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The Basic Idea

The muon pass through the cavity wall at a momentum dispersion

point well off the cavity axis.
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Details

Momentum dispersion at z = 0 along beam:

p = p0 + k(x − x̄),

Cavity of size (a,a,b) centered at (0,0,0).

TE1,1,0 mode (cgs units):

Ex = Ey = 0,

Ez = E0 cos
πx

a
cos

πy

a
cos ωt,

Bx =
c

ω

π

a
E0 cos

πx

a
sin

πy

a
sin ωt,

By =
c

ω

π

a
E0 sin

πx

a
cos

πy

a
sin ωt,

Bz = 0.
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Energy Gain

Typical particle trajectory:

x = x0 + βxct,

y = y0 + βyct,

z = z0 + βzct.

Particle is within cavity during

[tmin, tmax] =

⎡
⎢⎢⎣− b

2βzc
− z0

βzc
,

b

2βzc
− z0

βzc

⎤
⎥⎥⎦ .

ΔU = eβzc
∫ tmax

tmin
Ezdt

= eβzcE0

∫ tmax

tmin
cos

π(x0 + βxct)

a
cos

π(y0 + βyct)

a
cos ωt dt

≈ πeβzcE0

a

∫ tmax

tmin
(a/2 − x0 − βxct) cos ωt dt

≈ πeE0
b

a

⎛
⎜⎜⎝
a

2
− x0 + z0

βx

βz

⎞
⎟⎟⎠ ,

supposing y0 � a, z0 � b but a/2 − x0 � a/2,

while ωt � 1, βx � βz and βy � βz.
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Energy Compression

Ui =
√
p2c2 + m2c4 =

√
[p0 + k(x0 − x̄)]2c2 + m2c4

≈ U0

√√√√√√√1 + 2k(x0 − x̄)
p0c2

U2
0

≈ U0 + kβ0c(x0 − x̄),

where U0 =
√
p2

0c
2 + m2c4, β0 = p0c/U0 and Δp/p0 � 1.

Uf = U0 + kβ0c(x0 − x̄) + πeE0
b

a

⎛
⎜⎜⎝
a

2
− x0 + z0

βx

βz

⎞
⎟⎟⎠ .

Choose E0 =
a

b

kβ0c

πe
, then

Uf = Ui + ΔU = U0 + πeE0
b

a

⎛
⎜⎜⎝
a

2
− x̄ + z0

βx

βz

⎞
⎟⎟⎠ .

The term z0βx/βz is small.
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Transverse Kicks

Δpx =
∫ tmax

tmin
Fxdt = −eβzc

∫ tmax

tmin
Bydt

= −πc

aω
eβzc

∫ tmax

tmin
sin

π(x0 + βxct)

a
cos

π(y0 + βyct)

a
sin ωt dt

≈ −πc

aω
eβzc

∫ tmax

tmin
sin ωt dt ≈ −πeE0

b

a

z0

βzc
,

Since Δpz =
ΔU

βzc
, we have

Δpx

Δpz
≈ z0

a/2 − x0
.

Troublesome unless z0 � a/2 − x0.

Δpy =
∫ tmax

tmin
Fydt = eβzc

∫ tmax

tmin
Bxdt

=
πc

aω
eβzc

∫ tmax

tmin
cos

π(x0 + βxct)

a
sin

π(y0 + βyct)

a
sin ωt dt

≈ 0.
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