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Conclusions

¢® Computer simulations were done to study the decoherence of
beam oscillations in the SSC and LHC colliders due to the tune
spread generated by the head-on beam-beam interactions.

¢® Beam-beam tune spread might be reduced by collisions of the
proton bunch with a space charge of a low energy electron beam.
The low energy electron beam could be kept stable during
collisions using a solenoidal magnetic field.

® It was shown for the LHC that for reasonable tolerances of the
low energy beam parameters quite good head-on beam-beam
effect compensation could be obtained and beam-beam tune
spread could be reduced by a factor up to about 100.
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Beam-Beam Compensation
with Tevatron Electron Lenses

Vsevolod Kamerdzhiev
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Proton bunch-by-bunch tunes

Measured tune

1.7 GHz Schottky, end of store
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the Schottky detector was gated
on tree bunches in three trains at
a time, e.g. 1,13,25 0or 12,24,36

V. Kamerdzhiev for BBC team

Vertical tune
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The Digital Tune Monitor is being
commissioned. Additional beam
excitation was necessary to
measure the tunes.



Non-luminous losses In the Tevatron

het

Example of a Tevatron store
~ Antiprotons 980 GeV | Protons 980 GeV

store #5155, 12/30/2006
1st hour, L=2.48 10" cm’s™
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At present, beam-beam effects are stronger on protons, accounting for 10-15% loss
of the integrated luminosity. Proton loss rates vary greatly from bunch to bunch.

Conclusion: TELs should compensate protons.

V. Kamerdzhiev for BBC team
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Single bunch BBC

\ Yyoin= LO00 vy
TELZ2 acts on proton bunch #12

Decrease of bunch intensity as reported by T:SBDPIS for the
first 1.5 hours of a store. TEL2 was acting on proton bunch
#12, Pk = 0.3 A. Scale: 0 - -18e9 protons.

V. Kamerdzhiev for BBC team
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bunch number

TELZ2 In dc mode
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4 TEL1 on P13
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# Summary

v The 2nd Tevatron Electron Lens (vertical) ~doubled
proton intensity lifetime of the bunch it was acting on

v Agreement with simulations

v The 1st Tevatron Electron Lens (horizontal) improved
proton intensity lifetime by 20-60%

v TELs improve luminosity lifetime as well
v BBCompensation helps for ~10 hrs in HEP stores

v Will continue experimental and simulation studies and
introduce in operation

V. Kamerdzhiev for BBC team
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Technological aspects of Electron
Lenses, errors and control

Vsevolod Kamerdzhiev
for Fermilab Beam-Beam Compensation team

LARP Mini-Workshop on Beam-Beam Compensation, July 2-4, 2007

V. Kamerdzhiev for BBC team



# Summary

v The e-beam quality in both TELs reached the level
that made reproducible demonstration of beam-beam
compensation possible.

v Generating dc e-beam does not appear very
challenging, however generating pulsed beam
(individual compensation of all bunches) does.

v Though the voltage itself is not a challenge - short
rise time and high rep rate requirements make the
development of the e-gun driver very challenging.

v The solid state Marx generator proved to be a reliable
electron gun driver (with radiation shielding installed).

V. Kamerdzhiev for BBC team



# Plans

e Study the effect of electron beam size on protons (lifetime, halo,
Schottky) in both TELs

o Usedboth TELs simultaneously for BBCompensation in dc and pulsed
mode

o Helad—d%n compensation with Gaussian electron beam profiles (dc or
pulse

e Further reduce e-beam noise and ripple

e Simulate the effects of e-beam noise, ripple on beam lifetime and
emittance growth (Lifetrac)

e Upgrade HV pulse generators (second generation Marx and solid-state
modulator based on a summed pulse transformer scheme), > multi-bunch
BBCompensation

e Install gaussian electron guns and perform head-on compensation
studies (dc or pulsed)

e Improve position measurement

V. Kamerdzhiev for BBC team



A. Valishev

Effect of TEL on Proton Lifetime
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A. Valishev
Effect of TEL on Proton Spectrum
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summary — LHC b-b compensation

» alternating crossing or not? SPS tests: RHIC?
» [P1-5 phase advance
» LR wire compensation SPS + RHIC tests
— DC, pulsed, noise, small distance (EL?)
 crab cavity KEKB; still needs hadron beam test!
— NoISe. s —tocatorgiovat
head-on compensation (EL) needs beam t@
potential loss of Landau damping
» large Piwinski angle
— self compensation
» effect of few collisions at 4-5G separation  both need

. . r
« flat beams (easier wire?, crab waists) beam test!

* hadron beam crab waist DAFNE; still needs
Frank Zimmermann, LARP Beam-Beam, SLAC, July 2077 hadron beam te‘St!

needs beam test!



Nonlinear BB compensation with e-lenses

Common sense suggests that reduction in the tunespread will make the beams
less stable, however:

 the principal difficulty expected is that incoherent beam-beam tunespread
does NOT overlap coherent spectral lines anyway;

« Landau damping by synchrotron sidebands requires that the center of the
sideband was close to the coherent line, i.e.

* increased particle density in the tune space will enhance the damping
effect of the sidebands (provided the overlap criteria are satisfied).

Nonlinear BB compensation can fix problems with both incoherent and
coherent BB effects, but more studies are necessary

Coherent Beam-Beam Effects... - Y. Alexahin BBC@LHC Workshop, July 2, 2007



6- Back-up for PES

_If an early separation scheme can be implemented, 1t will be
partial, with one or more encounters on each side of cach IP at a
reduced separation. A residual crossing angle is unavoidable.

Complementary means to reduce it (or its effect) are:

Crab crossing with a small angle (~300urad)

For a challenging LHC upgrade, the combination of several
schemes 1s certainly an advantage to mitigate the risks and
maximize the integrated luminosity.

6/28/2007 LARP mini-workshop on Beam-beam Compensation 2007/JPK 13




Conclusion

There 1s a strong case for an early separation scheme (higher
luminosity with LHC beam current as anticipated).
Two 1ssues:

 Acceptability to the detectors (can be a show-stopper)

» Long-range beam-beam effect

The present experimental knowledge 1s insufficient. It does not

seem to rule out a few encounters at 56 or less. New
experimental data from RHIC are essential .

There 1s a strong case to complement the system with crab
crossing and e-lens L.-R compensation.

Independently, wire compensation should help lifetime and
background 1ssues 1n all cases.

6/28/2007 LARP mini-workshop on Beam-beam Compensation 2007/JPK 14



Head-on Compensation In
LHC

Walter Scandale & Frank Zimmermann
US-LARP Beam-Beam Workshop
SLAC, 2007



head-on beam-beam tune shift/ IP
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by compensating this tune shift,
the e-lens would allow for larger
beam brightness N,/¢

however the brightness is also limited
by space charge in PS booster and PS:
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Electron Lenses

for the LHC

Viadimir Shiltsev

With contributions from Yu.Alexahin, J.Johnstone, V.Kamerdzhiev, U.Dorda

LARP B-B-Compensation Workshop, SLAC, July 2-4, 2007



Valencia’06: LHC-ELs for

#1: LEL as B-B Compensator at design
intensities or x2 Np/bunch

#2: LEL as Beam Stabilizer (Tune

Spreader) to help octupoles @ design
Np=1.15e11

#3. LEL as soft hollow collimator
#4:. LEL as soft "beam conditioner”

LHC Electron Lenses




How strong is it?

igure of merit- tuneshi

« Similar to space-charge and beam-
beam

P, 1B, JoLoer,

d =+ -
O p e,

P

For many appllcgtlons this product is const(E)
electron beam size SRHIC LL)
needs to be nxo protons >Tevatron <EL’
N

e.g. n=1 for head on BBC =LHC

BBC LHC Electron Lenses 25



Degree of Compensation

* |s full tune-spread compensation needed?
— Single bunch coherent stability?
— Multibunch coherent stability?
— Gain in lifetime or emittance growth?
— higher the current more stable it should be

 What's optimal?
— avoid “footprint folding”

— original thinking was to compensate to max
tolerable dQ_spread = 0.010 ?

— Yuri Alexahin suggested to compensate to

dQ _spread=0.003 - better coherent beam-beam
BBC LHC Electron Lenses 10



Long Range Compensation

* DC wire can do the job better
— simpler
— cheaper
— ... but only for reasonable beam-beam separations

(3...4...57 Sigma)
* Electron Lens can
— act as “electron wire” at ANY separation
— not infinite current! (enough for 2-4 parasitics)
— current variable bunch-by-bunch

— can compensate b-b-b tune spread in XX crossing

with many parasitics (next slide
BBC LHC Electron Lenses 12




Where are we now?

 There is interest at FNAL, BNL, CERN :

— FNAL wants to study and understand TEL effects
and put TELs in Tevatron Collider operations

* Tevatron stops in Sep 2009 (Sep 2010 possible)

— BNL wants to simulate, build and install RELs for
head-on BBC in RHIC

* 1 year for simulations, 1-2 years to build and install

— CERN wants to explore LEL possiblilities for the
LHC luminosity upgrade(s)

* The first upgrade in 2012 (?), big upgrade in 2016(?)
 We all want to collaborate and get others in

BBC LHC Electron Lenses 17



High priority items

« Fermilab:

— Continue studies:
« Beam size effect
« Quantify Improvement vs e-current R(J_e)

* Induce and detect pbar tunespread reduction or proton tunespread
broadening

— Simulate and explain TEL results and “puzzles”
— Provide design help to BNL team (m.b. hardware)

» Brookhaven:
— Long list of HO-BBC questions to answer (next slide)
— Start the design (and later build) RELSs, integration

« CERN:

— U.Dorda to contribute to LEL design considerations

— Very desired: T .Pieloni on Tev spectra and L ElL effect
BBC LHC Electron Lenses 19



Questions: Analysis and Simulations

*  Will truncated Gaussian e-current density distribution work (improve lifetime
and reduce diffusion rates)?

— Straightforward tracking with a weak-strong code
— |Is partial compensation helpful?
* |s there a better distribution?
— from first principles, theory, analytical consideration
— Effects are beta_EL/beta*/sigma_z; or dP/P
— check in numerical tracking
* Importance of e-p interaction in bending sections
—  Which configuration is better? Pi-shape or S-shape
— |Is the choice tune dependent?
» Lifetime deterioration due to e-p misalignment:
— e-beam straightness tolerances
— relative e-p displacement, angle
» Effect of low-frequency variations dJ, dX on beam lifetime
* lon cleaning efficiency tolerances
* Interference with wires in LHC — if there is any

* e-beam effect on coherent stability or strong-strong beam-beam effects

BBC LHC Electron Lenses 20



RHIC head-on beam-beam
compensation with e-lens

N. Abreu, W. Fischer, Y. Luo, C. Montag, G. Robert-Demolaize
J. Alessi, E. Beebe, A. Pikin

1. Introduction
2. Simulation Results
3. Plan

LARP Mini-Workshop on Beam-Beam Compensation 2007 , SLAC



Introduction

T

he idea to use electron lens for RHIC head-on beam-

peam compensation can be dated back to 2005. E-lens
nad been proposed for SSC and installed in Tevatron.

However, the simulation work for RHIC was stopped due

to other higher priority jobs and lack of manpower.

Recently, exactly about 20 days ago, a small team
iIncluding 8 physicists from AP and EBIS groups was set

U

T
e

p formally.

ne goal of this team is to check the possibility of using
ectron lens for the RHIC head-on beam-beam

compensation. This work may take 1 — 1.5 years.
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Why e-lens
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Tunefoot prints with Nb=2.0e11, beta*=0.5m at IP6 and |P8

At current polarized proton run working point, no enough tune
space to accommodate the beam-beam induced tune spread.



Layout with e-lens

electron lens

IP12
B*=20m

IPIO

"B*—lOm

I[P8 PHENIX
f#=0.5m P4

beam—beam B#=10m

interaction

IP6 STAR

beam—=beam interaction

Bunch intensity will be 2.0e11 protons,

Beta™ at IP6 and IP8 will be 0.5m.



Benefits from e-lens

 Reduce beam-beam tune spread ?
* Increase collision beam lifetime?
 Reduce emittance growth rate?

* |ncrease beam-beam parameter?

Reducing tune spread ONLY couldn't justify

using e-lens for head-on beam-beam compensation.



Challenges with e-lens

+ Challenges in the e-lens design and manufacture
* Tolerances for e-lens compensation

electron beam intensity variation

electron beam size variation

centering both beams

combining other known orbit/tune fluctuations

+ E-lens installation and RHIC ring/optics modification



The Plan

» Set up first version of beam/e-lens parameters for
RHIC head-on beam-beam collision compensation.

« Continuing simulations to check benefits and
challenges with e-lens head-on beam-beam
compensation. Find out various tolerances for its
practical usage.

* Preliminary design of e-lens gun and possible
modification of the RHIC ring/optics.



Timeline

» July 2007, first version of beam/e-lens parameters.

« July 2007-August 2008 feasibility study
physics simulation / hardware design
to answer Benefits and Challenges

« August 2008, Decision-making
Go ahead with it or not ?



Conclusion

» Feasibility study of using e-lens for RHIC head-
on beam-beam compensation Is in action.

« By August 2008, we should be able to answer
the Benefits and Challenges with this technique.

» RHIC is a good test bed for the head-on beam-

beam compensation. Collaborations and
contributions among labs are needed and very

welcome.



Head-on compensation (by e-lens)

« Tevatron e-lens investigations

— Should measure effect of ver. tune shift in more detail
(partial compensation better than anticipated)

— Quality of e-beam (can still be improved)

— Demonstration of reduced tune footprint
with e-lens very desirable
» Appears to be difficult for pbars (AQ=0.01, Schottky spectrum with
many lines) and p (?)
— Study interplay between e-lens and nonlinearities
in the ring

NATIONAL LABORATORY

Wolfram Fischer



Head-on compensation (by e-lens)
Study 1tems for RHIC/LHC (from Vladimir):

« Will (truncated) Gaussian e-current improve beam
lifetime (reduce diffusion)?

o Is there a better distribution than Gaussian?
* Study e-p interaction in bending sections
« Lifetime deterioration of e-p misalignments

 Effect of low-frequency variations 1 e-current, shape
and position on beam lifetime

 Jon cleaning inefficiencies
 Interactions wire compensators
« Effect on coherent stability or strong-strong effects

1 BROOKHFPEAEN 7
Wolfram Fischer NATLO HR LABORATORY



Head-on compensation (by e-lens)

Design considerations
* Location in ring

» E-energy and current
 Choice of gun technology

 Is a DC e-lens sufficient (may have
different answer for RHIC and LHC)?

' BROOKHFPEAEN 8
Wolfram Fischer NATION 3 LABORATORY



Final summary

e Tevatron

— both TELs are operational, we are in a unique position
to provide experience to RHIC and LHC

— tune shift compensation has been demonstrated for 980
GeV protons resulting in ~100% lifetime improvement.

e RHIC

— a team of 8 physicists was set up recently with a goal to
perform the EL feasibllity study, to understand the
benefits (tune spread reduction, lifetime improvement,
emittance growth suppression) and challenges

— decision whether to built EL or not is due August 2008

— preliminary simulation results were presented at the
workshop

e LHC

— CERN is exploring the possibility of using ELs in the
LHC for head-on and long-range compensation




