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1) Pressure rise observations with 25 and 50 ns beams
2) Bunch intensity thresholds for 50 ns

3) Behavior during pre-ramp and energy ramp

4) Interpretation using PyECLOUD simulations
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1) Pressure rise observations with 25 and 50 ns beams
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AP with 25 and 50 ns
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* Pressure rises were the first ECE observed in the LHC with 150 and 75 ns
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AP with 25 and 50 ns

N/

* Pressure rises were the first ECE observed in the LHC with 150 and 75 ns

* | focused on pressure gauges locatedin warm-warm transitions (VGI type):

» They are more accurate than ot

her types of gauge in the machine

» They are all located in the same type of module (with simple geometry)
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y AP with 25 and 50 ns

N/

* Pressure rises were the first ECE observed in the LHC with 150 and 75 ns

* | focused on pressure gauges locatedin warm-warm transitions (VGI type):

» They are more accurate than other types of gauge in the machine
» They are all located in the same type of module (with simple geometry)

» These modules are located between two 7 m NEG-coated beam pipes

There are few
exceptions where one
side is shorter

< 3 >
> 7 m NEG coating > 7 m NEG coating

» There are 173 gauges of this type around the ring (easier comparison and
extrapolation)

» I'll focus here on beam 1 (68 guages), although conclusionsare equivalent
for both beams.

» SEY estimated by the vacuum colleagues: ~ 1.6 — 1.9 [1]
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https://indico.cern.ch/getFile.py/access?contribId=4&sessionId=4&resId=1&materialId=slides&confId=125315

y AP with 25 and 50 ns

* | base my observations on 50 ns on 6 fills:

» 2124: 19 September 2011 (before MDs with 25 ns)

» 2240: 22 October 2011  (between 14 October MD and 24
October MD)

» 2261: 27 October 2011  (after 25 ns MDs)

N, =1.37ell ppb for all three

| > 2736: 16 June 2012 (N,~1.47e11 ppb)
> 3000: 24 August 2012 (N,~1.52e11 ppb)
» 3286: 14 November 2012 (N, =1.65e11 ppb)

—

Three random long physics fills during 2012 operation

* |'ll show some observations of 25 ns for the 24/10/11 MD
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AP with 25 and 50 ns - Injection
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y AP with 25 and 50 ns - Injection

Sector 1-2 Fill 2124

Timeseries Chart between 2011-09-18 22:11:29.980 and 2011-09-19 09:16:00.389 (UTC_TIME)

~ LHC.BCTFR.AGRS. B1:BEAM_INTENSITY — LHC.BQMBT:BUNCH_LENGTH_MEAN — WGIS35R1.BFR = WGl5436L2.6 FR W179.6L2.B.PR
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We observe different behaviors = Different conditioning states?
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y AP with 25 and 50 ns - Injection

Sector 1-2 Fill 2240

Timeseries Chart between 2011-10-22 05:51:13.517 and 2011-10-22 23:53:48.413 (UTC_TIME)

—+~ LHC.BCTFRAGRA.B1:BEAM_INTENSITY -~ LHC.BQM.B1:BUNCH_LENGTH_MEAN = WGL1377R1.B.PR = VGI535R1.B.PR WGIS436L2. B PR —+ WG.856R1.B.PR

AP after 5t
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/ of the gauges
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There is a visible conditioning effect after the MD on 14 October with 25 ns
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y AP with 25 and 50 ns - Injection

Sector 1-2 MD 24 October 2011 — 25 ns

Timeseries Chart between 2011-10-24 16:00:00.000 and 2011-10-25 09:00:00.000 (UTC_TIME)

~ LHC.BCTFRAGRS.BUBEAM_INTENSITY —~— UGL1377R1.B.FR - UGISZ5R1.BPR - WGIA436L2 B FR WGITO6L2.BPR - WGIS56R1.BFR
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With 25 ns we observe AP in all the gauges
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y AP with 25 and 50 ns - Injection

Sector 1-2 Fill 2261

Timeseries Chart between 2011-10-27 17:15:06.770 and 2011-10-28 00:18:12.727 (UTC_TIME)

~ LHC.BCTFRAGRS.B1:BEAM_INTEMSITY —~— LHC.BQMBT:BUNCH_LENGTH_MEAN - UGL137.7R1.B.PR - WGLS3SR1.B.FR VGIS436L2.B.FR  ~ VGITOBL2.BFR - WGI256R1.B.FR

88888

------

66666

UTC_TIME

No e-cloud related AP observed in any of the
gauges =2 Clear improvement after conditioning
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y AP with 25 and 50 ns - Injection

Sector 1-2 Fill 2736

Timeseries Chart between 2012-06-16 16:22:57.634 and 2012.06-17 11:47:17.673 (UTC_TIME)

~ LHC.BCTFRAGRS.B1:BEAM_INTEMSITY —~— LHC.BQMBT:BUNCH_LENGTH_MEAN - UGL137.7R1.B.PR - WGLS3SR1.B.FR VGIS436L2.B.FR  ~ VGITOBL2.BFR - WGI256R1.B.FR
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Nb=1.47-10% ppb, but looking at the thresholds it seems that
some deconditioning took place in gauge VGI.137.7R1.B
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AP with 25 and 50 ns - Injection

Sector 1-2

Timeseries Chart between 2012-08-24 19:57:16.447 and 2012-08-25 00:06:59.142 (UTC_TIME)

Fill 3000
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Nb=1.52-10% ppb, APti3000> APriin73¢ 2 Some deconditioning without 25 ns beams?
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y AP with 25 and 50 ns - Injection

Sector 1-2 Fill 3286

Timeseries Chart between 2012-11-13 23:14:11.035 and 2012-11-14 13:01:11.603 (UTC_TIME)

~ LHC.BCTFRAGRS.B1:BEAM_INTEMSITY —~— LHC.BQMBT:BUNCH_LENGTH_MEAN - UGL137.7R1.B.PR - WGLS3SR1.B.FR VGIS436L2.B.FR  ~ VGITOBL2.BFR - WGI256R1.B.FR
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Nb=1.65-10% ppb. It has a higher threshold. All gauges must be below this threshold
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AP with 25 and 50 ns - Injection

Sector 2-3

Timeseries Chart between 2011-09-18 22:11:29.980 and 2011-09-19 09:16:00.389 (UTC_TIME)
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Similar behavior as in sector 1-2

22 July 2013 - e cloud meeting



AP with 25 and 50 ns - Injection
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Timeseries Chart between 2011-10-22 05:51:13.517 and 2011-10-22 23:53:48.413 (UTC_TIME)
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Similar behavior as in sector 1-2 (some conditioning observed after
MD with 25 ns)
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y AP with 25 and 50 ns - Injection

N/

Sector 2-3 MD 24 October 2011 — 25 ns

Timeseries Chart between 2011-10-24 16:00:00.000 and 2011-10-25 09:00:00.000 (UTC_TIME)

-~ LHC.BCTFR.AGRS. B1:BEAM_INTENSITY — WGL1696RZ.EBPR — WGL3195L3B. PR = WG14616R2Z.B.PR

VGlE97 SL3.B PR~ VWGITTTLIBPR = VGI895RZEBPR — WGIS94L38FR
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Again, with 25 ns we observe AP in all the gauges
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AP with 25 and 50 ns - Injection

N/

Timeseries Chart between 2011-10-27 17:15:06.770 and 2011-10-28 00:18:12.727 (UTC_TIME)
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Again, conditioning observed after MDs with 25 ns.
Not enough to condition gauge VGI.697.5L3.B below the 50 ns threshold
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y AP with 25 and 50 ns - Injection

N/

Sector 2-3

Timeseries Chart between 2012-06-16 16:22:57.634 and 2012.06-17 11:47:17.673 (UTC_TIME)

Fill 2736
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Gauge VGI.697.5L3.B looks better conditioned than before!
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y AP with 25 and 50 ns - Injection

N/

Sector 2-3 Fill 3000

Timeseries Chart between 2012-08-24 19:57:16.447 and 2012-08-25 00:06:59.142 (UTC_TIME)
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Nb=1.52-10% ppb, APti3000> APriin73¢ 2 Some deconditioning without 25 ns beams?
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AP with 25 and 50 ns - Injection

Fill 3286

~A4
Sector 2-3

Timeseries Chart between 2012-11-13 23:14:11.035 and 2012-11-14 13:01:11.603 (UTC_TIME)
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Nb=1.65-10*! ppb. It has a higher threshold. Still some AP visible for VGI.697.5L3.B
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y AP with 25 and 50 ns - Injection

N4
Sector 3-4

Timeseries Chart between 2011-10-27 17:15:06.770 and 2011-10-28 00:18:12.727 (UTC_TIME)
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After the 25ns MDs, there are two gauges still showing large AP
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AP with 25 and 50 ns - Injection
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Sector 3-4 Fill 3286

Timeseries Chart between 2012-11-13 23:14:11.035 and 2012-11-14 13:01:11.603 (UTC_TIME)
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Nb=1.65-10"! ppb. It has a higher threshold, but still some gauges show AP
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AP with 25 and 50 ns - Injection

Sector 6-7 Fill 2124

Timeseries Chart between 2011-09-18 22:11:29.980 and 2011-09-19 09:16:00.389 (UTC_TIME)
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Almost all gauges show AP before the 25 ns MDs
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AP with 25 and 50 ns - Injection

Sector 6-7

Timeseries Chart between 2011-10-27 17:15:06.770 and 2011-10-28 00:18:12.727 (UTC_TIME)

Fill 2261
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No visible AP after the 25 ns MDs
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)/ Outline

2) Bunch intensity thresholds for 50 ns
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y 50 ns — N, threshold
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* Maximum activity for N =1.3-1.4
* Thresholdsaround 9,,,, = 1.45—-1.55
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)/ 50 ns - Thresholds
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)/ 50 ns - Thresholds
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Omaxthres < 1.50 for Np,=1.3-1.4
Omaxthres = 1.50 for N,=1.0,1.15, 1.5 and 1.6
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)/ 50 ns - Thresholds
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50 ns — N, threshold
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* Maximum activity for N,=1.3-1.4
* Thresholdsaround 9,,,, = 1.45 - 1.55

* N.B: The PY* has been reduced by a factor 10 to better
assess de multipactig threshold
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50 ns - Thresholds

Nb (-10%2 ppb) | 8 max thres (450 GeV) | & o shres (4 TeV)
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* The maximum e-cloud activity occurs at N, = 1.3-1.4 -10*! ppb.

*  Why APg13000> APriln736 iN Most gauges = some deconditioning without 25 ns

beams?

* Thresholdsare quite similar for all bunch populations.
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Despite a stronger activity at 4 TeV (photoelectrons), threshold values are very
similar at both energies
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3) Behavior during pre-ramp and energy ramp
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Pre-ramp and ramp
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Sector 1-2

Timeseries Chart between 2011-10-27 17:15:06.770 and 2011-10-28 00:18:12.727 (UTC_TIME)
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In this example, none of the gauges exhibit AP duringinjection and all detect some AP

during the ramp (at about 2.4 TeV)
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y Pre-ramp and ramp

Sector 2-3 Fill 2124

Timeseries Chart between 2011-09-18 22:11:29.980 and 2011-09-19 09:16:00.389 (UTC_TIME)
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* Not all gauges show a response to the ramp (especially the most active atinjection)!

* “Funny” AP behaviorbefore the ramp
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Pre-ramp and ramp

Gauge VGI.804.4R6.B in sector 6-7

Timeseries Chart between 2011-10-27 17:15:06.770 and 2011-10-28 00:18:12.727 (UTC_TIME)
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Pre-ramp and ramp

Gauge VGI.141.6L4.B in sector 3-4

Timeseries Chart between 2011-10-27 17:15:06.770 and 2011-10-28 00:18:12.727 (UTC_TIME)
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Pre-ramp and ramp

Sector 6-7

Timeseries Chart between 2011-09-18 22:11:29.980 and 2011-09-19 09:16:00.389 (UTC_TIME)
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Pre-ramp and ramp

Sector 6-7

Fill 2261

Timeseries Chart between 2011-10-27 17:15:06.770 and 2011-10-28 00:18:12.727 (UTC_TIME)
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y Pre-ramp and ramp

N/

Sector 6-7 Fill 2736

Timeseries Chart between 2012-06-16 16:22:57.634 and 2012-06-17 11:47:17.673 (UTC_TIME)

~+ LHC.BCTFR.AGRS.B1:BEAM_INTENSITY — LHC.BOFSU:OFC_ENERGY — WGI10324REBPR = YGL117 5RG.B.PR WELITZFLT.BPR  — WGL18347 B PR = VGI2105L7.B.FR = WGL3926L7 B.PR WGl454.4L7 BPR — VGI4TESREBPR - WGIS3GL7BPR -+ WGIGS5SRE.BFR - VGLS044RE.B.PR

S The DP during the ramp occurs
earlier than “usual” (=1.5 TeV)
o ‘r;»w‘w ’N ‘ ] F1E-6
¥ | I| 4 [ | 1000
. w I.’;(HAN 'L r I\I‘#‘Aﬂ i . Lo
o o ) ‘M.MAL‘II[ *! . Iﬁ[%{i Wh e |

UTC_TIME

For this fill there is a AP with the ramp in gauges that never showed it
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y Pre-ramp and ramp

Are these effects really generated by e-cloud?

* Very different responses for different gauges

* Very different responses for different fills (same gauges)
e Different starting points (form 1.2 TeV to 2.9 TeV)
 Thresholds at 450 GeV and 4 TeV are very similar

Alternative explanations

* Photodesortion: does it present a threshold effect? Maybe:

= The SR monitor switches at about 1.5-2 TeV from
ondulator to D3 [2,3]

* Heating?
* Orbit excursions?
e Losses in collimators?
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)/ Outline

4) Interpretation using PyECLOUD simulations
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y Benchmarking

* First 50 ns MDs in November 2010:

» Exploration of e-cloud effects with train length

Timeseries Chart between 2010-11-02 02:00:00.000 and 2010-11-02 04:40:00.000 (UTC_TIME)
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y Benchmarking

* First 50 ns MDs in November 2010:

» Exploration of e-cloud effects with train length
» Exploration of e-cloud effects with bunch intensity

Ti ies Chart bety 2010-11-01 18:00:00.000 and 2010-11-02 03:00:00.000 (UTC_TIME)
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y Benchmarking

* First 50 ns MDs in November 2010:

» Exploration of e-cloud effects with train length
» Exploration of e-cloud effects with bunch intensity
» Exploration of e-cloud effects with the spacing between trains

Timeseries Chart between 2010-11-02 04:30:00.000 and 2010-1102 13:30:00.000 (UTC_TIME)
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)/ Benchmarking

~A4
Followingthe methodology explainedin [4], we get for gauge VGI.141.6L4.B:
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http://arxiv.org/pdf/1306.5560.pdf

Benchmarking

—— LHC.BCTFR.ASRE.B1:BEAM_INTENSITY —— V31.5319.5L3.B.FR
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With constant spacing between trains we would expect a linear behavior
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Benchmarking

N/
* \We observe a transient before the linear behavioris achieved

g VEPE.2. 5038 e VGL141 646
E 9 E 10D
e 10/4/2011 -

=1 VGPB.2,5L3.8 1 VG141 614 B
E 1T 4 E
i 19/5/2011 :

o L T - ok =

D 1 4 .ﬂn;..a-hl-h 10 11 14 D 4 .Dﬁ‘_'h.a_-h-‘:h 10 o 14

22 July 2013 - e cloud meeting



y Benchmarking

N/
* We observe a transient before the linear behavioris achieved
e This behaworcannot be fully reproduced bv simulations:
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)/ Benchmarking

N/
* We observe a transient before the linear behavioris achieved
* This behaviorcannot be fully reproduced by simulations:
250 T T - r T
APy IAP grpir, (Measured) -
A0, (80 g, (R=D.0)
000 b M /A01ygiq (R=0.15)
5 AD, 1A zin (R=0.30)
- A0, /8014030 (A=0.45)
-1 A, /A0 1yqin (R=0.60)
:c;r 150 1 AG; /A0y i (R=0.75) |
i
=
=]
50 1
= - -f__,_,.:-'_'. i
D - -.-.T-- L I i
0 1 2 3 4 5
Number of injected trains
AP; IAP jyrqin (Measured) —= » APy AP i (Measured) - /
150 | A0 1805y5 (R=0.0} VA 150 | My /A0y raiq (R=0.0)
80, /88 ain (R=0.15) = / A0, /80 1 y3in (R=0.15) = /
£ M, /A0y (R=0.30) _ A, /A0 g (R=0.30)
g Ay /My (R=0.45) rd g &by ;M::ﬁ (R=0.45)
\.%; A4 /84y1pgin (R=0.60) .ff § A, /30 irain (R=0.60)
g 100 | A0 /A0yan (R=0.75) — / & 100 | A0 /804y (R=0.75)
i / - § /
= =1, . =
: 7 J /
T S0} P, ' o s0f /
.-"f-' o g —— - -
._'- -".__,.-* e —
0 / . Pt ———t
0 1 2 3 4 5 0 S :
Mumber of injected rains 0 L 2 3 * 3

. Mumber of injected trains
22 July 2013 - e cloud meeting



y Benchmarking

N/

* We observe a transient before the linear behavioris achieved
* This behaviorcannot be fully reproduced by simulations:

» The exact behaviorfor the first trainsis not well reproduced by the
simulations, whereas the linear dependence after some trains disregarding
the concrete 9,,,, and R values used is well reproduced.

» Lower values of R give a better agreement for the shape presented by the

first trains (change of slope). High values of R always exhibita linear behavior
from the first trains.

» Inthe linear part, flux ratiolines for the benchmarking are expected to be
ideally equal since there is not enough information to infer the reflectivity
(due to a constant train spacing and the linearincreases).
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y Benchmarking

N/

Followingthe methodology explainedin [4], we get for gauge VGI.141.6L4.B:
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http://arxiv.org/pdf/1306.5560.pdf

Benchmarking

N/

Followingthe methodology explainedin [4], we get for gauge VGI.141.6L4.B:
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* Clear conditioning effect
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http://arxiv.org/pdf/1306.5560.pdf

Benchmarking

22 July 2013

Followingthe methodology explainedin [4], we get for gauge VGPB.2.5L3.B:

- e cloud meeting
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http://arxiv.org/pdf/1306.5560.pdf

Benchmarking

Gauge VGPB.2.5L3.B

27 October 2011 - Physics fill 2261

Timeseries Chart between 2011-10-27 17:15:06.770 and 2011-10-28 00:18:12.727 (UTC_TIME)
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)/ Outline

5) Conclusions
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)/ Conclusions

* Different gauges in the warm-warm straight sections show
different behaviors

* Conditioning effects seem to be stronger for some gauges
* Thresholds are between 1.45 and 1.5 for N,=1.0-1.6-10*! ppb
* Thresholds at 450 GeV and 4 TeV are very similar

* There are some behaviors during pre-ramp and ramp that are
not explained yet and cannot be reproduce with simulations

 Benchmarking simulated flux and measured pressure can help
monitoring the evolution of 0., and can explain some vacuum
observations due to e-cloud

max
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