BEAM ACCELERATION CAPABILITIES OF THE PRESENT MI RF SYSTEM

IOANIS KOURBANIS

08/10/05

1. INTRODUCTION
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In the present note we examine the beam acceleration capabilities of the present RF system in the MI. The results of this note are based on calculations and beam measurements.

2. POWER CAPABILITY

The existing MI fro system consists from 18 stations, i.e. RF cavities, power amplifiers, power supplies, and ancillary systems. A number of three spare RF cavities exist to allow expansion to twenty RF stations. The RF cavities are back-to-back resonators with a single accelerating gap, fabricated with OFHC Copper. Each cavity is tuned over the operating frequency range 52.813-53.104 MHz, by two biased ferrite tuners inductively coupled symmetrically to the opposite lower cavity outer wall. The tuners and their coupling loops are water-cooled, as is the entire cavity (Fig. 1). 

At present each cavity is driven by a single Eimac 4CW150000 power tetrode mounted directly on the cavity providing up to175 KW (operationally). Each cavity is designed to operate at accelerating gap voltage of 240 KV.

The cavity Q as a function of energy has been measured and is plotted in Fig. 2. As seen in the above figure the cavity Q is around 4800 for energies above transition. The effective shunt impedance is calculated from the cavity Q and the cavity geometric factor 
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Given the total power available in each cavity, the max RF voltage and the number of cavities 
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n

, the total beam intensity that can be accelerated is a function of the max acceleration rate:
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The results of the above equation are plotted in Fig. 3 for 
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Fig. 1: Schematic of the present MI rf Cavity.
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Fig. 2: Cavity Q vs. momentum.
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Fig. 3: Accelerated beam Intensity vs. Acceleration Rate

3. BUCKET AREA

The moving bucket area available after transition depends on the acceleration rate and the RF voltage not on the RF power. For a fixed RF voltage and acceleration rate the minimum bucket area occurs at 
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 is the Transition energy (20.3GeV for MI). The moving bucket area in MI vs. energy for 4.32 MV and 205 GeV/sec is shown in Fig. 4. We have found that under the current MI conditions we need at least a moving bucket of 1.8eV-sec with slip stacked beam and 0.75eV-sec for beam without slip stacking. The minimum moving bucket area in MI as a function of acceleration rate for 4.32 MV of RF voltage is plotted in Fig. 5. From this figure we can see that with 18 RF stations we cannot produce large enough bucket area in order to relable accelerate slip-stacked beam faster than 240 GeV/sec.
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Fig. 4: Moving bucket area vs. MI energy for 4.32MV (240 KV per Cavity) and 205 GeV/sec.
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Fig. 5: Moving bucket size vs. acceleration rate for 18, 20 RF stations, assuming 240 KV per station.

4. ROBINSON STABILITY

In order to be Robinson stable we have to dissipate as much power to the beam as we are dissipating in the Cavities [1].

The amount of beam that can stably accelerated in this case is a function of the max. Voltage in each of the cavities and the shunt impedance.
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The max accelerated beam intensity that can be stably accelerated assuming a max voltage of 240 KV per cavity (4.32 MV total voltage) vs. accelerating rate is plotted in Fig. 6.
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Fig. 6: Allowable accelerated beam Intensity vs. accelerated rate for 240KV per station (4.3MV for 18 stations and 4.8 MV for 20 stations).

For a fixed accelerating rate the max. beam intensity that can be accelerated stably is only a function of the RF voltage. In Fig. 7 the max beam intensity that can be accelerated for 205 GeV/sec is plotted as a function of the RF voltage.
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Fig. 7: Beam Intensity that can be accelerated stably with 205 GeV/sec as a function of the total RF Voltage.

5. BEAM EXPERIMENTS

In Main Injector we are using RF feedback around each station with typical gains of 6-10 [2]. Its effect is equivalent to introducing a shunt resistance across the accelerating gap, whose value is inversely proportional to the loop gain. In such a way R can be reduced by a large factor, increasing in proportion the beam current threshold. 

 In order to evaluate the effect of the RF feedback we measure how much we can reduce the RF voltage in a high intensity beam cycle without beam loss. In Fig. 8 we plot the beam intensity BEAM (green trace) along with the total RF voltage RFSUM (red trace) during a $2E MI cycle. In order to be able to reduce the RF voltage as much as possible no slip stacking was used in this cycle.  The RF Voltage settings along with bucket area and pdot information can be seen in Fig. 9. We were unable to reduce the RF voltage much lower than 2.8 MV because the bucket area was getting too small (we were starting to see beam loss for bucket area smaller than 0.75eV-sec). We can see in Figure 8 that we can accelerate up to 2.46E13 with 205 GeV/sec and 2.8 MV exceeding the Robinson stability limit (Fig. 7) by a factor of 1.84. Based on this result we can estimate that the number of protons that can be stably accelerated by the present RF system with 205 GeV/sec and 4.3 MV (240 KV per cavity) is 5.9E13.
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Fig. 8: Beam Intensity and RF voltage during a $2E MI cycle.
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Fig. 9: RF parameters for the$2E cycle used in the beam acceleration experiment.

6. PLATE AND SERIES TUBE DISSIPATION

The plate and series tube dissipation are discussed in detail in another note (J. Reid ,“RF Power Limitations in Main Injector” to be publishes soon ). It is anticipated that due to low rf voltages and high beam currents at injection, we are going to exceed the series tube power dissipation limit (150 KW) of the four rf stations used for slip stacking at intensities around 5.0E13p. The modulators of those stations will have to be upgraded. The plate dissipation on the power amplifier side looks to be adequate for intensities up to 6E13 protons.

The peak RF currents requirements around transition and during bunch rotations need to be studied. 

7. CONCLUSION

The present MI RF system has the capability to accelerate up to 6E13p with 205 GeV/sec. For intensities greater than 5E13 protons there are some power dissipation issues on the modulator tubes of some of the stations that will need to addressed. In order to reliably accelerate slip stacked beam with rates greater than 240 GeV/sec we will need more RF voltage than our 18 stations can provide.
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