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Abatract

Prototyps superconducting quadrupoles with a
5 ca aperturs and gradient of 16 ki/cm have been
built and tested as candidats aagnats for the rinal
focus ar SLC. The magneta are wmade from NOTH
Tevatron style cable with 10 inner and 1§ outer turns
por quadrant. Quench psrforsance and multipole data
ars prassnisd. -Design and dats for & low current,
high gradient quadrupols, similar in croas section
but woupd with & cable consisting ¢of five insulated
conductors are also discuseed.

Introduction

Achisving the design luminosity at ths SLAC
Linear Collider depends on focusing the besms to an
extresely soall spot oize {o<2um) at the intersction
point. In general, the stronger the focusing power
of the final quadrupoles, the higher Is the
luminosivy that can be cbtained, In this papsr, we
report on the development . of  superconducting
quadrupoles for this application.

The basic design of these quadrupdles 1s an
extrapolation of the design used in tha Permilad
Tevatron.® They differ in having a sssller aperture,
isproved conductor, and they contain no farrosagnetic
asterials. The resulting sagnstio field gradieant 1is
grester than 16 KkG/cm, and is substantially higher
than any previocusly used lnlluﬂl-muyuulmur

" spp}ication.

In the final n-u-mpu-t. eum of the
sperturs requirsd is determined

nrl-rn’ by background considerations. Off-axis
slectrons  originating fros  beam~gas intsractions

, UPStrea FOlloN TraJectories that make THelr maximul -
. qxcursions - fmtmnulmhnmmmlnm

three final quadrupcles, It has besn estimatsd: that
8 clear sperturs of sbout 1.5 lmummmlu
this ssotion to avoid an intoleradle flux “of
sscondary - scatters into the’
Using this -pmm as & deslgn constraint, it becams
important . Tind . the highest possible quadrupols
gradients. ‘l\n cptions .. are, - hlu purausd

Conventional fironm quadrupoles with- & ' gradient nl'
about 5 «G/ce are being -bullt st SLAC for the

start-up and initisl operation becsuss of !DII.I‘

uwuoltv and rluuul.y low=cost,
‘The . wunu qunmom 'gescribed
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doing this. The first is that with higher-gradiant
quadrupcles, a luminosity I(mprovement of roughly 3
factor of two is posaible over the I1nitial sachine
configuration, The second resson for devsloping the
aupsrconducting Quadrupoles s that they can be
operatad inside the exparimental detactor, lamersed
in a 6 «C solenoid Cleld. This becomss ezpecially
important when & large setond-geasration dstector,
such 39 the proposed SLD, is brought into the SLC,

- FHigure I-ﬂudrmh Conductor l Coulr Croaa Seotion

.Metm:nwum
muu 1 shous & cross ssction of the

mnll'oﬂ c01l geoMMtry that has besn built and

cable consiets ot 23 strands each with a dlmmeter ef
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0.0268%. Thers are 2050 NDW6.5w/o0T1 Cilamenta with
gverage alsmerer 3.7 um, The strand has two complete
twisots per ineh to minimize ac iosses in spplications
where the magnets are raaped, The copper to
supsrconductor ratie (Cu/SCH Tor this standard cadle
{8 1.B71, This ratic 18 relavant for longer aagnees
whers the asount of Cu determines the Lemperature
rise In the sagnet winding when Cthe Magnat is
Quanched and all tha stored energy 1a dissipated in
ths conductor.

Cable simi}sr to the atandard In cross
ssction but with & lowar Cus5C ratio (1.3/1) was used
in tne constructicn of test quadrupcles SLDO3 and
SLO0T. Thia cable ip referrsd to aa low bata cable
since it 18 the conductor that exists in Fermilad
quadrupoles that aske up the Tevatron low beta
insertion. Its virtus is the higher gradiant that
can be achisved dus to the incramsed asount of
superconductor. Although the rilaments in this dsble
are largar (19 ua) and conssquently produce Incressed
sc¢ lasses, the planned operstiam of the fimal focus
quads ia de.

.. In applicationa that requirs s single or &
fev superoonducting magnets, rather than long stringe
characteristic of sccelerators, much Of ths pover
saved Dby siiminating resistize losnes is used by the
load aon the refrigeration system dus o the

wulti=kiloazpare magast current laads., For the

proposed SLC quadrupels triplet operating at 6300 A
the cwrrent leads wiuld contridute approxisately 1/3
of the total oryogenic lcad, An slternative oable
design with the aane magnet oross section but with
msore turis could opiPate 8t » lower current, thus
significantly reducing rafrigeration costs. Far
sxample a low current option with 1/5 the hnigh
ourpent capabjlity would save an estimsted 25% in
refrigeration. In the case of low currant dipeles
thers have been several examples that use low current
gonductor®’?, To follow up this option for the SLC
quadrupoles we have developes a cable oade from five
paraliel Insulated conductors that allows us to
rataln 208t of the [festyres of the high currant
design including sagnet construction w«ith the eame
tooling and techniques employed with the 23 strand
oable, A ergss section of ihis cable 13 ahdum In
Figure 2 and the transverse disensions of the five
individual nonductors are given in Table 1. Since
this esbls has the sase keystoned oross sectiom as
the high current cable the collared colls ars built
the same way. After oollaring, the ecolils' five
parsllel conductors are connected in sgries thys

providing ths sase nupber of ampere=-turns as in the

high current case.

0.3,2"

Pigurs 2-Pive In Ons Cable Profile; Each of the
sonductors u_uplrmd fram {ta nnlmu- with kapten
.lmulnuon. . i

. . The lw eurnnt cable {s produced ln one
. A_pus through an iasulating sachine constructed with
... auven separate teping heads. Five of the hieads apply
- Mapton ipsulation to tha individusl conductors, one
Overwraps the Five conductor bundle with Kaptos,  and
cns puts epoRY-ispregnates fiverglass tipa ob the
outatds. Each conductor consists of ~NBD  Wu7i
.. filazents A0 B In dlaneter esbedded .in & copper

@atrix, The Zu/SC area  ratio ls 1,771,
Approximately 8,500 feet of eath gonductor type has
teen aanufactured and lested. Typical ahort sample

dsta for the separate plecea of conductor are glven
in Table V.

Table '
five In One Table Conductor Characteristics

Canductor Type A B C D E
Dimensions (1n.)

wiath 060 061 .059 .0%6 .054

Helght 083 0N 047 .0k .05V
criticml Currant (A)

ALS T 100 1350 1290 11T 1S

Four magnats héva been Buflt o complation
and tasted and B FiTth 13 in tha Final stagea of buos
work st the lead end of the ooil. They ars listed
below  along with the 18=xtification of cable usad in
sach.

50001 Standara Tevatron Cable
$.003  Low Deta Cable

SL05 5 in 1 Cable

guosé 5 in 1 Csble

NHCT Low Beta Cable

The overall physical langths of the collared
coile io 29 Inches with Inner winding lengths varying
from & RINIWUR of 21 inches to a maximus of 25-5/16
inches, DPetwesn the turns at the end of the magnet
there are Spacers to limit the build up of a4 high
f1leld point. The fnduotance of the standard quads is
7.1 sh vhile that of the 3 in 1 csdle sagnets is 27.7
sh. A plature of tha collared oou uulbl' in shown
in Figwre 3.

Tiguwre 3-Prototype High Cragient Qudrypole. Tha
oversl] length of tha collared coil assemdly is 29
inches. The clear aperture mm_m fagoet 1a 1.0

nnuz
munhllumu In Unfts OF 10-* at 1 e
(N = Wormal; S = Skn)

81007  SL003 8,007 81005

[ 2 | 0,22 =257 (-16.0) - B, -1,08
3 =3.60 -~2,38 (=13,6) -15.0 5.68

8e # 095, 1.19  (-4.8) -h0 =0T
8 799 ~5.86 (~4.) -0.9 0.36

10F N ‘0.3 -O.M { 0. 78) -0.63 0.73
] 0,33 0.39 { 395 -2.5%0 2

2pr 0 7.63 .10 (= .27 = 3.1 -3.79
s 0.1 -0,07 { 0,02) 0,08 0.27

nwy s =005 -0.08 (~0,08) 0.05 0.02
8 0.08 -0.02 - (-~ 0.03) - 0.02 0.00
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Figurs A~Magnet Performance Yor SLOO1 and SLOO3,

The design lcad line for the sagnet is shown as are ths short
saapla data for cable from resls #2602, 2616, and 262%.

seventh and ninth gqusnohes, respectively.

Tests and Performane

. The wmultipole astructure of the mapnetic

field has Dbesn extendively weasured at room
tesperature using s lock-in mplifier teohnique that
requires only a fev amperes of ac current utd a8
Morgan messuring ooll®. Lower harsonics, such as the
sextupole, have bDeen ohecked with a rotating coil
installsd in 3 vare finger that 13 inserted into the
magnet wvhen 1t s tested st 3. K. The cold tests
wers accoaplished by placing ths collared coll In a
vertical Jdewar of LHe st atmcspheric pressurs, -
Quenches are typically detected by monitoring the
voltage difference obtained by bucking one heif the
sagnet voltage against the other hslf.

The harsonic dats are listed in Table 2 for
each of the tested magnets. A fev comments ars in
order. The scasnts for magnets B8LO01, S5L003 and
SL005 appesr to be compstible with what sight be

- axpscted in extrapolating Tevatron style magnsts to
smaller aperturs. The magnet SLOCT appearsd to be
sbnormal as is indicsted by the numbers in bLrackets.
Aftar the multipole measurement and cold tests the
collara on SLOOT wers carefully resoved and the

_single csble that passes through the sagnet (buze)
was obssrvad to have excessive insulation. In fact
comparsd to the othar magnets in this sariss the duss
was about 25 mils thicker than it should have Dbesn.
A new buss cable with standard insulation wvas

y installed, in the gquadrupole and w

‘moments - (not * in brackets) for SLO07 ware obtained.
Thess multipoles sre significantly sealler but etill

sasm rathar large. It (s conjectured that
without recuring the busa coil with hest thers will
still’ be oome hysterstic deforwstion of the cofd
which results in the cbserved sultipoles. The other

- thras prototypsa have moltipoles that mset the 8
prlwl specifications of less than 10~ a: 1 cs.

Ths qusnch tsst rasmults for tuo prolotm
magnets are shown in Figure & where the sagnet load
* 1ins and cable aNOrt saple are indicated. Both

sagnats perforsed at batter than 95% of short sample.
Evan the ® SLOOY made with stancard Tevatron
cadle reached 1,5 T/cm by the ninth Qquench and SLOOY

o7 and @ refar to the quench gurrents achisvel on the

made with low bets wire achieved about 1.7 T/em by
1ts saventh qQuench. The equivalent currant density

of the low beta conductor is 1330 A/sa’ lt. S T for
the oadble.

The quench perforsance of SLOOS, the first 5
in 1 cable quadrupole, was 1135 A. This e 92% of
the ashort saapla for tha poorast aof the fiva
conductors listed in Table 1. The sight percent
difference from short sasple ls consistent with the
inclusion of aslf field effecta. The t showsd
very 1little ramp aeensitivity, less than 13 of
eriticsl ourrent, for ramp rates that varied from ¥
to B0 A/sac.. 1n general. the  performance c” this
aagnet and the satisrsotory behavior of ths cable In
winding the ooils makes the conductor a good
ocandidats for future lov current applicationa, Its
only dravback appears to bs the tedious job of
connsating al) the coila together.

Conclusions and Outlook

The prototype quadrupcles dascribad hers

t the gradient and field quality requirsd for
the SLC rinal focus are achievable. The magnats for
the SIC will be fabricated in two lengthks, 2.10 feet
and 3.96 feat, and will Do mounted, three to 3
eryostat, in a triplet configuration an each side of
the interaction point. -
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