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The 1.08 km of bellows in Design A of the 35C* wi
contribute to single-bunch instabilities:®
1. transverse mode-coupling
bellow contribution iL.= 68 MO/m,
allowance for stability QL ¢ 120 MQ/m,

o transverse microwave (for broad band at 13 CGHz)

274 MO/m,

i

mellow contribution %Zlﬁ
aillowance for stabillity 12, < 1287 MQ/m,
3. longitudinal microwave

mellow contribution (2., /nt = 2.3 &,

P I R S {7 R N I
allowance for STCADLILLITY 14, /sy 4 4.y 3.

In above, we have assumed an average single-bunch currvent I

-7 A TN e = Ry o - 1 . - N U

= 7.7 uwA, RMS energy spread o./E = 1.5x10 at injection
ot
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eneray of 1 TeV, RMS bunch length o = 7 om, average
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petatron function B = 150 w, and fveguency-slip factor n =
D e A ‘ ; . ; -

L.Z210 L. In erdey Lo support a2 stable bunch beam of the
desigqned intensity, the bellow corrugations nust  be

shielded. This shielding also needs itself to have low
snough impedances. A suggestion 1s to use two circular

tubes =ach of thickness 2 mm as shown in Pigure 1. The

geparation bheftween the tubes is 2 am; inside the separation,
balls or fingers can be placed for contacts. Thsre will be

roughly 5000 bellows each of which contains 72 corrugations
{(period = 3 mm). The design 1s to have a bellow of length
50 ¢cm. At room temperature, the two shielding tubes overlap
completely while at superconducting temperature, they
aoverlap for only 30 ¢cm leaving a gap of g = 10 cm at each
end. We want  to study the impedances of such a
configuration and the dependence on the gap length g.
COMPUTATIONS

Since the corrugations avre shielded, we can approxinmate
the configuration by forgetting all the corrugations. The
code TELI3 is used to calculate the wake potentials of a
Gaussian bunch with RMS length g and truncated at 50 . A

Fourier transformation of the wake potential will give us

A
RN T T : R o 1 Bl 1 il d el e
LW, the effective inpedance seen by the bunch, which is
R vy e SR R T h wem o ey e e en Y B R e -
PR B S 'Y L S v AR S A pt SRR e 05 S O B Wb 5 4 LY ik Sl i A AT : 9]
by

- 560G /e )t

) = Zw)e



(43

wake potential at 30 com  so  that the

=3 e G 1\.'1t 10 Qf C’ . ':.‘ GYLL‘L . f“\x, wiiﬁi,iﬂ";‘ 1‘1
length of o, = 2.5 mm wag used so that the lmpedance T was
attenuated to 5% at ~48 GHz. The mesh was taken to be 0.5

30 that there would be four between the two shielding
tubes., We had tried t£o reduce the mesh size by half; not
many changes in the results were  observed  bhut the

Tomputation time was increased by ssveral times.

In general the impedances of a shielded bellow look
very different from those of an wunshielded one. The
longitudinal impedance in Figures 3 and 4 looks very similar
in shape to the impedance of a cavity formed by closing the
gap between the two shielding tubes. But the effect of the
gap doess show up in Figure 3 by contributing 6.67 & (instead
of zero) at low freguencies and a broad resonance near 48
GHz. This 6.67 & can be wunderstood by the fact that
electromagnetic energy is leaking through this gap. In fact
this gap can be viewed as a coaxial transmission line of
infinite length and inner and outer vadii 1.7 and 1.9 cm,

connected in parallel to the beampipe. Thus the impedance

. e A n . B - e § R
i dJust . = G /2myIin(1l.9/1.7) = 6.7 Q, the charactey iotic
4 7
[ ]
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Al low fregquencies, the cavity of length g = 10 cm and

radiug 4 formed by closing the gap between the shielding
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tubes  can also  bhe conslidered as a tran

commected Iin series with the Dbeampipe which is of radius b.

The impedance4 at frequency f is

Z/f = g Al d, (2)

& the effectlive attenuated cavity length

to the true length g by
=Y -1
/g = (1-e9)09)7 3)

with the attenuation constant v = 2.405/d. With b = 1.5 cm
and 4 = 1.9 cm, we get Z,, = 2.35%107 %0 in agreement with
the initial slope in Figure 3. This cavity gives a
resonance at 6.2 GHz, which i3 also seen in the plot. We

want to point out that what we have described so far ars

independent of the length g since g»>>b and the overlap

i

length of the sghielding tubes 1s also >>Db. At higher

freguencies, the plots exhibit a broad band from 12 to 25
GHz which 1s the characteristic of the closed cavity
described above.

For the btransverse impoedance, the first resonance comes
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£ we consider the gap between the fwo shielding tu
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Do T P s 7L oy R o 1 . . e 3 do .
dipole mode when the azimuthal wave length i sgual Lo D
P < R . s 5T oy " L2 g TS x . * . T o .
circunference ol the  1line. The imaginayy  parc  of fthe

transverse impedance stayts from ~1.35 kf/m which 1s due to
the 1nductive property of the cavity formed by closing the
gap betwsen the two ghielding tubes. Again, these low-
fr&q&ency impadances are not dependent on the length of the
“wlomed" cavity g or  the lengthh of the overlapy of Lae
shieldings. We have performed computations with g = 5 cm,
0 cm, 15 cm, 20 ¢cm and found no appreciable changes in the
impedances at low freguencies. At higher fregquencies, some
more resonances are seen.
STABILITIES
The effective transverse impedance 7. that contributes

1

ta the transverse mode-coupling instability is given by

Z = ’5% f Jm Z (o) & (ME/C)da.z_ : (&

e GO

For a RMS bunch lenqth.oh = 7 om, our computation yields for

2000 bellows &, ~ 5000x%1.35
L
smallar than the unshielded bellows and will not lead not

it

{0
e
-
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e
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5.75 ML/m which 1

mode-coupling instability.

T e i b £ & w, ot g . § e g - e v Fung g Sy g e e § . e .
For rhe btrangverse nlorowave, we nave From our renult o
A T L S P - = R - ey DT R S N S ——
TS o= 5Q00xZ2.4 = 12 MQ/m oat 3 GHz, which is 22 times

smalley than the unshielded bellows.



For the longitudinal microwave, we have a broad band of
:gw & 3R 0o oat [ o=1% GHz. For 5000 bellows this vields 2, 7/n
i - [

=0.0599 O which 12 about 80 times smaller than the unshielded

For the longitudinal mode-coupling, the total bellow
contribution to Imziifn i1s ~0.039 & which is about 16 times
smaller than the unshielded bellowsz.

I e e F L R N s T e o oo Y o 1o o ~x . g S . p o ey
Sinos ohe contvibubion o the lwpedancssz 1s lowered by

50 wuch, all types of single-bunch instabilities can e
avoided and the shielding scheme in Figure 1 1s workable.
REMARKS

We are interested in the stability of a single bunch
which has‘a RMS bunch length qz = 7 c¢m accovrding to the
Reference Designs. Thus, wake potentilials calculated up to
30 cm (>40 including 85.5% of the bunch particles) will be
ionq encugh {or our purpose. However, one may think that,

zince the overlap length of the shieldings 1s 20 cm, the
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reflected waves will show appreclate effects L«
60 om. Whenn these effects are Fourler transformed, bhe

-

imoedances will be very much modifisd from those aobtained
from the wakes truncated at 30 conm. With this in mind, we

compute the longitudinal wake up to 1190 cm. The result is

shown in Fiogure B, which exhibits, as excecbod due Lo She
S TS | iy o .. Wt Y S S - g N ey Lk S oy - by e
reflected waves, a blg eruptlon around (50+520.5) om, where



“j

8 g% Y T e o % N T
.5 om  is  the RMS length of the test  bunch. The
impedance shown in Floures 3 and 10 Is indeed

from our former one In Figures 3 and 4. Here, we

BES resonances at 0.0, 0.5, 1.0, 1.5,... OGCHz which are
resonances of an open-end transmission line of length 30 cm.
e transverse counterparts, on the other hand, are not much

dlfferent from those shown in Figure 5 - 7.

P

However, although the lmpedance

the actual computations of the thresholds of single-bunch
instabilities, for example, in formulas similar to Eg. (4),
the different impedances will lead to exactly the same
results.4 Thus, we can conclude that, by computing the wakes

up to only 30 c¢m, although the impedances obtained through

Fourier transformation may differ from the actual ones,

nevertheless, they are completely adeguate for the study of
zingle-bunch instabllities. As a vresult, we can perform a

simplified TCBI computation by closing the shielding gap at
the voint A (Figure 1) without losing anvthing but gaining

quite a lot in the reducticon of computer time.
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