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1. Introduction

     We have performed preliminary impedance calculations for the synchrotron light monitor (SLM) vacuum chamber [1] in order to evaluate its contribution to the overall LHC impedance budget and to reveal potentially dangerous higher order modes (HOM). The numerical calculations have been carried out by using the computing codes Mafia3D [2] and ABCI [3] and, when possible, we have compared the results with analytical estimates. Section 2 describes the analysis of HOM trapped in the SLM structure while the broad-band impedance is evaluated in Section 3.

2. HOM content

      Since the SLM structure is long, we started simulations with the central SLM body containing three attached tubes by assuming the symmetry plane at x = 0. (Fig. 1). Already for this structure we have found two distinct trapped modes at about 2.2 GHz and 2.4 GHz (Figs. 2 and 3). As it is seen in Fig. 4, the respective longitudinal wake decays fast but still lasts for a time long enough to catch successive bunches in the LHC train. Presumably, these modes are near the cut-off frequencies of the central body beam pipe, having azimuthal field variation. In our opinion this is due to the asymmetric positions of the attached tubes on the central beam pipe. The cut-off frequencies of the first TM waveguide modes for the SLM vacuum beam pipe (radius of 106 mm) are listed in Table 1. Possible candidates for the incriminated modes are TM21 and TM02, respectively.

                           Table 1 Waveguide mode of the SLM vacuum beam pipe.

	Waveguide Mode
	Frequency, GHz

	TM01
	1.083

	TM11
	1.725

	TM21
	2.310

	TM02
	2.486

	TM12
	3.159


     The modes propagate at large distances from the SLM central body and can be enhanced if there are any additional discontinuities within the region occupied by the mode fields. We have seen this in simulations by adding small tapers attached to the beam pipe.

As the next step, we add a central conductor in the vertical plane simulating the mirror periscope (see Fig. 5). The conductor inserted inside the flange creates a piece of a coaxial pipe with respect to the flange walls. In this case new coaxial type HOM can be excited. Since a coaxial does not have a cut-off frequency some of the modes can have relatively low frequencies. In Fig. 6 and Fig. 7 one distinguishes the new HOM modes at frequencies f = 0.45, 1.40 and 2.4 GHz (compare with Fig. 2). As it is clearly seen in Fig. 8 and Fig. 9 the field configurations of the modes at 0.45 GHz and 1.4 GHz have /4 and 3 coaxial structures, respectively.

The SLM structure is not azimuthally symmetric and for this reason the coaxial HOM have a strong vertical component on the beam axis. Respective longitudinal and transverse wake fields are shown in Fig. 10 and Fig. 11.

In order to characterize HOM parameters we have performed both the time domain and frequency domain simulations. Table 2 summarizes the parameters for the first two coaxial modes. 

Table 2 - Parameters of  the coaxial HOMs.

	N
	f 

[MHz]
	Q
	RL/Q [
	RL

 [
	RT/Q [
	RT
[
	RT/y [/m]
	P

[W]

	1
	457
	9721
	0.05
	487
	0.123
	1196
	45690
	285

	2
	1386
	22290
	0.0237
	5283
	0.036
	802
	169400
	575


Here, f and Q are the frequency and the quality factor of the modes, RL and RT are the longitudinal and transverse mode shunt impedances calculated at the beam axis. Note that the transverse impedance gradient along the vertical axis RT/y has been evaluated by calculating the difference in the transverse impedances at a distance y of 5 mm from the beam axis.

As we can also easily calculate, for a 1 A circulating current the power loss P can be as large as 1 kWatt if revolution harmonics are in a full coupling with the HOM (see the last column in Table 2, z is considered to be 7.5 cm). 

We should note here that the coaxial HOM are not a surprise. For example, coaxial modes created in RF cavity tuners (couplers) are a matter of concern for RF designers. They can lead both to discharges and beam instabilities. 

We expect also that the HOM can become even stronger when the SLM mirror is attached to the periscope. This is due to the fact that the mirror can intercept larger fraction of the beam image current.

In order to estimate the enhancement factor we simulate the SLM mirror as a metallic flag connected to the “periscope”. We have considered the two extreme cases when the flag is oriented along the beam axis (see Fig. 12) and perpendicular to it (Fig. 13). It has been found that the mode frequencies are slightly shifted towards to the lower frequencies. The quality factors decrease by 10-20%, but the mode shunt impedances are enhanced by a big factor that can be as high as 40-50. Just as an example, in Fig.14 and Fig. 15 we compare the longitudinal and transverse impedances for the SLM structure with and without the metallic flag (parallel to the beam axis).

We should stress here that the above data have to be considered as preliminary. The final result depends strongly on the detailed SLM design and mirror orientation.

3. Broad-Band Impedance

       In order to evaluate the broad-band impedance contribution of the central SLM part we have calculated the short range wake potential over the bunch length by assuming σ  = 7.5 cm. The Fourier transform of the wake field gives us the estimated longitudinal coupling inductive impedance of Z/n=0.056 mwhile the transverse impedance (gradient along the vertical axis) is equal to  0.675 k/m. The calculated longitudinal loss factor kL = -1.8 109 V/C.

In order to conclude the impedance calculations we have simulated the 30 m long SLM section (radius of 106 mm) connected to the regular beam pipe (radius of 40 mm) by 25 cm long tapers. We have found that the wake fields decay very fast (Fig.16) and can hardly reach following bunches of  the train. However, one has to take into account the broad-band impedance of the section, which can influence the single bunch dynamics. The estimated inductive contribution of the tapers is Z/n = 0.29 m with the use of ABCI code. The normalized transverse impedance is calculated to be ZT = 0.47 k/m. These values are in a good agreement with Yokoya’s analytical formulae [4] :
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that give Z/n=0.25 mand ZT = 518 /m.

4. Conclusions

1) The coaxial HOM trapped near the SLM periscope can be of some concern for the LHC beam dynamics. The estimated power losses due to the modes are of the order of 1 kWatt for 1A circulating current. The transverse HOM are at the relatively low frequencies and have shunt impedances that can be as high as a few hundred of k/m. These values are much higher when the mirror is taken into account. The enchancement factors for the mode shunt impedances are expected to exceed a factor of 10 or even higher, depending on the detailed mirror design, material and mirror orientation.

2) The HOM trapped near the cut-off frequencies of the SLM beam duct are weaker but potentially can be reinforced if there are any other discontinuities near the SLM central body. 

3) The longitudinal  inductive broad-band impedance of the SLM vacuum chamber is estimated to be Z/n ( 0.3m and the loss factor calculated for 7.5 cm long bunch is kL ( - 2 109 V/C. The transverse broad-band impedance is of the order of 1-2 k/m.
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Fig. 1 - MAFIA model of the SLM central body
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Fig. 2 - Real part of the longitudinal coupling impedance 
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Fig. 3 - Imaginary part of the coupling impedance
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Fig. 4 - Longitudinal wake potential

[image: image5.wmf]?


Fig. 5 - SLM  MAFIA model with “periscope”.
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Fig. 6 - Real  part of the longitudinal impedance 
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Fig. 7 - Imaginary part of the longitudinal impedance
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Fig. 8 - Electric field configuration of the first coaxial HOM
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Fig. 9 - Electric field configuration of the second coaxial HOM
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Fig. 10 - Longitudinal wake fields
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Fig. 11 - Transverse wake field
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Fig. 12  - SLM MAFIA model with a mirror along beam axis
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Fig. 13 - SLM  MAFIA model with a mirror perpendicular to beam axis
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Fig. 14 - Real   part of the longitudinal impedance 

of the SLM with and without metallic flag
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Fig. 15 - Real   part of the transverse impedance (on axis)

of the SLM with and without metallic flag
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Fig. 16 - Longitudinal wake fields for SLM vacuum duct (z = 2.5 cm)
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