INTENSITY LIMITATIONS FROM
ELECTRON CLOUD IN THE LHC

E. Métral (replacing G. Arduini)

MD requested by Gianluigi on 15/03/11 (revised on 02/08/11)

Participants: G. Arduini, Ph. Baudrenghien, V. Baglin, H. Bartosik,

S. Claudet, O. Dominguez, W. Hofle, J.M. Jimenez, E. Métral, M.
Pojer, G. Rumolo, B. Salvant, E. Shaposhnikova, L. Tavian, W.
Venturini, F. Zimmermann, etc. => This is not the final list yet!

Goal: Study of electron cloud effects with 25 ns beams (as
vacuum pressure rises, heat loads, coherent and incoherent
effects generating blow-up and losses are expected) +
effectiveness of the scrubbing for operation with 25 ns beam
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REQUESTS Approved limit

at the moment
2 dedicated (i.e. no // studies possible) MDs:

= 1st of 8h => Inject trains of 72 b (144 b if possible) up to ~ 1400 b
= 2nd Jonger (to be defined after the 1st MD) => Try and inject trains

of 288 b (according to progress with injection MD) up to ~ 2600 b

Energy: 450 GeV/c only ‘
: After approval...
Intensity / bunch: At least ~ 1.2E11 p/b

Transverse emittance (rms norm.): Smallest possible and < nominal
one (3.5 microm). Some measurements €aglier this year seemed to
indicate (surprisingly?) that ~ 2.5 microm could obtained...

Bunch length (4 sigmas): ~ 1.5 ns Only ~ 1.1E11 p/b

Optics / orbit / collimation: No change required promised by SPS
RF: Change might be needed

Transverse damper: Careful setting-up for the operation with 25 ns
bunch spacing required
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POSSIBLE PLAN (for a 1st 7h MD as currently foreseen)
Split into 2 parts of ~ the same length

1st Part => Injection of beams with different filling patterns
(optimization ongoing...) to constrain SEY and R

2nd Part => Injection of several trains of 72 bunches with a bunch
spacing of 925 ns in the LHC, up to ~ 1400 bunches (see Appendix)

For the 2 parts the following measurements should be performed:

Vacuum and heat loads in all machine regions (Vacuum, Cryo,
Walter, Mirko...)

RF stable phase dependence on intensity (RF, Elena, Juan...)

Beam stability and transverse emittances evolution (ABP+BI... =>

Mini teams to be organized as already done during the 50 ns
scrubbing)

RF and damper checks in // (RF, Wolfgang, Philippe, Daniel...)
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FILLING PATTERNS (for the 15t

part of the MD)




1st experiment

Bucket for the first bunch of Space taken by the train including empty
the train (LHC buckets) slots (25 ns slots) # bunches train
1 37 1
100 12
231 72
671 72
151 72
- 72
301

trains/SPS Inj
1 spacing btw. Bunches 25

1 spacing btw. SPS trains 225
1 spacing btw. LHC trains variable
1 # PS trains/SPS Inj 1
1 #bunches/ PS train 72
1

After the 2" and 4" batch we need to check
that the pressure is in steady state (on the
gauges VGIL.141.6L4.B and VGPB.2.5L3.B)
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1st experiment (backup)

Bucket for the first bunch of Space taken by the train including empty
the train (LHC buckets) slots (25 ns slots) # bunches train # PS trains/SPS Inj
1 37 1 spacing btw. Bunches 25

12 spacing btw. SPS trains 225
72 spacing btw. LHC trains 4000
72 sp2 3000
72 sp3 2000
72 sp4 1000
72 # PS trains/SPS Inj 1
72 #bunches/ PS train 72
72 clearing gap
72
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2nd experiment

Bucket for the first bunch of Space taken by the train including empty
the train (LHC buckets) slots (25 ns slots)

1 37 1

48 12

191 72

191 72

191 72

191 72

191 72

191 72

445

# bunches train # PS trains/SPS Inj

1
1
1
1
1
1
1
1

spacing btw. Bunches
spacing btw. SPS trains

25
225

spacing btw. LHC trains 3000

# PS trains/SPS Inj
#tbunches/ PS train

We need to check that the pressure is in
steady state (on the gauges VGI.141.6L4.B
and VGPB.2.5L3.B) for all batches. We can

skip the 3 injection if time constraint
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3rd experiment

Bucket for the first bunch of Space taken by the train including empty
the train (LHC buckets) slots (25 ns slots) # bunches train # PS trains/SPS Inj
1 37 1 1 spacing btw. Bunches 25
48 12 1 spacing btw. SPS trains 225
108 72 1 spacing btw. LHC trains 925
108 72 1 # PS trains/SPS Inj 1
108 72 1 #bunches/ PS train 72
108 72
108 72
108 72
445

Same spacing (925 ns) as

proposed by GianluigiA for We need to check that the pressure is in
the 2" part of the MD steady state (on the gauges VGI.141.6L4.B
(see page 11) and VGPB.2.5L3.B) for all batches. We can
skip the 3 injection if time constraint
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Priority of the experiments

1 then 2 then 3
If (small) time constraint => Only 2 and 3

If (major) time constraint => Only 1_backup
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FILLING PATTERNS (for the 2d
part of the MD)

Inject as much as we can and measure instabilities’ signs

but without correcting anything except maybe the croma,

starting with chroma of ~ 3-4 and then maybe increase it
if needed
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Bucket for the first bunch Space taken by the train including
of the train (LHC buckets) empty slots (25 ns slots)

1 37

371 48

851 108

1931 108

3011 108

4091 108

5171 108

6251 108

7331 108

8411 108

9491 108

10571 108

11651 108

12731 108

H 13811 108

31181 is the last L2aoL b
possible bucket for 15971 108
injection of the 1st o 108
bunch of the train 19211 108
20291 108

21371 108

22451 108

23531 108

24611 108

25691 108

26771 108

27851 108

28931 108

30011 108

31091 108

Elias Métral, LSWG 16/08/2011 -

25 ns with 72 bunches

# bunches train # PS trains/SPS Inj

12
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
2100

1 spacing btw. Bunches 25
1 spacing btw. SPS trains = 225
1 spacing btw. LHC trains 925

1 # PS trains/SPS Inj 1
1 #bunches/ PS train 72
1
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25 ns with 72+72 = 144 bunches

Bucket for the first bunch Space taken by the train including

of the train (LHC buckets) empty slots (25 ns slots)
1
371
851
2731
4611
6491
8371
10251
12131
14011
15891
17771
19651
21531
23411
25291
27171
29051
30931
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37
48

# bunches train # PS trains/SPS Inj

12

1 spacing btw. Bunches 25
1 spacing btw. SPS trains 225
2 spacing btw. LHC trains 925
2 # PS trains/SPS Inj 2
2 #bunches/ PS train 72
2
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25 ns with 72+72+72 = 216 bunches

Bucket for the first bunch Space taken by the train including
of the train (LHC buckets) empty slots (25 ns slots) # bunches train # PS trains/SPS Inj

1 37 1 spacing btw. Bunches 25

371 48 12 1 spacing btw. SPS trains 225

851 3 spacing btw. LHC trains 925

3531 3 # PS trains/SPS Inj 3

6211 3 #bunches/ PS train 72
8891 3

11571

14251

16931

19611

22291

24971

27651

30331

3
3
3
3
3
3
3
3
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29 ns wWith 72+72+72+72 = 288 bunches

Bucket for the first Space taken by the train
bunch of the train (LHC including empty slots (25
buckets) ns slots) # bunches train # PS trains/SPS Inj
1 37 1 spacing btw. Bunches 25
48 12 1 spacing btw. SPS trains 225
4 spacing btw. LHC trains 925
4 # PS trains/SPS Inj 4
4 #bunches/ PS train 72
4
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TEAM (for 1 shift MD)
=> Saturday 27/08/11 from 00:00 to 07:00

Mirko will be in shift (and will have implemented all the filling schemes)
Vacuum pressures => VincentB and team + Octavio

Heat load => Serge and team? + Walter

Transverse emittance along the trains (BSRT) => Federico + Octavio
Lifetime of the bunches along the trains => Carlo + Giovannil

Tune shift along the trains (Schottky) => Chandra + MathildeF

RF stable phase => Juan

Single-bunch (and coupled-bunch) motion => HEADTAIL monitor with a

new mode of acquisition, which can be triggered when the BBQ signal increases
above a given threshold => To be followed up and checked by/with RalphS before the

MD => Hannes + Kevin (checking with Bl as RalphS is absent => See
also next slide)

Coupled-bunch motion (ADT) => Riccardo + Wolfgang will check if
he can trigger also the ADT with RalphS’s trigger
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New mode of acquisition of the HEADTAIL monitor

File Edit View History Bookmarks Tools Help
@ ) @ |9 http://cfo-uad7-bahttrig/ v| [~ o) @ ~

[5 Most Visited~ D Shop~¥ [DProducts~
o| http://cfo-uad7-bghttrig/ l & v

BBQ Instability Trigger

o/ Red Hat, Inc. [o|Red Hat Network ©[ZSupport~

DTraining~

lactual value[min |[max [Edge-Trigger |Threshold
[bins] [bins]|[bins][ON/OFF [bins]
338
channel 0355 271 423 |U | |
1358 \
338
channel 1 468 97 1636 |4 | |
1358 \
1338 \
channel 2 (353 349 |356 |
1358 \
1338 \
channel 3 352 348 |358 |H
1358 \

Force TTL triggger B1: [JForce TTL triggger B2: [J \ set |

Reset min/max statistics: [ \ reset \

Trigger B1: ON last trigger: 2567766 seconds ago -- Trigger B2: OFF last trigger: 2567767 seconds ago (Deadtime = 10 seconds)

gate control

LED status is OFF ... BBQ instability trigger setup (used for the head-tail scope and damper):
CJLED stored value [12345 || submit | from a technet machine lOg into:

http://cfo-ua47-bqhttrig/

If the "Force TTL triggger B1:" and "Force TTL triggger B2:" are checked the
frev signal is routed as normal to the head-tail scope. If these are unchecked the
frev is only enabled when the BBQ oscillations exceed the given trigger
thresholds (actual value and limits visible in the table above). The easiest way to
change the trigger threshold is indirectly via changing the BBQ gains (+- 5 dB
should suffice).

2011-06-23, R.]. Steinhagen, BE-BI
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