Electron Cloud Studies at Tevatron
Xiaolong Zhang, Oct. 2005

Abstraction:

     This report describes in more details on the Electron Cloud Studies which carried out in 3 different times. This report is a complimentary to Beams-doc-1831-v2 in Accelerator Division’s DocDB. The main results are described here.

ELECTRON CLOUD STUDIES
    In Dec. 2002, during Frank Zimmermann’s visit at Tevatron, he performed preliminary electron cloud simulation for Tevatron and the results were summarized in his report “Considerations on Tevatron Luminosity and Performance” (Beams-doc-304-v1). At this period, as a parasitic study, Tevatron Machine Studiers injected uncoalesced 30 bunches beam into Tevatron. The intensities were higher than normal operation needed. At bunch intensity over 4e10 protons/bunch, they observed the huge vacuum pressure rises at warm straight sections of A0, C0, D0, E0 but not B0 and F0. And we don’t have the possibilities to measure vacuum pressure precisely and reliably at cold sections. The plot below shows (Figure.1) the total beam intensity for such 30 bunches for several injections and the vacuum pressures measured by the ion pumps:
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Figure 1. Vacuum pressure vs. total beam intensity of 30 consecutive bunches
      The T:A0IP02, T:A0IP13 and T:C0IP19 are the vacuum measured by the ion pump at warm section A0 and C0. T:IBEAM is the total proton intensity by DCCT. The horizontal axis is the time in seconds. Please notice the vacuum pressure in this figure are plotted inversed (high pressure downwards) in unit of Torr. When the beam intensity is over some thresholds, the vacuum pressure increased by an order of magnitude. The beam energy is 150GeV and the bunch length is about 1.7ns rms where RF frequency is 53MHz. The stainless steel vacuum chamber is elliptical at C0 section MI magnets(48mm height and 120mm wide) and round at the rest of collider (70mm diameter).  In A0 section, there are proton and antiproton kickers with ceramic vacuum chambers.
     The above study was repeated on May 5th 2005 after the major vacuum upgrades where in E0 section new vacuum pipes were put in with NEG installed, some small leaks were repaired, etc. The similar study results is show below in Figure 2.
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Figure 2. Vacuum pressure vs. total beam intensity of 30 consecutive bunches
       In Figure 2, the vacuum pressure jumps (red and cyan curves) were observed at C0 and A0 when total beam intensity reach over 90e10. And the second large jump happens when the beam energy ramped from 150GeV to 980GeV where bunch length was shortened. The slow recovery of the vacuum after each pressure jump might attribute to the combination effect of the pumping speed and the localized beam scrubbing.

      To find the approximate threshold of the total bunch intensity where vacuum pressure jump happens, a third beam study was performed on May 19th 2005 as shown in Figure 3.
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Figure 3. Vacuum pressure vs. total beam intensity of 30 consecutive bunches (left graph) and beam vertical emittance measured by flying wire (right graph)
In Figure 3, the vacuum jump was observed only at C0. The first vacuum jump happened when the total beam intensity was 73e10 protons. The second vacuum jump was at intensity of 83e10 protons. The vertical beam emittance was measured by flying wire with a linear growth rate of 28pi/hr. While in normal operations the total intensity was 30e10 protons, the measure emittance growth was 2.86pi/hr and the beam lifetime was around 1000hrs. And the emittance growth caused by the flying wire is estimated as 0.045pi per wire fly, which is not corrected for the above measurements.

    To see the vacuum pressure rise at higher intensity, a total beam intensity of 116e10 fresh protons was re-injected into Tevatron, the vacuum jumps were observed at C0 and A0 with a little activity at E0 section in Figure 4.
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  Figure 4. Vacuum pressure vs. total beam intensity of 30 consecutive bunches (left graph) and beam vertical emittance measured by flying wire (right graph)
At this higher intensity, the linear emittance growth rate was measured 34.8pi/hr and the beam lifetime during this 30 min was fitted as 24.4 hr which is significantly lower than we normally have. 
      Another interesting observation was the beam orbit effects on the jumped vacuum pressures which I cannot explain this moment. The vacuum pressure dropped when the beam orbit moved from central orbit to the proton helix orbit which is shown below in Figure 5. The left graph shows the vacuum got better when beam moved to the proton helix orbit at 150GeV. In the right graph, the vacuum first jumped when we ramped beam to 980GeV. At 980GeV, the bunch length got shorter, the vacuum pressure higher. But only the vacuum at A0 (red curve) dropped when the proton beam moved to the helix orbit.
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Figure 5. Vacuum pressure vs. proton beam orbit at 150GeV (left) and 980GeV (right)
    Since the fast beam emittance and short beam lifetime were observed, we tried to see in the coherent beam instability happened during these studies. Normally we see the beam Schottky power from the 21MHz Schottky tune monitor increases greatly when the beam has coherent oscillations. The overall datalogged vertical beam Schottky power signal is shown below in Figure 6. 
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Figure 6. Vertical beam Schottky signal power and the vacuum pressure during our studies for several injections

The cyan curve show the beam vertical Schottky power T:SVPWR in dBms. The rest of the curves are vacuum measured at different locations. The curves logged before time stamp 04:46:00 were the injections for our studies and the initial spikes in the Schottky power were caused by beam injection oscillations. While we did see the higher Schottky power at the beginning of the injection and vacuum pressure rises, which was about -12dBm indicate some small coherent beam oscillations, they were much lower than the strong beam coherent oscillation where beam instability happens which power could go above 0dBm to 10dBm or even higher.

SUMMARY
     We observed the vacuum pressure rise greatly in some of warm sections of Tevatron when the beam intensity reaches over certain threshold for a bunch train of only 30 bunches. These phenomena can be explained by the Electron Cloud Effect (ECE). And our preliminary simulations for the MI type of elliptical vacuum chamber indicated the ECE will happen given maximum secondary yield of 1.3 for stainless steel and short 2ns bunch length with assumption of 0.5 backscattered very low electrons for the secondary yield curve. The fast beam emittance growth and the shorter beam lifetime could be explained by the ECE suppose there were vacuum pressure rises in the cold sections which we couldn’t measure directly. The more simulation studies are needed for the better understandings. 
�








[image: image1][image: image7.emf] 

[image: image8.png]1.0e-09
e
1ioE-as
1185080

ToRR
TORR
TORR
1EE

1.oe-08
et
1loE-as
Ledaase

He.»
N
Hel
[

1.0e-07
1l8ETar
1ioe-ay
e

1.oe-08
1l8ETae
1ioe-ae
!

TP vs. 0

Tue T6-DECGE 14387 Frico

seconds

=5

1000

once + engineering units



[image: image9.png]GxSB: Fast Time Plot
Lo PP VoSt Consale Fri 13WAV-G5 14113 rrico
1loe-ae
1loE-ae
e

—

Lo04495
e
1loE-ar
1186785

1e12
ToRR
TORR
TORR

1.3e-05
1laEsag
1ioE-as
118ETae

e
fiz.
hels
[

3.66-08
1laeTas

1ioE-as
1186588

1.oe-10
1l8EC1g
1loE-1n s60
118ET18

Seconds  ONCE + engineering units




[image: image10.png]16
1loe-ae
1loE-ae
e

Lo04495
e
1loE-ar
1186785

ez
TokR
TORR
TORR

1.3e-05
1laEsag
1ioE-as
118ETae

He.
tie)
hels
[

3.66-08
1laeTas
1ioE-as
1186588

1.oe-10
1l8EC1g
1loE-1n
118ET18

FTP va.51

GxSA: Fast Time Plot
Console Thu 15-WAY-05 6eisd rri-o

seconds

e ] 1800

once + engineering units



[image: image11.png]GxPB 1: Lumberjack Plot __ T:FWVEMI
Thu 15-WAY-2005 640

TEFUvENT
TeVIA munr

T LT GasaE aca
T = Thu Way 19 03:34:05 2005 Thu Way 19 04:01:08 2005




[image: image12.png]GxSA: Fast Time Plot
Lo PP VoSt Console Thu I15-WAV-05 83124 rrico
1loe-ae
1loE-ae
e

Lo04495
e
1loE-ar
1186785

ez
TokR
TORR
TORR

1.3e-05
1laEsag
1ioE-as
118ETae

He.
tie)
hels
[

3.66-08
1laeTas
1ioE-as
1186588

Loe-10
et ——e =50 2700

118ET18

Seconds  ONCE + engineering units




[image: image13.png]GxPB 1: Lumberjack Plot __ T:FWVEMI

TEFUvENT
TeVIA munr

s 18EAN
loeeis ter2

e ey T E
T = Thu Way 19 04:02:35 2005 Thu Way 19 04:33:26 2005




