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• 3D collimators (rectangular, elliptical)
– Diffractive regime
– Inductive regime

• Simulation of SLAC experiments
• XFEL collimators

– Effect of tapering and form optimization
– Kick dependence on collimator length



Effect of the kick



d
1b

2b
α d

1b
2b

α

Figure 1: Top half of a symmetric collimator.

Round collimator. Regimes

Inductive
1

1 2 1bρ α σ −≡ �
Diffractive

1 1ρ �

2/ bσ�d
1b

2b
α d

1b
2b

α

Figure 1: Top half of a symmetric collimator.

Round collimator. Regimes

Inductive
1

1 2 1bρ α σ −≡ �
Diffractive

1 1ρ �

2/ bσ�



d
1b

2b
α d

1b
2b

α

|| 0k =

Inductive 1
1 2 1bρ α σ −≡ �

0

2 1

2 1 1
4
Z c

k
b b

α
ππσ⊥

⎛ ⎞
= −⎜ ⎟

⎝ ⎠

( )20
2

iZ f dz
c
ω ∞

−∞
′= Θ ∫�

2
1 2i fZ dz

c f
∞

⊥ −∞

′ ⎞⎛
= Θ ⎟⎜

⎝ ⎠
∫

0 4Z c πΘ =

2
k O

b
α

⊥
⎛ ⎞

= ⎜ ⎟
⎝ ⎠

Round collimator. Inductive

d
1b

2b
α d

1b
2b

α

|| 0k =

Inductive 1
1 2 1bρ α σ −≡ �

0

2 1

2 1 1
4
Z c

k
b b

α
ππσ⊥

⎛ ⎞
= −⎜ ⎟

⎝ ⎠

( )20
2

iZ f dz
c
ω ∞

−∞
′= Θ ∫�

2
1 2i fZ dz

c f
∞

⊥ −∞

′ ⎞⎛
= Θ ⎟⎜

⎝ ⎠
∫

0 4Z c πΘ =

2
k O

b
α

⊥
⎛ ⎞

= ⎜ ⎟
⎝ ⎠

Round collimator. Inductive



d
1b

2b
α d

1b
2b

α

α
[mrad]

a [mm] b [mm] l [mm] Q
[nC]

σ [mm]

TESLA 20 17.5 0.4 20 1. 0.3

NLC 20 17.5 0.2 20 1. 0.1

-5 0 5
-20

-10

0

10

20 0

/
W

V pC
�

-5 0 5-1

0

1

2

3

4

analytical

/s σ

1

/ /
W

V pC mm
⊥

/ 5hσ =
/ 10hσ =
/ 20hσ =

analytical

/ 5hσ =
/ 10hσ =
/ 20hσ =

/s σ-5 0 5
-20

-10

0

10

20 0

/
W

V pC
�

-5 0 5-1

0

1

2

3

4

analytical

/s σ

1

/ /
W

V pC mm
⊥

/ 5hσ =
/ 10hσ =
/ 20hσ =

analytical

/ 5hσ =
/ 10hσ =
/ 20hσ =

/s σ

Inductive

Round collimator. Inductive



0 20 40 60

50

100

150

200

20 40 600

100

200

300

400

0

/
�L

V p C

/ 5 ( )h ABCIσ =
analytical

/ gradα / gradα

( )
1

2 20

/

W

V pC

Δ �

/ 10 ( )h ABCIσ =
/ 20 ( )h ABCIσ =

/ 5 ( )h ECHOσ =

ABCI

/ 5 ( )h ECHOσ =

0 20 40 60

50

100

150

200

20 40 600

100

200

300

400

0

/
�L

V p C

/ 5 ( )h ABCIσ =
analytical

/ gradα / gradα

( )
1

2 20

/

W

V pC

Δ �

/ 10 ( )h ABCIσ =
/ 20 ( )h ABCIσ =

/ 5 ( )h ECHOσ =

ABCI

/ 5 ( )h ECHOσ =

0 20 40 60 800

20

40

60

80

20 40 60 800

10

20

30

401

/ /
L

V pC mm
⊥ ( )

1
2 21

/ /

W

V pC mm
⊥Δ analytical

/ gradα

/ 5 ( )h ECHOσ =

analytical

/ gradα

/ 5 ( )h ECHOσ =

0 20 40 60 800

20

40

60

80

20 40 60 800

10

20

30

401

/ /
L

V pC mm
⊥ ( )

1
2 21

/ /

W

V pC mm
⊥Δ analytical

/ gradα

/ 5 ( )h ECHOσ =

analytical

/ gradα

/ 5 ( )h ECHOσ =

Round collimator. Inductive



0.5 longshortk k⊥ ⊥≈

1.5 1 1
|| 0 1 20.5 log( )k cZ b bπ σ− − −=

0
2 2

2 1

1 1
2

long Z c
k

b bπ⊥
⎛ ⎞

= −⎜ ⎟⎜ ⎟
⎝ ⎠

2
0 2

2 4
2 1

1
4

short Z c bk
b bπ⊥

⎛ ⎞
= −⎜ ⎟⎜ ⎟

⎝ ⎠

|| 2(log( ))k O b= 2
2

1k O
b⊥

⎛ ⎞
= ⎜ ⎟⎜ ⎟

⎝ ⎠

Round collimator. Diffractive

I. Zagorodnov, K.L.F. Bane, EPAC‘06, 2006

d
1b

2b
α d

1b
2b

α

0.5 longshortk k⊥ ⊥≈

1.5 1 1
|| 0 1 20.5 log( )k cZ b bπ σ− − −=

0
2 2

2 1

1 1
2

long Z c
k

b bπ⊥
⎛ ⎞

= −⎜ ⎟⎜ ⎟
⎝ ⎠

2
0 2

2 4
2 1

1
4

short Z c bk
b bπ⊥

⎛ ⎞
= −⎜ ⎟⎜ ⎟

⎝ ⎠

|| 2(log( ))k O b= 2
2

1k O
b⊥

⎛ ⎞
= ⎜ ⎟⎜ ⎟

⎝ ⎠

Round collimator. Diffractive

I. Zagorodnov, K.L.F. Bane, EPAC‘06, 2006

d
1b

2b
α d

1b
2b

α



0.01 0.1 1 10

2

3

4

5
[V/pC/mm]k⊥

[cm]d

short

long

0.01 0.1 1 10 

2.5

3

3.5

4

4.5

5

σ=0.1mm

=0.5mmσ
=0.3mmσ

long

in+out

[V/pC/mm]k⊥

[cm]d

short

0.01 0.1 1 10

2

3

4

5
[V/pC/mm]k⊥

[cm]d

short

long

0.01 0.1 1 10

2

3

4

5
[V/pC/mm]k⊥

[cm]d

short

long

0.01 0.1 1 10 

2.5

3

3.5

4

4.5

5

σ=0.1mm

=0.5mmσ
=0.3mmσ

long

in+out

[V/pC/mm]k⊥

[cm]d

short

0.01 0.1 1 10 

2.5

3

3.5

4

4.5

5

σ=0.1mm

=0.5mmσ
=0.3mmσ

long

in+out

[V/pC/mm]k⊥

[cm]d

short

Figure 2:Kick factor vs. collimator length. A round collimator
(left), a square or rectangular collimator (σ = 0.3 mm, right).
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Round collimator. Near-wall wakes
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Round collimator. Resistive wall wakes

Analytical estimations are available. To be studied.

Can the total wake be treated as the direct sum of the geometric
and the resistive wakes? Numerical modeling is required.

Discrepancy between analytical  estimations and measurements.
Transverse geometric kick for long collimator is approx. two times 
larger as for the short one.
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3D Collimators. Diffractive Regime
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3D collimators. Diffractive Regime
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Figure 2:Kick factor vs. collimator length. A round collimator
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Table1: Loss and kick factors as 
estimated by 2D electrostatic 
calculation. The bunch length σ = 0.3 
mm. ``Short'' means using Eq. 6, 
``long'' Eq. 5

The good agreement we have found between direct time-domain calculation [1] 
and the approximations (5, 6), suggests that the latter method can be used to 
approximate short-bunch wakes for a large class of 3D collimators.
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Table1: Loss and kick factors as 
estimated by 2D electrostatic 
calculation. The bunch length σ = 0.3 
mm. ``Short'' means using Eq. 6, 
``long'' Eq. 5

The good agreement we have found between direct time-domain calculation [1] 
and the approximations (5, 6), suggests that the latter method can be used to 
approximate short-bunch wakes for a large class of 3D collimators.
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3D collimators. Inductive Regime
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3D collimators. Inductive Regime
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3D collimators. Inductive Regime
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3D collimators. Inductive Regime
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Simulations of SLAC experiment 2001
Rectangular Collimators

SLAC experiment 2001
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Figire 3: Transverse wake of Gaussian bunch, with 
σ = 0.65 mm (left) and σ=0.3 mm (right).

Table 2: Geometry of SLAC collimators of 2001
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Table 2: Geometry of SLAC collimators of 2001
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Table 4:Kick factor [V/pC/mm]; σ = 1.2 mm. 
Measurement errors are given in parentheses.

Table 3:Kick factor [V/pC/mm]; σ = 0.65 mm. 
Measurement errors are given in parentheses.

We note good agreement 
for rectangular collimators 
#1 and #4. On the other 
hand the short bunch results 
for collimators #2 and #3 
agree very well with the 
calculations of the previous 
section, but they disagree 
with the experimental data 
(by 20 %).
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Table 5: Loss and kick factors for new set of collimators.

Perhaps the most interesting 
result in Table 5 is a noticeable 
difference in the kicks for 
collimators  #2 and #3. In 
agreement with the analytic 
models discussed in the paper, a 
long collimator length results in a 
kick factor increase by a factor 
~2. 
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XFEL collimators. Tapering
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Collimator geometry optimization.
Optimum d ~ 4.5mm
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XFEL collimators. Kick vs. length
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