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Abstract

$�����0H9�6/$&�W\SH�HOHFWURQ� OLQDF� LV� FXUUHQWO\� XQGHU

FRQVWUXFWLRQ� DW� %1/� DV� SDUW� RI� WKH� 6RXUFH� 'HYHORSPHQW

/DERUDWRU\�� � $� ���� FHOO� 5)� SKRWRLQMHFWRU� LV� HPSOR\HG� DV� WKH

KLJK� EULJKWQHVV� HOHFWURQ� VRXUFH� ZKLFK� LV� H[FLWHG� E\� D

IUHTXHQF\� WULSOHG�7LWDQLXP�6DSSKLUH� ODVHU�� �7KLV� OLQDF�ZLOO�EH

XVHG�IRU�VHYHUDO�VRXUFH�GHYHORSPHQW�SURMHFWV�LQFOXGLQJ�D�VKRUW

EXQFK�VWRUDJH�ULQJ��DQG�D�VHULHV�RI�)(/�H[SHULPHQWV�EDVHG�RQ

WKH����P�ORQJ�1,686�XQGXODWRU���7KH�)(/�ZLOO�EH�RSHUDWHG�DV

HLWKHU�D�6$6(�RU�VHHGHG�EHDP�GHYLFH�XVLQJ�WKH�7L�6DSS�ODVHU�

)RU� WKH� VHHGHG� EHDP� H[SHULPHQWV�� GLUHFW� DPSOLILFDWLRQ�

KDUPRQLF� JHQHUDWLRQ�� DQG� FKLUSHG� SXOVH� DPSOLILFDWLRQ� PRGHV

ZLOO�EH�VWXGLHG��VSDQQLQJ�DQ�RXWSXW�ZDYHOHQJWK�UDQJH�IURP����

QP�GRZQ�WR�����QP���7KLV�SDSHU�SUHVHQWV�WKH�SURMHFW©V�GHVLJQ

SDUDPHWHUV� DQG� UHVXOWV� RI� UHFHQW� PRGHOLQJ� XVLQJ� WKH

3$50(/$�DQG�0$'�VLPXODWLRQ�FRGHV�

Introduction

7KH�1DWLRQDO�6\QFKURWURQ�/LJKW�6RXUFH�KDV�EHHQ�HQJDJHG

LQ� WKH� GHYHORSPHQW� RI� DQ� )(/� IDFLOLW\� RSHUDWLQJ� LQ� WKH� XOWUD�

YLROHW�IRU�PRUH�WKDQ�ILYH�\HDUV���7KH�6RXUFH�'HYHORSPHQW�/DE

�6'/��KDV� EHHQ� HVWDEOLVKHG� WR� SXUVXH� FULWLFDO� H[SHULPHQWV� RQ

WKH�SDWK� WR� VKRUW�ZDYHOHQJWK�)(/V�� LQFOXGLQJ�GHYHORSPHQW�RI

KLJK� EULJKWQHVV� EHDPV�� EXQFK� FRPSUHVVLRQ� DQG� WUDQVSRUW� WR

KLJK� HQHUJ\�� DQG� D� EURDG� UDQJH� RI� 6$6(� DQG� VHHGHG� VLQJOH

SDVV� )(/� H[SHULPHQWV�� � 7KHVH� )(/� H[SHULPHQWV�ZLOO� LQFOXGH

VWXG\� RI� VWDUWXS�� RSWLFDO� JXLGLQJ�� VDWXUDWLRQ�� OLQHZLGWK� DQG

IOXFWXDWLRQV���7KH�6'/�LV�FRPSULVHG�RI�WKUHH�PDMRU�SURJUDPV�

x� (OHFWURQ�EHDP�GHYHORSPHQW�DQG�H[SHULPHQWV�

x� &RKHUHQW�V\QFKURWURQ�UDGLDWLRQ�H[SHULPHQW�

x� 89�SURMHFW�)(/�

7KH� HOHFWURQ� EHDP� GHYHORSPHQW� ZLOO� EH� GHYRWHG� WR

SURGXFLQJ� KLJK� EULJKWQHVV� EHDPV�ZLWK� SHDN� FXUUHQW� RI� �� N$�

QRUPDOL]HG� 506� HPLWWDQFH� RI� �S� PP�PUDG�� DQG

VXESLFRVHFRQG� EXQFK� OHQJWKV�� � 7KH� HIIHFWV� RI� FRKHUHQW

V\QFKURWURQ� UDGLDWLRQ>�@� DQG� VSDFH� FKDUJH� IRUFHV>�@� DUH

H[SHFWHG� WR� EH� VLJQLILFDQW� ZLWK� WKHVH� SDUDPHWHUV�� %HDP

H[SHULPHQWV� ZLOO� EH� GHYRWHG� WR� VWXG\LQJ� WKHLU� HIIHFW� RQ

HPLWWDQFH�

2XU�)(/�SURJUDP�VWDUWV�ZLWK�6$6(�RSHUDWLRQ�RI�WKH�)(/

DW� ���� QP�� � +DUPRQLF� JHQHUDWLRQ>�@� DQG� FKLUSHG� SXOVH

DPSOLILFDWLRQ>�@� H[SHULPHQWV�ZLOO� IROORZ�ZLWK� WKH� DGGLWLRQ� RI

DQ�HQHUJ\�PRGXODWLRQ�ZLJJOHU�DQG�GLVSHUVLYH�VHFWLRQ�

Laser Driven RF Photocathode

7KH�HOHFWURQ�VRXUFH>�@�LV�D�UDGLR�IUHTXHQF\�SKRWRFDWKRGH

GHYHORSHG� E\� D� FROODERUDWLRQ� IURP�%1/�� 6/$&�� DQG�8&/$�

,W�FRQVLVWV�RI�D�����FHOO�5)�VWUXFWXUH�GULYHQ�DW������0+]���7KH

PD[LPXP�JUDGLHQW�KDV�EHHQ�PHDVXUHG�DW�����09�P��\LHOGLQJ

DQ�H[LW� HQHUJ\�RI�DSSUR[LPDWHO\���0H9�� � ,PSURYHPHQWV�RYHU

WKH� RULJLQDO� %1/� GHVLJQ>�@� LQFOXGH� HOLPLQDWLRQ� RI� WKH� VLGH

FRXSOLQJ� LQWR� WKH� KDOI�FHOO� WR� UHGXFH� HPLWWDQFH�JURZWK�GXH� WR

WKH�70����PRGH��LQVWDOODWLRQ�RI�D�UHPRYDEOH�FDWKRGH�DOORZLQJ

GLIIHUHQW� FDWKRGH�PDWHULDOV� �H�J��PDJQHVLXP�� WR� EH� XVHG�� DQG

LQFUHDVLQJ� WKH� KDOI�FHOO� OHQJWK� WR� LQFUHDVH� 5)� IRFXVLQJ� DQG

GHFUHDVH�WKH�SHDN�ILHOG�RQ�WKH�FHOO�WR�FHOO� LULV�� �7KH�HPLWWDQFH

FRUUHFWLRQ� VROHQRLG�KDV�DOVR�EHHQ� LPSURYHG�ZLWK� WKH� DGGLWLRQ

RI� D� UH�HQWUDQW� LURQ� IOX[� UHWXUQ� WR� SURGXFH� D� PRUH� XQLIRUP

PDJQHWLF� ILHOG� ZLWK� OLWWOH� IULQJLQJ�� � 3$50(/$� UXQV>���@

LQGLFDWH� WKDW� WKLV� 5)� JXQ� LV� FDSDEOH� RI� SURGXFLQJ� HOHFWURQ

EXQFKHV�ZLWK���SV�IODW�WRS����Q&�FKDUJH��DQG�QRUPDOL]HG�506

HPLWWDQFH� RI� ���S�PP�PUDG�� 7KH� ODVHU� V\VWHP� XVHG� WR� H[FLWH

WKH� 5)� SKRWRFDWKRGH� LV� EDVHG� RQ� D� ZLGH�EDQG� 7L�6DSS

RVFLOODWRU>�@�PRGH�ORFNHG� WR� WKH� ��WK� VXEKDUPRQLF� RI� WKH�5)

IUHTXHQF\���3KDVH�MLWWHU�LV�OHVV�WKDQ���SV���7KH�OLJKW�RXWSXW�IURP

WKH� RVFLOODWRU� HQWHUV� D� PXOWLSDVV� DPSOLILHU� WKDW� VWUHWFKHV� WKH

SXOVH�� DPSOLILHV� LW�� DQG� UHFRPSUHVVHV� WR� SURGXFH� ��� P-� LQ� D

ILQDO�SXOVH�OHQJWK�RI�����IV���8S�WR�����P-�RI�WKH�����QP�WKLUG

KDUPRQLF� RI� WKH� DPSOLILHG� SXOVH� LV� WKHQ� VWUHWFKHG� WR� D� ILQDO

SXOVH� OHQJWK� DGMXVWDEOH� IURP� ���� IV� WR� ��� SV�� � $Q� DEHUUDWHG

WHOHVFRSH� LV� XVHG� WR� SURGXFH� DQ� HOOLSWLFDO� EHDP� IRU� D� VTXDUH

WUDQVYHUVH� LQWHQVLW\� SURILOH� DQG� ��� GHJUHH� ZDYHIURQW� WLOW� WR

PDWFK� WKH� LQFLGHQFH� DQJOH� RQ� WKH� 5)� SKRWRFDWKRGH�� � 7KH

VTXDUH� LQWHQVLW\� SURILOH� LV� RSWLPDO� IRU� HPLWWDQFH� FRUUHFWLRQ�

7KH� ZLGH� EDQGZLGWK� RI� WKH� 7L�6DSS� ODVHU� DOORZV� IRU

ORQJLWXGLQDO� SXOVH� VKDSLQJ� VR� WKDW� QRQOLQHDU� HPLWWDQFH

FRUUHFWLRQ�PD\�EH�LQYHVWLJDWHG�

Linac and Magnetic Bunch Compressor

7KH� OLQDF� �)LJXUH� ��� FXUUHQWO\� FRQVLVWV� RI� IRXU� 6/$&�W\SH

FRQVWDQW�JUDGLHQW� OLQDF� WDQNV� RSHUDWLQJ� DW� ����� 0+]�� ZLWK

SURYLVLRQ�IRU�LQVWDOODWLRQ�RI�D�ILIWK�VHFWLRQ�

7KH�ILUVW� WZR� OLQDF� WDQNV�DUH�XVHG� WR�DFFHOHUDWH� WKH�EHDP

WR�DSSUR[LPDWHO\����0H9��7KH\�DOVR�SURGXFH�DQ�HQHUJ\�FKLUS

RQ�WKH�HOHFWURQ�EHDP�LQ�SUHSDUDWLRQ�IRU�EXQFK�FRPSUHVVLRQ�LQ

D�PDJQHWLF�FKLFDQH�� �7KH�FRPSUHVVRU�PD\�EH�RSHUDWHG�DW�DQ\

YDOXH� IURP� ]HUR� ILHOG� WR� IXOO� VWUHQJWK�� � $� SKRVSKRU� IODJ� DQG

FROOLPDWRU�DUH�LQVWDOOHG�DW�WKH�SRLQW�RI�PD[LPXP�GLVSHUVLRQ�IRU
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XVH� DV� HQHUJ\�VSUHDG� GLDJQRVWLFV�� DQG� IRU� VOLFH� HPLWWDQFH>�@

VWXGLHV���7UDFNLQJ�VWXGLHV�ZLWK�0$'�LQGLFDWH�WKH�EXQFK�VKRXOG

FRPSUHVV�E\�D�IDFWRU�RI�����IURP�DQ�506�OHQJWK�RI�����PP�WR

���PP���)ROORZLQJ�WKH�FKLFDQH�WKH�EHDP�LV�DFFHOHUDWHG�WKURXJK

WZR�PRUH�OLQDF�WDQNV�WR�D�PD[LPXP�HQHUJ\�RI�����0H9�

)LJ������/D\RXW�RI�6'/�OLQDF�DQG�H[SHULPHQWV�

Wiggler

)ROORZLQJ� WKH� OLQDF� LV� WKH����P� ORQJ�1,686�ZLJJOHU>��@

RULJLQDOO\�EXLOW�E\�67,�� ,QF�� IRU�%RHLQJ�$HURVSDFH��VHH�7DEOH

�����7KLV�ZLJJOHU�LV�FRQVWUXFWHG�RI�YDQDGLXP�SHUPHQGXU�SROHV

DQG�VDPDULXP�FREDOW�PDJQHWV��ZLWK�LURQ�VKLPV�DGGHG�IRU�HUURU

UHGXFWLRQ�� 7KH� JDS� LV� UHPRWHO\� DGMXVWDEOH�� KDV� D� PD[LPXP

ILHOG�VWUHQJWK�RI������7��DQG�FDQ�SURGXFH�D�FRPSRXQG�WDSHU�WR

LPSURYH�HIILFLHQF\�IRU�KLJK�JDLQ�)(/V���7KHUH�DUH�����SHULRGV�

HDFK�RI�OHQJWK������FP�

7DEOH��

(OHFWURQ�%HDP

0D[��(QHUJ\ ����0H9

3HDN�&XUUHQW ��N$

%XQFK�/HQJWK ����IV���V]������SV

506�(PLWWDQFH ����S�PP�PUDG

'(�( ����

:LJJOHU

/HQJWK ���P

3HULRG �����FP

3HDN�)LHOG ����N*

1XP��3ROHV ���

DZ �����PD[

0LQ��*DS �����FP

(QHUJ\�7DSHU �����

)(/

:DYHOHQJWK ���QP���O�������

QP

3HDN�3RZHU ���0:

7KH�YDFXXP�SLSH�WKURXJK�WKH�ZLJJOHU� LV�FRQVWUXFWHG�RI��

LQGHSHQGHQW� VHFWLRQV�� � (DFK� VHFWLRQ� KDV� WZR� SRUWV� IRU� SRS�LQ

SKRVSKRU� VFUHHQV�� WZR� SRUWV� IRU� SLFN�XS� HOHFWURGHV�� DQG� WZR

VHWV�RI�VWHHU�IRFXV�ZLUHV� WKDW� FDQ�SURGXFH�H[WHUQDO�GLSROH�DQG

TXDGUXSROH� ILHOGV�� � 7KH� ZLJJOHU� SROHV� DUH� FDQWHG� WR� SURGXFH

IRFXVLQJ�LQ�ERWK�SODQHV�

Electron Beam Experiments

Several of the important beam parameters for the FEL
experiments have an unusually large range of adjustment.  The
pulse length and energy spread can be varied and optimized
with both the drive laser and the magnetic chicane.  The initial
pulse length may be varied by nearly two orders of magnitude
via the Ti:Sapp laser alone. Recent magnetic compression
studies[11] have shown that increasing the initial pulse length
can lead to shorter final pulses.  This is because the more
intense wakefields and higher space charge of an initially
short bunch increase the nonlinear distortion in the energy-
phase correlation used for compression[12].  Finally, one can
optimize the bend angle in the compressor so that the
nonlinear effects of the longitudinal wakefield and RF are
partially canceled by the effect of the nonlinear dependence of
path length on the energy deviation.
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Very short, high current bunches propagating through
bends can experience significant transverse emittance growth
through two distinct effects, the longitudinal coherent space
charge force (CSCF), and coherent synchrotron radiation
(CSR).  Emittance growth due to CSCF scales as Q (a/G)2

where Q is the bunch charge, a is the bunch radius, and G is
the bunch length. Similarly, CSR scales as Qa/G

4/3.
Simulations with a version of MAD modified by one of us
(TR) to include CSR indicate that the emittance grows from
1.2S mm-mrad to 2.0S mm-mrad in the final bend of the
compressor when compressed to a final bunch length of 0.6
ps.  Greater compression is possible, but results in larger
emittance.  The bunch length, transverse size, and charge will
all be varied in order to study the magnitude and scaling of
these effects.  The compressor vacuum pipe has a radiation
port to capture synchrotron radiation which will be used as a
diagnostic for bunch length and beam size.  The emittance
may be measured immediately before and after the
compressor to isolate the effects of CSR and CSCF.

At high energy, the bunch length will be verified through
two methods. By passing the beam through a foil, coherent
optical transition radiation (OTR) will be generated at
wavelengths comparable to the bunch length.  An experiment
is planned following the linac which measures the coherent
OTR spectrum.  Additionally, the final linac section and bend
may be used to produce an energy chirp which can then be
“streaked” on a phosphor screen to measure bunch length.
This profile measurement combined with charge
measurements in the Faraday cup or BPMs will give the bunch
charge profile. The drive laser pulse is approximately 1mm
long by 1mm in radius.  The very short longitudinal profile
significantly affects the minimum emittance achievable via
solenoidal emittance correction[13]. By varying this profile,
we will study the relative strength of the nonlinear terms in the
emittance correction. Measurements of the slice emittance as
developed at BNL's Accelerator Test Facility will be used in
these studies.

FEL Experiments

The FEL development program for the SDL can be
broken into stages based on machine requirements and
modifications.  In the first stage, a normalized emittance of
6.5S mm-mrad at a beam energy of 130 MeV is required.
SASE experiments will be conducted at roughly 1Pm
wavelength with an anticipated peak power of 70 MW.
Tapering and harmonic content will be investigated.  The first
seeded beam operation will be at the Ti:Sapp fundamental
(900 nm).  Chirped pulse amplification experiments at this
wavelength will yield photon pulses as short as 10 fs.  After
adding an energy modulation wiggler and dispersive section at
a later date, the FEL output wavelength will be pushed to 200
nm using harmonic generation.  A 400 kW beam from the
Ti:Sapp at 400 nm will bunch the electron beam, which will
then lase on the 2nd harmonic, producing 70 MW at 200 nm.

With the addition of a 5th linac section increasing the beam
energy to 310 MeV, and emittance of 1S mm-mrad, FEL
operation below 100 nm should be possible, including the
demonstration of CPA at 80 nm with a 5 fs pulse duration.
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