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LARP Beam Instrumentation and
Diagnostic Techniques

LARP will help the LHC in 3 key areas:
e Bring LHC to full energy
Betatron tune, coupling, and chromaticity control during

ramp These contributions

e Bring LHC to design luminosity advance the state-of-the-
art in beam instru-

Real-time luminosity monitor mentation and have direct

: : contributions to present
e LHC machine protection and future US acedl erator

_ongitudinal density monitors ~ Projects.
Also planning for R& D on additional instrumentation
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Tune Control

o Challenge: persistent current effects in SC magnets can strongly perturb
machine lattice, especially during energy ramp (aka “snapback”). Effects
for LHC predicted to be large.

— Betatron tunes (Q,,) and chromaticities (Q', ,~EdQ, ,/dE) can vary
significantly due to “snapback” resulting in beam loss, emittance

growth. Tolerances on the beam parameters
[BI Specification Team LHC-BSRL-ES-0001]
s dQ =< (Qx-Qy)/10 — .003 at injection
.001 in collision
s dQ' =< =1 atinjection (transverse stability)
+ 3 at 7 TeV (contribution to tune spread)

Expected time scales for variations (worst cases)

[BI Specification Team LHC-BSRL-ES-0001]

s Snap-back: dQ <= 0.0008 per second over up to 60 seconds
dQ'<= 2.7 per second over up to 60 seconds

Feedback probably required on both tune and chromaticity
( see Day N).




Effects of persistent currentsin RHIC
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Tune Control Status

e RHIC/CERN collaboration established

 Workshop held at Fermilab in May 03

e Discussions on choice of tune pickup in
progress

e Coordinate LARP efforts with ongoing work




High Bandwidth Luminosity Monitor
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LHC Luminosity Measurement

The challenge:

* 1% absolute precision and <0.5% relative
precision as a feedback signal for luminosity
optimization

e Long term stability (~1 month) for calibration
with detectors

* Highradiation environment (100 M Gy/year)
e Bunch-by-bunch capability (25 nsec separation)
The solution:

egmented, multi-gap, pressurized ArN




Luminometer details
e Segmented, multi-gap, pressurized gas ionization
chamber constructed of rad hard materials

e 3-11 atmospheres Ar + 2%N., gas mixture, € drift
velocity 3.2 cm/irs

e Low noise bi-polar transistor pre-amplifier “cold” cable
termination, ENC, ~ 1,824 €

e Pulseshaper,t =2.5ns




|nstrumented TAN absorber
ik
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Bunch-to-bunch Luminosity M easurement
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LUMI Status

Ceramic housing complete Metallized ceramic contact plate
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Use LUMI to help measure Xing angle

The right-left asymmetry ratioisa
sensitive function of the crossing angle
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LHC Longitudinal Charge Density

LHC beam carries 350 MJ. Beam |oss in magnets can cause
severe damage.

e Machine protection issues for study include:

— Debunched beam at injection
— Population in abort gap The LDM will also bean

— Ghost bunches Invaluable tool for beam
— Bunch core and tails dynamics studiesin LHC.




LHC Longitudinal Charge Density Specs

Function Beam energy | Nominal peak | Resolution, | Integration

TeV density*, p/ps | p/ps time
Debunched 0.45 1.0x10° 2x10° ~10 sec
beam
Abort gap 7.0 2.0x10° 60 ~ 100 ms
population
Ghost bunches | 7.0 2.0x10° 2x10" ~ 10 sec
Tails 7.0 2.0x10° 2+1x10" ~ 10 sec
Bunch core 7.0 2.0x10° 2+1x10° ~ 1 msec
* Np = 10™
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Solution: Optical Sampling Technology

* Usenonlinear mixing of synchrotron radiation with a short laser pulse to
sample the longitudinal bunch profile

Bunch

Synchrotron
Photons w,

JQ@L’W

Non-linear x§@ PMT

RN
/‘\/

Laser crystal
Photons w, [BBO] Q}\ Developed in collaboration
Q¥ with ALS femtoslicing
program.
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Longitudinal Density Monitor
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LDM Status

e Continuing studieson ALS.

 Integrate experimental setup as an “instrument”

—ldentify appropriate laser for LHC
—Combine all optics into laser housing

e Coordinate with CERN for use with synchrotron
sources




Longitudinal diffusion with losses

Trapped orbits
AN

With SR losses, RF buckets
do not have closed
separatrices. This allows
diffusion from filled to empty
buckets.

This topic critical for LHC
operation:

*Beam abort gap filling
sIntrabunch ghost bunches

The LDM provides a means
of studying these effects.

Exaggerated case for LHC.
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Additional instrumentation/techniques

e Beam/Beam studies

—AC dipole for reactive excitation of beam
—beam-beam compensation with electron lens or
wire
e Electron Cloud
—In situ low energy e ectron spectrometer




Summary

LARP Instrumentation is working on three areas/instruments:

e Bunch-bunch Luminosity measurement

e Longitudinal beam distribution

e Tune measurement and control

We have progress in all three areas but we need to keep pushing hard.

These instruments give us leverage for exploring specific LHC accelerator
pPhySICS ISSUES;

e Luminosity optimization
e Beam-beam dithering
» Relative crossing angle measurement

e Beam loss mechanisms:
e Beam diffusion into tails
o Diffusioninto “ghost” bunches

 Precision tune measurements will enable numerous studies
« Single/multi bunch collective effects
 electron cloud studies
» Beam-beam compensation schemes
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