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Beam Gap Interaction

@ Beam Modulation
e Gridded (Planar) Gaps
@ Gridless (Nonplanar) Gap
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@ Beam Modulation
@ Gridded (Planar) Gaps
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Gridded (Planar) Gaps

l—t =t I
The equation of motion for electrons u—b:‘_ z=0 : — .
in the gap is, : e : o
d’z 4 sinwt
— =1N—sIn
dt? n 14 ’
4! [~
—up="nN— wtg—cosw (tg+ T N
u—ug nwg[cos 0—cos@(to+ T)] A=
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Gridded (Planar) Gaps

The equation of motion for electrons l+—t=1 :
- - —ple—z=0 e
in the gap is, u, | | o + Au
| a—— & —» 1|
oM, . T — L
u=ug |1+ sinw | to+—= )1,
2 2
[H“Mf’ i a)<t T)]
= U sin 1 — =
2 2
o
Where' V, sin ot
@ the transit time and phase are
o the depth of modulation 14 ol
T=—and ogg=0T = —,
o = Vl/VO g and Qo up
o the gap coupling coefficient respectively.
M. — sin(wT/2) @ entrance and exit times to the
P oT/2 cavity are tg and t;, respectively
(1 =to+ T).
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Gap Coupling Coecient M,
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Gap Coupling Coecient M,

I I |
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to Zero
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Outline

@ Beam Modulation

@ Gridless (Nonplanar) Gap
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Gridless (Nonplanar) Gap

Assuming small signal variation for the electron velocity such that we can
write,

u=up+S3 {up(z)eja’t}, where up, (z) is the phasor of AC part of velocity.
du . dup(2)] ot
d—g{[ﬂoup( )+ upg——— 5y e/

Similarly the z-component of the electric field,

E=3{E,(z)e*"}.

The equation of motion

du : dup(z) :
e 3{[qup(z)+uogz} ef“’t} —Nn3{E(z) &t}
dup(2) | . |
97 +JBeUp(Z)—_?OEp(Z)
up () = — ke o= [, (£) el
Ug 20
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Gridless (Nonplanar) Gap

p () = — ke 2 [, (£)eiPCdg

bg 0

As zp goes to —e and z goes to o (very large away of the gridless gap
discontinuity),

up(z) = _ﬂefjﬁez /:o E,(r,0) efﬁeCdC

to

up(2) = — e B2 E (r.),|  where Ep(r,k):/;Ep(r,g)eideg




Electric Field in the Gridless Gap

= ” - 1 [~ .
Ep(r,k) =/ Ep(r,z)e’kzdz, E,(r,z) = E/ E,(r,k) e Ikz 4
The field E,(r, z) satisfy the equation,

d’E, 10E, J°E,
k =
32 Trar T o Thafe=0
d%E, 10E -
Pr=2P K2E, =0, where K? = k* — k3

oar? r dr
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Coupling Coefficient

The coupling coefficient at radius r,

fjx,E (I’,Z)ejﬁezdz
M AT
Np(raﬁe)

AT —
Ep(rok)=Ep(0,k) lo(Kr) . Ep(r,Be) = Ep(a,Be) lo (Ker)
<o Ep\r Pe e o (Ke a)

M(r)= Ep (r,pe) — Eo(a,Be)  lo(Ker)

f‘x’ ( )dZ fjx,Ep(a’z)dz IO(K a)

M(r)=M(a ;EEZ 3 where K2 = B2 — k3 ~ B2

At r=0,
M (0) M (a)

" lo(Bea)



Coupling Coefficient
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Gridless (Nonplanar) Gap

up (2) = —Le P2 E, (0, e), ,

to

where Ep(O,k) =[".Ep (OaC)ejkch //—A\

The gap voltage V; is given by,

—/o<> Ep(a,z)dz

u,,(z):_ﬂoe—mezg (0,Be) = uol e 72 \/(0)

V; ; aM(0) _i5,
up(z):uoz\;oe_fﬁezM(O):u(J; )e JBe

u—uo—i-S{up ef“’ }—uo [1—%—2(;;,\(/;3(;93)

sin(@t — ez)
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