PAC-2001, Chicago, ILPAC-2001, Chicago, IL ]#XoGfBXj4&FcF’e"Xf]mN‘kB(2rl/3ocF([3XiA&ocFq62]rf;f‘kB’f‘kBC*]rf;f‘kB’f‘kBC*]rf;f‘kB’f‘kBC*]rf;f‘kB(*]tMG!]rf;f[FW$n‘kALo]rf;f‘kB’f‘kBC*]uIb!‘kB(*rk0r0‘l>^*‘m29;]tLPf]uJ@2‘kB’f‘kBC;]uIb!XiA&f[C*]U[DonnN.ckCN.h(Tqh4inre1/q&WDBrN.ckSPa&#7S@,K$cGmm’f)Fh6p[@SGpXFYhYte%‘kB&%[B6R$V4<d?PdT)U‘kB(*f$:S]sZG)qp#Dc]tM_2‘jPfc+4e‘W]tLPf]uIb!‘kB’f‘kALo]rf;fXiA&f[C+#f^&E?pN.ckSN/XU’S@,K$[Cruf]tM_2‘m2TDqT]Ad‘m2TDcGml;rj;d?[Jcp,S=Gh6Pa%,cqKiQjF*htLHZO7TF*%>-"cS+fS<T9;V$49?[Ece3rmh)4rn]$chY6L-hR0KS]sY8]XiA&ff"JcJ]tLi)]sZG)‘kB(*]tLheXhE$Z‘Z:nX‘kBC*]rf;f‘kB’f‘kBC*]rf;f‘kB’f‘kBC*A%f"a]uIb!XiA&o]tLPf]tM_2^!=X;]tMG!]uIb!‘kB’f‘kB(2‘l>^*XiA&V‘kAe2]uIb!XiA&o]tMG!]uJ@2‘kB’f‘kBC;]uIb!XiA&ocFq62]rf;f‘kB’EKS5;;K][XKH#l’KTqFSV4=’‘Xf]UV^!=X;cGmlL‘l>^;‘jPfc$ba6]]sZ.n[DonncMkgHf$;:TV7!G-cA!X;GsnG(mGRK[36Bh0c7#I(n<$(XXP^$.4MAJ.BP$JXXP^$.4Kp!.=4’0cE3qgV4@PA!S6-’ecF@QrQYJa‘kDAZ"Kef& S=BYFS<X#+"ab<3CL^lO>4kem>5i"8CL^k$F*%>6$^?U/V4=’‘]sYkn^&HRakMG(pn,)kV s*t~> %ADOeod :j :imsv 281 1 8 843 [761 0 0 1 1778 2021] F T 3 F :f :l rqHE"o%KSp[@SLpF:WkPj<A[Dp4_‘jPf9re(H%HZO7DCqW@>5i%2>5i%2>5i%2>5i%2>5i"5CL^lO>45r*F),Q4CMS:rEs6>pHZO7T#BOs5F)uLF8^FdF*%;,!HW>HP(=?H[BgHZOOTF*htLHZO7Trc8?CNF9,F),Q4rbE]f@rlF$F),Q4CMS!,CNF9,F),Q<F*!:nKUe9k[B6RN]tOErroa1Qqu?ZirpTjLrmh4lf$::!4Dg&rgX%SN/[ahrd,B$CMS!,CX0r>cGml[Ece*]sYl"[Jn/T]tMG!^#$0BcF(("]tODKpgXDICMS:rErg&lrd+g-N.dFSN;f@HV%L,;XgP:5[B6R=]sY8MXgP:5rMBF^"dFt)P‘1S#Hi89uF)uLF*htLHZO9-HiA["P‘1S#S-ZO)XhD-McGmm’f)FP’kPaiPkNDU.n,;t^n*g#Kn,DMLedKdC‘jNLfS>Da?N/[a_!cr-mraQ"F@q5LAraYq2raYq2raYq2raYq2raYq2pga;,oj]OoCMS!,CNF9,HZO7TF

�,M�fi�f9

PAC-2001, Chicago, ILPAC-2001, Chicago, IL

PAC-2001, Chicago, ILPAC-2001, Chicago, IL ••Design Study Report published 1998Design Study Report published 1998(SLAC-R-521) led by (SLAC-R-521) led by Max CornacchiaMax Cornacchia••New New LCLSLCLS project leader at project leader at SLACSLAC is isJohn GalaydaJohn Galayda (formerly of (formerly of ANL/APSANL/APS))••Critical Decision-0Critical Decision-0 ( (CD-0CD-0) ) approvalapprovalwas signed by DOE in June 2001was signed by DOE in June 2001••Pre-engineering in 2003, constructionPre-engineering in 2003, constructionin 2004, and in 2004, and operationoperation in 2007in 2007•• Published plan for Published plan for firstfirst 5 experiments5 experiments(femto-chemistry, atomic physics,(femto-chemistry, atomic physics,warm dense matter, warm dense matter, �), Sep. 2000), Sep. 2000

PAC-2001, Chicago, ILPAC-2001, Chicago, IL••Acceleration and CompressionAcceleration and Compression••UndulatorUndulator]#XoGfBXj4&FcF’e"Xf]mN‘kB(2rl/3ocF([3XiA&ocFq62]rf;f‘kB’f‘kBC*]rf;f‘kB’f‘kBC*]rf;f‘kB’f‘kBC*]rf;f‘kB(*]tMG!]rf;f[FW$n‘kALo]rf;f‘kB’f‘kBC*]uIb!‘kB(*rk0r0‘l>^*‘m29;]tLPf]uJ@2‘kB’f‘kBC;]uIb!XiA&f[C*]U[DonnN.ckCN.h(Tqh4inre1/q&WDBrN.ckSPa&#7S@,K$cGmm’f)Fh6p[@SGpXFYhYte%‘kB&%[B6R$V4<d?PdT)U‘kB(*f$:S]sZG)qp#Dc]tM_2‘jPfc+4e‘W]tLPf]uIb!‘kB’f‘kALo]rf;fXiA&f[C+#f^&E?pN.ckSN/XU’S@,K$[Cruf]tM_2‘m2TDqT]Ad‘m2TDcGml;rj;d?[Jcp,S=Gh6Pa%,cqKiQjF*htLHZO7TF*%>-"cS+fS<T9;V$49?[Ece3rmh)4rn]$chY6L-hR0KS]sY8]XiA&ff"JcJ]tLi)]sZG)‘kB(*]tLheXhE$Z‘Z:nX‘kBC*]rf;f‘kB’f‘kBC*]rf;f‘kB’f‘kBC*A%f"a]uIb!XiA&o]tLPf]tM_2^!=X;]tMG!]uIb!‘kB’f‘kB(2‘l>^*XiA&V‘kAe2]uIb!XiA&o]tMG!]uJ@2‘kB’f‘kBC;]uIb!XiA&ocFq62]rf;f‘kB’EKS5;;K][XKH#l’KTqFSV4=’‘Xf]UV^!=X;cGmlL‘l>^;‘jPfc$ba6]]sZ.n[DonncMkgHf$;:TV7!G-cA!X;GsnG(mGRK[36Bh0c7#I(n<$(XXP^$.4MAJ.BP$JXXP^$.4Kp!.=4’0cE3qgV4@PA!S6-’ecF@QrQYJa‘kDAZ"Kef& S=BYFS<X#+"ab<3CL^lO>4kem>5i"8CL^k$F*%>6$^?U/V4=’‘]sYkn^&HRakMG(pn,)kV s*t~> %ADOeod :j :imsv 281 1 8 843 [419 0 0 1 2463 2062] F T 3 F :f :l rqHE"o%KSp[@SLpF:WkPj<A[Dp4_‘jPf9re(H%HZO7DCqW@>5i%2>5i%2>5i%2>5i%2>5i"5CL^lO>45r*F),Q4CMS:rEs6>pHZO7T#BOs5F)uLF8^FdF*%;,!HW>HP(=?H[BgHZOOTF*htLHZO7Trc8?CNF9,F),Q4rbE]f@rlF$F),Q4CMS!,CNF9,F),Q<F*!:nKUe9k[B6RN]tOErroa1Qqu?ZirpTjLrmh4lf$::!4Dg&rgX%SN/[ahrd,B$CMS!,CX0r>cGml[Ece*]sYl"[Jn/T]tMG!^#$0BcF(("]tODKpgXDICMS:rErg&lrd+g-N.dFSN;f@HV%L,;XgP:5[B6R=]sY8MXgP:5rMBF^"dFt)P‘1S#Hi89uF)uLF*htLHZO9-HiA["P‘1S#S-ZO)XhD-McGmm’f)FP’kPaiPkNDU.n,;t^n*g#Kn,DMLedKdC‘jNLfS>Da?N/[a_!cr-mraQ"F@q5LAraYq2raYq2raYq2raYq2raYq2pga;,oj]OoCMS!,CNF9,HZO7TF

�,M�fi�f9

PAC-2001, Chicago, ILPAC-2001, Chicago, ILdiagnosticdiagnosticroomroom

KLY-1KLY-1

KLY-2KLY-2

KLY-3KLY-3

MOD3MOD3MOD2MOD2MOD1MOD1

Courtesy of J. Schmerge, SLACCourtesy of J. Schmerge, Courtesy of J. Schmerge, SLACSLACdiagnosticsdiagnostics

3-3-m linacm linac

RFRFgungun((GTF) GTF) in SSRL Injector Vaultin SSRL Injector VaultGun Test FacilityGun Test FacilityGTF LaserGTF LaserroomroomGTF controlGTF controlroomroom

f9......existing linacexisting linac

new

newLinac-3Linac-3Lin-1Lin-1Linac-2Linac-2BC1BC1BC2BC2DL2DL2

Linac-Linac-XXLL»»0.6 m0.6 mjjrfrf==180180�

XX••Emittance control given coherent synchrotron radiation in bendsEmittance control given coherent synchrotron radiation in bends••Adequate machine stability (RF, charge, bunch-timing, Adequate machine stability (RF, charge, bunch-timing, �))RFRFgungun2-2-km point in km point in SLACSLAC linac linac

double chicanedouble chicanereduces CSRreduces CSR

PAC-2001, Chicago, ILPAC-2001, Chicago, IL

-2 0 2

0

0.5

1

1.5 z /mm

I /kA

�

z

= 0.2269 mm (FWQM: 0.2071)

0 0.2 0.4 0.6 0.8

-4

-2

0

2

4

�f /%

n/10

3

�

E

/E

0

= 1.685 % (FWQM: 6.052)

-2 0 2

-4

-2

0

2

4 z /mm

�E

f

� = 0.2701 GeV,N

e

= 0.625�10

10

ppb

After BC1

After BC1sszz = =227 227 mmmmNon-linearity limits compressionNon-linearity limits compression�

�and spike drives and spike drives CSRCSR

-2 0 2

0

0.1

0.2

0.3

0.4

0.5 z /mm

I /kA

�

z

= 0.2001 mm (FWQM: 0.7257)

0 0.2 0.4 0.6 0.8

-4

-2

0

2

4

�f /%

n/10

3

�

E

/E

0

= 1.749 % (FWQM: 6.300)

-2 0 2

-4

-2

0

2

4 z /mm

�E

f

� = 0.2532 GeV,N

e

= 0.625�10

10

ppb

After BC1

After BC1sszz = =200 200 mmmmdistribution unchangeddistribution unchanged

S-band RF curvature and S-band RF curvature and TT566566 non-linearity non-linearity

-2 0 2

0

0.02

0.04

0.06

0.08

0.1

0.12 z /mm

I /kA

�

z

= 0.8407 mm (FWQM: 3.0477)

0 0.2 0.4 0.6 0.8

-4

-2

0

2

4

�f /%

n/10

3

�

E

/E

0

= 1.685 % (FWQM: 6.052)

-2 0 2

-4

-2

0

2

4 z /mm

�E

f

� = 0.2701 GeV,N

e

= 0.625�10

10

ppb

After S-band

After S-bandsszz = 840 = 840 mmmm

�linearizer also reduces bunch length sensitivity to timing jitterlinearizer also reduces bunch length sensitivity to timing jitterxx XX-band-band

Similar scheme used at TESLA: Similar scheme used at TESLA: DESYDESY (P. Piot, et. al.) (P. Piot, et. al.)energy-timeenergy-timecorrelationcorrelation

X-bandcompensationfifi 20 20 MV, 0.6 m longMV, 0.6 m long

PAC-2001, Chicago, ILPAC-2001, Chicago, IL

PAC-2001, Chicago, ILPAC-2001, Chicago, IL66D-Tracking using D-Tracking using ParmelaParmela to 150 MeV to 150 MeVand and Elegant*Elegant* to undulator, including: to undulator, including:••Space charge (to 150 MeV)Space charge (to 150 MeV)••Misalignments (RF, quads, BPMs)Misalignments (RF, quads, BPMs)••22ndnd-order optics-order optics••CSR and ISRCSR and ISR••Long. And Trans. WakefieldsLong. And Trans. Wakefields••Resistive-wall wakefieldsResistive-wall wakefields••SteeringSteering••Emittance correctionEmittance correctionTRACKINGTRACKINGenergy profileenergy profile

energy-timeenergy-time temporaltemporal transversetransverse

* * ElegantElegant, by M. Borland, by M. Borland150 150 MeVMeV

250 250 MeVMeV

4.54 4.54 GeVGeV

14.3 14.3 GeVGeV

22 22 mmmm

195 195 mmmm

830 830 mmmm

830 830 mmmm

22 22 mmmm0.02%0.02%

PAC-2001, Chicago, ILPAC-2001, Chicago, ILStart-to-End SimulationsStart-to-End SimulationsM. Borland, WPPH103M. Borland, M. Borland, WPPH103WPPH103

0 200 400 600 800 1000 1200

0510

152025 S (m)

�1/2 (m1/2)

�x1/2 �y1/2 �x �y -0.2-0.10

0.10.2

� (m)

LCLSLCLS Twiss Twissparametersparameters

0 20 40

00.51 1.5 Slice Number

�x/�m

0 20 40

00.51 1.5 Slice Number

�y/�m

0 20 40

00.51 1.5 Slice Number

�x/�m

0 20 40

00.51 1.5 Slice Number

�y/�m

xx �sliceslice� emittance emittance

-20 0 20 40

01234 5 z [�m]

Gain Length [m]

-20 0 20 40

050100 z [�m]

Sat. Power [GW]

-20 0 20 40 1.5 1.501

1.502

1.503

�r [Angstroms]

-20 0 20 40

02468 z [�m]

� [10-4]

-20 0 20 40

00.51

�x [�m]

-20 0 20 40

00.51

�y [�m]

-20 0 20 40 0 0.0050.01

0.0150.02

� [%]

-20 0 20 40

0246 8

Ipk [kA]

-20 0 20 40

00.51

�R4�

gain lengthgain lengthper sliceper sliceMing-XieMing-XiemethodmethodBC1BC1

BC2BC2 undulatorundulator

Corrected TrajectoriesCorrected Trajectoriesincludes wakes,includes wakes,CSR, 2CSR, 2ndnd order, order,�CSR modelis criticalCSR modelCSR modelis criticalis criticalS. Reiche, WPPH119S. Reiche, S. Reiche, WPPH119WPPH119150 150 MeVMeV

14.3 14.3 GeVGeV

Time-sliced beam isTime-sliced beam isinput to input to Genesis-1.3Genesis-1.3,,including centroid andincluding centroid andrms of each slice in 6Drms of each slice in 6D

PAC-2001, Chicago, ILPAC-2001, Chicago, ILStability StudiesStability StudiesPulse-to-pulse Pulse-to-pulse �jitterjitter� estimates estimatesbased on repeated trackingbased on repeated trackingincluding parameter variationsincluding parameter variationsM. Borland, WPPH103M. Borland, M. Borland, WPPH103WPPH103More studies including CSR and 6D tracking inMore studies including CSR and 6D tracking in�

0 10 20 30

050100150 200 � z /�m

N

MEAN= 21.953 �m, RMS= 2.979 �m -0.5 0 0.5

050100150 200 �tf� /ps

N

MEAN= 0.054 ps, RMS= 0.109 ps

22 – 3 mm rms22 22 –– 3 3 mmm rmsm rmsbunch length variationbunch length variation0 – 109 fsec rms0 0 –– 109 109 fsec rmsfsec rmsarrival time variationarrival time variation¥linac Æphaseæ 0.1 deg-S rms¥linac Ævoltageæ 0.1% rms¥Gun timing jitter 0.9 psec¥Charge jitter 2% rms¥¥linac linac ÆÆphasephaseææ 0.1 deg-S rms 0.1 deg-S rms¥¥linac linac ÆÆvoltagevoltageææ 0.1% rms 0.1% rms¥¥Gun timing jitter 0.9 psecGun timing jitter 0.9 psec¥¥Charge jitter 2% rmsCharge jitter 2% rmsR. Akre,TPAH105R. Akre,R. Akre,TPAH105TPAH105Track 100k macro-particles in long.-2D 2000 times with Track 100k macro-particles in long.-2D 2000 times with �jitterjitter�

PAC-2001, Chicago, ILPAC-2001, Chicago, IL,˘/2k�

LEUTL CSR Measurements (ANL)LEUTL CSR Measurements (LEUTL CSR Measurements (ANLANL))

energy

energy

spread [%]

spread [%]

rms bunch

rms bunch

length [ps]

length [ps]

emittance

emittance

[mm-mrad]

[mm-mrad]‹‹ over-compressionover-compressionRF phase [deg-S]RF phase [deg-S]M. Borland, RPAH001M. Borland, M. Borland, RPAH001RPAH001minimum compressionminimum compression

ElegantElegantmodelmodel

3-3-screen datascreen data

At end of

At end of

LEUTL

LEUTL

bunch compressor chicane

bunch compressor chicaneCourtesy M. Borland, J. Lewellen, ANLCourtesy M. Borland, J. Lewellen, Courtesy M. Borland, J. Lewellen, ANLANLQQ »» 0.3 nC 0.3 nCUsing line-charge CSRmodel of Saldin, et. al.Using line-charge CSRUsing line-charge CSRmodel of Saldin, et. al.model of Saldin, et. al.

PAC-2001, Chicago, ILPAC-2001, Chicago, IL

()0rf0222sincosyysz

ds E eV ss l s pyjbb - » D 8(�x8�~�x�n�˘;�Łßl� �iw�˝�(�flŁ�…�´�…8�K<�j�‰¶�ø˚ �ˇ�

BeamDeflection

Irises withmode-lockingholes

built in 1960built in 1960�ss(G. Loew(G. Loew�))3_‹�@7u91La-67tl"0MOti:Im997P[S(0hOkj:.[H<7Q*t53(lq)7Ro:)7l3q73D<+WE>#%4‘:Hhu�?q’l6+$PipH1a<N89KQ-?1G0a]*tnbp&d09p%1s3X&ebKZ%g!.I!"TSC’bh&h&do0]#8%^)’9P1+;5.s!]E"fIPiu21bpC50I&hL2+^0’FYQ‘$k<OT&I&m^"pP21%hAmY’+PN_#nIUR()@Au*!u$H-79fX,8_LF’d"P6@-oa%14?+fP2^^UA,W[b.5W^M]2CCXF-:0^B6TZqZ0I&;’*8f].k�˝ª�A9j@T-o@898<AFCnToA5m5G8nV:!DI?@[?rCrj@T@D]=‘A(ZDJEHV<^o8A1E%GI’c[N!*tB;9’.PUY1c6a=1FO:]%iuGq(’t%B8ORH*??BjqF(fE-@q^"$E,o‘4F‘;DFEcl88Dffu@EGff5Bl%^’DJj0)E+j’"?Xdk_B6S62K7&!*LPD1XNg>ceQB7#jOGo?IYWu@KoC_9H#m_@C1:=C8Q/8H6T?Sf4YTPp1e0_8j>-t3%I!D,!.P(4>S0E1ESh<+AbEZFCnNuBj5CZ9j^jaB3e)?>Y/U99OqC"AmJ#B?;,-@9P.?qCKa>L?VbTK:N9i?DdZCW>Y]’=9QauMF(80g@T.>Y<H2MJIVrOjE+2acAlj"c=ES=^EbJWj?;YB@:iKlDEFW!hA6!SX;06AKEahj_?;#<K:i9W7B37Z=>YT-F;K#r=G%4Kg>>&pA:3U8JH"g<+D-D-s=*/"QDI?=_AQNeY<-‘7cD-g+[@9@S>&%8;B3.‘D>uPfR=)_MGFC8-gIU?#j>u>QK<,Q#?CKsVL>>/a7957[)D-p+W?Vk]M;KHDJEb&’e@8LuS;fZGLE+;ga@oRJ[<c;DEEFVshAQEbZ;K-#?DdZ@[?r(lT;fZ>FEar$e?rCfG:2jW?DI$.V?;PZT=)heODI?=]?r2,=*S7UH=g6!?;GHDIS+H88MI#EaMO?VPTN:N0]7CKX/D?;#9I:i9Z8CL’PF=[m%,7W2[-CgKJ=[[7:8o7a"B3.?6?:d97;6$rAQqQ7>X‘O@:MjT:BjF>I?;#-B9l4*-DI#kQ>t]$<87b[‘Dd?"T?VP6<7q5I_A5Y[(;F4bb4D.M[#]3^=APu$3 =%dpU>#&j;:M*X"C0=>I>Z#6B<+oN8AmA5F>Z50;;I3Bs?<’U’<(U@r8S)1’C1’tR>>]<L=‘%YOCLUFW>Z><B=CGB3>?"@4@9@/K<G,T6C1’tU@8plF:ha?:D.?U‘@odJW<c2DIB3e8J?r:oT=)_YMD-p4Y?rUuL78e&3;fH2GEFVsg@oRek?$U’bEaV[iB2rbM6siJ@;‘uL!1)W2#$q2fa4XL[r*=OA"%b0W0G4R!!!(Qe[K$:([^E=<!&YcC/j;fj2Ei[9H>@aE_f+^:I[?=8NomA6sj8+:/4S:f:(c;H6Xq8kMfQ:K(4m=]&4(FAG_5<‘2sq:/Xqb:ej\9M/#V:f1=n<(fGB<(9AP4?7Fj?*’NX-o*WTp‘9]RC/o_[ATV&W1:Q.WP#XATpq@<QC"PFXDr-(<*3d8?Z9(TF&6%P9itRn=A:nH167ZOQ^Nn*7Rf?o3c/SN%1*>uMhh<3#4M-V<a’#EE"X0b9N,P6BMqGs1F=GI6T]3k;K,o:?:m4Y6o%7h+u^n_.3/U@*<nAG%4W(o2^/kJ!!#)0-^opHUR%.2Mi*m[NM)Q)TpM:DR@^"8S"#S-Yc4b,V5fB)LJ1-/Amf2ET;&s,]X>)S‘l6#NJ;*t&$6UE;9MSK-Fa7:uIUZ_i?ts7f>?"cG’cA59,&Ck-D.mfm>$tB1?=RG[@q0C]?"mAFB2r/H:fh()>@gW5?rC0:<aK?9>@LH2@9$KA<E‘s4=CP64@occG<Ej$8?>!AJC/7r?=’oZD?>*;BAQ2iD>@MDJ>%CT;@q9Cs9iP@<,qKrZ-m^E!INU*g.kiM(1,’t(.4Hl!0et70.3g5g+t>&i.4QMo,SW<c"AgfMe,&kTQJ/HD7#3sUj=T?3Ifj/Am6!X‘>N"NC3a-Y5e4;s7b%=g9m/D112.’Jk@#$6Q:&@0PaE?Akb$m9ep<U2.T?=>t$VY8iU<V3F5E?<_,&K#=g[Y9KQQT 4FLL.4’YE@>t[:a8NKsF3Ef’;=%G;T9KZ?H3*&R0=@tVP757k82dT<B>YdC]8i9=201�V4?+ZG0d8V:/3#UA3]f)n;+O,E3^>qg5<LSX0HX+]1K?t#=CGL6mc,,-=9=nAPOmu=?:G(3/_u[LN?1KG>jub?CcgWI[,FcQ&G+JQe:j?Bp1NRtt[MNbb>JCSd).T8RHQKjg<u=-7‘"M/>>’@4ZCs*F(c;@S%M=4r%9i,?6oP=$J’(1‘]C[.T8eo4tn0:,SVdJ#8dRD?;<EI!’@6<�d41F*K48hj44/5/8V8j=Xq5UT/e,Y:’B7Q2AXIQ/Q?3$g[D+uChi0.7YH$j%Fg%1WdH6U3SHAm@;O,n’tX,p3g‘3@I*Q.8!#b>ZO72BMrb;Hm$[3A2(;3[-dH+>tnr1+sh+0-W5/-oO%73’&‘K2_-O;-RpYk/hJ,1at19-oNn12DZd8.O6‘$-8@,"1c$U:0dnq;IOm3,-SmJ+0.nM#.j-Mu,W7J.2DZ^;1F=h5,r.5%1,C420dJP3-SmS,/hS8"0I&A0-8d�‘3$C2CUUD.Prh+2)$C=2CpmH/35X<3A‘3F1FYCD/35[<2_l[?2CUF9+?),’4#e]X4t�N+u_1u0e++r-lFor+>tksIPWJu2(p11/gW/#+tkGj0eO_(.jHr/-nHkj-R’<U,oWm,;Ck1bU+)-6![1"!S‘q1+jXq+ql^c+##Dj4Z=]K1aF=f%NZMp.4#fX,T8El-6=0A)&<Z2.jQ>b*#fk0&J>@%/g_ql+=�a+=A*R-la<R’H._r.3f]SIMrk/$j%@h’gtST3B]&8’aH!+&hYja%2&jS’*pY#9Fs%,9e’E(_Il7)AsJ-*$6"8*Z,>"$lC’)*@DgB*"s),%jEDA.PW1t.N]ua)_‘rl-n$,e.Ng5l,;:bu.4ZVa*uH=Q+=&9S,UFHW,TS!L)’gIH-RTrd.O6Vt"sbB7(a:(< IOclm)]KD(’ak9R!ZiF&2)mB6,odL4$POBe+!_R6’EegQ!$*’j5Wgee4>]@+=8BR*#]8((^V#r$QU<’)BKM8-6"<‘+=8HW,9e!X.3KlV’d+D).jZ&_-59])_WT[.jc/f-ljie)(?jH.OGoZ,o/-a*@2pG*utq;INK:I*YTS9’-/,.-R^#‘-lsHQ()Ro!)&a#’)@mGo$OmRM%M&dX’Fkuu’GV>q+<V[T.3fQA$PaB_-n$&a-lXKZ(bRE‘+sI^=(^q?&%i?/n()@<"*YfV6&e>KY’c%8n’b(ln%iH9!%M&dW’+#0]!uW!e’GUoh((:]d<!O*N%L34?#n-eG&IgKN/1;nm-70ud-mU5k,;Ci"5!:_L-Q=$E&J5KT*#T=t%0d"<!!EE+#RCVB%1<RT$k!LQ.4Zl#0ea^r+q>:t!so�J(iUZi;_(C0Pms>BOR_Eb/?kA6*V[=*&([F_Y3#AQNnb=‘e7WEar’iA6!>I96=]FF(J?mIV)Ms@SgZ?7r;U1D-p+U@o@8Z=)VeVDJi‘=(_G0bYN5(**br)@I<$%P0@�] D-lj?G%iQ)j76<;9=]BKWAnta_B3SbcBlA-/E-#c4GAhSMFF%h=DfKW7Dea60CN+9/E,9-$Eb]K1B52?qB5M-iDJ!F,FE*4mIXmH5K9_FPQAp]cNJEdZLRF<‘P)P’TM1BnoC2.6]7lrCk2CLsR/5/Ah5W1,Q0I/M,*]u8)4uX]M2’=q6)GiaTFCeKqAQWnZ;.‘lsC0aME>=iO99Oq?uB3e,D?VP-97po.XCgB_S@SU‘G8onQAEb&-c>u#EK;flSO"a+?U FCBuF(83g?r:oQ;fZ>GF(JBoB30+d=E%hPBjFPJ>>K-E;f#c;DI67[@8V,X;fQ2?DdH(V@o$oI95%L#D-p(V?VkTD9m0uFE*Q+[@8_;^<d/4YGA(’%BNK4a;fQ8FEai!oC0l*s>]=(NEai*j?r_/N;JoZ7EEuOITfKb>>T9E;KQ;GEaM[a@8grH9PI^)C0XJJ>YSd388DI)DI?=Y?VkZM;/p,FD-p%T?VkcT<cDPCL^4ZA5dJ[<chnSEar$d?VYWL:NKrAEF2L_@8_2U;g)PEa_jc>uPlU=)V>?Cg0UAla"c=)VMFFCBsAm’1]ISY6"<H;DAE*Q%T>t]*A964Q=E*c4V?VG6?8SM?uC0O5I?r1ZH9k[a&CL0YJ>Y&d@9lXW=Cg’8I?qYKH8o%[$C0a>B>=<.27poC_@95^/?qY9D9P.R#CLBeN?:o$?95n<5D-]K>=‘@*6>p1(DdZ:S>=W4’6=‘qWIUuDD>Y-qc:I8r’9k.!fBie#A=A3C19kd^&DdQIU=A37-:1mg0@ouQ:=iI.:0Uaj<_u1‘:-r/a87Pn"AmA,E>#’$J>&.PJD.?d^?<1Q@<*WI!=&2>$?rh&N=(PQ1Am8#B>Yj59P7U)DduacA6!JS;/0E4DIQLW<E‘"3?Vb‘S<c25?E*uRY>#&sB;f?)CEFMmjAlj7k=EItKG’ci=@?n%4^gl88MCoJ-k/Zr%6Yg659C"‘%KJ*d!)P0U4Ve;:!!(fp^]4?4ZEC>/!$r*e)‘BZ1’bgY)J8q]bP>t+69Kk=<;+ab[8R,;"<)HUq<*<*qIT99B<Duaq<)Qn#;d3!k<_c@i;,:7f92_c<)QLi:.n8Z:ean_8Q&&I<(&uR7REJtKuL@$_69oW[’dKHYe.*D_md%l]!]Dc[DB>Y[B$71Uo15cUi9p‘C11q’EdMkIG]@_JBkqR%DJ!*W9R1hqJp_cG;cZ7H6WHo_rW!+2AmtQ8 q02&jmoWq.’,_f[7RpN;b]bK7liG5:IK#&9P%’b@SJj^67Xf6"A:m&?W9’R2]P"4’Lsks67Woj!!$"d31u@hTp1+MMdXTN1cH(TpVCER%U(;Sskk1Yc+_4Xg3V.KM"^.An,V=NgHoN[B6XA]Y;@)F*[‘b!ZrI0ITBHNE,9N&>[_)F?><t^?<12O(‘OG/(i3i!DJ3rq>[^]4>[1HB?X@GS?u8qGAPlQ=:01h&?=m#;@o?NA<F0<6=CP*-@T$<><*Em4=_:Q6A5uiI>$u/J@;JkIAl2cC=CQ#H@;/J<?Vss8>@VJM?Y<2<@q9G"7o3>:IPNnt+!hsW/0uo"-S-_o/1Dr!.kEA,/1r;,1+Ft2.4Znq/h82%-l,3’%nS,KF<[gQXIJFgI!%Vg:4fAeMt>3P^D+Wc9-,S5fLEWrMD#s7ae6gTcT+11hd3K2!G%4W/660kj9:B219p:,6EX2J>rM>=UPV9/pHZIQL_*2H<:*?Vs’p:d8&S3aPTH>"^qY7lXXA3*/X1>"^qX7lO[I4BP06=:YW906*A1K[4-=:ST9K-!F2,$=h8jG$n3@?dC,rde32‘NEQ4uGu+6Ua@%84>R,4YJrU,u@&c=%Y5D4sO#n,[X+lAl17(>WmOL7YYhVI[>XnPCZo&J6J1f=I4P>Q@N/+K3aap?(-U_T8m]ZNc(PODOu‘$RYPFJPB*:TC6sTXNH!MD**;]12p27?q:u@8K( (gBBQ<’DL&4!7-R*‘#*N:dZm#0HVhc#pg2a’EA,YAlb(EF^.I#1*-ll1E94X-VluU:dcd*IR#8O4<mEZ,=aa<8NJ+a2’5=M-pBL51FjCt.2‘d0!ui*d$O6Yq4#(8P<DH%H*uPG+’a?NL+@A=F9h@9F;*AQ!8on‘HBjO=t2&nk:)+$8+4Z=cI1F+Cs))*‘g1c?a=2C^C;-n?ts0/4b02(CI@.Pih-2)?X;0de_/"su#S,W%5) IPEH%0J"M-1+Ft/,r.,$-6sQe0deY-,WIY33&<!?1FFk5-878’1,UF61F=q9-nmD&.P)Ym0-E).-8I>&2Dus>1F>":.5‘h,3&)mG3%mBQ001p@3A‘9I1b(gS0fq9D2DHO<1+4e,+#u806U*@j3%6^9*&B#_/g_>jIOlL#1+"q5,;h(u1G0n+.O$Jn+##/g1GL451+4q5-7UD‘-RK‘_.3C8p,;:Sh/12Df-6"!D%4*,00e=@u.2joo*AfMo2DH=/.NBfX’-J5(.O>ua.N]oY)’pOJ,U=9L*Y]kF)Aj>$’GUon)F).’cS#*+=%mR.3KlIMiCn!%]?72_6@"*>B8)$o’Oe.k‘"e)F;9’.GFS’cIMu^ƒ�{�.OGoU+qc@R r8=rbY20?!Trl91;<=2

•�t�£�Ø�(M]_,�icn⁄�‰�t}�3q‘� —HO+‘@LLl@IQN0&dNNf8pNK96[MiW^QNer[SM2RCQNffKdQ&^f_Oc>HcOcu&pQBIAoR$X5/R$s;(P‘q2lR[’24R[Tn:Q_0P+TpCqATUMgOR&Q^DX.klXT96%DOK,";VOrsHT9#kCQ(Xb5S=Gb2"IbL>R$%93rfM/[OckijP‘CifO-,TfPEqDrQ’.8nQ’@T&R$sG0R$a2+QBdi)Q^O;1S",q:S=5q<R$aJ6R-(=T:;=HTqSH^V5Br[VP9f^U8"HWTrk;o$WQ@V5BTDQ)17M$‘WQ[C*QS[D0Dd_7mP!^qIV"$+mdZ&?/"d*Bu:dW*7F‘l?-CaNDfOd+$(ZdE9eb‘QHT(X0RkTT:2IOQ_("BTr=]‘YF_JgQCFV7S"l=?VNdOER%C4ET;*JVj<jLQ(+Y9S#;RAUmR^MQ^an@SuS3NWg0’OR@gLISuI[2S!055S"HUJSY_pNW0isG#b%9USY2XMTqhUSEg)WLS!B>9StVjHS"H+:S<oS-P*))qPae/1Q^<u.S"-";S!o_4R[BM4R@9S2R%9V5SXQ+?R[oq8S!o_6S!ok7Q^O&#P‘:T[NJ‘[SMN*XTNeiIIKnP25JqSc.KSP>=KnkJ8K7nf.KS5,;ItEB%,(G2jI=QKdI!0daH@(3kIY<0"KmeE’KS,&1J:r;rI=QfurdZ)BJqJK%JU2]lH@:6mIXlioIXlp!IXQZpI=?g"JqAOOJc:/uJ1c1tJ9u]pH@:<gH[^6eIWfs_H$b!fIXuckIX-9hG’J@YH[p?fJ96!_EclYJF9Zr4G^FOU H$sdTFE;JEF‘VJG’A%NGB%bJF*DeJG^FFSG]%KDg$AAF*DJAG&hhTH@13fI"-HhIWKXXEcZMIF*_nNHZF7WEd3(RG(+ITHuX7RFE‘+SGC4CPGAqVHDK0c=Fa/"PHZaUZEcuVFFEDMFF‘)2?Dfp5AGC+:PH>dnM&T;]6E,p5EF*VqPH@:3m>$PG6!,4,C2J6iD?Y3q89htj,(a(Ic*8cS*ut=h#ZY29G’@LEGfQ1Dea0,C2Rm(Df96’CM7^.?"IVQ@q0:pE-6GOH[^;V(_m#P!$s’C7ncZM:f]hO:-V0F786oM7o_rL=@c1l7nm2XISF$78m"JT>").i85NS^;-Z4Q;+Xbq4%W=485i#U?:"%5YP<G8ld]/7OKlL#8@q"/hSD%.O?_t*@E-T-mp)e.gm+3’,hub:0)%FEa)s].53It+sJWq1GC^F-S@&-3’0Z*<)d".6q^QL:KBPK:,k[74%Dt4:/a&9&k4oI75d7m5XJ"’4[Lt‘3@ZO4rW"-’3BMY:IWfjXE,T]1Bkq[(E,fc8F)c5BEcZDGF‘MG@Df#Ahrc/0‘F)Yu5DZ4MPD#S)HC+O7?Df9N4E,T‘7DK’B+Ci!m(B5)*pCM[a%D/XB4DJsH1CM[j’Ci*s)D/3r2DJX*.DK’N2Ci*p&C2.HpBk1dhAS>jmB52’mC27X’DJKNOG6DJX03EcZGIG’%bGEc?#9Ci+<:FoHL^DZ4PUDJa7iBJ4(9CiFE9EH?5:Ci+*1EcQ8ECi40(Bkh?tChdd’Ci40*Ci*m"C27R#D/=*+CMj&d,][gDDJsH1Ci*m$C1Cdb@Us"aDJa*(CMI[&Ci43+C2@QrBl&04Des6.BkM4!CN!s#C2.BrBOtgb?=.DXB5;$jB4#+‘A7oRaA7o7YDJ<p%Anbd‘@qK1]An,F_@:NhYAnYgkBP(pd>[q/G@:<GN?s[>I=BoBFAR&AC>$"p8?!^lD?=7)H?!LWB?XI#==^5*7?!1E<>$G<:>[C]B=^G?=>Zt?>?=.)G?X[5IAR/YO>$>QD?=mGKAm]"U>$YN=>[^fA?s-‘C>$YQ??"$oB?<UQ==^,*4=]83s=]^7?t!2?>ZXs/=&rF(<EEC.>Zt?8=&rB$<>o"C=Bo*7=]ng’;,:1l;cHdt;cQgs<‘W*t<;oeu=’&L+9N>.r<E<F/>[(94<‘2q#<EE0t;d!+&9h;P8kVuX;bg+c>?bBA@:EVO@:*>K<‘N4)=^,!0=]JF%<)Zdr;cQq&>$>-8;,^Fs=’>N##?+Mu?<g]=>5hVK<‘‘@&;cHXr=B8C&<)Qar:f^Rb9hn,M:eXeh85<,W;HQ^oIU#]K>#8+!<)cq"<*!4+>$=s.<DcUl:Jj_U8PD‘L7n6*>7nH0@8NoL/3Bo_d4?Ybm6pO764[_b$6:=(/830(,3^?+u6V’=(76j746q9p96qKU184H-E6q’a35"._’84?!A5<hUr3^,_p8N/b"2‘sJe4@D7t82NCp:+S4_1cn#^4[^n[4#]>l3B]ha1c[*D3%d*L0/ksA1cI-N4t&3C0KM9M4?Y>V2_I$H0K1pI3]])W3%csA/2T1:1c-jA1,(I=/het6rH)_2)[ER1,_!D2‘2m4.OQo&.5W,1bU40.k<D.,q:2p2(UOD0ISFs1cI-B#;Rt‘0.](E 2gmbO3)m30f(=51+Ob’-7LJn-7C),Tn0S+<MjO,Uar‘-RC#c,:4ib,:4HR+rVdV+=/E[-7^At2DZR--Nabb,r%)(2‘W<F3[?L?*A03"4[U]73slX.Qg6H2FAZG5U8<W,WCA5"d7g9e8b401]+p7TM$);Dq0RIPj]%0go(q5ZBR-=>N9G/3?‘a5ZTEs9eJM&00N&]4%^n[7OgGk.60sP5#*Xm:EVJ_.QgE]79267=#‘cS.m$?S4%hM&<HX3.QU0V5#*Rf8LHDc.lp9J1IE]U9J/J%.Qg6H1dE9B5U/’L.6’aE2aeiD4<lO@.Q0UA<AQff2*E<C4")pI,r.M(/iFh)2CC=D,r7P(0/O_&1FP+A.5a.30/P%33%6O=-o!S’/2A4n/0uf%-8%,#.PW8)2Cg[I+=o5i/28G)2’jn4,:bP%s0DY)Jc:*JH?t’gI"6WnJq&?&I=R$&KS"Z(JUW-#IXlutItN6&L4b/0IXd!$J:W5"ItWE)K7Z-KS"r5JqJ],I=6KhH$OmfI=QcpI<p9kI"-]rJUDioI=;*E:4de<I=$<hIt<6!I=HTlIX6<eH[:’eH@(!aH[C!‘Isc]rJV/E#J:WB-L5(J5K7ec0L4k;:J:iN-L51>6LP1G=MN*[QO,o$PN.cqC(kI?qJq]#9MN*FLNJ‘[UNKB<VLPL8,J:d‘S!JcF.LII#PL5(52Jqf);ItWH#I=Hd$LP1MBLQ%7JMiECHMhR(KKntV@M2R:QNfK6aMiNgTNfJpPMMI"EMi<UQMN!INN003brJq)AO-Gimrf.;DNK’!]PDtWcN!bW.Ocu#nPEq;l Q#i%KQ&UcdN/s-aP*qN#Rus#+N0BWhPaRSsRZ<MsMiO$[O-PZbQ&UljN/s3aP*^u_OGo6aMN3gQM2R1LO,K*_Mij3ZO-#<^Q&UolMiO!XN0/gLN/EUYMiO$XMii^LNeE1IJVK)5L5CV>N.m%ELPc"i#*P+3Q’IN!-’XRYP‘hArOHkrhP‘_#jP)tolOd2)kPa7T$Q’@W"Pa7Q!QBIF1PXh%&P*D&gOctljPE1ljNf]TgNgl/qSs5G1Q&h>qMOKZbVk96UU6hjQPbt(8W1fBSUR%gOPc1@EVPK‘SSWfG-O-PrjPa)00$BL:4PE1ihMiEjYBTA::Od2&nQB78qPEM/rQ’[lbPa@i laP‘LooOcl/pOd_JuRZNYuOcl6jQ/hA4n,oIC2";2CO%1r[D#lkhe!r

*k1F$P!:@#66D:00DWd6;’g?;,:-i=<1XO>?tQ:=^#$9?=./O?=I>I?X?uF?X$i@<‘rF&:f^Fo<_lIb77]m00eXg^$NMt;-RpMc,pO9V-QO]d+t+i[.OZ>j.j-/‘(+:OK-70TT,T.I<%gE=?$kj%*3]8r_5!MP+4[MCt5X7_,7R$f9.R$!^69R@k2)@!:.4?8h.j-Jp+#,8e1GBq-/fcf"*]5Gh2(Kb-/0Hi$INC9n*&8l/gM8e,oJQj+#,2b0I[tu/g)bo�¶�Y|0—(1is&elE&!"oDM-6>-:6n^ki,!7q391p0p9,’oi-WjV1A8!r<E$&.b#=C‘h6UN=t;*J)b5#Y?J<‘CA$0f;-V7nlTM<*t4A-mooa.j$;n+=el].4H5X*tfG0%gWOC!!‘KJ-QjZb-6aof*[rTX-7Bc[.N^/p+=o8X+uV5(/1_nr/gCl="rJ<n3B];X3 ia4ZPhl4$l:t7794%5!2%o4$G_g4ZYAT/h8@s-mp)j0deJ&,;:i".4ZMi.N^B!-S$Yj/hA7u.j?SuINpBn+>>Dn,U+’P,T/’[–�˝

P. Krejcik, WPAH116P. Krejcik, P. Krejcik, WPAH116WPAH116P. Emma,P. Emma,J. Frisch,J. Frisch,P. Krejcik,P. Krejcik,G. Loew,G. Loew,X.-J. WangX.-J. Wang

VV00 ‡‡ 15 MV 15 MVsszz »» 22 22 mmm, m, EE »» 6 GeV 6 GeV ee--sszz2.44 2.44 mm bbccbbpp

DDyy »» 90 90 " VV((tt)) ssxxRFRF�streakstreak�SS-band-bandTransverse RF Deflector for Bunch Length MeasurementTransverse RF Deflector for Bunch Length Measurement

VV00 = 20 MV = 20 MVssyy »» 250 250 mmmmsszz »» 22 22 mmmmyy--zz streak streakgenerated bygenerated bydeflectordeflector

PAC-2001, Chicago, ILPAC-2001, Chicago, ILUndulator Hall (FFTB)Undulator Hall (FFTB)Install 122-m longplanar undulator inexisting FFTB hallInstall 122-m longInstall 122-m longplanar undulator inplanar undulator inexisting FFTB hallexisting FFTB hall

Near hallNear hallNear hall

Far hallFar hallFar hall

UndulatorUndulatorUndulator

PAC-2001, Chicago, ILPAC-2001, Chicago, ILQFQFQDQD

BPMBPMspace for space for xx-ray-raydiagnosticsdiagnostics undulatorundulatorsectionsection

3.42 3.42 mm

VanadiumpermendurpolesVanadiumVanadiumpermendurpermendurpolespoles

Nd-Fe-BmagnetsNd-Fe-BNd-Fe-BmagnetsmagnetsUndulator (ANL/APS)Undulator (ANL/APS)

Beam Pipe:5-mm ID120-m LengthBeam Pipe:Beam Pipe:5-mm ID5-mm ID120-m Length120-m Lengthmm0.420.42break length (long)break length (long)mm0.190.19break length (short)break length (short)3333No. of undulator sectionsNo. of undulator sectionsmmmm6.06.0magnetic gap heightmagnetic gap heightmm3.423.42undulator section lengthundulator section length3.713.71undulator parameter, undulator parameter, KKmmmm3030undulator period, undulator period, lluumm122122undulator line lengthundulator line length

1-1-mmm BPMm BPM fifi cavity and button-type cavity and button-typein compact package (G. Decker, in compact package (G. Decker, ANLANL))E. Moog, TOPA012E. Moog, E. Moog, TOPA012TOPA012Quad-magnets and undulator sections on independent moversQuad-magnets and undulator sections on independent movers

ee--Planar hybrid typePlanar hybrid type

vacuumpump

PAC-2001, Chicago, ILPAC-2001, Chicago, ILTitanium strong-backTitanium strong-backTitanium strong-back

Va permendur polesVaVa permendur poles permendur poles

Nd-Fe-B magnetsNdNd-Fe-B magnets-Fe-B magnets

Courtesy E. Gluskin, ANLCourtesy E. Gluskin,Courtesy E. Gluskin, ANLANLLCLS 9-Pole Prototype Undulator (ANL)LCLS 9-Pole Prototype Undulator (ANL)LCLS 9-Pole Prototype Undulator (ANL)E. Moog, TOPA012E. Moog, E. Moog, TOPA012TOPA012Al temperature-compensation plateAl temperature-Al temperature-compensation platecompensation plate

3.4-m sectionis underconstructionat ANL3.4-3.4-m sectionm sectionis underis underconstructionconstructionat at ANLANL

PAC-2001, Chicago, ILPAC-2001, Chicago, ILSimulate alignment procedure with manySimulate alignment procedure with manyrealistic errors: BPMs, quads, poles, realistic errors: BPMs, quads, poles, �RONRON simulation shows simulation showssaturation length increasesaturation length increaseby <1-gain lengthby <1-gain length(R. Dejus, N. Vinokurov)(R. Dejus, N. Vinokurov)Undulator Beam-Based AlignmentUndulator Beam-Based Alignmentssxx > 500 > 500 mmmmssxx »» 1.5 1.5 mmmmDDjj »» 100"

100SS/m/m

0 20 40 60 80 100 120

-100-50050100

�X/�m

�X_2�_{1/2}= 1.7 �m, �X^{BPM}_2�_{1/2}= 1.2 �m, �X^{QUAD}_2�_{1/2}=10.6 �m, �^x� = 81.9�

0 20 40 60 80 100 120 -100 -50 0 50 100

S/m

�Y/�m

�Y_2�_{1/2}= 2.7 �m, �Y^{BPM}_2�_{1/2}= 1.1 �m, �Y^{QUAD}_2�_{1/2}= 6.9 �m, �^y� = 21.1�

trajectory after 3trajectory after 3rdrd pass of BBA pass of BBA

0 20 40 60 80 100 120

-10000

1000

S/m

�X/�m

�X_2�_{1/2} = 507.82 �m

0 20 40 60 80 100 120

-1000 0 1000

S/m

�Y/�m

�Y_2�_{1/2} = 287.07 �m

uncorrected trajectoryuncorrected trajectorySS/m/m

Quadrupole positionsQuadrupole positions

BPM read-backBPM read-back

True trajectoryTrue trajectoryBBA used at TTF-FEL: BBA used at TTF-FEL: DESYDESY (P. Castro, et. al.) (P. Castro, et. al.)

beam size: beam size: ––30 30 mmmm

PAC-2001, Chicago, ILPAC-2001, Chicago, IL••Undulator wakefields alterUndulator wakefields alterenergy profile along bunchenergy profile along bunchduring

during

FEL amplification FEL amplification••Resistive-wall and surface-Resistive-wall and surface-roughness wakes are importantroughness wakes are important••Limits are tight (Limits are tight (DDEE//EE<0.1% rms)<0.1% rms)study roughnessstudy roughnesscharacter with atomiccharacter with atomicforce microscope usingforce microscope usingSS SS �A5A5� finish finish((StupakovStupakov, et. al.), et. al.)S. Reiche, WPPH119S. Reiche, S. Reiche, WPPH119WPPH119

-30 -20 -10 0 10 20 30 40

-0.4-0.3-0.2-0.100.10.20.30.4 0.5 z/�m

�E/E0 /% & f(z)

Resistive-Wall Wake (� c = 5.9e+007 /�/m, r = 2.5 mm, L = 121.000 m) �E/E0� = -0.1172%

� � = 0.0855%

Q = 1.00 nC E0 = 14.34 GeV s0 = 8.3 �m

� z = 21.8 �m

resistive wakeresistive wake

607010210410610810101012010203040506070z [m]

P

[W]Courtesy S. Reiche, UCLACourtesy S. Reiche,Courtesy S. Reiche, UCLAUCLAno wakesno wakes(25 GW)(25 GW)

long bumps (500:1)long bumps (500:1)(16 GW)(16 GW) short bumps (50:1)short bumps (50:1)(10 GW)(10 GW)

PAC-2001, Chicago, ILPAC-2001, Chicago, IL••Intense Intense xx-ray interaction with matter-ray interaction with matterXX-ray Optics R&D-ray Optics R&D••Attenuation cell (1Attenuation cell (1fifi1010--44))••Experimental station needsExperimental station needs�Theory, modelingTheory, modeling�component survivabilitycomponent survivability�diffraction expdiffraction exp�t FY01t FY01�Gases (N, Ar, Xe, Gases (N, Ar, Xe, �))�Differential pumpingDifferential pumping�Mirror opticsMirror optics�Crystal opticsCrystal optics••Temporal compressionTemporal compression••Focusing opticsFocusing opticsLCLS device is even smallerLCLS device is even smaller

PAC-2001, Chicago, ILPAC-2001, Chicago, IL

PAC-2001, Chicago, ILPAC-2001, Chicago, IL

Two-stage undulator for shorter pulseTwo-stage undulator for shorter pulse

52 52 mm43 43 mmee--

30 30 mm

SASE gain (SASE gain (PPsatsat/10/1033))SASE Saturation (23 GW)SASE Saturation (23 GW)

SiSi monochromator monochromator((TT = 40%) = 40%)

timetime

Energy

EnergyC. Schroeder, WPPH121C. Schroeder, C. Schroeder, WPPH121WPPH121 timetime

Energy

EnergyDDEEFWFW//EE = 1.0% = 1.0%

DDttFWFW = 230 fsec = 230 fsecx-ray pulsex-ray pulse

1.01.0··1010--44 timetime

DDttFWFW < 10 fsec < 10 fsecMitigatese- energyjitter andundulatorwakesMitigatesMitigatesee-- energy energyjitter andjitter andundulatorundulatorwakeswakesAlso a Also a DESYDESY scheme which emphasizes line-width reduction (B. Faatz) scheme which emphasizes line-width reduction (B. Faatz)

PAC-2001, Chicago, ILPAC-2001, Chicago, IL4-4-m undulator in ATF atm undulator in ATF atBNL for SASE R&D atBNL for SASE R&D at830 nm830 nmQ0I<9.%8TS-6@o#L$9gWo-;g2PGE*#Q>"jT_>F9PIXGR’HXKdAK6>V^BiF7ccWuOahuTK_Tp’5cGRBC‘P]R’b%uEo>]lZAF.cWUSQKp’;J_RnBou"tN_!T;<apEES!L^o^1q8=6rn_%<HgN&E][’35"A^@3Abtf3KJ;Z<’‘6P?<(NF<Gc8N>>7d6+<"To=1YW9@pE&AIU#lZ?<1KC=_(rEA78YR@pEMO=^tiB@UE5H?W^fG=_(rE@piGK?W^]A<+’$1@pr>LAQ‘b]>dtVEG8QrC05Lh?%mWG;bK[p((h?%(*">4+!;[A)YV7:G"Rp%M]sA5XHq�=Zi<&fhQ!*u,P6((M2m&K;<70d9Xu’L6;B:kO(<=Mg�?6_O=]e[#3ALLcAhYi.?7eTD6r$HrFCM&<L;gO,X-oELOH?N3Q_p"3Q’mSH@_T=M3)t/Oa2>1FEj!uK9gV)J88eTL3])<KMX9^(^gli’+Z]H-7C8‘Od(9Nf&U<IM<A)E-#‘VPD#<iOYA:;IR?@P)t3JHZkC$I9’9?Ci*aRTU%s00hKQ4>]V3&<uc3(Q:t5<(MT.ORMA2GQV*;b0B.FE""AP%.ZqG&Ctp9hRu>4@;+h;Fj<’DJbl’NjPa[ah5.$[/Q?U7%4)JUM]_D.dNn?=.&@>ZXd,;GC1d85‘#I<(fiIT]WZ?W^Q9;HHgl<DlIg:e=PZ7o;rL:J+#K7mTa95>=U4:.ITF76jI24AA4.<(fX84--@5Yaa59gh3=69Rn+2b#tf83f(,6od_"2)?[,3A)aQ5<2A%3_):k7m8n"3]’5d2*s;Z3i6:,U"W]*8NZ0dnA//hKLT"uA1j-8$>Y IR>V.CJ?BS2’*qU$mll).jH#+<2XL*%N<V1FF;*,p#?#+)Y(Ee&%f‘VNWVZ*[)I?0-r#)/Lr_3/28P"/gqqs-6Ora’J^pO.3KHV+WN*^+tOu^/0l>g,9JH^+>>2h/g)9H<))&k]Q@t!%h&n"-n$_r,;:Mk0e"D&IOHHs.OHl!,q^Mf/L;Mh+s%pJ(Ejb4/fk]e+;J3L/jCZq+rM.G+s&*Q)^HC?,omjF*uH7C(FC%70dRhg*#’>.&fDK!(D@>t&J,up&2G.1HX&g95V4)r%jE8A,pXT]+Wqd@(DdPl’F>-‘$Oe6p&1S_@*#’&#%hTTlIME_7().8i&.8pX$Od^[%lPpg8jG=-5;$,02a&W1-56i9BO>so?lK^h’+,*‘%hpE3+?(‘%0-i"q*$@!‘-;6]g<D5b9/1D_](‘XA(-QsI@?tPggNkhcecaT4]XbjZ‘ICl2%af^TH[#‘MAOj:@tb-[5MY_pE$M9)u_I‘f6‘b.<bW<jk7S!]bBPaS;:TrY#dY,%kqUS58oTt6tp];)@?UT;2’Xh^X4_PF?OV4a?ZLhWQ9G’J+^RITaW6([/‘MB98Wi<4nUp?Vl Q+8ZF@fSZ+c3cXcoQqP,,s]VT>+$‘gE^ER&J#lW5b’u^m(CrRAdi‘Ia‘ATsp#IU4@ND^q%):gWeO%a5#%fgsF@&e’6[rbhLLegX+*sccOneakP1bg<Rpqcck=k_pbcfsJYOH@V6#FbaF>HW"$m:fr!B=ER;:BgG=)77h#T6sVi;CIq-.5seU.2-)CcA3E1m7S%>a874YCO)&?rFDuP,IT18[8pjcC@7!4e69o<98$hdXf/*Z)PgTYgge2cH*iNaM?9G_UHTCcc*ZF‘P9j@‘PB%+CO2FRG+Vr^UK2H.=EU9:Eh$!DQqV1V8nO/cAUBT+S%lMLN.[Zp;KkH-G<AfG4&9TV8Qn>;13m1dNcIlp68E.Y<+BH>"‘@sY CLCIq2D6OZ91ICM_09[-?WL$8>ZYB;<+B*3Am\S@9[>N=_(f>A6i8I>utQB=(YfBB3n_P>ZYE?<aT’/?sQ‘D@p3Y]?YO+XChd0iBj,Lj?!HE:J44l’b2/t%lkmW/L)Dc.kX’B,Dm?$PX4(2FAfM5S"A-Qj0X(FCCU+<_^H)&F>.1cH[^=%-S);NQZe<rPp*;FP_IBh^ua-RL5k/iGCU>qnW:@UE;rK6"&dN5‘0/ahG+’^UMA#[)ftkcG@9E^qnL8^s^’7d_W‘F_SF=.]?("c+^[4ah6QRcAZC]’FPBY$O00m4

PAC-2001, Chicago, ILPAC-2001, Chicago, ILNew proposal for:New proposal for:••LCLS accelerator andLCLS accelerator andxx-ray optics R&D-ray optics R&D••Ultra-short Ultra-short xx-ray science-ray scienceprogram at SLACprogram at SLAC

0.1 0.2 0.3

0

5

10

15

20

25

30 z /mm

I /kA

I pk

= 30.631 kA

s z

= 28.0 m m (FWHM: 24.6 m m, Gauss: 11.0 m m)

0 0.5 1 1.5 2

-2

0

2

4

DE/ÆEæ /%

n /10

3

s

E

/ Æ E æ =1.51% (FWHM: 4.33%)

0.1 0.2 0.3

-2

0

2

4 z /mm

Æ E æ = 28.493 GeV, N e

= 2.133 · 10

10 ppb 28 28 GeVGeV

Add 12-meter chicane compressorin linac at 1/3-point (9 GeV)Add 12-meter chicane compressorAdd 12-meter chicane compressorin linac at 1/3-point (9 GeV)in linac at 1/3-point (9 GeV)Damping RingDamping Ring((gege »» 30 30 mmm)m)9 9 psps0.4 0.4 psps80 80 fsfs50 50 pspsSLAC LinacSLAC Linac1 1 GeVGeV20-50 20-50 GeVGeVFFTBFFTB

RTL RTL

30 30 kAkA

80 80 fsec FWHMfsec FWHM

1.5%1.5%Short Bunch Generation in the SLAC LinacShort Bunch Generation in the SLAC LinacCompress to 80 fsec in 3 stagesCompress to 80 fsec in 3 stages

Existing bends compress to Existing bends compress to <100 fsec<100 fsec~1 ~1 �

10-10-m undulatorm undulator

P. Emma, FPAH165P. Emma, P. Emma, FPAH165Add to understanding of CSRAdd to understanding of CSRand and XX-ray optics-ray optics

PAC-2001, Chicago, ILPAC-2001, Chicago, IL••Emittance generation and preservationEmittance generation and preservationSummary of Key IssuesSummary of Key Issues••Stable operationStable operation••Undulator errors and trajectory controlUndulator errors and trajectory control¤¤Gun Gun gege »» 1 1 mmmm, repeatable at 120 Hz, repeatable at 120 Hz¤¤Need better understanding of CSRNeed better understanding of CSR¤¤RF, laser, and feedback systemsRF, laser, and feedback systems¤¤Fabrication, alignment, and BPMsFabrication, alignment, and BPMs¤¤WakefieldsWakefields1_9‘

�łp1;^;^£�˚

æ�;^;˚?‰§�?�

:‰?9�9ø�

3“„“d5�¸aˇK …§˝�9�Lfi_�|—

/@cGml;cGn0/‘Ws2j[CruUXf_T!qj%YS<T8.Pa%]&Pan!7SG]2h[B6R$V59]YV>cthPamu&S<S^

~[„… :nˇˇ{N>,]#XoGfBXj4&FcF’e"Xf]mN‘kB(2rl/3ocF([3XiA&ocFq62]rf;f‘kB’f‘kBC*]rf;f‘kB’f‘kBC*]rf;f‘kB’f‘kBC*]rf;f‘kB(*]tMG!]rf;f[FW$n‘kALo]rf;f‘kB’f‘kBC*]uIb!‘kB(*rk0r0‘l>^*‘m29;]tLPf]uJ@2‘kB’f‘kBC;]uIb!XiA&f[C*]U[DonnN.ckCN.h(Tqh4inre1/q&WDBrN.ckSPa&#7S@,K$cGmm’f)Fh6p[@SGpXFYhYte%‘kB&%[B6R$V4<d?PdT)U‘kB(*f$:S]sZG)qp#Dc]tM_2‘jPfc+4e‘W]tLPf]uIb!‘kB’f‘kALo]rf;fXiA&f[C+#f^&E?pN.ckSN/XU’S@,K$[Cruf]tM_2‘m2TDqT]Ad‘m2TDcGml;rj;d?[Jcp,S=Gh6Pa%,cqKiQjF*htLHZO7TF*%>-"cS+fS<T9;V$49?[Ece3rmh)4rn]$chY6L-hR0KS]sY8]XiA&ff"JcJ]tLi)]sZG)‘kB(*]tLheXhE$Z‘Z:nX‘kBC*]rf;f‘kB’f‘kBC*]rf;f‘kB’f‘kBC*A%f"a]uIb!XiA&o]tLPf]tM_2^!=X;]tMG!]uIb!‘kB’f‘kB(2‘l>^*XiA&V‘kAe2]uIb!XiA&o]tMG!]uJ@2‘kB’f‘kBC;]uIb!XiA&ocFq62]rf;f‘kB’EKS5;;K][XKH#l’KTqFSV4=’‘Xf]UV^!=X;cGmlL‘l>^;‘jPfc$ba6]]sZ.n[DonncMkgHf$;:TV7!G-cA!X;GsnG(mGRK[36Bh0c7#I(n<$(XXP^$.4MAJ.BP$JXXP^$.4Kp!.=4’0cE3qgV4@PA!S6-’ecF@QrQYJa‘kDAZ"Kef& S=BYFS<X#+"ab<3CL^lO>4kem>5i"8CL^k$F*%>6$^?U/V4=’‘]sYkn^&HRakMG(pn,)kV s*t~> %ADOeod :j :imsv 281 1 8 843 [419 0 0 1 2463 2087] F T 3 F :f :l rqHE"o%KSp[@SLpF:WkPj<A[Dp4_‘jPf9re(H%HZO7DCqW@>5i%2>5i%2>5i%2>5i%2>5i"5CL^lO>45r*F),Q4CMS:rEs6>pHZO7T#BOs5F)uLF8^FdF*%;,!HW>HP(=?H[BgHZOOTF*htLHZO7Trc8?CNF9,F),Q4rbE]f@rlF$F),Q4CMS!,CNF9,F),Q<F*!:nKUe9k[B6RN]tOErroa1Qqu?ZirpTjLrmh4lf$::!4Dg&rgX%SN/[ahrd,B$CMS!,CX0r>cGml[Ece*]sYl"[Jn/T]tMG!^#$0BcF(("]tODKpgXDICMS:rErg&lrd+g-N.dFSN;f@HV%L,;XgP:5[B6R=]sY8MXgP:5rMBF^"dFt)P‘1S#Hi89uF)uLF*htLHZO9-HiA["P‘1S#S-ZO)XhD-McGmm’f)FP’kPaiPkNDU.n,;t^n*g#Kn,DMLedKdC‘jNLfS>Da?N/[a_!cr-mraQ"F@q5LAraYq2raYq2raYq2raYq2raYq2pga;,oj]OoCMS!,CNF9,HZO7TF

HON0L‘‘[JnGOk60u2p[@SM pXu@~> %ADOeod :j :imsv 60 1 8 180 [90 0 0 1 2922 2069] F T 3 F :f :l q#C?fp[@V7ptko2qsX=SqsWt9!T*#:hY#IlcM>cbf

••SASE saturation at ~1SASE saturation at ~1�