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Sozice-crizirge aric ernitizirice groyyir

4 Tne self-fields In electron sources are
strong, scaling as
frBearn density
g2

G EMmittance growtn arises frorm
srNon-uniforrnity of defocusing in & (z)
& Nonlinearity in r



Self~elaciric fialds i pearrs

Uniforrmly filled cylinder of
cnarge (pDeer car):
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Dezrr snaoirig Deyorid e

& Uniform bearn = optirurn ermittance
cornoansatior?
# Not aven theoretically...
r-can” oearn suffars frorn
dge 2rosion, non-uniform distribution
# Nonlinear fizlds at adgeas
& Savare praciical difficultias viith laser
% Luiten-Serafini proposall:
& Use any temporally shapzad ultra-snort pulse
# Longitudinal 2xpansion of well-cnosen snapad
raclial ororile I(r)=lo(1—(r/a)2)l/2

& Uniform ellipsoidal vearn dynamically created!
& Linear space-charge fields (3D)
& pPadial snaping nead only be approximaie
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Forgive

<
longituclinal pu
Srizipe
#Wnat are lirmnits in
initial l2ngtn?

& Padial shape can be

D DroJirmnzte
£ Original Serafini
exarmple



Calr % rrzirry Lujteri-Serafini scriermne o
classic ernitiarice cornpenszaiion? 1ss1es

¢ Positive
& Laser very forgiving
& Excellent transverse and longitudinal pnase space
& Snorter pulses possiole?

a

atnode lrruge cnarges drive incorrect finzl
(rvone-sided ellipsoid)
@ Larger energy soread during cornpensatior
@ Cnarge fluctuations sormewnat rmore importarnt
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LLNL, ORION, SPARCY Next talk
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rlow dogs tnie Lijter-Serafini
SCrgrne Worky
¢ Inject current of arpitrary tirne-orofile
I(t,) = Qs(t,)
- Note meadmurn in function  |g~z!

“Assurne disi-like pearn  [ECT<<a
=

< Longitudinal force only rler)e Iclent or
initial position in rand &

F (r,t))=—-€E, + 4Jreab(r)jg(fo)dfo Ar) = 4mo,(r)/E,
0

= —¢E, + 470, (r)G(t,)  ©,(r) is beam surface charge density

= —¢E,(1-a(r)G(1,))




Longitidinal dynarmnics

< Assurne no radial rmotion over tirme of
r

Ineeresi

S Energy and energy gair
0 Y

Hea)=1er (s (e)= 20 oy ac(s)
< Velocity integral
z ' v(z.10)
C[t(fo)_to]= _{ﬁ(drz }’(fo) _{ ;:Zl)il
) Y'(lto) \/ [y(t0)e] = 2v'(t0)2




Asvrrniptotic it

“Large v, Witn 7

7 neld cornstant
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Case of large exozrnsion

< To nave 2 final state dominzted oy

spzice-charge, we )z \é:;Ja(r) >> cTygzir) ]
e
J(r,z,tf) - 4m1;)ec

% Tnis distriputior Is
srUniforrn current density
srUniforrn cnarge density
& Inicleperniclent of initial corditions, as long is
initial pearn is snort (in oractice <200 fs)
+ Tnis s 2 general cnaracteristic of
plasrria rearrangement; uniforrrn cdensity
insicle of 22 Denye lengirn frorn surface



DE2IT) SMzZI0E

< Loor at expansion of bearn adge (front)

1 1
C[tf(to’edge)] - Cto i y’(tO,edge) ) y_(;
2 2
R 0

< Noyy zssurrie the magic distrioution
3Q . 2 1/2
)= 2ma’ [l_(;) ]

@ An ellipsoidal profile results!
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Trie ootirrtn pezrn distriottion
ziricl ernittarice cormoensation
< Uniforrly-filled ellipsoid is optirmurn pearmn snape

@ Linear sche charge forces in all 3D
4T ner Ince growtn during rearrangermearit
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Iriitizl PARMELA sirmulzition sty

4 PARMELA (UCLA) stucly
& Computationally intensive problam
% Standard SPARC injactor (LCLS Ferrario-Scenario) ) conditions
& 120 MY/ peai on-2.is fizld
@ 2700 G solznoid
# Post-acceleration in SLAC TYW section, 5 MY/m, B,=560 G
% gearn initial conditions cnosen to:
& Avoid image charge effacts (J, (ct) limit)
% Produce amittance comoeansation
# These are sligntly at odds,

Initial longitudinal Gaussian ¢, =33 s (cUtoff at 3 o)
& Transverse Gaussian with ¢, =0.77 mm (cutoff at 1.8 g).

Launch at 33 dagraes to mitigate enargy soread — bad for compensation

% Nota: no cnallenge to laser parameiers, nead not nave peariect radial orofilz



E//]pso]c/a/ beam r sim Lilzitior]

< Final bunchn lengtn 1.3 mrm (full), 105 A peai currernt.
& some longitudinal asyrmmetry due to lrnazje charge
% Small artifact from non-ideal radial/long. profile; transverse space-
charge
& At low energy (only) the ellipsoidal bearmn snape is visible
@ T r.mlﬂ:';?)n to emittance dominated regime destroys shape (it is no longer
Image charge effect Avrtifact of initial conditions
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axcallert

ermittance avolution sligntly
dlrre rent tharn standard scenario
atar turn-on of transverse SDccCe-
Frurge

1)

(

& Delay of vlasrma oscillations
& Ennance solenoid in TW section to
spead up oscillations
rinal ernittance <0.7 mrn rracd!
cxcellent perforrarnce at rmucn
nigner currant tnan stancdard
operation: 105 A vs, 49 A



Longitudinzl pnzise spzice zcvariizges

dplp

< Initial fast — out not large — longitudinal emittanca growtn due

r
Lo rearrangearment/expansion

& Shortest pulse possiole given e-field

< extremely small final 2nergy soread
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# Snorter bearr

i

# Aporox. lingar space cnharge (lingar chirp contrioution)

0y . ~ ~ 7~ e o~ -\ e~ - ~T 1 N = 7~ e
% Excallent cornprassion! Uye as diagnostic of SC forcas
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Mz ddrnLrr Drigniness

13 ]" fe ODTirnurm?

- Wrialt Is mepdrmurn origntness in tnis
scherrne? 2L g (

2
o, o k,T.

DX

2
mc) 2eE0mc ecE;

B, =4x10" A/(m-rad)

k,T=0.9 eV, E, =120 MV/m




cxoerirmernizl oltloox

< We are looring at several appropriate
Drotoinjectors:
& LLNDPERIADES:

“Proposed w/SF ror LDRD
@norn-apsrmzad scenario
< clifficult funding of racnine at pres
#SLAC NCLTA ("ORION®, "E1837)

“We want nigner involvernent, including TW undulator FEL

4 Good for orograrn, induding laser acceleration.

- Winter 2005
& SPAFC (Frascati)

& Optirnized environment

“Also Fall 2005

4 Discuss from this perspective (...grazie a Pietro M. e Carlo V.)
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Talk 1T

4 Experimental signatures
& Configuration space
@ Phase spaces
4 Experirmental realities
Catnocde arnission tirme

Q
I

r ity/nandling issues
A I\/IQFISLlrerrle issuas (SPARC context)
[MeasSUrarmeants -t Iow arergy
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FLtL e omp//faf/‘ona/

Invesiigations

- Longer pnotoarmnission effects (tali 1)

¢ Jitter studias

(D

< Nori-uniforrn catnode ernission
@ Velocity buncning a1 la Serafini-rerrario



