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Abstract

Injector for the 3°¢ generation synchrotron light source BESSY
I1[1] isa1.9 GeV full energy 10 cpsrapid cycling synchrotron.
The 96 m circumference FODO latticeconsistsof 16 cellshaving
one H-typedipol eand the F and D quadrupolemagnetson acom-
mon girder. A complete pre-series cell has been manufactured
by the Budker Instituteof Nuclear Physics (BINP), Novosibirsk.
Detailed investigations of the field quality were performed at
BINP aswell as at BESSY.

|. INTRODUCTION

Thelatticestructureof the BESSY |1 booster synchrotron con-
tains 16 bending magnets of 2.62 m length and 32 quadrupole
lenses. The energy gain in the booster between injection at
50 MeV and extraction a 1.9 GeV isaslarge as 38. The dipole
field varies according to

B(t) = %Bo(l — acoswt) (1)

witha =0.95,w = 2710 cpsand B, = 0.95 T, thusthere-
sulting field levels are Bin; = 0.025 T and Bey, = 0.95T. The
dynamical range for the quadrupolelensesis gi,; = 0.29 T/mto
Jext = 11.2 T/m.

BINPmanufactured acompletebooster cell, fig. 1. Field mea-
surements were performed on the prototypesat Novosibirsk and
at Berlin.

1. DESIGN AND MANUFACTURING OF THE
SYNCHROTRON MAGNETS

A. Synchrotron Dipoles

The synchrotron bending magnets, fig. 2, are of H-type. The
coreisbuiltfromfour individual blocksformingapolygonrather
than having a curved core following the radius of curvature of
6.67 m. Low carbon 2% silicon sted grade GOST 2312 of 0.5
mm thicknessis used for the laminations. The coercive force of
this sted is within the limit of . = (60 &+ 5) A/m. Theindi-
vidua blocks are stacked, pressed between epoxy impregnated
end packs and finaly welded to four steel barsto achieve arigid
assembly. The stacking factor is 97.5%. A Rogowski type of
chamfer is applied to the ends of the core. The achieved flatness
of the polesis0.08 mm whilethe gap varied less than +£0.03 mm
for the prototype. The coils are made from rectangular OFHC
copper conductor, 22 x 22 mm? in size with a8 mm diameter
cooling duct. Though the large size of the conductor gives eddy
current losses of about 0.5 kW inthecoil, thetotal voltageacross
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Figure. 1. Unit cell (/16 of the synchrotron) with one dipole
and two quadrupol e magnets on a common girder.

Magnet H-type, paradld ends
Repetition frequency 10 cps

Max. field 1T

Gap 36 mm
Corelength 2602.5 mm

No of turns 12
Resistance 2.87 mQ
Inductance 257 mH
Current 2400 A

Power loss 7.1kW

Tablel

the dipole circuit does not exceed 3 kV due to the smal induc-
tance. Table 1 givesalist of electrical and magnetic datafor the
bending magnets.

B. Synchrotron Quadrupoles

For the quadrupol es, the same steel quality and techniquesare
used as for the dipole. F and D quads are identical, both hav-
ing a 300 mm long symmetrical core and an aperture radius of
r = 35 mm, fig. 3. The race track coils are wound from a
12.5 x 12.5 mm? hollow copper profile giving a total voltage
drop for each family of 650 V. The main magnetic and el ectrical
parameters are summarized intable 2.

[1l. Field Mesurements

Magnetic measurements were performed on thedipoleand the
guadrupolelenses at BINP using ahall probe array of 11 probes
caibrated with NMR. Complete field maps of the dipoles and
guadrupol es were measured with the array on a chariot passing
on the magnet mid planes. For the harmonic analysis rotating
coils were used, and flat coilsfor AC excitation of the bending
magnet. AC measurements of the dipolesand harmonic analysis
of quadrupol eswere repeated after delivery of themagnetsusing
a DANFY SIK Model 692 harmonic measurement system. Ex-
cellent agreement of the measurement results was achieved de-
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Figure. 3. The synchrotron quadrupole magnet.

spitethe 6000 kmtrip of the synchrotron magnetsfromthe BINP
worksto Berlin.

A. DipoleField Quality

Thebending strength [ B - dI was determined as a function of
the horizontal position at current settings from 60 A to 3000 A,
corresponding to fields ranging from 0.025t0 1.25 T, fig. 4. Ex-
cept for the lowest excitation level, therelative bending strength
is constant within 3.5 - 10~ in the good field area of 52 x
28 mm?. Only at 250 G the influence of the 11 G remanent field
leads to a nonhomogeneity of &6 - 1074,

Electronswere tracked through the mapped DC fields, assum-
ing that the particle momentum corresponds to an exact 22.5°
bend. The deviation of thetrajectories fromthe ideally constant
radius of curvature was calculated, fig. 5. A maximum devia
tion of 0.5 mm results from the effective magnetic length which
is 11 mm more than the design value of 2619 mm. Therefore,
the series magnetswill be shortened by thisamount, reducing the
sagittato lessthan 0.1 mm. The offset of the orbit at the magnet
exitisdueto asymmetries of thefield distributiona ong thebeam
orbit, leadingto amplitudesof 0.2 mm. Again, theremanent field
leads to twice thisdistortion at injection.

Magnet type symmetrical quad
Repetition frequency 10 cps
Max. gradient 14 T/m
Apertureradius 35mm
Corelength 300 mm
No of turns 11
Resistance 7ms2
Inductance 1.76 mH
Current 630 A
Power loss 1.1 kW
Tablell
£ K
g o — \‘__.,p-"\‘: X
% ST NI
sNTHT
E -0.2 / 7 \\ -
il N
® 0.3 /
& -40 -20 0 20 40
x [mm]

Figure. 4. Relative bending strength in the mid plane for 7 dif-
ferent current settings corresponding to bending fields of 0.025
to125T.

Measurements at 10 cps AC showed a reduction of the effec-
tive magnetic length of upto 7 - 10~* during ramping. This ef-
fect is due to the eddy current field in the coil overhang. Using
the POISSON code[2] the eddy currentswere determinded from
thefield at the location of the individual coil conductors. Thus,
the eddy current induced magnetic field was cal cul ated resulting
in a time-dependent variation of the bending strength which is
shown as asolid linein fig. 6. The agreement with the experi-
mental datais excellent demonstrating that there are no satura
tion effects at the magnet ends.

B. Synchrotron Quadrupole

A harmonic analysis of the quadrupolelenses was performed
at DC for various excitation levels. A typical example for the
consistancy of datataken at BINP and by BESSY isshowninfig.
7, wheretheréativeintegrated quadrupolestrength d(G' L) /G L
isplotted. Theerror barswere estimated from adetailed study of
the 256 measured angul ar stepsand thefitted harmonicsallowing
to determine the variance of the multipole coefficients.

Therelativegradient distributiondG /G measured with ashort
coil at the center of themagnet isconstant inthemid planewithin
461074

Theintegrated quadrupolestrength d(G L) /G L, fig. 7, shows
nevertheless significant contributions of multipoles N = 6 and
N = 10 from the fringe field, resulting in non-homogeneity of
d(GL)/GL of upto 1.5% in the mid plane. A specia chamfer
was devel opped by cutting the outer edges of the poles sensitive
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Figure. 5. Difference orbits of tracked particles with respect to
anideal hard edgefield distributionfor 7 different measured field
maps ranging from injection energy to thefinal energy.
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Figure. 6. Cadculation of the relative variation of bending

strength during the ramp resulting from eddy current fieldsin the
coil (solid curve) compared to experimental data.

totheN =6 only. By varying thelength L of thischamfer thera
dial homogeneity in the mid plane was considerably improved,
fig. 8. At achamfer length of L = 31 mm the dodecapole van-
ishes completely.

Aniso-errorcurveat d(GL)/GL < 3-10~forthe L = 0 and
L = 31 mm chamfer length, fig. 9, demonstrates the significant
increase of the physica good field area to 54 mm horizontally
and 40 mm vertically for the chamfered magnet. The pattern of
the contour clearly resembl es the dominating contribution of the
N = 6 for no chamfer and N = 10 for the 31 mm deep cut.
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Figure. 7. Relativefocussing strengthin the mid plane. Dashed
curve BINP data, solid curve measurements performed after de-
livery at BESSY.
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Figure. 8. Reative gradient distributionsat mid plane for dif-
ferent chamfer lengths.
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Figure. 9. Iso-error curves for chamfer of . = O and L =

31 mm.



