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Outlines

m Normal TR Scheme for e- acceleration
m Radiation reaction in a PWFA
m Optimal Beam loading in 2-bunch PWFA

m Scissor-cross ionization injection and laser
interference triggered injection in LWFAs



“<¥» What is High Transformer Ratio?
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HTR mode, R = (45.5-10)/10=3.55
Normal TR mode, R = (20-10)/10=1




HTR e- Acceleration— ideal case
© bem  pver Tl Acelrtngdsmnce(m) 1065

plasma density n,, (>< 101%cm™ ) 0.50334 Driver energy E(GeV) 1.30

Driver energy £ (GeV) 10 10 Trailer energy E(GeV) 45.5
Normalized emittance

oG ) 50->20 100 Normalized emittance e, (mm mrad) 98.44
Length (um) 600 77 Charge(nc) 0.84 (0.78)
(matched) Spot size(um) 20->3.87 20->8.65 Energy spread 85 (%) 0.56
Charge (nC) 5.8 1->0.84 TR ~ 4
Energy spread & (%) 0 0 Efficiency (%) (driver > trailer) 59.1
Beam distance (um) 149
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In the QuickPIC simulation, if the drive beam is not fully symmetry, even let <x,> = 0, the
hosing instability occurs much earlier than we expect. For example, adding only 0.025nm
slice jitter to drive beam leads to severe hosing instability. Actually, the resolution of the
simulation box is about 2 pm, which is much larger the added noise. Is it physical or not?
We did different studies and found that:

> Increase particle number - hosing improved

> Increase the jitter (noise) to dx level or larger - hosing became more serious

> Partial particles asymmetry = hosing improved
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Slide from Dr. X. N. Wang and Prof. W. M. An (2020); Dr. M. Zeng (2021)



Short driver for more stable acc.
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“@ Backup scheme with TR ~ 1.5
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=2 Linac optimization for ideal beams

® Main Linac (Scheme-I)

If RF gun can provide electron beam with required shape, the main linac just
accelerate beam to 10GeV.
Acceleration:

= The longitudinal shape could be almost maintained

= Short-range longitudinal wakefield + short bunch length + high bunch charge
Energy spread: 1.8% - Difficult design for FFS
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¥ Linac optimization for ideal beams

m Main Linac (Scheme-II)
In order to decrease the energy spread and more flexible and compatible with

other beam shaping scheme, one bunch compressor is introduced

= Long bunch length beam + bunch compressor +short bunch length beam
acceleration

= High accelerating gradient s-band accelerating structure: 27MV/m
= Energy spread: 0.275%

Longitudinal deformation, need more optimization
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Outlines

m Radiation reaction in a PWFA
m Optimal Beam loading in 2-bunch PWFA

m Scissor-cross ionization injection and laser
interference triggered injection in LWFAs
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Table 1. Some examples of v, Ls and x,,, with varying n,,, S and .
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conditions are considered
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Outlines

m Optimal Beam loading in 2-bunch PWFA

m Scissor-cross ionization injection and laser
interference triggered injection in LWFAs
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-5 iﬁ > Reduce the coefficients’ # by introducing
(=8
charge per unit length A=n,c,’
_10 > Scan a large range to fix the fitting formula

for A=f(1,0,4,0, da)

0 TABLE 1. Parameters range obtained from automatic optimizations.

Parameters Range
Ay [0.0885, 7.70]
- 02 [k '] 0.0952, 1.90]
dg [k;l] [1.60,11.1] (the gloabal range)
N ozt [k '] [0.0952, 0.857]
Ay 0.0627,3.14]




Fitting formula for A, and R

A¢ = ho + hiAg + hao.q + h3os + hada + hsAj + heMao-q + hrMaoe + hsAada > By using the BFGS algorithm
+ hgﬂ'fd + +h 1002402t + hllffzdddr + h[ggfr + h130:tdd( =+ h]-ldgr + ;115."\3 + hmx’\gﬂ':d

) . . . and QuickPIC to obtain a large
+ hi7A30se + hisAidae + h1oAao?y + hooNa0-a02e + hatAao-ada + haoAao?, (2) Q 9

+ hosAgoaida + hz.;f\ddﬁ, + hQ:;de + hgcfffdt'fzt + h-"_}",'o—?ddd( + hggﬁ;dcf.f, amount of optimal cases

+ hog0.404day + haooqd3, + h-:ilgijr 5 h:-l2gfzddt + h30,4d3, + hady,,

> By using polynomial regression

h1=3.658x10~1  hy=0.119x10~!  hy=-1.083 hi=3.062x10~1  hy=-3.754x 102
he=2.344 hr=1.281x10~! hg=-5.028x10~2 ho=-7.136x10~! hyo=-1.915x10~" to calculate all the coefficients
h11=-1.316x10~' hj9=-2.167 hi13=1.034 h1=-7.607Tx10~2 hy5=-2.391x102

hi=-7.5T0x10~2 hy7=2.641x10~2 hig=1.160x10"2 h19=-8.626x10~! hgp=-2.424x10"! > Valid for 2-bunch, tri-Gaussian

ho1=9.630%10"2  hop=3.87T4x 10~} hog=-7.137x10"2 hoy=-3.061x10~2 h9x=1.238x 10"
2 o BRI s ! e 2 1 = electron beams

ho=3.752x10~2  hor=7.655x10"2 hog=5.197x10"1  hog=-2.585x10"2 h39=-6.071x10~3

hay=-2.866 hap=1.231 h33=-2.525x10"! hg;=6.674x10~3  hy=-5.014x10"1 > Plan to submit to NJP

R =py+ piAg+ pa0.a + p30.; + padge + psAy + peA] + prAao.q + psAao,
+ polada: + proAals + p1102; + P190:40: + P130-ada; + p1aczals (3)

+ 1502 + 160 zedar + prrozi; + pisd + proda A + paoA2,

p1=0.3199 po=0.3178  p3=0.3084 pa=0.7241 py=-0.8454  pg=0.02719 py=0.4858
pg=0.4140 pg=-0.1070 p1p=-0.02761 p11=-0.2779 p12=-0.4929 p13=0.2440 p14=-0.3681
p15=1.632 p1g=-0.6407 p17=-0.01004 p1g=-0.01716 p19=0.01430 pop=0.1439 pp=-1.453




Outlines

m Scissor-cross ionization injection and laser
interference triggered injection in LWFAs
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In simulation, with 230 TW laser, we can
get ~ 750 MeV, 130 pC, 0.4% e- beam

Sensitive to 2-laser time delay ( sub fs)
Propose an realistic experiment @ Huairou

Manuscript V1.0 is done



=% Summary and prospects

m Normal transformer ratio electron acceleration

TR ~ 1.5 is much more stable than TR ~ 4, Question: 10->20 or 20->45?
Start-to-end simulation is ongoing, together with detailed tolerance analysis
There are powerful damping mechanisms in a real PWFA. HTR is still alive

m Radiation reaction effects in PWFA is studied

So far, it's completely safe for CEPC plasma injector.
Can not be ignored for future very high energy PWFA colliders

m 2-bunch PWFA optimal method is studied

2 fitting formulas are given. It's important to design a PWFA

m Some studies on controlled injection in LWFA are presented

Thank you!
B Recentprogresson CEPCPlasmalnjector @CEPC DAY 20220129 18






