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Summary of 2007 & 2008 results

A f th bt i d PS l t l d lt b f d i i t tiA summary of the obtained PS electron cloud results can be found in various presentations 
given in 2007 at CERN.

APC’s: 6th July, 3rd August, 23rd November; LHC MAC: 7th December;
papers in PRST AB (2008); EPAC’08papers in PRST-AB (2008); EPAC’08.

Here, a brief summary of
Nominal LHC beam in the PS and machine parameters.

Th f ll i l t l d h t i ti t di d i 2007 & 2008The following electron cloud characteristics were studied in 2007 & 2008.
Fast pressure rise measured with shielded Penning gauge.
Button pickup and stripline signals.
S f l l d b ild i hi h PS lStart of electron cloud buildup within the PS supercycle.
Effect of small dipole fields (up to 70 G).
Different filling pattern (72,48,36,24,12 bunches).
Effect of the stainless steel clearing electrode in SS98.
Comparison with the enamel clearing electrode in SS84.
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Parameters for PS electron cloud experiments
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PS button pickup and stripline signals
PRST-AB 11,094401 (2008)

The results obtained for the last four turns before extraction of the nominal LHC beam from the 
PS are displayed in Fig. 4. The beam-induced signal observed on the clearing electrode, which 
acts essentially as a stripline beam position monitor, was used for synchronization and to 
monitor the basic beam properties. On both button pickups a clear electron signal was seen 
when the LHC beam passed The time t 0 s was set to the position of the last bunch at the
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when the LHC beam passed. The time t = 0 s was set to the position of the last bunch at the 
last turn before ejection.



PS button pickup and stripline signals
PRST-AB 11,094401 (2008)

Measurements during the second last turn, showing the start of the electron cloud buildup with the 
first of the 72 bunches and decrease behind the last bunches are displayed in Fig 5 Every 4 ns (4 )

14E. Mahner, F. Caspers, T. Kroyer ECM’08

first of the 72 bunches and decrease behind the last bunches, are displayed in Fig. 5. Every 4 ns (4σ) 
long bunch can be resolved on the stripline electrode and on the button pickups. 



Start of PS electron cloud buildup
PRST-AB 11,094401 (2008)

Some systematic measurements were performed to determine the exact time when the 
electron cloud buildup starts to be detectable in our experiment. In Fig. 7 the EC signal on 
pickup #1 is compared to a tomoscope plot of the longitudinal bunch profile The EC is

15E. Mahner, F. Caspers, T. Kroyer ECM’08

pickup #1 is compared to a tomoscope plot of the longitudinal bunch profile. The EC is 
observed well before the end of the last bunch splitting (27 to 5 ms before ejection).



Effect of the st.st. clearing electrode
PRST-AB 11,094401 (2008)

F l h iti d ti l i lt |U | > 300 V th EC i l
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For large enough positive and negative clearing voltages |USL| > 300 V, the EC signals 
decreased below our detection limit. The case of USL = - 1 kV is depicted in Fig. 8.



Electron cloud clearing: PU signal (t,USL)
PRST-AB 11,094401 (2008)

The pickup signals have been 
measured for clearing voltages 
ranging from -1000 V to +1000 Vranging from -1000 V to +1000 V. 

Figure 9 shows the EC signal on 
pickup #2 averaged over the last 
12 of 72 bunches in the PS 
machine as a function of clearing 
voltage. 

The data cover the last 50 ms 
before the proton beam is ejected 
from the PS.
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LHC 25ns
nominal beam
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LHC 25ns
nominal beam
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LHC 25ns
nominal beam

For positive voltages, the stainless steel and enamel clearing electrode behave 
very similar -> electron cloud suppressions is obtained for USL > 300 V.
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LHC 25ns
nominal beam
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LHC 25ns
nominal beam
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LHC 25ns
nominal beam

For negative voltages, the stainless steel and enamel clearing electrode behave a bit 
different for USL < 300 V. For higher stripline voltages (>500 V) the enamel electrode is 
as efficient as the stainless steel.a a a

With the presently used design, the high-voltage contacts of the enamel electrode are 
probably too "complex" for large scale applications, sometimes also not easy to install…
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2008 scope data from SPS scrubbing run (June)
PS type shielded button pickup signalsPS-type shielded button pickup signals

LHC 25 ns, 72 bunches, 1 batch LHC 25 ns, 72 bunches, 4 batches

Yellow traceYellow trace enamel stripline in stainless steel chamber #1
BlBl i k i h b #1 i i l l i l dBlue traceBlue trace pickup in chamber #1 containing enamel clearing electrode
Magenta traceMagenta trace pickup in stainless steel chamber #2 w/o enamel, for reference.

Some (unexpected) low frequency "ringing" in the blue and magenta trace, but one can 
(bl ) h b ild f h l d l d h d i f h fi
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see (blue trace) the buildup of the e-cloud related current over the duration of the first 
batch. We will try to understand its origin and get it removed in the future.



Another "attractive" feature of a clearing electrode
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Apart from electron cloud suppresion, bunch-to-bunch intensity variations 
detected in the PS for the nominal LHC beam with 25ns bunch spacing.



Conclusions + Proposal
Dedicated PS electron cloud detector operational since 2007, installed in SS98, comprises two 
shielded pickups, shielded Penning gauge for fast vacuum logging, a dipole magnet, and a 
stainless steel stripline electrode for electron cloud clearing. 

l f l l d f d h h l bSince June 2007 clear signs of electron cloud found in the PS with nominal LHC beam: 
fast vacuum pressure rise, characteristic signal on the shielded button pickups, 
develops during the last 40 to 50 ms before ejection, when the bunches are shortened by 
th f tithe rf gymnastics.

Electron cloud can be suppressed by putting a sufficiently large voltage of either polarity onto 
the clearing electrode. Comparison with a first enamel clearing electrode (new setup in SS84) 
performed in 2008performed in 2008.
Enamel electrode acts very similar in terms of electron cloud suppression as the metallic 
electrode used last year. Thus the functionality of enamel technology as clearing electrode 
material has been clearly demonstrated.y
Some remaining questions and difficulties:

tests until now "only" with flat enamel electrode placed inside antechamber, not easy to 
apply to curved vacuum chambers over a considerable length, high-voltage biasing not 
obvious without aperture reduction.
Static & dynamic outgassing and SEY not yet measured for enamel. Feedback wished from 
the community how (if at all...) to continue with enamel or similar clearing electrodes.
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Positive aspect: distributed clearing electrodes are certainly less critical than low SEY films with 
respect to their long term behavior (ageing?), but films are less demanding in hardware needs.
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