3.9 0.015~0.15 0.05~0.02
Peak brilliance ~1019-22 ~1025-26 =] (et
Aver. brilliance ~1017-20 =il(0peeE =il(0peee
Pulse length 15~70 ps 1 ps ~100 fs ~100 fs
Coherency Partial Transv. Partial Transv. Coherent
(Coher. photons) (~1013-14) (~1017) (~1024)
Other features Energy Recovering;
Round beam with small
emittance.
Simultaneous users &0 ~ 30 Not many
Feasibility Feasible Under R&D Feasible
They can not be replaced each other ! 5




Where will be the BAPS ?

L
LB bl
b

North Suburb Beijing,
Huairou District,
~100 km from city center.
;" arudy ‘.’l%‘&‘%},@
9370\8 IS proposing the
f_:‘ “Beijing

;; Research Center”
e u%t%\o be built in

----\" North Suburb Beijing,

__._-..---:"'"
. and BAPS will be the
; .

central experimental
facility of this Center.



The purposes of BAPS is to establish the  “In House”
research platforms for CAS’s institutions, and around
BAPS there will be some research centers:




Why to be constructed in Beijing?

A great part of SR users in China are in Beljing

A 40 Institutions of CAS in Beijing;

M67/197=34% National Key Labs in Beijing;

Amore than 20 Universities in Beijing and Tianjin;

A 35% CNSF Founding is distributed in Beijing.
(Total CNSF founding in 2008 is ~900 MUSD).



Why 5 GeV is preferred?

1) Energy distribution of SR facilities in China is preferred;
(0.8~1.5) GeV in Hefei; 3.5 GeV in Shanghai; 5 GeV in Beijing.

For a country who plans to build only one synchrotr on, a medium energy ring
(~3 GeV) is a very good idea for its best cost effe  ctiveness. However, for a big
country like USA and China, who wants to build mult iple new-generation
synchrotrons, a good energy distribution would be | deal.

BAPS 5 GeV in Beljing

® 3 ARSF

TSR R X




An example: Energy Distribution of SRF’s in USA

6 SR facilities in 5 labs with different energy 6

APS 0 7 GeV
CESR: 5 GeV
SSRL: 3 GeV

ALS : 1.9 GeV

NSLS 02.5 GeV
0.8 GeV



Why 5 GeV is preferred? (Cont.)

2) From Jan. to June, 2009, we have had 7 users mee tings, many
users in China suggested to have a 5 GeV facility to meet the
growing needs in harder x-rays.

3) 5 GeV can be matched with the next phase of ERL.

Main Ring

E=5GeV &)
ERL recirculation arc 250MeV LINAC C=~1200m g
=Booster Booster 1lnm =

C~300my

Return transport

5GeV LINAC

test

XFEL(6~8GeV)
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5 GeV BAPS Parameters

(Preliminary! G.Xu, Q. Qin, S.Y.Chen)

Unit No.
Energy GeV )
Circumference m 1218.4
Current mA 200~300
~1.0/0.01 (k =1%)
Emittance & H/V& | nm
~0.5 / 0.005 with damping wiggler
Bunch length ps / mm 71.212.2
. 13.4 ( bending magnet )
zrf]\grton critical keV 83.1 (5T SC Wiggler)
9y 166 (10T SC Wiggler)
Photons
Peak Brilliance /simm?Zmrad? |~10%

/0.1%BW
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A Comparison of SR Facilities with small emittance

Spring-8 | APS | ESRF | SSRF | DIAMOND | NSLSII TPS BAPS

Energy
GeV) 8 7 6 3.5 3 3 3 5
No.

. 48 40 32 20 24 30 24 50
Periods
Anm A 6.9 7.6 6.8 11.8 6.5 2.09 4.9 1.11
& 2.22 2.26 3.24 451 1.92 0.983 1.92 0.587
660 3.11 3.36 2.10 2.62 3.39 2.13 2.55 1.89
fn'nr)cum' 1436 m | 1104 | 844.4 | 432 561.6 792 518.4 1218.4
Strait 44768 | oo | aprge | 168 | 180 | 1568 | 188 | 45 6M
section L 4 TSy ' Slamys | 6®0 | 1598 | g | 5 mwg
BC 0286 | 0243 | 0.239 | 0.296 0.246 0.301 0.382 0.296

For DBA lattice , &in.) = (7.7 ™0 nm-rad) & M3, with 2M dipole.
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High energy X-ray Brightness with SC wiggler
(with 14 periods and 5 T SC wiggler)
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bBrightness with Undulator U20  of NSLSII
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We had 7 Users Meetings hosted by CAS & IHEP
(from January to June, 2009)

AEnvironment sciences
AGeology sciences

AMaterial Sciences

A ife science

ABiological sciences
ASpecial engineering material
AOthers

Two preliminary documentations are ready:

ARreliminary user reports
ADesign consideration on the first 14 beam lines and

experimental stations

The preliminary cost estimation is ~ 360 MUSD
(including 10 photon beam lines)
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BAPS's 2nd phase: &6~ 83aGeV XFEL

LCLS | E-XFEL SCSS BXFEL

Energy (GeV) 14.35 20.0 6~8 6~8

c Nor. Emittance ( mm) 1.2 1.4 0.5 0.8~12

£ | Energy spread (rms, %) 0.008 | 0.0125 0.02 0.01

A | Peak current (kA) 3.4 5.0 4.0 4.0

M TBunch length (fs) 230 | 200 250 230
Repe. rate (Hz) 120 10 50 25
Gap / Period & mm & 5/30 | 10/38 | 3.5/15~4/18 | 3.5/15 ~ 4/18

D 1B field (T) 132 | 1.06 0.94 0.94 ~ 1.14
K value 3.71 3.8 1.32 1.32~1.9
Wave length (nm) 0.15 0.1 0.1 0.1

F | satua. gain length @ ma 86 145 35 52~ 84

E Peak power & GWa 9 24 8 2.6 ~6.3
Peak brilliance (10 32) 12 54 10 5~8




FEL-700 MeV Injector Parameters

Energy MeV 700
Peak current mA 10 ~ 100
Bunch charge nC 1.0
Bunch length fs ~ 100
Nor. Emittance @rms & mm-mrad ~ 1.0
Energy spread % 0.5

With BC1 (@200 MeV) & BC2 (@561 MeV), bunch length is compressed
from 2 ps to 0.1 ps, with CSR emittance growth ~ 15%. 18



BAPS’s 3rd phase: 5 GeV BX-ERL (Preliminary)

Parameters Units Design Goals
Beam energy GeV )
Beam current mA 10 ~ 100
Frequency GHz 1.3
Bunch charge pC 77
Injection energy MeV 10
Nor. Emittance &rms & mm-mrad 0.2~2
Energy spread @rms & % 0.02~0.3
Bunch length pS 1~2
Radiated power KW 400
Ave. X-ray brilliance /(S'mTojo .énvzla;d > 0. 1022

To reach these goals, a lot of machine physics and some key
component prototypes should be done and a test faci lity is needed.1®



A low emittance TBA Lattice is adopted for ERL Loop

The loop consists of 30 TBA cells:  each cell bends 12 ©, with length 15 m.

The optics’ requirements of the loop for low emittan ce ERL beams are:
Aladjustable time of flight terms;
Aow aberrations for emittance preservation.

R56, T566 are adjustable;
with corrected second-order dispersion T166 and T266 to transport

of low emittance ERL beam.
20



Parameters of ERLSs

Labs Energy & MeVa CEJr:z)n t Béilf)r;ggh am;t W{:}.\/F.Iiléng. Status
@auma

Jlab 160/100 9.1/100 0.15 7 1.6/1.1-6 Operation/upgrade
JAEA 17 10 12 22 Operation
BINP 12/40 20/150 70/100 30/15 Operation/Upgrade
Cornell 5~7 GeV 10~100 2 72/0.2 SR Plan
APS 7 GeV 10~100 2 0.1~0.3 Plan
KEK 5 GeV 100 0.1~1.0 0.1~1.0 Plan
IHEP / PKU 5 GeV /30 MeV | 10~100 2/4.6 0.2/3 Plan
Solell 1~2 GeV VUV~X Plan
PEPX-ERL ~4.8 GeV 10~100| 0.1~1.0 X-ray Plan
NHBFL 60 1 0.5~20 20 2~1100 Plan
Cornell (Test F.) 100 10~100 0.10 2 R&D
BNL (TestF.) 20 500 45 2.5/1.3 R&D
Daresbury (T. F.) 35 0.8 20 3~75 R&D
KAERI (Test F.) 10~22 12 2 35~70 R&D
KEK (Test F.) 60 10 1~2 1.0 VUV~X R&D




2. Studies on “One linac serves two
beams simultaneously for FEL and ERL”

Why do we try to study this possibility ?

ABoth FEL and ERL have their own advanced features,
and can not be replaced each other, we need both of
them.

AA (5 ~ 8) GeV SC linac is expensive (~ 400 MUSD),

It seems impossible to build two ones simultaneousl| Yy
In China in ~10 years.

22



To dealing with this issue, three questions
should be answered:

1) The effects of interactions between two
beams in the linac ?

2) How about the 3 beams with different energy
out in the same magnetic focusing channel ?

3) How about the Merger system with three
neams?

23



1) The effects of interaction between two beams?

With typical FEL beam (1nC/ bunch) and ERL beam (77 pC / bunch)
operation modes, the beam time structures may be as follows:

Beam types TESLA-FEL Cornell-ERL
Beam pulse repetition rate 5Hz CW

Bunch train length 1.07 ms

Bunches / train 11500

Bunch length 80 fs (rms) 2 psS

Bunch spacing 93 ns 0.77 ns
Bunch charge 1nC 77 pC
Normalized emittance 1.0x 10°m 1.0x 10°%m
Accelerating gradient 18 MV /m 18 MV /m

In the FEL bunch spacing of 93 ns,
there are ~121 ERL bunches.

24



Using TESLA-9 cell cavity’'s TM110-like & TE111-lik e
HOMSs, we have the long range wake function:

Frequency | Loss factor | R/Q Q
(GHz) (V/pCIm?) | (&&cm?) | (10%)
™ | slike
1.7949 21.70 0.77 1.0
1.8342 13.28 0.46 5.0
1.8509 11.26 0.39 25
1.8643 191.56 6.54 5.0
1.8731 255.71 8.69 7.0
1.8795 50.80 1.72 10
TE like
1.6506 19.98 0.76 7.0
1.6991 301.86 11.21 5.0
1.7252 423.41 1551 2.0
1.7545 59.86 2.16 2.0
1.7831 49.20 1.75 0.7

5

w= o
V

wake field distribution in 93 ns
25



The transverse kick onj ™ bunch due to the upstream
bunches is expressed as

1o o |
Yidi 2Ki€ & whi | 2Qn gin(weim)

gj =

where y ., g;and E, are the transverse offset,
charge and energy of i ™ bunch.
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The wake induced kicks to the beams are calculated as follows:

] 1 1 1 1 1 1 1 1 1

0 110°  210% 310° 410%° 510° 610° 710° 810° 910°

The kick to the ERL beam < 9 nrad, can be neglect ed.

10
110 T T T T T T T T T

5.0 M

qq(t) 0 1‘

-5.10

10 | | | | | | | | |

-1:10 — — — — — — — — —
0 110%8  210°  310® 410® 510% 610°® 710° 810° 910°
t

The kick to the FEL beam < 0.07 nrad, can be negle cted .
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2) How about the 3 beams with different energy buti n
the same magnetic focusing lattice ?

7 N

3 beams: Accelerating ERL Decelerating ERL Accelerating FEL

Using the Graded Gradient Focusing Lattice (D.Doug las):
Along the linac the focal length is constant, matched to the lowest
energy beam present at any given location . It means that the lattice is
matched to the accelerating beam in the 1st half of the linac; and

matched to the decelerating beam in the 2nd half of the linac.
And select the Beta function to control the highest energy beam
aperture at any given location

Our simulation results are as follows:
28



ERL (accelerating) ERL (decelerating) FEL (accelerating)

E

8

A

cal

@owth 0.4%/1.5% Beam radius 4 mm (dump)  @towth 8% / 30%
(slice-emit. no big changt%9



3) How about the Merger system with 3 beams?

Here is an example:

Three beams: 20 MeV ERL injection beam,;
5 GeV ERL returned beam;
700 MeV FEL injection beam.

30



AAccording to the energy difference, their bending a ngles ratio at
the bend B is 35: 1: 0.14, the bending angle in B for FEL bunch

(100 fs) is chosen to be 0.3 9 to preserve the beam emittance due to
CSR effect.

AThe 3 beam lines in Merger are Acromats providingth e de-
coupling between longitudinal and transverse motion S.

31



The lattice of the 3 beams in the Merger

FEL merger lattice

ERL return merger

ERL inject

or merger

32



The tracking simulations for the merger are perform

Tracking simulation results

ed to calculate the

emittance dilution, with ELEGANT, which includes th e 1D CSR and
space charge effects.
Energy | Bunch | Bunch Energy | Nor. Emitt.
Beams (MeV) |charge |length spread | Emitt. | Dilution
FEL beam 700 1nC 100 fs 0.5% 1 én 3%
ERL Return | 5000 77pC  |2ps 0.2% 1 é&n 0.2%
ERL injection | 20 77pC |2ps 0.2% 1 én 1%
FEL beam ERL return beam ERL injector bea m33




What is the cost of “One linac serves for FEL &
ERL simultaneously” ?

One of the costs is at losing some flexibilities bo th for
FEL and ERL beam’s variations ( charge, pulse lengt h, ...,
depending on the user requirements). In some cases we
may need to compromise the performance of either on e.

In above studies we set the FEL bunch chargeof 1 n  C.
It may be too higher and may cause a lot of collect Ive

effect problems. Based on the LCLS’s experienceon|  ow
charge-low emittance options, the FEL bunch charge

could be down to 250 pC and even less ! And it will be
better to operate the linac simultaneously with two low

charge beams : (77 pC for ERL and ~77 pC for FEL) .

34



3. Design Studies on the
FEL-ERL Test Facllity
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FEL-ERL Test Facility Layout

DC- and RF-photo cathode guns;

L-band SC Linac: 15~20 MV/m, 100 MeV, 10 mA
ERL loop: 3 TBA arcs, 2 strait sections  +

4 photon beam lines:

SASE-FEL, ERL-FEL, CSR-SR and ERL- SR.



What is the purpose of the test facility?
The expected achievements with the Test Facllity:

1& 100 MeV~10 mA L-band SC linac completed.

Many key techniques related to FEL & ERL can be mas tered @
DC / RF Gun, Merger system,

SC accelerating structures,

High precision beam diagnostics,

High precision timing and synchronization,

High precision phase and amplitude control,

bunch compression, and

emittance and energy spread control.

2a& The SASE- FEL obtained.

3@ “one linac two purposes” be experimentally tested.

4@ Energy recovering achieved.

5& High power THz experimental platform established.

37



What we have done for the Test Facility design ?

1) FEL-SASE Parameters & accelerator & undulator) =+
2) ERL Parameters & accelerator & undulator a-=+

3) DC & RF guns parameters +

4) Merger system design +

5) “ one linac two purposes” modeling;

6) Start-to-End simulations for FEL & ERL modes ;

7) Cost estimation.

38



Main parameters of the TEST Facility

Mode ERL / Linac-FEL
Energy (MeV) 100 / 110
Current (mA) 10 (ERL beam)
Energy spread 0.3 %

Nor. Emittance B mm mrad
Injector Energy (MeV) 5 /[ -15
Rep. rate 130 MHz / 13 Hz
Acc. gradient (MV/m) 15~ 20

Acc. phase (degree) 0 [ -15
Bunch charge (pC) /7pC [/ 1nC
No. cavities in Linac 4~5

RF power/cavity (kW) 16~20

39



DC- gun and injector

Cathode material GaAs

Bunch charge 77 pC

Gun voltage 350 ~ 500 KV
Energy spread 2% rms

Nor. emittance B8 mm-mrad
Peak current 20 A

Electron energy 5 MeV

Bunch frequency 130 MHz
Bunch length (rms) |2 ps

To cure the ion back-bombarding to the cathode:
1 a Super-vacuum & 101112 torr ) is needed;

Cornell type

2) Using gun bias to suppress the ion back-bombard

Ing.



Half cell parameters

Buncher

Operation mode 0

Cell length L 11.440 cm
Slope angle Hp 1 degree
Bore radius R | 2.975 cm
Cavity Diameter D 19.499 cm
a 0.719 cm

b 0.897 cm
A 4.958 cm
B 3.421 cm
Frequency 1300 MHz
Quality Factor 1.05 x 1010
R/Q 7.478 Ohm

41




Operation mode Pi
Celllength L 11.54 cm
Slope angle Hp 7 degree
Bore radius R . 4 cm
Cavity Diameter D 21.398 cm
a 1.629 cm
b 2.606 cm
A 4.03 cm

B 3.224 cm
Frequency 1300 MHz
Quality Factor 1.55 x 1010

SC 2-cell Booster

Half cell parameters

42



Parameters of laser system

wavelength

P66 NnMm

Rep. rate

1300/130 MHz

Pulse number/bunch

Pulse energy >18 nJ
Laser radius ( rms) mm
Up time of pulse .3 ps
Pulse length (rms) 2.0 ps
The form of longitudinal pulse uniform
The form of transverse pulse  uhiform

Solenoid

43



DC- gun and
Injector

Beam Energy

At exit
E=5MeV

Bunch length

At exit
~0.5 mm = 1.67 ps
by bunching

44



Bunch slice emittance
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RF Photo-Cathode Gun and Injector

Cathode Cs,Te
Cathode radius 0.75 mm
QE >1% at 270 nm

Bunch charge / length

1nC/2ps (or 7250 pC)

Peak electric field

60 MV/m

Energy (Gun / Injector)

5 MeV /20 MeV

Energy spread <1% rms

Nor. Emittance < 2 mm-mrad

RF frequency 1300 MHz

Rep. rate 13 Hz

Cell number 1.5

Cavity length 25 cm "




1 and %2 cell RF gun E-field distribution

/

1cand 1/2 cavity coupler

E-field
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The laser parameters

Wave length 270 nm
Laser radius 0.75 mm
Rep. rate 13 Hz
Pulse energy 0.46 &
Pulse length 2 ps
Rise time 0.3 ps
Form of longitudinal pulse uniform
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Parameters of 9-cell cavity

Half cell parameters

Working mode Pl
Celllength L 11.54 cm
Slope angle Hp 7 degree
Bore radius R 4 cm

Cavity diameter D 10.699*2 cm

alb

1.629 cm / 2.606 cm

A/B 4.03cm/ 3.224 cm
Frequency 1300 MHz

Quiality factor 1.55 THL0

R/Q 920 Ohm

49




RF Photo-Cathode Gun and Injector

Beam simulation
with ASTRA-code,
Including space
charge effects.

Emittance along the
injector, at exit less
than 2 mm-mrad.

Beam envelope along
the injector.
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Merger ( consists of 3 e- beam lines)

B Bending angles :20 degree, 5 degree, 1 degree

20 MeV FEL beam: B1,B2,B3,B

100 MeV return beam: B4, B5, B6, B — Chicane
5 MeV DC beam: B7, B —with 3 quads in between

All beam lines are designed to be Achromat.
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For example:

20 MeV FEL Beam optics in the Merger
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ERL LOOp — 3 TBA arcs, 2 strait sections, 3 photon lines

low emittance TBA lattice

TBA-3 TBA-2 TBA-1 400 - 800 -400°

400 — 8009 —400 100-200-100° Tuning R56 for bunch

CSR from the middle =~ compression (2 ps to 0.5 ps
band before getting into the WG2 )
53



Preliminary S2E simulation of ERL
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Energy spread Long. Space Bunch length
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Energy spread Long. Space Bunch length
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Through the 1 st TBA, the
nor. emittance 3.3 én
rms bunch length 0.5ps

Energy spread Long. Space Bunch length 57



Energy spread Long. Space Bunch length
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efore returning
in to the linac

Energy spread Long. Space Bunch length

59



IBefore entering dump,
Emittance 5.2 én

Energy spread Long. Space Bunch length 60



ERL- low gain FEL

Electron beam

Energy 100 MeV /

Bunch charge 77 pC

Bunch length 0.5 ps (rms) Optical cavity

Nor.emittance 3.3 mm mrad Length 4.615m

Energy spread <0.3% Rayleigh length 05-12m

Peak current 60 A Mirror Dia. 100 - 180 mm
Wiggler Photon beam

Period 6 cm Wave length 7 - 30 én

Gap 1-2 cm Peak power ~10 MW

Length 24 m Bunch length | 0.5 ps (rms)

Focusing Natural Rep. rate 130 MHz




CSR THz beam from Bend

/

Electron beam

ey 100 MeV Photon beam

Bunch charge 77 pC Wave length | 10000 - 80 én
Bunch length (0.3-0.5) ps Total power |~ 100 kW

Nor. Emittance | 3.3 mm mrad Pulse length | (0.3 - 0.5) ps (rms)
Energy spread | <0.-5% Rep.rate 130 MHz

Bend field 0.35T
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Wiggler SR beam

Electron beam

Energy / 100MeV/
E. spread <0.5%
Bunch charge 77pC
Bunch length (0.3-0.5)ps

Nor. emittance

3.3 mm mrad

Photon beam

Wave length 30 én

Peak brilliance ~ 1017

Bunch length (0.3-0.5) ps

Wiggler
Period / Gap 6 cm/1cm
Peak field /K |1.5T /8.6

Rep.rate 130 MHz
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Preliminary S2E simulation of Linac-FEL beam
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Energy spread Long. Space Bunch length
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Energy spread Long. Space Bunch length
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Energy spread Long. Space Bunch length 67



Energy spread Long. Space Bunch length

/

Electron Beam

Energy 110 MeV
Bunch charge 1 nC
Bunch length 2.0 ps
Nor. emittance 2.5um
Energy spread <1%
Beta function 3m
Peak current 200 A

68




Slice emittance & Energy spread at the Undulator

Slice Emittance Slice Energy Spread
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Linac- SASE- FEL Parameters

Electron Beam

Wiggler
Period 15 cm
FEL parameters 8.6 x 103
Gap 9.5-7.7cm
Length 18 m
Focusing Natural

Energy 110 MeV
Bunch charge 1 nC
Bunch length 2.0 ps
Nor. emittance |2.5 um
Energy spread |<1 %
Beta function 3m
Peak current 200 A

Photon Beam

Wave length 24 - 70 én

Peak power 80 MW

Pulse length 2.0 ps

Rep. rate 13 Hz




ERL-FEL Test Facility Dimensions:

Energy = 100 MeV / 110 MeV;,

E, . (100 MeV) / E,; (5 MeV) = 20,

Can confirm the energy recovering efficiency.
Current = 10 mA (CW) .

Linac length = 100 MeV/(20 MeV/m) / 44% ~ 12 m
Facility total length ~ 50 m

inj

Loop ~60 m, Total area » 50 m x 20 m = 1000 m 2
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2"d option: 65 MeV linac, with 2 photon lines

Motivation: to simplify the facility but keep its essential fun ctions;

to compress its dimensions so that can be installed In the available
experimental hall.

Energy = 65 MeV (ERL) / 77 MeV (FEL); Current =10 mA (CW).
Linac length = 65 MeV/(16 MeV/m) / 44% ~ 8.5 m

Total length (Linac + undulator + experiment hall ) ~ 40 m
Ring circumference ~ 50 m,

Total square » 40 mx 13 m=520m?
Total estimated budget » 23 MUSD

12



16m

1Im

5m

6m

A layout of the FEL-ERLTest Facility Hall
( In the original 35 MeV proton linac hall — Hall 1# )

16m N 31m |

10m

18m

6m

47m

73




Further Plan of the Test Facility

AFurther check the design parameters;
AStart CDR, including each component,  Complete by full 2009.
ARPhase-by-Phase to build and to commissioning (budge 0):

1) phase: without RF gun, just using DC gun to serve both ERL
and FEL, and to commissioning these two beams separ  ately.

2) phase: with RF gun, to commissioning the FEL beam first,
then to commissioning the two beams in the Simultaneous Mode.
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International collaborations on FEL-ERL are expecte d!

Bunch compression / Laser Heater

Bright electron beam

RF and beam feedback

Beam physics issues for FEL

FEL and ERL key issues Labs
RF gun and Injector
low charge / low emittance options
LCLS /SLAC

SCSS / Spring-8

DC gun and injector

CW SC cavity/ Cryomodule for ERL

HOM absorbers

High precision undulator

Beam physics issues for ERL

ERL / Cornell

JLab/

KEK

A workshop on FEL-ERL may be held at IHEP in 2010 ?
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4. Summary

1) A preliminary plan on the Beijing Advanced Photon S ource
(BAPS) is proposed at IHEP. The BAPS is planedto b e the
central experimental facility for the planed Beijin g Science and
Technology Center hosted by the CAS.

2) The BAPS will consist of three phases:
The 1st phase is a ~5 GeV synchrotron, emittance ~1  nm-rad,;
The 2nd phase will be a XFEL, based on a 6~8 GeV SC linac;
The 3rd phase will be a5 GeV FEL-ERL.

3) For the 2nd and 3rd phases, a FEL-ERL test facility  is being
considered, which consists of a (65 ~100) MeV L-band  SC Linac
and (2 ~3) -TBA arcs.

4) The preliminary design both for the 5 GeV synchrotro n and
FEL-ERL test facility are under the way.
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Thanks

AN hank you very much for your attention Y

AN hank Maury and David again for the very helpful
advising on the BEPC upgrade and BEPCII Project !

AThank Georg’s invitation and nice arrangement for o
visit to Cornell ! Thank Peggy’s help to our visit

AYour comments on this preliminary plan are very muc
welcome !

ur

h
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SC cavity consideration 0

A@K- or 9-cell / cavity, (0.8~1) m long ;

A cavities / Cryomodule; Com7e'(':(;|3'-ab'
AX15 ~ 20) MV/m only , not ILC cavity !!
Cornell: 16.2 MV/m (cost & field emission)
For light source : big bore & miner cells/ cavity .
TESLA — 9-cell

-mme.-mo»cmeoooooe:-eooo»m.

AN SN A
Amplifier
S S S S
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Linac RF power both for ERL and FEL beam

Using same CW power supply:

For ERL beam:

100 MeV x 10 mA =1 MW, if energy recovering efficie ncy = 99.5%,
it needs 5 kW totally , and each cavity needs its R  F power of 72 kW ;

For FEL beam:

(5~10) Hz, pulse duration ~1 ms (0.5%~1% duty), 1x 10% bunches in the
train, 100 pC / bunch, 1 mA (for the low current-lo  w emittance and
high rep. rate option). For 100 MeV, it needs 100 kW totally, no energy
recover from FEL beam, each cavity needs its pulse RF power of ~ 20
kW:;

For both ERL and FEL beams:
Each cavity needs to be supplied by a ~ 25 kW CW pow  er supply .
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Using two sets of RF power supply:
a) CW low power 7(5 kW / cavity) for ERL beam;
b) Pulsed high power (~ 20 kW / cavity) for FEL bea m.
They feed the power into the cavity simultaneously via

their own coupler, which are located on the opposit e
directions on the cavity.
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RF Power Sources

Inductive Output Tubes (I0TSs)
» High efficiency (~65 %) (Klystron ~50%)
» High linearity and smaller pushing factors

* No saturation. Can operate up to their
maximum output power

» Less expensive than klystrons

BUT

It has lower gain ( 25dB) than klystron ( #85dB),
needs higher power drive amplifier.

For example:
CPI 1.3 GHz IOT Prototype TH-713 ~ 26 kKW
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Beam Instrumentations ( Preliminary )

jom o=
Gun Ring Dump Total

BPM 6 10 1 17
DCCT 1 1 2
FCT 2 2
YAG / OTR 3 3 1 7
Wire 1 1 3
Scraper 3 3
Sync. light - 2 2
Emittance 3
PMT BLM 2 8 - 10




Parameters of 4 p

noton beam lines

Linac-

SASE ERL-FEL | ERL-CSR | ERL-SR
Electron energy
5 MeV R 110 100 100 100
ID Wiggler-1 | Wiggler-2 B.M. Wiggler-3
Wave-length ( én) 24 ~ 70 7~ 30 80~1x10° 30
Peak MW 80 10 L0
eak power (MW) - - Brilliance

@ *a&@ unit [/{sec.mrad 2.mm?20.1%BW}]
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