Sergei Nagaitsev

April 27, 2004

Observations regarding the transverse instability in the Recycler
Introduction

We have observed sudden partial (of the order of 10% but once as much as 50%) beam loss in the Recycler in February, 2004 for pbar intensities above 40e10.  We suspect that these instabilities are related to trapped ions although we have never directly verified that.  Whenever this instability was observed all of the following conditions (symptoms) were in place:

1. Pbar beam intensity above 40e10

2. All stochastic cooling systems were ON

3. The beam was bunched in a barrier bucket

4. The transverse emittance (n,95%) was low (4-pi or less)
5. The MI ramp cycle was reduced to 0-2 ramps per minute more than one hour prior to the instability occurring, thus the longitudinal momentum spread was smaller than usual (because the heating effect from the MI ramp was lower or changed) at the time of instability.

In early March, 2004 we have attempted to increase the chromaticity in order to make the beam more stable.  Figure 1 shows chromaticities as they were set on March 2, 2004.  The hor. chromaticity was set to -2.5 and vert. to -4.5.  As far as we know, these values have not been changed since.  However, on March 8, 2004 we have observed an instability shown in Figure 2.
Unanswered questions:

1. What causes the instability?

2. What triggers the instability, i.e. why does it happen when things seem to be very stable?

3. What determines the fraction of the beam loss?

4. Why is the transverse emittance, immediately after instability, so small?
5. What is the frequency range and the growth rate of this instability? 
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Figure 1: March 2 -- Measured the chromaticity with the present sextupole settings. Vertical chromaticity is about -4, horizontal is about -3, both at the nominal center of the machine. The horizontal has enough curvature that the local chromaticity is about zero at about +.0025 dp/p
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Figure 2: -- Mon Mar 8 10:50:44 comment by...Stan, Sergei, Ralph & DVM --  Overnight history. There appears to have been an emittance blow up and associated beam loss at about 2:30 this morning shortly after an I:MAGPWR (MI ramp rate) decrease. Someone increased the transverse cooling in response to this.

Most recent instability (April 27, 2004)
The instability happened at 1:30am.  
The Recycler intensity was 125e10 pbars in 5.3-µs long barrier bunch.

The MI ramp cycle was 1 ramp per minute since 21:40, Apr. 26.
The beam was cooled transversely to 3-pi.

From the logbook:

21:38:27-  We have compressed the beam by 1us to 5.28us.  - prk

· Mon Apr 26 21:40:38 comment by...prk --  Pbar is now switching to reverse proton studies. There are now two 120 GeV events in the (120-sec long SN) timeline; a $21 and a $2E, besides Pbar's $2D events.


[image: image3]
Figure 3: History prior to instability.  At 21:40 on Apr 26, 2004 the bunch length was reduced by 1 µs to 5.3 µs.  At that time the MI cycle has also changed and the momentum spread (not shown here) started to decrease.  At 21:40 the rms momentum spread was 3.4 MeV/c and at 00:10 it became 3.0 MeV/c.
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Figure 4: The beam current (black) and the MI ramps (green).  Some MI ramps are not shown because of the time interval (3 seconds) between points.  The instability occurred at one of the MI ramps.  One can also see subsequent beam losses at MI ramps.
[image: image5.png]Anplitude (agm)

Anplitude (agm)

a4

Pbar Ungated

Recycler Schottky aser/04

a8

aoa1

HU

L

64

melituds Cabm)

melituds (aBm)

1oz

2o 1z o4 4 12
Freauency Ckhz)

20

loes e e 4
Freauency Ckhz)

812,078 Hz
11727 Enn
3.0 wevse
10.0 nevse
6.4159
Frr—
64175
Eipr—
2.207 E11
6,296
6,465

Anplitude (agm)

a4

20 12 4 4 12
Freauency Ckhz)

20





Figure 5: Beam Schottky spectra prior to instability.
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Figure 5: Beam Schottky spectra after the instability (at 01:35am).  The momentum distribution has not changed.  The overall transverse emittance remained low (6.5-pi).  However, the transverse schottky spectrum shape became broader as compared to Fig. 4, indicating that some particles may have a larger emittance.
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