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HOT POTATO

CONSIDER TWO SETS OF 2 POTATOES TUBES THAT NEED TO BE
CONNECTED BY A BELLOW (DIAMETER OF 7 MM AND 18 MM).

FIND FOR EACH CASE A SUITABLE TRADE-OFF BETWEEN MECHANICAL
AND IMPEDANCE CONSTRAINTS




Outline

1. Reference case:
o Continuous case

2. With 2 mm gap connection

3. Bellow connection:
o Convolution depth effect

o Bunch length effect
o Effect of the radius of the pipe



Impedance Gymnastics
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Reference case: continuous perfect conducting tube

Charge distribution amplitude spectrum
6e-010 - - - -

56'010 4.0

48'010 [ P

| Charge | / C

—— Cds-bl-5mm

e Cds-bl-10mm

—— Cds-bl-20mm

pp— Cds-bl-30mm

22

Je-010 4
16:010 { N\ NG N T
0 T T T 1 T T T 1 I T
0 2 4 6 8 10 12 14 16 18 20
Frequency / GHz
Time Signals
25 5 :
| — Current (bunchLength=5)
20 —— Current (bunchLength=30)
—— Current (bunchLength=12)
15 —— Current (bunchLength=22)
y :
£ 10
3
5
0

Time / ns

e-field (t=0..3(0.03);x=0) [pb]

Component: Tangential
2D Maximum [V/m]: 0
Cutplare Mormal 1,0,0
Cufplare Position: 0

Sample: 1/100
Time [ns]: 0
T_end [rs]: 3

Boundary conditions:

Centred beam = Longitudinal
Impedance only;

Perfect Conducting;
®=7mm;

40 longitudinal beam length
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Reference case: continuous perfect conducting tube
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ol
-40 - : : 7 : Energy [pb] (bunchLength=5)
60 41 1L 31 I N W N D Energy [pb] (bunchLength=30)
ollll] 1mt e Energy [pb] (bunchLength=12)
Energy [pb] (bunchLength=22) .
004 e L Energy stored in the tube
-120 B R L e e e B
_140 O - S PP T - T PP T P Tt ST SO PP PP PP R U UPPRTRPPPPPY- A
-160 e e e e e e e e e e e B e B
_180 N S ST OO S OO TP OO T O PO PO SO O P OO O P PO PR RTOUPPRPIY- Y
2001 : . . . . : . ; Simulation Instabilities
0 1 2 3 4 5 6 7 8.42
Time / ns
1D Results\Particle Beams\ParticleBeam1\Wake potential 1D Results\Particle Beam eBeam1\Wake impedance [Magnitude]
1.254102e-006 T— } - - - - - - 0.00025 - - - ;
; 0.0002
5@-007 i
= ¢ 0.00015
> 01 S 5
< N 0.0001 1
= -5e-007 4 Reference Pulse
oy :
—y 5e-005 -
-1e-006 - I ;
-1.38351€-006 4— : : : : ; . ; . . 0 : : : : .
-613.73 0 500 1000 1500 2000 2500 3000 3500 407 0 0.1 0.2 0.3 0.4 0.5 0.63

s/ mm Frequency / GHz




Case study : 2 mm cavity gap
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Case study : bellow, 8mm convolution depth

e-field (£=0..3(0.03);x=0) [pb]
Component: Tangential

No shifts in Frequencies = constant geometry
Copimererna: 1,60 Stored energy as function of the bunch length
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T_end [ns]: 3
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Case study : bellow, 25mm convolution depth

Wake impedance Z [Magnitude]

3e+005

: : : : : : : : —— WiZ-bl-5mm (r 3.5)
D BEF00G v e e B e e — WiZ-bl-5mm (r 9)

; : : : : : : : — WiZ-bl-10mm( r 3.5) ] .

24005 1 | —— wiz-bi-10mm (r 9) Frequency shift = different tube

—— WiZ-bl-20mm (r 3.5) .

1.56+005 | § — o T T N | — wiz-b2omm (ro) | diamete r;

. o Frequency spectrum = different
| | | | | | | 5 5 bunch length;

Z / Ohm

50000 [ P ..........

0 i -
0 2 4 6 8 10 12 14 16 18
Frequency / GHz

22

Field Energy / dB

T
104 - \ e T —— BI-5 mm (r 3.5)
: ——B-55mm(r9) ||

-15 — BI-10mm(r 3.5)

Stored energy = dependence on the
diameter for longer bunch lengths

: : : : : — Bl-10mm(r 9)
20 4- ...................... —— ......... —— Bl-20mm(r 3.5)
5 5 5 5 5 5 —— Bl-20mm(r 9)
—— BI-30mm(r 3.5)
—— BI-30mm(r 9)

0 1 1.5 2 2.5 3 3.5 4

_ Time / ns .

-25 4

-30



Case study : bellow, 25mm convolution depth

Wake impedance Z [Magnitude]
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What about transverse Impedance?

Boundary conditions:
 8mm convolution depth;
e ®=7mm;

* ybeam offset =1.5 mm;
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Conclusions

Impedance gymnastics :

we played with the different parameters to understand the effect of cavities on the longitudinal
stability of the beam;

A final optimal configuration depends on many factors:
1. Beam characteristics;

2. Geometry of the cavity;
3.  Mechanical feasibility of the configuration and ease in installation.






