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#%1)iR 4 FEL(CW-FEL)D % ALCLSIIETE &L TRItE

Next Generation Light Source - Unique Capabilities  sexeiev ias

rroerernr

amreay Be i Fames i e

= 1.8 GeV CW SC LINAC
= 3 FELs (seeded, 2 color, SASE) 280 eV — 1.2 keV

£ L<IZnhttp://www.lbl.gov/ngls/
CWHIGEBZER%E#E>-1MHzDXFELEt E

J.N.Corlett
IPAC2012 proceedings, p1762

Beam spreader

ey - LBL
L R LR = SLAC
\ ] ; | ' Fermi
. 1 | . -~ JLAB
High-brightness, CW superconducting linac. o,

high rep-rate gun laser heater, bunch compressor
and injector

EEIE—L b TEE—L Array of independent FELs /

TRV F(fs) A BRL LV E
NITTEHM?

*-ray beamlines and endstations
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Faﬁﬁn (https://portal.slac.stanford.edu/sites/Icls public/Icls ii/Pages/science.aspx )
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NEW SCIENCE OPPORTUNITIES
ENABLED BY LCLS-II X-RAY LASERS

ocuments/LCLS-1IScienceOpportunities final.pdf
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http://www.grc.org/programs.aspx?id=12235
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Executive Summary and OverviewHh\ 5

...an exciting window of opportunity exists for the U.S. to provide a
revolutionary advance in X-ray science by developing and constructing an
unprecedented X-ray light source. This new light source should provide high
repetition rate, ultra-bright, transform limited, femtosecond X-ray pulses over
abroad photon enerqgy range with full spatial and temporal coherence.

LCLS-Il represents just such an advance in X-ray laser technology and will be
a transformative tool for energy science. It will qualitatively change the way in
which X-ray scattering, spectroscopy and imaging will be used in the future, to
observe in ways never before possible, how natural and artificial systems
function, spanning multiple decades of time scales (down to the attosecond
regime) and multiple spatial scales (down to the atomic regime). LCLS-II will
further enable powerful new ways to capture rare chemical events,
characterize fluctuating heterogeneous complexes, and reveal underlying
guantum phenomena in matter using nonlinear, multidimensional, and
coherent X-ray techniques that are only possible with a true X-ray laser.
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Energy Recovery Linac
Conceptual Design Report

@ High Energy Accelerator Research Organization

http://ccdb5fs.kek.jp/tiff/2012/1224/12

24004.pdf

KEK Report 2012-4

=

KEK

3GeV Energy Recovery Linac

13.4MV/m (470.4m LINAC)
Dump Injection

&

o =57

' 6-7 GeV XFELO _—

Beam energy

Full energy: 3 GeV

Injection and dump :10 MeV
Geometry

Linac length : 470 m
Straight sections for ID’s

22 x 6 m short straight

6 x 30 m long straight

Proje

KEK/IMSS
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Chapter 1 Executive Summary

ERL is a future X-ray light source designed based on state-
of-the-art superconducting linear accelerator technology,
which will offer far higher performance than the existing
storage ring. The high repetition rate, short pulse, high
spatial coherence and high brightness of ERL will enable
the filming of ultrafast atomic-scale movies and
determination of the structure of heterogeneous systems
on the nano-scale. These unique capabilities of ERL will
drive forward a distinct paradigm shift in X-ray science from
“static and homogeneous” systems to “dynamic and
heterogeneous” systems, in other words, from “time- and
space-averaged” analysis to “time- and space-resolved”
analysis.
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2. ERL for EUV-FEL

10 MeV, 10 mA

100 kw < 130 m R SC Injector
Beam Dump 10 MeV
w 10 MeV Energy Recovery 300 MeV 10 mA

S

<-----------------------------------

SC Main Linac

-— s e

800 MeV Acceleration 10 MeV

< = > EUV Ilght
" 13.5 nm
12 kW

After Eiji KAKO: 2014 International Workshop on EUV and Soft X-Ray Sources;

November 3-6, 2014, Dublin - Ireland
http://www.euvlitho.com/2014/2014%20Source%20Workshop%20Proceedings.pdf
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http://www.euvlitho.com/2014/2014 Source Workshop Proceedings.pdf

ERL Parameters for EUV/FEL

ERL EUV/FEL

Injection Energy 10.5 MeV
Beam Energy 800 MeV
Bunch Charge 60 pC

Repetition Rate 162.5 MHz
Ave. Current 9.75 mA
Energy Spread 0.1 % rms

Normalized Emittance” 0.6 mm mrad
Undulator Gap 7 mm
EUV Wavelength 13.5 nm
EUV output power 15 kW

* entrance of 15t arc

RAERASNTNDORIFD /NS A= [P KigH]



Image of ERL-EUV Design

Presented by Norio NAKAMURA
ERL2015 (https://www.bnl.gov/er[2015/ )



https://www.bnl.gov/erl2015/
https://www.bnl.gov/erl2015/

UV SRR E D RIS ERES

2014 International Workshop on EUV and Soft X-ray Sources
2014/Nov./3-6 na. FS
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ERL2015 at BNL (USA), June 7~12 h
EUV-Litho WS in Hawaii (USA), June 15~19 th AT
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F120HAMERFE@HE,. 8A4~7H =5
SRF2015 at TRIUNF (Canada), Sept. 13~18 JA] H
EUV-Source WS in Dublin (Ireland), Nov. 9~12 18 75
TTC at SLAC (USA), Dec. 7~11 e
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LCS X-ray

T'ube filled with He gas

Beryllium Sample
window

2D photo counting X-ray detector
(HyPix-3000, Rigaku)

X-ray imaging with a LCS beam

X

An X-ray image of a hornet taken with LCS-produced X-ray.
Detector: HyPix-3000 from RIGAKU. Detector was apart from the sample by approx. 2.5 m.

A. Kosuge et al., Proc. IPAC-2015, TUPWADEE 16

~fay source

- T—
phase contrast imaging

object

absorption + refraction
- edge enhancement

ERL2015 B BEKRXTAF




SEDAEEQ)

e CERLTIOMAD EBiRIE5&R(Z{FDERLINR AT DIEILE

1. TNERBIZH-EFTOCIIMORFEMEEL

THO®RINHET-T,

o WMHHAZA=T4—I(L3GeVEIEEYV I ERELTE
1B EIBIFTINVS, > ERLTHAMEOE=ODREESR
THAH1I00MADT— LR TEDELIEGZ TIFE 5154

LY,

o MEHAZTA =T —DRFEIHAITEEL T, cw-FELELL

[ZERL-FEL(EUV J&IR) D ARITEZEEIZT H > 43EDI
HILERES A—IL[~10mAZIBR IR EABDEL
BRI E EIF5,



SEDAEZE(2)

« EFAA—UUSIZELTIE. EROES 1 — LIRS

FHOTEHEWICHEZZER, (f=7=L. TP a2—ILEIFT
(i@(/'ﬂ/ﬁ 26 . RFER R, JJDJEHEE A74JE&Ls M
HKEZEIERFNNE) > NHEEERA

e FEDLEHMEIFALTRELTDwW-FELO K TiTFHFEL. =
EARGHZBROTLEEDORRE TIZIZREIR,

» EEAFIZEEILEUVIEIREIREFICHEIL




ERLETIE] (cERLE3GeV-ERL) D FE R ETEH (2013 FHHE TR L)

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

E—-A’SI*H'EOZODEJ},L |
R = Ve N e = ey
B S e ' S— —

L--H— T XEREFR ATHE

THZ-CSRF AR ZE

LEIZGAAE2A—IL
il 4 /&4

EFHRER,. 74DV —FEH R

TDR
CORIl "og = oo Eh:%hu:_

3GeV ERL

Ezﬁ:ﬁ@)lx—j:
THA2 R&D




ERLGEEEMEIFEIMILIR) FTHEID F RETHE

20 Me ~50 MeV

A0~60ke

X-BEFIODH/MLTORENLR
4BEHSAEE
a—)LE

EUV-FEL

CW-FEL
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