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The present Fermilab IR quadrupole lenses achieve a 5DRaise the coil current density by
increase in gradienbver their predecessorsThis was A. Improved conductor performance at high field by
accomplished by the following developments: a) a more densel. Lowering the temperature to superfluid helium at

winding (Kapton insulation onlyeliminating thefiberglass- 18K

epoxy), b) an improvement igritical currentdensity to 2. New higher jternary material (NbTiTa)

J(5T, 4.2K) = 3 kA/mm and c) a higheaspect raticcable 3. Concentrating artificial pinning centeork onhigh
>11/1 and d) finer strand (0.53 mm diameter). The natural field jc's.

evolution of this design to theCERN 70 mm aperture B. Better coil quench protectiothus lowering thecopper
quadrupole results in théollowing : a) a reduction in volume required by

operational temperature (4.8K - 1.9K), b) improvement of 1. Increasing the quench detection sensitivity
J(10T, 2.0K) > 2 kA/mr and c) a higheaspect raticable 2. Improving the protection heater desigrptoduce a

> 13/1 and d) finer stran(D.48 mm diameter). Theswo- shorter current decay time (more distributed quench)
layer designs should achieve the required operational gradie@. Implement a “windand react N@Sn” technology into
of 250T/m with at least a 5%nargin on theshort-sample the quadrupole program [4].

load-line intersection. Thesdigh current densities also Il Increase thecable aspectatio (moreturns closer to the
require turn-off times < 0.2 s after transition to the normalaperture) to increase magnetic efficiency
state. Such a short time requires an advanced protectigh Coupling problems need to be addressed

heater design. The status of the desigd theexperimental 1. Higher and more consistent strand/strand resistances
development will be reported.New design concept 2. Reduction othe filament size (<im) and abetter
guadrupole calculations are presentedval. This concept, inherent magnetization value.

using an active fluxeturn isbeing proposed as a possible
candidate design for a future higher gradient requirement. Il. THE ALTERNATE DESIGN PARAMETERS

|. INTRODUCTION The proposed conductor paramet_are given in Tablg 1.
These parameters have been achieved, howevesprime
With the U.S. cancellation of the SSC project, tidy cases it was only on dew laboratory samples. No
large approvechadron acceleratgproject is CERN’s LHC improvement is necessary however to achteeeoperational
[1]. One of the more critical elements in the performance ofiald plus afive percentmargin pointfor the conductor
collider is the quadrupole lens at theam collision points. current density.
These quadrupoles, usually referred to the “insertion Table 1 Conductor parameters
quads” normally form a set of triplets around the interactien -
region. Their focal power directly affectgshe luminosity Alloy NbTiTa
available at the crossing point. In orderathieve aigh a Strand diameter (mm/inch) | 0.4775/ 00188 5509
gradient agpossible the CERN design tearhasproposed a =g -0 wist pitch (wists/cm) 1 (lef)
very efficienthigh gradientquadrupole which is based on &
graded four-layer winding structure [2]. At Fermilab’ Number of strands 44
Tevatron, an upgradetivo layerwinding quadrupole has| Copper to superconductor ratjo 1.5/1
been in operation since 198Md hagprovided a 50%igher
gradient tharit's predecessor. The quadrupelas basically
state of theart when it was designed in 1988]. Sincethen jcat 1.8K, 10 T (A/mrf) 2390(11850 ternary[5])
however, improvements have been made ir_1 cablinmg; Cable twist length 89.27 mm (right)
conductor performance, etc. Naturally, operation of la _ :
modernized version ofthis design canprovide higher | Cable dimensions and keystope 0.792x10.744 mm
capabilities. Thismprovedtwo layerdesign carserve as an angle 0.940 degrees
alternative to the more intricate gradedr layer design now
envisioned forthe LHC, provided itcan obtain th@roposed Even though the minimumconductor performance
gradient. An outlinéfor the development program requirednumbers have been achievede higher desiggoal values
for the implementation of this option is as follows : would allow the limitations to be removed.
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The margins are increased in other critical aredisey are is collimated well enoughthen areduction in aperture to
obtained. Thénigheraspect ratiaccable will certainly require 60 mm would increasthe gradient margisignificantly. The
strand to strandross-over resistances whiahe higher and single wedge will allovihe ends to be integrally corrected for
well controlled tominimize ramp rateeffects of quenches, one harmonic.

harmonics, their variations in magnitude asll as their There are some rather general comments that can be made
change with respect to time. The present Tevatron quadrupddeut coil protectiorand examples given to illustrate these
has up to a 20% linear degradation axthievable peak points. The currendecaytime constant after a quench for the
gradient with ramp rates up to 2@@s [6]. Thissensitivity existing Tevatron quadrupoles is required to be kasm

can andshould be substantially reduced. The parameters5ff0 ms at 4.8 K, where the oftbuble strip heaterswork

the cold mass including the winding and iron shieldgiven well. The required time constargduces to 250 ms at 1.8 K,

in Table 2. Thetwo layerquadrupolesthat had been and the strip heaters are then marginal. The time constant for
previously constructed fothe Tevatron have a history ofhe LHC four layerquad must also be legsan 250 ms, as
training. They have on the average required approximatelywéll as forthe alternatéwo layerdesign. Thetwo layer
guenches to reach the estimated short sample (or sliglibsign has an inductance on the order of 8.7 mH/miptire
above) critical current [6]. layer hasabout 24 mH/m, therefore both must haveeay
effective state of theart quench protection heater and

Table 2 Winding and cold mass parameters detection systenthe more criticabbviously being thefour

Inner layer Outer layer| layer structure. There haweeen photo-etched stainless steel
Number of turns per polé 22, 1 wedde 321 Wecgeheaters t_hat arpar_tlally copper plated, sandv_vlchbétween
i i : Kapton films, which arecapable of producinghe down
Inner dia. w/o insulation 70.00 mm 92.14 MM ramps needed. The advantages ofhigh aspect radicables
Outer dia. w/o insulation 91.64 mm 113.78 mi and finer strands arghown in Figure 1. These cables result
Cable length / mass 231 fupole 336 f/pole in approximately the_ same maximum winding_te_mp_erature
_ versuscurrent decaytime after quench for a giveimitial
Heater composite Kapton 12.5um s.s. total 17um current.
/ Cu or w/o Cu steel with 8um  ground insul.
Coil inductance /unit |. 8.74 mH/m —n—wgﬁ%smnd e é(r)\lf\_t[az?.gK
Calculated field har- b(6)= 0.31 e > NoTiTa
. 1 ~
monics (1/(cm)-)x10* b(10)= 0.0057 12 Gradiont [T
b(14)= 0.00005 19
Transfer function 41.37 T/mkA 19 e 279 | 275 | 281
Iron shield diameters 13.6 cm (ID) 30.5 cm (OD) %1 -
:'g 9 225 230
This problem, though not fatal, should be addressed. Theg
superfluid tests of those quads weret completed to the E 8 :
(estimated) short sample current duentarginalprotection % 7 A 77 117511
heaters. s
When measured, the series of thirty plisv-beta 126 | 125 |127
Fermilab quads were found to havéew units of harmonics ° A
due to construction variationand distortions. The largest 4 6 sirandl40 strandi4 strend

was found to béhe out of phassextupoleterm. The updated 4 5 6 7 8 9 10

version of thewo layer coilhas theollowing features which _ Current/turn [KA] _
should alleviate or at least reduce the problgmeviously Figure 1 Alternate two layer design LHC IR quadrupoles

found in the older series agell as simplifying construction |11 AN ALTERNATE ACTIVE FLUX RETURN
when compared to a four layer graded structliftee outer “PIPE-QUADRUPOLE”

winding is actuallyradial. Thisenables an easiend more

symmetric loading of thénner winding. Thepole angle is Another important issue in the design of an IR quadrupole
exactly the same fahe inner anduter windings. Thisigain is the large radiation load in the magnet. This radiation
facilitates the uniform loading. might cause a significant temperature risethe winding

A 60 mm quadrupole load line intersects the short samplackage when it is not adequatetyoled.This problem will
surface at 310/m ,whereas a 70 mm aperturgould become especiallyimportant for possible futurdigher
intersect at 269/m. This illustrates theffect ofthe aperture luminosity accelerators. A Nf$n quadrupole desigthat

on the maximum gradient, the comparison was ntedeeen significantly reduceshe radiation heatingroblem at the

60 mm and 70 mnbore sizetwo layerwindings. If the two expense of more superconductor is presented here. The design
layer structurgurnsout to be accurate enoughd thebeam is an extrapolation of a so-called pipe-dipole [7] to a



quadrupole geometryThe magnet is essentially built withusing a more conservative conductor, i.e. not optimized for
four intersecting elongated toroids, of whittie innercoils high currentdensity, one can obtainfeeld gradient ofabout
provide the high gradient and harmonigptimization, and 280T/m. This gradient iscomparable to the maximum
the outercoils an active flux shieldThe whole structure is gradientfor the LHC design, with the addebenefit of a
wound on a stainless steel “pipeand contained in a smaller quadrupole magneand less sensitivity to radiation
relatively small iron yoke. The design concept is illustrated heating of the windings. With a totatoss-section (including
Figure 2. The figurshows a cross-section of ogeadrant of the iron yoke) of about halfthe size of a conventional
the magnet, in which thimner coil at the bottomreturns to quadrupole magnet, such a desitlas theadvantages
the rightouter coil,and thetop outer coil tdhe left inner previously mentioned over the cosigeometry.

coil. The diameter of the entire structure is about 40 cm. The construction of a winding like this migHbok
difficult at a first glance, but is actually quite simple. The
conductor, which can be a standard Rutherfgpe cable, or
even a tapewould be wound ontthe flux-pipe material in
segments, just like a toroid winding. The flux-pipe itself can
be made out of a large stainless steelirmn rod by
machiningout the liquid helium conduitsnd slots for the
inner coil. This automatically assures accurate placement of
the conductors, which minimizes field harmonic errors due to
imprecise winding. After winding theoil would be reacted,
RO and therclamped in the iron outsmoke. The entire structure
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;,é would then be held together by either aater cylinder or a

E’/ 1 = H H M " ”

10 Eéf'/ wire-wrap technique similar to the “D20” magnet [4].
;,/%—L In summary, ahigh gradientquadrupole with a “pipe”

8 1 m\\\\\\{"\.\Q, layout can be considered aspassible candidate for future

large collider insertion regions. It possible to fine-tune the
design to obtain @ood field-quality,the conductor isvell
cooled in case of lrge radiation heat loa@énd theoverall
structure is smallethan aconventional quadrupole with a
comparable field gradient.
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