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1 Introduction

In this note we would like to present a collection of empirical
and analytical formulae which will make calculation of the
BB1 cryomodule loss factor easier. It was established earlier
[1] that the composition rule [2] is applicable to the BB1
accelerating structure. We exploit this fact. Also, we use
some computer calculations of loss factors made for [3] where
one can also find details of the accelerating structure. Major
contributors to the total loss factor of the structure are: the
cavity cell, the fluted beam pipe, the taper(s), and two higher–
order mode (HOM) loads. Let us consider a contribution from
each of these components.

2 BB1 Cavity Cell

In this case the loss factor for a bunch length shorter than 30
mm is very well described by an analytic expression [4]:
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whereg is the cavity gap length,a is the radius of the beam
tube, and� is the bunch length. Because our cavity is not
pill-box shaped, the gap length is not well defined. We used
g = 22:77 cm. To get parasitic loss factor one must subtract
the loss factor of the fundamental mode
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Here!fund = 2��500 MHz is the resonant angular frequency
of the fundamantal mode, and(R=Q)fund = 89 Ohm is the
specific impedance of the fundamental mode. Alternatively,
one can use empirical formula obtained by fitting ABCI
calculated data point for the bunch length in the range from
10 mm to 50 mm:

kparasitic= 4:441 ��1:545 ;

wherekparasitic is in V/pC, � is in mm. As we can see from
Figure 1, this formula is good for long bunches, but worse than
analytic expression for short bunches.

3 Fluted Beam Pipe

The loss factor of this component was calculated with MAFIA
[3]. MAFIA data points are then fitted with exponential
formula (as shown in Figure 2)

kflutes= 0:0527 e�0:1422� ;

wherekflutes is in V/pC,� is in mm.

4 Tapers

As it was shown in [1], the loss factor for the tapers dominates
over the loss factor of the cavity cell for a bunch length shorter
than 30 mm. Hence it is important to evaluate it very carefully.
Heifets and Kheifets [5] derived a formula for two symmetric
tapers from a smaller radiusa to a larger radiusb with a length
of g1:
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where ~�1 = min(1:0; �1), and
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The formula is valid for� � a < b which in practice means
that we can use it for bunches shorter than 16 mm. Two tapers
form a cavity so we can write its loss factor as a sum of loss
factors of all higher–order modes:
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It appears, however, that for a bunch length range from 10 mm
to 50 mm a very good fit can be obtain with only four resonant
terms (Table 1).

Figure 3 illustrates calculations of the loss factor for two
tapers.

5 HOM load

The loss factor of the ferrite HOM load was calculated with
AMOS [6, 7]. Empirical formula for this case is
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Figure 1: The BB1 cavity cell loss factor.

Fluted Beam Pipe

y = 0.0527e-0.1422x

R2 = 0.9954

1.E-05

1.E-04

1.E-03

1.E-02

1.E-01

10 20 30 40 50

σ [mm]

k [V/pC]

MAFIA

Fit

Figure 2: The loss factor of the BB1 flutes as a function of bunch length.
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Two tapers
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Figure 3: The loss factor of two tapers.
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Figure 4: The HOM load loss factor.
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Table 1: Resonance terms to calculate loss factor of two tapers.

n f [GHz] R=Q [Ohm]

1 1.30 6
2 1.77 7
3 2.86 39

4 5.60 69

kHOM load = 0:7834 ��0:7102 ;

wherekHOM load is in V/pC, � is in mm. The bunch length
dependence of the HOM load loss factor is shown in Figure 4.

6 Summary

Now we can compare contribution of each component to the
total loss factor of the BB1 cryomodule. The module includes
a single–cell cavity with fluted beam pipe on one end, one
taper, and two HOM loads. An RF section consists of two
cryomodules connected back to back so there are only two
tapers per section. This allows us to reduce total loss factor
and to assign each cryomodule one half of the two tapers loss
factor. As we can see from Figure 5, the major contributor to
the loss factor are two ferrite HOM loads. Empirical formula
for the cryomodule loss factor is

kBB1 cryomodule= 7:733 ��1:118 :

wherekBB1 cryomodule is in V/pC, and� is in mm. Figure 6
illustrates comparison of the calculated loss factor with recent
measurements in CESR.
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Figure 5: The BB1 cryomodule loss factor vs. bunch length.
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Figure 6: Comparison of the predicted loss factor with recent measurements in CESR.
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