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INTRODUCTION

Consistentwith the SuperconductingSuperCoflider SSC constructionpians,

an Injector Workshopwas held at the SSC Laboratoryon December3-6, 1990

to discussthe issuesof the Injector chain. The chargeto the workshop is de

scribedin theletter of invitation to theparticipants,reproducedasAppendixA.

The non-SSCLparticipantswere L. Teng,M. Furman,S. Penner,M. Craddock,

U. Wienands,S. Koscielniak, S. Pruss,3. GriffIn, and E. Courant.

Nine working groupswere formed. They are listed below togetherwith the

groupcoordinators:

spacechargeeffectsL. Teng

High gamma-tlatticesa. York

RF M. Craddock,W. Funk

LEB-to-MEB bucketmatching3. Peterson

transitioncrossingR. Gerig

MEB beampipeS. Pruss

bunchspacingJ. Griffin

circumferencesand fills S. Penner

parametersconsistencyM. Furman,C. Manz

The workshopagendawasas follows:

Monday,December3, 9:00 a.m.-12:00p.m.

welcomingremarksD. Edwards

statusof LEB a. York

statusof MEB R. Gerig

statusof HEB D. Johnson

discussionof tasks and specific assignmentsA. Chao
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Wednesday,December5, 9:00 a.m.-10:00a.m.

workinggroupcoordinatorsmeeting

Thursday,December6, 2:00 p.m.-5:00p.m.

working groupsummaryreports

This documentis the collection of the summaryreportsby the working groups.

It servesas thereferenceof work in the next severalmonths.

-Alex Chao
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SPACE CHARGE EFFECT IN LEB

L. Teng



SpaceCharge Effect in LEB

Maximum tuneshift core of Gaussianbeam

600MeV 1000MeV
1.22 0eV/c 1.70 0eV/c

0.6irpm 0.4 0.16

0.25irpm 1.0 0.4

0.16 looks o.k. but 0.4 perhapseven 1.0 may still be o.k.

Computation by Machida

1. 0.6rpm 600 turns -* 0.65irpm reachingasymp.

Seeplot on p.5

2. 0.25irpm 1000 turns -s 0.3ir pm still rising

Seeplot on p.6

Improvements:

1. Continue0.25rpm calculation to asympsaticvalue.

Overshootformula shouldapply.

Ejnj. < Easymp. = Ethresh.2

2. So far only radial r binning is included. Driving of coupling resonancesis

not given correctly. Should add sectiony binning-computer time may be

too long!

3. Add accelerationwork by Talman andBourianoff.

In 1000 turns:

At bottom of Cos, momentum= 1.22-1.28GeV/c

At fastestslope, momentum= 1.9GeV/c

Effect is significant.
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PRELIMINARY

0.700

0.625

a

C
C..

a
a.

0.500

O57

0.550
0 200 400

turn number
500

5



PRELIMINARY
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4. Emittancebudgetby S. Penner.

a. Injectionblowup-steeringerrors,focusingmismatch,foil scattering

0.25ff pm -.* 0.41ffpm in LEB

b. Extractionblowup-steeringerrors

0.S5irpm- 0.6Oirjzm in LEB

Henceall self-field effectsshouldcauseno moreemittancegrowth than

0.4ff pm -* 0.55ff pm

5. SomeMachidaresultsstill haveto be understoodphysicaily.

6. Add vacuumchamberwail effects. Negligible?

Conclusions:

sectorbinning

accelerations
1. With added

wall effect

synch.osc.

and with bin size, step size, convergence,precision etc. all checked; the

computercalculationis perhapsthe best and only thing one can rely upon.

2. 600 MeV is likely o.k. But goingup to 1000MeV is alwaysafailback position.

3. Spacechargeneutralizationmay be considered,but it is not reliable.

4. Octupoles?
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Improvementson Machida’sSpaceChargeSimulation

1. Usetwo degree-of-freedombins r, y insteadof a singledegree-of-freedomr.

2. Add accelerationand vacuumchamberwall effect.

3. Add synchrotronoscillation. The synchrotronoscillation modulationon the

tuneshift can be 100%. But this would expandthe problemto 3 degrees-of-

freedomand one shouldalso considerlongitudinal spacecharge!!!

4. Minimum convergencestudiesrequired.

a. Bins size

b. Step-size

5. This is a different problemand I do not know how to do it any otherway!
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HIGH y* LATTICES

It. York



REPORT OF THE HIGH - LEB WORKING GROUP

December6, 1990

Working Group Members

Richard York
Ernest Courant
Mike Craddock

Al Garren
SamPenner
Fulvia Pilat

Ulie Wienands



LED Design Issues

* Lattice

* 7ir

* DynamicAperture

* Linear Aperture

* Circumference

* SpaceChargeTune Shift

* RF DesignGap Voltage-HDWR space

* PolarizedBeamTransport-HDWRspace

* DetailedPartsJnventory-HDWRspace

* Trans. Emittance0.6ff mm mrad

* SpaceChargeTune Shift

* HardwareTolerances

* Collective Effects
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High -y Lattice Subjects Considered

* Space-M. Craddock,R. York

* GeneralParameters-U.Wienands

* AlternativeLattices-A. Garren,U. Wienands

* DynamicAperture-F. Pilat

* PolarizedBeam-E. Courant,U. Wienands

* TransverseEmittanceBudget-S.Penner

Preliminary Conclusions

Space

The longitudinal spacefor a 12 GeV/c, high ‘yj lattice will requirea circum

ferenceof at least540 m if significant careis takenand probablyat the expense

of someengineeringcomplexity.

General Parameters

The generalparametersstipulatedat the beginningof the report arereason

ably appropriate. Spacechargetune shift considerationswould tend to decrease

the 54Dm circumferenceandto increaseinjection momentum.Longitudinalspace

considerationswould tend to increasethe 54Dm circumferenceand to decrease

the extractionmomentum.

Alternative Lattices

The two latticespresentedsupportthe preliminaryconclusionthat a suitable

yj 20 lattice with a triangularshapeand a circumferenceof approximately

540 m is feasible.

Dynamic Aperture

Evaluation of the perturbedGarrenlattice and the unperturbedWienands

lattice, support thepreliminaryconclusionthat a suitabledynamicaperturemay
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be achievedthoughprobablynot without significantcareandtherefore,engineer

ing expense.

Polarized Beam

A high lattice symmetryin the vertical planemay be necessaryin order to

effectivelyavoidorotherwisecompensatedepolarizingresonancesunderthe basic

LEB designconditionsof repetitionrateandmomentumrange.

TransverseEmittanceBudget

Thetransverseemittancegrowth budgetof c = 0.6ff mmmradafterextrac

tion will be marginally adequategiven the fact that preliminaryestimatesfor

contributions other than thoseattributableto spacechargetuneshifts, lattice

perturbations,and collectiveeffectsaccountfor all but 0.l5ir mm*mrad.
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Specified LEB Design Parameters

* Pinjection

* Baseline-* 1.2GeV/c

* Potential -÷ 1.7GeV/c

* EN-injection = 0.25ffmmmrad

* 1extraction-* 12GeV/c

* = 12.8

* N-ezira.cjion
* Collider = 0.6ff mmmrad

* Test Beam 4ir mmmrad

* Circumference= 540 m

* RepetitionRate= 10Hz

* Particles/bunch

* Collider = 1 x 1010

* TestBeam= 5 x 1010

* Bunch Spacing

* Baseline -* Sm

* Potential -* 10, 20, 30,??m

12



LEB Space

M. Craddock

Machine p.

GeV/c

C

m

NQ N8 L8

m

NtL5t

m

%

LEB
SCDR

12 540 90 24 4 96 18

LEB
AAG 11/90

12 540 84 12
48

5.8
2

70
96

13
18

LEB
1.1W 12/90

12 540 108 24 5.4 130 24

FNAL Booster 8 474 96 24 6 144 30

MOSCOW KF
Booster

8.4 470 68 24 6 144 30

ICAON Booster 3.9 216 48 24 4.1 98 45
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A SPACE INVENTORY shouldbe compiled,to include:

KOAN Booster

- magnets2, 4, 6 . . . pole has24 straights

- rf cavities-fundamental - 6

-harmonic -

- dampers 3

- injection 2

- extractionand abort

kickers, septa,bumps 3

- beaminstrumentation 2

- polarimeter

- snakes,pulsedquads

- scrapers,collimaters 4.

- correctionmagnets

- pumpingports distributed

- bellows and flangesJ
1 iii-spare
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Straights Space Budget

* 12 Short Straights55 5.Sm

* SpaceAvailable for non-lattice 5.0m

* Injection, Extraction,RE, PolarizationHardware,etc.

* Inject. 1 & Ext. 4 HDWR -+ 5 SS SCDR

* 1ff Hardware-t 2-S SS

* Lengthper Structure= 1.25 m SCDR

* Assume4 Structures/SS

* SCDR -, 8 structures= 2 SS

* n=8,n-2xll7kV=700kV

* n = 8, n x 88kV = 700kV

* A ContingencyPlan -* 16 structures= 4 SS

* ii = 16, n -2 x 50kV = 700kV

* n = 16, n x 43.75kV = 700kV

* A LongitudinalEmittanceBlowup Scheme-. 20 structures

= 5 SS

* ii = 20, n -2 x 50kV = 900kV

* n = 20, it x 45kV = 900kV
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Short Straight 55 Allocation

Allocation # Short Straights

Injection 1

Extraction 4

RF 5

PolarizationSnake 1

Diagnostics,Contingency 1

TOTAL 1 2

* MUST CompleteCAREFUL Inventory

* primary lattice magnets,correctionmagnets

* dampers,pulsedquads,beaminstrumentation

* pumpingports, bellows, flanges

* scrapers,collimators

* if cavities fundamental,harmonic

* injection, extractionhardware

* snakes,polarimeter

* spare???????
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Matching of Accelerators

U. Wienands

T0 -, Ad -.-* -+ Ac2 -t T2

To optimize ‘1, makespacechargeS-C tune shift the samein both rings.

Matchingof radii and repetitionrates

Rifi = R2f2, . = constantimplies 1’Jifi = N2f2.

Matchingof S-C tuneshift d-v

N1 N2
dv1=

2’
du2= 2/3o7

dv1 =

N1 floy R1 /3171
=>-=

2
Rocp

N2 I317 1?2 /9272

= I9M = /307/3272

For LEB; MEB: 2’2 = 180GeV, T0 = 0.6GeV.

= 307g9272

‘1 6GeV

For LEB; MEB: 2’2 = 180GeV, T0 = 1GeV

= /90702/3272

‘719, T17.5GeV
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Pick:

2’1 = 8GeV, P1 = 8.889GeV/c, 71 = 9.5264

frcp:15Hz, R=360m, vc8

To achieve same value of q at extraction 0.00276 as in present scenario

p1 = 12GeV/c, 20 requiresthat ‘yj 11.
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High 72r LEB Lattice

* At: USERS:LYORX.LEBLEBJ.8NOV.X

* MachineFunctionValues

* Circumference= 540m

* zi8.43,v8.42

* 7t21.3

* fl max/mm

* /9! max/win

* th max/mm

* X/y natural

* Magnetic Elements

* Dipoles -* 3 types, 72 total

* Quadrupoles-* 5 types, 84 total

* Sextupoles-* 2 types, 24 total

Garren

= 27.6/1.71EmJ
= 23.2/3.53[m}

= 3.95/ - 2.53 fm]

= -11.42/ - 10.03
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dipole

I
revised lattice #3 11/30/90
dipoles shown similar to BNL with 1.5 inch added to coil overhang
quads shown as BNL
sextupoles shown as Bit with 6 inches iron
trims shown as identical to sextupoles

%.27 cm ---- - 98.47 cm

242.3 ciii *---- ---.---- -- .-



1
revised lattice #3 11/30/90
dipoles shown similar to 8N1 with I .5 inch added to coil overhang
quads shown as BWL
sextupoles shown as BNL with 6 inches iron
trims shown as identical to sextupoles

115cm

- - 229.55 ciii



High -y,. LEB Lattice

* At: USER5:[YORK.LEB]LEBTRIAN.DAD

* MachineFunctionValues

* Circumference= 540 m

* Lix 12.2, Ily 11.2

* 7tr 22.5

* fl max/mm

* j3, max/Sn

* q max/mm

* Xx/y natural

* MagneticElements

* Dipoles -* 1 type, 48 total

* Quadrupoles-+ 8 types,91 total

* Sextupoles-* 2 types, 36 total

Wienands

arc = 20/3 [in]

= 30/0.7 [m]

= 3.95/ - 0.2 [m]

= -20.35/ - 23.93
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TRIANGULAR LEB LATTICE WITH GAMMAT=20
U Jianünds
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Past TransverseOptics Efforts

Pilat

* DynamicApertureDetermined

* PerfectMachines

* Chromaticitycorrectedto zero

* c = [4 x 1t6 x at 0.6GeV

* Vacuum Chamber 6c

* BenchMark

* 480M FODO with 6.3

* DynamicAperture 28a

* LEBJSNOV.X with 7gr 21.3

* DynamicAperture 14 a

Ernittance Aperture

* BeamSize

* 6 X testbeam= 24rpm

* BeamSteering[5mm with ,8 lOm

* 2.5irpm

* Total =t 27.5irpm
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PresentTransverseOptics Efforts

Pilat

"Quick" Stability Analysis

* Use ±4c Gaussiandistribution

* Set ConservativeEasyto Achieve Values

* Set Misalignments

* = 0.5mm

* = 2mrad-* O.2mraddipoles

* a =5mm

* = 2mrad

* BPM’s -* = 1mm

* BPM x & y per quadrupole

* Correctorplaneof focus per quadrupole

* Set Multipoles

* Quadrupoles[Dl]. B2-B5 multipolesadded

* Sextupoles[B2]. . B3-B6 multipoles added

* Dipoles BO1.. . BI-B2 multipolesadded

* Includeeddy currentcontributions

* Set Mispowering

* Systematica = 3 x iO

* Randoma = 1 x iO

* OetermiijeDynamicAperture/Linearity

* Misaligned Corrected

* Multipoles

* Mispowered
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Tracking Status

Garren LEB Lattice

1&Nov

Pilat

Case A B C

Chromaticity Sextupoles Yes Yes Yes

misalignment No Yes Yes
all elementsa = 0.5mm

BPMs o=lmm

errorsin bends No Yes Yes
multipoles & mispowering ia-3
random& systematic at 5cm at 5cm

errorsin quads Not yet Not yet Not yet

dynamicaperture 14a ha 7a

equivalentmaximum 600ir 360’ir 1507r
ernittancemrnrnrad
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Transverse Emittance Budget

Penner

* LINAC - 0.25irpm

* With Injection Errors - 0.41 irpm

* Steering-+ A = 0.02irpm

* Bump Field -* = 0.021rpm, Bt = 1.2 x io3

* SeptumField -÷ = 0.02 rpm, Bi =4 < io-
* Foil Scatter-* A = 0.06rpm

* Matching -* = 10% of above

* With Ext. Errors -* 0.45irpm

* Bump -* A = O.0005irpm, 112 = 1 x iO

* Fast Kicker -* = 0.02 irpm, Bt = 1.2 x 10-2

* Septum#1 -* A = O.000Sirpm,Bt = 1 ‘< io-3
* Septum#2 -* = O.Q26irMm, Bt = 4 x iO4

* Not Included

* SpaceCharge,Collective Effects

* Lattice MagneticTolerances,Acceleration

* BudgetRemaining -* A = 0.15 irpm
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General Remarks on LEB Lattice

L. Teng

1. High 7 lattice looks o.k. The advantageof not crossingtransitionin

a rapid-cyclingmachineis worth the trouble. But thepresentlattice

doeslook very crowded. Onemaylike to havealargercircumference.

2. lIthe dipolesandquadrupolesareall in series,why not usecombined

function lattice? This will save spaceandmoney.

3. One might considerinjection on the rising part of the sinusoidal

ramp insteadof on the bottom. This acceleratesfaster and is good

for reducingspacechargeeffect fast.
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LEB POLARIZATION

E. Courant



Cure AGS, ZGS

Very fast pulsedQuadrupoles

modulatev, rapidly throughresonance

I :.‘ .‘. t
.c :. -‘ j* :,

-, ..

Must make Lv - 0.1 to 0.2 in a few turns
‘-.‘

5,asec,then decayback. Need

expensiveferrite quadrupoles,powersupplies.

Worsein LEB thanAGS becauseof timing: Someresonancesonly a few millisec

onds apart.

41



LEB Polarization

Depolarizingresonanceswhenever

= = vp ± kPJ

P periodicityof lattice

G = 1.793 = anamalonsmornat factor

GarronLED

7G y & Depol Factor

1, + 0 4.695 0.0059 0.50

24 - v 8.69 0.0062 0.48

9 + v 9.71 0.0033 0.82

27-v 10.36 0.0094 - .03

12 11.39 0.032 0.83

33 - v 13.71 0.0100 - .12

With the partial snake,spin flips by > 99.9%at every integer value of yG.

Fast pulsequadsfor "intrinsic" resonancesstill work but partialsnakedoes

not help those.

Higher energy machinesMEB, HEB, SSC: "Siberian Snake" technique

should be capableof eliminating resonances.
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Alternatelattice = U. Wienands:

Lattice where effective periodicity for polarization is 12. Only 2 of these

resonancesexist-easierto cope with.

Imperfections:

Resonanceswhenever7G = k any integer. With orbit errorsdownto ‘-‘ 2mm,

thesehavewidth C 0.005-but still depolarize.

Cure:

"Partial Snake" Solenoid,18° spin rotation

4T - M © 12GeV/c.
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1 depolarizationcomponentsfor LEB-1SNV with NU 8.4178, C = 1.7930

Invariant Emjttance 1.500mrad-mm

Imperfectionresonalwescomputedwith ms orbit displacementO.2255E-02meters

RESONANCE KP GAMMA EPSR EPSI WIDTH DEPOL

FACTOR

2.42 = NU - 6 1.348 -0.000271 0.000000 0.00027070

3.58 = 12 - NTJ 1.998 0.000580 0,000000 0.00057992

5.42 = NU - 3 3.022 -0.000149 0.000000 0.00014928

6.58 = 15 - NU 3.671 -0.000033 0.000000 0.00003272

8.42 = NV + 0 4.695 0.005900 -0.000001 0.00590023 <xjO.5J

9.59 = 18 - NU 5.344 -0.000800 0.000000 0.00080019
11.42 = NU + 3 6.368 0.000052 0.000000 0.00005193

12.58 = 21 - NU 7.017 0.000576 0.000000 0.00057649

14.42 = NU + 6 8.041 -0.000207 0.000000 0.00020722

15.58 = 24 - ND 8.691 0.006243 0.000000 0.00624347 cx[O.48]

17.42 = 9 + NU 9.714 0.003253 0.000001 0.00325315 c {O.82J

18.58 = 27 - NT.] 10.364 -0.009389 -0.000001 0.00938942 c [0.03]
20.42 = 12 + NU 11.387 0.003284 -0.000001 0.00328435 <xO.83}

21.58 = 30 - ND 12.037 0.001183 0.000000 0.00118295

23.42 = 15 + NIl 13.061 0.002226 0.000000 0.00222590

24.58 = 33 - NU 13.710 -0.009954 -0.000001 0.00995402 < [0.12]

L LEB IQ NOV LATTICE

X LEB TRIAN LATTICE
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RF

W. Funk and M. Craddock



rf Working Group

Members

J. Griffin
S. Koscielniak
M, Cradclock

3. Rogers
C. Friedrichs
G. Schaffer
D. Coleman
Y. Goren
W. Funk

N.K. Mahale



rf Working Group

Issues:

* eddy currentsin the tunermanageable?

* what limits on i-f VI and areallowed? How accuratelydoes the

cavity resonancehaveto track the rf drive?

* what is the maximumcavity operatingvoltageachievable?

* what alternativecavity designsareavailable?

* how severeis beam loading during LEB MEB longitudinal

matchingmaneuver?

* do we needmorevoltagecapability?

* could 2nd or 3rd harmoniccavitiesbe built for dampingor capture

voltagelinearizingor eventransition crossing?

* couldwe build sub-harmoniccavitiesto addressthe questionof vari

ablebunchspacing,as an alternativeto bunchcoalescing?
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Thner Eddy Currents

ShaneKoscielriia.k,TRIUMF

* experiment:in the absenceof a readily available 3-D eddy currentprogram,an

approximateanalysiswas carried out, and the conductingsurfaces

in the tuner modified. After experimentation,someimprovements

werefound to benecessary.Thesehavebeenimplemented,and the

eddy current behaviorof the tuner at 50Hz is now acceptable.

* theory: a 2-D model hasbeendeveloped,usingPSPICE,which is now being

fitted to the experimentaldata.

* conclusion: the LANL/TRIUMF style cavity tuner should work on the LEB

without eddy currentproblems

Controls: Gap Voltage and Cavity Resonance

ShaneKoscielniak,TRIIJMF

* rf noise: analytic studiessuggest and experienceat CERN confirms that

phaselocking the H drive to the beamgreatlyimprovestoleranceto

phasenoise. Similarly, a dampingsystemfor longitudinalquadrupole

oscillationsgreatly reducesthe sensitivityto amplitudenoise.

simulationstudiesshouldbe pursuedto confirm theseanalysesand

to examinethe effect of real systemswith errors.

* resonance:proposedcharacteristicsof the LEB rf systemleadto a tunerband

width requirementof 20 kllz. Includingthe effectsof a fast feedback

loop of modestgain 10 reducesthis to about2kHz, which is readily

achievable.
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Beam Loading during LEB MEB Matching Exercise

Jim Griffin, FNAL

* this will be a problem, but operationalmodes have been devised

which will minimize the effect and hold it to acceptablelevels.

Are there betterways to achievethe required match?

Maximum Achieved Gap Voltages in Prototype Cavities

* no existing broadbandcavity has demonstratedacceleratinggra

dients in excess of 30kV/rn cw in this frequency range. The

LANL/TRIUMF cavity has supported > 100kV at reasonable

duty factors, but only at the top end of the bias curve, and

"corona/imperfectdischarge"effectswereencountered.At thepower

levels and frequenciestested,this did not limit operation. Experi

mentsat TRIUMF which will attempt to extend the operatingen

velopehavenot yet begun,but are expectedin the first quarterof

calendar‘91. The LANL "Main Ring" cavity illustrated someaddi

tional factorswhich haveto be takeninto considerationin the design

of the tuner.

Alternative Cavity Designs

Friedrichs: a variant of the LANL/TRIUMF cavity with a tuner design incorpo

rating flood or bath cooling to eliminate "imperfect discharge"and

optimize heattransfer.

= high gradientJRt

* Schaffer: a variant of the FNAL Boostercavity with a stripline tunerconfig

uration

. low gradient/highRh11t
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* Griffin: avariant of the FNAL Main Ring cavity modified for largercoupling

of the tuner to the cavity

==‘ high gradient/lowshnnt

* Conclusion: a decisionrequiresdetailedengineeringstudies. Thesearenow be

ginning. We wish to makea decisionby the end of January,1991.

Will more voltage capability be required?

* implementationof a schemeto blow up the longitudinal emittance

in the first half of the LEB accelerationcycle will demandabout

25% greatervoltage capability, no matter how the blowup is done,

and require the additional voltage at an earlier time in the cycle,

whenthe ferrite biasis lower, and the storedenergyand dissipation

is higher.

* We can’t get lower voltagerequirementsby slowing the rep rate or

reducingthe ring circumference,andthe demandson therf arestrin

gent enougheven without this addition,so if it is demanded,what

can we do?

LATTICE DESIGNERS: MORE SPACE!!
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Harmonic and Sub-harmonic Cavities

althoughtheseposesome technical challenges,they do not appear

to beshow-stoppers.If suchcavitieswereconsideredto be necessary

or useful,they couldbe built.

Final Concernsnon-technical

* Given that the MEB must be availableshortly alter the LEB, and

that TRIUMF is performing "prototype" studiesappropriateto the

LEB rf system,is the presentdistributionof effort in-houseat SSC

thebestone couldhopefor? Shouldn’t therebe moreeffort directed

at the MED rf from within SSCL?

* Shouldmore spacebe createdin the lattice for rf to allow for the

additionaldemandsnow beingproposed?
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Eddy Currents

ShaneKoscielniak, TRJUMF

We havesolvedour eddycurrentlossproblems.We havelearnedthat thereis

no 3-D programreadilyavailableto predict the problemsweran into; and we are

now trying to makea 2-D model basedon PSPICEand our measurements.Our

problemsweresolvedby putting our structurein anAC magneticfield, measuring

theeffect of eddycurrentsandmakingappropriatechangesto minimizethe effect.

Now we are in a processof fitting the model to the measurements.

StatusReport on TRJUMF Booster Cavity

Roger Poirier

ShaneKoscielniak,TRIUMF

The cavity is assembledwith no ferite rings andoperatedat a fixed frequency

of 65 MHz. A 50 ohm load is capacitively coupledto the cavity from below the

tube coupling. The cavity has been conditioned through multipactoring and

reacheda pulsed2% duty cycle gap voltage of 65 kV; and is limited by the

powersupply.

In cw modea gapvoltageof 50 kV is reached;limited by the capabilityof the

temporaryanodepowersupply which canproduceonly 11 kV dc. Given 50 kV

and 50 ohm load, 25 kW is dumpedinto theload and 7 kW into the i-f structure.

At present,the main problemis with dc power supplies;thesearewith the

manufacturerand shouldbe backwithin a week or so.

LEB RF-Noise Evaluation

ShaneKoscielniak, TRITJMF

1 Considerwhat fraction emittanceincrease,ae/EL, is allowed during the

acceleratingcycle or storagetime, AT. Be wary of periodswhenbucketfill-factor
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is close to unity. Be awarethat noisestimulatesfaster growth at the periphery

of the bunchthanat the core.

2 Spectraidensity,5, per turn as seenby beam:

2 z
wAT e

if parametersvary, then computeseveralvaiuesand average.

From here, therearetwo questionsone might ponder:

i What arethe specificationsfor S at the phaseand amplitudesources?

The answerdependson modulationtransferfunctionsofsystemcomponents;and

on whetherthesearebeamfeed-back‘oops.

ii What areAi/rms andaiV!Vrms in termsof S,1, and Sa, respectively?

Theproblemis that onemust computetheintegral f00° Swdco andso, a complete

knowledgeof the spectraidensityfunction is required;or at least somerealistic

cutoff .

I havesketcheda few results in the accompanyingnote. The tolerancesare

comparableor less severethan thoseachievedat CERN. Basically, the storage

time is short.

N.H. The analysisassumesuncorrelatednoise. So, for instance,the effect of

the voltage perturbationdue to beamcurrentrevolution harmonicsis

not included.

Reference:TRJ-DN-89-K68"RF NoiseTolerancesfor KAON Factory."

RF Noise Calculation Background

ShaneKoscielniaic,TRIIJMF

Bunch harmonicoscillator.

Henceexpressmotion in action anglevariables,J, b.
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Noise=* perturbedHamiltonianAH.

0
J = -6H/619
0

= +SaiI/oJ

Find Jt, j5t to 2Hd orderasintegralover time J’ dt’. Find ensembleaverageby

integratingover initial phasesj’ do. Can reversethe integrationorder over

phasesthenover time and find that what is left is the Fourier Transformof the

time-dependentdisturbancei.e. noiseevaluatedat the synchrotronfrequency.

RF Noise Tolerancesfor LEB

ShaneKoscielniak,TRJUMF

Phase-spacedensity p + t obeysdiffusion equation. J’ = "Action" aM

to5 = synchrotronangularfrequency.Solutionsareof the form px exp i.
For frequencynoise alone:

2 2
=

Sjw3 ws*w5

S1w is the spectral densityof frequencynoise appearingat the gap * in the

neighborhoodof the synchrotronfrequencyincoherent; is the spectralden

sity of phasenoise.

For amplitude noise alone:

W325a2W6

Saw is the spectral densityof amplitude noise appearingat the gap at the

incoherentquadrupolemodefrequency.

* Though I’ve said at the gap, the formalism assumesthe plural discretecavity interactions
havebeenreplacedby a continuousforce acting over one revolution aboutthe ring. What
I was trying to stressis that this noise is not necessarilythe sameas that at the frequency
sourceor amplitudesource, For instance,an highQ cavity actsas a filter and will attenuate
sidebandsof the carrier; so that noise at the gap is less than that at source.
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We haveassumedun-correlatednoise.

Noisepresentat higher-orderside-bands3w3, 4w3, 5w, Ga3... is not so ef

fective at bunchdilution exceptfor long bunches.For phasenoise, "long" means

> 120° length. For amplitudenoise, "long" means> 160° length.

Above inequalitiesarerewritten:

and

What is a suitablevaluefor the c-folding time r?

The answerdependson how full the ri-bucket is and hence/vo1tage. The syn

chrotronfrequencyaiso dependson vo1tage. Parametersfor LEB aregiven on

pages184-187of SSCP. The answeralso dependson what diffusive emittance

growth canbe accepted.

Looking at the LEB cycle, the noise toleranceis dominatedby the first

30 milli-sec, when synchrotronfrequencyis large and ratio of bucket-to-bunch

areais small.

2ir1O kHz = = or 66% filling.

Just supposethe filling can rise to 83%,

= expL = = 1.25 at t = 30 x io3 sec.

Hence,r = 0.134 seconds.

Finally, the spectraldensity is S < 2/wr. S 4 x io9 sec for both types

of noise at the appropriatefrequency.

Let us translatethe spectraldensitiesinto more intuitive quantities,

and A7rms.
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To makeany realistic progress,we needthe frequencyspectrumof the noise

r. and this should be pursued. For the moment, we makesomegross approxi

mations. From Wiener-Khintchine,

gt2 = If

Suppose59 is constantup to somefrequency& and fails rapidly to zero after

wards. This is very unrealistic. Then, gI2 = 89013/ir.

PhaseNoise

&2 = S?p&3Jir.

Suppose

= 4 x ir9 sec.

= 2r25 kHz

then, A’rms = 0.014 radian = 0.8° for the whole ring. If cavities are noise-

correlated,then

Arms per cavity = O.8°/Ncav = 0.080 for ten cavities.

Amplitude Noise

çcxv/V2=

Make similar suppositions411Tms per cavity = 1.4 x iO. Thesevalues look

very daunting BUT feeclbaekloops will increasethe toleranceto noiseby 1 to 2

cycles of magnitudes,also historically speaking,the amplitude noise has been

foundto be muchsmallerthan phasenoise in rf systemsconstructedso far. The

noise reduction due to a dipole mode damping ioop i.e. beam phaseloop is

given in TRI-DN-89-K68 section 3. The noise reduction due to a quadrupole

mode dampingloop is sketchedout in an accompanyingnote.
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PhaseNoise

Let Gjj be spectraldensityof voltagenoiseat input to VCO. Let M be the

radian-to-voltagegain in the phase-detector.Then &2 2icwsGu/M? and

2
128

2
x 3. is the rms half bunch-length. i- is therequiredlife-tine

1 w311-cos#J
asgiven on page2

Values:

Hence:

= 2ir1O kllz; r 0.13 see, 25°.

128
Vs&ms12 = -

f3[1 - cos

A4’rms = 3.3 radian.

Hence,arms per cavity 0.3 radianor 190.

x - = 11.2
7-

Effect of Quadrupole-Mode Damping Loop

ShaneKoscielniak,TRIUMF

= voltageerror out
= voltagenoise at input
= voltagefrom beamwhich is zero in absenceof bunchlength oscillator.

5e8
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Bunch-length Oscillation Equation

from 1971 PAC W. Lee and L.C. Tang

d idO s 2 a

I--+b9--- =o

h2 1 11 eV
tZ=R2 b=cos&.

Let 6o be the steadystatevalue. Then f2 fr = b.

Let M be the changein rms envelope,then

1d8
+ bAO + OAbt +

32
=

Hence, AU+4abM = -OoaMi or AO+2w32M = -90c44t. Hence

+ 2w321M =
Vs with s = complex frequency.

U011, = MjU, + U

Uo,g = Mi[fsAO + U1 1
U6 = fsAO

= GsUout; andsteadystate V = GOUo. Hence,

+ 2w32fAO = 2

SubstituteEq. 2 into Eq. 1:

M
-fsOow Gs U0g

= 1 2 + 2w82 GO Jo
+

Hence,

-
/ { fsw Gs Go

Ti
- / L +

s2-f-2ws2 GO U0
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For case.s = ±2w5 + a with a smail cf w5,

±4a GO U0
----* zeroasa-+ zero.

U fw3w3 Gw3 G0

Hencethe noise is reducedto zeroat frequency2w3. When thereis a non-rigid

bunchandsomespreadof incoherentfrequency,thenoisesuppressionby the ioop

is incompleteand a dispersionintegralmust be calculated.

N.B. From aboveequationswe canwrite down the transferfunction from U

total noiseat input of amplitudesourceto M.

_2 + 2w42JM = _2 MiW + U

and U6 = fsM.

Let w32gfj ftj /3s, then

+ fs/3s + 2w32]A8 =

Hence,

fls
- _2 + fsfls + 2w42

provided that fsfls 0 at .s = ±2w3, the responseto excitation at the

quadrnpolemodefrequencyis no longer infinite.

LEB Tuner Spec

ShaneKoscielniak,TRIUMF

We calculate

1 The error in the cavity resonancefrequencyallowablefor no bunchdistor

tion at all.
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2 Theresonance-controllertime-constant,AT andhence. bandwidthof the

tuning controller,f,

Theexpressionsaretakenfrom TRI-DN-90-K126"Caiculationof RequiredTuner

Accuracyand Time Constant."

Tuner Accuracy and Time Constant for LEB

JO =f.{+ $tan’

Q
= 2ir1O Hz

48 = 0.9970 - 0.7924= 0.2046

bTaxi b = - cos
lb

4 = 0.2 Amp

M6 M0
16 I

= 0.8947

Ten gapsI = 70 ky/lOU kQ = 0.7 Amp

cos46 = 0.6

Q 3000

Find the relativistic fi changedominates.

0

0
wo Aj3Q

and ---=7.18
w fl2

0 aS

Hence,$ &E = 2.6 x ir
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Estimate of Allowable Thning Error

Allowable tuning error:

awo 1+H+tanl,btansbb Reactive

2Q resistive max

H = 0 is caseof no fast feedback.Thepowerratio dependson theabsolutepower,

theailoweddissipationat theanode;andnon-linearityofthe tubewhenoperated

fax from the manufacturer’sspecifications. However, the maximum permitted

valueof the ratio lies in the range1-2 for the intendedDimac 4CW15000tube.

We shall take 1-5; non-linearitystarts to enter in at 3

1’ + O.171L192]
1.5 = 3 x iO

w [ 2x2900 j

for d6 = 50°.

Hence,we may estimaterequiredTuner time-constants

=
= = ,< 10

= 4.3 x io-5 = 43 see!
w mill wo/wo 7.0

This is a "middling-good" estimate; if ill < 50 see, we shan’t go far wrong.

Hence,1sf = 20 kHz. This is a bit daunting! However,fast feedbackwill make

the voltage amplitudeand phasemuch less sensitive to tuning errors. Taking

an arbitrary open-loopgain of H = 10,

[11 + 0.2]
x 1.5 = 3 x

w0 2x2900

* 430 secandz.f = 2 kllz which is easilyfeasiblewith tunercontroller.

59



LEB Cavity Voltage Requirements and R&D Plans

Jimmy Rogers

The presentbaselinerequirementsare 700kV max to be supplied in normal

operationby eight cavities operatingat 87.5kV each.For reliability, the cavities

and RF systemsare to be designedto provide the 700kV with six operating

cavities; 117kV per cavity. The presentdesignrequiresthat the cavities be

operatedin "back-to-back"pairs in orderto minimize longitudinalmagneticbias

fields. Hence,the presentdesignassumesthat two cavities will be turned off if

one fails. The baselinedesignassumeseachcavity is 1.2 metersin length. The

800kV being discussedin the workshop this week would result in adding more

cavities.

Liquid SubmergenceApproach

The design approachthat is receiving the most effort at this time is very

similar to the orthogonallybiasedconfigurationthat wasdesignedby LANL for

TRIUMF. The major differenceis that the presentdesignsubmergesthe ferrites

in liquid, either wateror flourinert, to cool the ferritesand to eliminate corona

discharge.The TRJUMF cavity maximumvoltagerequirementis 75kV whereas

the SSC maximumoperatingvoltage is 117kV.

The R&D programincludesdesignandmanufactureof a liquid cooled2 ring

ferrite tunerwhich will be testedin the SSCRF teststandusingthe LANL TEE

cavity configuration. This test will stressthe ferritesat the samevoltage and

dissipationlevelsthat areanticipatedfor the LEB 4-ring tuner. This test will be

completedin time to incorporateits resultsinto the 4-ring designwhich will be

in progress.

The leaddesignengineersfor this approachareCarl Friedrichs,RF engineer,

and Billy Cambell,mechanicalengineer.
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Alternate Approaches

Gcorg Schaffer is investigatingalternativeorthogonally biaseddesigns, in

cluding designsthat usestriplinespartially filled with small ferrite bricks "epox

ied" to watercooledcopperplates,a techniquedevelopedby ANT for high power

circulators.

Jim Griffin is investigatingthe useof a modified FNAL cavity that hasthe

potential for achieving120kV with a combinationof parallelandperpendicular

bias.

Schedule

A designreview/workshopis plannedfor theend of January1991. Theobjec

tive of the reviewwill be to examinein detail the candidatedesignapproaches.

Thereview boardwill be responsiblefor recommendingthe designsthat should

be pursued,short rangeR&D activities that arerequiredto supporttheselected

designs,and to identify a low-risk back-upapproachin the event that the Se

lected approachis not successfulor the schedulecannotbe met.

The liquid cooled2-ring tuner is scheduledto begin test in May 1991.

The final designreviewfor the prototypecavity and tuneris scheduledto be

held in October1991.

The prototypeis scheduledfor testbeginningMarch 1993.

Low Risk Back-up Cavity/Thners

At thepresenttime the LEE lattice designhasroomfor twenty-four1.2meter

cavities. Basedon a projectedworsecaserequirementof 850kV and two failed

cavities two pairs of cavities out of service,therequiredvoltageper cavitywould

be 850kV/20 42.5kV, a level which is well within the state-of-artthat could

probablybe met by the TRIUMF cavity, the proposedliquid cooleddesign,or a

modified FNAL design.
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A more likely scenariowould be the useof 16 cavities. With only 14 in

operation,the voltage per cavity worsecasewould be 850 kV/14 = 61kV, a

level that shouldbe readily achieved.
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LEB-TO-LEB BUCKET MATCHING

3. Peterson



CONSIDERED AND COMPARED
COGGING METHODS AND BUCKET MATCHING

Beam Transfer Working Group

Jim Griffin FNAL
Lee Teng ANL
ShaneKoscielnialc TRIUMF
Bob Webber SSC
JackPeterson SSC



COGGING METHODS:

1. Frequency and PhaseLock, Late in LEB Cycle

Requirements

a Sft suchthat AR < 1cm.

= bof/f/.

b T1;

For yj = 21.3 lattice, T 1.5T3.

Conclusion: Goodmethod,but shouldbe simulated.

tL L.a
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2. 1 kHz 1Sf on Central Orbit

.g8L

/
£0’":

Requirement:

CLEB 540m1 + if/f

= 540rn+9mm

Feature:Method works with any ‘yj.

Conclusion: Good method. Griffin suggestedAC = 9 rnm/2, so as to better

accommodatealternativecoggingmethodsaswell.

3. Frequency and Phase Control, throughout Cycle

Proposedby L.K. Mestha
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Basicaily the samefrequencyand phasecontrol as Method 1, but hasthe

advantagesof smailerSf and 6R excursionsand greaterrangeof phaseadjust

ments,which might be neededif a gap were introducedin the LED beamtrain

andif the LEB/MEB circumferenceratio werenot favorablefor automaticcoarse

cogging.

Conclusion: Shouldwork, but the effectsof radial beamcontrols,radial errors,

magneticerrors,and beamdynamicshavenot yet beenanalyzed.

4. 1 kHz /3j through AR

Problem:

a.k=

Conclusion:Recommendagainst.

BUCKET MATCHING:

= 3cm for = 21.3 lattice

t-a.

In orderto matchthe LEB beaminto the MEB with the desiredbunchlength

about 0.85 ns wantedfor acceptablespace-chargetune shift in the MEB, a

relatively low voltage is required in the LEB 4kV for = 14.5, 12kV for

= 21.3. Such low voltagesare difficult to control under the beam-loading

conditionsexpected.

Threealternativeswere consideredby the working group:

5-0 fl3
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1. Deliberate Mismatch

If a voltageof 80kV is usedin the LEB at extraction,the rms bunchlength

is reducedto 12/8O’/ O,S5ms= 0.62 x O.S5ms.Thenin the unchangedMEB

bucket,the beamis mismatched.

,- ‘"!‘5’ ‘3Qcstr

Eventually the beam smearsout, resulting in dilution in the longitudinal

phasespace.If the LEB beamis Gaussian,the resulting increasein the variance

is c/ao2 = 1.50 and the increasein the phase-spaceareacontaining95% of the

beamis 1.75 using Syphers’analysis,FN-458, June1987.

A seriousconsequenceof this mismatchscenariois the increasedand time-

dependentspace-chargetuneshift in the MEB. Initially the tune-shiftoscillates

between1.62 and 0.62 times the "matched" tune shift at twice the MEB syn

chrotronfrequency,finally settlingat the 0.62-timesvaluewhenthe smearingis

complete. The smearingtime is approximately8[f31 - cos]1 formula due

to Koscielniak, which for this situation 0 29°, evaluatesto 65 synchrotron

periods.

Conclusion: Unsatisfactoryscenario.

2. Match through Non-adiabaticPhase-spaceShaping

Method due to Maschkeand Mahale

A simulationusing the ‘yj = 14.5 parameters,and LEB rf voltageof 80kV,

that it is feasibleto doublethe adiabaticbeamlength ui [axid halveits energy

width cE] ifl the 1-mstime interval 49 to 50 ms of the LEB cycle. The method

involves jumping the rf phaseto the unstablesynchronousphasefor a fraction
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of a millisecond and then back to the synchronousphase. Since the beamis

now mismatchedin the LEB bucket,the timing of the if manipuiationsmust be

coordinatedwith the coggingscheme.

Conclusion: Looks ok in principle. The hardwareproblemsin accomplishingthe

phasejump needverification.

3. Longitudinal EmittanceEnlargement

The voltagesin both the LEB and the MEB at beam-transfertime would be

increasedby increasingthelongitudinalemittancect. For thesamebunchlength,

V e. Thus if the emittancewere doubled, the LEB voltage for adiabatic

matchingwould increasefrom 12 to 48kv.

Emittanceenlargementcan be accomplishedeither by off-energy injection

and adiabaticpick-up, or by modulationof the rf bucket voltage modulation

seemsto be moreeffective thanphasemodulation...Koscielniak-or by some

combination.

Enlargementthroughoff-energyinjection is favorablein that it decreasesthe

space-chargetune shift substantially. Emittanceenlargementreducesthe tune

shift both by decreasingthe bunchingfactor and by increasingthe horizontal

beamwidth, as pointed out by Furman. The penalty is a higher rI voltage. A

factor of two in emittanceraisesthe maximumrequiredLEB voltage from 700

to about 900 kV Funk and Griffin, if doneearly in the LEB cycle.

Such a voltage increasecould be avoidedif the emittanceenlargementwere

accomplishedthrough bucketmanipulationsduring the secondhalf of the LEB

cycle, becausethere,thebucketareais adequatewithout any increasein voltage.

However,suchenlargementis difficult to do in the secondhalf of the acceleration

cycle becauseof the low synchrotronfrequencythere Maschkeand Mahale.

The synchrotronfrequencyin the first half of the cycle looks adequatelyhigh,

but this shouldbe verified by simulations.

67



Conclusion: Recommendincreasingthelongitudinal emittanceand therf voltage

capability.
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TRANSITION CROSSING IN MEB

Rod Gerig
Jim Griffin
StanPruss

ShaneKoscielniak
WarrenFunk
M.K. Mahale

ShengiMachida
Lee Teng



Transition Crossing in MEB

To avoid tight longitudinal bunchingat transitionwhich may causeTrans

verseblow up.

Crossingtransitionat neutraiphasestability-reducerestoringforceby flat-

toppingthe rf wave form add3rd harmonic

s Isochronouscyclotron

* Computersimulationlooks good

. Will teston FermilabMR Summer1991

Advantages:

1. Solvesproblemat the source-nosideeffect transverseeffect

2. Cheap

Disadvantage:

1. Neutralstability aggrevatesnegativemassinstability lumping

Method 1 Jim Griffin

- -
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Method 2

Effectively convertsrings into 2 machines,oneoperatingtotally belowtransi

tion, the other totally above. The transition is "sudden"for longitudinal motion

but "adiabatic" for transversemotion.

Advantazes:

1. Testedsuccessfulat PS and FNAL.

2. Suppressesnegativemasslumping.

Disadvantazes:

1. More costly.

2. Affects transversemotion but "adiabatically".

Conclusion

With 2 curesavailable-oneproven and one to be proved-thereis no need

to considerno-transition-crossinglattices. Discussionsby Rod Gerig showedno

desirablesuchlattice anyway.
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MEB SPACE BUDGET CONSIDERATIONS

S. Pruss



We consideredthe spaceleft in the presentMEB lattice designin thearcsfor

interconnectionof components,for chromaticity correctingsextupolesand trim

dipoles. The presentslot length betweendipoles is 0.375m. This is consistent

with the presentFermilab Main Injector design,and allows for an ion pumpfor

eachdipole. The total slot length for the main quadsandother stuffalso seems

adequate.Thereis now a possibledesignfor a chromaticitycorrectingsextupole

which will fit in the slot length allocatedto it. Thehorizontalcorrectingdipole

also seemsquite reasonable,but the verticai dipole needsa real design. Its

requirementsdo not seemexcessive. It may be feasible to assemblethe main

quad, the chromaticity correctingsextupole,the trim dipole and the location

specificdevicesall onto a beamoutsidethe tunnel and thentransportthem as a

unit. This will requirea reai mechanicaldesignto evaluatethe best design,but

since thereis adequatespace,this is not urgent.

A commentmaybe madeaboutthe exactchoiceof tune. Thefirst designfor

the main quadsindicatesa small octopolecomponentdevelopedat 200 GeV/c

as the magnet startsto saturate.Sincethe presentconceptis to transferto the

HEB at 180 CeV/c and only accelerateto 200GeV/coccasionallyfor testbeam

slow spill, if the tune is abovethe half integer, ratherthanbelow, a small zeroth

harmonic octupole might actually help. A thorough study of slow extraction

would need to be done to determinethe magnitudeof octupole that would be

tolerable.
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BUNCH SPACING

J. Griffin



W/S. Penner 3. Griffin 12/90

BunchesSeparatedby 5 x N meters

N=2,3

If sameluminosity is required

P [Protonsper bunch] cc P0vW

T [Total numberof protons]
=

in LEB for example

It is necessarymaybenot sufficient that h/N = integer, h = "normal"

harmonicnumber

First Method

Gate Linac somewhereso that selectedbuckets in LEB are filled. Increase

intensity numberof turns by v’W. Acceleratenormally. Additional rotational

sub-harmonicswill be introducedin beamFourier components. Not a serious

problem.

-
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SecondMethod For N = 2, maybe 3

Instail in LEB an additional rf systemat h/N say, 23.5MHz.

It must be tunablepart way up.

Inject normally from linac, maybe3 turns insteadof 4 i.e., .-.a 75%.

Adiabaticailycaptureat h/N.

Accelerateat some large rate consistentwith spacechargetune shift lim

itation. At somepoint /32 is large enoughso that bunchingfactor B can be

madesmall enoughso that bunchescanbe matchedto "normal" rf systemat h.

Continuewith acceleration

/

@y

Third Method

Bunch coalescingat 180 GeV in MEB.

Flat-top MEB.

Adiabatically Debunch somewhat at h.

Turn off h. Turn on h/N Properphase;amp!.
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Bunth rotatein h/N.

Recapturein h.

Linearize voltage wave in h/N with h for N = 2, or 3.

N=2:

Vy.:= sinç’
- àsin2co

N=3:

Vy = sinç
-

Comment:

Coaiescingwith all originai bucketsoccupiedis not neat. Chargetoo near

unstablefixed points. Largelongitudinai blow-up. i.e. 3 x 0.1 = 4eV-Sec.

/yv
Ji ±tCt
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For largervaiuesof N, coalescingin MEB appearsattractive,i.e., N = 9.

But, somemethod should be implementedto provide the correct ratio of

occupiedto empty bucketsinitlaily.

C

- S *
- _ .

This implies an additional kicker dumn systemin LEB or LEB-MEB trans

Sub-harmonicvoltagesare usually not large, i.e., 20-30kV becauseof low

harmonic numbers

Final longit. emittances 4-5eV-sec.

Somemethod must be employed to get rid of satellite bunchesin adjacent

buckets;transverseanti-damping?

a atfl

fers.

tsP/P r., ±0.8%
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All promisingscenariosshouldbe extensivelysimulatedESME....

At Fermilabwe routinely and successfully

cf. NOVA TV coalesce10-11 bunchesinto onein a

starring subharmonicbucketspanning21 "normai" buckets.

D. Finley

FNAL ia only one ensembleper cycle.

We propose to do -‘ 3 in MR and 6 in M.L simultaneously.

Subliarmonicspuriousresonances,arisingpossiblyfrom kickers is a problem.

cf. FermilabMd. Instability WorkshopJuly, 1990.

Finally-My comment in that proceedingabout "eliminating coalescing"was

unique to M.I. project. It requiresexistenceof anti-protonsourceDebuncher

and AccumulaterRings. Not applicablehere.
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CIRCUMFERENCES AND FILLS
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Circumferences and Filling

Issues:

Collider Filling Factor F =

Averageluminosity reducedby:

F24 ZF1-Q

OperationalEasesimple careof all equalcyclesof everyring gives poorF

for baselinecircumferencesandrisetimes.

Flexibility-for commissioning, future upgrades, etc.

Tansient BeamLoading-a non-issuein this context sincewe must cope

with the problemanyway.

F vs. Filling Sequence

Sequence Risetimes F

Uniform Baseline 87.6%
6x3x8

Partial Fill Baseline 91.4
[6 + f + 6 + 6] x S

Non-Uniform Fast 92.5
[7 + 6 + 6J x S
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BASELINE

Inje

s

Kicker

ctions
bunches

Rise Times
Extractions

ps bunches

Circumference

Meters

LEB 0.047 2 540

MEB 0.047 2 0.40 24 3960

HEB 0.400 24 1.70 102 10890

SSC 1.7 102 2.4 144 87120

SCENARIO FOR F = 92.5%

Circumference

Meters

Injec

buckets

Kicker

tions

ps

Rise Times

Extractions

buckets ps

LEB 540 - - 2 0.047

MEB 3890 2 0.047 24 0.40

EBB 10860 16 0.267 94 1.57

SSC 87120 94 1.57 142 2.37

Sequence[7 + 6 + 6 x S
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Conclusions

* Baselineeasewith uniform filling F = 87.6%. MEB, HEB circum

ferencesdo not limit anything.

* F can be increasedto -‘ 93% by using partial fills and/or faster

kickers.

* Slightly smallerHEB makessense.

* Try for fasterrisetimesin HEB injection, extractions andabortkick

ersand collider injection andabort kickers.

* Provideway of transferringpartial LEB fills to the MED.
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CIRCUMFERENCES AND FILLS

We want to determinethe effect on the performanceof the collider of the

circumferencesof the boostersynchrotrons.The circumferenceratiosamongthe

machinesaffect the filling factor, F, of the collider. Different ratios will result

in different vaiuesof F, and will affect the detailsof the filling sequenceand the

rise times neededfor efficient injection, extraction,and abortcapability.

We also consideredanypossibleeffect of the circumferenceson the flexibility

of operation e.g., for. commissioning,future upgrades,etc. and on transient

beamloading of the HF systems. The former is clearly not an issue,and it is

necessaryfor the RF systemsto cope with essentiallythe sametransienteffects

regardlessof the specific filling times.

Another issuerelatedto the exact valuesof the circumferencesis preserving

the capabilityof operatingthe collider with increasedbunch spacing.This issue

may imposeadditionalconstraintson the circumferences,but this can, and has

been,consideredseparately.

The averageluminosity, L, availableto collider experimentsis in the range

F2LO<L<FLO, 1

whereL0 is theluminosity that wouldbeobtainedif everybucketof both collider

rings were filled, and

F
- full buckets

2
- total buckets

The upperlimit of L occurswhenthe fill patternsof both rings are identicai and

properly synchronizedfor one particular interaction point. Since there is only

oneabort gapper ring, L will necessarilybe lower at all other interactionpoints.

F dependson the circumferencesCL, C1, C, axid C, of the LEB, MEB,

HEll, and collider respectively,on the numberof cyclesof eachring usedto fill

the next ring, and on the rise or fall times of the injection, extraction, and
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abortkickers. Thenumberof bucketsin the collider circumference,B0, is 17424.

We need to calculate the number of filled buckets,B, for a particular filling

sequence.

When Nj.. completebunch trains plus a partial transfer of b bunchesare

transferredto the MEB, the numberof bunchesin the MED is

BM=NLC1TL+b, 3

whereTL is the numberof LEB buncheslost dueto the LEB extractionkicker and

the MEB injection kicker assumingthe two kickersareproperlysynchronized.

For a rise time between20 and 47 us, TL = 2.

When the MEB is filled as describedby equation3, the abortgap in the

MED is

rMx=CM_NLCL_b+26b0, 4

wherebbc, = 1 if b = 0, andzerootherwise.The MEB fill describedby equation4

is acceptableif TMX is equalto or greaterthanthe minimum rise timesof the

MEB extractionandabort kickers.

For the entire rangeof parametersunder consideration,the only practical

way to fill the HEB is with threeMEB cycles.2 Each of the three can have

different valuesof AlL, which we label Ntj, NL2, arid Nba. The threefills could

also have different valuesof b, but the highestfill factor will alwaysoccurwhen

there is, at most,one non-zerovalueof b. With this restriction, the numberof

Throughout this note, all circumferencesand rise times are in units of bunches,except
where specifically statedotherwise. The bunch length is 5.0meters, and the time per bunch
is 5m/B.

2 If the MEB circumferencecould be in the range of 5km, insteadof less than 4km, the HEB
could be filled with just two MEB cycles. This would approximatelyhalvethe dwell time of
the HEB at its injection energy. Togetherwith the increasedMEB extractionenergymade
possibleby an increasedcircumferencemight decreasethe HER aperturerequirement.This
possibility has not beenstudied.
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bunchesin an HEB fill is

BH = NL1 + NL2 + NL3CL -2 + b. 5

The correspondingabort gapin the HEB is

THx=CH_NL1+NL2+NL3CL_b+4+2860_27H1, 6

whereTHI is the HEB injection kicker rise time.

Eachcollider ring will be filled with NH HEB cycles,all assumedidentical.

Then

.BC=NIIBH, 7

and the abort gap in the collider is

TCX = - NHCH - THX + TC1 + Tci 8

The baselineconfiguration, describedin Table 1, has C = 8C11, exactly. The

naturalchoice is NH = 8. Then,if rHX = Tci, which resultsin maximumfilling

of the HEB, Tcx = rd. It is probablynot reasonableto requirethe collider abort

kicker to be asfast as its injection kicker, and thereforethe HEB circumference

could be reducedslightly i.e., 30 m without reducingF. Furthermore,C,

exactly equalto 8CH is awkward for cogging the transfer.

Table 1. SCDR Rise Times and Circumferences

Machine

Circumference

meters buckets

Kicker

Injection

ps buckets

Rise Times

Extraction

ps buckets

LEB 540 108 - - 0.047 2

MEB 3960 792 0.047 2 0.40 24

HEB 10890 2178 0.40 24 1.7 102

SSC 87120 17424 1.7 102 2.4 144
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Using equation4 and the circumferencesin Table 1, the largest value of

NL which gives an allowablevaiueof TJJX i.e., not less than the corresponding

rise time in Table 1 with b = 0 is NL 7. However, the largest value of

NL1 + NL2 + NL3 which gives an allowable value of TJJX is 18, accordingto

equation6. Then, the largest possiblevalue of F, using the parametersin

Table 1 and b = 0 is F = 0.8760. The simplest way to achievethis result is,

obviously, NL1 = NL2 = NL3 = 6. We can improveon this by using b> 0. For

b = 83, TCX = 142, just 32 us underthe rise time limit of 144 bucketsor 2.4 jLs.

Assumingthis to be allowable,the result is F 0.9141. The MEB abortgap is

still muchlargerthanneeded61 bucketsandthe HEB abortgapis 107 buckets,

which would allow the slight HEB circumferencereductionmentionedabove.

Fin&]y, we find the rise times neededfor a filling sequencewith NLJ = 7,

JYL2 = NL3 = 6, and b = 0. The valuesobtainedarenot unique becauseof the

relationshipsamongrise timesembodiedin equations6 and8. Any set of rise

times that satisfy theseequationswill yield the samefilling factor, F = 0.9247.

Table2 summarizestheseexamples,including somecasesthat havedifferent LED

and/orHEB circumferences.The MEB circumferenceis never a limiting factor.

Table 2. Filling Scenarios.CM = 792 buckets, NH = 8, Tj, = 2 buckets are

fixed. Rise times printed in bold type are less than the nominal
valuesgivenin Table 1.

CL GM NL1 NL23 b TMx THI THX r1 ‘r F

108 2178 6 6 0 144 24 192 102 822 0.8760

108 2178 6 6 83 61 24 107 102 142 0.9141
108 2178 7 6 0 38 16 100 94 142 0.9247

108 2172 7 6 0 38 16 94 94 142 0.9247

120 2178 5 6 0 74 22 100 94 142 0.9210

120 2172 5 6 0 74 19 100 100 148 0.9210
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Our conclusionis that in order to obtain a filling factor above91 percent

with a 540 meter 108 bucket LEB circumference,it is necessaryto allow either

partial LEB to MEB transfers,or to reducethekicker rise times. It is not possible

to go beyondabout 93 percentwith feasible rise times. The conclusionwould

be similar for different LEB circumferences,except that by numericalchance,

somecircumferencesgive F around91 percentwithout partiai fills or reduced

rise times.

We recommendproviding the capability of partial LEB to MEB transfers,

which will prove useful for other purposesbesidesmaximizing F. In principal,

there are many ways to accomplishthis. In practice,we are limited by the

premium on spacein the LEB, the necessityto avoid all possible sourcesof

emittancegrowth,and the difficulty of realizinga kickerwith both fast rise and

fall times andadjustablepulselength. Thestraightforwardsolutionappearsto be

an auxiliary kicker in the LEB to MEB transferline, which guidesthe unwanted

beaminto the normalbeamdump in this transferline.

Thelargestsourcesof filling lossesare the collider and HEB injection kickers

which, for the rise times in Table 1, causereductionsin F of 4.1 and 2.2 percent,

respectively. The LEB extraction kicker and MED injection kicker together

accountfor 1.9 percent,which probablycannotbe reducedfurther. Reducing

all kicker rise times, but especially thesetwo, is the best way to improve F,

independentlyof the specific circumferences.
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Report of the Parameter Consistency Group

Miguel Furman and CleonMain

SUMMARY

Undera set of assumptionslisted below, we examinedthe following items:

1 Choiceof injection andextractionvoltagesfor MEB.

2 A samplerampingcycle for the LEB, assuminga substantiallylarger

longitudinalemittancethanin the SCDRandconventionalmatching

into the MEB i.e., no bunch rotationat the end of the LEB cycle.

The resultspresentedhere are a first pass,and substantially more work is

needed.However,we offer the following tentativeconclusions:

1 Injection andextractionvoltagesof severalhundredkV aredesirable

for the MEB in the samplepresentedhere we havechosen700kV

at injection and 860kV at extraction.

2 The conventionaladiabaticmatchingof the beam in the LEB -

MEB transfer probablywill not work very well, and somekind of

gymnasticswill benecessary,suchasbunchrotation,orthe Maschke

Mahaleschemeof going to the unstablephasefor a while followed

by recapture into a shorter vertically bucket.

ASSUMPTIONS

1 The new peak accelerationratefor the MEB is 56 GeV/c/sec,and

the peakMED voltageis 1.1 MV the correspondingold valueswere

80 GeV/C/sec approx. and 2.3MV, respectively.

2 The new longitudinal beam emittancein and out of the LEB is

0.08eV-sec95% bunch area= 67reL and the peakvoltage is 1 MV

the correspondingSCDR values were 0.038eV-secand 0.8MV,

resp..
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3 The injection andextraction momentaandthecycle time in theLEB

are thesameastheold valuesp = 1.219GeV/cat inj., p = 12GeV/c

at extr., and cycle time = 0.1sec with simple sinusoidalexcitation.

4 The extractionmomentumin the MEB is 180 GeV/c insteadof the

old valueof 200 GeV/c. The MED cycle time is thesameas tbe old

value,4.5sec.

5 The HER lattice and RE’ is as in the SCDR.

6 The MEB -* HEB transferis a conventionalmatchedtransfer.

7 The LEB and MEB latticesand bunchesaresuchthat the relevant

parametersfor our purposeshavethe following values:

Table 1

LEB MEB

Circumference[m] 540 3960

harmonicno. 108 792

av. beta-function[rn] 10 27.5

av. dispersion**2 [m**2] 2 2.5

transitiongamma 21 24

tr. emittajice [mm-rnrad] 0.6 0.7

rms area/pi,

normalized

particles/bunch lelO lelO

DISCUSSION

A MEB Extraction Voltage

The MEB -.* HEB matchingcondition implies a certainHEB/MEB voltage

ratio at transfer,

VIIEB = IIiIIEB = 2.369
= 1 751

VMEB IhlMEB 1.353
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From this and the appropriatelattice parameterswe obtainTable 2, which shows

theMEB voltageatextraction,synchrotronfrequenciesandthecommonbucket

area,listed by injection voltageinto the HEB.

Sincethe maximumvoltagein the HEB is 1.6 MV, the maximumvoltageat

extractionfrom the MEB is 914kV, as seenin the last entry in Table 2.

Becauseof our desireto stay comfortably above 60Hz in the MEB syn

chrotronfrequencywe chosea fairly large valuefor the extractionvoltagefrom

theMEB, namelyV 860 kV, correspondingto an HEB voltageV = 1.506MV.

From Table 2, the correspondingMEB and HEB synchrotronfrequenciesare,

approximately, 77Hz and 49Hz, respectively***Last minute note: this choice

may meanthat the HEB crosses60Hz lateron during its cycle-this needsto be

checked.

Clearly, one can go down to V = 528kV in the MEB, at which point the

synchrotronfrequencyin the MEB is just over 60 Hz, and the HEB voltage is

925kV.

We did not consideranyother issuesin the MEB extractionvoltagequestion.

B MEB Injection Voltage and LEB Extraction Voltage

Assuminga matchedLEB - MEB transfer at p = 12GeV/c gamma =

12.828 and the parametersassumedabove,we obtain the following MEB/LEB

voltage ratio:

VMEB - IZnIMEB - 3.438
- 8 365

VLEB - h,,ILEB - 0.411 -

This is an uncomfortably largenumber,and tends to imply low voltagesfor the

LED at extractionhowever,it’s better than the ratio of 12 in the SCDR case.

Table 3 showsthe LEB extractionvoltage, the MEB synchrotronfrequencyand

the common bucketarea, listed by MEB injection voltagewe don’t show the

LED synchrotronfrequencybecauseit falls rapidly towards the end of the LEB

cycle; this is discussedlater.
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We used2 criteriain orderto choosethe MEB injection voltage:

i Thevoltageshouldbeaslargeaspossiblesothat the LEB extraction

voltage is also aslargeas possible;a low LEB voltageat extraction

is consideredundesirablefor severalreasons. It seemsimpossible

not to cross 120Hz later on during the MEB cycle we don’t know

whethercrossing240Hz is bador not, but this seemsto be unavoid

ablealso. We also wantedto stay below 480Hz, althoughwe don’t

know whetherthis ought to be a constraintor not.

ii However, the voltage should not be so large than the space-charge

tune spreadin the MED at injection gets too large. We take 0.7

to be a vaiuethat the space-chargetune spreadshouldnot exceed.

This is a somewhatarbitrary number. We do not believethat any

thing besidesthe hunch of certain PEEFsPersonally-Established

Experts in the Field has gone into this number. The hunch of

WEEFsWell-EstablishedExpertsin the Field shouldbe welcome.

It would be evenbetter if physicalarguments,suchas simulations,

were provided.

Thesecriteria allow a certain leeway,especiallysince the space-chargetune

spreadscaieslike Voltage]/4. Anyway, using assumption2 abovefor the

valueof the longitudinal emittarice,we arrive at V = 700kV for the MEB injec

tion voltage;for this voltage,the tunespreadis justover 0.7, including theLaslett

image-chargeenhancements.From Table 3, the LEB voltageis V = 83.7kV, and

the MEB synchrotroifrequencyis 427 Hz.

It would be nice if the LEB extraction voltage were higher. In choosing

700kV for the MEB we payedmoreattention to criterion ii thani. If the 0.7

"limit" on the tune-spreadcould be shown to be exceededwithout detrimental

effect on the transverseemittarice,the voltagecouldbe pushedup. However,the

peak voltage of 1.1 MV doesnot allow muchroom, especiallysince RF people
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do not like to inject into voltagethat is too closeto maximumwhena frequency

swing is requiredduring the ramp.

StIll, thesenumbersarea lot betterthan in the SCDR, wherethe LEB and

MEB voltagesat transferwere 4 and 48kv, respectively. However, the SCDR

numbersareso low that this comparisonmay not be particularly meaningful.

C Longitudinal Emittanceof 0.08eV-sec95% Bunch Area

In the SCDRwe assumeda long. emittanceof 0.038eV-sec95% buncharea,

or 6lreL. This valueof the emittancewasobtainedby injecting the linac beam

with an energyspreadsigma..E= 0.15MeV into pre-existingLEB bucketsof low

voltageif this beamwereallowedto spreaduniformly throughthe LED, with no

voltage, it would lead to a longitudinai emittanceof 0.015eV-sec95% areaper

"virtual" bunch. The voltagewas then increasednonadiabaticallyin order to

achievegood captureandlong buncheswith smoothlydistributedpartides.This

processblowsup theemittancefrom 0.015eV-secto theabove-mentionedvalueof

0.038eV-sec. This processalso yielded the maximumvalue for the space-charge

tunespreadof 0.33 in the LEB, which is reachedsome3 msecafter injection. All

this wasverified by longitudinal multiparticlesimulationsby Mahale.

Sinceseveralpeoplevoicedconcernsover the low previousvalue of 0.038eV-

sec, we decidedto study a casewith higher emittance. Of coursethe limited

scopeof the workshopdid not allow anypossibility for simulations.Therefore,we

havemadereasonableguessesasto how to achievethe longitudinal emittanceof

0.08eV-sec95% bunch area,correspondingto assumption#2. The reasoning

is the following: this value of 0.08 is perfectly within the rangeof the linac

capabilities, since the bunch at the end of the RF compressorcavity at the

exit of the linac allows an adjustableenergyspreadsigm&.E from 0.14MeV to

1.25 MeV. Thus, the previous vaiueof 0.038eV-seccorrespondedto the low end

of the rangesinceit is obtainedfrom a beamwith energyspreadof 0.15MeV.

The presentvalue of 0.08 is a factor of 2.1 greater,so it ought to be obtainable

89



with an energy spreadsigma.E = 0.3MeV, which is not even half-way in the

range.

We assumea mechanismsimilar to the SCDR’s: we assumethat beamis

injected such that the initial longitudinal emittanceis 0.064eV-sec, and then

this is blown up by the nonadiabaticcaptureto 0.08eV-secat t = l5xnsecwe

allow more time for the blowup than the 10 msecin the SCDR just a hunch.

At leastone memberof our groupfeels certain that simulationswill show that

this scenariois realistic, andwill providegood captureandlong, smoothbunches,

leading to an acceptablespace-chargetunespread.

Obviously, the penalty of a higher longitudinai enittanceis a larger peak

voltage,sincethebuckethasto belargeenoughto containthe bunch. We assume

anoccupancyfractionof 80% bunch-to-bucketarearatio. Thus,the bucketarea

shouldbe tailored to reach0.1 eV-secat t = 15 msec. The correspondingpeak

voltage turns out to be 1 MV, which is what WarrenFunk and Jim Griffin were

talking about.

D Excitation Curves for the LEB and MEB

Under the assumptionsand choicesstatedabove, we have calculatedthe

excitationcurvesfor the LEE and MED with the programRAMPRF. The results

are attachedplots plus tablesof values.

In the caseof theLEB, theinput to RAMPRF arethemomentum,the bucket

area,and the 95% bunch areaas a function of time. Thus, our assumptions

about captureand longitudinal emittancedilution are explicitly statedin the

plot entitled "Bucket areaand 95% bunch area." For the caseof the MEB,

the inputs to RAMPRF are the momentum,voltage and 95% bunch area. We

assumethat the longitudinal emittanceis constantthroughout the MEB ramp,

eventhough there is transition crossing.
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E Remarks about the Excitation Curves and Conclusions

1 We assumed0.5 secparabolasin the MEB ramp,just beforeandjust alter

the linear part of the ramp. We simply madeup the O.5secnumber;it’s quite

possiblethat the parabolasshouldbe a lot shorterthan this.

2 The MED bucketareadips just after rampingstarts;thesearethe result

of the interplay betweenthe energyparabolaand the linear voltage increase.

Oneshouldbe ableto tailor theseso that the dip disappears-thisis no big deal,

probably.

3 The MEB synchrotronfrequencydrops monotonicaily except for the

glitch near transitioncrossingfrom 427 to 77Hz. The value 120Hz is crossed

around transition. This doesn’t smell good, but one can probably tailor the

voltage curve to avoid this.

4 TheMEB space-chargetunespreaddropsmonotonicailyfrom its injection

value of 0.073 except for the glitch neartransitioncrossing.

5 The LEB voltagecurvelooks weird on accountof the humpat t = 6 msec;

we don’t know if this is bad. In any case,the initial humpat I = 6 msecis caused

by the input bucket-area-vs.-timecurve. The voltage drops monotonicallyafter

it = Gmsec,thus giving the appearanceof "wastedvoltage." if it were possible

to start out with a lower bucket areathan our assumed0.064eV-see,the peak

voltageof 1 MV couldbe decreased.This would presumablynecessitateinjection

of beam with lower longitudinal emittancefollowed by a faster blowup by a

largerfactor. Simulationsthenbecomemore importantin order to ascertainthe

feasibility of this scenario.

6 The peakLEB space-chargetunespreadoccursat t = 1-2msec,reaching

a value of 0.28, including the Laslett image-chargeenhancements.This valueis

lower thanthe SCDR’s 0.33, but it is a soft numberbecausethereareno simu

lations to backup our captureand long. emittanceblow-up assumedscenario.

91



7 The LEB synchrotronfrequencyvariesovera wide rangeasin the SCDR.

case.It peaksat 31.6kHzat t = 2.5 msec,then it drops monotonically. It drops

quickly towardsthe endof the ramp,from 729Hz at I = 47 msecto a minimum

of 375 Hz at extractiontime, t = 5Omsec. This is a lot better thanthe SCDR’s

value of 48Hz at t = 50 msec. It remains to be studied whether this is high

enoughto perform successfuladiabaticfine-cogging.

8 The relativemomentumspreadsigma_p/pandbunchlengthsigma...tvary

sharply by about a factor of 2 in oppositedirections during the last 5 msec

or so of the LEB ramp. However, this dependson the assumptionthat the

bunchesremain matchedto the bucketsin our calculation we do assumethat

the bunchesremainexactly matchedto the bucketat all times. This may not

happenin reality due to the smallnessof the synchrotronfrequencysimulations

shoulddecidethe question. This issuewas raisedby Phil Martin last year. In

this casethe buncheswill not be matchedto the MEB, and they will tumble in

longitudinal phasespaceafter transfer.

9 This behaviorpoint S above is qualitatively similar to the SCDR. We

suspectit’s genericof resonantexcitationramps. If indeedsimulationsshow that

the bunchesdo not turn aroundas quickly as our calculation shows, it seems

to us that a deliberatebunchrotation shouldbe performedprior to transfer,in

order to ensurethat the matchingis achieved,and is under control.

SUGGESTIONS

1 Examinemore closely the MEB ramp parabolas,probably they should

be a lot shorter. Examinethe voltageramp,perhapsthe voltageshould rise and

fall more quickly.

2 Do the excitation curves for the HEB and look at the synchrotronfre

quency;doesit crossa bad value? If so, readjustthe MEB extractionvoltage.

3 Do some kind of gymnasticsprior to transfer out of the LEB talk to

experts,say at FNAL. In this case,you don’t needa 1 MV RF systemin the

LEB. If you don’t want to do gymnastics,be sure to do simulations on the
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simplest method we’ve shown here. We suspectthis no-gymnasticsmatching

method,shownhere and in the SCDR, doesnot work well.

4 Find out what thespace-chargetunespreadlimit is in the MEB at injec

tion; adjust the MEB injection voltageaccordingly.

5 We havenot looked at the transversebeamsizesin the LEB or the MEB

with this kind of longitudinalemittance.The numbersarein the attachedtables,

after the pictures.Somebodyshould look at them.
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procram MIGUEL. TUNEBOO}MEBREE
natch.naMEBTINMAN F3EBSCDR at r180 GeV/c

Vheb Vmeb fsheb f5meb Area
kV WI Hz Hz [eV-sJ

100.000 57.110 12.600 19.792 1.477
125.000 71.388 14.087 22.128 1.651
150.000 85.665 15.432 24.240 1.809
175.000 99.943 16.668 25.183 1.954
200.000 114.220 17.819 27.990 2.089
225.000 128.498 18.900 29.688 2.215
250.000 142.776 19.922 31.294 2.335
275.000 157.053 20.895 32.822 2.449
300.000 171.331 21.824 34.281 2.558
325.000 185.608 22.715 35.681 2.663
350.000 199.886 23.572 37.028 2.763
375.000 214.163 24.400 38.327 2.860
400.000 228.441 25.200 39.584 2.954
425.000 242.718 25.976 40.803 3.045
450.000 256.996 26.729 41.985 3.133
475.000 271.274 27.461 43.136 3.219
500.000 285.551 28.174 44.257 3.303
525.000 299.829 28.8O 45.349 3.394
550.000 314.106 29.550 46.417 3.464
575.000 328.384 30.214 47.460 3.542
600.000 342.661 30.864 48.481 3.618
625.000 356.939 31.500 49.480 3.692
650.000 371.216 32.124 50.460 3.766
675.000 385.494 32.736 51.4LJ. 3.837
700.000 399.772 33.336 52.265 3.908
725.000 414.049 33.927 53.292 3.977
750.000 428.327 34.507 54.203 4.045
775.000 442.604 35.077 55.099 4.112
800.000 456.882 35.638 55.981 4.1.78
825.000 47i..159 36.191 56.849 4.242
850.000 485.437 36.735 57.703 4.306
875.000 499.714 37.271 58.546 4.369
900 .000 513.992 37.800 59.376 4.431
925.000 528.270 38.321 60.195 4.492
950.000 542.547 38.836 61.003 4.552
975.000 556.825 39.343 61.801 4.612

:.oOo.000 571.102 39.845 62.588 4.671
1025.000 585.380 40.340 63.366 4.729
1050.000 599.657 40.829 64.134 4.726
1075.000 613.935 41.312 64.893 4.843
ziOO.000 628.212 41.7B9 65.643 4.899
1125.000 642.490 42.262 66.385 4.954
1150.000 656.768 42.729 67.118 5.009
1115.000 671.045 43.191 67.844 5.063
1200.000 685.323 43.648 68.562 5.116
1225.000 699.600 44.100 69.272 5.169
1250.000 713.878 44.548 69.976 5.222
1275.000 728.155 44.991 70.672 5.274
1300.000 742.433 45.430 71.362 5.325
1325.000 756.710 45.865 72.044 5.376
1350.000 770.988 46.295 72.721 5.427
1375.000 785.266 46.722 73.391 5.477
1400.000 799.543 47.145 74.055 5.526
1425.000 813.821 47.564 74.714 5.576
1450.000 828.098 47.979 75.366 5.624
1475.000 842.376 48.391 76.013 5.673
1500.000 856.653 48.800 76.655 5.720
1525.000 870.931 49.205 77.291 5.768
1550.000 885.208 49.606 77.922 5.815
:575.000 399.486 50.005 78.548 5.862
1500.000 913.764 50.400 79.168 5.909

Table 2
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Droaram [MIGUEL.TUNEBOOJLEBMEB
matching LEBGRE --> MEBTfl4AN at p-12 GeV/c

Vmeb Vieb fsmeb Area
kV] 1kv] [Hz [eV-s

100.000 11.955 r61.403 0.317
125.000 14.943 180.454 0.354
150.000 17.932 197.678 0.388
175.000 20.921 213.516 0.419
200.000 23.909 228.258 0.448
225.000 26.898 242.105 0.476
250.000 29.886 255.201 0.501
275.000 32.875 267.657 0.526
300.000 35.864 219.558 0.549
325.000 38.852 290.973 0.571
350.000 41.841 301.957 0.593
375.000 44.830 312.556 0.614
400.000 47.818 322.806 0.634
425.000 50.807 332.741 0.654
450.000 53.796 342.387 0.672
475.000 56.784 351.770 0.691
500.000 59.773 360.908 0.709
525.000 62.762 369.821 0.726
550.000 65.750 378.524 0.743
575.000 68.739 387.031 0.760
600.000 71.727 395.255 0.776
625.000 74.716 403.508 0.793
650.000 77.705 411.499 0.808
675.000 80.693 419.337 0.924
700.000 83.682 427.032 0.839
725.000 86.671 434.591 0.854
750.000 89.659 442.020 0.868
775.000 92.648 449.327 0.882
800.000 95.637 456.517 0.897
825.000 98.625 463.595 0.911
850.000 101.614 470.567 0.924
875.000 104.603 477.437 0.938
900.000 107.591 484.209 0.951
925.000 110.580 490.888 0.964
950.000 113.568 497.477 0.977
975.000 116.557 503.981 0.990

1000.000 119.546 510.401 1.002
1025.000 122.534 516.742 1.015
1050.000 125.523 523.005 1.027
1075.000 128.512 529.195 1.039
1100.000 131.500 535.313 1.051

Table 3
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LEBAAGRE matched into MEBTINMAN dec 8, 1990
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LEBAAGRE matched into MEBTINMAN dec 8, 1990
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LEBAAGRE matched inth MEBTINMAN dec 8, 1990
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LEBAAGRE matched into MEBTINMAN dec 8, 1990
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LEBAAGRE matched into MEBTINMAN dee 8, 1990
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LEBAAGRE matched into MEBTINMAN dec 8, 1990
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LEBAAGRE matched into MEBTINMAN dec 8, 1990
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LEBAAGRE matched into MEBTINMAN dec 8. 1990
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LEBAAGRE matched into MEBTINMAN dec 8, 1990

time [msecl
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LEBAACRE matched into K{EBTIMMAN dec 8. 1990
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LEBAAGRE matched into MEBTINMAN dec 8, 1990
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a IEC 90 ilh:4IIlSE:R2:jMiGLiEI.RAMI’HI.I.EISI4IIAMI’RP1.DkT;6
1.219EtU9. pc 1.200Et10 1ev/Cl; amax 1.2lOEtOO IT]; Brhr 4.003E*Oi Tm

time momentum energy B-field JE/dt dp/dt dB/dt betd qama b*y**2
sen 1ev/cl levi Ilesla 1ev/si 1ev/c/si IT/seci

}.OUOF.IDO 1.219E*09 j.533EtO9 i.290E-O1 O.000EtOO Q,000EtOO O.000EtOO 7.924E-O1 1.639EtQQ 2.IJOEtOO
5.OOOEO4 I.222EiO9 1.S4OEtO9 1.293E-O1 6.43/EtOS 1.0602*10 1.126Et00 7.9316-01 1.642EtOO 2.138E+OO

.000E-’03 I. 230E*09 I 547E+09 1. 301E-O1 1 .691E*1O 2. 12’7E+1O 2.2SlEtOO 7.95OC-O1 I .64BE+OO 2.160E+OO
1.SOOE-03 1.24E109 1.551Et09 I.315EOI 2.S4lEtiO 3.lSlEtlO 3.373E+OO 7.901E-O1 I.660E400 2.199E’OO
2.000E-03 I.262Et09 I.572Et09 i.335E-OI 3.4O6Et1O 4.245Et1O 4.493E+OO 6.024E-O1 I.676E+OO 2.253Et00
2.500E03 1.2$SEtO9 I.591EtO9 1.360E-Dt 4.279Et1O 5.298E+1O 5.607E+OO B.071E-O1 I.696EOO 2.323E100
3.OOUk 03 l.314EO9 I.615E*09 1.39iE-O 5.166E+1O 6.47E+1O 6.717E*OO B.1396’Ql 1.l2lEtOD 2.411E400
1.500E 03 2.349E409 I.643EtO9 I.426EQI 6.065Et10 ‘1.3BStIO 7.fil9EtOO 6.209E-Oj 1.7SIEtOO 2.51lEtOO
4.OUIPe 03 1.388EU9 j.676Et09 I.469E’OI 6.979Et10 6.423E+1O 6.914Et00 8.285E-O1 1.IB6E400 2.643Et00
4.SOOE-03 1.433E+09 I.113E109 j.517C-O1 7.905E+JO 9.449E+IO 1.000E+O1 8.366E-O1 I.826EtOO 2.1884QO
5.000E-03 1.463EtO9 I.1SSEO9 1.569E-OI 8.O44EtIO 1.047gt11 1.1OBE+O1 8.450E-O1 1.6’70E*OO 2.956Ct00
5.500E-03 1.S3BE’09 1.801E+09 1.627E-O1 9.’194Et10 1.l4lEtjl 1.2142t01 8.536E-OI 1.920Et00 3.146EtOO
6.000E-03 L596Et09 i.853E109 I.691E01 1.O?5E111 1.247Et11 1.320E101 8.623E-OI j.975EtOO 3.362Et00
6.SOOE-03 j.662Ct09 1.909Es09 I.159E-O1 I.II1EIII J.345Et11 I.424E$O1 B.709E-OI 2.034Et00 3.604E+OO
7.000E03 I,732E109 1.9702109 1.833-O1 L260E’ll 1.442E411 j.526Et01 B.793E-OI 2.099Et00 3.875E400
1.SOOE-03 I.BOlEtO9 2.036Et09 1.912E-OI I.365Et11 I.538Et11 1.627EtO1 8.874E-O1 2.I7OEtOO 4.lllEtOO
8,000E-03 1.886E+09 2.jO6EtOO 1.996E’Ol I.461Et11 1.632Et11 1.72’7KtOl 8.953E-O1 2.245tOO 4.512E+OO
8.500E-’O i.970E+09 2.182Et09 2.085F-Ol 1.557E*I1 1.’724Et11 1.825et01 9.028E-O1 2.325EtOO 4.881E+OO
9.000E-03 2.0588t09 2.262EtO9 2.178-O] 1.651C111 1.S1SE*11 1.92IEtOI 9.099E-OI 2.4IlEtOO 5.288E400
9.SOOE-03 2.lSjEtO9 2.341Et09 2.271E01 1.745tI1 1.904Bt11 2.OlSEtOl 9.166E-O1 2.SOlEtOO 5.734EfOO
I.000E-02 2.246S+09 2.436Et09 2.3$OE-OI 1.B37E+11 I.99lEt11 2.1O’IE+Ol 9.229E-OI 2.597E+OO 6.223Et00
I .OSOE-02 2.350E*O9 2.S31E+09 2.487E’-OI .928E+jj 2.076Et11 2.Ign+oI 9.287t-flI 2.697E+OO 6.755E*OO

I iflOr 12 2.456n,oq 71’2qp.nq 2.599E 01 2,fl1’7F.*1! 2.159E+1I 2.2B5EtflI 9.34?.E 01 2.BO2EIOO 7.335EflO
1.1501; P2 2.5b6KoI 2.732E’IY 2.716E-tJl 2.IU4EIJI 2.240E’lI 2.3lOEtOl 9.397E’Cfl 2.912E100 7.961E1{O
I.200E-02 2.680Et09 2.639E+09 2.636E-O1 2.166E+II 2.319E+I1 2.454Et01 9.438E-OI 3.026Et00 8.644E’OO
1.250E-02 2.798E409 2.951E409 2.9611-Oi 2.271EiJI 2.395E411 2.535Et01 9.461E’OI 3.145B100 9.378E+OO
i.300E-02 2.9I9EtO9 3.067E+09 3.090E01 2.3SlEtII 2.469Et11 2.6I3EtOI 9.520E-O] 3.268EtOO 1.017tQl
l.350E-02 3,045Et09 3.366Et09 3.222EOI 2.128Es11 2.S4lEtlI 2.669EtoI 9.557E-O1 3.396E100 I.O2EtOI
I.400t-02 3.I73EiO9 3.309E+09 3.3S9E-O1 2.5O3EII 2.610Et11 .762E*OI 9.590E-O1 3.S2lEtOO I.193E+O1
1.450E-02 3.306E+D9 3.436E’fOg 3.496E-OI 2.575+1I 2.6’76Et11 2.832Et01 9.620E--O1 3.662E400 1.290E401
I.5OOE-O2 3.441E+09 3,567EtO9 3.642E-O1 2.644E,11 2.740E+11 2.900EtOl 9.646E-O1 3.8O1tOO 1.394Et01
1.550E-O2 3.SSOEtO9 3.lOlEtO9 3.766E-O1 2.llOEtli 2.BO1E+11 2.965E+O1 9.673E-O1 3.944E+OO 1.SOSEtOI
i.600E-02 3.121EO9 3.838Et09 3.938E-O1 2.ll3EtII 2.B6OEtll 3.027Et01 9.697E-O1 4.090E+OO 1.622E*OI
1.650E-02 3.866EtO9 3.978tO9 4.091E-Ol 2.833Et11 2.915E+11 3.OBSE+O1 9.’718E-O1 4.239EtOO 1.747E+O1
1.700E02 4.013E+09 4.121BtO9 4.247E-’Ol 2.890E+1I 2.968E+11 3.141Et01 9.737E-Q1 4.392Et00 I.6’7SEtD1

.75OE-02 4.162Et09 4261EtD9 4.405E-OI 2.944et11 3.018K+11 3.194E+O1 9.755C-O1 4.547E+OO 2.017Et01
I .OOE-O2 4.314E+09 4.415E+09 4.566E’OI 2.995E.j1 3.O65+11 3.243E+OI 9.772E01 4.706E+OO 2.164E+O1
I .850E-02 4.469EtO9 4.566E409 4.729E-O1 3.O42Et11 3.rooEtll 3.290E+O1 9.IOIE-O1 4.666E+OO 2.3IBEtOl
I.900E-02 4.625EtO9 4.719EtQ9 4.895E-O1 3.OB6EtlI 3.149Et11 3.333Et01 9.BOOE-QI 5.030E+OO 2.479EtO1
I .950E-02 4.184E+09 4.875E409 3.063E-Q1 3.l2lEtll 3.167E+11 3.373Et01 9.813E-O1 5.195E+OO 2.649Et01
2.000E-02 4.944E+09 S.OJ2EtOg 5.232E-O1 3.165Et11 3.221E+11 3.409C+O1 9.825E-O1 5.363B+OO 2.826E+OI
2.O5QE-02 5.106St09 5.191Et09 5.403E-OI 3.199Et11 3.252EtI1 3.442B+O1 9.635E-ol 5.333Et00 3.O11EtO1
2.IOOE-02 5.269Et09 5.352Et09 5.516E-OI 3.230E111 3.2fllEtll 3.472Et01 9.845E-O1 5.704E+OO 3.203EtO1
2.ISOE-02 5.434EtQ9 5.514EtO9 5.7S1E-O1 3.257Ef11 3.3OSEtll 3.498E*O1 9.834E-O1 5.B77EtOO 3.4O3EtOI
2.200E-02 5.599EtO9 5.677E+09 S.926E-QI 3.28It1I 3.32’IE+lI 3.521Et01 9.862E-O1 6.OSlEtOO 3.611Et’QI
2.250E-O2 5.766E+09 5.842E*09 6.103E-O1 3.302E+11 3.3ISEtIS 3.SlOEtOl 9.670E-OI 6.226EtOO 7.326EtOI
2.300E-02 S.934Et09 6003E’09 6.280E-OI 3.319EtI1 3.360Et11 3.556EtO1 9.877E-O1 6.4O3EtOO 4.O49EtOj
2 1SOF.-fl2 6,1O2E4fl9 6.174E+nq 645flE-o 3.133Es11 3.372Et11 3.569E*OI 9.684C-OI 6.580E+OO 4.279E401
2,4OUE>02 6.2’/lEtU9 6.341E109 6.637E01 .LJ43E’ll .3.380E+11 3.577E+Oj 9.89QEO1 6.75BE*OO 4.511E+O1
2.45O-O2 6.440E409 65O6Eo9 6.816E-Ot 3.flOEtll 3.3O5EtI1 3.563E+OI 9.896E-Oj 6.936E100 4.l6IEtOl
2.SQOE-02 6.610Et09 6.676EtO9 6.995E-O1 3.353Et11 3.3BlEtll 3.585EtO1 9.901E-Oi 7.IlSEtOO 5.012EfO1
2.SSOE-’02 6.779E409 6.843E109 7.114E-OI 3.353’11 3.385E+1I 3.58]E+O3 9.906E01 7.294E400 S.269EiOt
2.600E-02 6.948E09 7.ohlEtog 7.353E-OI 3.3SOEfll 3.3BOEtll 3.571E+O1 9.910EO1 7.472E+OO 5.533tO2
2.6SO-O2 7.117Et09 ?.176E109 7.532EQI 3.343E411 3.3’72Et11 3.569E401 9.914E’Ot 1.651EtOO 5.BOJEsOI
2.700E-02 ‘7.285EtO9 1.345Et09 7.71DB-til 3.333E+11 3.360R+11 3.556E+O1 9.916E-OI 7.B2SEtOO 6.O7BE+OI
2.750E-02 7.453Ef09 7.S12EtO9 ‘l.OBOE-Ol 3.319E411 3.345Et11 3.540E+O1 9.922E-Ol S.OOGE+OO 6.339E+OI
2.P.flflRfl2 1.62flE4fl9 7.677E409 8064EQ1 3.302EiI3 3.327E411 3.S2IEtOI 9.925E-flI 8.182EtOO 6.645Et01

G5UE J4 7 /U*j9 b42FrO9 e. 24OI U] 3. 2C2E1 Ii 3.305B+11 3.498EtO1 9.926E-Ol 6.3SOEtQO 6.935EtQ1
.9OOE-O2 7.950E09 8.005Et09 B.414E-O1 3.258Et31 3.281E+11 3.472EtQj 9.9316-01 8.532E1QO 7.229EtO1
2.950E-02 O,ll3EtQg 8.167Et09 8.SBIE-O1 3.231E’II 3.252Et11 3.442Et01 9.934EO1 6.7OSE+OO 7.527E+O1
3.000E-02 8.215EtO9 8.320E109 8.158E-O1 3.203E111 3.221E*il 3.409Et01 9.936E-Q1 8.676Et00 7.828Et01
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LO5UE 02 j,435E*09 d,4jkjtU9 ,928E’OI 3,jbJEII] 3,l8lEtlJ 3.373EtO1 9.939EOI 9.046E400 6.Ii2EtOl
3IOOE’02 B.594Et09 8.645Et09 9.095S-O1 3.131E+II 3.149E+11 3.333E-tO1 9.941E-O1 9.214EtOO 6.439EtOI
3ISOF02 5,750E+09 8.800E409 9.261E Dl 3.091Et31 3.IOBEtII 3.29OEtO1 9.943E-OI 9.379EtOO 8,l4lEtOI

‘‘ui-: u2 :,,5’:’Pi9 i,954Loq 9,421E II 3,o4eEIIi 3.OGSE’ll 3.243E401 9.945E-OI 9.SI3EtOO 9.057E401
3,2SOE-02 9.057E*09 9.105Et09 9.SBSE UI 3.002E’Il 3.018E+11 3.l9iEtOl 9.947E-Q1 9.704E-tOO 9.361Et01
.300E-’02 9.206E+09 9.254EtO9 9.743EOl 2.95EtIJ 2.968E411 3.I4lEtOl 9.918E-OI 9.863Et00 9.677Et01
3.35OEO2 9.353Ef09 9.400EfO9 9.899E-OI 2.901E411 2.9156+11 3.OBSEtOl 9.950E-O1 1.0028+01 9.988E301
3.400E-02 9.496E+09 9.544E.09 j,005EtQO 2.B46Et11 2.860Et11 3.027E+OI 9952-UI I.O17E4OI j.Q3QEtO2
3.450E-02 9639Et09 9.665EF09 i.O2OEsOD 2.7B8E111 2.801E411 2.965E+OI 9.953e-OI 1.032E*OI 1,060Et02
I.SOOE 02 9,7?8E*09 9.823Es09 IO35FOO 2.126F.IIl 2.14Ot1J 2.900EtOI 9.954E-OI 1.O4lEtOl 1.091E402
3550E 02 9.9I3EfO9 9.956E409 I.049Et00 2.664E+11 2.616Et1I 2.032Et01 9.956E-’Ol j.O6IEtQI 1.121E-02
3.600E02 1.OOSEtIO 1.OO9EtlQ 1.063E1OO 2.S9BE+11 2.610E+II 2.762E-lO1 9.95’7E-O1 1.O’lSEtOl 1.251E+02
3.ÔSQE-02 1,0171t10 L022E+1O i.O1’7E+OO 2.53QEtI1 2.54iRt1I 2.689E+OI 9.958S-O1 1.089E+O1 I.18IBtO2
3. 100E-02 I. O3OEtl 0 1. 034E-f10 1. 090Et00 2. 459E+11 2. 469Et11 2. 613Et01 9. 959E-’Ol 1. 102E+O1 I. 210Et02
.ISOE-02 I.042E*IQ 1.O46E1O 1.lO3EtOO 2.365E411 2.395EtII 2.535EtO1 9.960E-OI 1.115E+O1 1.239E402
3.BOOE-02 l.0546t10 1.OS8EtIO 1.IISE+OD 2.3O9EtII 2.319Et11 2.454Et01 9.961E01 1.126E+O1 I.267Et02
3BSOE-02 I.065E+1O 1.069E+iO I.127E+OO 2.231Et11 2.240E411 2.3lOEtOl 9.961E-OI 1.l4OEtOl I.294E*02
3.900E-02 1.O76ElO I.080E,ItI 1.139E’OO 2.1SIEIII 2.lS9EtIl 2.2OSEtOl 9.962E01 I.lSIEtOj 1.32IEtO2
3. 950E 02 I. fllEt 10 1. O91E1O 1. ISOEtOO 2. O68Et1 1 2. Ol6Etll 2. 197tDl 9. 963E’ 01 1. 163E1O1 1. 34?EI 02
4.000E-02 1.O9lEtlO IlOletlO I,l6lEtOO 1.984Ef11 1.991E311 2.IO7E+O1 9.964E-O1 I.II3EtQI J.372EtO2
4050E’02 I.IOIEFIO 1.IIIEIIO 1.j?IEIOO 1.897E’II I.904E-f11 2.OlSEtOI 9.964E-Oi 1.184Et01 I.396E+02
4.IOOE-02 1.116Et10 1.120Et10 1.IB1E*OO LBO8EFII 1.815E+11 1.B2ie+OI 9.965E’Ol 1.194E’fOl 1.420E+02
4,150E02 I125Et10 i129Ei10 ,191E+OO 1,ll8EtII 1.724E+II I.025E*OI 9.965E-OI 1.203E+OJ 1.442Et02
4,200E-02 I.133E’lO 1.IJIEIIU j.I99EtOQ 1.&26Et11 i.632E+I1 1.727EtO1 9.966E-O1 i.212E401 i.464Ef02
4. 250E-02 I. 141E410 1.1 45Et 10 1 .2OBEfOO I. S32Et II 1. 58Et1 I I .627Et01 9 .966E-’OI 1 .22OEtOJ 1. 464E102
4.300E02 1.I49EJO i.IS3EilO I.216E+OO I.437E’Il 1.442Et11 1.526E+O1 9.967E’OI I.228EtO1 LSO4EfO2
4. 350E-02 1. 156E+ 10 I.] 59E+J 0 I. 223E’ 00 1.341f1 I I. 345Et 11 1. 424E+Oi 9. 967E 01 1. 236E101 1. 522E’O2
4.400E 02 I,l62BtJj I.166E’JO I,2OC4OO 1.213EU1 1.247Et11 1.320Et01 9.968E-O1 I.243EiOI 1.539EO2
4. ISOE-02 1. l6aE+io 1. I72t1O I. 236EtOO 1. 144Et1 1 1. I4lEtl 1 1. 214EtO1 9. 960E-O1 1. 249Et01 1. 555Et02
l.SOOE-02 I.J74EtIO 1.fl7EtIQ I.242Et00 I,O43EtII I.041E+11 I.IOBE+O1 9.968E-OI 1.255Et01 1.570E102
4.5502-02 i.Il9EtlQ 1.l82EtIO 1.247E+OO 9.4I9EtIO 9.449Et10 1.000EtOl 9.968E-O1 I.260E+OI 1.S83EtO2
4. 600E-02 1. 163Es10 I. lBlEtIO 1. 252Et00 8. 397Et1 0 8. 423E+jO 0. 914E+OO 9. 969E-O1 I. 265Et01 I. 595EtO3
4.650E-02 1.187EtIO 1.I9IEtlO 1.256Et00 7.365EtIO 7.386E+jO 7.BjYEtOO 9.969E-O1 1.2696+01 L6OSE+02
4.700E-02 I.190Et10 I.194E’lO j.260Et00 6.327Et1O 6.347Et1O 6.7I7E+OO 9.969E-D1 1.273E+O1 1.615Et02
4.7506-02 1.193Et1O i.191Et10 1.263Es00 5.282EtJO 5.290E+IO 5.607E+OO 9.969E-O1 1.216Et01 1.623EtO2
4.600E-o2 1.I96Et]O 1.I99Et1O 1.266E+OO 4.2]2EtIO 4.245Et1O 4.493Et00 9.969E-Q1 1.27BEtOl I.629EtO2
4.850E-02 1.196E+1O 1.201Et10 1.267E+OO 3.I7BE+IO 3.lOlEtlD 3.373Et00 9.969E-O1 1.260E+O1 I.634E402
4.900E-02 1.199Et1O 1.203E+1O j.269Ef00 2.120Et10 2.127E+1O 2.251EtOO 9.9’IOE-Ol 1.282E+O1 1.636Et02
4. 950E-02 I. 200EF 20 1. 203E+ 10 1. 270E+OO 1. 061E+ 10 1. 064E+1O 1. 126E+OO 9.9702-01 1. 283E-fOI 1. 610E402
5.000K’ 02 1. 200Et10 1. 204E4 ‘0 1. 270Et00 1. 486E-O5 - I. 493E-O5 -I. SBOE-15 9.9106-01 1. 283E401 1.64 lEtO2
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U 911 3: 4h;41IjSkH2: Ml3IJKI,.RAMPIF. lEhi 2 IICAMIRVl . DAT;6
Thresholds; microwave inst. uiode-coupi. inst.

time sync. tune sync. req. tn/ni Izil ImZ1/n ImZt V’sin1sh15 bunarea
sod liz IOhmI ohm/mi IOhmj IOhm/mI Ivolls 1ev-SI

O.000E+OO 6.1JIE-02 2.7I5EtO4 2.503E+04 1.5I3t1O 1,416EtO5 7.285E+06 O.000EtOO 6.400E-02
S.000E-04 6.598E-02 2.905Et04 2.560E+04 1.5O6EtiO 1.46OEtO5 7.522EtO8 I.916E+04 6.4O5-O2
j.000E-03 6.865E-02 3.030E.04 2.609E+04 I.IB7Et1O I.476Et05 7.636E+O8 3.831EO4 6.420E-02
I.SOOE-03 7.OIBE-02 3.109Et04 2.600Et04 1.455E+1O 1.471+O5 7.665C+OB S.741E*04 6.443E-02
2.000E’-03 7.076E-02 3.152Et04 2.56OEtO4 1.412E1IO I.448Et05 7.61fl+O6 7.646StO4 6.478E-02
2,SOOE-’03 7.055E-02 3.164E104 2.492EfO4 I.359EtiO 1.41OEtO5 7.5jOEtOB 9.544E404 6.519E-02
3.000E-O 6.965E-’02 3.141E+04 2.402St04 1.299EtIO 1.359Et05 1.348Et08 1.143EtO5 6.566E-02
3.SOOE-03 6.01711-02 3.101Et04 2.294EtO4 1.233E410 1.298E+05 ?.144t+O8 j.331EtOS 6.621E-02
4.QOOg-03 6.620E-02 3.045E.04 2.174E+04 1.163Et1O 1.230B+O5 6.905Et06 1.517Et05 6.681E-02
4.SOOE-03 6.383E-02 2.965E+04 2.OISE+04 I.O9IEtlO i.isiK+o5 6.641Et06 1.7Q2EtO5 6.746E-02
S.000E-03 6.120E-02 2.871E+04 1.912Et04 1.019E+1O 1.O82EtO5 6.360E+O8 1.885Et05 6.81SE’-02
5.500E-03 S.835E-02 2.765E+04 1.778Et04 9.478Et09 I.OOGE+05 6.oG7g+O8 2.067Es05 6.B8SE-02
6.000E-Q3 S.537E-02 2.650t04 I.646E+04 6.784tO9 9.309E+04 5.77OBtO8 2.246EtO5 6.963E-02
6.SOOE-03 5.232E-02 2.529E104 1.517Et04 B.118Ef09 8.580E+04 5.473e+OB 2.423+O5 7.041E-02
7.000E-03 4.926E-02 2.4O5KtO4 1.393E+04 7.48511+09 7.003E+04 5.1O1E+OB 2.598tO5 7.120E-02
7.SOOE-03 4.625E-02 2.279EtO4 1.2’7’7t04 6.609E+09 7221ItO4 4.696Et06 2.770E’OS 7.200E-02
8.000E-03 4.331E-02 2.153E-t04 1.167EtQ4 6.331EtO9 6.6O3EtO4 4.620E+O6 2.939EtO5 7.260E-02
8.SDOE-03 4.048R-02 2.029E404 1.065E+04 5.813E+09 6.023E+04 4.355E+O6 3.106Et05 ‘7.359E-02
9.000E-O3 3.716E-02 1.906E-tOl 9.700E+03 5.333tt09 5.487Et04 4.103E+08 3.269Et05 7.437-02
9.500E-03 3.519E-02 1.791E+04 B.527E+03 4.091E+09 4.994E+04 3.863EtOO 3.429E+O5 1.512E-02
I.000E’02 3.276E-02 1.618Et04 6.027E+03 4.484E+09 4.54jEtO4 3.637Et08 3.586E+O5 7.585C-02
1.OSQE-02 3.O4SE-02 1511EtO4 7.294E+03 4.IIIE+09 4.126+04 3.423E+O8 3.139Et05 1.654E-02
I.IOOE-02 2.834E-02 I.40gt04 6.624EtO3 3.769EtO9 3.?47E+04 3.2211+08 3.8B9Ct05 7.719E-02
I.150E-02 2.635E-02 1.374EtO4 6.011Et03 3.456E109 3.402Et04 3.032B+OS 4.O3IEtOS 1.779E-02
1.200E-02 2.450E-02 1.284t04 5.459EtO3 3.169E+09 3.006EtO4 2.854E+08 4.176E+O5 7.634E-Q2
I.2SOE-02 2.278E’02 1.199E.04 4.953E+03 2.908E+09 2.SO2EtOl a.GseEtoe 4.314E*05 7.sale-02
1.300E-02 2.119E-02 1.120E+04 4.494tO3 2.668Et09 2.542E+04 2.531E1O8 4.447BtO5 ?.922E-02
1.350E-02 1.971E-02 1.046et04 4.O76EtO3 2.449EtO9 2,3O5EtO4 2.384B+OB 4.576EtOS 7.955E-02
I.400E-02 1.O35-O2 9.767Et03 3.595t03 2.249EtO9 2.090E+04 2.246EtOB 4.?OlEtO5 7.980S-02
1.450E-02 I.708E-02 9.fl3E+03 3.349E+03 2.065Et09 1.895Et04 2.1I7E+O8 4.621E*O5 7.995E-02
1.SOOE-02 I.592B-02 8.525Et03 3.O35EtQ3 1.897E+09 1.717Et04 1.995Et08 4.936E+O5 8.000S-02
I.550E-02 1.464E-02 7.969E+03 2.751E-t03 1.744EtO9 1.556EtO4 1.681Et08 5.D46EtO5 8.000S-02
I.600E-02 1.385E-02 7.456E+03 2.498E403 I.606Et09 1.413E+04 1.776E+O6 5.151E+O5 B.000E-02
i.650E-02 1.294E-02 6.9g2Eto3 2.272E+03 1.460E’09 3.285E+04 1.6?BE+O8 5.251Et05 8.000E-02
i.IOOE-02 1.210E-02 6.543Et03 2.OlOEtO3 I.367E+09 1.111E+04 1.58?Et08 5.346Et05 8.000E-02
I.750E-02 1.133E-02 6.I37EtQ3 1.89OEtO3 1.264EtO9 1.069E+04 1.503Et08 5.4368t05 8.000E-02
1.800E-02 I.062E-02 S.761Et03 I.72$E+03 I.I7OE-f09 9.712E+03 1.424E+OB 5.520Et05 8.000E-02
1.850E-02 9.964-O3 5.414E403 I.562E+03 I.085Et09 B.949E+03 1.3SlEtOS S.599E+05 B.000E-O2
I.900E-02 9.35’7E-03 5.O9jEtO3 1.453EtO3 1.OO7EtQS B.206E+03 1.282E+O8 5.672EtOS B.000E-02
I.950E-02 8.?96E-03 4.792Et03 1.333E+03 9.368E+O8 ?.541Rt03 1.2181408 5.740E+O5 6.000E-02
2.000E-02 B.277E-03 4.515E+03 i.22’lEtO3 8.723E+OB 6.940E+03 1.159E+08 5.6OE+O5 8.000E-02
2.OSOE-02 7.796E-03 4.257Et03 1.132E*O3 B.133E+O8 6.396E+03 1.103E+O8 5.858E*O5 6.000E-02
2.100E-02 7.350E-Q3 4.QIlEtO3 j.044E+03 7.593EtOB 5.904Et03 1.051Bt0$ 5.9O9tO5 8.000E-02
2.150E-02 6.936E-03 3.795E+03 9.649Et02 7.O99EtOB 5.458Et03 1.eoU+oe S.9S4EtO5 8.000E-02
2.200E-02 6.551E-03 3.587Et03 8.933E+02 6.645E+08 S.O53+O3 9.557E+07 5.993E+O5 B.000E-02
2.250E-02 6.193E-03 3.394E+03 6.2B3EtO2 6.227EtO6 4.666Et03 9.125t*07 6.O26EtO5 8.000E-02
2.300E-02 5.660E-O3 3.213E*Q 7.691EtO2 5.S4lEtOB 4.351E+O3 a.ll9EtO? 6.O53StO5 S.000E-02
2.350E-02 5.549E-03 3.045Et03 1.152EtO2 5.49OEfO8 4.046E+03 B.336EtO7 6.O74EtO5 B.000E-02
2.400E-02 5.260-03 2.868E103 6.659Et02 5.165Et06 3.767Et03 7.9’78gt07 6.QS9E*O5 C.000E-02
2.450E-02 4.969E-03 2.741Et03 6.209E-I02 4.864Ef06 3.512EtO3 7.639E+O7 6.098Et05 8.000S-02
2.SOOE-02 4.136E-03 2.6O3EtO3 5.797EtO2 4.SBáEtOO 3.279EtO3 ?.320E+O7 6.1OIE+OS 8.000C-02
2.SSOE-02 4.499E-03 2.474Et03 5.419E*02 4.329Et08 3.065gt03 7.OIBE+O7 6.098Et05 8.000E-02
2.600E-02 4.278E-03 2.353EtO3 5.072t02 4.091E*OB 2.fl9Et03 6.733E+O’7 6.009E+05 6.000E-02
2.650E-02 4.OJOE-03 2.24OEtO3 4.754EtO2 3.8lOEtOB 2.689E+03 6.464B+Q7 6.O74EtO5 8.000E-02
2.IDOE-02 3.615E-03 2.133Et03 4.461EtO2 3.66SEtOB 2.523EtO3 6.209E+O7 6.O53EtO5 B.000E-02
2.7SOE-02 3.692E-03 2.033E*03 4.t9IE.02 3.475E*OS 2.371Et03 5.96le+O7 6.026E*O3 6.000E-02
2.800E-02 3.519E-03 1.939Bt03 3.942E+02 3.290E+OO 2.230et03 5.1398+07 5.993Et05 8.000E-02
2.850E-02 3.358E-03 1.651Et03 3.712EtO2 3.134E406 2.100B+03 5.522Et01 5.954E+O5 6.000E-02
2.900E-02 3.205E-03 1.767E+03 3.SOOE+02 2.9SIEtOB 1.980E+03 5.316E+O1 5.909Et05 8.000E-02
2,950E-02 3.061E-03 1.688E+03 3.304K+O2 2.038E+08 1.869Et03 5.121E+O7 5.OSOEtOS B.000E-02
3.000E-02 2.926E-03 1.614E+03 3.122Et02 2.lO5EiOB I.766EtO3 4.935KtO7 5.0026405 8.000E-02
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3 .lOE-O2 2,80/E-Oi 1. 549EtOi 2.95OEtO2 2. 5110EtOO 1. 613EtO3 4. 766E+Q7 5. 140E105 8.000E-02
3.IOOE-02 2.11OE-03 I.496E403 2.814E*02 2.464E408 1.52E+G3 4.620E401 5.62EtD5 %.000E-02
3.150E-’02 2.632E-03 I4S3E4O3 2.686E402 2.356Et06 L5ZOEtO3 4.49jEtO7 5.599EtO5 8.OOOO2
32QQE-02 2.567E’03 1.411E+03 2.S12EtO2 2.2SSEtOB I.455E*03 4.376Et07 S.520E*flS 8.0002-02
3.250K-02 2.512E-03 1.381E+03 2,469E+02 2.160EP08 I.397StO3 4.273Et01 5.436Et05 B.OOO-O2
3,300E-02 2,464-U 1,361gs03 2.375EtQ2 2,QllEtOa 1.344C403 4I76EtO7 5.344O5 tOQO-O2
3.JSOE-02 2.422E-03 I.338E+03 2.289EfO2 1,9B8EtO8 1.95StO3 4.O9OEtQ’7 5.25IEtO5 8.000S02
3400E-02 2.382E-03 L3I6EtO3 2.208E-t02 1,9lOEtOS 1,249E+03 4.006c+o7 s.isie.os a.ooog-o2
1. 150R-02 2. 345E 03 1. 296E* 03 7. 132Ef02 i , 838E+O8 1. 2O6StO3 3. 921E+O7 5. 046Ei 05 S. 000E02
3,SOOE-02 2.308E-’03 1.276EtO3 2.061gt02 1.769Et08 1166S+o3 3.850E+O? 4.936ItQ5 6.OOOQ2
3.SSOE-02 2.273E-03 1.256Et03 1.991E+02 1.IOSE+08 1.128St03 3.7’76EtOI 4.821EtO5 B.OOOE’O2
3.600E-02 2.2IE-03 1.237EtO3 1.930Et02 L645EtO6 1.092tt03 3.’7O5EtO7 4.7OI405 8,000B"02
3,650E-02 2.202E-03 1.217E403 1.610E402 1.5S9Et08 1.OSSStO3 3.635E*07 4.5?6EtOS O.000E-02
3.700E-02 2.166E-03 1,191Ef03 I.8I2EtO2 1,537E+OB 1.025t+03 3.561E+07 4.447Et05 6.000E-02
3,750E--02 2.130E-O3 1.IIBE+03 I.7SBE*Q2 1,487E*06 9.944Eto2 3.500E+O7 4.3J4EtO5 8.000g-02
3.eooc-o2 2.093E-O I.158E+03 17O6EtO2 1.441tOO 9.650S*02 3.435E+O1 4.1’l6EtOS 8.000g-02
.B50E-02 2.057E-O] I.237E+O] 1.656EtO2 j.398E+OO 9.369g+02 3.371E+O7 4.03411.05 8.000E-02
3.900E-02 2.019E-O3 1.117gb 1.609E402 1.3SSEtOB 9,102St02 3.309Et07 3.B89EtD5 8.000E-02
3.950E--02 I.982E-’03 1.096E*03 I.564Et02 j,320Et08 8.847StO2 3.248EtO7 3.739EtOS O.000S-02
4.000E-02 1.944E-O3 1.OlSEtO3 1.521E402 i.285Et08 6.604S+02 3.188E+O7 3.SS6EtOS 8.0002-02
4.050E-02 1.905E-03 1.05412+03 14BQEtO2 J.252Et00 B.372t+02 3.129E+07 3.429Es05 B.OOO’-O2
4.IOOC-02 I.866E-03 I.032Et03 L441Et02 1.222E+O8 8.1SOt+02 3.O’72E+07 3.269EtO5 O.000S-o2
4,ISDE-02 L827E-03 1.021E403 1,4O3EtO2 J.194Et08 7.938E+02 3.016E+O7 3.106E+05 6.000S-02
4,200E-02 1.786E-03 9.884Et02 1.367E*02 1.167Et06 7.134StQ2 2.960+O7 2.939Ct05 8.000S-02
4.250E-02 I.746E-03 9.659EtO2 1.33EtD2 1.143EtOB 7.540g’o2 2.906E+O7 2.770E+O5 8.OOOEO2
4.300E-02 i.104E-’03 9.430E*02 1.300E+02 j.121Ef08 7.352E+02 2.852EtO7 2.590Et05 8.000E-02
4,350E-02 1.SGfl-D3 9,196E*02 1,269E+02 1.IOOEtOB 7.172E+02 2.799E+O1 2.423Et05 B.000g-02
4,400E-02 1.618S-O3 8.955E*02 I.237Et02 1.O82EtO8 6.99’lEtO2 2.746E+O7 2.246EtO5 O.000E-02
4.450E-02 1.573E-03 8.707E402 1207Z402 3.0652*08 6.827EtO2 2.693EtO7 2.067tt05 8.000E-02
l.500E-02 J.527E-03 8.431E+02 I178E+02 j.049E*08 6.661S+02 2.640Et07 1.865Et05 8.000E-02
4.SSOE-02 %.479E-03 B.1b4%O2 1.149E402 1,036Et03 6.498E+O 2.587E+O7 1.702E105 8.000E-02
4.600E-02 1.428E’-03 7.9O3EtD2 I.120E+02 1.023E108 6.i36+O2 2.532E+O7 1.S17E05 O.OOO-’O2
4.GSOE-02 1.3142-03 1.606E402 1O91EO2 1,013E40S 6.fl3EtO 2.475E407 1.331tOS 8.000E-02
4.IOOE-02 1.317E-03 ?.287Et02 I062E*02 j.003E+O& 6.0065+02 2.415Et0? I.143EtDS 8.OOO-O2
4 .7SOE-02 t,254E-03 6.941E02 .O31E*O2 9,95SE107 S.832E402 2.3SOEtfl 9.544E’04 8.0002-02
4Otk-O2 1.165E-OJ 6.558Eto2 9.979Et01 9,895EtD7 5.64511+02 2.280g+o7 7.646Es04 9.000B-02
i.BSOE-02 t.IG6E-03 6.t23Et02 9.611E*Ot 9,t46E401 S.431St02 2.199EtO 5.7flEt04 8.000E’-02
4.900E-02 1.Q1]E-O3 5.607E102 9.175E401 9.BllEtOl 5.i9OStO2 2.iO2EtOl 3.831EtO4 6.000E-02
4.950C-02 8.926e-04 4.94fl402 8.602E401 9.190E*C1 4.eba.02 1.912E+O? 1.9%6gt04 a.000E-02
5.000E-02 6.IIOE-04 3,147Et02 7.lelg.oI 9.784E401 4.235E102 I.716EsO7 3.921e-03 6.000E-02
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H IEC-9U I3:46:41LiSEH2;IH1GIJEL.RAMIkF,I,EbI2IkAHIIIW3,DAT;6
bunch assumed gaussian
time vollage PP freq adiab B faclor delnu slgp/p sij sigx slgy
Isec volts flu Irni ml t

iIThOUE.OU 5,7bbEfQ5 475jEtO7 O.000CtOO 3,Ij42EtQQ -2.724E-Q1 1.273E-03 6.556C-O1 2.604E-03 2.149E-03
5.000E-04 6656Es05 4.JSSE+O7 1.1OSE-’04 3.152E+OO -2.789E-O1 i.318E03 6.329E-Oj 2.8438-03 2.141E-03
1.000E-03 7339E’OS 4,767EO7 2.047E-O4 3.2356t00 -2.B1SE-O1 1.347-03 6.166E-OI 2.665E-O3 2.140E"03

SOGE 03 7 900Et 05 4. 185E+O? 2 874E-O4 3 3OSEt 00 ‘2.61 1E-Ol I. 366E-03 6. 036E-O1 2. 875E-D3 2. 120E-03
2.000E 03 S,368E105 4.BIlEtO? 3.622E-04 3.367E100 -2,7&3E-O1 1.37BE-O3 5.925e-O1 2.8’7SE-03 2.113E-03
2.SOOE’03 8.757E105 4.B43EiO7 4,310E-04 ].424EtQO -2,y35E-O1 1.385E-03 5.825E-OI 2.066E-03 2.093E-"O]
3.000E-O3 9,O79EtOS 4,BSOEtOl 4.955E-04 3.479Et00 -2.669e-oI 1.366E-03 5.733E-O1 2.BSOE-03 2.069E-03
3,500E-03 9.336E405 4.922E’O7 5.566E-04 3.533Et00 -2,568E-’Ol 1.3B3E-03 5.646E-O1 2.829E-03 2.043E-03
4.000E-03 9,543EiO5 4.960Et0? 6,152E-O4 3.587E+OO -2.496E-O1 1.376E-03 5.561E-O1 2.800E-03 2.014E-03
4.500E-Q3 9,699E405 5.016E407 6.719E-04 3.641E+OO -2.396E--OI 1.367E-03 5.478E-O1 2.766E-03 1.9B2E-03
5.000E-’03 9.809E-*05 5.O67E4Q7 7.269E-O4 3.697E100 -2.209E-O1 I.355E-03 5.396E-O1 2.733E-03 1.946E-03
5.SOOE-O 9.802E+05 5.ll6EtO? 7.BO3E-04 3.lS4EtOO -2.179E-O1 1.341E-03 5.313E-O1 2.694E-O3 1.913E-03
6.000E-03 9.921E105 5.370E01 8.323E-04 3.814Ei00 -2.067E-OI 1.325E-03 5.230B-Ol 2.653-O3 1.677E-03
6.5OO-D3 9.932E*OS 5.222EtO7 8.824-O4 3.876E’OO 1.955EQ1 1.309E-03 5.146E-O1 2.610E-03 1.840E-03
‘7.000E-O3 9.919E+OS 5.272EtO7 9.303E-04 3.941EtOO -‘1.845S-O1 1.292E-03 5.062E01 2.561E03 1.603E-03
7.SOOE-03 9.880Et05 5.321Et01 9.753E-04 4.009E+OO -1.7378-01 1.274E03 4.976EOi 2.522E03 I.765E03
8. 000B- 03 9. 841E-’OS 5.36811 1. 016E’03 4. 080E+OO -1. 633E-O1 I. 256E-O] 4. 889E- 01 2. 478-O3 I. 728E-03
6.500E-03 9.783tO5 5.413EtO? 1.053E-03 4.155Et00 -1.534S-O1 1.236S03 4.8O1’O1 2.434EQ3 1.691E03
9.000E-03 9.’717EtO5 5.456Et07 1.083E-’03 4.233EtOO -1.440E-D1 1.2196-03 4.71fl-O1 2.369E-03 I.654E-03
9.SOOE-O3 9.645EtO5 5.496EtO’l 1.1OSE-03 4.314E+OO -1.350E-Oi 1.201B-03 4.623’-Ol 2.346E-03 1.618E-03
I000E-02 9.569Et05 5.533E+O7 1.117E’-03 4.400EtOO -1.266E-O1 l.183E-03 4.534E-O1 2303E-03 I.582E-03
I. OSOE-02 9. 491E+05 5. 56$E+07 1. 1I7E-03 4. 4eBe.OO -1. 1B1E-O1 1. 166E-03 4. 444E-O1 2.261E-O3 1. 548E03
I.IOOE-02 9.412E*O5 5.601E+O1 1.103B-03 4.SBlEfOO -I.113E-O1 1.148E-03 4.354E-O1 2.220E-03 1.514E-03
I.150E-02 9.334E+O5 S.631Et07 - l.O’71E-03 4.677E+OO -I.045E-O1 1.131E-03 4.265E-O1 2.179E-03 1.401E-03
I.200E-02 9.256E+OS 5.659E107 1.018E-03 4.I7IE+DO -9.B11E-02 1.113E-03 4.176E-Q1 2.140E-03 1.449E-03
I.250E-’02 9.180Et05 5.685EtQ7 9.406E-04 4.O6OEtOO -9.221-D2 1.096E-03 4.O87-O1 2.101E’03 I.4IqE-03
I .300E-02 9.]05Ef05 5.1OBE*O1 8.337E-04 4.968E+OD -8.675E02 1.079E-03 3.999E-Q1 2.063E-03 I.389E 03
I .350E-O2 9.O3I+D5 S.7DOE+O1 6.924E-’04 5.O99EtOO -8.17OE-02 1.062E-03 3.912E-O1 2.026E’-O] 1.36OBO3
I.400E-02 B.959E+05 5.75QEtQ7 5.11OE-04 5.214Et00 -7.705E-02 1.045E-03 3.B26E-OI 1.990E-03 1.332E-03
I .450E-02 8.889gt05 5.768Et07 2.827E-04 5.333E+OO -7.277E-02 L02BE-03 3.740E-O1 1.954E-03 1.305E-03
I .500E-02 8.819EtOS 5.l8SEtOl O.000EtOO 5.456E400 -6.883E-02 1.O11E-03 3.656E-O1 1.919E-03 I.279E03
i.550E-02 B.753E’fO3 5.800E+07 O.000E+OO 5.582C+OO -6.518R-02 9.946E-04 3.573E-O1 1.6B5E-03 I.254E-03
1.600E-02 8.693Et05 5.Ol4EtDl O.000E+DC 5.7IOE+OO -6.177E-02 9.789E-04 3.493E-O1 1.852E-03 1.230E-03
3.6SQE-02 6.637e.05 5.&2lEtOl O.000EtOO 5.840Et00 -5.861E-02 9.637E-04 3.416E’Ol 1.820E-03 I.207E-03
L700E-02 B.585E+OS 5.e38g+o7 O.000EtOO 5.970E+QO -5.565E-02 9.491E-04 3.341E’-Ol 1.’790E-03 1.184E-03
L75OE-02 B.536Et05 5.849EtO7 Q.000EtOO 6.lO2EtOO -5.290E-Q2 9.351E-Q4 3.269E-O1 1.761E-03 1.163E-03
I.800E-02 6.469Et05 5.859Et07 O.000EtOO 6.234EtOO -5.032E-02 9.218E04 3.199E01 1.733E03 1.142E03
1.850E-02 $,444E*Q5 5.866E407 O.000E+OO 6.366Et0Q -4.792E-02 9.089E-04 3.133E-O1 I.706E-03 1.122E-03
I .900E-02 8.401E405 5.8’76Et07 O.000E+OO 6.SO1S-tOO -4.568E-02 B.966E-04 3.068E-O1 1.681E-03 1.103E-03
1.9502-02 o.358e+o5 S.884tO? O.000EtOO 6.635E+OO -4.359E-02 B.647E-04 3.006E-O1 1.656E-03 1.085E-03
2.000E-02 8.315EtO5 5.691EtO1 O.000EtOO 6.766Et00 -4.163E-02 8.7332-04 2.947B-O1 1.632E-03 1.067E-03
2.050E-02 8.272E+O5 5.S97nQ? O.000EtOO 6.902E*OQ -3.960E-02 8.623E-04 2.890E-O1 1.6098-03 1.OSOE-03
2IOOE-02 8.229E+OS 5.9Q3E"07 O.000E400 7.035E+OO -3.809E-02 B.51?E-04 2.835E-O1 1.5$7E-03 1.034E-03
2ISOC-02 C.84EtO5 5.9O8E.O7 O.000E400 7.168EfOO -3.649E-’02 8.415E-04 2.793E-O1 1.566E03 1.O1BE-03
2.200E-02 6.13BEtOS 5.913EtO7 O.000EtOO 7.300E400 -3.496E-02 8.316E-04 2.732E-O1 1.546E-03 1.003E-03
2.250E-02 B.O9OEtOS 5.91$E+O1 O.000EtOO 7.4326+00 -3.356E-02 fi.221E-04 2.684E-O1 I.526E-03 9.BBIE-04
2.300B-02 8.040Et05 S.922E+O7 O.000E+OO 7.362E400 3.224E02 B.129E-04 2.636E-O1 1.5O’7B-03 9.740E-04
2.350E-02 7.9BBE*OS 5.926E+07 O.000EtOO 7.691E400 -3.099E-02 B.040E-04 2.593E-O1 1.4682-03 9.605S-04
2.4006-02 1.933E+O5 5.93OEtO1 O.000EtOO 1.819E400 -2.962E-02 7.954E-04 2.SS1E-O1 1.471E-03 9.475E-04
2.450E-02 7.AlSEtOS 5.933Et07 O.000E+OO ‘L946EtOO -2.$72E-02 7.e7oE-o4 2.SIOE-O1 1.454E-03 9.350E-04
2.SOOE-02 7.$14E.05 5.936E+O7 O.000E+OO 8.O’7IE*OO -2.’769-O2 7.789E-04 2.472E-O1 1.437E-’03 9.229E-04
2.55OE-02 7.750E495 5.939E407 O.000EtOO 6.194E+OO -2.671E-02 7.71OE-04 2.435E-O1 1.421E-03 9.113E-04
2.600E-02 7.6B3EtO5 5.942EtO1 O.000EtOO 8.315Et00 -2.579E-02 7.633E-04 2.399E-D1 1.406-03 S.OOIE-04
2.650E-02 7.612E405 5.944E+O7 O.000EtOO B.433Et00 -2.493-O 7.55fl-04 2.365E01 1.391E-03 B.694E-D4
2.700E-02 7.S3lEtOS 5.94lEtO7 O.000EtQO 8.SSOE+OO -2.411E-02 7.486E-04 2.333E-O1 1.376E-03 6.791E-04
2.1SOE-02 7.459E+05 5.949Et07 O.000EtQQ B.664E400 -2334E-02 7.416E-04 2.302E-O1 1.362E-03 a.691E-04
2.800E-02 7.377Et05 5.951E+O7 O.000EtOO 6.776tOO -2.261E-02 7.347E-04 2.273E-O1 1.346E-03 8.596E-O4
2.OSOE-02 7.290E105 S.933E+O7 O.000E+OO O.665Et00 -2.192E-02 7.279E-04 2.245E-O1 1.335E-03 B.504E-04
2.900E-02 7.200EtOS 5.955E+O’7 O.000EtOO 8.991E+OO -2.126t-02 7.214E-04 2.219E-O1 1.332E-03 O.4152-o4
2.95QE-02 1.106Et05 5.956EtO7 O.000EtOO 9.093Et00 -2.065E-02 7.149-O4 2.194E-O1 1.310E-03 O.330E-04
3.000E-02 7.007Et05 5.9S8EtO1 1.312E-16 9.193Et00 -2.006E-02 1.066E-04 2.IIOE-01 1.298E-O3 8.248E-04
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i.U5OE-02 b,9]aEto5 5.959K40/ 3.441t-’02 9.iIi4EtOO -I.953E-02 7.035E04 2.144E’Ol I.87EO3 B.169E04
3.IOOE-02 6.649E+O5 5.960Es07 6,680E-02 9.439Es00 -I.906E-02 7.006E-04 2.113E-Q1 1.279E-03 8.094E-04
3. SOE-02 6. ‘197EF05 5. 962EtO7 9. 463E-02 9. 596EtOO -1. 864E-02 6. 995E-04 2. 079E-O1 1. 274E-03 8. 021E-O4

700E 12 6.156F..fl5 5961E’07 I.166E-O1 9,770E100 -I,826E-02 6.g98E04 2.042E-O2 I.270E-03 7.951E-04
250E 02 6. 72SEi 05 5. 964E* 0 I. 326E- 01 9. 956EfOO -1. 793E-02 7. 012E-04 2. 004E-’Ol 1. 26’IE-03 7. 884E-O4

3.300E-02 6.lOOEtOS 5.965EsO’7 1.43E-O3 I.OISE*O1 -1.162E-02 7.033C-04 1.965E-O1 I.265E-03 7.820E-04
3. 350E02 6. 679E* 05 5. 966EtO7 1. 49S-OI 1. O35EtO1 -j . 733E-02 7. 058E-04 I. 927E-oI I. 264E-03 1. 758E-O4
3400E-02 6.658EtO5 5.967E*07 I.524E-OI l.OSSC+O1 -1.7OSE-02 1.OOSE-04 i.O9IE-oI 1.fl4E-03 7.699E-O4
3.450E-02 6.637EiO5 5.968EtO7 1.527E-’Ol I.O7SE*Ol -1.680E-02 1.113E-04 1.656E-Oj 1.263E-03 7.642E-04
3.SOOE-02 6.613C+O5 5.968E-fOl 1.512E-OI 1.094E+OJ -i.655E-02 7.140E-04 1.023S-O1 1.263E-’03 7.588E-04
3. 550E’02 6. 565E+O5 5. 969EtO1 1. 465E-O1 1.1 14E+O1 "1. 532E-02 7. 165E’-Ol 1. 791E-O1 I. 263E-03 7. 536E-OI
3.600E-02 6.SS2EtOS 5,97Og+Q7 1.450E-OJ. t.132Et0L -t.60ge-02 7.laae-04 1.762E-O1 1.26Th-Cl 7.486E-04
3 5IE-02 6,5j]Ef05 S. 971Ef07 I .410E-OI 1. ISOE+Oj -I. SOBE-02 7.208E-O4 1. 135E-O1 1.262E-03 1.439E-04
3.1OJE-02 6.466EtO5 S.9flEtOl 1.366E01 1.167E+OI -1.567E-02 7.2261-’04 1.JIOE-O1 1.261E-03 7.393E-04
3.150E-02 6.412EtO5 5.972EtO1 I.322E-O1 I.183E+OI -1.546E-02 7.239E-Ol 1.68?E-O1 1.260E-03 7.350E-04
3.600E-02 6.3l9EtO5 S.972Es07 I.276E-O1 1.198EtOI -i.527E-02 7.249E-04 I.665E-QI 1.259E-03 7.309E-Oj
3.BSOE-’02 6.217Et05 5.913EtO1 1.231E01 1.212E+OI -1.soss-02 7.23511-04 I.646B-O1 I.251E-03 1.210E-04
3.900E-02 6.19SE-tO 5.913E+O7 3.166E-O1 1.224EtD1 -1.490K-fl 1.256E-O4 1.629E-O1 1.253E-03 7.232E-04
3.950E-02 6.102E405 5.974E-tQl i.142E-Oi 1.236E101 -1.472E-02 1.254E-04 1.614E-OI 1.253E-03 7.197E-04
4.000E-02 6.000EtO5 5.974Et01 1.09$E01 1.246EtOI -1.455E-02 7.247E-04 3.600E-O1 1.250E-03 ‘7.164E-’04
4.050E-Q2 5.686E*05 S.9’74E4OI 1.055E-01 1.25EtO1 -1.438E-02 7.235E-04 I.569E-O1 l.247E-03 ‘7.132E-04
4.IOOE-’02 5.76OEtO5 5.975E+Q7 l.013E-O1 1.263E-tD1 -j.422E-02 7.219E-04 1.579E-O1 1.244E-03 7.102E-04
I.ISOE-02 S.624E405 5.9lSEtOl 9.712E-02 1.269E+O1 -I.406E-02 7.197E-04 1.572E-OI I.239E-03 7.074E-04
4200E-02 5.475EtO5 5.975E+O7 9.299E-02 1.274Et01 -I.390E-02 7.I7OE-04 1.566E-O1 1.235E-03 7.O4SE-04
I.250E-O2 5.3I4CtO5 5.976EtO7 6.8B9E-02 1.2llEfOl -I.3’75E--02 7.137B-04 1.562E-OI 1.230E-03 7.023E-04
4.300E-02 5.14IEtO5 5.976E+O7 O.479E02 1.276E+D1 -1.360E-02 7.098E-04 1.561E-O1 1.224E03 7.001E04
4. 350E-02 4. 956E+OS 5. 976E+O7 B. 066E-02 1. 2lBEtOl -t . 345E-02 I .032E-04 1. 561E--OJ I. 217E-03 6. 900E-04
4.400E-O2 4.757E+OS 5.976E+D? 7.652E02 1.275E+O1 -i.330E-02 6.9996-04 1.564E-O1 I.210E-03 6.960E-04
4.450E-Q2 4.545E+O5 5.9llEtO? 7.230E-02 1.2llEtDl -1.315E-02 6.938E-04 I.570E-O1 I.202E-03 6.942E-04
4.500E-02 4.320E+O5 5.911Ct07 6.798E-02 1.264EfO1 -1.300E-02 6.B68E-04 1.578E-Oj 1.19]E-03 6.926E-04
4.5502-02 4.OOO+O5 S.971R+07 6.353E-02 1.254Et01 -1.2852-02 6.?egE-04 1.590E-O1 1.163E-O3 6.911E-04
4.600E-02 3.626E+OS 5.97lEtOl 5.aB9E-a2 1.242B+O1 -I.269E-02 6.698-O4 i.606E-O1 1.112E-03 6.896E04
1.650E-02 3.SS7E+05 s.gii.oi 5.402E-02 1.221EtO1 -1.252E-02 6.594K-04 1.626E01 1.159E03 6.SOIE-04
l.700E-02 3.271Et05 S.911E+O7 4.O6SE-02 1.2O8tO1 -1.234E-02 6.474E-04 1.651E-01 1.145E-03 6.077E-04
4.750E-02 2.966tO5 5.977EtO7 4.327E-’02 1.IB5E+Ol -I.215E-02 6.33S-O4 1.663E-OI 1.129E-03 6.866E-04
4.$OOE-02 2.641E+05 5.977E07 3.I1BE-02 i.157EtOI -1.193E-02 6.1J1B-’04 1.724E-’Ol 1.11OE-03 6.862E-04
4.OSOE-02 2.291E+O5 5.978Et07 3.037E-02 1.I2IEtOj -1.166E-02 5.973E-04 1.779E-OI I.OBSE-03 6.856E-04
4900E-02 j.9OlEtOS 5.97$E+fl7 2.253E-02 I.076E+O1 -i.133E-02 5.723E-04 1.854E’OI 1.060E-O3 6.652E-04
l.950E-02 I.468E+D5 5.970E+O7 1.305E-02 I.OIIEtOI -I.OBIE-02 S.376E-04 1.973E-O1 1.023C-03 6.oSOe-04
S000E-02 B.376EtO4 5.9lUtOl O.000E+OO 8.B1OE400 -9.674E..03 4.683E-04 2.264t-Oj 9.527E-04 6.849E-04
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6DEC-90 Z4;30:4809ER2:IHIGUEL.RMIPR?.MESI2IRAMPRFI.DAT;30
pi 1.200EtlO pe- j.BOQEtjl IeV/cj Bmax* 1.600EtOO ft Brho 6.OO4EtO2 IT-in]

time momentum energy B-field dB/dt dp/dt dB/dt beta gamma b*q**2
Isec] Fey/c levi ITeslal tev/si 1eV/c/si CT/eec]

O.000E+OO 1.200E-tlO 1.204E+tO 1.06’E’-Oi C.000t+OO O.000E+OO O.000E+OO 9.97O-O1 1.28iEt02 1.542Et02
1.000E-’Ol 1.200EtIO 1.204E+1O 1.06711-01 Q.000E+OO O.000EtOO O.000E+OO 9.97O-O1 1.283E+O1 1.641Et02
2.000E-O1 I.200E+1O 1.204E+1O 1.Q6JE-O1 O.000E+OO O.000E+OO O.000E+OO 9.91fl-O1 1.203B+O1 1.641BtO2
3.000E-O1 1.200E+1O 1.204E+IO 1.067E-OI O.000BtOO Q.000E+OO O.000E+OO 9.9’70S’-O1 1.263E+ol 1.641Eto2
4.000E"Ol 1.200Et10 1.2O4Etfl l.067E-O1 O.000EtOO O.000EtOO O.000E+OO 9.970E-O1 1.283E+O1 1.641E+02
5.000E-OI 1.200E+IQ 1.204E+1O 1.067EQ1 Q.000E+OO Q.000EtOO Q.000S+OO 4.970t-O1 1.263E+G1 1.641E*a3
6.000E-Ol 1.200E+1O 1.204E+1O i.0671-O1 O.000EtOO O.000EtOO Q.000E+OO 9.970E-O1 1.283E+O1. 1.641E+02
7.000E-O1 1.200E+1O 1.2O4Et1O 1.067E-O1 .]25E-O5 2.132E-05 1.895E-16 9.9’70E-O1 1.283E+O1 1.641E’t02
7.250E"Ol 1.203E+1O 1.207EtjO 1.O7OE-O1 2.792EtO9 2.BOOE+09 2.4Bfl-02 9.970-O1 x.2entol 1.650E+02
7.500E-D1 1.234E+]O j.2lOEtlD 1.079E-OI 5.583EtO9 S.600EtO9 4.9762-02 9.970E-O1 1.296E+O1 1.679E+02
1.7SOE-.OI 1.231E+1O 1.235E+1O 1.095E-O1 8.376EtO9 6.400+09 7.46’7E’02 9.971-O1 1.316E+O1 j.728St02
B.000E-Q1 1.256Et1O S.259Et10 1.116E-O1 1.11’7E+1O 1.120Et10 9.956EO 9.972E01 1.342E+O1 1.797Et02
8.250E-OI 1.267E+1U 1.291Et1O 1.144E-Q1 1.396Et10 1.400E+1O 1.244t-O1 9.974g-o1 1.376E+O1 1.SBSE+02
B.5OO-O1 1.326EtIO 1.329Et1O jUn-01 1.676Et10 1.660E+1O 1.493B-O1 9.975t01 1.417E+O1 2.002E+02
8.750E-C2 1.3?2St2O 2.375E+2O 1219E-01 3.955Et10 1.96OEt1O t.742E01 9.977E-O1 1.465E+O1 2.1.42E+02
9.000E-O1 1.424Et1O 1.427E+1O 1.266E-O1 .235E+1O 2.240E+1O 1.991E-Oi 9.9’78E-O1 1.521E+O1 2.308E+02
9,250-el I.463Et1Q l.486Et1O 1.319E-O1 2.5lSEtIO 2.520E+1O 2.240E-O1 9.98O-O1 1.584E+O1 2.505Et02
9.500E-OI I.SSOE+1O 1.553E+1O 1.3’IBE-Ol 2.195E+1Q 2.SOOEtjO 2.469E-O1 9.982E-O1 1.655tt01 2.734E+02
9.750E-Q1 1.623Et10 I.626Et1O 1.443E-O1 3.075E+1O 3.OBQE+1O 2.?38E-Oj 9.9839-01 1.733EtO1. 2.999E+02
j.000EtOO 1.704E+JO z.7o7g+jo z.515E-Oi 3.355E+1O 3.3608+10 3.9872-01 9.985E-O1 3.819E+O1 3.3O3EtO2
I.025Et00 1.791E+1O 1.794E+1O 1592E-O1 3.635E+1O 3.64OEt1O 3.236g-O1 9.986E-O1 1.912E+O]. 3.651EtO2
1.O5OEtOO 1.B96E+1O j,BBBE+1O 1.676E-Q1 3.915E+1O 3.920E+1O 3.484B-O1 9.988E-O1 2.013E+Q1 4.045E+02
I.075Et00 1.9$’IE+lO 1.990E+jO 1.767E-O1 4.195E+1O 4.200E+1O 3.733E-O1 9.989E-O1 2.121E+O1. 4.492E+02
I.lOUEtOO 2.096et10 2.098E+1o 1.863E-O1 4.476E+1O 4.460E+1O 3.982E-Q1 9.990E-O1 2.236E+O1 4.995E+02
1.125E+OO 2.2llEtlO 2.213Ft1Q 1.966E-O1 4.756E’tlO 4.760g+1O 4.231E-0j 9.991t-O1 2.359E+O2 5.560E+02
1.ISOE+OO 2.334E+IO 2.33E+1O 2.O7SE-O1 5.036E+1O 5.0408+10 4.4$0Z01 9.992t-O1 2.490E+O1 6.193E+O
1.175E+OO 2.463EtlO 2.465E+1O 2.19O-O1 5.316E+1O 5.320E+1O 4.729B-O1 9.993E-O1 2.62’7E+O1 6.699tt02
1.200E+OO 2.GOOEtlO 2.602E+1O 2.311E-O1 5.S96Bt1O 5.GOOE+1O 4.978R-O1 9.993E-O1 2.773E+O1 7.684E+02
1.30012+00 3.j6OEtlO 3.161E+jO 2.809E-O1 5.598E+1O 5.600E+1O 4.916E-O1 9.996E-O1 3.369E+O1 1.13fl+03
1.400EtOO 3.72OEtlO 3.721E+jO 3.307E-O1 5.590E+1o 5.600B+1O 4.978E’Ol 9.997E-O1 3.966EtO1 j.572E+03
j.500E+OQ 4.280E+1O 4.281E+1O 3.8Q4E-O1 5.599E+1Q 5.600g+1O 4.9?ag-O1 9.998E-O1 4.563E+O1 2.QB1E+03
I.600E+OO 4.84OEtjO 4.641E+1O 4.302E-O1 5.599Et20 5.600E+1O 4.9?SE-01 9.998E-O1 5.159E+O1 2.661E+03
1.7002+00 5.400E+1O 5.4OlEtlO 4.S00E01 5.599E+1O 5.600EtlO 4.976E-O1 9.996E01 5.756E+O1 3.313E+03
J.800Ei’OD 5.960E+jO 5.962E+1O 5.29BE-O1 5.599E+1O 5.600S+1O 4.978E01 9.999E-O1 6.353BsO1 4.O3SEtO3
1.900B+OO 6.520E+1O 6.521E+1O 5.796E-O1 5.599E+1O 5.600E+1O 4.978E-O1 9.999E01 6.9SOEtOl 4.829Et03
2.000E+OO 7.OBOEt1O 7.081E+1O 6.293E-O1 S.600E+1O 5.600E+1O 4.91St-OX 9.999E-O1 7.546E+O1 5.694E+Q3
2.1QQE+OO 7.640t1O 1.641E+1O 6.7$1S-O1 5.GOOEt1O S.600E+1O 4.978E01 9.999E01 8.143E+O1 6.631E+03
2.200gtoo 6.200E+1O 8.201E+1O 7.2$9E-O1 5,600Bt1Q 5.600E+1O 4.970E-O1. 9.999E-O1 8.740B+O1 7.63SEtO3
2.300Et00 8.?6OE+1O 8.761E+1O 7.787E-O2 5.600E+1O 5.600t+1O 4.978E-O1 9.999E-OI 9.3372+01 B.717Rt03
2.400Et00 9.32OEt1O 9.320E+1Q 6.fl4E-O1 5.600E+1O 5.600E+1O 4.976E-O1 9.999E-O1 9.934E+O1 9.867E+03
2.SOOE+OO 9.880E+1O 9.BBOE+1O 8.IK2E-O1 5.600EtlO 5.6001110 4.9’7$E-Oj 1.000E+OO 1.053g+02 1.109E+04
2.600E+OO 1.044E+1J. j.044E+11 9.2BOE-O1 5.500Et10 5.600E+jO 4.9ISE-O1 L000E+OQ 1.113Et02 1.23BEt04
2.?OOEtOO 1.100E+11 1.lOOBtll 9.77OE-O1 5.600E+jO 5.600E4’lO 4.9181-01 1.000B+OO 1.112E+02 1.31flt04
2.aGOE+OO i.156E+11 j.156E+11 1.O28E+OO 5.600E+10 5.6001+20 4.978101 1.000S+OO L232E+02 1.518E+O$
2.900E+OO l.212E+11 1.212E+11 1.O’77E+OO 5.600Et10 S.600EtlQ 4.97$E-O1 j.000B+QQ 1.292E+02 1.669g+04
3.000EtOO 1.26eE.Ix 1.26BE+11 1.127E+OO 5.600E+jQ 5.600E+1O 4.978S-O1 1.000E+OO 1,351Et02 1.826R+04
3.100C’OO I.324E+11 1.324Et11 1.ll7EtOO 5.600E+1O 5.600E+1O 4.9?BE-O1 1.000E+OO 1.411E402 1.991R+04
3.200EtOO 1.38OEt11 1.380E+jj 1.227E+OO 5.600Et10 5.600E+1Q 4.978E-0j 1.000E+OO 1.471E+02 2.163E+04
3.SOOE+OO 1.436E+j1 1.436E+11 1.276E+OO S.600E+1O 5.600t+1O 4.gleg-O1 1.000EtOO 1.530E+O2 2.342E+04
3.400E+OO 1.492S+11 1.492E+11 1.336E+OO S.600Et10 5.600E+1O 4.978E-O1 1.000E+OO 1.59OEtO2 2.5292t04
3.500B+OO 1.548E+I1 1.548E+11 1.3’76E+OO 5.600E+1Q 5.600E+1O 4.978B-O1 i.000a+oo 1.650E+02 2.722E+04
3.600E+OD 1.604E+11 1.604E+11 1.426Et00 5.600E+1O 5.600+1O 4.9’78E-Oj 1.000e+OO 1.710E+02 2.922R+04
3.7002+00 1.660E+11 1.660E+11 1.476E+DO 5.500E+1O 5.600EtlO 4.9’lSt-Ol 1.000E+OO 1.769E+02 3.130E+04
3.BOOtOO 1.710E+11 1.710E#j1 1.520E+OO 4.480e+1o 4.480E+1O 3.962B01 1.000EtOO 1.823Z+02 33232t04
3.gooEtoo 1.1SOEt1I 1.7SOE+11 1.555E+OO 3.360E+1O 3.360E+1O 2.987t-O1. 1.000E+OO L863E+02 3.4772+04
4.000E+OO 1.776E+11 1.778E411 1.580Et00 2.240EflO 2.24OEt1O t.991E-O1 i.ooog÷oo 1.195E+02 3.589E+04
4.1OO+OO 1.794Et11 1.794E+11 1.595E+OO 1.120Et10 1.120E+1O E956E-02 1.000E+OO 1.912tt02 3.657+O4
4.200Et00 3.BODE+11 1.BOOE+31 1.600E+OO O.000E+OO O.000E+OO Q.000E+OO 1.000E+OO 1.918E+02 3.öOOt+04
4.300ttOO 1.bOOEtll 1.$OOEtll 1.600E+OO O.000E+OO O.000g+OO O.000ttOO 1.000E+QO 1.918E+02 3.660E+04
4.400Et00 1.BOOE+11 1.BOOEtjl 1.600E+OO O.000E+OO 0.000E+Q0 0.0002+00 1.OOO+OO 19102+02 3.680t+04
4.5OO+OO 1.800E+11 1.BOOE+11 1.600E+OO O.000E+OO O.000E+OO O.000E+QO 1.000E+OO 1.918E+02 3.68fl+04
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a-DEC-90 14L30:48USER2: [MIGUEL.RAHPRF.KEB12JRAHPRF2.DAT;30
Ctrc.= 3960.0 ml; harmonic no.- 792, bunch spacing- 5.000 tm, ga.at- 24.000, 0.000
time phis Delphi De1E bucarea phileft phiright Delt Delz Delp/p
Iseci deg] rad levi eV-s] Iradi Irad] jsec] Iii]

O.000E+OO O.000E+OO b.283E+OO 7.876E+O? 8.388E-O1 -3.142E+OO 3.142EtOO 1.673E-OB 5.000E+OO 6.584E-03
I.000E-O1 O.000EtOO 6.283Et00 7.676E+07 8.368E-O1 -].142E+OO 3.142E+OO 1.673E08 5.000StOO 6.584E-03
.000E-O1 O.000EtOO 6.283EtOO 7.876E+Q7 8368E-Q1 -3.142E+OO 3.142E+OO 1.673E-Q8 5.000E+OO 6.584E-03
3.000E-O1 Q.000E+OO 6.283EtOO 7.876E+07 8.388B-O1 3.142E+OO 3.142E+OO 1.673E-O$ 5.000E+OO 6.564E-03
4.000EO1 O.000E+OO 6.283E+OO 7.6766t01 8.368E01 3.142E+OO 3.142E+OQ 1.673E-O$ 5.000EtOQ 6.584E-03
5.000E-O1 Q.000EtOO 6.283Et00 7.876S+O7 8.368E-OI -3.142E+OO 3.142EtOO 1.673E-OB 5.000E+OO 6.504E-03
6.000E-O1 O.000EtOQ 6.283E+OO 7.676E+O7 8.368E-O1 -3.142E+OO 3.142E+OO 1.673E-O8 5.000E+OO 6.504E-03
7.000E-O1 2.305E-14 6.283E+OO 7.876E+O7 8.388E-O1 -3.142E+OO 3.142E+OO 1.673E-O8 5.000EtOO 6.564E-03
7.250E-O1 2.945E+OO 5.462E+OD 7.707E+07 7.57fl01 2.372E+OO 3.090E+OO 1.454E-o8 4.34IEtOO 6.423E-03
7.ZOQE-OI 5.737E+OO 5.ll7EtOO 7.624EtO7 7.060E-O1 -2.O?5EtOO 3.041E+QQ 1.362e-Oa 4.072E+OO 6.298E-O3
7,7SOE-Oj 8.395Et00 4.651E+QO 7.622E+O7 6.726E-O1 -1.856E+OO 2.995E+OO 1.291E08 3.860E+OO 6.207E-03
.aooE-o1 1.093E+O1 4.626E+OQ 7.702E+O7 6,512E-O1 -1.G7SEtOO 2.951E+OO 1.231E08 3.GB1E+OO 6.149E03
8.250E-o1 1.337E+O1 4.428E+OO 7.862E+Q7 6.390EQ1 1.520E+OO 2.900E+OO 1.179S06 3.524E+OQ 6.123’O3
8.500E-Q1 1.5lOEtOl 4.250Et00 8.107E+O7 6.345E-O1 -1.382Et00 2.868E+OO 1.131E-O8 3.382g+oo 6.129E-03
8.750E-OI 1.795E+O1 4.086E+OQ O.443E+O7 6.370E-O1 -I.258EtOO 2.628E+OO 1.067E08 3.251.E+OQ 6.171E-03
9.000E-O1 2.012E+O1 3.934E+OO 8.882E+07 6.464E-O1 -1.143E+OO 2.’7goE+oo 2046-GB 3.130E+OO 6.251E-03
9.250E-O1 2.223E+OI 3.791E+OO 9.440E+07 6.631E-Q1 -1.O3BE+OO 2.154E+OO j.OOBE-Q8 3.017E+OO 6.376E-03
9.SOQE-D1 2.426E+O1 3.657E+OO 1.014Et08 6.SSOE-o1 -9.385E-O1 2.71BE+OO 9.724B-09 2.910E+OO 6.557E-03
9.750E-O1 2.625Et01 3.529E+OO 1.1D4EtO6 7.230E-Oi -6.452E-O1 2.684S+OO 9.382E-09 2.806E+OC 6.811E-03
I.000E+OO 2.817E+O1 3.407t+OO 1.219E+O6 7.714-O1 -7.569E-O1 2.650E+OO 9.057E09 2.7111+00 7.167E-03
1.O25EtOO 3.QQ5E+O1 3.290E+OO 1.374E+Q6 6.394E-O1 -6.727E-O1 2.617E+OQ 8.744E09 2.618E+OO 7.679E-03
I.OSOE+OO 3.190E+O1 3.177E+OO j.593Et06 9.400E-O1 -5.922E-O1 2.5B5E+OO B,44&E09 2.528E+OQ 6.455E-03
1.075E+OO 3.37OEtOl 3.068Et00 1.938E+O8 1.lO4EtOO -5.149E-D1 2.553E+OO B.154E-09 2.442EtOO 9.760E-03
1.JOOE+OO 3.546E+OI 2.963Et00 2.61E+O& 1.43BEtOO -4.404E-D1 2.523EtOO 7.873E-09 2.3SBEtOO 1.240E-02
i.125E+OO 3.72DEtOj 2.861E+OO 5.397E+OO 2.861E+OO -3.603E-O1 2.492E+OO 7.600E-09 2.276E+OO 2.442E-02
I.150S-tQQ 1.411E+02 2.761EtOO 3.760E+0O 1.927Et00 -2.983E-O1 2.43E+OO 1.334E-09 2.197E+OO 1.612C-02
I.175E+OO 1.394E+02 2.663E+OO 2.420E+O8 1.200E+OO -2.302E-O1 2.433E+OO 7.075E-O9 2.119E+OO 9.662E-03
1.200E+OO 1.377E+02 2.568E+OO 1.948EtOB 9.280E-O1 -1.637E-O1 2.404E+OQ 6.620E-09 2.043E+QO 7.496E-03
L300E+OO 1.371E+02 2.568E+OO 1.532Et06 1.300E01 -1.637E-O1 2.404E+OO 6.619E09 2.043E+OO 4.052E-Q3
1.400Et00 1.377EtO2 2.568EtOO 1.466EtDB 6.9628-01 -1.637E-O1 2.404E+OO 6.BISE-09 2.043E+OO 3.942E-O3
I.500KtOO 1.377E+02 2.S6BEtOO 1.472E+D5 7.OIOE-O1 -1.637E-O1 2.404E+O0 6.8j$09 2.Q43EtOO 3.440E-03
1.600E+OO l.377E+02 2.568E+OO 1.5O4EtO8 7.162E01 -1.637E--O1 2.404E+OO 6.B17E-09 2.043E+OO 3.IOBE-03
i.700E400 I.3I7E+02 2.S68E+QO 1.547E+08 7.367E-Q1 -1.637E-O1 2.4O4EtOO 6.837K-09 2.043E+OO 2.866E-03
3 .800E+OO 1.377E+02 2.568E+OO 1.596E+O8 7.596-O1 -1.637E-O1 2.404E+OO 6.811E09 2.043E+OO 2.678E-Q3
i.900E+OO 1.377E+02 2.568E’+OO 1.647E+08 7.640E-O1 -L37E-O1 2.4O4EtOO 6.81fl-O9 2.043E+OO 2.526E-03
2.000E+OO 1.377EtO2 2.568EtOO i.698EtO8 6.OO7E-O1 -1.637E-O1 2.404E+OO 6.817E-09 2.043E+OO 2.399E-03
2.100E-tQO 1.311E+02 2.568Et00 i.75OEtOB 8.335E-Ol -1.637E-O1 2.404E+OO 6.617E-09 2.043E+OO 2.291E-03
2.200E+OO 1.377E+02 2.558Et00 1.802E+DB O.562E-O1 -1.637E-O1 2.404E+OO 6.816E-09 2.043E+OO 2.196E-03
2.300Et00 1.377E+02 2.568Et00 1.853E+O8 6825-al ‘-1.637E--O1 2.404E+OO 6.616B-09 2.043E+OO 2.116E-03
2.400EtOO I.317EtO2 2.s6eE+oo 1.904Et08 9.066E-O1 -1.63’IE-Ol 2.404E+OO 6.616E-09 2.043E+OO 2.043E-03
2.500EtOO 1.3I7E+02 2.S6OEtOO 1.954E+OB 9.302E-O1 -1.637K-Ol 2.404E+OO 6.816E-09 2.043E+OO 1.911E-O3
2.600Et00 I.377E+02 2.568E+OO 2.003E+OB 9.535E-O1 -1.63’7E-O1 2.404E+OO 6.816E-09 2.043E+OO 1.918E-O3
2.700Et00 I.377E+02 2.568E+OO 2.OS1E+OB 9.764E-O1 -1.637E-O1 2.404E’tOO 6.616t-09 2.043E+OO 1.864E-03
2.800tOO 1377E+02 2.56BEtOO 2.098E+OB 9.989E-O1 -1.637E-Q1 2.404E+OO 6.816E-09 2.043B+OO 1.S1SE-03
2.900EtOO I.37’IE’t02 2.568E+OO 2.144E+O8 I.021E+OO -1.637E-O1 2.404E+OO 6.816E-09 2.043E+OO 1.’769E-03
3.000EtOO 1.377E+02 2.568E+OO 2190E+08 1.043E+OO -1.637E-O1 2.404E+OO 6.816E-09 2.O43EtOO 1.727E-03
3.100E+OO 1.377E+02 2.568E+OO 2.235Et08 1.064Et00 -1.637E-O1. 2.404E+OO 6.816E09 2.O43+OO 1.688E-03
3.200E+OQ 1.377EtO2 2.5686t00 2.219E+08 1.OOSEtOO -1.G31E-Oj 2.4042t00 6.816E-09 2.043E+OO 1.651E-03
3.300E+OO 1.377E-t02 2.568E+QQ 2,322EtO8 1.lOGgtOO -1.637t-Oj 2.4Q4EtOO 6.816E-09 2.043E+OO 1.617E-03
3.400E+OQ 1.377EtO2 2.568BtOO 2.365EtO8 1.126E+OO 1.637E01 2.404E+OO 6.816E-09 2.043E+OO 1.SOSE-03
3.SOOE+DO 1.377E+02 2.568E+OO 2.407E+08 j.146E+OO -1.37E-O1 2.404E+OO 6.816S-09 2.043E+OO 1.SSSE-03
3.600EtOQ 1.377E+02 2.s6aE+oo 2.446Et08 1.i66BtOO -1.637S-O1 2.404Et00 6.816E-09 2.043St00 1.526E-03
3.lOOEtOO 1.3’I7E+02 2.568E+OO 2.489E+OB I.lS5EtOO -1.637E-01 2.404Et00 6.816E-09 2.043E+OO 1.499E-03
3.BOOE+OO 1.456E+02 3.036E+OO 3.O77E+OB j.734g+oo -4.923E-O1 2.544E+OO B.060E-09 2.416t+OO .1.799E-03
3.900EtOO 1.538E+02 3.529E+QO 3.660E+O8 2.394E+OO -B.457E-O1 2.684E+O0 9.369E09 2.809fl00 2.092E-03
4.000E-tOO 1.620E+02 4.080E+OQ 4.240E+O8 3.18IEtOO -1353EtOO 2.027E+OO 1.083E-06 3.247E+OO 2.385E-03
4.100E+QO 1.706E+02 4.lGlEtOO 4.819E+O8 4.17OE+OO -1.783E+OO 2.978E+O0 1.264E-O8 3.789E+OO 2.685E-03
4.200E+OO i$OOE+02 6.283E+OQ 5.397E+O8 5.730E+oo -3.142E+OO 3.142E+OO 1.668E-OB 5.000C+OO 2.998E-03
4.300E+OO 1.800Et02 6.383S-tOO S.397EtO8 5.730E+OO -3.142E+OO 3.142E+OO 1.668E-08 5.000EtOO 2.998E-03
4.400E+OO 1.800E+02 6.283Et00 5.397E+O8 5.730E+OO 3.142E+OO 3.142EtOO 1.668E-08 5.000E+OO 2.990E-03
4.SOOE+OQ 1.BOOE+02 6.263E+OO 5.391E+08 5.730E+OO -3.142E+QO 3.142E+OO 1.666K-OS 5.000ttOO 2.998E-03
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a-DEC-90 l43O:46USER2;[MtGUEL.RAMPRF.KEB121RAMPRF3.DAT;3O
bunch assumedgaussian
time voltage RE’ freq adiab B-factor delriu sigp/p sigz sigx sig
Iseci Ivolts] Hz1 Imi U] a

O.000E+OO 1.000E+05 5.978E+07 O.000E÷OO 8.B1OE+OO -6.BBGt-02 4.683E-04 2.264E-O1 1.4BQE-03 1.2fi1t03
l.000E-O1 ‘7.000E+05 5.9laEto? O.000E+QO 8.BlCEtOO -6.666E-02 4.683E-04 2.264E-O1 1.460E-03 1.2e1E-03
2000E-O1 7.000E+OS 5.978E+O’7 O.000EtOO 8.S1OE+OO -6.866E-02 4.6S3E-04 2.264E-O1 1.460E-03 1.281t-03
3.000E-O1 7.000E+O5 5.9’7BE+Q7 Q.000E+OO 3.BIOE+OO -6.886-02 4.683E-04 2.264E-Ol 1.460E-03 1.281t03
4.QOOEO1 7.000EtO5 5.978E4’07 O.000E*OO 8.B1OE+OO -6.666E02 4.683E-04 2.264E-O1 1.480g-03 1.281g-03
.oOOE-O1 1.OOOEO5 S.97eEtOl 0.00011+00 6.$XOE+OO -6.886E-02 4.663E-04 2.264E-O1 1.480E-03 1.281.E-03
6.000E-O1 7.000EtQS s.9legtO’7 O.000EtOD 8.O1QE+OO -6.ee6E-oa 4.683E04 2.264E-O1 1.460E-03 1.281E-03
7.000E-O1 1.000E+O5 5.978E+07 -2.402E-17 8.S1OEtOO -6.886E-02 4.683-04 2.264E-O1 1.460E-03 1.281E-03
7.250E-OI 1.200E405 5.970Et07 -1.002E-02 B.894E+OO -6.904E-02 4.714B-04 2.243E-O1 t.481E-03 1.UOE-03
7.SOOE-O1 7.400E+OS 5.gleEtol -6.767E-03 9.021E+QO -6.873E-02 4.740E-04 2.211E-O1 1.479e-03 1.2?4E-03
7.750E-O1 ‘7.600E+O5 5.979g+O7 -4.712E-03 9.193E+OO -6.196E-02 4.761E-04 2.17OB-O1 1.472E-03 1.265E-03
8.000E-O1 7.BOOE+05 5.979E+07 -3.210g-03 9.413E+OO -6.671E-02 4.760E-04 2.llfl-O1 1.463E’-03 1.253E-03
8.250E-O1 8.000E+05 5.98QEtOI -1.950E-03 9.6B3E+OO -6.523E-02 4.797E-04 2.060E-O1 1.451E-O3 1.237E-03
8SOOE-O1 8.200EtO5 S.901Et07 -7.666E-04 1.QQ1E+O1 -6.340E-02 4.$14E-.04 1.993E-O1 1.437E03 1.21gE-o3
a.lsoE-ol 6.400E+O5 5.982+O1 4.491E04 1.Q39Et01 -6.135E-02 4.833E-04 1.919E01 1.422E03 1.199E03
9.000E-O1 6.600EtOS 5.983E+07 1.792E-03 j.064E+O1 -5.916E-02 4.85IE-04 1.840E-O1 1.405E-03 1.176E03
9.250E01 &.800E+05 5.984Et07 3.376E-03 1.13?E+O1 5.692E02 4.689E’04 1.754E01 1.388E03 1.152E-03
9.SOOE-O1 9.000E+05 5.965EtO7 5.360E-03 1.199Et01 -5.466E-02 4.933E-04 1.664E-O1 1.371E-03 1.12IE-03
9.750E-O1 9.2008+05 5.986St01 8.O1IE-03 1.2’72StO1 -5.253E’-02 4.996E-04 1.569E-O1 1.356E-03 1.102E03
1.000E+OO 9.400E+O5 5.957E+07 1.161E02 1.359E4D1 -5.056E-02 5.087E-04 1.468K-Cl 1.343E-03 1.075E-03
I.025E+OQ 9.600E+05 5.9062+01 1.’773E-02 1.467E+O1 -4.886E-02 5.222E’04 1.360E-O1 1.335E-03 1.049E-03
1.OSOEtOO 9.BOOE+05 5.96BE+07 2.603E-02 1.606E+O1 -4.758E-02 5.432E-04 1.242g-O1 1.335E-03 1.022E-03
LO75E+OQ 1.000E+06 S.989E+O? 4.907E-02 1.802E+Ol -4.701E-02 5.782B-04 1.1O7E-O1 1.352E-03 9.957E-04
1.100E+OO 1.O2OE+06 5.990E+O7 1.068E01 2.128+O1 -4.’79?E-02 6.476E-04 9.374E-02 1.410EQ3 9.696E-04
1.1256+00 1.040Et06 5.990Et01 4.920E-O1 3.111E+O1 -5.512E-02 B.974E-04 6.411E’-02 1.704E-03 9.439E-04
1.150E+OO 1.060E+06 5.991EtO1 -3.488E-O1 2.642Et01 -4.544E-02 7.222E-04 7.549E-02 1.466E-03 9.laeE-04
1.175+OO 1.OBOE+06 5.992E+O7 -2.915E-O1 2.161E+O1 -3.597E-02 5.596E-04 9.230E-02 1.256E-03 B.943E-04
1.200E+OO 1.1OO+O6 S.992t+O7 -1.1821>01 1.971E+O1 -3.041E-02 4.836E-04 1.012E-O1 1.159E-03 8.7O5E-04
1.300E+OO 1.lDOEtO6 5.993E+O? -2.151E-02 1.748Et01 -1.914E-02 3.fl9E-04 1.141-O1 9.66911-04 7.B96E-04
1.400E+OO 1.100E+06 5.994E+O7 -3.449E-03 1.7lOEtOl -1.375E’-02 2.932E-04 1.16’IE-Ol B.629E-04 ‘fl2?OE-04
1.500E+OO 1.IOOE+06 5.994E+07 3.053E-04 1.713E+O1 -1.0512-02 2.353E-04 1.164E-O1 7.USE-04 6.785E04
1.600E+OO 1.100E+06 5.995E+O7 1.646E-03 j.732E+O1 -8.368E-03 2.282E-04 1.152E-O1 7.330E-04 6.3808-04
1.700E+OO 1.lOOEtO6 5.995gt07 2.232E-03 1.156E+O1 -6.853E-03 2.075E-04 1.136B-O1 6.6’74E-04 6.041R-04
1.800E+OO 1.100E+06 5.995E+O7 2.505E-03 1.784EtO1 -5.736E-03 1.909E-04 1.1XBE-O1 6.4948-04 5.75OE-04
1.900E+OO i.100E+06 5.99SE+O? 2.632E-03 1.B12E+O1 -4.885E-03 1.77fl-04 1.IO1E-O1. 6.170E-04 S.497E04
2.000E-tOO 1.100E+D6 5.995E+O7 2.6flEO3 1.B4OEtO1 -4.2191-03 1.658E-04 1.084E-o1 5.891E-04 5.275E-04
2.100E+OO 1.IOOEtD6 5.995EtO1 2.691E-03 1.B6SEtOl -3.687E-03 1.360B-04 J.068E-O1 5.645E-04 5.D7BE-04
2.200E+QO i.100E+06 5.995+O7 2.676E-03 1.895EtQ1 -3.254E-03 1.414E04 1.052E-O1 5.426S-04 4.90U-04
2.300E+OO 1.100E+06 5.996E+07 2.647E-03 1.922E+O1 -2.897E-03 1.400E-04 1.038E-O1 5.234E-04 4.743E-04
2.400E+OO 1.1OOtO6 5.996EtO7 2.611E-03 j.948E+O1 -2.598E-03 1.333E-04 J..024E-O1 5.O58B-04 4.596B-04
2.SOOE+OO 1.XOOE+O6 S.996EtO? 2.570E-03 1.913Et01 -2.345E-03 1.274B-.04 1.O11E-Oj 4.899E-04 4.466E-’04
2.600E+OO 1.IOOE+06 3.996E+Q7 2.S2BE-03 1.996Et01 -2.129E-03 1.221B-04 9.964E-02 4.754E-04 4.344E-04
2.IOOE+OO 1.100Et06 5.996E+07 2.484E-03 2.022E+O1 -1.943E-03 1.172E-04 9.866E-02 4.620E-04 4.232E-04
2.BOOEtOO 1.ZOOEtQ6 5.996E+O7 2.4412-03 2.O45EtO1 -1.782E-03 1.128t-04 9.754E-02 4.498E-04 4.129B-04
2.900Bt00 1.IOQE+06 5.9962+07 2.399E-03 2.067Et01 -1.640E-03 1.068E-04 9.646B-O 4.364E-04 4.032E-04
3.000EtOO 1.100E+06 5.996E+O7 2.358E-03 2.089E+Oj -1.516E03 1.OS1E-04 9.54’7E-02 4.276E-04 3.942E-04
3.lOOEtOO 1.100E+06 5.996E+O7 2.318E-03 2.lllEtOl -1.406E-03 i.O17E-04 9.451E-02 4.17SE-04 3.BSSE-04
3.200EtOO 1.100E+06 5.996EtQ7 2.279E-03 2.l3lEtOj -1.306E-03 9.B5IE-05 9.359E-02 4.OB7E-04 3.779E-04
3.300E+OO 1.100Et06 5.996E+O’7 2.241E-03 2.151E+O1 -1.220E-03 9,55Th-OS 9.272E-02 4.OO1!-04 3.704E-04
3.400E+QO 1.100E+06 5.996E+O7 2.205E-03 2.171E+0l -1.142E-03 9.262E-05 9.1SSE-o2 3.919E-04 3.634E-04
i.SflOEOO 1100E+06 5.996E+07 2.171E-03 2.190E+OI -2.O71E03 9.025E-O5 9.1O’7E-02 3.B43t-04 3.568E-04
3.600EtOD 1.lOOEtO6 5.996Et07 2.i37E-03 2.2OSEtOl -1.006E-03 8.7S5E-05 9.030E-02 3.770E04 3.SOSE-04
3.700E+OO 1.lOOEtO6 5.996E+O7 2.1OSE-03 2.227E+O1 -9.4801-04 8.5591-OS S.956E-02 3.7011-04 3.445E-04
3.BOOE+OO 1.052E+06 5.996E+O7 3.999E-02 2.281E+O1. ‘-9.138E-04 O.506t-05 8.746E-02 3.6511-04 3.394B-04
3.900E+OQ 1.004E+O6 5.996E+O7 3.460E-02 2.313E+O1 -6.856E-04 e.434z-os 8.6231-02 3.6111-04 3.356E-04
4.000E+OO 9.560E+O3 5.996t+07 3.134E-02 2.32BE+O1 -6.634E-04 S.333!-05 8.S?O!-02 3.5S21-04 3.329E-04
4.100E+OO 9.OBOE+05 5.996Et07 3.OO1E-02 2.324Et01 -8.465B-04 5.2631-05 8.581E-02 3.562E-04 3.314E-04
4.200E+OO 8.600E+05 5.996fl07 3546g-02 2.303E+O1 -8.339E-Q4 6.160E-O5 O.663g-02 3.SS1E-04 3.309E-04
4.300Et00 B.600E+O5 5.996t+07 O.000E+OO 2.303E+O1 -B.339!-04 e.ioe-o5 S.663E-02 3.531E-04 3.309E-04
4.400EtOO 6.600E+O5 5.996E+O7 O.000E+OO 2.303E+O1 -8.339E-04 B.160E-O5 8.663E-02 3.551E-04 3.309E-04
4.SOOE+OO 8.600E+O5 5.996Et07 O.000E+OO 2.303E+O1 -B.339E04 6.160W’05 8.663E02 3.551R04 3.309E-04
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8-DEC-90 14:3O46USER2IIMIGUEL.RAMPRF.MEB12IRAHPRF4.DAT3O
Thresholds: Microwave Inst. mode-coupi. Inst.

time sync. tune sync. freq. Izi/ni IztI ImZ1/n ImfZt Vsinphls bunarea
Isec] Hz] tOhmi [Ohm/n] lOhal Ohm/rn] Voltal 1ev-si

O.000E+OO 5.658E-03 4.270E+02 8.532E+O1 2725E+08 4B26EtO2 4.781E’I-O7 O.000E+OO 8.000E-03
1.000E-O1 5.658E-03 4.270E+02 8.532Et01 2.725Et05 4.626E+02 4.78lEtO7 O.000E’tOO 8.000E-02
2000E-O1 5.658E-03 4.flOE+02 8.5J2EtOI 2.725EtO8 4.826EtQ2 4.7B1E+07 O.000E+OO 8.000E02
3000E-OT 5.658E-03 4.21O4O2 8.532E+OI 2.725E+o8 4.626E+02 4.781+O7 O.000E+0O 8.000E-02
4.OOOE’O1 5.658E-03 4.270E+02 8.532E+Ol 2.725E+O8 4.826E+02 4.’7BlEtOl O.000E+OO B.000E-02
5.000E-O1 5.658E-03 4.270+02 8.532E+O1 2.725E+O8 4.8261tO2 4.7B1E+O7 O.000E+QO B.000E-02
6.000E-O1 5.658E-’03 4.27OEtO2 8.532EtO1 2.125E+O6 4.826E+02 4.lSlEtO7 O.000E+OO 8.000E-02
7000E-O1 5.68E-O3 4.270E+02 8.532E+O1 2.725E+O8 4.826E+02 4.781S+O7 2.016E-1O 8.000E-02
7.250E-O1 5.703E-03 4.304E+02 6.518E+O1 2.lOJEtO8 4.619E+02 4.788E+O1 3.699E+04 8.000E02
1.500E-OI 5.676E-03 4.284E+02 B.3SBE+O1 2.638EtO8 4.728E+02 4.739EtO1 7.397E+04 8.000E02
7.7SOE-O1 5.581E-03 4.213EtO2 B.O62EtO1 2.532tO8 4.561E+02 4.637E+07 1.11OE+OS 8.000E-02
S.000E-OT 5.421E-03 4.093E+02 7.64BE+O1 2.393tOO 4.326Et02 4.486E+O7 1.4?9E+05 8.000E-02
8.250E-O1 5.206E-03 3.930E+02 7.136E+O1 2.224Et00 4.O37EtO2 4.291E+O7 1.849EtO5 6.000E-02
6.500E-O1 4.942E-’O 3.7326t02 6.552Et01 2.O35EtO6 3.706E+02 4.OS8EtOl 2.219E+O5 B.000E-02
6.7SOE-Oj 4.63BE-03 3.5O3EtO2 5.921E+O1 I.831E+08 3.349E+02 3.792E+O1 2.589Et05 B.000E-02
ODOE-O1 4.305E-03 3.252E+02 5.264E+Oi 1.620E+O8 2.978EtO2 3.5O1+O7 2.959E+O5 B.000E-02
,25OE-O1 3.949E-03 2.963E+02 4.604E+OI 1.407E+O8 2.6O4EtO2 3.l9OEtO? 3.329E+05 B.000E-’02
9500E-O1 3.578E-’03 2.7O4EtO2 3.955EtO1 1.i9BEtO8 2.236Et02 2.863E+O1 3.699Et05 8.000E-02
9.150E-O1 3.197E-03 2.416Et02 3.331EtO1 9.960E+07 1.U84EtO2 2.526Et07 4.068E+O5 8.000E-02
1.000E+OO 2.81OE-03 2.124E+02 2.739Et0] 8.O42EtO’7 1.549E+02 2.180E+O7 4.438E+05 8.000E-02
I.025Et00 2.419E-03 1.829Et02 2.183Et01 6.244E107 I.23ZE+02 1.827E+O7 4.SOBEtOS 6.000E02
IOSOEtOO 2.020E-03 1.527E+O2 1.665EtOI 4.516Et01 9.4llEtOl 1.466E+07 S.1’7BEtOS B.000E-02
1.O1SE+OO 1.605E-03 1.214EtO2 1.il9EtOl 3.O44EtO7 6.669E+O1 1.O94EtO7 5.S4BE+05 8.000E-02
I .100EtOO I.149E-03 S.681E+OI 7.142E+OO 1.646E+07 4.040E+O1 6.991E+06 5.910E+O5 8.000E-02
1.I25EtOO 5.357E-04 4.052E+OI 2.2’7OE+OO 3.789E+Q6 1.208E+O1 2.352E+06 6.28&E+05 8.000E-02
I.I5OEtOO 7.394E-04 5.593Et01 3.701Bt00 ‘7.649EtO6 2.O94EtO1 4.034Ct06 6.657E+05 8.000E-02
1.I7SE+OQ 1.099E-O3 8.313E+O1 6.724E+OO 1.793E+O7 3.803E+O1 ‘7.735E+06 7.021E+05 8.000E-02
1.200E+OD 1.311E-03 9.922E+O1 8.797E+OO 2.715E+07 4.976E+Oj 1.o6aE+07 ‘7.39?E+05 8.OOOO2
1.300EtOO 1.667E-03 1.26iEtO2 1.26OEtOi 5.328EtO7 7.129tO1 1.860E+O7 7.397EtOS 8.000E02
I.400E’tOO 1.743B-03 i.319E+02 I.347E+O1 6.852E+O7 7.618E+O1 2.339E+O7 7.397E+05 8.000E-02
1.SOOEtOO 1.135E-03 I.]13E+02 1.338EtO1 7.818E+O7 7.S7OE+O1 2.6’75R+07 7.39?EtOS 8.000E02
1.600EtOO 1.699E-03 1.286E+02 1.296Et01 8.469Et07 7.330EtQ1 2.929E+O1 7.397E+O5 8.000E’02
1.700EtQO l.651E-03 1.250Et02 1.242Et01 6.926E+O1 7.024E+Q1 3.132E+O’7 7.397E+05 8.000E-02
1.BOOE+OO 1.601E-03 I.212E+02 1.186E+O1 9.263E+O7 6.706E+O1 3.300E+07 7.397E+O5 8.000E-02
1900E+OO 1.SS1E-03 1.174E+02 1.131E+O1 9.516E+07 6.397EtO1 3.444E+O7 7.397E-+05 8.000E02
2.000EtOO I.SOIE-03 j.139EtO2 1.079E+O1 9.7j1tO7 6.iO6EtOl 3.569EtO7 7.3976+05 B.000E-02
2.100EtOO 1.459E-03 j.lOSEtO2 I.O32EtO1 9.865E+O7 5.B36E+O1 3.681E+O1 7.391EtO5 8.000E02
2.200EtOO 1.41IE-03 1.073E+02 9.875E+QO 9.989E+O7 5.586E+O1 3.782E+07 7.397E+O5 8.000E02
2JOOE+OO 1.379E-03 1.O43EtG2 9469E+OO 1.OO9EtO8 5.356E+O1 3.874E+07 7.397E+O5 8.000E02
,L10t1t,l I.J1E’J 1.016E402 9.095E’OI I.017E1D$ 5.145E+O1 3.950Et07 7.397E+05 9.000E-02
2.SOOEtOO 1.308E-03 9.896EtO1 6.750E+0O 1.024E+OO 4.949EtO1 4.03lEtO7 7.397EtO5 8.000E02
2.600E+OO 1.276E-03 9.657Et01 e.431Etoo 1.030Et08 4.769E+O1 4.111E+07 1.397E+O5 8.000E-02
2.700E+OO 1246E-03 9.431Ei.O1 e.136E+oo 1.035E+O8 4.603E+O1 4.ISOE+07 7.397E+05 B.000E-O2
2.BOOE+OO 1.216E-03 9.218E+O1 7.863E+OO 1.039E+O8 4.446E+O1 4.245E+O7 7.397EtO5 B.OOOE-O2
2.900Et00 I.191E-03 9.019Et01 7.609E+QO 1.043E+O8 4.304E+O1 4.307E+O? 7.397E+O5 O.000E-02
3.000E*OO I.167E-03 O.B31E+O1 7.3’73E+OO 1.046E+O8 4.171E+O1 4.366E+O7 7.397E+O5 8.000E-02
3.100E+OO 1.143E-03 B.654E+O1 7.152E+OO 1.Q49E+Q$ 4.046E+O1 4.422E+O7 7.397E+Q5 8.000E-02
3.200E+OO 1.121E-03 S.487EtOI 6.946EtOO 1.OSlEtOB 3.929Et01 4.476E+O7 7.397E+05 8.000E-02
3.300EtOO 1.iOOC-03 8.328E-tOl 6.752Et00 1.O54EtO8 3.619EtOl 4.S28EtO7 7.397E-105 8.000E-02
3.400E+OO I.080E-03 8.IIBE+QI 6.S7OE+OO 1.056E+O8 3.717E+Q1 4.578E+O7 7.397E+O5 8.000E-02
3.500Et00 1.061E-03 8.035E+O1 6.39fl+OQ 1.057E+O6 3.6202+01 4.626C+O7 7.397E+05 8.000E-02
3600Et00 1.043E-O3 7.900EtOI 6.23BEtOO 3.059E+OB 3.526E+O1 4.672EtO7 7.397EtO5 8.000E-O2
3.700E+OO i.026E-’03 7.llOEtOl 6.085Et00 1.O6OEtOO 3.442E+O1 4.717EtO7 7.397EtO5 8.OQQ-Q2
3.SOOEtOO 1.046E-03 1.911Et01 6.054E+OO j.061Et08 3.425Et01 4.836E+O’7 5.918E+OS 8.000E-02
3.900E+OO 1.053E-03 7.959Es01 6.008Et00 1.062E+08 3.398E+Q1 4.909E+O7 4.438EtO5 8.000E-02
4.000EtOO 1.049E-03 1.944EtOl 5.953E+OO 1.O63EtO8 3.367StO1 4.942BtO7 2.959EtO5 R.000E-O2
4.100E+OO 1.03’7E-03 7.851E+O1 5.891Et00 l.O63EtO8 3.332StO1 4.937Et07 1.479E+O5 B.000E02
4.200E+0O 1.014E-03 ‘7.680E+O1 S.B1BE+OO 1.O63tO8 3.291+Oj 4.891E+07 9.840E-12 B.000S-02
4.300E+OO 1.014E-O3 7.6SOEtOj 5.8lBEtOO 1.O63EtOO 3.291E4O1 4.891E+O7 9.840E12 B.000E-02
4.400E+OO 1.014E-03 7.680E+O1 5.8lBEtOO j.O63EtO6 3.291EtO1 4.891E+O7 9.840!-12 B.000E-02
l.500E+QO 1.014E-03 7.600E+OI 5.OlBEtOQ 1.O63EtO8 3.29lEtOl 4.691E+C7 9.040E-12 8.000E-02
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tiFC-9O 15;4614]USER2;IHICUEL.RAHPRF.LEBI2IRAMPRF2.DAT;6
Cire.- 540.0 m harmonic no. 308, bunch spacing- 5.000 tml, qammat- 21.000, 0.000
time phis Delphi DeXE bucarea phileft phiright Delt Delz Delp/p
sec Idegi rad] Levi 1ev-si radj rad Isec Irni

L000EtOO O.000EtOO 5.293Et00 5.971Et06 B.000E-02 -3.142E÷oO 3.142E+OO 2.105E-08 5.000EtOO 6.ISIE-03
5.000E-04 1.650E+OO. 5.614Et00 6.276EtO6 Q.007E-02 -2.561E+OO 3.-113t+OO 1.899-O8 4,515g+Qo 6.478E-03
1.000E-03 2.992EfOO 5.455E+OQ 6.521Et06 8.025E-02 -2.366Et00 3.089E+OO LB21E-08 4,341E+OO 6.671E-03
I. 500E-O3 4.2682+00 5. 299Et00 6 746E+06 S. 056E-02 -2. 23DEtOO 3. O69+OO 1. 762E-OB 4 .216E1OO 6. SOOE-03
2.000E-03 5.2432t00 5.112E+OO 6.969Et06 3.097E-02 -2.121E+OO 3.OSOR+OO 1.111E-oB 4115+OO 6.885E03
2500E-03 6.256E+OO .O62E+OO 7.19BEtO6 B.146E-02 -2.o2g+oo 3.03fl+OO 1.663E’-OS 4.028t1OO 6.934E-03
3.000E-03 7.2342.00 4.962E400 7.439E+06 6.2O8-O2 -1.947E+OO 3.015E+OO 1.61SE-o8 3,949EtQO 6.953E-03
3.500g-03 8.1932+00 4.070t+OO 7.694tt06 8.276E-02 -1.$IIE+OO 2.99fl+OO J.575E-Q$ 3.375EtOO 6.949E-Q3
4.000E-’03 9.li8EtOO 4.7S2E+OO 7.965E+06 B351R-02 -1.600E+OO 2.982S+OO 1.532E08 3.605E+OO 6.924E03
4.500E-03 j.O11g*Oj 4.697E+OO B.253EtO6 8.432E-02 -‘1.732EtOO 2.965E+OO 1.490E-QB 3.73BE+OO 6.883E-03
S.000E-03 1.108+O1 4.614E+OO B.551E+06 B.519E-02 -1.666BtOQ 2.948E+0O 1.449E-O8 3.672E+OO 6.B29E03
5.SOOE-03 I.2OlEtOl 4.532EOO 8.679EtO6 8.609C-02 -1.601E+OO 2.932g+OO 2.109E-O8 3,606E4OO 6.764E-O3
6. 000K -03 1. 1OBFJ+fl1 4. 451E+Ofl 922 IF,+06 6. 704C02 -j . 537E+OO 2. 913E+OO 1. 370e-08 3. 542E+OO 6. 6glE-03
b30uK Ui 1.412C4U1 4.310Et00 9.571E106 e.eulE-o2 -1.414BtQ0 2.695Et00 1.332E-08 3.4’77t+OO 6.611E-03
7.000E-03 j.518F+O1 4.269E+OO 9.94jEtO6 8.900E-02 -1.412E+OO 2.8flEtOO 1.295E08 3.413E+OQ 6.527E03
7.500E-03 1.627E+O1 4.208EI’OO 1.033E+07 9.000602 1.350t+OO 2.858gt00 1.259E-08 3.349g+OC 6.440E-O3
B000C-03 l.738E+O1 4.127E+OO 1.072E+O7 9.100E-02 -j.289E+OO 2.B38E+OO 1.224E-OB 3.284B+OO 6.52E-O3
8.500E-O] 1.851Et01 4.046E400 1.113E+O7 9.199S-O2 -1.22BEtOO 2.619E+OO 1.19O-O8 3.320E+OO 6.262E-03
9.000E-O3 1.g66soI .966E400 1,156E+Q7 9.296E-02 -I.167E+OQ 2.79BEtOO 1.157E-08 3.156E+OO 6.172E’-03
9.SOOE-03 2.oe3Etol 3.OBGE4O 1.199E+O7 9.391E-02 -1.]08E+OO 2.7’76E+OO 1.125E-06 3.O92EtOO 6.O62E-O
.OOOC-Q2 2.201E+O1 3.606E+OO I.244E1+07 9.491E02 1.048E+OO 2.157Et00 1.095E-OB 3.029E+OO 5.993E03
1 050F-fl2 2.320e+O1 3.126E400 i.269E+07 9.568E-02 -9.897E-O1 2.737E+OO 1.065E-O8 2.965E+OO 5.905E-03
3. lOI}Ec2 2440E+O1 3.648EtOO 1335Et07 9.649E-02 -9.319g-O1 2.7i6EtOO 1.036E-O8 2.903E+OO 5.B17E-03
1.1506-02 2.561g+oz 3.569Et00 I.381E+07 9.724E-02 -8.749E-O1 2.695E+OO 1.009E-OB 2.840E+OO 5.731E-O
1.200E-02 2.682E+O1 3.492EtOO 1.428E+O7 9.792E02 -8.1B7E-O1 2.674E+OO 9.S2iE-09 2.779E+QO 5.645E-03
J.250E-02 2.8O3+O1 3.416E+OO l,475E+O7 9.852E-O -‘7.634E’-O1 2.652E+OO 9.563E-09 2.716E+OO 5.560E-03
1.300E-02 2.924Et01 3.340Et00 I.5322t07 9.903E-02 -7.090E-O1 2.631Et00 9.313E-09 2.6SSEtOO 5.475E-03
i.350E-02 3.045E*Qj 3.26612400 1.569E+O7 9.944E-02 -6.556E--O1 2.610E+OO 9.071E-09 2.599E+DO 5.391E-O3
I.IOOE-02 3.165EtOI 3.lg2EtOO i.615EtO7 9.975EO 6.030g01 2.589E+OO B.836E09 2.340E+OO 5.3072-03
1.450C-02 3.2B4EtO1 3.l2OEtOO 1.661E+O7 9.993E-O -5.514E-Q1 2.568EtOD 8.6086-09 2.403E’OO 5.222E-03
J.SQOE-02 3.403Et01 3.048E’tOO 1.7O6EtQ7 j.000g-Oj -5.OO7E-O1 2.549E+OO 8.387E-09 2.426E+OD 5.138E-03
I.550E-02 3.520E+01 2.979Et00 1,15OtQ7 1.000E-O1 -4.514E-Q1 2.527E+OQ 8.174E-09 2.370E+OO 5.054E-03
L600E-02 3.634Et01 2.9llEtOO Ll9SEtOl j.000E-OI -4.039E-O1 2.5O?E+OO 7.970E-09 2.317E+OO 4.915E-03
1.650E-02 3.744E+O1 ?.846Et00 1.840E+O7 i.000E01 -3.582E-ol 2.4BSE+OO 7.7ISR-09 2.265E+OO 4.899E-O3
I.700E-02 3.852E+O1 2.784Et00 1.8adE+O1 1.000E-O1 -3.143E-O1 2.469E+OO 7.588E-09 2.215Et00 4.&26B-03
I75OE-O2 3.956EtO1 .723E*OO 1,931E407 1.000E-O1 -2.flOE-O1 2.451E+OO 7.410E-09 2.167E+OO 4.756E-03
1.800E-02 4.056E+O1 2.665EtOO 1.9l7EtOl 1.IJOQE-Oj -2.315E-O1 2.434E+OO 7.240E-09 2.l2lEtOO 4.689E-03
I.850E-02 4.153EtOI 2.6O9EtOO 2.O22EtO7 1.000E-Oj -1.926E-O1 3.417E+OD 7.077E-09 2.076E+OO 4.625E-03
1.900S-02 4.247Et01 2.556Et00 2.066E+O7 1.000E-Oi -1.5S3E-O1 2.400Et00 6.922E-09 2.034E+OO 4.563g-O3
I.9SQE-02 4.338E+Oi 2.5O4fOO 2.114E+O7 1.000E-O1 -I.195E-O1 2.385E+OO 6.774-O9 1.993E+OO 4.503E-03
2.000E-02 4.425E+O1 2.455EtOO 2.159E+O7 1.000E-O1 -8.fl4E-02 2.369E+OO 6.632E-09 1.953E+OO 4.446E03
2.OSOE-02 4.509Et01 2.407Et00 2.205E+O7 I.000E-Dj -5.238E-02 2.3SSEtOO 6.496E-09 1.915Et00 4.391E-03
2.IO0E-02 4590g+O1 2.361E+oO 2.250Es07 1.000E-Dj -2.090E-02 2.341E+OO 6.367E-og 1.879E+OO 4.338g-03
2.150E-02 4.668E+o1 23jBEtOO 2.295E+O’7 1.000E-Ot 9.242E-03 2.327E+OO 6.243E-09 1.844E+QO 4.286E-03
2200E-02 4.742EtQ1 2.276E+OO 2.34OEtO7 1.000E-Oj 3.B1OE-02 2.314E+OO 6.125t-09 1.BllEtOO 4.237E-03
2.250E-02 4.824E+Oi 2.236E.OO 2.384E+07 1.000E-O1 6.572E-02 2.3OlEtOO 6.012E-09 1.779E+QO 4.169E-03
2.30JE-02 4ee3Etoi 2.197EtQO 2.428Et07 1.000E-O1 9.215E-02 2.209E+OO 5.905E09 1.146E1OO 4.142E-03
2.350E-02 4950E*OI 2.lGOEtoO 2.411Et07 1.OQOE-O1 1.174E-O1 2.27SE+OO S.802E-09 1.719E+OO 4.097E-03
2400E-02 5.O1JEtO1 2.125E+OO 2.514EtQ7 1.OOOE-O1 1.416E-O1 2.2676t00 5.703E-09 1.691E+OO 4.054E03
2.450E-02 5.O74EtO1 2.092E+OO 2.557E+07 i.000E-Oi 1.647E-O1 2.256E+OO 5.610E-09 1.664Et00 4.012E-03
2.500E-02 5.133Et01 2.0598+00 2.S9SE+O1 1.000E-OI ]..866E-O1 2.246E+OO 5.520E-09 1.639E+OO 3.971E-03
2.SSOE-02 5.186E+O1 2.O2OEtoo 2.639EtO7 1.000E01 2.0’76B-O1 2.236Et00 5.4352-09 1.614E+QO 3.931E03
2.600E-02 5.242E1O1 1.99fl+OO 2.680E+O7 1.000E-Oj 2.293E-O1 2.227EtOO 5.354t-09 1.S9iEtOO 3.692E-03
2.650C-02 5.293E+O1 !.971E+OO 2.720Et07 l.000E-Ol 2.472E-O2 2.218E*OO 5.276EO9 2.568E400 3.855E-03
2.’700E-02 5.342S+Q1 I.944E+OD 2.759E+O7 1.000E01 2.654E-O1 2.209E+OO 5.2O2-Q9 1.547Et00 3.$1SE-03
2.7SQE-02 5.389E+O1 1.gleE.oo 2.797Et07 1.000E-O1 2.$2BE-O1 2.201E+OO S.132-O9 i.52’7E+OO 3.792E’03
2.BOOE-O2 5.43E+O1. 1.ea4e+oo 2.834E+Q7 1.OQO-O1 2.994E01 2.193E+OO S.O65t’O9 i.SOfl’iOO 3.747-O3
2850E-02 S.475gt01 I.671E+OO 2.810E+07 i.ooae-Oi 3152-Cl 2.186E+OO 5.002E-O9 2.489g+oO 3.713E-03
2900E-02 5.516Bt01 1.849E+OO 2.905Et07 1.000E-O1 3.301t-O1 2.179E+OO 4.942E-09 i.471E+OO 3.6BOE-03
2950E-02 5.554E+O1 1.62$EIOO 2.94OEtO7 1.000E-O1 3.443E-O1 2.112E+OQ 4.6B5-o9 i.45SEOO 3.647E-03
3.000E-02 5.590E*Oj 1.SOBE+OO 2.973E+O7 1.000E-O1 3.577E-O1 2.166EtOO 4.831E-09 1.439t400 3.615E-03
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O5UI’ 07 5,ffl7EtJ I. 799E*OQ 3. 030E+07 1. 014E-Oi 3 .641E-O1 2163E+OO 4 8O4EO9 1. 431E+OO 3. 614E-03
3. IQUE- 02 5. S91EtU1 I. BOOEtoo 3. 135E+07 1. 054E-O1 3 SG1E-Ol 2. 166E+OO 4. 821E-09 1. 436E+QO 3. 669E-03
3.1 50E-02 5 547E1O1 I. 632E+OO 3. 284EtO? 1. 11BEOI 3. 416E01 2. 174EtOO 4. 891E-09 1. 458Et00 3 ‘774E-03
3. 200E- 02 5. 479EF01 1. B69EtOO 3 4’73Et07 1. 207E-O1 3. 164E-O1 2. 165E+OO 4 .989E-09 I .487EtOO 3. 922E-03
3. 250E-02 5. 393E+O1 I. 916E+OO 3. 698Ei-O7 I. 317E-OI 2. 843E-O1 2. 200E+OO 5. 113E-09 1. S2SEtOO 4. 105E03
3. 300E--02 5 293E+O1 I. 971E*OO 3. 954Et07 I. 449E-O1 2. 411E-O1 2. 216E+oO 5. 258E-09 1. 566E*0O 4. 317E-03
3.350E-02 5.184Et01 2.031E+OO 4236EtO? 1.600E’-OI 2.061E-O1 2.237EtOO 5.418E-09 1.616E+OO 4.551E-jJ3
3.400E-02 5.068Et01 2.095C+OO 4,539E+07 j.768E-O1 1.625E-OI 2.257E+OO 5.587E-09 1.66Th-tOO 4.803E-03
3.450E--02 4919E.O1 2I6IE+OO 4.861Et07 I.954E-OI I.172E-OI 2278E+OO 5.762E-09 1.719E+QO 5.O67-O3
3. SODE 02 4. B2BEO1 2. 228EiOO 5. 197E-t07 2. 154E-O1 7. 083E-02 2. 299B+OO 5. 942E-09 1. J13E+OO 5. 339E-03
3.550E-02 4.7OGEsOJ 2.296E1-OO 5.544Et07 2.369E-O1 2.399E02 2.320E+OO 6.123E-09 1.627Et0O 5.616E-03
3.600E-02 4.584EtOI 2.364E+OO 5.699E-107 2.596E-O1 -2.300E-02 2.341Et00 6.304E-09 1.082E+QO 5.898E-03
3.650E-02 4.464E+O1 2.432Et00 6259E*O7 2834E-Oj -6.990E-O2 2.362E+OO 6.404E-09 1.936E+OO 6.17BE-03
3.7OO-O2 4.345EtO1 2.soOe+Oo 6.62flt07 3.062E-Oj -1.165E-O1 2.383Et00 6.663E-09 1.989Et0Q 6.456E-03
3750E-02 4.226Et01 2-566Et00 6.965Et01 3.338E-O1 -1.628E-O1 2.404Et00 6.840E-09 2.042Et00 6.730E-03
1. fl}F 12 4. 113E+fli 2 632E400 7. 346E+07 3. OIE-O1 -2 .087E01 2. 424E400 7.015E09 2. O9SE+OO 6.998E-03
t’5oI 02 4 .000E+OI 2.698EtOO 7.702E+O7 3.869E-’Ol -2.542E-O1 2.443E+OO 1.188E’09 2.147E+OO 7.258E-03
3.900E-02 3.886E1-O1 2.762EtOO 6.O52EtOl 4.142E-O1 -2.993E-O2 2.463Et00 7.360E-09 2.I9BEtOO 7.510E-03
3.950E-02 3.779E-tOl 26266+00 8.393Bt07 4.4j7E-O1 -3.441E-Oi 2.4O2EtOO 7.530E-09 2.249EtOO 7.751E-03
4000E-02 3.671Et01 2.890t1-OO 8.723E+O7 4.694E-O1 -3.881E-O1 2.5OlEtOD 7.698E-09 2.300E+OO 7.98O’-O3
4.OSOE-O2 3.564E+OI 2.953E+OO 9.040S+07 4.971P>Oj -4.332E-O1 2.520E+OO 7.866E-09 2.3SOE+OO 8.197E-03
4.300E-02 3.457E+O1 3.016E+OO 9.342EtO1 5.246E-O1 -4.777E-O1 2.538E+OO 6.034E-09 2.400Et00 B.400E03
4.150E-02 3.3S2EtO1 3.O?9Et00 9.626EtO7 5.519E01 -5.224E-O1 2.557CtOO 8.201E-09 2.4SQE+OO o.58’7e-O3
4.200E-02 3.247E+O1 3.142E+OO 9.892E+O1 5.787E-O1 -S.676E-Qi 2.575E+OO 8.370E-09 2.SOZE+OO 8.758E-03
4.25O-O2 3.141E-.O1 3.2O7EtOO 1.014E+OO 6.050E-OI -6.133E-’Ol 2.593EtOO 8.540E-og 2.552E+OO 8.911E-03
1.300E-02 3.O3SEtOl 3.272E+OO I.036E+O8 6.306E-O1 -6.599E-O1 2.612E+OO B.714E-09 2.6O4EtOO 9.046E-03
4.350E’-02 2.92?EtOj 3.336E+OO I.055C+08 6.554E-O1 -7.016E-O1 2.631E+OO 6.891E-O9 2.65IE+OO 9160E-03
4.400E-02 2.BIIE+OI 3.407Et00 1072E+OB 6.792E-’Ol -7.S7OE-O1 2.650E+OO 9.073E09 2.lllEtOO 9.252E-03
4.450E-02 2.704E+O1 3.478E+OO 1.0B5Et08 7.019E-O1 -8.084E-O1 2.670E+OO 9.262E-09 2.l6eEtoo g.321E-03
4.SOOE-02 2.568E+OI 3.552Et00 1.096E+OB 7.234E-O1 -6.624E-O1 2.690E+OO 9.460E-09 2.827E+OO 9.365E-03
4.SSOE-02 2.465E+OI 3.631EtOO 1.102E+O8 7.434E-O1 -9.200E-O1 2.’7llEtOO 9.669E-09 2.890E+OO 9.381E-03
4. ÔOOE-02 2. 336Et01 3. ll6EtOO 1 IOSE+O8 7. 620E-O1 -9. 820E-Oj 2. 734EtOO 9. 894E-09 2. 957E+OO 9 .367E-03
4.650E-02 2197E+O1 3.BOBE+OO 1.103E+O6 7.78eE-oi -1.050E+OO 2.ISBE+oo 1.014E-OB 3.030E+OO 9.320E-03
4.IOOE-02 2.046E+O1 3.911E*OO 1.0966*08 7.939E-O1 -1.126Et00 2.785E+OO 1.041E-08 3.ll2EtOO 9.235E-03
4.750E-02 1.677C+OI 4.026E-fOO 1.063E+O8 8.O71E-O1 -1.214E+OO 2.814E+OO 1.013E-08 3.205Et00 9107E-03
4800E-02 1.663E+Oj 4.167Et00 1.O64EtO8 8.181E-O1 -1.]19E1OO 2.S4BE+OO j.1O9E-08 3.316E+OO 8.926E-03
4BSOE-02 1.451C+O1 4.339Et00 1.036E+O8 6.270E-OI -I.451E+OO 2.886E+OO 1.155E-OB 3.453EtOO 8.671E-03
4.900E-02 I.159EtO1 4.572EtOO 9.959EtO7 6.334E01 1.632E+OO 2.939EtOO 1.217E06 3.636E+OO 6.332E-’03
l.950E-02 ‘75O2EtOO 4.936E+OO 9.341E+O1 6.3’14E-O1 -1.925E+OO 3.O11E+OO 1324-GB 3.928Et00 7.B1OE-03
5000E-02 2.682E-06 6.282E+OO 7.876Et07 8.388E-O1 -3141E4-OO 3.142E+OO 1.67]E-OB 4.999E+OO 6.583E-03
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MEBTINMAN dec8th.1990 -- area95=O08 eV-s
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MEBTINMAN decSth.1990 -- area95=O.08 eV-s
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MEBTINMAN dec8th,1990 -- area95=Q.OE eV-s
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MEB cycle -- point design 6/24/90

MEB cycle -- point design 6/24/90
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MEB cycle -- point design 6/24/90
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TO: DISTRIBUTION

FROM: Alex Chao,RichardYork

DATE: 14-November-1990

Dear Colleagues:

We invite you to attendand participatein a workshopon the injector ma

chinesystemsfor the SSCcollider to take placeon December3 through Decem

ber 7, 1990 at the SSCL. The topics listed below arethosewhich areconsidered

to have a high priority for the efforts during this workshop.

Pleasefind enclosedapreliminaryagenda.Note that therewill be anoverlap

betweenthe close out for the workshopand the MachineAdvisory Committee

MAC.

The following topics are to be covered.

Low Energy Booster LEB Topics

The presentworking designparameters are given in Table 1. With a cir-

cumferenceof 540 m, a normal FODO lattice will provide a transition gamma

of 7 which wcrnld therefore,requiretransition crossing. The alternativeis a

more complex lattice which would not require transition crossingby providing a

transition gammaof 20 or of 15 dependingon the detailed lattice values,

but which may have highersensitivitiesto perturbations.The following topics

will be addressed.

1 LATTICE: Evaluationof the wisdom of avoiding transition crossing

at the cost of a more operationallycomplex lattice. This evaluation

must be compared to item 2.

2 TRANSITION CROSSING: Quantitative eva’uation of possi

ble methodsand their effects on beamquality in the circumstance

of a rapid 10Hz cycling synchrotron.

3 BEAM TRANSFER TO Medium Energy Booster MEB:

Detailed evaluation of the necessarybucket matching and cogging to

A-2



transfer beam from the LEB to the MEB. Therearepresentlyat

least threepossiblemethodsof cogging andtwo possiblemethodsof

bucketmatching.

Table 1. Working Injector DesignParameters

Machine Circumference Pinj. Pext.
m GeV/c

LEB 540 1.2 12

MEB 3,960 12 180

HEB 10,890 180 1,800

Medium Energy Booster MEB Topics

The presentworking design prarmetersare given in Table 1. With a cir

cumferenceof 3960m, a normalFODO lattice will providea transitiongamma

of 25 which would therefore, require transition crossing. The alternative is

a more complex lattice which will not requiretransition crossingby providing

an imaginary transitiongamma,but which may havehighersensitivitiesto per

turbationsand be less efficient in terms of dipole space available. The present

design criteria calls for a dipole magneticfield less than 1.55T at 180GeV/c.

The following topics will be addressed.

1 LATTICE: Evaluationof thewisdomof avoidingtransitioncrossing

at the cost of a more operationallycomplexlattice. This evaluation

must be compared to item 2.

2 TRANSITION CROSSING: Quantitative evaluation of possi

ble methodsand their effects on beamquality.

3 SLOW EXTRACTION: The implications of the new lattice are

to be evaluatedin the presenceof the saturationsextupolein the

dipoles.
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High Energy Booster HEB Topic

The presentworking designparametersaregiven in Table 1. The following

topics will be addressed:

1 MEB to HEB FILLING SEQUENCE: A possibleHEB filling

sequenceas specified in the SCDR requiresthat a sequenceof 1 full

MEB, 1 full MEB, 2/3 full MEB be followed. Examination of

possibleconsequencesof this scenariowith respectto, for example,

the rf systemsshouldbe done. Seenumerologybelow.

GeneralNumerology Topic

The presentworking design parametersare given in Table 1. However, an

evaluationof the specifiedcircumferencesshouldbe undertakento finalize and

documentthe impact of thesechoicesand to identify, if appropriate,preferable

circumferenceswith respectto the effectiveand efficient filling of the collider.
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