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Measurement of 60-µµµµm 
FEL microbunching at 
stanford, 2000  

Initially proposed by 
E. Crosson et al., 1995



BC2 4.3 GeVBC2 4.3 GeV

add a diagnostic chicane R56’add a diagnostic chicane R56’

Run 10 GeV L3 at zero crossing (-90 deg) h3Run 10 GeV L3 at zero crossing (-90 deg) h3L2 (φφφφ2)

To high-resolution

energy spectrometerSlightly adjust BC2 R56

Final energy Final energy spread/profile spread/profile corresponds to corresponds to short bunch length/profileshort bunch length/profile

Wakefield of long linac must be taken into account Wakefield of long linac must be taken into account 
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* Z. Huang, K. Bane, Y. Ding, P. Emma, SLAC* Z. Huang, K. Bane, Y. Ding, P. Emma, SLAC--PUBPUB--14104, 201014104, 2010

Apply this method to measure fs bunches*Apply this method to measure fs bunches*



Run LiTrack with 20 pC setup (L2 phase at Run LiTrack with 20 pC setup (L2 phase at --31 deg, under31 deg, under--compression)compression)

Run Run L3 at L3 at --90 deg (10 GeV over 553 m leads to 90 deg (10 GeV over 553 m leads to h3 = 139 m-1))

Increase BC2 R56 by Increase BC2 R56 by R56’ = -1/ h3 = -7.18 mm

Turn Turn off Linacoff Linac--3 wake (discussed in next slides) 3 wake (discussed in next slides) 

LCLS low charge

After nominal 
BC2

After adjusted 
BC2 and L3

Conventional RF zeroConventional RF zero--phasing has no chance here phasing has no chance here ((induced Einduced E--spread << spread << 
initial Einitial E--spreadspread))

This technique is insensitive to initial EThis technique is insensitive to initial E--spread or chirpspread or chirp



L3 wake introduces an additional energy spread to the measuremenL3 wake introduces an additional energy spread to the measurement t 

For very short bunches (<10 For very short bunches (<10 µµm), wakem), wake--induced energy induced energy spread (spread (primarily primarily 
a linear chirpa linear chirp) ) is independent of bunch lengthis independent of bunch length

Linac Wakefield
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Wakefield un-corrected Wakefield corrected

This simple wakeThis simple wake--correction scheme works for almost arbitrary (short) correction scheme works for almost arbitrary (short) 
bunch length we want to measure!bunch length we want to measure!

N: N: # of e# of e--

LL: L3 : L3 lengthlength

aa: : iris radiusiris radius



LinacLinac--3 wake can be corrected by a bit more over3 wake can be corrected by a bit more over--compressioncompression

Using stronger chirp in LinacUsing stronger chirp in Linac--22

Or using Or using stronger R56 in BC2stronger R56 in BC2

II22 is peak current in L2 (same for all BC2 compression settings)is peak current in L2 (same for all BC2 compression settings)

IIAA=17 kA, =17 kA, 

hh33 is L3 chirp by RF zerois L3 chirp by RF zero--phasingphasing

Wakefield compensation

Preferred wakePreferred wake--correction method is by shifting correction method is by shifting RR5656 of BC2, of BC2, 
which needs to be increased by ~8.08 mm which needs to be increased by ~8.08 mm 

RR5656’’ (= (= --7.18 mm 7.18 mm = -1/ h3 ) and ) and 

∆∆RR5566 ((�� --0.9 mm for wake compensation) 0.9 mm for wake compensation) 



Wakefield compensation by changing R56

R56’ = -8.08 mm

• Real bunch length

• E-spread/chirp

Run LiTrack with 20 pC (L2 phase at Run LiTrack with 20 pC (L2 phase at --31 deg, under31 deg, under--compression)compression)

Run L3 at Run L3 at --90 deg (10 GeV over 553 m leads to 90 deg (10 GeV over 553 m leads to h3 = 139 m-1))

Turn on LinacTurn on Linac--3 wake3 wake

Increase BC2 R56 by Increase BC2 R56 by R56’=-1/ h3= -7.18 mm

Wakefield un-corrected

Increase BC2 R56 by R56’++∆∆∆∆∆∆∆∆RR5566 = -8.08 mm

Wakefield corrected



Phase shift agrees with theoryPhase shift agrees with theory

Wake Wake effect can be corrected effect can be corrected 
empirically by identifying empirically by identifying full full 
compression phase through compression phase through 
CSR bunch length monitor CSR bunch length monitor 

• Real bunch length

• E-spread/chirp

• E-spread/chirp 

(shift φφφφ2 by 1°)

Wakefield compensation by shifting L2 phase
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measurement (20 pC)

LiTrack simulation
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R56’ = -7.18 mm



High charge case (250 pC)
Wakefield EWakefield E--spread for a longer bunch depends on bunch lengthspread for a longer bunch depends on bunch length

Run Run LiTrack with 250 pC, increase BC2 R56 by 10.58 mm, run L3 at LiTrack with 250 pC, increase BC2 R56 by 10.58 mm, run L3 at --90 90 
deg zerodeg zero--crossingcrossing

Wakefield compensation still works (not as well as low charge cWakefield compensation still works (not as well as low charge case) ase) 

• Real bunch length
• E-spread/chirp



A-line as a high-resolution spectrometer

Spectrometer 
screen (PR18)

ηηηηx = -6.4 m
ββββx = 100 m

Spectrometer 
screen (PR18)

ηηηηx = -6.4 m
ββββx = 100 m



For 0.5 um emittance, beam size limits the energy resolution of For 0.5 um emittance, beam size limits the energy resolution of AA--line line 
spectrometer at the level of ~1spectrometer at the level of ~1××1010--55

Divided by Divided by h3 ~ 100 m-1, , temporal resolution is 0.1 um or 0.3 fstemporal resolution is 0.1 um or 0.3 fs

Other issues that limit the resolution:Other issues that limit the resolution:

Linac wake adds some nonlinear energy chirp that distorts Linac wake adds some nonlinear energy chirp that distorts 
measurements   measurements   

CSR/LSC CSR/LSC must be taken into must be taken into account in bends and linacs account in bends and linacs 
(addressed in (addressed in elegantelegant simulations next)simulations next)

Practical issues:Practical issues:

AA--line is an old highline is an old high--energy line that used to transport 50 GeV beams energy line that used to transport 50 GeV beams 
(power supply stability at 4 GeV is a concern)(power supply stability at 4 GeV is a concern)

L3 phase jitter (~50 fs) will make beam position jitter at the sL3 phase jitter (~50 fs) will make beam position jitter at the screen creen 
(need energy feedback)(need energy feedback)

We hope to test this method at AWe hope to test this method at A--line soon.line soon.

Resolution estimate



Under-compression (20 pC, L2 at -31.5 deg)

L3ENDBC2 END

A-line PR18

~ 2 mm 



Over-compression (20 pC, L2 at -33 deg)

L3END
BC2 END

A-line PR18



RMS bunch length (Elegant simulations)

Turning on and off 2Turning on and off 2ndnd order optics (in elegant) has no effect on order optics (in elegant) has no effect on 
““measuredmeasured”” bunch length/profilebunch length/profile

Wakefield/CSR/LSC add a systematic error ~0.4 fs Wakefield/CSR/LSC add a systematic error ~0.4 fs 



SummarySummary

A singleA single--short method for measuring fs LCLS bunches is short method for measuring fs LCLS bunches is 
studiedstudied

The method will be tested using the SLAC AThe method will be tested using the SLAC A--line line 
spectrometerspectrometer

The method requires no extra hardware (besides a highThe method requires no extra hardware (besides a high--
resolution spectrometer) and may be applicable to other resolution spectrometer) and may be applicable to other 
XFEL facilities XFEL facilities 


