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Organization Chart
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How to make Luminosity

Collision frequency

Protons/bunch
in beams 1 & 2

Beam size (round)

Engineering

Physics
Number of bunches Angular beam size

Beam-beam parameters
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Tevatron Comparison
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Making Luminosity – Tasks (1)

Put in lots of bunches, but worry about
Stored energy
- Phase I Collimation Studies
- Abort Gap Monitoring

Bunch spacing and impedances
- Electron Cloud
- Phase II Collimators

Provide skilled US resources for early luminosity ...
- Luminometer
- Beam Commissioning
- Hardware Commissioning
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Making Luminosity – Tasks (2)

... while leveraging early beam lessons for future 
development at LHC and in the US

Snapback will be ferocious
- Tune Feedback

Collision dynamics and performance
- Interaction Regions and Beam-Beam

It is vital that LARP Accelerator Systems supports 
LARP Superconducting Magnets, in the “long row to 
hoe” towards the Interaction Region upgrade
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LARP Accelerator System Tasks



LAPAC June 17, 2004 Accelerator Systems  - S.Peggs 8

LARP Acc Sys Summary Budget
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Task Milestones (1)
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Task Milestones (2)
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Tune Feedback (1)

“Snap-back” is not SO fast, 
but the chromaticity jump is huge ~ 300 units!
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Tune Feedback (2)

Tune Feedback strictly only addresses the tunes

But experience shows that linear coupling must be taken 
into account for robust tune feedback

Both tunes and linear coupling must be under control
to get a good handle on the (snap-back) chromaticities
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Luminometer (1)

D1 triplet TAS TAS triplet D1
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Luminometer (2)

How many gas Luminometers?  Which IPs?
Technical and Cost review, ~ Nov 04
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Abort Gap Monitor/LDM (1)

Abort Gap Monitoring for machine protection
- Required on day 1
- Independent of beam dynamics functionality (LDM)
- Requires assessment for LHC (Report, Dec 04)

Longitudinal Density Monitor (LDM)
- Propose to shift from AGM to LDM, end of FY04
- White paper at end of FY05: branch point
- Fermilab interest in AGM and LDM functionality
- BUT level of CERN interest in what 

technology/performance is uncertain ...
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AGM/Longitudinal Density Monitor (2)

• One solution: use nonlinear mixing of synchrotron radiation with a 
short laser pulse to sample longitudinal bunch profile

Bunch
Synchrotron
Photons ω1

Laser
Photons ω2

PMTNon-linear
crystal
[BBO]

Fil
ter

(ω 1
+ω

2
)

Developed in collaboration 
with ALS femtoslicing
program. 
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Phase I Collimation Studies (1)

Less than 1 MJ does a lot of 
damage in the Tevatron !

How about 350 MJ in LHC?
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Phase I Collimation Studies (2)

The “complexity of the system is also worrying for (the)
operations (group)” with more than 100 jaws to adjust
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Phase I Collimation Studies (3)

Control systems thrive in the face of complexity if the 
physical system (eg closed orbit) is

- linear (response matrix)
- hysteresis free
- fast

Score 0 (?) out of 3 for the collimator control problem, 
whether the task is

- machine protection
- quench avoidance
- background reduction
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Electron Cloud (1)
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Electron Cloud (2)

RHIC performance is limited by the pressure rise due to 
electron clouds regularly observed in WARM regions

LHC cares about heat load due to EC in COLD region

Simulations need benchmarking against reality

Possibility of much faster simulations, through maps?

Prepare for LHC IR4 diagnostic bench
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Electron Cloud (3)

Bunch pattern:(3,2,0)(6,4,0)

LEFT: A map based 
simulation (MEC) mimics 
a conventional simulation 
(CSEC)

With about 6 orders of 
magnitude speed up

Applicable to LHC?
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Interaction Region & Beam-Beam (1)

Quads first followed by 
separation dipoles

Beams go off-axis in the
quadrupoles

Correction algorithm acts 
on both beams

16 long-range Beam-
Beam interactions on 
either side of IP
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Interaction Region & Beam-Beam (2)

Dipoles first layout reduces 
long-range Beam-Beam 
interactions 3 fold

Independent nonlinear
correction for each beam

BUT

Larger β* at fixed βmax

Higher energy deposition in 
D1 from charged particles
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Interaction Region & Beam-Beam (3)

Beam-Beam Correction?

Recent tests with single BBC 
wire in SPS were successful 
(“next step” shown here)
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Beam Commissioning (1)



LAPAC June 17, 2004 Accelerator Systems  - S.Peggs 27

Beam Commissioning (2)
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Beam Commissioning (3)
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Phase II Collimators (1)
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Phase II Collimators (2)
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Phase II Collimators (3)

Dimensions, mass, & DC heat load of Phase II Colls. are 
VERY DIFFERENT than those of NLC design

Deliver a Phase II Collimator CDR in about April 05
Accelerator Physics 
Conceptual engineering

Different paths beyond then, if
1) specs are a “reasonable extension” of the NLC 

rotating collimator concept, or
2) device is too “LHC-Specific”
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Hardware Commissioning

KEKCERN
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Other important hardware to commission:
Absorbers for high luminosity region(LBNL) 
Other separation dipoles (BNL)
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Issues – Summary (1)

1) How to prioritize the Accelerator Systems tasks?

2) How do hardware tasks (Tune Feedback / Luminometer / 
AGM / Phase II Colls) proceed to 

- full prototyping

- production

3) How to weigh/integrate wetware tasks (Phase I Coll
Studies / EC / IR & BB / BC / HC) against/with other tasks?

4) How should Accelerator Systems support
Superconducting Magnet tasks?
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Issues – Summary (2)

Critical hardware milestones (FY05):
Nov Luminometer: Cost & Tech review
Dec AGM: Engineering feasibility white paper

LDM segue?  Technology?
Jan Tune Feedback: Cost & Tech review
Apr Phase II coll: Review, go/no go decision

Critical wetware milestones (FY05):
Sep HC: deliver hardware commissioning plan
Jan BC: Define how LARP BC fits LHCOP plan
Apr IR&BB: Report on dipole & quad first layouts
May Phase I coll: Test set-up procedure in RHIC
Jun EC: First cut at optimal conditioning scenario
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