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- Wake fields in normal conducting Linacs for Single Pass

FELs:
« Accelerating Structures
- CSR
- LSC

How such wake fields affect the beam quality for FEL

Problems

Beam manipulation techniques to compensate wake fields:

control of higher order energy chirps

Low charge regime to minimize wake fields

Cures for p-bunching instability

Solutions
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‘ Beam Quality
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‘ Beam Quality (cont’d)

Cooperative process in undulator - e-beam longitudinal slicing

Slicing in a Linac? Not physical — arbitrary binning

UNCORRELATED

large A < slice > small A

Correlations make the slice beam quality dependent on the slice length



‘ Flatness
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W, cancels the final energy chirp allowing larger chirps for compression and

reduced CSR by smaller R;4in BC2...
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..but introduces nonllnearltles which degrade the current profile of the

Compressed beam (see later...)

c=O0pm -~

TEE T

T4
121

I I S R

~ =

0,13 .02 0am el LwIE o0oaa

z rmrm )

1.0 nC
c,=23um



‘ Flatness (cont’d)

One of the goals for HGHG FELs is FT limit signal with a narrow BW

Data from SDDS file tt.zdhis, table 1
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UmermltY bifurcations and spikes

D(3)=-0.039mm3 at P due to longitudinal wakes,
Tsg6 @and cubic chirp

5(z) =8, + D) Az + D(2) Az* + D(3)A23I

Cubic chirp manipulation:
* Pl - No! D(3) always <0
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Uniformity (cont’d)

Current spikes should be « compression efficiency reduced
avoided because: « wake field in undulators

 Current spikes enhance higher frequencies
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‘ Flatness + Uniformity

- X-band phase can control the cubic chirp but affects the flatness
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A global solution is not always guaranteed...
...another knob for bunch shape manipulation is required ‘



Reverse Tracking

* Longitudinal phase space self-adjusted by

alters the wake fields
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e-density distribution which
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‘ Reverse Tracking (cont’d)

Brozenguean
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A) Shielding of CSR by the
vacuum chamber*

1

AE shielded I AE free space

*R.Li, C.L. Bohn, J.J.
Bisaognanao, PAC 1997
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B) “long” bunches: CSR energy
losses are weak at o ~ 1/t
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Fine Tuning

“dog-leg” section

LINAC

Adjustable Rg; using trim quadrupoles to
refine the longitudinal phase space
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Preserve
emittance
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BBU: “Banana” shape

Elegant vs. Analytical
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DYNAMICS of BANANA SHAPE
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BBU: Impact on FEL
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BBU Suppressmn
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Low Charge Option
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‘ Low Charge: Acc. Structures

S. Di Mitri
FELO6, Berlin

— — 10 _ T T T T
(E;>—13.640 GeV, Ne—O.(?25><l_O G =20.406 um S Wiirtrtyiriririntrivinivivrl irbiiririviririrbripiyirivtpriint
1.ONC 1 5] | 3.4 kA a T
— 4 | o
S 0.1 1 .2 ].Lm ZE.L 3 | .J'I- b _'j-t.‘j.'.‘-_rJ_,—--w'”"“ifL“"*“’“'""'“".“_“"
o = £ 2l gt o
= ol 5 s '?[_J;l;jl;g;:,:’;;g;_!?.1':;;:771:“?5;‘““—ZT:_“:;
-0.2
O
-0.3 : : - '
0 :
-0.04 -0.02 0 -0.04 -0.02 0 =09 4@ Bab BUR
z/mm z/mm s (m)
| (E)=13.641 GeV, N =0.125x10"" G =7.979 um ' . . :
] SMWW
0.2nC
S 0
s 01 0.85 um T 3| N
@ o £ 10 .
m - B <
< -01
5 ] | SIS | I ——
D_ 1 1 1 1
0.3 : 0 200 400 600 800
-0.02 0.02 0.04 ~0.02 0 0.02 . Fe
z/mm z/mm S
- LCLS D D D
couresypevma  [INEATILY no spikes BBU suppressed




S. Di Mitri

Low Charge: CSR (proj. €)
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Low Charge: CSR (slice €)
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ubBl
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Few keVs energy spread is too small to suppress high—frequency uBI
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COUPLING between 3 DEGREES of FREEDOM

Split compression allows balance of W, and W induced instabilities

CSR couples longitudinal to transverse emittance

uBl force to 4-D Landau damping

e-BEAM MANIPULATION

Low charge option minimizes growth of projected emittances

Single compression + reverse tracking to suppress uBl

g~ 1 mmmrad  (Ag/e), < 20%

oeg = 150 keV Cepr ~ 1 MeV
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