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We found the review presentation clear, concise, well thought out and well presented.  It was especially valuable to have all of the presentations available on the web for review.  Clearly a great deal of work has already gone into trying to understand the origin of the losses associated with slip stacking and where the particles being lost actually deposit their energy.  Long term monitoring of the residual dose rates in the tunnel helps insure secondary loss points are not neglected.  Simulating the non-linear lattice to discover the origin of loss at vertical aperture restrictions for uncaptured beam at the start of acceleration was very important.  Simulating the cascade development from particles being lost help assure that operational and environmental loss limits can be achieved.  

We will address the questions in the charge below.  Appended are comments as written up by members of the committee which served as points of discussion.

1. Will the system, as conceived, be adequate to maintain uncontrolled beam losses at an acceptable level in the Main Injector during full slip stacked operation of NuMI and antiproton production?

The 2  stage collimation system may be able to control losses.  We recommend that the proponents consider design changes for the system to be able to tolerate up to 10-15% beam loss at nominal operating intensities (rather than 5%).  It will also help to control losses in beginning the SNuMI era. 

2. Will the collimation system operate within acceptable environmental limits in terms of surface radiation, ground and sump water contamination, and residual activation?

The presented models will operate within acceptable limits if the losses are contained in the collimation system but the loss models do not seem capable of fully describing the observed MI loss patterns.  From this point of view, the proposed factor of 2-3 safety margin will be very helpful.

3. Are the collimations system and associated lattice modifications compatible with the new Recycler/Main Injector transfer line proposed for the SNuMI era?

The 2 stage collimation system is compatible with the RR-> MI transfer line proposal for the SNuMI era.  The committee is unsure whether the Dynamical Dispersion needed for the 1 stage system will be compatible.

4. Does the mechanical design, such as it is, appear reasonable, in terms of fabrication, installation, and any operational considerations?

The mechanical details were not addressed at the review.  Further work is needed in modelling before details could be specified.

5. Is the proposed level of instrumentation appropriate and sufficient?

The upgraded MI BPMs and BLMs will help to understand the losses.  No plans for collimation specific instrumentation were presented, and we recommend the consideration of some specific instrumentation of the collimation regions.  The Tevatron experiences may be valuable for MI also.

6. Are any more calculations or studies recommended to further address any of the previous questions?

We propose the following studies:

· Perform sensitivity studies in simulation (collimation efficiency dependence on latticec and orbit errors, negative residual dispersion, coupling, etc)

· MI lattice measurements to confirm models used in simulations and explore higher order effects (Q’’, tune vs Amplitude)

· Explore halo particle dynamics scattered on a target and compare with models.  A Tev collimation target might be used.

· To confirm loss model in present conditions, investigate fast loss times vs Q, Q’.

Comments from Individual reviewers:

(V.Shiltsev)

1. FINDINGS:

a) max acceptable level of rad deposition is ~1 W/m that would be 3kW over

most of the MI circumference; that is 0.8% of 120 GeV beam loss (and power) for design NuMI operation (350kW) and 0.4% of SNuMI (700kW). Equivalent max beam loss at 8GeV is 12% (NuMI) and 6% (SNuMI). THESE NUMBERS ARE FOR UNIFORM DISTRIBUTION OF LOSSES. Numbers for non-uniform spatial distribution are lower, numbers in presences of collimators can be higher.

b) MI experience shows some 4-5% total loss of SS beam in well tuned

machine at the beginning of the ramp (first 150MeV or so from 8.9 GeV/c to

some 9 GeV/c). ESME simulations confirm these losses (and distribution

over RF buckets) as beam lost from main buckets - some 2/3-3/4 of that

beam is real DC (uncaptured), the rest is recaptured in other buckets

(subject to being kicked by injection kickers). The simulations show that

the lost fraction scales approx linearly with long emittance

c) losses in poorly tuned MI can reach 10% and more (20%?) and it was not

clear from presentations what was critical - tunes, RF, chromaticity, Rf

phase inj errors or something else. Also, it seems that in poorly tuned MI,

losses occur not only at the start of the ramp but also at 8Gev and later

on the ramp , transition etc

d) there are indications that spatial distribution of the losses has

dominating spikes in the Lambertsons (low dispersion) while former common understanding was that losses should end up in F-quads (high dispersion)

e) model built by Drozhdin et al can explain the losses ending up in the

lambertsons but only if MI magnet nonlinearities are taken into account.

Unfortunately, the NL field simulations predict: a) very high 12-21% beam

loss (not observed) and b) huge non-linear chromaticity dQ~0.12 over

+-1.2% or Q''=1000 (not clear whether it's really the case for MI)

f) it is anticipated that MI new BPM system (July 2006) and new BLM system (Sep'06) will shed more light on orbit movements, lattice distortions,

loss ditribution in time and space and many more.

g) requirement on a collimation system is that it should be able to

intercept 5% of 8GeV beam loss in NuMI regime. To note that in SMuNI-1

700kW regime with SS in RR the same system will be able to take care only

of 3% beam loss (MI will get all the longitudinal "garbage" from RR).

h) single collimator option looks VERY unfavored because of i) no

radial space in the tunnel for shielding to control residual radiation;

ii) it requires generation of dynamic dispersion bumps ~1-2m which looks

scary for operators (dQ=0.3 tune compensation, lattice distortions, orbit

moves, etc). Seems that these arguments greatly outweight the options'

"simplicity" (just one collimator)

i) two stage collimation system (1VP+2VS; 1HP+3HS or 4HS) has advantage of distributing total losses among several secondaries and lower losses around the ring

**********************************************

2. OBSERVATIONS:

a) HERA, Tevatron, Booster, SNS, LHC and JPARC employ two stage

collimation systems. It works well in HERA and TEV. Booster experience not fully understood as the collimation system helps much (factor of ~3?) less

than anticipated (50% vs 90%) - some people believe that there is not

two-stage collimation at all in the Booster and that particles diffused

from primaries do not have aperture to reach secondaries. SNS did not

report any problems yet. LHC and JPARC system should be tested in

future operations.

b) extra shielding/protection of beam dumped near injection/extraction

kickers not discussed at all

c) no discussion presented whether MI and RR collimation systems will

interfere in SNuMI era

d) no arguments were presented whether larger longitudinal phase

oscillations will increase longitudinal losses or whether any extra

loss is anticipated at transition/extraction with total beam intensity

~(4-5)e13

*********************************************

3. RECOMMENDATIONS:

a) go after two stage collimation scheme

b) introduce safety margin of about 2 to 3 into the design

(i.e. design for 10-15% beam loss instead of 5%) - that will cover

possible "surprises" in high intensity 400kW NuMI and 700kW SNuMI regimes

c) optimize number and placement of collimators

d) perform parameter sensitivity studies (e.g. to orbit motion,

beta-wave, emittance, positive residual dispersion, coupling)

e) perform MI beam studies to understand the physics of losses:


i) timing of fast ramp loss vs tune


ii) NL chromaticity (Q vs dP/P over +-2%)


iii) measure lattice errors and orbit moves


iv) install Tev collimator and fast BLM for halo studies

(D.Still)

Summary of what was presented:

The MI has a challenge for future intensity demands for increased protons when the need to slip stack a multi-batch events become greater.   The main concern is that the slip stacking process generates DC beam which needs to be removed needs to be in order to minimize the effects of radiating accelerator components, environmental and human impacts.  This process also posses a problem with recapturing beam in adjacent buckets that are kicked by kickers that end up on MI accelerator components.  Although, the focus of the review was not to provide a solution to these problem but it would be nice if the 2 proposed systems could help with this effect.

The MI review presented a very clear explanation of the process in which DC beam is created from the slip stacking process.  The percent of beam that is left over from this process was estimated to be up to 10% of total being there in reality there were conflicting estimates that ranged from 5% to 25%.  The calculations for simulations were done at ~ 5% which I thought were on the small side since they explained that small events to machine tuning can process more DC beam loss.  There were good reports that stated that original simulations could not predict measured loss patterns and measured tunnel doses until harmonic effects in simulations were taken into account.   These effects could reproduce losses at vertical locations when the DC beam issue should be a horizontal problem.  MI is starting to make good measurements and record keeping for doses for tunnel locations. 

There were 2 good reports for the proposed collimator systems presented as a solution to remove the DC beam.   It is obvious that they will have to pick one system to implement.   Sasha D. reported results from simulations (even though it may not be optimized for both systems) claiming that the effectiveness of reducing the DC beam loss for both systems is very similar.

Summary of collimator systems by comparison from reports:

2 stage:

· Will need only air cooling (no water cooling) to handle heat load.

· 200 C for full beam loss.

· Residual dose 1/10 of dispersion collimator. Energy deposition is 170 mW/g (Gy/s).

· 1% of beam ends up on secondary. 4% beam ends up on other target and secondary.

· Stainless design for secondary, stainless and tungsten for target.

· Vertical 1 target, 2 secondary.

· Horizontal 1 target, 4 secondary.

· Collimators are movable.

· Removes DC beam at beginning of ramp with combination of hor and ver? Bump into collimator.

· Collimator design is “L” shaped.   Exact design still pending radiation concerns but will localize losses not to exceed 1 W/m in the machine.

· Compatible to SNUMI.

Dispersion Collimator:

· Will need only air cooling (no water cooling) to handle heat load.

· Residual dose 10X of 2 stage.  Energy deposition is 1700 mW/g (Gy/s) 

· 5% of beam ends up on collimator (5 X more that 2 stage. so more shielding required)

· 1 horizontal and 1 vertical collimators located at MI 302, MI 303.

· Stainless or copper design.

· Need to modify Horizontal dispersion at MI300ish to get 2.2m. This is a .3 change in Qh and will have to be compensated by adding a couple of circuits.   4 Ling type power supplies and 4 ramp cards connected to ~ 70 elements in the 100 and 116 inch quads. 

· Could remove DC beam while at 8gev and the beginning of ramp with a bump.

· Collimator design is signal sided plane. Exact design still pending radiation concerns but will localize losses not to exceed 1 W/m in the machine.

·   Could be fixed or movable.

· No lateral space for enough shielding!

· Compatible to ECOOL.

Concerns:

1) The calculations that were done by Mokhov were done with 5% beam which translates into ~ 1.8 E12 ppp.  I saw other estimates for losses depending on conditions could be as high as 20% and normal losses were between 5% and 10%.   Is this 5% loss a reasonable estimate for use in simulations or should they consider higher percentage of loss?

2) 2 stage proposal –

a. The Booster has a similar 2 stage design running currently to localize the DC beam and other dynamic losses at injection.  However,  this system does not utilize the target due to complications to the location of the target and lattice and the complication of implementing and verifying  the 2 stage process.  Therefore, the system only uses secondary collimators that define a limiting aperture and stop the losses at the collimator system which is the ultimate goal.  However, when taking into account simulations for running without the target, I am not sure that you can guarantee the same results concerning environmental and human radiation concerns.  

b. A 2 stage collimator system although is easier to understand for a colliding machine is very hard in practice to configure and confirm in a fast cycling machine like the MI.  I am wondering if  the factor of 5 difference in the 2 systems will become less due the fact the secondary collimators in the MI will end up like the Booster secondary where they will be the limiting aperture without appropriate scattering from the target.

3) Dispersion collimator proposal –

a.  There is more of a complexity in this design of modifying magnet loops and controlling/compensating tunes at injection in order to provide the 2.2m of dispersion in the MI lattice at MI30.  The collimator design is simpler and appears to require more material and weight to compensate mitigation of radiation concerns. 

b. Is there enough magnetic measurement data to know that the modifications to the loops are possible?

c. There is a concern that there is little to no lateral space for shielding and this collimator could only handle 1% of the loss. (Mokhov)   This seems that is dose not meet the minimum of the 5% loss that the MI is already experiencing. 

Possible Study Proposal:

MI Study:  Would it be profitable to install a .5 or 1.5m Tevatron “L” shaped collimator in the MI and perform some studies to ensure that either MI collimation system will be suitable.  This study may illuminate knowledge that might help decide which system to use.

