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Basics of particle extraction from a source

» Usually a static electric field accelerate the particles
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T. Thuillier, JUAS, Archamps, 4/3/2019 2



Juas  LEPSC

Exercise 1, particle extraction

« Assuming a 1D problem, demonstrate from AV = £ = 0 that :

€o

V V(0) =V, V(d) =0
— 0 - —
E = EZ E
(d —Z) > X
V(Z) =V d ,z<d z:|0 z:|d
V(iz) =0,z>d
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EXxercise 2, particle extraction

« Using Newton second’s law, derive the evolution of velocity of
a particle with charge g, mass m versus x in the accelerating

gap.
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Exercise 3, particle extraction

» Atransverse velocity is added: v, = v, y, notation: v, = v = v,(d)

 Show that : v
=—=2Vdz,z<d =
y(z) . Z,Z E
— el d d » -------------- » particle
}’(Z)—?(Z+ ),z > o0 Lo
| |
| | X
z=0 z=d

Reduce beam divergence
=> increase v
=> Increase high voltage VV

T. Thuillier, JUAS, Archamps, 4/3/2019



juas  LPSE

ses Grensb

Exercise 4 : The Child Langmuir Law (1/3)

« Space charge limitation of particle extraction
« Assume a 1D extraction or particles (mass m, charge q)
« Assume a charge density of particles p(z) in the gap

* The particles create a space charge electric fields E_SC) which perturbates
the main Electric field E, = %2 : E=E, +E,

e AV = —E% Space charge electric field
L r_9p v, . V=0

dlv] - at O‘ vESC ‘
"J=pv AR

- . - VR
» 4.1 using the conservation of energy, ./1 1 1 \\ |
: _ [2q(Vo—V(2) ‘
show that : v(z) = — 0<z<d | .
0 Eo
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Exercise 4 : The Child Langmuir Law (2/3)

» 4.2 Assuming a stationary problem, show that:
J(z) =J(0) = Jo = p(2)v(2)

* 4.3 Show that VV(z) is solution of:

d?v(z) _ _Jo |m _ -1/2
dz2 60\/2761(1/0 V(Z))

cwesetk=2 % and U(z) =V, — V(z), the equation writes:

- d2U
— = kU™1/?
dz?

» 4.4 Introducing the Electric Field E(z) and using E=-7V,
show that :

dZU—EdE d EdE = kdU/\NU
a2z~ “au " = kdU/
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Exercise 4 : The Child Langmuir Law (3/3)

e 4.5 Deduct that :
e E2(2) — E2(0) = 4k (JU(Z)),O <z<d

* 4.6 The condition for the particle extraction to be blocked by space
charge is reached when the space charge density in the gap is so high
that it screens the electric field at z = 0, E(0) = 0. Then, available
particles are no more accelerable. Integrate 4.5 from z=0 to z=d to find:

2 [U(@)]s= Vakd

* 4.7 Deduct that the current density J, blocking the particle extraction is

such that:
3

_4€y |2qV3
Jo= 9 |m d?

 THIS IS THE CHILD LANGMUIR CURRENT DENSITY LIMIT
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