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Abstract

Beam focussing and coatrol at the besz intarsestion
regions of ISABELLE ic accomplished by a number of
superconducting ingertion quadrupoles. These ausguets
diffar from the standard ISABELLE quadrupoles in various
ways. In particular, the requirements of limited space
near the intersections and aperture for beam extraction
impose constraints on their configuration. To achisve
optimum beam focussing and provide tuning flexibility
calls for stronger quadrupole trim windings than those
in the standsrd quadrupoles. The magnetic and mechan~
ical design of the insertion quddrupoles and their
associated correcticn and stearing windings $o accom-
plish the above tasks is presanted.

Introduction :

The pressut design for the magnet lattice in the
vicinity of the brum intarsectiun region is showm in
Fig. 1 for the "% o’clock” insertion which also serves
as the besm injection and ejection region. The magnets
have been drawn to scale in the longitudinal direction
(along the beam). The beam injection line for one of
the rings is also shown. Nagnets for beam ejection
are not shown since several baam ejection methods
are still under consideraticn at this time.
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Fig. 1. ISABELLE Inte:section Region Showing Insertion
Quadrupoles Q1-Q7

Table I.

Thesﬁ appear to be compatible with pu‘mm;m.

Quadrupoles Q1,92,Q4,Q5,Q6, and Q7 have been designated
as insertion quadrupoles since exch of thea can be
individually trinmed to adjust the beanm proparties at
an interssction region. By coatrast, thas standaxd
lattice focussing and defocussing quadrupoles have their
crin windings saparately in series and are not individ-
uslly sdjustable. The main windings of all dipoles and
quadrupoles in a ring are powared in saries to assure
that the magnets track each other.

Table I gives the important magnetic parameters of
the ingertion quadrupoles. Qs5.Q;, and Q; are the ssme
as the standard lattice qtudtupogu except for their
corzrection windings. Because of this let us consider
only the design of Q and Q, which are the same (except
for an additionsl & winding in 1) and which do present
special design constraints.

Q) Magnetic Design

The types of windings and their strengths have
already been given in Table I. The regsons for these
corrections have been given elsevhere.® Figure 2 shous
e cross section of the main winding, correction windings,
and cooling pessages. Standardization of insertion
quadrupole and regular lattice quadrupole winding paraz-
aters has been utilized whenever possible to facilitate
magnet construction., In particular, all magnet windings
use the _same 0.0305 cm diameter suparconducting composgite
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Fig. 2. Q) Insertion Quadrupola Quadrant Showing Main

Winding,Correction Windings atd Coolant Passages

Insertion Quadrupole Parameters

Magnet Gradient(kG/cm) Magnetic Length(cm) Correction Ezov:.dad(cm“)' Conec:;on Cgrun: Correction Winding

Q 6.01 paly 85 % 1l.6x 10:§ 100 Skew Steering Dipole
i g: x 13_3 100 Skew Quadrupole
1 x 0 300 Trin Quadrupole
Q 6.01 214 :o - ;-g x i-g_i 100 Steering Dipole
1 4 x 300 Trim Gzadrupole
Q, 6.01 109 :o e g-g x ig:‘;‘ 50 . Skew Staering Dipole
® J.4 X 'Q“ad 1
Q 6.01 - 164 b = 0.8 x 102 % Steariag Digole
5:%7 ) by = 8.4 x 10°3 300 Trin qizfd:u::ﬁ
1 [
Q 6.01 - 164 :o - g.g x 1.8::“; 50 Skew Stearing Dipole
- - 1 =8.4x 300 Trim Quadzupola
:'g periormed under the auspices of Che Depatimen aBy = nozbo ¥ b1x + bzx; ¥ ; ~ :er:icnl. iiud
of Energy : : : ' 4By, = By(a, + ayx + asxé + ...) " horizontal field
*Brookhaven Netional Laboratory, Uptom, NY 11973 o goh- 50°keS Imin - 4%67 anps :

This report was prepared as an account of wotk
spomored by the United States Government, Neither the
United States nor the United States Department of
Energy, nor any, of thelr employees, nor any of their
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any watraoty, expeesa ot implisd, ar amumes any legal
Liability or responsibility for the accunacy, completeness
or of sny product or
process disclosed, or represents that ita use would not
infringe prirately owned rights, .
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‘A, Main Quadrupole Winding
This windicg is the same as that of the regular
lattice qkmd:upoha’ axcept for length. Tests have

been made® with s quadrupole using & slightly saaller
dismeter asrlier version of this winding. The magnet

reachsd & gradient of 7.1 kG/cm at 4.59K in pool boiling

heliua. :

For the present 50 kG ISABELLE design the dipole
saturation has been calculated to be sbout 124%, giving
rige to a difference betwesn dipole and quadrupole
gaturation for the standard 12.3 ca thick irom lamina-
tion of 74%.  In order to minimize this difference and
so reduce the amount of quadrupole trim required to
naks the dipoles saud quadzupoles track once iron satur-
ation sets in, the quadrupole irom cors thickness for
Qg and G has been reduced to 4.5 cm. This iron thick-
ness has besn- calculatsd to give the bast overall match
betwsen dipole and quadrupole saturation, reducing the
differsnce to about 1%. The leskage field from Q at
the location of the other beam has been calculated to
be around 20 G. Shielding eround the beam tube can
reduce this field if chis is required.

B. Qusdeupole Trim Winding

As with the regulsr lattice quadzupole correction
windings, the dcsiga philosophy for the inssrtion
quadgupole correction windings has been to operste them
st conservetive cuctent values. This is both in the
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interast of incrasecd reliability and also becaus
windings are not as rizidly supported as the maln
windinge and henca may Go more susceptible to quenching
due to mechanicel motion.. ’

In order to accomsodato the larger trim require-
mants, the conductor design is different from thst of
the stendard lattice quadzupole trim winding. It com=
sists of an 1l strand AgSn solder impregnated braid,

. spirally wrapped with 0.006 cm thick epoxy impregnated
fiberglass taps to give an overall size of 0.08l ca x
0.254 cu. When both the main and tris windings are at
their maximum design current values, the maxioum mag=
netic field at the quadrupole trim winding in the
magnet straight section is sbout 39 kG. At the maximum
anticipated temperaturs of 4°K thie zesults in an
opsiating current that is only 39% of the ebort ssuple
eritical current for thass conditions. (Meanwhile,
the main winding is operating at 48 kG snd abouc 70%
of short sample aritical current.) This gives a 72

trim capability for the winding, n_uovins for saturation

sffects.

C. Skew Quadrupole and Stsering Dipole Windings

Both of thess windings utilize a 7 strand AgSa
‘solder impregnated cabla complately covered with
0.012 cm thick epoxy fiberglase taps, giving an overall
size of 0.109 cm. This is tha sane conductor used for
the regular lattice quadrupoles corrsction windings.
At their design currents thase windings are operating
at only about 20% of their critical curzent.

| Qy Mechanical Design

The quadrupolesQ; and Qz have been staggered
(ses Fig. 1) bacause of the space restrictions due to
the small (11.188 milliradians) crossing sngle at the
bean intersaction region. Figure 3 siows a cross
section of the assenbled magnet lnside its cryostat
end the location of tha beaam tubs for the other ring.

This cryostat differs from the standard ISABELLE
dnignsz : . .
1. The magnet assembly has baen made narrowar in

2

Fig. 3. Qq Mechanical Design

ordar to minimize the angle thar beams from the inter-
section region must be bent to clear the magnet. The
possible addition of an electron ring option in the
future would also benefit from having & radially nsrrow
Q1 to raduce the amount of synchrotron radiation produced
as the slectron beam is bent from its location under Q;
to intersect with the proton beaa.

2. The magnet is supported by low heat lesk fiber-
glass u:upnﬁ ac opposed to stainless steel roller chains
of the earlier desian.

3. In order to make the magnet narrowar in the
horizontal plane, the cryogenic lines have been located
above the magnst {ses Fig. ). The larger line carries
helium for direct magnet cooling as well as the current
lesds for sll the msgnat windings. The smaller line
carries helium for the 55°K intermediate heat shield.

Tha basic construction :.chni;ue for the main
winding has besn described earlier./ The corraction
windinge will be wound f£lst and then mounted on the cold
bore tube as is done for the scandard lattice quedzupoles.

Magnet cooling ia provided by a 170 g/s gaseous
halium flow that anters at the middle of a magnet sexcant
at S Ate and 2.6° K and lasves after Q1 at 4.8 Atm and
3.80 K. Most of the coolsnd byrasses Q; through ths
line carryivg magnet lesds in order to minimize the
pressurs drop across the magnat while carrying sufficient
heldium to cool the chain of 44 magnaets.

Outeide of the main winding the coolant pa.sages
{ses Fig. 2) ere slots (1-8) in the 2.54 cm wide epoxy
fibarglass bands, spaced every 2.54 cm. The space
batween the inside of the main winding and the stesring
dipola 1is composed of 2,54 cm wide, 0.127 cm thick epoxy
fibarglass bands, spaced every 2.54 cm. Coolant for




this region flows through passage 9. Tha inner wind-
.. ings are cooled by helium flow through passages 10-12.
- These passages have the pattern shown below o provide
support and cooling of the winding above :hem 2s well
. as odge cooling of the windings at the radisl location
of the cooling passage. . .
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Fig. 4. Helium Cooling Passages 10-12

Computer calculations for this coolant flow gaom-
atry using typical heat loads during magnac ramping
give a pressure drop of 0.002 Atm and temperature rise
from 3.8° K to 4.0° K for a fiow of 20 g/s. This is
within design specificetions.

Larger Apertura Oy

Although a f£inal design for beam axtraction hae
10t been chosen yet, one possible design calls for a
lazger aperturs in Q; in order to prevant beam lose
during fast beam extraction. Ths required aperture of

13.0 ca can be attained by scaling up the presant design
to a 14.9 cm main winding inner dismeter (from 13.09 ca)
and leaving out the inner wvarm bors tube for the Q1 and
Q in the ejection Zegion. By increasing the number of
turns of the main winding sufficiently, one can maine
tain 99% of the standard gradient. The present cryo-
stat is lsrge enougtl to accoumodate this increasa in
sizes.
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