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Short Bunch Generation in the South ArcShort Bunch Generation in the South Arc
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SABER Accelerator LayoutSABERSABER Accelerator LayoutAccelerator Layout

SLAC linac tunnelSLAC linac tunnel South ArcSouth Arc

Sec. 2Sec. 2--99
L L ≈≈810 m810 m
ϕϕrfrf ≈≈ −−23.323.3°°

sectors 10-20sectors 10sectors 10--2020sectors 2-9sectors 2sectors 2--99

Sec. 10Sec. 10--2020
L L ≈≈936 m936 m
ϕϕrfrf ≈≈ 00

9 GeV9 GeV
σσz z ≈≈ 0.36 mm0.36 mm
σσδδ ≈≈ 2.0 %2.0 %

1.2 GeV1.2 GeV
σσz z ≈≈ 1.1 mm1.1 mm
σσδδ ≈≈ 1.0 %1.0 %

NDRNDR
1.2 GeV1.2 GeV
σσz z ≈≈ 6 mm6 mm
σσδδ ≈≈ 0.08 %0.08 %

RTLRTLRTL
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LCLSLCLS

28.5 GeV28.5 GeV
σσz z ≈≈ 0.025 mm0.025 mm
σσδδ ≈≈ 1.1 %1.1 %

28.5 GeV28.5 GeV
σσz z ≈≈ 0.36 mm0.36 mm
σσδδ ≈≈ 1.1 %1.1 %

LBCCLBCC
L L ≈≈14 m14 m

RR5656≈≈−−76 mm76 mm

bypassbypass

RR5656≈≈26 mm26 mmRTLRTL
V V ≈≈ 42 MV42 MV
RR5656≈≈0.59 m0.59 m

QQ = 3.4 nC= 3.4 nC
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Damping ring energy Damping ring energy 
((1.2 GeV1.2 GeV))

Damping ring Damping ring 
energy spread energy spread 

((0.08%0.08%))

energy in arc energy in arc 
((28 GeV28 GeV))

Damping ring Damping ring 
bunch lengthbunch length

((6 mm6 mm))max. energy spread    max. energy spread    
in arc (in arc (1.1%1.1%))

Minimum bunch length achievableMinimum bunch length achievable……

preservation of preservation of 
longitudinal emittancelongitudinal emittanceσσzzminmin ≈≈ 18 18 μμmm



ParameterParameter ValueValue UnitUnit
Bunch chargeBunch charge 3.43.4 nCnC
DR electron energyDR electron energy 1.191.19 GeVGeV
DR initial rms bunch lengthDR initial rms bunch length 6.06.0 mmmm
DR initial rms relative energy spreadDR initial rms relative energy spread 0.080.08 %%
RTL VoltageRTL Voltage 4242 MVMV
RTL RTL RR5656 0.590*0.590* mm
RTL RTL TT566566 1.05*1.05* mm
Sec. 2Sec. 2--6 RF phase6 RF phase −−23.3*23.3* degdeg
LBCC Chicane energyLBCC Chicane energy 9.09.0 GeVGeV
Sec. 10Sec. 10--20 RF phase20 RF phase 00 DegDeg
BypassBypass--line line RR5656 13.2*13.2* mmmm
S. Arc S. Arc RR5656 13.0*13.0* mmmm
S. Arc + bypass S. Arc + bypass TT566566 94*94* mmmm
Final electron energyFinal electron energy 28.528.5 GeVGeV

Longitudinal ParametersLongitudinal Parameters

*  sign convention is with head of bunch at *  sign convention is with head of bunch at zz < 0< 0 and and ϕϕ = 0= 0 at RF crestat RF crest
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Final Energy and Peak Current Jitter vs. DR Extraction Timing anFinal Energy and Peak Current Jitter vs. DR Extraction Timing and Charge Jitterd Charge Jitter
20% peak current jitter20% peak current jitter

DR ext. time DR ext. time →→

charge charge →→

0.1% relative energy jitter0.1% relative energy jitter 200 fs timing jitter200 fs timing jitter



Final Energy and Peak Current Jitter vs RTL Phase and Voltage JiFinal Energy and Peak Current Jitter vs RTL Phase and Voltage Jittertter

RTL phase RTL phase →→

RTL voltage RTL voltage →→



Final Energy and Peak Current Jitter vs 2Final Energy and Peak Current Jitter vs 2--6 Phase and Voltage Jitter6 Phase and Voltage Jitter

22--6 phase 6 phase →→

22--6 voltage 6 voltage →→



Final Energy and Peak Current Jitter vs 10Final Energy and Peak Current Jitter vs 10--20 Phase and Voltage Jitter20 Phase and Voltage Jitter

1010--20 phase 20 phase →→

1010--20 voltage20 voltage→→



Tolerance Budget for RF and Beam JitterTolerance Budget for RF and Beam Jitter

All tolerances are rms and when applicable they apply to the aveAll tolerances are rms and when applicable they apply to the average rage 
phase or voltage variations of the multiplephase or voltage variations of the multiple--klystron linac section.klystron linac section.



Track in 2D 1000 times with jitter based on tolerance budgetTrack in 2D 1000 times with jitter based on tolerance budget



Twiss Parameters from 20Twiss Parameters from 20--5 Bypass5 Bypass--Start to S. Arc Inst. SectionStart to S. Arc Inst. Section

Convert YuriConvert Yuri’’s s MADMAD file into file into ElegantElegant for particle tracking with for particle tracking with CSRCSR



Bunch length (Bunch length (σσss) and relative energy spread ) and relative energy spread 
((σσδδ) vs. ) vs. SS--position (with CSR)position (with CSR)

σσss

σσδδ

25 25 μμmm



without CSRwithout CSRwithout CSR

σσyy = 4.33 = 4.33 μμmm

σσxx = 3.05 = 3.05 μμmm

σσzz = 25.1 = 25.1 μμmm

with CSRwith CSRwith CSR
σσzz = 24.9 = 24.9 μμmm

σσyy = 4.36 = 4.36 μμmm

σσxx = 3.08 = 3.08 μμmm

Tracking With and Without CSRTracking With and Without CSR



with ISR (only)with ISR (only)with ISR (only)

σσyy = 4.8 = 4.8 μμmm

σσxx = 4.3 = 4.3 μμmm

σσzz = 25.2 = 25.2 μμmm

Tracking With Tracking With IncohIncoh. Sync. . Sync. RadRad..

ΕΕ ≈≈ 28.6 GeV28.6 GeV



1st order
(no CSR)
11stst orderorder
(no CSR)(no CSR)

2nd order
(no CSR)
22ndnd orderorder
(no CSR)(no CSR)

σσyy = 4.33 = 4.33 μμmm

σσxx = 3.05 = 3.05 μμmm

σσyy = 5.59 = 5.59 μμmm

σσxx = 3.53 = 3.53 μμmm

σσzz = 25.1 = 25.1 μμmm

σσzz = 26.3 = 26.3 μμmm

(Gaussian fits)(Gaussian fits)

Tracking in 1st & 2Tracking in 1st & 2ndnd OrderOrder



ΔΔεε//εεxx ≈≈ 6.7%6.7%
(6% due to ISR)(6% due to ISR)

min. min. σσzz

σσzz ==
340 340 μμmm

σσzz ==
1.15 mm1.15 mm

overover--compressioncompression

CSR tracking through secCSR tracking through sec--10 chicane with 10 chicane with SABERSABER beam (1.15 mm beam (1.15 mm →→ 320 320 μμm)m)

B1B1 B2B2 B3B3 B4B4

1D calculation1D calculation



SectorSector--10 chicane energy 10 chicane energy 
spread is larger in spread is larger in SABERSABER
than in than in SPPSSPPS (1.6 (1.6 →→ 2%2%))

2.0 %2.0 %

1.6% (1.6% (±±1111⋅⋅σσ))

1.6 %1.6 %

SPPSSPPS

SABERSABER

SPPSSPPS
((xx--yy at chicane center)at chicane center)

plot-limits are 
chamber walls
plotplot--limits are limits are 
chamber wallschamber walls

Chicane dipole field quality Chicane dipole field quality 
tolerances may be strainedtolerances may be strained

1%1%



AC ResistiveAC Resistive--Wall Wake for Aluminum Chamber in South ArcWall Wake for Aluminum Chamber in South Arc
((a a = 5.5 mm= 5.5 mm))

no RW-wakenono RWRW--wakewake

with RW-wakewithwith RWRW--wakewake

ResistiveResistive--wall wake (AC) effect is small:  wall wake (AC) effect is small:  ΔΔσσzz//σσzz ≈≈ 0.5%0.5%



SABERSABER without a bypass (1without a bypass (1--km more wake)km more wake)

σσzz ≈≈ 28 28 μμmm

ΕΕ ≈≈ 28.5 GeV28.5 GeV

σσEE//EE ≈≈ 1.51.5%%



Damping Ring Energy Reduced to 0.9 GeV (from 1.2 GeV)Damping Ring Energy Reduced to 0.9 GeV (from 1.2 GeV)
(damping time still sufficient at 30 Hz)(damping time still sufficient at 30 Hz)

σσzz ≈≈ 11 11 μμmm

σσEE//EE ≈≈ 1.11.1%%

RTL R56 = 460 mm ?RTL RTL RR5656 = 460 mm ?= 460 mm ?



Send Send LCLSLCLS Beam into South Arc (no byBeam into South Arc (no by--pass)pass)

σσzz ≈≈ 2.6 2.6 μμmm
(8 fsec rms)(8 fsec rms)

ΕΕ ≈≈ 13.6 GeV13.6 GeVσσEE//EE ≈≈ 0.20.2%%

γεx,y ≈ 1 μm ?γεγεxx,,yy ≈≈ 1 1 μμm ?m ? No CSR, No RWNo CSR, No RW--Wake, etc.Wake, etc.

No possibility to do this in present designNo possibility to do this in present design
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