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Minutes of the meeting about the instability in RR on April 23, 2010
Alexey Burov, Jim Crisp, Nathan Eddy, Sasha Shemyakin

1. The present hypothesis is that the instability occurred because one of 4 kicker amplifiers was disconnected in the time of the instability (4 = X&Y, two plates each; disconnected one was the horizontal). This disconnection effectively decreased the gain of the horizontal damper by a factor of 2. The instability happened when the beam was completely stretched out in a preparation for “partial mining”. Np ~ 510E10; phase density ~2. The instability was at the lower side band of the first harmonic of the betatron tune (~50 kHz) and went initially in the horizontal plane. 

2. (Alexey) Calculation of the instability growth time: for Np = 500E10, ~50 kHz, no Landau damping, vertical, the growth e- time is ~300 turns (~3 ms). For horizontal, ~ X2 (~600 turns). Increment drops as (frequency)-1/2. 

3. The instability increment grows linear with the number of pbars Np and weakly depends on the bunching factor (B= (bunch length)/(RR perimeter)). However, the damper gain is proportional to the linear beam density, and therefore, changes as B-1. It can explain why the instability was during the partial mining, when the beam is completely expanded (B ~1)  and the damper is minimum at a given Np. 

4. The damper gain = f(frequency) is relatively flat, while instability increment goes as (frequency)-1/2. Hence, if the instability happens because of a too low gain, it develops at the lowest harmonics as it was observed. 

5. If the description above is correct, the damper gain may be dangerously close to the instability boundary at high bunching factors. The damper gain has been chosen to introduce additional noise not exceeding the heating from residual gas. A possible option may be to modify the damper gain frequency curve, increasing the gain only at lower frequencies.
6. Possibility to make time-domain and frequency-domain measurements of the damper gain (in terms of the number of turns of the e-fold damping) was discussed. 

a. Time domain: measure damping rate by recording the damper signal in the time of injection. The beam oscillates at the betatron frequency because of the injection errors and kicking the cold beam by the kicker tail. The injected and cold portions may be damping with a different rate because of the different linear density. 

b. Frequency domain: damper’s open and close loop measurements at several frequencies. Calculate the gain from fitting the response curves.

c. The result of the time domain measurement should be consistent with the frequency domain’s at the lowest harmonics.

d. Nathan plans to prepare a study plan.

