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Tém tit: Plasma ngudi duoc kich thich boi chum tia electron lam nhiéu loan sinh ra dién
truong gia tc cac hat mang dién theo co ché PWFA ( Plasma Wakefielf Accelerator). Chim
tia electron kich thich truc xuat toan bd cac electron ra khoi quy dao va ddy céac ion vé phia
sau thanh cac cot ion dong nhat. Cac cot ion hit céc electron plasma quay tré lai quy dao va
gdy nén sy dao dong cua electron quanh quy dao véi tan s6 dao dong (tan sb plasma) Wp, qua
trinh electron bi truc xudt roi quay tr¢ lai nho lyc hut ion duge goi 14 trang thai “thoi tat”
(“blow-out™). Trong bao cao nay, ban kinh “blow-out” dugc tinh toan dé xac dinh diéu kién
ddng bo, diéu kién hoi tu va cuong do dién trudng gia toc WF (Wakefield) dugc kich thich
boi chum electron ning luong thap. Két qua tinh toan cho thdy ban kinh “blow-out” ting ti 18
véi nang lugng electron kich thich va mat d plasma, tai nang lugng electron 100 MeV, mat
d6 plasma 10" hat/cm®, dién treong dat cuc dai 3,8 GV/m.
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1. MO bAU

May gia téc sir dung truong plasma, PWFA, hoat dong trén nguyén 1y: khdi plasma trung
tinh chira mot lugng cac electron can bang va tach riéng véi cac ion. Khi ban tia laser hodc chum
hat xuyén qua plasma, tia laser hay chum tia day cac electron (khéi lugng nhé hon rat nhiéu so
v6i ion) ra khoi quy dao con cac ion nam doc theo quy dao da phan ving dién tich va tao ra hai
mién dién tich trai ddu. Hai vang dién tich trai ddu tao nén mot dién truong WF vo cung 16n dé
gia toc cac hat mang dién.

Trang thai blow-out dugc tao ra dau tién bai Rosenzweig [1] trong co ché gia toc PWFA sir
dung chum electron kich thich plasma. Tiép dén, nhom tac gia W. Lu va W.B. Mori [2] sir dung
thuyét phi tuyén dé mo ta trang thai blow-out va di dua ra dugc mot 1y thuyét vé phuong cach tao
ra trang thai nay. Tuy nhién, thuyét phi tuyén ciing nhu cac tinh toan cta V. Lotov [3] hay Barov
[4] cling chua dua ra dugc mot dy doan vé hinh dang cta cot ion va cAu tric mién khong gian
trong trang thai blow-out. Trong bdo cao nay, thuat toan PIC (Particle — In — Cell) dugc st dung
dé mo phong khong gian pha va xac dinh ban kinh blow-out tir d6 x4c dinh dugc dién trudng gia
tbc WF duoc kich thich béi chum electron.

2. TINH TOAN CAC PAC TRUNG CUA TRANG THAI “BLOW-OUT”

St dung chum electron c6 dang ham bi-Gausian kich thich plasma, phuong trinh chuyén
dong cua electron plasma dugc mo ta qua [5],
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trong do, & = ct-z, r,: ban kinh blow-out,
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Np 1a ham phan bd mat do cta chum electron kich thich plasma. Chum electron dugc ban vao
plasma c6 dang ham bi-Gaussian:

n, = [N/(2m)*/2c%0,n, |[e7*/20f e'/201] )
trong do, np: mat do plasma,

y: ham séng electron,

c: van toc anh sang,

t: thot gian.

Phuong trinh phirc hop (4) khong c6 gié tri x4c dinh tai bién ciing nhu khong c6 gié tri dau
nén cac phuong phép giai thong dung nhu phuong phap Runge-Kutta 4, phuong phap sai phan
hiru han khéng ap dung duoc. Trong bao co nay, thuat toan PIC [6] duoc sir dung dé mo phong
khong gia pha va tim 10i giai t6i uu cho ban kinh blow-out. So d6 thuat toan PIC dugc mo ta
trong hinh 1.
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Hinh 1: So dd thuét toan PIC

Trong luu dd thuat toan hinh 1, x;, vi 1a toa d6 va van toc hat,
Ei: dién truong tac dong 1én hat,
Ej: dién truong tac dong lén cell,
dy: thé ning tinh tac dong 1én cell,
pj: mat do hat trong cell
3. KET QUA TINH TOAN
3.1. Két qua tinh toan ban kinh blow-out

Sau kh1 chuong triqh mo phong PIC két thic véi sérhat vat 1y, Ny = 100000 hat, s6 cell, Ng
= 32, va s0 lan dich chuyén thoi gian,N; = 200 thu dugc két qua nhu trong hinh 2:
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Hinh 2: Ban kinh blow-out thu dugc tir chuong trinh PIC

Bén kinh blow-out ti uu thu dugc 14 4,2 rms, két qua rp t6i vu duoc dua vao chuong trinh

PIC dé xé4c dinh dién truong gia tbc WF.
3.2. Két qua tinh toan dién truong gia toc WF

bié¢n truong gia tdc WF thu duoc tir viée léy dao ham phuong trinh (2) theo rp, sau d6 dua

gié tri rp vao chuong trinh PIC thu dugc két qua trong hinh 3.
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Hinh 3: Dién truong gia toc WF

Két qua trong hinh 3 cho théy dién truong WF dat cuc dai 3,8 GV/m dé gia tdc cac hat

mang dién theo co ché PWFA.
4. KET LUAN

Véi viée ban chim electron ning lwong th%p
2

(100MeV so véi 27GeV [1, 7, 8, 9]), xung

dang ham bi-Gaussian vao plasma c6 mét d¢ 10 hat/cm® da tao ra trang thai blow-out ¢ ban
kinh 4,2 rms. Ban kinh blow-out la thong s6 quan trong quyét dinh dén cuong d6 dién truong
WEF. Chuong trinh tinh todn ban kinh blow-out va di¢n truong WF duoc xay dung trén ngén ngir



VC++ Vé’i’ thuat toan PIC, két qua dién tr}r(‘mg WF cuc dai tpu duoc tor chuong trinh tinh todn 3,8
GV/m. K&t qua cua bdo cao nay cho thay hoan toan c6 thé sir dung chum electron nang luong
thap (100 MeV) dé kich thich plasma sinh ra di¢n truong gia toc WF theo co ché PWFA.

Tai liéu tham khao

[1] K.V. Lotov (2003), Fine wakefield structure in the blowout regime of plasma
wakefield accelerators, Physical Review Special Topic — Accelerators and Beam, Vol
6, No. 061301.

[2] M.H. Jensen (2003), Computational Physics, Deparment of Physic, University of
Oslo.

[3] P. Londrillo, C.Benedetti, A.Sgattoni, G.Turchetti (2010), Charge preserving high
order PIC schemes, Nuclear Instruments and Methods in Physics Research A 620,
pp.28-35.

[4] R.D. Sydora (2007), Particle — In — Cell Plasma Simulation Model: Properties and
Application, Advanced Methods for Space Simulations, edited by H. Usui and Y.
Omura, pp. 47-60.

[5] W. Lu, C. Huang, M. Zhou, W.B. Mori and T. Katsouleas (2006), Nonlinear Theory
for Ralativistic Plasma Wakefields in the Blowout Regime, Physical Review Letter,
96, 165002.

[6] Stanford Linear Accelerator Center (2005), The EGS5 Code System, SLAC Report,
730, pp 20 — 61.

[7] T. Tajima and J. M. Dawson (1979), Laser Electron Accelerator, Physical Review
Letter, 43, pp. 267 — 231.

[8] W.D. Kimura, H.M. Milchberg, P. Muggli, X. Li and W.B. Mori (2011), Hollow
plasma channel for positron plasma wakefield acceleration, Physical Review
Special Topic — Accelerators and Beam, Vol 14, No. 041301.

[9] X. Wang, R. Ischebeck, P. Muggli, T. Katsouleas, C. Joshi, W. B. Mori, and M. J.
Hogan (2008), Positron Injection and Acceleration on the Wake Driven by an
electron Beam in a Foil-and-Gas Plasma, Physical Review Letter, 101, pp. 120801 -
120805.1



BLOW-OUT REGIME OF PLASMA WAKEFIELD ACCELERATOR
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Abstract: Plasma wakefield excited by electron beam in blow-out regime which all electrons
are expelled out axis and ions pushed back behind in uniform column. The ions column pull
electrons back to the axis, plasma electrons oscillate around the axis at plasma frequency w,
due to momentum. In this article, radius of blow-out is calculated to determine synchronous
and focusing conditions and amplitude of wakefield driven by low energy electron beam.
Results of the calculation program show that radius of blow-out depends on energy of
electron beam and plasma density, in case energy of 100 MeV, plasma density of 10%
pars/cm™, maximum wakefield amplitude of 0.8 GV/m.
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