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OutlineOutline

•• JustificationJustification
•• The LatticeThe Lattice
•• The Magnet ConfigurationThe Magnet Configuration
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Why do thisWhy do this……??
•• Bunch length Bunch length ≈≈  √√α/α/√√VVrfrf..
•• Cost:Cost:

 raise Vrf: 2 M$/mm, lowα ≈ 0.4 M$/mm (@ present σl)

•• However, there is a physics argument as well:However, there is a physics argument as well:
 νs ≈ 1/σl if rf voltage is used to shorten bunches
 high νs is suspected to be detrimental to luminosity
 νs ≈ σl if α is reduced, this may be a benefit.

•• Side effect (unwanted!)Side effect (unwanted!)
 our nice and robust HER lattice may get more finicky
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ScenariosScenarios
•• VVrfrf = 18.5 MV,  = 18.5 MV, αα = 2.41E-3 = 2.41E-3

 σl = 10 mm, νs = 0.052
•• VVrfrf = 18.5 MV,  = 18.5 MV, αα = 1.67E-3 = 1.67E-3

 σl = 8.3 mm, νs = 0.043
•• VVrfrf = 26 MV,  = 26 MV, αα = 2.41E-3 = 2.41E-3

 σl = 8.3 mm, νs = 0.062

     (all are zero-current estimates)     (all are zero-current estimates)
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How to do itHow to do it……
•• There are a number of schemes to push a downThere are a number of schemes to push a down

 superperiodicity (Teng-Ohnuma & KAON Fact. lattices)
 Dipole modulation (KF Booster designs, SSC LEB)
 FMC lattices (S.Y. Lee, IUCF)

•• In the PEP context:In the PEP context:
 can’t modulate dipole pattern

• not only cabling/ps but also vacuum system prevent this
 Could modulate the quadrupole focusing,

but this would cause large beam emittance
•• => only 1/=> only 1/√√αα  ≈≈  ννxx left to use left to use
•• => 90=> 90°° lattice for the HER lattice for the HER



U. Wienands, SLAC-PEP-II
BaBar Collab. mtg 6-Dec-04

6

Lattice DesignLattice Design
•• At 90At 90°°/cell, beam emittance becomes small/cell, beam emittance becomes small

 30 πnmr vs 48πnmr now
•• The dispersion-beat technique again applied toThe dispersion-beat technique again applied to

maintain emittance at 48 maintain emittance at 48 ππnmrnmr
 in practise this will remain tunable

•• As it turns out, this also helps the opticsAs it turns out, this also helps the optics
•• Arcs 1 & 3 do the semi-local chromaticityArcs 1 & 3 do the semi-local chromaticity

correctioncorrection
 leave those alone (at 60°/cell)
 the machine was “pre-wired” for this option
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Options for Options for YY phase advance phase advance
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90/60 Lattice90/60 Lattice
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90/90 Lattice90/90 Lattice
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Dispersion FunctionDispersion Function
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AcceptanceAcceptance
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Acceptance closer to Acceptance closer to ννxx≈≈0.50.5
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90/90 with Quad Fringe Fields90/90 with Quad Fringe Fields
•• tunes: (0.518,0.63)tunes: (0.518,0.63)
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Manget ValuesManget Values
•• This is an excerpt from the complete listThis is an excerpt from the complete list

 magnets that need upgrades
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Implementation issuesImplementation issues
•• Biggest job is the split-off of QF90/QD90 fromBiggest job is the split-off of QF90/QD90 from

QF/QDQF/QD
 cabling mostly in place, but new choppers needed
 also split off QDS3S
 Upgrade QDS3E supply retains emittance control.

•• Sextupoles will run significantly hotterSextupoles will run significantly hotter
 cooling needs reconfiguration for more circuits
 add’l chopper needed to raise voltage for SD
 add’l cable needed to raise ampacity for SD
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QF90 ReconfigurationQF90 Reconfiguration

Present configuration Future configuration
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Power Supply SummaryPower Supply Summary

System Cable
Power Supply 

V/A/kW
System V/A/kW Cable Power Supply V/A/kW Other

ED & I 
k$

Material 
k$

Labor 
k$

QD/QD90/
QDS3S

WC 2 loop
1000V, 400A    
2 choppers

QD 250/150/37.5 WC  1 loop 250/150/37.5 new
C, T, 
PPS

5 40 5

QD90 704/206/145 WC  1 loop
1200/400/480 Use 2 QD 

existing choppers
10 0 5

QDS3S 36/155/5.6 4/0 Cu 2 loop 36/155/5.6 new
C, T, 
PPS

10 15 5

QDSOE 4/0 Cu 2 loop
60V, 165A 

Intermediate
QDSOE 52/227/11.8 4/0 Cu 2 loop 52/227/11.8 new 5 15 5

QF/QF90 WC 2 loop
1000V, 400A    
2 choppers

QF 256/146/37.4 WC  1 loop 256/146/37.4 new
C, T, 
PPS

10 40 5

QF90 726/207/150 WC  1 loop
1200V, 400A - 2 

choppers
10 0 5

SD 350Al 1 loop
500V, 400A     
1 chopper

SD 1016/309/314 500 Cu  1 loop
1200V, 400A  2 

choppers, 1 new
10 15 10

SF 350Al 1 loop
500V, 400A     
1 chopper

SF 510/157/80 350Al 1 loop 600V, 400A - 1 chopper 5 0 0

65 125 40

Indirect costs 88 134 54

With contingency @ 15% 102 154 63

318

New

Direct costs

Present

Cost (direct + indirect + cont)
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Sextupole Excitation FunctionSextupole Excitation Function
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HER Sextupole transfer function @ x=0

 coeffs[1:3]:{3.77048,3.09077,0.30842}
 coeffs[4:]:{-0.0237122,0.000954179,-2.05704e-05,2.23094e-07,-9.40992e-10}
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Sextupole Thermal EstimateSextupole Thermal Estimate

0.780.780.460.460.330.330.190.19Bp (Al) @ Bp (Al) @ rroo

432.56432.56253.23253.23183.71183.71105.96105.96Allowable B" (Al Coil) - T/mAllowable B" (Al Coil) - T/m2 2 @20@20ooCC

8.418.414.924.923.573.572.062.06Current Density AlCurrent Density Al

1.2566E-061.2566E-06Air permeability (Air permeability (WbWb/A*m)/A*m)
516.19516.19302.19302.19219.23219.23126.45126.45Allowable Current (Al)/magnet (Amp)Allowable Current (Al)/magnet (Amp)
0.00780.00780.01550.01550.02330.02330.04650.0465Al Coil Resistance/circuit (Al Coil Resistance/circuit (ΩΩ))

1.20E-061.20E-06Al Al resistivity(resistivity(ΩΩ-inch)-inch)
2066.662066.661416.551416.551118.351118.35744.05744.05Power Lost (watt)/circuitPower Lost (watt)/circuit

0.26180.26180.17940.17940.14170.14170.09420.0942Water Flow QTY (Water Flow QTY (gpmgpm)/circuit)/circuit

66332211Water Water circuit(scircuit(s)/magnet)/magnet
°°°°0.060.06rr00 (m) (m)2.3622.362SextrupoleSextrupole  rroo (in) (in)

3030Allowed Allowed ΔΤ ΔΤ οοCC
°°°°10,80010,800ΔΔP (lb/ftP (lb/ft22))7575ΔΔP (P (psipsi))

51.2351.23One coil length (ft)One coil length (ft)
°°°°0.00980.0098Hole D (ft):Hole D (ft):0.09510.0951Conductor Area (inConductor Area (in22))

0.0320.0320.1180.1180.3270.327Conductor: edge L/hole D/ corner Conductor: edge L/hole D/ corner R(inR(in))

2424Turn/per coilTurn/per coil

PEPII HER PEPII HER SextupoleSextupole Allowed Current Calculation Allowed Current Calculation
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Sextupole HarmonicsSextupole Harmonics

PEPII IHEP Sextupole Magnetic MeasurementsMagnet Name: S000B183
Amps 59.96 149.88 199.99 299.855 384.86

n
1 3.89E-08 3.89E-08 3.89E-08 3.89E-08 3.89E-08

2 1.14E-07 1.14E-07 1.14E-07 1.14E-07 1.14E-07

3 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00

4 1.541E-03 1.486E-03 1.459E-03 1.179E-03 9.997E-04

5 1.229E-03 1.346E-03 1.356E-03 1.053E-03 8.511E-04

6 1.012E-04 1.450E-04 1.644E-04 1.439E-04 1.521E-04

7 4.341E-04 4.025E-04 4.133E-04 4.052E-04 3.911E-04

8 5.792E-04 5.669E-04 5.874E-04 5.898E-04 5.945E-04

9 3.422E-03 3.419E-03 3.417E-03 3.465E-03 3.458E-03

10 4.839E-05 4.426E-05 4.621E-05 3.252E-05 2.432E-05

11 3.387E-05 1.905E-05 7.913E-06 1.667E-05 1.014E-05

12 8.937E-05 9.757E-05 9.052E-05 1.020E-04 1.654E-04

13 1.315E-04 1.020E-04 5.553E-05 9.372E-05 8.201E-05

14 1.720E-04 2.087E-04 2.056E-04 1.992E-04 1.816E-04

15 7.675E-04 7.723E-04 7.591E-04 7.680E-04 7.515E-04

16 5.079E-05 5.894E-05 5.230E-05 6.857E-05 6.072E-05
ΔX 9.1061E-04 9.0852E-04 9.0774E-04 9.0270E-04 8.9980E-04

ΔY 2.8204E-04 2.8497E-04 2.8566E-04 3.0337E-04 3.1615E-04

BLn/BL3

PEPII HEP Sextupole Harmonics Measurement Data

0.0E+00

5.0E-04

1.0E-03

1.5E-03

2.0E-03

2.5E-03

3.0E-03

3.5E-03

4.0E-03

4 5 6 7 8 9 10 11 12 13 14 15 16

n

B
n
/B

3
59.96

149.88

199.99

299.855

384.86
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ConclusionConclusion
•• The HER 90The HER 90°° lattice project has been funded as lattice project has been funded as

AIPAIP
•• Power supply additions have been enumerated andPower supply additions have been enumerated and

circuit modifications designedcircuit modifications designed
•• Deployment of hardware planned for next longDeployment of hardware planned for next long

shutdownshutdown


