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Hard X-Ray FEL Oscillator (XFEL-O)

By Kwang-Je Kim
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 Store an X-ray pulse in a Bragg cavity—> multi-pass gain & spectral
cleaning

* Provide meV bandwidth

* MHz pulse repetition rate—> high average brightness

(10'> Photons/sec, 10° photons/pulse @ ~10keV with a few meV b.w.)
» Zig-zag path cavity for wavelength tuning

* Single mode X-ray laser (time and space domains)

Originally proposed in 1984 by Collela and Luccio and resurrected in 2008 (KJK, S. Reiche, Y. Shvyd’ko, PRL 100, 244802
(2008)
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Spectral Brightness
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R. Hettel, “Performance Metrics of Future Light 13 Sources”, FLS2010, SLAC,
March 1, 2010 0)#&%%0)EF'@ERL&XFELO@Z’\WF)bb\laﬁfzﬁzﬁﬁl'f.qnl




Linear Undulator, Au=18mm

1.00E+24

E 1.00E+23

= 1.00E+232

i

=]

™ 100E+21

-

m

[ ™9

£ 1.00E+20

£ 1.00E+19

E

“w

~.  1.D0E+18

-

L2

2 1.00E+17

[ ]

c

- 1.00E+16

E

@y DDE+1S
1.00E+14

] Apmrad

—] A0pm rad

e ] AN rad

5000 10000 15000

Energy (eV)

20000

E=3.0GeV, [=100mA, ex=gcy=14pmrad, 140pmrad, 1.4nmrad, cE/E=4.0e-4

Au=18mm, L=6m, N=333, K=1.74



W)

b
&

ﬁ&%ﬁ'{:ﬁf DR )

. T ﬁ-%ﬁ;e_,&lﬁ‘{kjﬂﬂ']‘;'g,ﬁ‘ .........
1N _NIIIIIIIIIIIIIIIIIIIIIII ............. : ........................... & F-ER

(L E— ................................... N, .................................. .............. -

I S— ................. %3-&{&1&%1%[,% %ﬁ'%ﬁﬁ'{tm%i?lﬂ/ﬁ .......... .............. .

(Photons/s/mmz /mrad2/0.1%

1350

1330

20010

EETRAEE

2010




ERLTEHRITAYATUR(T)

T A @@ @ED o

B R — E AR DB S FHRT/\( RDBARIAHT
SEE—— RSN A DRO Y 57—

STXM imagy
/%

= e 7E A 1 — EMA AR D B e LT
(BRM B, BEHRABRE . SeARELRE)

chloroplast

MLCT o0
Y T ®e
MC (dd) 5*-. MLCT °

— ° J
= [ J ° o
L (N N ADP+ p,| ATP
= Reduction Processes
n
u )
= stroma " > 1
. \ i S
. ) ) S
- ! p EF o ATE Synthase
GS |
umen @ H* \_/4

ABHIXLE—FIA~EREE | RARRGOERDDATHERAO
KEEEMIZHTHRICFHIBFIE EEEEiET




ERLTEIRITHHAIR(3)

FH - HERE B
FEHE D DB OREEIES

ARA—F ZARETE ., N\ VI L EIZKYIFERSNT=
FTHEMAFOIH
THOOVUTOMAFDIEFIRETEITD
F=OIZIE, F/A—=FILA—F —DXEEE — LN
AR




ERLT;@L%‘%#/(I/Z(Z)@

ERL/XFEL-OTHRLEREF ERL: &4 A STXHR/NABREL
BEEEEDAAFTIIRLAE RAVINDBEESERD

ERL: XS/ 5 B E e —
SO+ IEERDE S AT :

BEE(EEEH |

ERL: 18R D Xifk Pt e TS ~aso :
fE et E AR AT // \:::: :
5 T A, B b @D Neeerg |
WMIELEEESHRDRE [ = : |
D ERRES BRI i i

S 3? y ’
S he E{"f;/" ERMERBRIEERICOIEELL =2t~ T '
"""" x5 2R REEL T ﬁep#JT ) '

XFEL-OF /%) A3 )L{E&

5 AFSHRfEHT : XFEL-O ERL: ST SEXERNES 5T 4 —
DE#YIEL1MHzZIZ S/ BEBEEETINILENTF-AY

YZAEZ LT v (100kHz INDE DA S EEE = 4) 2

~1MHz) £ KLY F, BE- BV NS AT
XFEL-O[Z &Y T—AUNEE

HM10000fFIME(1HSG || ] RYLEFFEDE BX - SREBHEBE D K IRHEF DR
400T—43tvh) = Hﬂs%ﬁﬂ@?ﬂ%@ﬁﬂm:;éﬁu,&vntxo)huii 11




EERMNDESF
ﬁ?Zé—unEﬁv'-“»r/ \ 1T ADIGEE-

~50nm ‘\\\\\\
RiRET oW

S—JLE
/

EZAAANYR
L BEERE I
{I*I*:J-T-.-{f —

- ’ :Ei.m.-"-
T illt

1\t - EEREE f ﬁ’g

o S L AR nm

................ - FEE
XML B

~50nm BEAYF

o) {5 =8
(44 Tlﬂ]

%
1) EFAH . BEAYR : $TIZ2XRITTAHE R TS50/ A—FIL !
2) REAIDHFE A—DB (~5F/A—KFIL) D ENAEEERE !
) MR TANARITHHEBKREBEENER: ZOUSEELXIEHIET! /

T/ A—FILEDBSALICES. BRBE. LFHEEIRRE.
i N5 I EF DIRFTETRIH RO Ml 1E O BTz < 2




ERLOIMZERERBITORE&DIEH

1030 nm Yb fiber laser

A St aR B {nE ZE
e High input power: 170 kW/coupler

e Medium gradient: 15 MV/m
e High beam currents: 100 mA (CW)

Phatonic

NS
7+ b hY—FRiEL—Y—:
e High average power: 15 W CW
e Repetition: 1.3 GHz, A ~ 800 nm

X ARFIR

e 1.3 GHz, 300 k (CW) for injector

¥
TID IV

EEBICEZER
e Medium gradient: 15-20 MV/m (CW)

e High average current: 200 mA
e Higher-order-mode damping

ETEEDCEFi:
e 500 KkV, 10-100 mA
e Normalized emittance: 0.1 - 1 mm-mrad
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Outgassing measurement of the 2nd 500kV DC-gun

2011/7/4
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Injector Cryomodule for céRL

1 Cryomodule = 3 x 2-cell Cavity

Input coupler (x2) ___
Water cooled
inner conductor

HOM coupler (x3) M

‘\p\x HOM
PR || coupler (x2)
L v

\ ]/

e

1

Monitor | |
coupler

i/

2-cell cavity

Three 2-cell cavities
with 5 HOM couplers

Vv P
[MV]  [kW]
Cavity-1 1.5 10

Cavity-2 2.5 25
Cavity-3 2.5 25

. ..*_‘.:' -' _ ;g-'
Six cw input couplers High power test stand

7/20 ERLFIFHEES F1 2
E:r{:. 1Ka.l;;:::n(: E:) cERL Injector Cryomodule

(lpeam =10 mA, P /coupler)
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2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
R&D of ERL key elements
Prep of ERL | CERL B _
~ ] eam test and test experiments
Test Facility | construction P
' Improvements towards |
| 3GeV class ERL i
Construction of User
3GeV ERL run
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O XFEL-O (BEIZHTIATEA)
O Ef&YrLSeeded XFEL

Array of configurable FELs
Independent control of wavelength, pulse
duration, polarization
Configured with an optical manipulation
technique; seeded, attosecond, ESASE

Beam

manipulation ¢
:’nd Beam distribution and Exitof Injector Laser Heater Bunch Compresscr Exit of Linac 2
and e : : 70 MeV [ : v
conditioning individual beamline tuning e 7 160 MeV 350 MeV 1.8Ge
/ = ! } l
L

/- - -
;S —_— Tlodt SR USRS e - e
~2 GeV CW L S— __ B L —r
= - T e b -
superconducting linac s — T 1 \
- - ._-‘ “!\,—r ,;/5,’::/ __,___:mmb__w__ Exit of Linac 0 Exit of Harmoni: Linearizer

Kot = | @ 160 MeV 350 MeV

Exit of Linac 1
385 McV

NGLS project at LBNL

Loyv-emittance, Laser systems, timing
high rep-rate & synchronization
electron gun

High-Repetition-Rate FEL Facility at LBNL
(Synchrotron Radiation News, Vol. 20, NO. 6, 2007, p20~27.)



