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ERL WG

S. Sakanaka, “Status of the ERL Project in Japan”

S. Sakanaka, “Plans of XFELO in Future ERL Facilities” (Joint)

M. Shimada, “Lattice and optics design of both compact ERL and 3-GeV ERL projects”
M. Shimada, “X-RAY LIGHT SOURCE BY INVERSE COMPTON SCATTERING OF CSR”

T. Miyajima, "Development of an Injector for the compact ERL”

H. Sakali, “ERL Cryomodule Development in Japan”

Electron Source WG

e N. Nishimori, “Status of 500-kV DC gun at JAEA”
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Opening M ASA k&Y
(George Nell, JLab)



US-DOE Light Sources

Lawrence Berkeley National Laboratory Argonne National Laboratory Brookhaven National Laboratory
* Advanced Light Source * Advanced Photon Source * Center for Functional Nanomaterials
* Molecular Foundry » Center for Nanoscale Materials ¢ National Synchrotron Light Source

* National Center for
Electron Microscopy

* Electron Microscopy * National Synchrotron Light Source |l

Center

SLAC National Accelerator
Laboratory

* Linac Coherent Light Source
* Stanford Synchrotron
Radiation Lightsource

Next Generation Light Source

.}effersbn Lab



Numbers of Users
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(Harriet Kung — DOE Basic Energy Sciences)

G. R Nell FLS 2072 .jeffe I%O n Lab



BES User Facilities Hosted Over 14,000 Users in FY 2011

15,000

mCFN OCNM
mCINT OMF
BCNMS  OSHaRE
mNCEM  OEMC

W Lujan mHFIR
10,000 [ | mSNS  mHFBR
o mICLS  BAPS
mALS  OSSRL
7500 I | mnsLs |
5,000 |
2,500 1
0

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Fiscal Year
More than 300 companies from various sectors of the manufacturing, chemical, and pharmaceutical

industries conducted research at BES scientific user facilities. Over 30 companies were Fortune
500 companies. Courtesy: Harriet Kung

12,500

Number of User

._Jefferébn Lab




ERL WG & Plenary Talk

(Conveners: Susan Smith, Bettina Kuske)
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ERL-WGTOEXHHESRK

BARDERLETE (F <)

BerlinPro: 50 MeV, 100 mA (Jankowiak, B. Kuske)
Cornell ERL: Plenary talk @& (Bazarov)

ALICE: 32l —3Y 3> E—LGBER D ELER (Kalinin, Smith)
JLab: ERL/FEL Status & Activities (D. Douglas)

T Dth
— Long undulator ®ERL~N®D &2 (Borland)
— ERLADT72PaL—2D % (Jim Clarke)
— eRHIC T® FEL option (30 GeV) D /\>FE#EzaD#&EET (Yichao Jing)
Unwanted beam loss (Joint)
— Problems observed at PITZ (Krasinikov)
— Unwanted beam observations at ELBE (Teichert)
SC-RF gun M5 DEEE 7 (field emission) DEIRBLG EZRE
FIEERFEFH(LBNL) TLRISRICEERA KRS LED L
— DC/SC-RF/N-RF DEDEFHTLHY—FREAESHZIE~10 MV/m 2E TRHE
LDl ERIEBERMICKAIIIVAVAEKXIIREAEBISE THEYRESADT. E
NOLRBETIEGOLNEDFEDHY 12



Tentative Layout of 3-GeV ERL at KEK

Beam energy

Full energy: 3 GeV

Injection and dump :10 MeV
Geometry

From the injection merger to the dump

line: ~ 2000 m

Linac length : 470 m
Straight sections for ID’s

22 x 6 m short straight

6 x 30 m long straight

Courtesy: N. Nakamura, M. Shimada, Y. Kobayashi

3GeV Energy Recovery Linac

13.4MV/m (470.4m LINAC)
Dump Injection
= k . <

6-7 GeV XFELO %

Bx, By [m]

100 m
Overall beam optics (merger — dump)
100 Bx .
80 L | By |
60 |- .
i e L
40 - -
20 - ‘Il'v'l‘ll Il"s"lll I'mmm’m I' ll"w"ll V ]
0 L ‘ ! | ! | ]
0 500 1000 1500 2000
Acceleration s [m] Deceleration 13



S|\ Cornell Laboratory f
\: A?::;gﬁerat?}r-%rssgé}{;c?;nces and Education (CLASSE) CO r n e I I E R L LayO Ut

The 15MeV injector IN sends electrons into a 2.8GeV Linac LA to be turned around by TA into
a 2.2GeV Linac LB. After X-ray production in the south arc SA, return through CEsr and X-rays
in the north arc NA, the beam energy is recovered in the Linacs before being stopped atjﬂu.



Cornell Laboratory for

’ .~I Accelerator-based Sciences and Education (CLASSE) EX i Sti N g P rOtOtype I nj eCtO r

photocathode
DC gun

experimental beamlines buncher
20m 18m 18m 17m 16m 15m 14m 13m 12m 11m 10m &m 8m m &m sm 4m 3m 2m im om
| | | | | | | 1 | | 1 | | | | | | | 1 | |
ol ~total charge: 204.7 C Cornell currently operates a prototype ERL injector.

A
(8]
T

The team has measured core emittances (the central
2/3 of the bunch) of 0.3 mm-mrad for 80 pC
bunches and 0.15 mm-mrad for 20 pC bunches, and
expect these numbers to improve as the gun voltage
Is increased.

N
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In February 2002, Cornell’s prototype injector
delivered a continuous-duty current of 50 mA. This
is the world record for any laser-driven
photocathode electron gun.
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BERLInPro Status A. Jankowiak (HZB)

BERLinPro — Machine layout / parameters

BERLinPro = Berlin Energy Recovery Linac Project
100mA / low emittance technology demonstrator (covering key aspects of large scale ERL)

beam dump

7MeV, 100mA = 700kW modified Cornell booster

3 x 2 cell srf cavities, 4.5MeV “

H —'r»_..\\.- £
linac module Pl et
3 x 7 cell srf cavities, 44MeV . . M
T a3 srf-gun
N - K k - 4 | ‘.

LS

- 4 g 1.5-2MeV,
- % single
nc;lggr?ezr 2 sol er? oid,
f: \} no buncher
IS ’ j cavity

3998 3398
recirculation arc :
Basic Parameter
max. beam energy 50MeV
max. current 100mA (77pC/bunch)
normalized emittance 1 mm mrad
bunch length (straight) 2 ps or smaller
rep. rate 1.3GHz
losses <10°

A. Jankowiak, BERLinPro Status, FLS 2011, 05.03.2012



BERLInPro (SRF Gun) A. Jankowiak (HZB)

Challenges (i)

« electron source with cathode and laser system
staged approach for development of srf photo electron source

~ Gun 0 - Gun 1 - Gun 2
O - - -

{ DESY |

oY/
- alrazdy started, fully sc (Pb cathode film), first beam 21.04.11

oesien ot (J@monstrator, beam dynamic

.geff;Zon Lab ~ -
~ ‘ nc cathode, CsK,Sb cathode
A -@Q m dynamic, emittance, cathode performance

INSTITUT

lessons learned / high power

- dgenerate high power beam in booster
modified Cornell booster design , adapt to our needs
sy 3 cavities,

- ‘ | power per
- mler — KEK design)

A. Jankowiak, BERLinPro Status. FLS 2011, 05.03.2012 8



BERLInPro (Radiation shielding) A. Jankowiak (HZB)

Challenges (iii)

« high “virtual” beam power, very high loss rates possible

BESSY II: 200uC/a @ 1.7GeV typical
BERLIinPro: some 100uC /1s @ 50 MeV  possible
(30kW linac RF-power)

new regime of operation (compared to storage ring)
— radiation protection issues favor an underground bunker

Ground level

BERLinPro 50MeV

A, Jankowiak., BERLInPro Status, FLS 2011, 05.03.2012 10



BERLINPro (Schedule) A. Jankowiak (HZB)

BERLinPro — Project timeline + budget

—

2008

Application

10/2010 2011 2012 2013 2014 2015 2016 2017

Approval CDR TDR _first _
(25.8M€ over 5a) recirculation
Building
Project
start

- first MAC 05/2011

- re-scoping of the project
(100MeV = 50M€
— 50MeV
following BERLinPro Mac recommendation)

- detailed time planning

- detailed costing
(50MeV = 36.2Mio€, need to stretch timeline)

still hiring additional personnel

A. Jankowiak, BERLinPro Status, FLS 2011, 05.03.2012 11



ALICE Status & News Susan Smith (ASTeCH)

ALICE accelerator

Accelerators and Lasers In Combined Experiments

1t arc: TBA on
translation stage THz

Bie beamline
- Bunch FEL
compression . . Pl laser
hicane FEL optical beamline o
e ; cavity -

Linac: 2 9-cell SC L- » o i L
Acgalorators and Lysers et band cavities e saer by WS LY ., 230kV DC
P et >27.5MeV, ER g .’ GaAs cathode
ot Booster: 2 9-cell SC L-band ‘gun
o’ cavities >6.5MeV ‘.

Upstrea ; 2 - ot e ' : Downstrea

m : Undulat m mirror
mirror l or .

Electron path

Science & Te
@ fFacilities Council



ALICE Beam Simulations
Deepa Angal-Kalinin

150f  BCl Phase % Injector dynamics Elliptical beam

123: iﬁ;’iﬁ | complicated by reduced - effe(?t of
I | gun energy (230 KeV), steay fields?

_50_
—100f
—150¢

AE [keV]

| long multi-cell booster
| cavity and long transfer
3 2 -1 0o 1 2 3|line.

Z (mm)}

Using ASTRA and GPT to go around the machine to
understand longitudinal dynamics. Non trivial touse | S
dipoles. GPT (Space charge off) and MAD matching quite "l 8 | Bunch-length |
good, small differences in vertical focussing. vs. Linac Phase

AAMAS £

a.:‘ﬂ.‘ru - ) i . -
- ““13...-—0-—4—-.—« e e e T o [l o L oy | e o 1 %
} —
.‘ >
X
T
g

11 — Y
= 1=

A
U

, I} Gt bt~ bt b e b 00O |
e e e )

ALICE in GPT /h
Plan to validate 6D machine
/ model to understand
e different machine set ups
with additional diagnostics .

¥ e v
| e R X
et e e o] Bate i by (s -.-L"

MW MM WM

e o |

D. Angal-Kalinin



Tom Powers Cost Calculator

current RF Cryo Machine Linac Microph
gradient 1.80E+07 100E-01 PWR 13 7Y° 1. 2 packing 125 o oP
margin Energy onics

Al margin factor

10

—

ERL ONE PASS UP
ONE PASS DOWN

=
STRAIGHT AHEAD LINAC

=1
©
-
=1
w
\
CEBAF JUNIOR
3 PAGS UP AND DUMP

TWO PASS WITH MAGNET BACK LEG

ERL ONE PASSUP

ONE PASS D OWN

TWO PASS ERL

12 GeV JUNIOR
31/ZPASS UP AND DUMP

12 GeV JUNIOR

2172PASS UP AND DUMP

2PASS UP AND DUMP

=
=

CEBAF JUNIOR

/ ) A
Total $3,464M $3,436M $1,212M $1,181M $693M $3,558M $3,433M $3,554M $3,424M
Relative capit 1.00 0.99 0.35 0.34 0.20 1.03 0.99 1.03 0.99

10 year Operi $36M $24M $34M $34M $20M $21M $23M $19M $20M
Totalcost10 $3,500M $3,460M $1,246M $1,215M $713M $3,579M $3,456M $3,573M $3,444M

Relative Cost 1.00 0.99 0.36 0.35 0.20 1.02 0.99 1.02 0.98



Joint session

FEL & ERL (XFEL-O)
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Plan of XFELO in KEK-ERL

We expect the possibilities of:

. driving XFELO at 6 GeV, or [2] J. Dai, H. Deng, Z. Dai, Phys. Rev. Lett.

: : 108, 034802 (2012).
. harmonic lasing scheme at 3 - 3.5 GeV [2]. ( )

Electron Gun

/ 3GeV ERL
/ Injector Linac

Beam dump

1
| 10m

'ALD, undulator A0,

- Superconducting Main Linac | ““"‘“g A‘””"”'
A2 path-length ':—|I m
changer Merger . 6-7 GeV U opes R
Accelerating Beam ! TR

AWAWAWAWAN Gl (1) XFEL-O at E=6 GeV
VRVAVAVAVA Sl ,

Deccelerating Beam 24

—————



31\ Cornell Laboratory for

Accelerator-based Sciences and Education (CLASSE) X F E LO O pti on i N th e CO Fne I I E R L iy

D_‘_ﬂh BOYCE

THOMPSON
INST.

The Cornell ERL normally injects electron bunches at 15 MeV, accelerates them to 2.8 GeV
in Linac A (LA), and another 2.2 GeV in Linac B (LB) to yield 5 GeV in the user region,

followed by deceleration. By taking an extra acceleration turn through LA, an XFELO could
be operated at 7.8 GeV.

[Cornell ERL PDDR 2011]



Overview of XFELO Parameters

ymc? 7 GeV
0 25 pC
Loak 10A
. 0.2 mm-mrad
Aymc? 1.4 MeV
L, 52m
G 0.36
R, 0.85
crystal C444)
P,, 1.7MW
Photons/ 1 1x10°
pulse
AEoing 1.95 meV
Atewnn 1.58 ps

P (MW)

Compress the beam
further to increase current
and FEL gain

2.0 T T T
1.5 o -]
l' .‘
‘ kY
10} v R
“
[ ] “
4 kY
05 5
- ‘-‘
L
r‘ “
0.0 1 1 1
2.0 -1.0 0.0 1.0
t(ps)

spectrum

R.R. Lindberg (ANL)
5|

“Canonical” Parameters and performance

08 |-

0.6

04

=
Jac
g
A

N A -]

T
L%

-40

-20 0
E - Ey (meV)

R.R. Lindberg, K-J. Kim, Yu. Shvyd'ko, and W.M. Fawley, Phys. Rev. ST-AB. 14, 010701 (2011)

The Advanced Photon Source is an Office of Science User Facility operated for the U5, Department of Energy Office of Science by Argonne National Laboratory
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Diagnostics Related to the Unwanted Beam Pavel Evtushenko (JLab)

AFEFE D unwanted beam Measurements vs. Modeling at the level ~103

e Beam dynamics [Z&k4/\A—HRZRk r ﬂ"" - -
« L—H¥—0d—XkLX =" Lt -
« L—Y—0#EL. k& L—F—0D g - =
945)7 j—h -:; 0 0 40 I:CI 120 140 150 180 200 0 W W W‘I:::u::u 140 160 150 200
I:; E+5 x
« Field emission (EF#i. ZEiR) - e A
Measured in JLab FEL injector, " n? :[ e IL:\ I
local intensity difference of the 0 A b
core and “halo” is about 300. i i:: “rtrr1rrir1r1m
(500 would measure as well) o -1 L5 U N T A N A S

10-bit frame grabber & a CCD

with 57 dB dynamic range PARMELA simulations of the same setup with 3ES particles:

X and Y phase spaces, beam profile and its projection show
the halo around the core of about 3E-3.

Lal'ge Dynamic Range Imaglng (3f E520vl Even in idealized system (simulation) non-linear beam

dynamics can lead to formation of halo.

1 T To be measured with
- == imaging sensor #1
- ¥ and attenuation ~ 10
Intensity range that can 3 f T,]\, N
be measured now with > =ty Tebe e i
no additional gain _, !
: ] y _—
il [T
TAI0 f.'. ‘-._
-1 bl :I'JT!
110 Wi " wfi i || 28
putorsl—1IL|
=10 =5 o 3

transverse coordmate, au



Unwanted Beam Observations at ELBE J. Teichert (HZDR)

Design
medium average current:

1-2mA (<10 mA)
high rep-rate:

500 kHz, 13 MHz and higher
low and high bunch charge:

80 pC-1nC
low transverse emittance:

1 -3 mm mrad
high energy:

<9 MeV, 3% cells (stand alone)

highly compatible with ELBE cryomodule
(LLRF, high power RF, RF couplers, etc.)
LN2-cooled, exchangeable high-QE photo

cathode .
DRESDEN ‘ - = m—
2 :o-swccp ‘\#' H‘DH
FELs N X-ray
A

v uia
] ET2-0V.02 \Q g ' - - |
accelerator module 1 5 Freover accelerator module 2 § \\ \\\ ' i . .

-Dv.08

FL1-0V.01

thermionic injector

INT-DV.02
IN1-DV.03

. : s [ b
7 /| g 0l 3, FoT———
~\\ ~4—dogleg Bmwnsﬂumnefhnane awilohing ™\ 2 |
t 3
I"‘""“I : spectrometer magne! :

SRF gun

-9 nJ 3

diagnostic beam line

nearly the same dark current
as in the Fcup near gun

solenoid
Foup & screen «*« =k



Unwanted Beam Observations at ELBE

DARK CURRENT - Cavity field

J. Teichert (HZDR)

field profile on axis surface electric field
i '["acceleration field FZD_RRR300 cavity | ] ’ ST T TR oTE =il
60 | SUPERFISH simulation for E,__ = 50 MV/m | | SUPERFIDIE sletts entae IS E,~00 WV |
40 _ _x"/_\\ /_\ - PH
: / \ / ] 20N .
3 ."ll “. / A 1
—_ 20 - I-'I II'II ll'I \\ - =
E S \ \ ] § «n
S o , / N £
LI.N.I - I'.II I.'II E é #
20f / \ / ]
v \ z |
~: (AR SRl
L 40% at cathode T~ ] ) \ / \/ \/ \\
-600.0.“.0.1”“0.2”"0.3”“0.4”“0.5 ¢ L Vi \ — =L - =t
z [m] o o ) .
= 110% at iris
|_gun operation mode CW pulsed RF : L L s —
acceleration eradient 6.0 MV/m 8 MV/m " v iy, S
electron kinetic energy 3 MeV 4 MeV [ Hil
peak field on axis 165 MV/m | 21.5 MV/m | f ATAYa /) ;
peak field at cathode (2.5 mm retracted) 6.5 MV/m 8.4 MV/m B il
cathode field at launch phase (10" ) 1.1 MV/m 1.5 MV/m N (@ |
i ° _5 -V bias 7 NV B TV/ B i
cathode field at 90° _and -3 kV bias ©180% at edge | . S|
Important for emitted dark current: | A t_ _— // J
«cathode surface field is ~ 40 % of peak field | cathode T\“————“" ‘
«field at cathode hole edge is ~ 80 % of peak field
without field enhancement (scratch in our cavity) | 40% at cathode

' docherfeichiert e jteichertl@hzdrde » wewehzck.de ¢ HIDR
_




Unwanted Beam Observations at ELBE J. Teichert (HZDR)

DARK CURRENT — Measurement ™ML

Dark current

Dark current in Faraday cup (~1.5 m from cathode) versus gradient for different cathodes

10 12 :‘eak ﬁflsd [MV::] 20 22 24 300 i . i i i 20% 'j: jj \j - P (J: L) % HE
[ SRF Gun - Dark Current Measurement . 80% 'icaVltyJ: L) % HE
n 2011.11 N .
' "1 i ] (Y —FHYIMELTRIE)

150 -] = without cathode ] 4

2000 4 250 4 i

w/o cathode 05.04.2011

cathode #250310Mo 27.03.2011
cathode #060410Mo 15.06.2011 (CW)
cathode #060410Mo 16.06.2011

1500 |-

=4
= -
= = o HZB_cap_CsTe ? #“ N=[{ ==
5 1000 - - 4 o HZB_plug_clean g L I \)l/ %SpectrOI I leter i *\;;E\I] E
=1 W 1004 @ CsTe cathode #300311Mo 4
S . 8
[ | |
[
500 [ H] 4 50 4 b
. ] 2
r. 0 & a 5 g &8 % B
0 _,_-_l_,u_u_-,d. 1 1 T T T T T T
3 4 5 3 7 8 9 2 4 6 8 10 12 14 16

Gradient [MV/m] peak field [MV/m]

+ about 20 % dark current from cathode, o DARK CUhREﬁT — Properties

80% from cavity (scratch)
» only cathodes with CsTe layer have dark current,
exception: #060410Mo, but without direct comparison

Measurement of kinetic energy and energy width of dark current and comparison
with low-bunch-charge beam — 180° bending magnet in diagnostic beamline
+largest fraction has nearly beam energy (emission from backplane near cathode)
ssmall fraction with lower energy (other high-field iris regions in cavity)

dark current 30 pC beam (Ey,= 2.8 MeV)
— s — <L - 100 keV : e :
« BIRERFEF#H (LBNLEE) T, L S parameters

6 MV/m CW, 5 kV DC bias
120 nA dark current,
1.5 A @ 50 kHz beam

E¥kDDark Current®FEEHMNH 5
tDE (BEREEFHENGEL
ERTIEZLY)

AE:EDC_ Ekin ~ 60 keV

~2%

Ekin
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PEP-X: Diffraction-Limited Storage Ring at SLAC

Bob Hettel (SLAC)

Energy 4.5-5 GeV
e I“ = t- .:> = -
. S e > _Current 200 mA
2 e | Emittance (x/y) 11/11 pm
Bunch size (x/y, ID)  7.4/7.4 um rmst
Bunch length 4 mm rms*
- Lifetime >2 h*
WA W Damping wigglers ~90 m
0 Y ID length (arc) ~4 m
4 n ID length (straight) <100 m
(4 Beta at |ID center, (x/y)4.92/0.8-5 m
&S Circumference 2199.32 m
F ff h ey - i
arclength =242 m %I,_ AN o ,}/‘—_‘é/'ﬁ/,’)#/\ LT Harmonlc number 3492
beam line length =70-140m ﬁ—%?_ e \ T Vertical beam size can be reduced towards 1 um
PEP circumference = 2200 m T e v
* Harmonic cavity system
"""" s 5 AR would increase bunch length to ~8 mm and double the
N & . lifatime
A& 1 553 l - :.LI::.“I-:u :.:n
2 | —e
g ~ee-tell - sUfficient dynap
z for off-axis
Emittancewith 200 mA (0.5 nC/bunch,  Lifetime at 200 mA (0.5 nC/bunch, Injection
b 100% coupling) is minimized with a 100% coupling) is doubled with a
bunch-lengthening cavity at 4-5.5 GeV . bunch-lengthening cavity. bl
o b M\ i3 s

MATIONAL ACCELERATOR LABORATORY




PEP-X [Z&114 Dynamic Apaerture D= Yunhai Cai (SLAC)

PEP-X 7 Bend Achromat Tune Scan of Dynamic Aperture

PEP-X: Baseline (2008) PEP-X: USR (2011)

B (m

Arc cell lattice functions . Dl Dymarri Aperm (<) e 3 Dlgons Dpnaee Aputi ()
. + & ‘_ a1 480 . Ll
20. - n851/45s . ; . . A7/10/11 11.38.20_ 0,050 = | | F oA .j
18 i B o Looss o g 7 o
& 29 pm at 4.5 GeV [~ e
16. - i - 0.040 a foad
14, 4 A L 0.035 ! wa
12. 4 [ 0030 T P
10. - L 0.025 wo
r 20
8. 4 - 0.020 180 os]l
6 L 0.015 o g, e
L 0.010 ® o b
: [ 0.005 i | .
D el s SR I\ 5 5
0.0 25 50 75 100 125 150 175 20.0 225 250 275 30.0
s (m) The dynamic aperture is in unit of sigma of the equilibrium beam size. The USR design
is built with 4™-order geometric achromats and therefore no 3'4 and 4 order
Cell phase advances: 1,=(2+1/8) x 360°, le=(1+lf8] x 360°. resonances driven by the sextupoles seen in the scan.

Dynamic Aperture with Machine Errors

Resonances D¥vt L A% ELEGANT Tracking LEGO Tracking

Eal] 0.5 T
e Cancellation of All Geometric 3 and 4t ‘ \ b - -
Resonances Driven by Strong Sextupoles o AER ;;‘; 2 .l :
except 2v,-2v, g 3\ ) H :
. = 07 . \'. . ;/ ' T 0.2 %

- Harmonic Sextupoles oY ,,:;' =

. 141073 oy ” o} EX =,
For Tune Shifts and 2v,-2v,Resonance "1 — noe | E O -
""—-u ’h.——.:“ " 4 | PR, [PPSO O {..:

* 4fh Or'der' GeomeTr'iC AChromGT 5010 -0.005 0.000 D0.005 0.010 e —1Eu 05 o0 05 1!0

W {m) Initial X-Amplitude (cm)

1% coupling & 1% beta beating Misalignments 20 microns in x.



USRs - Spectral Brightness

Bob Hettel (SLAC)

Brightness Envelopes
notincluding SCIDs

1.E+23

T T TTTTT

1.E+22

T—T T TTTTT

1.E+21

T T TTTTIT

1.E+20

T T TTTTT

1.E+19

brightness {ph/simmZimr20.1%BW)

1.E+18

T T TTTTT

T T TTTTT

1.E+17 S

NATIONAL ACCELERATOR LABORATORY

1
photon energy (keV)

100

1 ALS upgrade:1.9 GeV,0.5A,195m
- = =2200x 30 pm-rad, 4-45 mIDs

2 NSLS-I: 3 GeV,05 4, 792m
- — -B00x8 pm-rad, 3-4 mIDs

3 MAX-V: 3 GeV,05A, 528 m
- = =263 X8 pm-rad, 3.8 mIDs

4 PETRAII: 6 GeV, 0.1 A, 2304 m
= = =1000%x 10 pm-rad, 5m IDs

5 APSupgrade: 7 GeV,0.18 A, 1060 m
2500 x 8 pm-rad, 4.8 mIDs

¢ COmeNERL: 5Gev,~3150m
.. J0x 30 pmad, 01 A or
8x 8 pm-ad, 0025 A

7 SDL5:2GeV,.05A,250m
—— 40x 40 pmrad, 4m Ds

10

PEP-X:45Ge¥,D02 A, 200 n
11 x11 pmrad 4 miDs

USR7: 7GeY,0.2 A,3160m
15x15pm1ad, 2m Ds

TevUSR: 11 GeV, 0.1 A, 6283 m

— 13 x13 pmrad,4 m Ds




PEP-X DA T3> ? Bob Hettel (SLAC)

PEP-X Soft X-ray FEL in switched bypass

E.=45GeV g =~11pm-rad
AggL =1 nm A/4m = 80 pm-rad

Ix =300 Apk  L,;=50-100 m

P = few hundred kW rep rate: kHz

Can inject special short, high peak
current bunch to lase for a few turns

PEP-X ERL — some options

&
®
Nt s o e beam dump
. S
40 A FEL designs for the PEP storage ring /
Alan S. Fisher and Juan C. Gallardo 7 4
/ 5-GeV, 400-m

Brookharon Noonal Laborsicry *. Beilding S10D. Upion, NY 11973, USA

Heinz-Dieter Nuhn, Roman Tatchyn and Herman Winick ll

 ad | A IS St Smchote R Laborir . SLAC. B, .0 B 438, Suor. CA 930902

3@ Claudio Pellegrini
Deparment of Pysics, University of California, Las Angeles. CA 90024-1347, USA

superconducting
linac

Option: 2-pass with
2.5-GeV linac

photoinjector

NATIONAL ACCELERATOR LABORATORY

*+ SCRF =1.3 GHz
» “bunch stealing” @ ~ 1 MHz could drive FELs

5-GeV, 400-m
superconducting linac
photoinjector l beam dump
b - LCLS _
Q ] : r
PEP-X

~4 km

o1 AL
T AN

HATIONAL ACCELERATCR LABORATORY




i T. Watanabe
SPring-8 Il (Bob Hettel AXIBHEK)

SPring-8 Il — at-energy linac injector

SPring-8 SP-8 11
(planned) A high-quality injection beam is needed. )
Electron energy 8 GeV 6 GeV At SPring-8 we have XFEL Linac, which will be used as a full-energy
injector to the storage ring.

Current 100 mA ~300 mA
Emitance 3.4 nm.rad 67—10 pm.rad
Energy spread 0.0011 ~0.001
Coupling 0.2 % ~2 %
Bunch length (rms) 13 ps >20 ps
Circumference 1436 m 1436 m T — Ene:rgy: 8 GeV (max.)
# beamlines 62 max. 62+ max. (typical) Smittance: 40.pin.iad

Energy Spread: 0.01 %
Bunch Length: 30 fs (rms)
Electron Charge: 300 pC — 1 nC

_ ¥ Parameters for SP8-1l may be changed.

i -
SPring-8 Il — 6-bend achromat lattice . . .
Brilliance: SPring- 8 vs. SPring-8 Il
_ (Electron energy)? ; ¢
Emittance = K XD g 10 N —
(# bends)3 D 107 -I _
,.5 107 | SP"D%—%LA X 1000
% .10?‘ —— HXBL-B
e | Natural emittance =0T B
W =67 pm.rad gOT SPring8
b ‘@ 10" | = BLO3XU
p - + £l =
2 v = Damping by ID's S 100 | - BLosw
0.2 Damp!ng WIgglgr § 10" Energy : 6 GeV
M. T Damping partition control = : .
55 . 10" - open o ad Emittance: 35 pm.rad
Coupling control . 10° 10 10 19" Coupling: 2%

(g | etc... Photon Energy (eV)

Energy spread: 0.1%
Current: 300 mA
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Tevatron-Size USR D& &t Michael Borland (ANL)

— Energy Scan with no DUs Integer Tune Scan with Matching/FODO Quads
b = Longitudinal damping time Color: Log(tune error) ) ) ) o
is very long 11T IIIIIIIIIIIIII — = Fairly wide region within
T 4 = <100ms is “desirable” — which tune can be
£ : a . . A
< - Means we need damping ® 225 i HHH i varied with matching
FAL! wigglers plus relatively 5 'E|EII ) and FODO quads only
: high energy z2z20 2808 ) S ith 403.1
] = For 11 GeV electron beam, Sl | 3| » Start with v =403.1,
4 s s APS US55 can reach below 4 as Iil Hl 1 v=2222
keV X-ray energy L1 EEEEEEEESESE ¥
Enerw (GeV) 390 395 400 405 410
f 10 me nuxTarget
b / 1 Color: Log(max beta) oo : p
i T T =TT ]!
Pt = T 230 I TELLE L LD w ||I{||\ l‘ ::
g % 'gi ]‘_r et -iilll‘l =Biu e 20 }ll ] || :
o — a U omn . o |I
: 1111 TR
= { o 1 | S S
ol >220 FHH R < ‘;”3 .g w M;
4 i 1 “ | EE=='!EEE;== E " 5} 4 IIII ‘I' J]} |t'.l h.J
. — . U S T 215|8 ] | ] 1AL Y
-‘- § & 70 12 14 4 6 8 10 12 14 HHHHHHH G P N R AR S Y S R
Energy (GeV) Energy (GeV) .'=='F.=‘EE BEEEREERE 'WMH |‘ ' 'I .i
. 390 395 400 405 410 0 20 40 60 80 100 120
o Explorstion ol Tevstron-Sized Ultimate Light Source, M. Borland, FL52012 nuxTorg et - (]"r‘)
Lattice w/o Damping Undulators (DUs) O\ Eroraion ot Tevatron-ized Unimate Light Source. . Borland. 1152012
Boetatron Tunes | o
Horizouial 103,008 Conclusion
Vertieal 222,198
Natural Chromaticitios
il g = Storage ring light sources are among the most successful
ertica - ®it . - gma ageg e . .
Lattice fanctions scientific facilities in existence
il ool | o = Reports that rings had reached the end of the road were
)\Imiuu;n; i n.[l]l:j n premature
Avernge 5, 5.1 m :
Ave rf 2 7.112 m - NSLS-Il and MAX-IV under construction
;::(;I:::‘ ’::'. integral-related guantities at 14 GeV e < - MBA lattice deSign with genetic algﬂrithms
I\_dl al ¢ 'l:-uﬂ' ':?:2 o - New injection ideas: 100% coupling and swap-out
NETEY AT 089 L . - f
Horizontul dnping Ve 55241 | e = Studies continue in Japan, US, Europe
:::;:;"".:J::‘.I.':':Elﬁ.:i‘xra‘...- léflf;n : - Interest in a possible international collaboration on a large
Emﬂ'%_\'llu:; pL;J'.tluu 3425 MeV ultimate ||q ht source
Straight Sections N v v . .
Effoctive emittanco 0003 | wm = | A Tevatron-sized USR is very intriguing, but much work
i} 4.922 m
be needed
e ~{LINKDY m
;;_ Jane e 0.778 m - collective instabilities
.\|Ull'.l'.llllull 1'Um|iu'[iun 1A6E x 10-¢ - mag net design
S st i - error studies and nonlinear dynamics optimization
Damping partition Js 1561 - cost reduction

a Exploration of & Tevatron-Sized Utimate Light Seurce, M. Borland, FLS2012 _ Science cats



Light Source in East Japan — Hiroyuki Hama, Tohuku University

(LSEJ)

* Need another mid-E high brightness source in Japan

* Project would stimulate investment and economy in
NE Japan

* Supported by 7 national universities

* 3-GeV C-band linac injector (could be soft-XFEL driver)

* Want simple lattice — want construction and
commissioning to be quick

* 12-cell, 4BA as baseline {(are 10 IDs OK?)
* Albais closest design —4 nm, 16 cells

* Needs at least 250 MS-- will
abandon proposal if funding
not approved in 2 years
(before KEK ERL, SPring-8
funding)

SK experimental room

[Lls

I Major machine parameters

Energy E 2997 GeV (Bp = 10)
Circamference C 289.2m
Betatron tune (v, \*FJ (22.10, 5.27)
Matural chromaticity (E. &) (- 56.99, - 33.58)
Matural horizontal emittance” £, 1.862 nmrad
Momentum compaction factor o 0.00076
Damping time" (T T T} (6.32, 8.88, 5.56) ms
Natural energy spread” op/E 8.69 = 10
Synchrotron energy loss” AE 0.652 MeV/turn
Min. and max. horizontal beta function (f3,min, 3 max) (0.28, 14.71) m
Min. and max. vertical beta function (B, m, B, max) (4.00, 26.80) m
Min. and max. dispersion function (g, min, gy, max) (0.02,0.21)m
Length (number) of straight section L 5 m(12)
Lattice functions at straight section 8. B.n) (13,4, 0.07) m
“Omly dipoles are taken into account
104 iy
g
] AURORA .
C=289m g »
= Wk TERAS
E - 3 G v g . " KEK-AR
= e 5 HISOR .
= .
s =2nm w107 NewSUBARU
X = NUSR
S * KEK-PF
= L
B ~ 10?1 3 UVSORe o
= \ SAGA-LS
. aw . £ wy - o
2 ) SPring-8
= Target of LSEJ project
=] L
I vy
k-
3 GEV INJECTOR LINAC 10° :
. | 0.1 1 10
C-band binac Gun & injoctor
el4

Beam Energy (GeV)
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Prospects for a Laser-Plasma Accelerator Based FEL Carl B. Schroeder (LBNL)

-~

’\‘ A Experimental measurement of
rrreeer ’m

undulator radiation at MPQ

M. Fuchs et al., Nature Physics (2009)

* Measured 1st and 2nd harmonic:

A K?
A=—= 14+ — ++%°
2?172( T )

Observation angle (mrad)
(S}un 'qJe) SUNo2 g7

30 20 10 0 10 20 30

Wavelength (nm)

n=8x1018 cm-3 > 210 MeV 3 K=0.55 > A=17 . A Max-Plank-Institut
0.85J, 37 fs ~10 pC Au=S> mm . & fiir Quantenoptik
(movable)
Aluminium v
Gascell lenses - grating
I
Laser beam ' me:lr'f)r

#’aﬂ ‘ ' Phosphor
screen 2 L
Magnetic 19
spectrometer



Intense Super-radiant X-rays from a Compact Source W.S. Graves (MIT)

Nano-Fabrication of Field Emission Tips

TATAT

y *ﬁjir']kdﬁ/*@?'iaét -L\EII:EIT

«  Emittance exchangelZ&Y. it ARIZ/ NV FLT=
E—LZES

«  Super-radiant X-ray ZH4£

m P Sy

Super-radiant ZRAESEA-OIZIFERHIE
emittancet,/NEIELEWNFHELD TIE ?
(Zholents k)

Electron micrographs of silica
pillars fabricated with electron-
beam lithography

MIT Nanostructures Lab
(Berggren group)

9X9 Array Bunching after EEX

ERERMNBROEEFIZTGELHN? JUSEES .. NSNS N
Super-radiant ICS Example at 13 nm e
"LU'L»
FEA =) gun = focus & matching=) emittance-exchange=p ICS | [P :
= 02 | Gisnr? & 9. 1‘3m
R fmllka Ah dh, 'I_.,.,(..'f'_,.;.,, Jo AN ot
! ]'r{"iiz! e . ltli:::’lh\ I A
Acceleration & matching Emittance exchange (EEX) P. Piot s:r::Ialion results of ELEGANT 1+ and 2+
order tracking from PASMELA out.;.:.gt” rwuu here
56 IMUT] FLS Workshon 372012 ﬁ llm'l
Nanocathode e
Quadrupoles Dipoles B )
éw %O'I‘i-'r"' IR laser Super-radiant X-rays via ICS
} WW i . ICS {or undulator) emission is not . ‘ Super-radiant emission is in-phase
RF deflectin Super-radiant a coherent process, scales as N spontaneous emission, scales as N?
g
cawty ; ICS
‘ cavity
75 cm "‘ 150 cm 4" ./
® N electrons
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Some R&D Toward Brighter X-ray FEL

Hard x-ray self-seeding

A

SASE FEL
(U115:51 m)

Geloni, Kocharyan, Saldin (DESY)

1
diamond crystal

weak'magnetic
chicane at Ul6
(3.2m long)

25GW

uniform tapered
undulator undulator
U17-25:31m  U26-33:32m

low-charge { 0.02 nC ) mode of operation

FEL spectrum ..|
after

diamond
.- crystal

Power dist. after
diamond crystal

Monochromatic
seed power

ide-band

Self-seeding of
1-um e~ pulse
at 1.5 A yields

Echo-Enabled Harmonic Generation
G. Stupakoy, PRL 2009

n 2)
/ Reg Rss

beam poeiiiator 1 Modu!ator 2

A

Laser ;‘., AE,

f'h:lll.l

Zhirong Huang (SLAC)

Bs 025 0 025 o5

3 £, 10-% BW with L "l Wsom :?' 025 05 i) s o025 S om 08
g ’ One optical cycle Separated energy bands — Separated current spikes

E Very high harmonic bunching may be produced from external laser
E Demonstration experiments at SLAC and SINAP look promising

il . '6-“'23(.20*5

E High harmonic bunching may seed a soft x-ray FELs (a few nm wavelerigth)

Taper to enhance FEL efficiency DELTA undulator

F FEL saturates due to significant E-loss

B Tapered undulator keeps FEL resonance and increase power I Delta undulator is a novel, compact design that fits to existing

LCLS girder
I LCLS plans to build and test a 3.2-m Delta @ U33 in two years
B Degree of circular polarization for 1 DELTA ~70% at soft x-rays.
I Adding 1 or 2 more DELTA in future provides >90% polarization

e-hgm AT T R [P [ ] H8l
VYRR SRR AR [ B AR R W}TE]T[!]HHJMJE]&E]'

' Taper works much better for a seeded FEL than SASE
ey ] . 400 GW

>
ok = Taper seeded
X a0l Taper SASE
& Notaper SASE
£ w0 ﬂ;
o amon
: % LLNL microwave FEL a
10f c
2 paon
2
ot 1 3 o A :
F 1 o d ol 5
- T. Orzechowski et al. ‘PRL (19886) 0 50 100 150 200 3
(o | i S 7 z (meters) ) Cornell Delta undulator (A. Temnykh) H.-D. Nuhn, E. Kraft
o e —w " W. Fawley, Z. Huang et al. NIMA (2002) \\Z‘; % =l Ay

A e NN

ATINAL ML | agpas
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T DM GEIZEZERENY)

TREDT —RNILT DO —)L
o U—JL¥tELTvitonHIRL, metal (£5 AL D E5RHY (Tom Powers)
« SNS, ALICEI&viton, Cornell injector, cERL [Imetal ED &

e 12 TBob RimmerlZE L \fz&Z A, —IL#Himetal TR AELVSEEIT AR
Lo RERED)—DIZT HEMNKRUIT, 7 —bNILT L5 fE. cleaningL
TE->TULD, RFO—ILEFHEIE S A EELLID TeleaningL TLVELY,

o JLabTIIRFI—ILRfFZEZFFERLTLVAILT (Rimmer)

Fast Closing Valve (FCV)[ZWhZEH ?

o JLab-FELTIX., EU=7vODMixIZERE ., &IZ3LD (Dave Douglas)
o FIT.FELTHZE—LSAVDNODHARAZTER

CEBAFT®M&E (Rimmer)

e CEBAFDEIZEZRILX. FIZ1~2%NDE D ZEFET. field emission Hii&E
MLTLEIBRELH S, E<EZEFFHITTLVGELTEH, ERIIFBRI=EA,
E— L T®Odust trappingl=&Y :i‘Eb“iElihf(éﬂﬁ%’l‘i%ﬁ)é@’é(ifi%\
h?




T DO GEIZEZER

AGtERAYT5—

=nLY)

o KEKDEETTIZRNERZKGLTWSD ., AHIKI L FoT=FIZE#E
LTU—09FBEIFLELDON? ESLVDREFRAOMN? (TRIUMFT

MDA T)
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ZD1th (THz trap. E—LRAZ)

THz trap
o TINILYKZERIRT =12, SAF o /N\—ORAIZFEZFF1F7-THz
trap ELV3HDZFILabTIEERELTLNVS, » SNHBEEDFREHY

« George Neil [Z&dH & FELARIRZRIT— (RIEAN) D LAED) ZTHzZ
HIZKEFEENLTFHEIDIZEDSE,

E—LFHZICLEEE —LERI00NADLEMN ?
« FELFRoptical cavity®Fa1—=2T D1=HIZIL, HAHREEDERI D

B LVSETIEAELA ? (Dave Douglas) . E— LBEIEDSFEE TS
o klow current CHTESAD TIF LIV EREHNS,
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4. FEH
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Yai'd

Qll

ERL
e Cornell, KEK 75 E THREDMNBEIZHEATWNBENDEHZ
o KEK/Cornell TOXFEL-O IZDW\TIl&. FELOEMARIMLDEAFREZR L=,

Storage Ring

e PEP-X T dynamic aperture # KigICHELI-FTEFERNHMESIN. SMBILE
BLTWA&S51=o1:
« Tevatron-sized USRIZDWWTHEAIDEMFA Tz, RAZTATRECLIEZLER,

FEL

« Hard X-rayF®Mseeding. tapered undulator|Z & AFELZFE K ZE. EEHGNDE
ZFZEER . Delta Undulator 4 EMEER-E D Flv=o7=,

o SMEBIFFIBANEDDODLEL, PO—EZELTHTLSEZR
e LCLSFELXDFRBEE - AEGEELEDZEDH TV

Compact Source

o L—H—-TJSXIIMESIZEBAVINIMERFELNEN IZHEEFSHHEKR
5z TLV- 50



