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Outline$

!  Thomson$source$electron$beam$requirements$

!  Laser@plasma$accelerator$efficiency$and$beam$quality$to$meet$source$needs$

!  SimulaCons:$Thomson$scaWering$of$MeV$photons$from$LPA$electrons$

!  BELLA$laser$and$HEP$applicaCons$

$
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QN5:?58$?4-W(A*8B$;A5E>4(?$?>*<-DG($;N5<58?$
QA-8?;5A<-DG($?5>A4($8((E?$45:;-4<$-44(G(A-<5A?$

!! 2@/0$,(V$;N5<58?$6A5:$0J\@2$I(V$(@]$

-! $,585@(8(AB(C4[$G5+$E5?(^D-4MB5>8E$

-! $F5+$E*)(AB(84([$?<-8E5_$

!! `A(=>(84.$E5>DG(E$G-?(A[$0J/@0Ja$I(V$

!! S(GG$;A5)(8$58$458)(8C58-G$-44(GJ$

!! 95:;-4<L$(34*(8<$?5G>C58$8((E(E$$
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Thomson sources require 0.2-1 GeV e-"
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F-?(A$&G-?:-$H44(G(A-C58$jF&Hl$



T8<(8?($6(:<5?(458E$G-?(A$EA*)(?$-$;G-?:-$65A$$
F-?(A$&G-?:-$H44(G(A-C58$jF&Hl$
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F-?(A$;58E(A5:5C)($65A4($m$;G-?:-$5?4*GG-C58$4A(-<($$$
F&H$?<A>4<>A($

Concept: Tajima and Dawson, PRL 1979.  Review articles: E. Esarey, Rev. Modern Physics 2009; Trans. Plasma Sci 1996. 



Self$injected$experiments$produce$high$quality$beams$
but$limited$tuning$

Current$LPA$Thomson$sources$limited$to$near@100%$
bandwidth$and$low$yield$by$e@beam$and$laser$$



Control$is$required$for$reliable$acceleraCon$

*T. Tajima and J.M. Dawson, PRL 1979"Simulations with the VORPAL code – Nieter et al JCP 04."



7(;-A-<($458<A5G?$56$G-?(AL$?<-B(L$*8n(4<5A$
$65A$(34*(8<$F&H$

Concept: Tajima and Dawson, PRL 1979.  Review articles: E. Esarey, Rev. Modern Physics 2009; Trans. Plasma Sci 1996. 

!! F-?(A$458<A5G$o$-;;A5-4N$;>A($I->??*-8$:5E($$



T8n(4<5A$m$-44(G(A-<5A$?<-B($$
?(;-A-<($458<A5G?$65A$(34*(8<$F&H$

!! 7<A>4<>A($458<A5G$)*-$G-?(AL$;G-?:-$$$

Concept: Tajima and Dawson, PRL 1979.  Review articles: E. Esarey, Rev. Modern Physics 2009; Trans. Plasma Sci 1996. 

!! F-?(A$458<A5G$o$-;;A5-4N$;>A($I->??*-8$:5E($$



T8n(4<5A$m$-44(G(A-<5A$?<-B($$
?(;-A-<($458<A5G?$65A$(34*(8<$F&H$

!! 7<A>4<>A($458<A5G$)*-$G-?(AL$;G-?:-$$

!! 7(G6$-8E$4N-88(G$B>*E*8B$o$<5$G(8B<N$56$G-?(A$E(;G(C58^$(G(4<A58$E(;N-?*8B$$

!! F-?(A$458<A5G$o$-;;A5-4N$;>A($I->??*-8$:5E($$

Concept: Tajima and Dawson, PRL 1979.  Review articles: E. Esarey, Rev. Modern Physics 2009; Trans. Plasma Sci 1996. 



T8n(4<5A$m$-44(G(A-<5A$?<-B($$
?(;-A-<($458<A5G?$65A$(34*(8<$F&H$

!! 7<A>4<>A($458<A5G$)*-$G-?(AL$;G-?:-$$

!! 7(G6$-8E$4N-88(G$B>*E*8B$o$<5$G(8B<N$56$G-?(A$E(;G(C58^(G(4<A58$E(;N-?*8B$$

!! T8n(4C58$458<A5G[$N*BN$=>-G*<.$?<-DG($D(-:?$

Concept: Tajima and Dawson, PRL 1979.  Review articles: E. Esarey, Rev. Modern Physics 2009; Trans. Plasma Sci 1996. 

!! F-?(A$458<A5G$o$-;;A5-4N$;>A($I->??*-8$:5E($$



F58B$*8<(A-4C58$G(8B<N$)*-$G-?(A$p$;G-?:-$458<A5G$

30µm 

-0.8 mm focus +0.8 mm 

%*BN@=>-G*<.$G-?(A$:5E($5)(A$6>GG$654-G$E(;<N$

k8*65A:$B-?$n(<$;G-?:-$p$;A5;-B-C58$

!! F-?(A$;N-?($6A58<$458<A5G$

-! !(65A:-DG($:*AA5A$

-! 7<A(NG$q$0J1$

$

$

!! T8<(A-4C58$5)(A$Fn(<$c/::$

!! &G-?:-$E(8?*<.$458<A5G?$E(;N-?*8B$

-! `G>4<>-C58?$<>8(E$D.$n(<$458<5>A$

$

k8*65A:$;G-?:-$$200 µm 

Interaction length > 2 mm 

N.H. Matlis et al., Proc. AAC 2012. 
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Electron spectrum Self trapped tuning is limited 

N.H. Matlis et al., Proc. AAC 2012. 



!  Limit$on$gradient$for$a$cold$1D$nonrelaCvisCc$wave:$$

$(EWBe/m)*(1/ωp)$=Δ$v$~$vwake$~$c$

$

$"$to$control$injecCon:$

$$ $a)$change$iniCal$parCcle$velocity$

$ $b)$modulate$wake$velocity$

Control$LPA$injecCon$



95GG*E*8B$;>G?($D(-<$+-)($458<A5G?$*8n(4C58$

Theory: Esarey PRL 97;  ^ Fubiani  PRE06;  Related exp: Faure et al. Nature 2006, Kotaki et al PRL 2009, Toth et al, PAC 2007. 

e- spectrometer 
  

electrons 

Driver  

ICT  

gas jet   

Collider ) 

  PRE06;  Related : Faure et al. Nature 2006, Kotaki et al PRL 2009, 

Phase space 

driver!
collider!

Pre-collision 

Particles 
trapped in 
beat wave!

Collision Acceleration 



T8n(4C58$458<A5G$)*-$<+5$45GG*E*8B$;>G?(?$$
*8E(;(8E(8<G.$458<A5G?$*8n(4C58$65A$N*BN$=>-G*<.$D(-:?$

2mm H2 gas jet 
ne ~ 1e19/cc 

 
 
 



95GG*E*8B$;>G?($*8n(4C58[$M*4M$?(G(4<(E$(G(4<A58?$<5$*8n(4<$

Movie courtesy Cormier-Michel; SciDAC visualization award winner.  
Theory: Esarey PRL 97;  Fubiani  PRE06, VORPAL code Nieter  JCP 2004 



95GG*E*8B$;>G?($5)(AG-;$?<-D*G*u(E$

1; Geddes et al., PAC 2011 

958<A5G?$65A$A(;(-<-DG($-44(G(A-<5A[$
2J! Q5;$)*(+$(?<-DG*?N(?$*8<(A?(4C58$

/J! 7N-E5+BA-:$?(<?$)(AC4-G$-G*B8:(8<$p$C:*8B$

\J! H><5:-C4$D(-:$;5*8C8B$:-*8<-*8?$5)(AG-;$
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* L. Rabely – Masters’ project 
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On target laser pointing stabilization"



T8n(4C58$458<A5G$)*-$+-M($;N-?($)(G54*<.$:5E>G-C58$

Theory: Bulanov PRL  98, Schroeder PRL11  



InjecCon$control$via$wake$phase$velocity$modulaCon:$
Stable$&$tunable$near$0.5$GeV$–$suitable$for$10$MeV$photons$
Gas$jet$in$capillary$creates$density$‘bump’$

Density$change$reduces$wake$velocity$
controlling$trapping$$

30µm 

Stable,$tunable$electron$$beam$

Gonsalves et al, 2011.  Earlier experiments Geddes et al PRL 08,  
Hosokai PRE03;    Theory: Bulanov PRL  98, Schroeder PRL11  
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!! 99!$4-:(A-$A(45AE?$?;(4<A>:$

-! ;N5<58$45>8C8B$+^$4N-AB($?N-A*8B$

!! 7*:>G-C58?$+*<N$(8E;5*8<$45AA(4<(E$
*8<(BA-G?$-GG5+$?:-GG$5?4*GG-C58$8>:D(A2$$$

-! U>-8C<-C)($:-<4N*8B$56$(i;(A*:(8<?$$$
"

1; Chen et al, PRST-AB 2013,  Rykovanov et al. AAC 2012      

Electron oscillation in focusing field 
causes betatron X-ray emission 

Measurement on TREX self injected LPA 
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X@A-.$?;(4<A-$*8E*4-<($0J2$::@:A-E$(:*W-84($
95:;-A-DG($<5$?<-<($56$<N($-A<$'`$-44(G(A-<5A?$

!! 7*8BG($?N5<$?;(4<A-$

-! $Zf\$,(VL$##$c$fJfdL$&$ ~ 1.2 mrad  
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!! U>-8C<-C)($yz8B$56$(i;(A*:(8<$p$
?*:>G-<(E$?;(4<A-$
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$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$0J2$::@:A-E$

"

Single shot measurement 

1; Plateau et al., PRL 2012, Thorn et al. RSI 2010 

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$0J2$::@$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$0J2$::@$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$0J2$::@

Related: Weingartner et al, PRSTAB 2012, Quad  scan, measured  similar emittance 



QN5:?58$;N5<58$?5>A4(?$
A(=>*A($N*BN$=>-G*<.$F&H$-8E$?4-W(A*8B$G-?(A$

!! 7*:>G-C58?$p$458)(8C58-G$-44(G(A-<5A$E-<-[$$$

-! &N5<58?$56$2Ja@1$,(V$6A5:$0J/@0Jf$I(V$(@$

-! &N5<58$P-8E$S*E<N$jPSl$6A5:$(@$$##$-8E$$#$:%
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-! &N5<58$D-8E+*E<N$c$/d$`S%,$$-4N*()-DG($+^
F&H$(@D>84N$!#$

!! F5+$(:*W-84($(@$A(E>4(?$#$$458<A*D>C58$

-! P(-:$A-E*>?$c$2x:$65A$/d$PS$j(i;-8E(El$

-! 74-W(A*8B$*8$;G-?:-$65A$20d$PS$$

Percent-level bandwidth 
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QN5:?58$?4-W(A*8B$6A5:$F&H@G*M($
(@D(-:$;A5E>4(?$<>8-DG($N*BN$=>-G*<.$;N5<58$D(-:$

!! `G>i(?$56$2020@202/^?(4$A(=>*A($N*BN$
(34*(84.$-8E$A(;$A-<(J$

!! $`5A$2022;N^?(4$-<$20h(@^?N5<[$

-! &N5<58$6A-4C58$*8$PSc$PS$j/d$*8$/d$PSlJ$

-! 20d$PS$"$M%u$-8E$20$;N^(G(4<A58$$

-! /d$PS$"$20$M%u$-8E$b$;N^(G(4<A58$

!! $P(-:$?<-D*G*<.$-44(;<-DG($

&5*8C8B$(AA5A$^$G-?(A$?;5<$?*u($
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 If beams are off by one  

laser spot size, flux is 
down only by 30%. 

Key effects parameterized  
Tolerances achievable 

Percent-level gamma energy 
spread acheivable 
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'.M5)-85)$(<$-GJL$$HH9$/02/L$$9N(8$(<$-GJL$&'$7Q@HP$/02\$
'(G-<(E$HJIJ'J$QN5:-?$(<$-G$&'7Q@HP$/020$j$kJ$,*4N*B-8lg$IN(DA(Bu*-DN(A$$&'7QHP$/02\$jkKFl$
&J$9N(8L$(<$-GJL$-L$KT,H$\bb$j211bl$20aJ$j9HTK$45E(l$
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&N5<58$?5>A4($EA*)(A?[$Y5>G(@4G-??L$M%uL$\0$6?@;?$;>G?($G-?(A?$
$

!! !A*)([$20@/0$QS$6?$G-?(A?$-<$0Jb$@/Y$

-! ${2$,$A-8B(L$$e$f:/$$"$$

-! 20$%u$<.;*4-G$

"HE(=>-<($65A$E(:58?<A-C58$

$

!! 74-W(A$2@20$;N^(@[$2@20$;?L$/@Z0$Y$G-?(A$

-! !(;(8E?$58$?4-W(A*8B$B(5:(<A.$

$

!! %*BN$|>i$?5>A4(?[$}$M%u$G-?(A$-<$q2d$(34*(84.2$

-! !*5E($;>:;*8BL$#34*(8<$:-<(A*-G?L$`*D(A$45:D*8-C58~$

-! 7*8BG($;>G?(L$5A$;>G?($<A-*8$-<$;G-?:-$E>A-C58$

$

rapidly 
dropping 

1  http://www-bd.fnal.gov/icfabd/Newsletter56.pdf  



E. Cormier-Michel, In prep. 
 

Design scalable with density 

. 

CP exp. 

Xray exp. 

!! 958<A5G$D(-:$(8(AB.$)*-$;G-?:-$
E(8?*<.$#($c$2^8$

-! c$20h$(@^?N5<$

!! F-?(A$?4-G(?$+*<N$;G-?:-$
+-)(G(8B<N$$
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\^/$
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\^/$

!! H44(??$0J/$@2$I(V$(8(AB*(?$

-! I-::-?$-<$2Ja$@/0,(V$

-! 7*:>G-C58$m$(i;(A*:(8<$-BA(($

74-G-DG($?*:>G-C58?$-GG5+$E(?*B8$65A$6><>A($?5>A4($
!



Novel$methods$for$future$experiments$simulated:$
Very$low$emiWance$via$two@color$ionizaCon$

$

!  EmiWance$<$0.03$mm@mrad$

!  percent$level$bandwidth$without$expansion$

!  sub@percent$bandwidth$with$expansion$$

28 Min$Chen,$Proc$AAC$2012$and$submiWed$

Short-wavelength trailing pulse  

Creating low emittance beam 
due to small a0, diameter 

Injects beam into wake of driver 



Novel$methods$for$future$experiments$simulated:$
Low$emiWance$via$transverse$colliding$pulses$

!  Three$pulse$geometry$with$driver$at$
right$angles$to$collision$

-  Beat$wave$kick$transverse$

-  Selects$transverse$posiCon$

!  EmiWance$<$0.1$mm@mrad$

!  Charge$control$via$addiCon$of$$N2$gas$
and$ionizaCon$

29 Min$Chen,$Proc$AAC$2012$and$submiWed$

Transverse collision diagram 

Low transverse momentum selected 

L=0.79mm 



74-G-DG($F&H$E(?*B8?$<5+-AE?$6><>A($`#F?$-8E$95GG*E(A?$

!! F&H$?4-G*8B$+*<N$G-?(A$p$;G-?:-$;-A-:(<(A?$(?<-DG*?N(E$$

-! !(?*B8?$65A$200$,(V$o$200$m$I(V$-GG5+$()-G>-C58$56$45GG*E(A$?4-G*8B?$

!! P(-:$:-8*;>G-C58$D.$458<A5GG*8B$D(-:$G5-E*8B$p$?N-;*8B$56$G-?(A$;>G?($

-! HGG5+?$A(E>4(E$E*)(AB(84($65A$QN5:?58$?5>A4($

"

V5A;-Gg$95A:*(A@,*4N(G$HH9$/00hL$I(EE(?$74*!H9$'()*(+$/001$J$$$
SH'&g$$V-.L$&5&$22L$Y9&22$

Quasilinear stage scales from 0.1-100 GeV" Laser mode control in a channel"
for high charge at low emittance"

95A:*(A@,*4N(GL$&'7QHP$/022$

WARP WARP 

WARP 

 stage scales from 0.1-100 

30
 

-3
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Y
(!

m
) 

Propagation distance (mm) 0 4 

integrated laser intensity profile  



74-G-DG($F&H$E(?*B8?$<5+-AE?$6><>A($`#F?$-8E$95GG*E(A?$

Collider concept: 
Leemans & Esarey,  
Phys. Today 2009 

~10  GeV 
stages 

high quality  
injector 

Staging 
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-! 7<-<($56$<N($-A<$(:*W-84($

!! '-E*5BA-;N.L$;N5<5y??*58$-44(??*DG($85+$$

-! T8<(BA-<($N*BN$=>-G*<.$F&HL$?4-W(A*8B$

!! e$&(A4(8<$G()(G$`S%,$D-8E+*E<N$
-4N*()-DG($
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