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2 Motivation

@ Even with the nominal LHC beam parameters the e-cloud
related issues are currently prohibiting us to go to 25 ns
bunch spacing. During the HL-LHC era the bunch
brightness will be ~ 4 x the LHC nominal value.

> Mitigation of the e-cloud effect in the LHC is highly critical.
Some early simulation studies on LHC indicated that the
longitudinal profiles of the bunches may have effect on growth

of e-cloud and bunch lengthening may be a possible mitigation
technique. In this regard we have carried out

¢ An experiment in the PS and Bench-marking with e-cloud
simulations using ECLOUD and PyECloud

# Results are extended to the e-cloud scenarios for the HL-LHC
Here we present our findings
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@ e-cloud studies in the PS

(Past and Present)
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e-cloud is observed in the PS during quadrupole splitting
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@ With the combination of LHC25 type and special RF manipulations we studied the
e-cloud phenomenon in the PS under varieties of conditions of Bunch Lengthening
Mode(BLM), Bunch Shortening Mode (BSM),Single Harmonic (SH) and with more
complex bunch profiles
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) Measured PS -Bunch Profiles
During e-Cloud Formation
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PS e-Cloud Measurements:
e-cloud Monitor

The system is capable of
applying magnetic field
(0-100 Gauss) to study
e-cloud suppression

' _ e Electron line Density
Straight Section 98 s Upy
A=2.3x10 (e /meter)
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gauge | L L

Beam PRSTAB Vol. 11, 094401(2008)

— | |8 |

| | | ‘ (Error in this conversion is

Stripline upstream Stripline downstream Stripline

not well known )
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@Y e-Cloud Data
LARP
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@ Button Pickup 1 and 2: Clearly show start & growth of e-cloud at about beginning of
the final bunch splitting (~ -35 ms before ejection)

@ Strip-line Detectors: As expected, their responses are only to the proton bunches.
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@ e-Cloud Data (Cont.)
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@ PS e-Cloud Simulations

ECLOUD (FZ & 6R) and PyECLOUD(6T)

@ Simulations were performed using

» The measured bunch profiles

# Starting from ~5 ms before the start of the e-cloud formation (at
tomoscope trace=104) upto the beam extraction point (Tracel40)

¢ Up to seven PS turns
® With and without the bunch-to-bunch intensity variation.

Parameters Values PS: Eyypy=282 eV (PyCloud),£_T=2.14 m P=10nTorr,o =1Mb
Proton Momentum 26 Gev 20110608data@£Eje: BLM50, BLM25, BLMO, BSM25, BSM50
Number of Bunches/turn 72 10" Sl i%mum’ 5
Bunch Intensity 1.35E11ppb . PyECLOUD : | seye1.60 RO=0.80|
Bunch spacing Varying (25-50nseq) 10" b S
Bunch Length Varying 0 ;
Bunch Shape From data = °
Kicker Gap 0.3 us £ 0
Beam Pipe: H and V Aperture (half)| 7.3cm(H), 3.5cm(V) ‘g .
Material pf the Beam Pipe Stainless Steel 316 LN é 10° . I\!_fel_ttfnepf
Beam Transvers Emit. €,=¢, 21pm é } EtméF’ (e line density)
Lattice Function at the Detector g 1 :

a>

Bxand By=| 22.14m, 12.06 m 5

lonization Crossection 1 Mbarn /

Gas Pressure 10 nTorr oW

Maximum SEY yield & y;., /1.3-1.7\ o

Reflectivity R (0307 ) 0] : = .

Electron Energy at 3 . \%30-332 eefﬁ Time(usec)
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) e-Cloud: Comparison between Data
and Simulations: @ Ejection

Preliminary Results

Measured profiles for four bunches . Q PYECIOUd calculates
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» # of electrons hitting the chamber
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with the predictions.
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@ e-Cloud: Comparison between Data
and Simulations: BSM50-All

Preliminary Results
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HL-LHC Parameter List

LARP CM 18 — FERMILAB: Lucio Rossi — CERN (HL-LHC Project Coordinator)
HL-LHC Performance Estimates

Bl Putting 1t all together:

Parameter

N

Ny

beam current [A]
x-ing angle [prad]
beam separation [c]
p* [m]

£, [um]

g [eVs]

energy spread

bunch length [m]
IBS horizontal [h]
IBS longitudinal [h]
Piwinski parameter
geom. reduction
beam-beam / IP
Peak Luminosity

Beam Brightness (R.U.)
Events / crossing

nominal

1.15E+11
2808
0.58

300
10
0.55
3.75
2.51

1.20E-04

7.50E-02
80 -> 106
61 -> 60
0.68

0.83
3.10E-03
11034

1
19

minimum p*
25ns

2808
1.12

1.20E-04

7.50E-02
20.0
-i.s
0.37
3.9E-03

i l Il 34
171

50ns

3.5E+11 D

1404
0.89

550

1.20E-04

7.50E-02
20.7

2
2.66
0.35
5.0E-03

34
< 3.8 :

340

6.2 10'4and 4.9 104
p/beam

= sufficient room for leveling
(with Crab Cavities)

Virtual luminosity (25ns) of
L=9/0.37 1034 cm2 5!

‘ 22510 em2 s ('k' = B)
Virtual luminosity (50ns) of
L=9/0.3510% cm? 5!
=25 10%% em2 51 ('k' = 10)
D

(Leveled to 5 1034 cm2 st
and 2.5 1034 cm2 s)

D

95 95

2nd LTIU-HL-LHC Brainstorming meeting 30 March 2012
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S Longitudinal Bunch Profiles for
the HL-LHC cases @7TeV

Line-Charge Distribution for 2.5 eVs LHC Bunches
400MHz (16MV) ©800MHz (8MV) rf

- 0016
£ T Pt M qem @ Each bunch profile is
c .- - P
> Whag HMSW=5.4cnp 2N repeated to produce a LHC
_ —BSMpt5, RMSW=7cm For Whag,
g 0012 Ew_ 400 MHz rf onl batch of
re —HP, RM5W=8cm y
< y_ 4N /1 At? > 278 bunches for 25
Z 0008 2 Aueaa )= g 12 nsec case &
2 , /’ » 144 bunches for 50
g ; ; nsec case
£ 0004 As an input to the
i BL(Wbag) \\\: ECLOUD simulations.
=0.37m
0 : :
0375 -0.225 -0075 0075 0225 0375
Length(m)

All bunch profiles are simulated using ESME
including broadband Z||/n effect.
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@AV e-cloud Dependence on Bunch Profile
for HL-LHC

Ep=| 7TeV Reflectivity R= 0.2
SEY(dMax)=| 1.5 Beam LE 2.5 eVs
Y*[ 0.00087 |e/p/m SX=sy= 300 mm . .
distr=] 7 B-Field (@7 TeV)] 839  |Tesha ECLOUD Simulations
Photon qc10ri=| 0.041 [radian # of Bunches 81 Prima ry seeds: Photoelectrons
Emax=| 230 |eV Filling Pattern| (36+4)x4 |for 50 nsec bunch spacing
(72+9)x2 or 4|for 25 nsec bunch spacing

1 4E11ppb Arc dipoles @ The effect of bunch shape on
©Bunch Ypacing = 25 nsec the e-cloud is less than 20%.

E, [Fhunchipachg= Pnsec > This implies that the fore
2 seen 800 MHz Landau Cavity
52 o— - —~ to make high intensity beam
® BLM BSM bunches more stable would
o — -_—
: | € R N have little effect on the e-
%1 - cloud growth during HL-LHC

. ; # ?_ e e era.
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2l Summary

@ Mitigation of the e-cloud effects for the LHC/HL-LHC scenario
is essential.

@ We have carried out a detailed investigation of the e-cloud
dependence on the bunch profile.

> An experiment in PS was carried out for varieties of bunch profiles. we see
significant dependence of e-cloud on the bunch profile.

» Our simulations explain the data reasonably well.

> Extension of these studies to the HL-LHC parameters via simulations were
done. The study indicates that the e-cloud dependence on the bunch profile
is very small (<20%). Bunch lengthening with the 400MHz+800MHz rf may
not help with mitigation of e-cloud in HL-LHC.

> However, the weak dependence of e-cloud on bunch profile is a good news

for the foreseen use of Landau cavity to stabilize high intensity beam in
the HL-LHC.

@ The observed differences in the e-cloud dependence on the
bunch-profile may be due to the difference in the bunch lengths
& mechanisms of e-cloud formation in the PS and the LHC .
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Measurement e-cloud Data
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e-Cloud: Comparison between Data
and Simulations: @ Ejection
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@ PyECloud calculates

> # of electrons hitting the
chamber € Nel_imp_time

> e-cloud line density €Nel_timep

PyECloud simulations employing
all 72 bunches in PS.
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@ e-cloud Dependence on Bunch Profile
for HL-LHC

Ep=| 7TeV Reflectivity R= 0.2
. . SEY(dMax)=| 15 Beam LE 2.5 eVs
ECLOUD Simulations Y*{ 0.00087 [e/p/m sx=sy=| 300 _|mm
Idistr= 7 B-Field (@7 TeV) 8.39 Tesla
Photon qcutofr=| 0.041 |radian # of Bunches 81
Emax=| 230 [eV Filling Pattern| (36+4)x4 |for 50 nsec bunch spacing
(72+9)x2 or 4|for 25 nsec bunch spacing
Standard Bunches Arc-Dipoles 4E11ppb Arc dipoles
25 4
. -&Bun:h!pacing:lfnsec
E 2 @Bunch Spacing = 25 nsec ---"‘/° T <-Bunch Spacing = 50 nsec
-g_ -&-Bunch Spacing = 50 nsec / E" 3
b
s e%e N ﬁ 1 Current LHC Cryo Limit
v 05 S . v
& . S = =
0.5 15 2.5 3.5 45 -0.6 -0.4 -0.2 -1E-15 0.2 0.4 0.6
Bunch Intensity (xE11ppb) v2/vi

@ The effect of bunch shape on the e-cloud is less than 20%.

> This implies that the fore seen 800 MHz Landau Cavity to make high intensity beam
bunches more stable would have little effect on the e-cloud growth during HL-LHC era.

@ For the same ftotal beam current, the heat load due to bunch pattern with 25nsec spacing is
~3 times that with the 50 nsec bunch spacing.
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