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

......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, 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, 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 0 50 100 150 200

�^z /�m

N

MEAN= 21.953 �m, RMS= 2.979 �m

-0.5 0 0.5 0 50 100 150 200

�t^f� /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�Undulator 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, IL

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

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

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, 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

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

0 0.5 1 1.5 2 -2 0 2 4

�E/�E� /% n/10^3

�_E/�E�=1.51% (FWHM: 4.33%)

0.1 0.2 0.3 -2 0 2 4

z /mm

�E� = 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�