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Place: KEK
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Ingolf Lindau (Chair)  Stanford Univ.

Thomas Tschentscher Euro XFEL

Kwang-Je Kim APS

Zhao, Zhentang SSRF

Jun-ichiro Mizuki Kwansel Gakuin Univ.
Masahiro Kato UVSOR

Alfred Baron Riken



3GeV-ERL Advisory committee

Monday, July 2, 2012

08:50-09:00
09:00-09:25
09:25-10:25
10:25-10:40
10:40-11:30

11:30-12:20
12:20-13:30
13:30-16:30

16:30-17:30
17:30-18:00

18:00-19:00
19:30-

Welcome (Y. Okada)
Charge to the review committee (H. Kawata)
ERL Project Overview (H. Kawata) 50min+10min
Coffee break (15 min)
Development of the ERL accelerator technology Overview
(Y. Kobayashi) 40min+10min
ERL science case overview (S. Adachi) 40min + 10min
Lunch
Accelerator developments
Design concept of 3GeV-ERL
Electron gun
Super-conducting cavities
RF Sources and control
Beam dynamics issues
Future light source (XFEL-O)
Coffee break and Site visit of cERL(60 min)
Summary of what we should do towards the 3GeV-ERL
construction
Discussion <Closed Session>
Dinner



Thursday, February 16, 2012

09:00-09:30 Discussion with project managers

09:30-10:30 Discussion <Closed Session>

10:30-11:30 Time for writing a preliminary report <Closed Session>
11:30-12:00 Summary presentation

12:00-13:30 Lunch
13:30-14:00 Discussion with director general of KEK
(Ingolf Lindou, Jun-ichiro Mizuki)

http://pfwww.kek.jp/ERLoffice/ERL 1AC/
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Question 1 — Are the scope and strategies of the 3GeV-ERL project including
the further upgrade of XFEL-O satisfactory as the future light source in KEK?
3GeV-ERL+XFEL-OD A& HhE - RIS SR, idDhigh-gain FEL&E
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Question 2 — The Science Case for the 3GeV-ERL project.

A. Is the scope of the science case of the 3GeV-ERL reasonable and
also satisfactory?

B. Is the effort to brush up the science case enough?

C. Further recommendation for this item
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TWAYAIURIZEALT. HILWH A IO RAMNERLTEAHSINBZEFHEEL
2o ZLTEBEEZ VA IR —RADEBEDT=-ODT—0 3y TEFELTLK
LT ENDSH, FI-EEHGOFEMTHImIEEE EZ D H AT XIZEAL THESH TIT
_ETEFD D,



Question 3 — Development for accelerator technologies

A. Is the technical development for the accelerator components for the
cERL sufficient?

B. Is there anything to check the technical problem in cERL before
construction of the 3GeV-ERL?
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Question 4 — Construction of 3GeV-ERL

A. Is the construction of the 3GeV.ERL feasible under the R&D
planning of accelerator development?
B Further recommendations for this item.
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Construction schedule of the Compact ERL -

2007 | 2008 | 2009 |2010 2011 2012 2013 m

Gun & Drive
Laser

Superconducting
Cavities
Injector linac
Main linac

RF Sources

Liquid-He

Refrigerator E

Recirculation loop
Lattice design

Ve I
Vacuum .
I

Beam instrum/Control _ .

Building/Infrastructu
rel ]
Radiation -

Shield/Safety etc.

Beam
Beam from Gun Eecirculation start



3GeV-ERL construction schedule plan

Fiscal 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024

. Pre- . Commissionin
vear Design : Construction ol
construction Operation
Injector -
: R&D (10mA)  ReD (10ma) [IEHOCUGCHORMMMMASIR!IA N " Commissioning/Operation
Gun/Laser Continuous R&D for 100mA and also photo-cathode materials
. Installation
linac down of
cryomodule
Recirculat : Installation
Loop
Building , :
structure
Undulator, R&D, Design -~ Producton
Beamlines Installation
ERL Exp. eXper
et Iment
PF, PF-AR



ltems to be achieved for 35MeV cERL

Super Conducting
Cavity for Main Linac
@ Check the performance of cryomodule,
Cavity, input coupler, HOM dumper

RF Sources

S8 @ Evaluation of HLRF
Lo system such as 300kW
RF source, semi-
conductor amplifier,

and also LLRF system
(> Beam Dynamics
@ 1st goal: 1 mm mrad @ 10 mA

€ 2nd goal: lower emittance:
<0.3mmmrad @ 10 mA

@ 3rd goal:higher current:

el IR <1 mm mrad @ 100 mA (or 77 pC)

o Super Conducting

' Cavity for injector
& Stable beam acceleratlon of CW 10 mA at 5 MeV

@ Stability of HOM coupler and input coupler at 10mA CW

High Brilliant DC
Electron Gun:

@ Stable beam at 500kV, 10mA
€ 7.7 pC/bunch: en = 0.3 mm mrad
€ 77 pC/bunch ; en< 1.0 mm my

Laser System

11



items to be achieved for 3GeV- ERL

Super Conducting
Cavity for Main Linac
@ R&D for cost down of cryomodule
€ Improvement of HOM dumper

High Brilliant DC
Electron Gun: ./

€ 500kV, 100mA high voltage power supply e
@ Development of photo-cathode of
materials (long life time / small
emittance) ~

; @ R&D of the digital
feedback system to

satisfy the rf stability of
0.01%, 0.01 deg..

Beam Dynamics
0 Injector design and optimization for 3

GeV ERL with higher gun voltage and
higher injector energy
@ Lattice and optics design for main

Laser System linac and return loop for 3 GeV ERL

@ Establish the stability of 3 uper Conducting

high power - Cavity for injector
& Stable beam acceleratlon of CW 100 mA at 10 MeV with low emittance.

@ High power input couplers with a power handling capacity of CW 170 (100) kW.



items to be achieved in 35MeV cERL (1)

Electron Gun

Stable electron beam at 500kV

10mA electron beam (including laser technology)

Life time of photo-cathode

Activation technology of the photo-cathode

Establish the beam instrumentation technologies(emittance, bunch width

and laser halo etc.)
Establish the technologies to handle the electron beam
Target values:
7.7 pC/bunch: e_nx = 0.3 pi mm mrad, stdz=0.9 mm
77 pC/bunch : e nx < 1.0 pi mm mrad, stdz = 0.3 - 0.9 mm
Super- Staple beam acceleration of CW 10 mA electron beams at 5 MeV with low
. emittance.
conducting . : . : .
cavity for High power input couplers with a powe.r handling capacity of CW 10 kW. |
injector HOM couplers and RF feed throughs suitable for CW 10 mA beam operation.
Cryogenic heat loads at 2K and 5K (static and dynamic).
main Check the performance of cryomodule, Cavity, input coupler, HOM dumper

accelerator

and Tuner
Check the stability of the system in operation




items to be achieved in 35MeV cERL (2)

RF source

Evaluation of the 300kW RF system

Evaluation of the semi-conductor amplifier system

Durability of the high-power waveguide system

Configuration of the waveguide system suitable for the SC cavities
Temperature compensation of the rf cables

Evaluation of the machine protection system

Evaluation of the tuner control system and R&D of the tuner control software
Evaluation of the digital LLRF control system and R&D of the LLRF control
software

Evaluation of the total LLRF system

He Cryogenic

Purification of helium gas exhausted from the helium gas pumping system
with a compressor and a liquid nitrogen heat exchanger
Direct introduction of purified helium gas exhausted from the pumping

system system into refrigeration cycle of the cryogenic system
» Additional heat exchangers to increase the overall refrigeration efficiency
e Improvement of RF shield and suppression of HOM loss at the various vacuum
components
Vacuum * Protection of the SC cavities and the DC electron gun from any contamination

High power beam dump
Beam-break up caused by the lon trapping Influence of the intense CSR power
Machine protection method against accidental beam loss




items to be achieved in 35MeV cERL (3)

Beam
Instrumentati
on

Beam loss monitor and fast machine protection system
Beam position monitor with two beams (cavity section)
Beam size and emittance measurement with wide dynamic range
Beam current measurement with wide dynamic range
Bunch length measurement below 100fs range

Beam
dynamics

Design and optimization of lattice and optics for generation, acceleration and
recirculation of low-emittance and high-current beams at 35 MeV

- Ist goal: 1 mm mrad @ 10 mA

- 2nd goal for lower emittance: < 0.3 mm mrad @ 10 mA

- 3rd goal for higher current: < 1 mm mrad @ 100 mA (or 77 pC if 100 mA is
impossible for economical reasons)

Achievement of energy recovery

Automatic orbit correction in cERL (for both acceleration and deceleration
beams)

Transverse and longitudinal beam position (and profile) fluctuations and their
cures

Beam loss and halo and their cures

lon trapping effects and their cures

Bunch compression and decompression including handling of ultra-short
bunches (~100 fs or less )

Lattice and optics design of high-power dump line




items to be achieved for 3GeV-ERL (1)

Electron Gun

500kV, 100mA high voltage power supply
R&D for Cathode life time
establish the stability of the high power drive laser

and laser Development of low emittance photo-cathode materials
improvement of the activation system of the photo-cathode
Continuous R&D for ultimate mode (high current and low emittance)
Establish the reliability of the system
Stable beam acceleration of CW >10mA electron beams at 10 MeV with low
Super- emittance.
conducting High power input couplers with a power handling capacity of CW 170 (100)
cavity for kW.
injector HOM couplers and RF feed throughs suitable for CW >10 mA beam operation.
Cryogenic heat loads at 2K and 5K (static and dynamic).
R&D for cost reduction system (prototype of the cryomodule which is installed
by 4 9-cell cavities)
main Further optimization of the cavity, mechanical vibration, and RF power for

accelerator

beam loading from the results of cERL

Improvement of HOM damper

Design of the fabrication Lab for cavities to realize the fabrication of more
than 200 cavities




items to be achieved for 3GeV-ERL(2)

RF source

Reliability of the DC power source for 300 kW klystron

R&D of the semiconductor amplifier

R&D of the digital feedback system in order to satisfy the rf stability
requirements of 0.01%, 0.01 deg..

Temperature compensation of the rf pick-up probe signal.
Generation of high accurate clock and LO (local oscillator) signals
R&D of the high accurate master oscillator system

He Cryogenic
system

A large scale 2K refrigeration system with cold compressors
Development of effective heat exchangers at 2K

\Vacuum

Compatibility of the low-impedance design and the handling of heat load and
gas load due to the high SR power
Effective pumping technique for the small-diameter beam pipe

- Suitable material of the vacuum duct, heat-resistant copper alloy etc.
- Adoption of NEG coating for a greater part of the vacuum duct

Magnet

Development of common magnet tables (for quadrupole and sextupole
magnets in TBA cells and triplets in the main linac) optimized for suppression
of beam oscillations

Development of magnet power supplies with very low ripples and drifts

e Beam

ation

Instrument R

Non-destructive beam size monitor under small beam size
Beam halo measurement and collimation

Large-scale timing distribution and stabilization system
Fast and precise orbit stabilization




items to be achieved in 3GeV-ERL (3)

Beam
dynamics

Injector design and optimization for 3 GeV ERL with higher gun voltage and
higher injector energy

Lattice and optics design for main linac and return loop for 3 GeV ERL
Evaluation of BBU threshold current and its optimization

Effects of incoherent and coherent SR and short-range wake fields (due to SC
cavities, vacuum chamber structures, wall roughness, resistive walls and so
on) on beam energy spread and emittance.

Analysis of beam loss and halo for 3 GeV ERL and their cures including scheme
of radiation protection and decision of physical apertures along the ERL
Analysis of beam fluctuations due to possible noises such as power supply
drifts and ripples, RF and timing errors, floor and girder vibrations, air-
conditioners, cooling water and so on and beam stabilization scheme for
ultra-low emittance beams and ultra-short bunches

lon trapping effects and their cures for 3 GeV ERL

Bunch compression and decompression scheme for 3-GeV ERL

Analysis of undulator effects on beams and their cures (very long undulaors
with multi-segments and phase shifters, short-period undulators with short
magnetic gaps, variably-polarizing undulators and so on)

Evaluation of resistive-wall heating at undulators and their cures

Switching scheme between ERL and XFEL-O operation modes

Beam physics and simulation of XFEL-O and EEHG
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