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1.1 Introduction to 8 GeV Transport

Findings:

· The  H- transport and injection mini-workshop state concluded 
                “ 8 GeV H- has number of new challenges 
          -Blackbody Stripping

          -Thicker foil

          -Longer transport line for collimation

          -More difficult for jitter correction

   However, there are solutions for each one of these problems. We find no show stopper”
Comments: 
· None
Recommendation:
· None
1.1.1 Design philosophy

Findings: 

· The transport line and injection system are design for 132 kW 
· Minimize loss (maximum transmission)

· Minimize impact on existing facilities.
·   Minimize civil construction to the MI

· Provide diagnostics for beam characterization and tuning

· Optically robust

· Simplicity and Symmetry
Comments: 
· None
Recommendation:
· None
1.1.2 Layout, function, and performance

Findings: 
· The length of the transport line is 988 meters.
· The site chosen lies in the southern half of the Tevatron ring
· A reverse-bend achromat is required for the transfer line to miss existing buildings and the lake in the middle of Tevatron ring.
· Main function of transport lire are
· emittance and momentum collimation
· energy spread reduction
· diagnostics for beam characterization
· flexible matching into the Main Injector
· The transport line have six sections

· Matching  section
· Betatron collimation section
· 2 achromatic bending section for momentum collimator
·  Straight section.
· A second 2 reverse bend achromat section
· An achromatic injection matching section
Comments: 
· Generally collimator are used to localized losses not to define the emittance
· The main purpose of buncher cavity in the transport line is to correct the energy centriod error due to phase and amplitude errors in the linac, not reduction of energy spread
Recommendation:
· None
1.2 Linac Description

Findings: 

· Energy 8 GeV
· Pulse length  1 ms
· Particle per pulse 1.5E14
· Repetition rate 1.5 sec/pulse
Comments: 
· None
Recommendation:
· None
1.3 Main Injector Description

Findings:
· Energy 8 GeV -150 GeV
· Two-fold symmetric, separated function FODO Lattice
· Circumference 3319.39044 meters
· Cell Length 17.288 meters
· Split tune(h/v) 26.425/25.415
· Frequency at injection 52.8115 MHz
Comments: 
· None
Recommendation:
· None
1.4 Interface with the 8 GeV linac  

· The interface between the linac and the transfers line has define at 60 mm downstream of the last cavity
· X-emittance: RMS 0.394, 95% 2.54, 100% 20.45 ( mm mrad
· Y-emittance: RMS 0.450,
Comments: 
· None
Recommendation:
· None
1.5 Interface with the Main Injector 
Findings:
· The new transport line joins with the existing 8 GeV line tunnel just upstream of where the existing 8 GeV line merges into the MI.
· The Main Injector MI-10 straight section lattice will be modified from a standard FODO to a symmetric straight section.
· The straight section remains a “zero dispersion” straight section and the lattice functions of the new MI injection straight section are flexible and indecently controlled.
· The current nominal beta functions are 70m horizontally and 30m vertically with both alpha’s approximately zero.
Comments: 
· None
Recommendation:
· None
1.6 Primary Parameters

Comments:
1.6. 1 Linac

· Beam chop factor appear twice in the table, with two different values should be distinguish better

· RMS Emittance growth factor to 8 GeV of 1.5 is low should be 2 or more.

1.6.2 Transport Line

· Expected transverse emittance of H- seems too low
· What is minimum acceptance of the transport line?

· Absorber capacities (1.3 kW) are too low for 5% planned scrapping.

 2.0 Beam Dynamics Design

2.1 Optics and layout

Findings:
· Two type of cells, Transport cell 60 degree phase advance and 21.82 meters long, Matching cell 90 degrees phase advance and 14.8 meter4es long
· Maximum/Minimum beta function 75/25 meters in transport cell, and maximum beta function in matching cell is 120 meters

· Maximum eta functions 6.4 meters.

· Four quads at beginning of  transport line are powered independently for matching to linac 

· Last eleven quadrupoles also powered independently for matching to MI.

· All other quad connected to either a QF or QD bus.

· Transport line functionally divided in following section

(A) Linac to transport matching

(B) Transverse collimation

(C) Momentum collimation
(D) PI straight 

(E) The reverse achromatic section

(F) MI matching section with energy corrector 

· First collimator foil/absorber pair is in the linac transport line matching section.
· Dipoles and quads fields are low enough to satisfy loss constrained due to Lorentz stripping. 

· Linac to transport line matching is reasonable flexible.

· The first three dipoles in the first achromat are powered independently from the main dipole bus to switch beam between the transfer line and linac dump 
· MI matching section has 90 degree phase advance per FODO cell

· There ate eleven quadrupoles powered independently to match 6 constraint at the primary charge exchange foil

· Foil is located at (=0 and (’=0, with at beam waist in both (x and y) plane.

· Matching section flexible enough to match wide range of lattice function at foil with dispersion and its derivative zero.
· Linac dump line has two quadrupoles to provide round beam at the beam dump, about 85 meter away from the last quadrupole (quarter-wave quad)
· Linac dump line has enough aperture to accommodate lower beam energy up to 1 GeV

· Detail design of the linac beam dump is not yet finalized

· Injection dump is located about 8 meter downstream of the secondary foil inside the tunnel

· There are no active “knobs” to control beam size at the dump and location

· Nominal beam size (six sigma) at injection dump  is 5.6 X 6.1 mm 

· Injection beam dump is capable of absorbing 6.6 kW ( 5% of the total beam power from the linac)

· MARS simulation of the injection beam dump shows that the radiation level will be acceptable with Fermilab requirements.

· Thermal calculations of the injection dump estimate that the temperature rise for the normal condition (6.6 kW) with water cooling is about 25( C and without water cooling 300( C.

Comments: 
· Since the collimator foil/absorber in the linac to transport matching section, consider last four to six quadrupoles linac for matching. 
· MI matching section has 90 degree phase advance per FODO cell which is different than the rest of the transport line. Generally change in the lattice result in unnecessary beam loss. 
· There is no discussion of the vacuum window in both the dump lines
· Consider raising the injection dump capacity to 10%, ( SNS normally uses about 10% )
· Injection dump inside the tunnel may lead to ALARA concerns
· For injection dump beam there are no knobs to control either beam position and size
Recommendation:
· Rick analysis for internal verse external injection absorber
2.2 Main Injector and Transport line Aperture and Admittance
Findings:
· MI normalized acceptance (worst case scenario) at 8.9 GeV/c is 80 ( mm mr (in both transverse plane)

·  The minimum normalized acceptance of transverse line in vertical and horizontal plane are 66 and 178 ( mm mr  respectively 
· The smallest aperture to sigma (A(x,y)/(x,y))  ratio is 27

Comments: 
· None
Recommendation:
· None
2.3 Beam Loss Mechanisms
Findings:
· The goal for the current transport line design is to have losses due to this second class of mechanisms on the order of  0.1 Watts/meter
· Machine protection system will able to inhibit the beam with 20-40 (s.

· Identification of three type of losses due to single particle interaction of H-
         - Magnetic stripping

         - Black Body Radiation

         - Residual gas stripping

· Losses due to magnetic stripping 1.8E-5/m 
· H- Stripping due to Black Body radiation will seen first time in any accelerator due to its high energy 8 GeV 
· Estimated losses due to the black body radiation are about 65 mW/m.

· Cold (77( K) beam screen is suggested to reduce the losses due to the black body rations.

· The estimated beam losses due to residual gas stripping are about 74 mW/m at 3. 10-8 Torr.
Comments: 
· Estimate of magnetic stripping is based on empirical formula using fitted values of parameters in the following expression 
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The parameters ‘a’ and ‘b’ were measure at three different experiments, summarized at following table
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Notice energy dependence of parameter ‘a’ and ‘b’ in the experiments.

· What is estimated H- , which will miss the injection stripping foil?
Recommendation:
· If possible make H- magnetic stripping  measurement at as high energy as possible
2.4 Collimation
Findings:
The collimators are design to satisfy following functions
· safely remove large amplitude halo generated in the linac to reduce loss in the transport line and ring, 

· shape the transverse beam size of the beam on the injection foil to minimize H- foil misses and minimize foil dimensions, and

· protect the beam line and Main Injector from errant beam pulses of the wrong energy with a momentum collimator, located at the maximum dispersion of the first arc
· There are three horizontal, three vertical and one momentum collimator/absorber system

· Each collimator/absorber system is cable to absorber 1% of the beam power

· Both Foil and absorber will have movable jaws 

· Collimator foil at radius of 4( (7.6 mm )

· Momentum foil collimator is located at the maximum dispersion (D=6.4 m) with resolving power about 0.138% .
· Momentum acceptance of the line is about ( 0.73%.

Comments: 
· Traditionally transverse collimator are used to localized uncountable losses at the collimator absorber NOT to shape the beam, final shape of the beam for the painting in the ring phase  space is  accomplished by the size of the charge exchange injection foil. When H- misses the foil, it is collected in the injection dump which is much bigger in the capacity to absorb beam power the collimator absorber.
· To shape the beam emittance by the transverse collimator  means that foil collimators are to close to beam 

· Momentum collimators is before the energy corrector cavity, that’s means off energy particles that could have been corrected by energy corrector cavity will go the momentum collimator absorber instead of injection in the ring

Recommendation:
· None
2.5 Main Injector H- Conceptual Design

Findings:
· 1.54x1014 particle per 3 ms long pulse every 1.5 sec

· Ration of painted emittance in the main injector to the linac emittance cirinj of 13 to 20.
· MI-10 Straight section was modified to provide 38 meters long straight to accommodate the injection chicane 

· Provide dispersion free straight section with waist at the injection foil locations

· The values of the beta function at the foil are independently tunable over the range of about 10 to 80 meters.
· Use six new power supply and new quadrupoles
· The magnetic (four dc dipole) chicane is used to bump the closed orbit about 100 mm from the straight section centerline
· Anti correlated painting scheme is proposed, horizontal painting is accomplished with kicker magnets in  the ring and for vertical magnet steering magnet located about 180 degree phase advance from the foil  in the HEBT is used 
· Simulations have shown that for ( 3 mm vertical and the edge of the foil located 3 mm to the inside of the injection point, about 2% H- miss  the foil and average number of foil hit by circulating proton is about 7. 
· Proposed injection foil thickness is 425 -507 (g/cm2, based on scaled up data from 800 MeV measurements, the H0 with excited state n>2 will be decay in the field of chicane #3 and n=1,2 will be stripped by a thicker foil just before the chicane #4 and send toward to injection dump.
· An electron catcher will be located on the mid-plane several inches downstream of the foil to prevent the electrons from striking the foil. 
· An extensive study of 425 (g/cm2 with different variables like pulse length, repetition rate, beam spot size, and current   was carried out and concluded that  the linac beam with sigma  about 1.5 mm, pulse length 3 ms and  1.54x1014 particle will result foil temperature of about 1500( K.
Comments:
· The values given in table 2.5.3.1 and figure 2.5.3.1 do not satisfy the chicane closed orbit conditions

        (1 + (2 +(3 + (4 =0 and

       (d12 + d23+ d34) (1 + (d23+d34) (2 + d34*(3 =0

· Field clump as discussed for chicane magnet #3 may not be necessary,  Because it make the beam size at injection dump smaller due to H- which missed the foil and only extra 90 (r angular spread in proton coming from excited state n=3 which is order of 0.07% for 500 (g/cm2 thick carbon foil
· For the proposed painting scheme one has to mount the foil horizontally which might have stability problems.
· Previous simulations for anti correlated painting has shown that this scheme is more sensitive to space charge 
· Since vertical painting uses steering magnet  HEBT, closed orbit should not to near the pole tip other wise magnetic stripping will take place
· Estimate of the vertical size on the injection beam dump due to painting in the vertical plane 
· Nothing is said about foil scattering and energy straggling in the injection foil
Recommendation:
· If possible make the H- stripping measurement as highest possible energies.

2.6 Alignment Requirement and correction System

Findings:
· Alignment budget 0.25 mm transverse and 0.5 mr for roll

· Corrector at each quad locations

· Expected automated correction schemes

· Maximum un corrected central orbit deviation in the HEBT is about ~1cm
Comments:
· None

Recommendation:
· None

2.7 Longitudinal Dynamics

Findings:
· The ratio of 325 Mhz to the MI injection frequency of 52.809 Mhz is 6.15. The injected beam micro bunches will slip in phase with respect to the zero phase of the MI RF  and will provide  parasitic longitudinal painting in phase

· Only 4 out of 6 linac micro bunches will fit into the linear part of the MI bucket.
· Energy Corrector cavity will be located about 916 m downstream of the linac with 38 MV at 1300 MHz.  Simulations show a reduction in the energy spread at foil from about ( 20MeV to about ( 2.5 MeV.

· Simulation show that 1% in amplitude and 1 degree in phase error and 1e-4 error in transverse focusing  are acceptable

· MI simulations show that with dual harmonic (53 MHz at 400kV and 106 MHz at 200 kV) rf after 270 turn injection, (each turn injected with 4 micro bunch) has a RMS emittance of 0.045 eV-sec and bucket area of 0.5 eV-sec 

· To correct slow energy drift will accomplished by measuring the beam centroid position at the peak of dispersion and feeding the error signal to the debuncher phase at the end of the transport line.

Comments:
· The idea of energy correction cavity is to correct the centriod energy of the linac. Generally due to phase and amplitude error there is energy jitter in the beam bunches from the linac.  Energy spread reduction is a secondary advantage.  
Recommendation:
· None

2.8 Beam Diagnostics

Findings:
· Estimate of different diagnostics, beam intensity and position measurement with BPM, beam transverse profile measurement (with either a standard multi-wire system, single scanning wire, or a laser profile monitor system), beam loss, energy measurement (with time of flight and centroid displacement in the arc), and phase measurement are reasonable.

Comments:
· None

Recommendation:
· None
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