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Introduction

The current operation of MI utilizes slip-stacking for creation of  increased bunch intensity for pbar production. The current processes is almost 100% efficient at low Booster intensity (turns), however for increased Booster intensity, the longitudinal emittance provided by Booster is too large (or barely fits) the MI injection bucket and some fraction of beam is not initially captured or gets lost from the bucket during the slipping or recapture process. 

In the NuMI mixed mode cycles, two batches are injected and slip-stacked for pbar production and then five batches are injected for NuMI. At flattop, the pbar production (slip-stacked) batch is extracted first then the NuMI batches. As the uncaptured beam slips around the ring some portion ends up in adjacent buckets to the pbar batch and some ends up in the injection region for the NuMI batches. As the 53 Mhz is snapped on during the re-capture process some of the un-captured beam is recaptured, but in the wrong buckets. The beam captured adjacent to the pbar batch is kicked by the rise and falling fields of the pbar MI52 extraction kicker and beam is “lost” on the MI52 and Abort Lambertsons. The beam that is captured in the NuMI buckets is then kicked out of the ring when the injection kicker fires to inject each NuMI batch, thus activating the quad at 104. Figure 1 shows the loss at Q104 during NuMI injection before the anti-damping scheme was implemented for the protection of the quad at Q104. 

Currently, the beam (captured and un-captured) that ends up adjacent to the pbar batch and in the NuMI injection region has its betatron amplitude increased using MI dampers in an anti-damping mode to the point that some of the particles are lost at aperture restrictions around the ring. The remainder of the beam that is not “lost” by the anti-damping process is “lost” at the start of acceleration. Figure 2 illustrate the loss during the start of acceleration. As the captured beam is accelerated, it generally remains centered in the horizontal aperture. However the un-captured beam, moves toward the inside of the ring as the dipole bus is ramped and is “lost” on the first aperture(s) (physical or dynamic) it encounters. It would be good to provide a controlled location that all the un-captured particles would get lost and then provide enough shielding at this location to meet strict radiation safety guidelines.  Obviously, this is in addition to efforts to maximize capture and minimize beam loss. 

This document expands on the discussions laid out in Beams doc(s) 1930 and 1960. 
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Figure 1: Injection of two pbar (slip-stacking) batches then five low intensity NuMI batches. The red and blue curves are the fast loss monitor at Q104 and the integrated loss at the same location. This picture was taken before the barrier bucket and anti-damping schemes were implemented to reduce the loss at this point and spread it to other locations around the ring.
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Figure 2: Beam loss during the start of acceleration during a NuMI mixed mode $23 cycle.  This shows about 5E11 lost at the start of acceleration.  The magenta lines separate out slow loss regions and fast loss time after the start of the ramp. Here There is a slow loss for about 58.3 ms (5200 turns) after the start of ramp. Then a fast loss happens over 1.4 ms (130 turns). There is an additional slow loss lasting for another 42 ms after the fast loss.  The magnitude of this loss varies, depending on how well the accelerator is tuned up. The two black lines show average loss and the slopes of the slow and fast loss.
The Concept

The horizontal position of a particle in a dispersive region with a dispersion, D(s), is given by
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           eq. 1                   

The first two terms describe the distribution of particles due to the transverse emittance, ,  and machine lattice function, (s), and due to the momentum distribution,c, at a location with dispersion D(s) . The term cos  is just the relative phase of the particle due to the fractional tune. The third term, <x(s)>co, is the horizontal position of the closed orbit at location s.The fourth term is position of the un-captured particle with a momentum distribution u at a location with dispersion D(s). The fifth term is the orbit deviation of an un-captured particle relative to the momentum of the ramp at the location s with a dispersion D(s) . 

This difference in momentum between the un-captured beam and the change in momentum of the captured beam due to the ramp is given by 
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         eq. 2

where pu is the average momentum of the un-captured particles and pc is the momentum of the synchronous particle during the ramp. The time dependence of this momentum deviation is determined by the MI ramp structure. In our case, the term, 
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 , will always be negative relative to the momentum of the captured particles on the ramp. 

The momentum ramp is specified as a series of matched parabolic (or constant energy) segments through the application program I2. The momentum can be expressed in a Taylor’s expansion given by
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                                                                       eq. 3

The terms p and 
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 are specified in the application program I2 for each parabolic section of the ramp sequence and the coefficients for the quadratic and cubic term are calculated as well as the segment dt and accumulated time to match segments. 

Figure 3 shows the structure of the ramp used for the current $23 cycle as calculated from eq. 3. The blue curve is the calculated momentum as a function of time from the start of the ramp at 0.4883 sec. The linear terms after the initial parabola included for illustration purposes and are not explicitly tied to the calculations. The magenta curve is the calculated momentum deviation of the uncaptured particle with respect to the MI ramp,
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, as calculated from equation 2.  The times corresponding the fast and slow loss seen in figure 2 are indicated.  Figure 4 shows the increase in horizontal position of a particle (corresponding to the 4th term in eq. 1) as a function of time into the ramp at a location where the dispersion is 1 meter.  The blue curve is just the accumulated position in mm. The magenta curve is the derivative of the position curve in units of micrometers/turn. 

For a given closed orbit, transverse distribution, momentum distribution, the effect of the ramp will always be to increase the transverse coordinate of a particle in a dispersive region where the dispersion D(s) is negative (as in the MI). According the right hand coordinate system, and the counter-clockwise proton direction, the positive x-axis is to the inside of the ring. From this, a particle with momentum pu less than the momentum of the ramp pc,  gives dp/p <  0, and with D(s) <0 (typically), the position x is positive (toward the inside of the ring, i.e. smaller radius).
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The goal is to install a collimator of sufficient mass at a location that would be the limiting momentum aperture. In this way, the un-captured particles would “see” the collimator first rather than being lost elsewhere around the ring. The detail design of the collimator system is not done here and should be based upon beam loss tracking codes.  Since the Main Injector lattice is tightly packed with dipoles in the region of non-zero dispersion and all the straight sections were designed to be “zero dispersion”, we must create a “non-zero” dispersion point within a straight section and place the collimator at this point. 

Figure 3: The dp/p(t) for the current ramp used for the $23 NuMI mixed mode cycle. The regions of slow and fast loss refer to the data in figure 2.
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Figure 4:  Plot of horizontal displacement (blue) of  un-captured beam (at D = 1 m) as a function of time for the current $23 ramp cycle.  The displacement per turn (magneta)  is calculated as (x/t)x11E-6 sec.

The focus here will be to suggest a mechanism to create a closed dynamic dispersion wave inside the 30 straight section that can be used for “momentum collimation”  and suggest some general parameters for location and layout of collimators. 

The Main Injector Lattice

The Main Injector is 3.3 km in circumference and is described as a FODO lattice with eight “zero dispersion” straight sections. The design tune of the Main Injector  is Qx = 26.425 and Qy = 25.415 which gives average horizontal phase advance of about 91.47 degrees and an average vertical phase advance of  87.98 degrees per cell. There are 104 cells. The x max and y max are 59.5 meters and 63.0 meters, respectively and the  min in both planes is about 10 meters. The “arc” section half-cell consists of a quad and two dipoles and is 17.288 m in length. The small drift space between the quad and dipoles is taken up be correction dipoles and other higher order correction elements and instrumentation.  The straight section half-cell has the same half-cell length as the “arc”. The dispersion suppressor half-cells have a reduced half-cell length, described in the next section. There are three quadrupole lengths for use in the arc(s), straight section(s) and the dispersion suppressor(s) and two dipole lengths for use in the arcs and dispersion suppressor half-cells. The arc and straight section quadrupoles are “re-used/re-furbished” Main Ring 84 inch quads. The two quad lengths used in the dispersion suppressor are newly built quads for the MI, and discussed next section.  Figure 5  show the “design” lattice functions and dispersion around the MI  for  the nominal tunes. The plot starts at the MI-10 injection point just downstream of the injection Lambertson. The beta wave and dispersion wave are a result of a mismatch in the integrated quad strength (i.e. length) in the dispersion suppressor half-cells and the fact that we do not have identically have 90 degree cells.  
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Figure 5: The Main Injector nominal lattice functions (top) and dispersion(bottom). Both plots start just after the MI10 injection Lambertson. The “zero dispersion” straight sections are marked. The straight section MI10 is used for proton injection, MI22 and MI32 are used for Recycler inj/ext., MI52 and MI62 are used for Tevatron injections, MI40 is the proton abort, MI60 is utilized for for RF, instrumentation, and NuMI extraction, and MI30has electron cooling directly above the middle of the straight. Note the reduction in the amplitude of the beta functions (top plot) in the dispersion suppression cells on either side of each straight section.

Measured Main Injector 8 GeV/c Momentum Aperture
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The 8 GeV momentum aperture was measured for a $2E 8 GeV DC cycle with nominal tune settings of .42 and .415 and nominal chromaticity settings (H & V) of -8 units. The skew quad circuits were left in the as found values. It should be noted that at these settings the Main Injector is very coupled. Figure 6 shows the results of this measurement.  

Figure 6: Measured 8 Gev momentum aperture

A sharp edge in transmission is see for both positive (1.07%) and negative (-.65%) momentum offsets. These sharp edges are either due to scraping on a physical aperture or due to the dynamic aperture. These momentum offsets correspond to displacement from the central orbit, at a horizontal location in the arc (Q130) where the dispersion is 1.97 m,   of about -12 ½   mm to the inside and about 21 mm to the outside. At this point there are no identified physical aperture limitations in the arcs, where the dispersion is non-zero, that would account for this momentum aperture. However,  due to the imperfect cancellation of the dispersion in the straight sections there is a residual dispersion on the order of 0.02m which would generate about .1 to .2 mm of motion at locations of reduced aperture (i.e. Lambertsons). As noted on the plot the vertical tune approached ½ integer as the momentum is reduced and approaches 1/3 integer and the horizontal tune approaches ½ integer as the momentum is increased. An important point is that if one compares the dp/p at the momentum (dynamic) aperture (i.e.-0.007 ish) , from the above momentum scan, with the dp/p at which the fast loss starts from the un-captured beam from figure 3  (i.e. ~0.02 ish), we see the dynamic aperture is about a factor two to three smaller than the momentum at which the un-captured beam is lost. 
 The current NuMI mixed mode cycle has injection tunes that are .02 units higher, but has a vertical chromaticity setting of zero units. The lower chromaticity would tend to increase the momentum aperture such that the physical aperture would dominate. Detailed measurements have not been done on this cycle.
The MI Straight Section Design

Each straight section is bordered by a four half-cell insert called a “dispersion suppressor” insert. The straight sections are “90 degree FODO cells” with similar lengths and lattice functions as the arc cells. The insert matches the lattice functions between the arc and the straight section and in addition suppresses the dispersion generated by the arc dipoles.  The technique used to suppress the dispersion utilized a variation of the “half-dipole strength scheme”.  This technique was described in CERN 87-10 in a report by R. Brinkmann on Insertions  and says that for a 90 degree cell phase advance,  you need two (2) cells with half dipole strength to cancel the dispersion and match lattice functions between the arc and straight section. The cartoon in Figure 7 illustrates this concept

                  arc       | (   dispersion suppressor          (|  straight section 

    F      D      F  ’ ’  D  ’ ’  F  ’ ’  D  ’ ’  F         D       F   

    |    La    |    La    |     Ld    |    Ld     |     Ld    |     Ld     |    Ls   |   Ls |

Figure 7: Layout of the Main Injector dispersion suppressor from the arc cells to the straight section

In this example, the half-cell lengths of the arc, La, the dispersion suppressor, Ld, and the straight section, Ls, are equal. The quads in the arc, dispersion suppressor, and the straight section are identical length and strength (F and D quads on independent buses). The bend angle of the dispersion suppressor dipoles, ’, is half the bend angle of the arc dipoles, .  This insert has a uniform beta function and phase advance through out the  insert . This satisfies the relation  ’ = ½ 

For geometry reasons, the Main Injector chose to reduce the bending in the dispersion suppressors, ’, by 2/3, so to maintain the dispersion suppression, the half-cell length in the dispersion suppressor, Ld, was reduced by ¾ such that the product Ld’ = ½ La . The integrated quad strengths increased to keep the dispersion suppressor matched to the arc and straight section which altered the phase advance per cell in the dispersion suppressor. Since all quads are on a single focusing or defocusing bus, the lengths of the quads in the dispersion suppressor were increased. The new quads were required to track the old 84 inch Main Ring quads (used in the arc and straights).  A 16 turn trim coil was installed in the newly built IQC and IQD quads to keep the IQC(D)/IQB ratio constant at all energies. To date, these trim coils have not been used ! Table 1 list the three types of quads and their designed and “as built” steel and magnetic lengths.  

Tabl 1: Main Injector quad lengths

	type
	Design steel & magnetic
	As-built  steel
	As-built magnetic

	
	
	
	

	IQB
	84
	84
	83.37

	IQC
	100
	99.5
	99.315

	IQD
	116
	116
	115.37


There are eight different straight sections of three types or lengths , 3, 4 and 8 half-cell length as described in Table 2. These give rise to dispersion suppressors that are matched to both focusing (F-D-F) and defocusing (D-F-D) half-cells.

Table 2: Main Injector Straight Sections

	straight
	# half-cells
	quad
	Usage

	MI-10
	4
	Q100
	Proton injection from Booster

	MI22
	3
	Q220
	Pbar extraction to Recycler

	MI30
	8
	Q301
	Contains ext/inj kicker for RR , QXR quads

	MI32
	3
	Q319
	Pbar injection from Recycler

	MI40
	4
	Q400
	Proton Abort line

	MI52
	3
	Q520
	Proton extraction toward Tevatron

	MI60
	8
	Q601
	RF, instrumentation Proton ext. for NuMI

	MI62
	3
	Q619
	Pbar extraction for Tevatron


Of  all the straight sections, MI30 straight section has the most available space and symmetry which makes it a good candidate for the dispersion insert. The geometrical constraints are discussed in the section on MI30 Geometry.  Figure 8 shows a cartoon of the layout of the MI30 straight and dispersion suppressors. It shows the lattice half-cell location, the quad type (length), its focusing, and “approximate or design” phase advance.
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IQB IQC  IQD  IQD IQD IQC  IQB   ………………….. ……  IQB IQC  IQD  IQD  IQD  IQC IQB
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       c5  c4   c3    c2   c1   q1   q2   q3   q4   q3   q2   q1    c1    c2   c3    c4    c5

Figure 8: Layout of the MI30 straight section. The top line identifies the half-cell location. The second line shows the quad type, IQB, IQC, or IQD. The third line shows layout on either side of the straight with the F and D quads and the arc (a) or dispersion sippressor (d) dipoles. 

The “as built” lattice functions and dispersion functions for the MI30 straight section and dispersion suppressors (including ½ arc cell) are shown in Figure 9 and 10. Since the straight section is from a D quad to D quad., the dispersion suppressor is a DFDFD structure. 





Figure 9: The lattice functions around the MI30 straight section. The plots start at the center of the quad Q228 and end in the center of quad Q314. The dispersion suppressors are the four half-cells on either side of the straight section (half-cells without dipoles).  Note the reduction of the beta functions through the dispersion suppressor and beating of the lattice functions within the straight section.


Figure 10: The dispersion function around the MI30 straight section. The plots start at the center of the quad Q228 and end in the center of quad Q314. The dispersion suppressors are the four half-cells on either side of the straight section (half-cells without dipoles).    

It is clear from Figure 9 and 10 that one can define the section between Q228 and Q314 as an “insert” that is symmetrical about the center point, Q305. If the MI lattice were completely matched, then the beta’s and dispersion would be identical at the start and end and their slopes would vanish at the symmetry point mid-Q305 and each end.  When calculating the twiss parameters for the entire ring it becomes clear that the slopes do not vanish at the insert’s ends and the beta and dispersion aren’t equal at each end.  Table XX gives the lattice functions taken from the full ring and those assuming the insert is a matched insert.

	Parameter
	Ring
	Matched Insert

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Un-suppressing the Dispersion in the MI30 Straight

The proposal is to utilize the trim coils in the IQC and IQD magnets, not to suppress the dispersion, but “un-suppress” it, such that a local symmetric dispersion wave within the MI30 straight section is created. This local dispersion bump can be programmed in time (453 modules) such that is used only when needed (i.e. on event). The required size of this dispersion wave is such that a location within MI30 becomes the limiting momentum aperture (with the aid of a closed orbit bump, if needed) for the slip-stacking cycle or any cycle that we wish to provide momentum collimation.   
The concept is to power the trim coils on either side of the insertion symmetrically to produce a “local” symmetrical  insert. This yields five “quad circuits” using the trim coils in the IQC and IQD quads. The lattice code MAD is then used to adjust these circuits to produce the desired insert matched to the ring. The optimum matching conditions would dictate equal number of variables as constraints to produce a unique solution using a least squares minimization routine.   

Lattice Mis-match

There are two issues here. 1) The maximum lattice function within the insert and 2) the leakage of the beta function or dispersion outside the insert. The half height of the MI beam pipe is 23.9 mm (ID) and the half width is 58.8 mm (ID), therefore, the tightest constraint will be on the vertical. The current circulating beam vertical aperture at Q301 for a  ~20  beam (on stacking cycles) is “minimal”, and therefore the halo extends out to the aperture or about 5 . This would imply 1) that the vertical lattice function in the straight section should remain at its current value or lower as not to further reduce the vertical admittance or 2) the vertical lattice function at the upstream end of the straight section (Q301) could be enhanced to provide a location for vertical collimation. The second of these options will be discussed further in a subsequent section. And the maximum should be kept to a minimum acceptable value as defined by the acceptance of the MI beam pipe for a beam with an emittance of 20 . 

Fitting procedure

Since the insert is not matched (i.e. x,y (start) = x,y (end), x,y (start) = x,y (end) = 0, the periodic solution (with design tune) for unperturbed ring is obtained with MAD (shown in figure 5).  The lattice functions at the center of the quads Q228 and Q314 are used for the initial matching conditions and the matching constraints.  The following constraints are utilized:

1. DQ302 =  desired dispersion

2. DQ308 =  desired dispersion

3. Maximum X (inside insert)

4. Maximum Y (inside insert)

5. X at center Q314

6. X at center Q314

7. Y at center Q314

8. Y at center Q314

9. DX at center Q314

10. D’X at center Q314

11. Phase advance X across insert (loosely applied)
12. Phase advance Y across insert (loosely applied)
In addition to the lattice function constraints, two constraints on the maximum x,y  within the matching region, and the two constraints on the phase advance, x,y across the matching section, and constraints on the horizontal dispersion and its derivative at the end of the matching section are also used. These are used for as starting conditions and constraints for matching the insert as a single pass insert. Once the solutions have been obtained the full ring is run to obtain the result from matching. 

0.6 meter solution


Figure 11: Lattice  and dispersion  functions in MI30 for the 0.6 m dispersion at Q302.


Figure  12: Ring lattice and dispersion functions for the 0.6m solution


Figure 13: Delta beta comparison between the nominal lattice functions and those obtained in the 0.6m solution. Green is the horizontal and red is the vertical plane. Outside the MI30 region the error is less than a few percent.
1.2 Meter solution


Figure 14: Lattice functions and dispersion in MI-30 for the 1.2 meter solution

Figure 15: Ring lattice and dispersion functions for the 1.2 meter solution

Figure 16: Delta beta comparison between the nominal lattice functions and those obtained in the 1.2 m solution. Green is the horizontal and red is the vertical plane. Outside the MI30 region the error is less than a few percent.

Collimation scheme for “catching” un-captured beam

Since the un-captured beam has a step size of something greater than 10 um/turn, this scheme proposes to utilize a single stage collimator/absorber. The absorber would be placed just downstream of Q302. The location of the collimator edge would be at a position of roughly 30-40 mm to the inside of the ring as not to obstruct the aperture. The collimator/absorber would be installed (and surveyed) in a fixed position utilizing something like MI magnet stands. The idea would be that the collimator is NOT movable and that the relative position of the beam to the collimator is controlled by the MI correctors. This is an important concept for simplicity of construction (no movable components in high radiation area, reduced potential for failure, and minimize worker radiation exposure due to reduced maintaince.)
As discussed in the section on the MI momentum measurement, with the current machine settings, the dynamic aperture (-.065) is smaller than the momentum aperture (-.02) for losing un-captured beam. This would imply that we either need to 1) reduce the horizontal momentum aperture for un-captured beam  to less than -0.065 just before we ramp, or 2) collimate vertically to provide an absorber for those large amplitude particles that are lost due to the vertical half integer resonance, or 3) both.  
If the momentum distribution of the beam during slip-stacking or recapture leaves beam at a larger dp/p, this could potentially be cleaned up by placing a collimator at the other end of the straight section, Q308, where the dispersion is non-zero. Here, the horizontal closed orbit would be moved to the outside of the ring to contact the collimator.   Figure 17 shows potential locations for the collimators.

Figure 17: Location of potential collimator/absorbers in the MI30 straight section. Here beam is from the right, so Q301 is the first quad in the straight. The primary collimators are shown in red with potential secondary collimators in magenta. Horizontal collimators are located at even locations and vertical collimators are located at odd locations.
The tunnel width is the standard 10 ft tunnel at these locations. It doesn’t begin to open up till about Q305. Figure 18 shows the tunnel components at Q301. 

Figure 18: MI tunnel showing relative position of beam pipe to wall, bus, and LCW. 
The current tunnel geometry limits the size of the collimator/absorber as shown in Figure 18. Here, the beam elevation limits the amount of shielding at the bottom, so the stand height should be kept to a minimum (and no motorized devices). The tunnel wall is the hard limit on the width of the shielding and the LCW pipes are a soft limit on the height (these could be moved).  

Figure 19: Potential cross section of a collimator in MI30. Here we see a compact absorber of about 40 inches square. The exterior surface, at least on the aisle/top side would be marble. The inner part of the collimator is shown as steel, but could be some combination of steel/tungsten/concrete/etc. The cross section of the quad is shown in white for reference. 
The construction of the collimator/absorber will be determined by how much beam is expected to be intercepted. Looking at figures 1 and 2 we see that approximately 8E12 was injected for slip-stacking and we there was a loss of about 4E11 fast loss at acceleration. This corresponds to about a 5 % beam loss of un-captured beam.  At a 1.9 sec rep rate, this corresponds to about 300 watt loss. Projecting this loss to multi-batch slip-stacking increases this number by a factor of ~6 to something on the order of 1.8 kW. 
Current Issues for Generating 

Layout in the MI-30 straight

The current layout of equipment in the Main Injector is shown in Figure 20. 

[image: image8]
Figure 20:Location of MI devices which may be impacted by installation of collimators in MI30.
The counter-wave bumps in MI used for Recycler Injection/Extraction

On cycles where pbars are transferred to or from the Recycler, a Main Injector counterwave is played to reduce the orbit excursions due to the kicker at 304.  The maximum excursion for the counterwave is about 10 mm to the inside.  For typical pbar transfers with emittance of 10 , the required clearance for a collimator would be 23 mm for a 4. 


Figure 21: Main Injector “22 counterwave” for pbar injections into the Recycler. Note the location of the centroid at Q302 is at -9.2 mm.

The location/re-location of the QXR air core quads

The QXR/Bucker air core quads are located just downstream of Q302 (single quad) and just downstream of Q304 (2 air core quads). These units have a 3 inch inside diameter beam tube. The quad at Q302 will need to be relocated 180 degrees to Q306. 
The location and impact on the Recycler kicker located at Q304

If we add a secondary collimator downstream of Q304 we will have to pay attention to the beam position at the collimator as not to hit the kicker. 

Discussion on impact parameter:
The efficiency of collimation is dependent on how far from the edge of the collimator a particle is intercepted, i.e. the impact parameter. If the impact parameter is too small, then the particle is scattered out of the collimator to be potentially lost elsewhere. In discussions with Nikolai, one would like impact parameters for single stage collimation in the 10’s to 100’s of microns. 

We can utilize MI horizontal correctors to move the beam into the collimator. Looking at an impact parameter of 10 microns, then we would like this level of transverse displacement/turn (i.e. 10 microns/11 microseconds or 1mm/ms). At typical betas in the ring it requires about 17 ur/mm of corrector angle.  The horizontal corrector strength is 240 urad per amp. at 8 GeV which  corresponds to a displacement of about 13.4 mm/Amp. For a displacement rate of 1mm/ms the correctors would ramp at a 75 A/sec. rate, within the capacity of the MI corrector supplies.. 

Impact on losses in ECOOL insert

Current losses in the ECOOL region are unacceptable for the inclusion of the ECOOL loss monitors to be effectively included in their beam loss protection system. Efforts are underway to shield the loss  monitors and reduce losses. Special attention will need to be observed to guarentee that the secondary showers produced by the particles which interact with the upstream collimators are fully contained within the collimators and or collimator mask(s) downstream. 

Trim Coil Requirements

The trim coil in the IQC and IQD consist of 16 turn # 14 square wire. The Main coil in each of these magnets consists of 4 turns.  Table XX gives the resistance and inductance parameters for each magnet type.

Table XX:  Trim Coil Parameters

	Parameter
	IQC
	IQD

	
	Main
	Trim
	Main
	Trim

	Resistance  [ohms]
	5.2
	2.4 
	6.1
	2.8

	Inductance  [mH @ 100 Hz]
	1.5
	20
	1.8
	23


The trim coil was designed to give a +/-1% correction to integrated gradient at full excitation. Scaling this to design integrated gradients at 3600A gives the trim coil strengths at 9 Amps listed in Table XX.

Table XX: Trim coil strengths at 9 Amps

	Quad
	Design Strength [T-m/m]
	Trim Coil Strength           [T-m/m]
	K1L

[1/m]

	IQC
	49.83
	0.49
	.0166

	IQD
	57.79
	0.578
	.0195


The initial concept would be that the trim coils would be ramped after re-capture, but before the start of the ramp (when the main quad bus is DC) , in something like 20 ms. Assuming maximum currents of 10A in the trim coil, this requires only a modest 10 to 12 volts for the inductive voltage and only 24 to 28 volts for the quad trim.  The distance from power supply at MI30 to the farthest trim coil is roughly 500 feet. For a #10 cable with a resistance of 1.3 ohms/1000 ft. this gives a contribution of 13 volts for a10 amp excitation.  Since the quad current changes very little during the initial parabola, the .required trim coil power supply voltage to overcome the induced voltage is minimal
Trim Quad requirements

The design utilized the same trim quad that is used MI for resonant extraction and Recycler for tune control with the phase trombone. There are approximately 40 spare magnets. The quad trims have a resistance and inductance of  1.66 ohms and 70 mH, respectively. The measured transfer function up to a current of 15 Amps (no saturation observed)  is 0.0269 T-m/m/Amp. In terms of the integrated quad coefficient, K1L, at 8 GeV/c, the strength is 0.00091 T-m/m/A.  At 15 amps this is 0.01365 [1/m]. 

Power supply Requirements

Preliminary discussions with EE Support have indicated that utilization of MI style power supply chassis’ require the following

· The chassis must be locked out for MI access- must be on a breaker that is locked out by Operations for Access (they currently go to MI-30).

· A new raw supply will be needed (est cost of ~ $10K for the supply and connection)

· New 20 or 30 Amp power supply chassis and channels would need to be built (est ~ $2.5K/channel, including cable to tunnel). We would need 10 channels for the IQC/IQD quad trims and about 7-8 channels for trim quads in straight section, if the localized solution is implemented.

Time structure

The initial concept of this scheme was to ramp the dispersion bump in about 100 ms once all the beam was injected, before the ramp started. An alternative approach would be ramp the dispersion bump prior to injection and ramp it back to zero after the uncaptured beam is removed. 

Local corrector bump rations in presence of dispersion bump

Since the phase advance is changed during the dispersion bump, we will have to adjust mult ratios for three bumps in the straight section.
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