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HL-LHC

Total $742+60k $495+60k without Simos & Toohig

Electron Lens 
Scraper

FNAL (Valishev, 
Stancari)

$315k Separate presentation

Beam-Beam Studies LBL (Ji)
BNL (White)

$105k
$67k 33% Toohig ended 1/31/14

Irradiation Studies of 
Collimator Materials

BNL (Simos) $180k
$0k

2nd of 2 year commitment xfered
to CRAB; $ needs replacing

Low Level RF SLAC (Rivetta) $37k
Travel to Support
Delivered LARP 
Hardware

LBL (Ratti)
SLAC (TWM)
SLAC (Fisher)

$15k
$15k
$8k

Luminosity Monitor
Rotatable Collimator & UA9
Synchrotron Light Monitor

Contingency $60k

LARP Accelerator Systems in 2014
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E_dep studies (FNAL, Mokhov) & Lattice Studies (SLAC, Cai) moved to Magnet Project
Crab Cavity & WBFB spun off into separate projects
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HL-LHC

Beam-Beam Studies 

• These are essential for reducing project risk. A number of key 
components of HL-LHC performance scenario have not been 
demonstrated in hadron colliders
• very high beam-beam tune shift
• operation with crab cavities

• Development of novel concepts is required to mitigate the high event 
density and ensure quality data delivery, which contributes to the 
efficient use of LARP equipment

• LARP expertise is well recognized by CERN. 
• LBNL and FNAL possess unique codes. 
• A.Valishev (LARP/FNAL) is the leader of HiLumi LHC Beam-

Beam Task

2011 DOE Review:
“Continue work on beam physics, especially beam-beam 
interactions.”
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HL-LHC

Beam-Beam Studies 
LHC nominal HL-LHC

25 ns baseline

p/bunch [1011] 1.15 (0.58A) 2.2  (1.11 A)

Energy in one beam [MJ] 360 690

Beam-beam tune shift 0.01 0.033

#Pile up @5E34 25 140

New scheme
Crab-Kiss Collisions (S.Fartoukh)

Net gain in data quality by 
2 at each step at 

constant performance
½ beam-beam tune shift

Beam-beam compensation wires 
are in HL-LHC Plan B 
w/o crab-cavity

significantly higher beam current
makes losses critical

machine imperfections critical 

high pileup and pileup density 
affect data quality
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HL-LHC

Recall:
System operational since LHC commissioning

• Used at every store to bring beams in collision and through the beta squeeze
• Not a single operational failure

Handoff completed in 2010

Maintenance underway during LS1
• All four systems removed from TANs due to bakeout of the 

vacuum structures
After radiation cool-down

• CERN will test, maintain and reinstall
• LARP will assist in advisory capacity

Contributions to early discussions of the conceptual design of the 
luminosity monitors for the HL-LHC

Luminosity Monitor
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HL-LHC

SLAC team successfully modelled performance of the LLRF control of the 400 MHz 
LHC system: used for commissioning, to system limitations, ….

CERN needs the equivalent for the new SPS 200 MHz+800 MHz system, ideally 
soon enough to provide guidance on upgrade choices
• Base model of SPS RF Cavity and LLRF generated as FY13 deliverable. 
• Original FY14 plan was to study hardware limitations & effect on beam loading 

and instabilities. Examples:
• New cavity controller with 1-turn delay feedback, feedforward and longitudinal damper
• Interplay between the 200MHz and the 800MHz system
• RF interaction with beam

Funding gutted in summer 2013 adjustment of FY14 budget

CERN (Philip Baudregian) and SLAC (Claudio Rivetta) looking for a cost effective 
way (SLAC supervising a fellow, etc.) to use 10% FTE FY14 budget

Ex-LARP Ph.D./Toohig Fellow/CERN staff Themis Mastorides now Asst. Prof. at Cal 
Poly & may possibly participate in these activities.

LLRF
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Example: Evaluating the impact of technology choices in transient beam loading 
and instability growth rates.  

RF System Model for SPS
Interaction of LLRF and Beam Dynamics 
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HL-LHC

• The LHC 4 TeV nominal emittance SLM system had a telescope 
viewing a 1mm spot at 30m and is diffraction limited. Main effort is to 
prepare for smaller 7 TeV beams with improved emittance. Thought is 
to used light source inspired interferometry to go below the diffractive 
limit despite significant blurring due to depth of field of elongated 6m 
LHC dipole source.

• Alan Fisher has developed a layout & analysis & has collaborated 
with the CERN group in FY13 during 2 visits tacked onto trips made 
under other funding.
• CERN has invited Alan to apply for a 3-year associate position

• Baseline LARP plan is to continue at this low level of travel funding 
and to develop a SLM based halo monitor after primary functionality 
of SLM at 7 TeV is achieved

Synchrotron Light Monitor
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99

Horizontal Interference, Monte Carlo, n = 1 µm



1010

Horizontal Interference, Monte Carlo, n = 10 µm



HL-LHC

CERN will install a “Phase 2 Secondary” collimator made of an 
advanced material in one of the reserved LHC slots during Xmas 
shutdown 2015. They need to decide on material in ~June 2014.

Current front-runners:

In late 2012 (strongly) requested LARP to fund BNL BLIP+Hot Cell facility to 
measure physical properties before and after irradiation. $252k in FY13 and 
$180k in FY14 allotted, mostly for facility charges. FY14 $ transferred to Crab. 
Discussions with CERN ongoing as to how to replace funding.

Irradiation of Collimator Materials
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Moly-Graphite/Carbon Fibers
coated with Moly

Cu-Diamond Composite
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Samples Studied:
• Molybdenum
• Glidcop
• Cu-CD
• Mo-GrCF

BLIP + Hot Cell + Analysis
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Features:
• Irradiation w/ 200MEV p+
• Indirect water cooling of vacuum 

encapsulated samples
• Sample degradation vs. dpa
• Thermo-physical & mechanical 

characterization of irradiated samples 
for fluence up to 1020 p/cm2

• Irradiation w/neutrons to simulate 
showers on secondary collimators

200 MeV p+ 
from Linac

CERN provided materials & mechanics & FLUKA study
Nick Simos in charge at BNL: calculations, approvals, running, 
testing
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HL-LHC
Status of Irradiation Study
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• Damaged capsules replaced by SS degrader with a new capsule support that 
allowed larger water channels

• Irradiation continued in 2013 & is now 60% complete
• Restart 3.5 week irradiation BLIP asap (~18 Feb at last check; safety review passed)
• After cool down, post irradiation study of physical properties of the 5 of 7 remaining 

samples
• Neutron irradiation of a collection of new samples in a new target holder 

(downstream of the isotope production target)

Capsule with Mo-Gr failed due to thermal stress & adjacent Cu-CD capsule damaged
2013 run halted to extract target box
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HL-LHC

2012 DOE Review:
“Very quickly bring the effort on the rotatable collimator activity to an orderly 

conclusion. This should be done by the end of calendar 2012.”

The LARP Rotatable Collimator Prototype
Candidate for a Phase II Secondary Collimator
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1E-13

P=3.1E-8 Torr at RGA 
& 1E-6 Torr at CCG

It is with my great pleasure that I inform you that today we opened the box that you sent with the SLAC collimator prototype!
The hardware seems in very good order at least from the outside visual inspection. See some pictures in attachment.

Thank you very much for your continued effort that has allowed this important achievement!

We will soon come to a detailed proposal of the tests that we will want to do here before setting up tests with beam - I have
already organized a meeting tomorrow with the key teams involved to finalize the preliminary plan that we discussed at 
Daresbury. Best regards and many thanks again,
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Improvements to 2nd Prototype
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Cooling coil wound into over-deep grooves & protected with shims

Glidcop machined with required features, especially those to mount 
the “RF bearing”, and “flashed” with copper for braze to mandrel
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New Ceramic Main Bearings with Restraint Clip
2011 version W-S2 impregnated SS; falls of shaft during bake
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“Naked” Hub Screwed to Axle Bearing on Hub Spacer Ring & Bearing in Housing

Bearing Restraining Clip Ring, Bearing in Housing & Clip Oversize Outer Housing w/ Flats 
that prevent rotation in jaw supports
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HL-LHC
New RF Bearing Assembly

2011 version used custom race with 1mm Rhodium coated balls
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Ceramic bearing in race 
& the 2 rings that capture it

Assembled bearing package 
that will hold the RF Foil

Trapped bearing in ring that is 
fixed to the collimator jaw

Attaching outer ring to collimator Close-up of ridge 
where bearing rolls

Before outer ring screwed on
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Welding Flanges Attached to Tank Cover and Baseplate
Make up saw kerf from proto I and permit multiple weld/grind/weld
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Design, Fab, Install, Adjust & Test Flexure 
to Precisely Set Actuator Height

(can always be accessed through openings in tank and adjusted if needed)
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Thermistor Port
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HL-LHC
Leak Testing after Flange End Welded
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Hardware Pressure @ 
Pump (Torr)

Leak Rate
(Torr-l/sec)

Leaks

He Leak Tester 6E-6 6E-6 2 CuSil Pinholes 
1 Flange Pinhole

RGA Turbo Cart
w/20 l/sec Ion Pump

6E-8 1E-11 1 CuSil Pinhole

2.1E-8 1E-13 No leaks
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Plasma Cleaning then Pump w/RGA Turbo (only) 
Over Weekend
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1 hour O2 
then

2 hours H2
Plasma at 
antenna

1E-13

After ~70 
hours

1E-13
24 48 72

P=3.1E-8 Torr at RGA & 
P=1E-6 Torr at CCG
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Water Fittings: Flow & Pressure Test
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Pressure(in) =50psi
Pressure(out) =8psi
Pressure drop =2.8 bar
Flow =2.1 gal/m

=8 liter/m
Pressure(static) =360psi

=24 bar

CuSil Metric Swagelok
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Final Tube Vacuum & Facet Rotation Tests
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8 rotations of 48 tooth wheel (384 total) rotates 1 facet = 360°/20=18°
1 click = 818µrad  16µm over 20mm facet width; 160nm over beam size

Each Jaw Rotated “2+0/8+0/48” Facets
“Pawls” at scribed “ ” when facets plumb; visible if RF foils end unscrewed

Scribed centerline on each facet visible in windows at either end

Each jaw moved 
29.6mm from OLS
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CERN has identified scientific & technical personnel & purchased a dedicated controls test stand for use by RC

Vacuum test by vacuum group (prep began 2014-02-12)
• Replace transport flanges  & plastic immobilization parts; clean plastic debris
• Install two SLAC-made BPM fixtures w/ 8 LHC BPMs and standard blank vacuum flanges covers
• Leak-check, vacuum bakeout and RGA measurement: Determine if eventual vacuum meets LHC 

standards; if not, determine if it is good enough for a SPS test; if so, plan for an SPS test

Rotation & metrology tests
• cable to motor stepper controllers, LVDT and switch readout and confirm normal translation is possible
• verify state of health of the motors
• "standard" set up of switches, hard stops, etc.
• metrology tests without rotation
• rotation tests
• more metrology tests 

Wire impedance tests
SPS tests
Eventually destructive HiRadMat beam tests followed by radiation cool-down followed by metrological exam

Current CERN Test Plan
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Evaluate
• The quality and significance of the LARP scientific and technical accomplishments, and 

the merit, feasibility and impact of its planned development program
• The brief presentation attempted to convince the reviewers of the quality of the 

accelerator system program

• The effectiveness and appropriateness of the laboratory interactions to maximize the 
leveraging of existing infrastructure and expertise available at those laboratories.
• While most accelerator system efforts are centered at one US lab, in all cases there 

is close communication and collaboration with CERN

Charges to Reviewers Relevant to 
Accelerator Systems
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A “flat budget” would fund current ~1.4 FTEs and 50k travel.
• Cutting this would not add much to a big budget task
• Cutting this would remove the US from much of the intellectual 

involvement at the energy frontier of accelerator science
Accelerator Systems provides the fertile ground from which new ideas 
and projects come.

• Crab & WBFB “projects” originated here
• Strong involvement in collimation remains
• Beam studies and lattice work above & beyond application to 

LARP deliverables valuable and appreciated
• LARP instrumentation hardware in use daily

Cross fertilization goes both ways
• Ex: crystal channeled 6 GeV e- beam at SLAC

• Application to ILC collimation & Gamma ray source

Accelerator System Out-Year Budgets
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Thank you for your attention!

In case you hadn’t seen this ….
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