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Stability Requirementsfor Magnets
in the LEB-MEB Transfer Line

N. Mao andR. Gerig

Abstract

TheLEB-MEB transferline at the SuperconductingSuperCollider Laboratoryhas 10 dipoles
and 24 quadrupoles.A statisticalmethod is used to study the stability requirementsfor these
magnets.

Ill



1.0 INTRODUCTION

The LEB-MEB transfer linet at the SuperconductingSuper Collider Laboratory transports
12-GeV/c proton beamfrom the Low Energy Booster LEB to the Medium Energy Booster
MEB. This transferline has 10 dipolesand24 quadrupoles.The field andgradientinstabilitiesof
dipoles and quadrupoleswill causebeaminjection position and amplitude function I and a
mismatchesat the MEB injection point, and thereforewill causetransversephase-spacedilution.
In order to study theeffect of the instability on the emittancedilution, astatisticalmethodandthe
correspondingcode EAC2’3 are used. According to the analyses,the requirementsfor the
stabilitiesof the magnetsare discussed.

2.0 STABILITY REQUIREMENTSFORQUADRUPOLEGRADIENTS
The major effect of the quadmpolegradientinstability is injectionamplitudefunction J3 anda

mismatchatthe MEB injection point. The relatedtransversephase-spacedilution factor SF is

SF = l/2*SI3/f32/[1 + Sj3/f3],
where

J3i3eq 114 +

D 1/2*131y2 + - 2a1a2,

and subscripts1 and 2 denotethe quantitieswith andwithout gradienterrors,respectively.
The layoutelevationview of the LEB-MEB transferline is shownin Figure 1. Among the 24

quadrupolesof the transferline, five pairs QU1, QF1, QFM1, QFM2, andQFM3 arepoweredin
series.The instabilitiesof the two quadrupolesin eachpair arecoherent.In the statisticalanalyses
of gradient instability, the error for each quadrupoleor each pair of quadrupolesis chosen
randomly. One thousandseedsare selectedin the statisticalcalculationfor a given rms gradient
error.
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Figure 1. Layout of the LEB-MEB Transfer Line elevation view, LEB63O and LEB917.



Figure2 showsthe histogramsof the 13-function mismatches,I3xl3xeq and /S13y/13yeq.for an
rms gradienterror of 1 x The correspondingphase-spacedilution factorsSF and AF are
shownin Figure 3. Table 1 lists the dilution factorsfor SG/G = 1 x 10 and2 x io-, whereall
valuesare rms. The analysisresultsshow that the gradientinstability of 1 x io3 is acceptable,as
the phase-spacedilution factorsLsF = AF = 0.08% arewell undercontrol.
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Figure 2. Mismatches Caused by the Quadrupoie Gradient rms
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Table 1. Ouadrupole Gradient Instablilty and Phase-Space Dilution.

AGIG ax/I3x
%

aly/I3yeq
%

Fx
%

LF
% RUN

I xlO3 4.1 4.1 0.08 0.08 LEB631EQ01

2x103 8.3 8.0 0.31 0.30 LEB631EQO2

3.0 STABILITY REQUIREMENTSFOR DIPOLE FIELDS

The instability of dipole field causesbeamposition error and, therefore,phase-spacedilution.
For instance,in the horizontalplane:

AF = 1/2*6Xeq/Ox2,

where

ax2 + + aAX2]112.

There are ten dipoles in the transfer line; two pairs STR2 and STR3 use multiple power
supplies.A statisticalanalysis of the instability hasbeen made. If the maximum value of field
instability is AS/B, an rms valueAB/B = AB/B/2.58 is usedin the simulation. This means
that 99% of eventsin the simulationmayhappenin practice.The numberof seedsselectedin the
simulationis 1000.

Histogramsof the equivalentbeampositionerrorsSXeq and at the MEB injection point,
causedby the dipole field error SB/B = 1 x 10.-hi, are shown in Figure 4. Histogramsof the
maximumbeampositiondisplacementsalongthe beamline are shownin Figure 5. Table 2 lists
the equivalentpositionerrors AXCq and 5eq’ the phase-spacedilution factorsSF andSF and
the maximumdisplacementsAXm and 5mn along the beamline for SB/B = 1-3 x 10.
Since eight dipolesare bendingin the vertical direction y, the errorsin y-direction are larger
thanin x-direction.
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Table 2. Dipole Fieid lnstabiiity and Phase-Space Diiution.

SB/B ESX.q
mm

SYeq
mm SF aF 5Km

mm
M’mn
mm RUN

1 x10 0.25 0.63 0.013 0.294 0.23 1.26 LEB633ED51

2x1O 0.50 1.27 0.052 1.193 0.46 2.50 LEB633ED52

3 x10 0.76 1.88 0.120 2.614 0.70 3.77 LEB633ED53

Except for theseten dipoles,the field instabilitiesof all other bending magnets,including the
LEB extractionkicker VKICK, 1 x 10.2, bump magnetsBMP1, 2, and 3, 1 x l0-, septum
magnetsSEP1,2 x 1o3 SEP2, 1 x 10, MEB injection septummagnetSEP3and injection
kickerHKICK, 1 x 10_2,also causebeamposition errorsandphase-spacedilutions, as listed in
Table 3. In the table, SB/B of the ten dipolesandseptumSEP3is takenas 1 x i04. The total
phase-spacedilution factor equalsthe summationof all individualvalues:

SF=AF

andcorrespondingly,the total positionerrorsshouldbe calculatedas

AX-[ZSX2]12

Tabie 3. instabiiity of Au Bending Magnets and Phase-Space Diiutlon Dipoies and SEP3
SR’B=l x lO.

Magnet
- mm

AY.q
mm

p X apY
max
mm mm

RUN

BMP1 1 x10 0.04 0.001 0.10 LEB633EDO2

VKiCK 1 x102 0.26 0.050 0.63 LEB633ED54

BMP2 I x10 0.03 0.001 0.05 LEB633EDC3

BMP3 1 x10

SEP1 2x10’ 0.11 0.009 0.23 LEB633ED5S

SEP2 1 x10 0.74 0.405 1.40 LEB633ED56

Dipoles 1 x10 0.25 0.63 0.013 0.294 0.23 1.26 LEB633ED51

SEP3 1 x10 0.06 0.003 0.10 LEB633ED18

HKiCK 1 x102 0.39 0.032 0.03 LEB63SED57

Total 0.46 1.02 0.045 0.763 0.23 2.01

The last line of this tablegives all the total errors, includingSF, SF,, AXeq EJeq 6Xmax, and
M’max.

When SB/B of the ten dinolesand the septumSEP3is takenas 2 x l0 or 3 x hY, the total
position errors and the phase-spacedilution factors increase correspondingly,as shown in
Table 4.
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Table 4. instabiiity of Au Bending Magnets and Phase-Space Dilution for Different
as/Band SEP3.

sB/B AX.q
mm

5’eq
mm

air SF SXmax
mm

1’max
mm

I x10 0.46 1.02 0.045 0163 0.23 2.01

2 x10 0.63 1.50 0.084 1.669 0.46 2.95

3 x10’ 0.85 2.05 0.152 3.102 0.70 4.00

The current MEB damping systemcan damp 2 mm injection position errors; therefore, a
stability of 1-2 x 10’ is really needed.In order to leave somemarginsay,for LEB closed-orbit
instability, 1>< 10 is required38 Spec4.On the otherhand,the magnetaperturesin the transfer
line haveonly 2 mm spacefor the beamposition errorscausedby instability. For keepingSKmax
andAY lessthan2 mm, 1 x 10 is alsorequired.

It mustbe pointed out that this requirementis only for collider operationmode in a short time
period of 1 h, mainly for the ripple. As for the long-term variation, it could be tuned up over
various time periods.

The stability requirementanalyzedaboveis for the magnetfield. As for the powersupplies,the
stability requirementcanbe relaxed, if the following pointsareconsidered:

1. Locking the LEB extractionprocessat afixed phaseof the ripple wave-for instance,
nearthe top of the ripple wave;

2. The field variation in the magnetshouldbe lessthanthe powersupply instability ripple,
720 Hz, becauseof the inductanceof the solid magnetsused.
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