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Summary |

For close to a year and a half, a study has been in
:progress at NAL to examine the feasibility of con-
‘gtructing the " Energy Doubler" - an accelerator em=
E;ploying superconducting magnets which would increase
ithe energy of protons available at the Laboratory sub-
.stantially above that provided by the present accelera-
tor system and possibly to 1000 GeV. In this paper,
'we report on the progress to date and on plans for
continuing the study in the immediate future.

i
1

The Energy Doubler Concent

The design parameters of the NAL accelerator
‘were sel primarily by the funds available for construc=~
tion, There was no sharp guideline of an energy
threshold at which some crucial physics hypothesis
‘could be tested, nor did accelerator technolozy dictate
a limit to the energy that could be achieved, Thus,
there was considerable incentive to build a potential
for higher energies and io conserve funds so that this
potential could be realized within the initial $£250
million construction authorization for the Laboratory.

2 The NAL proton synchrotron was initially intended
to be a 200 GeV machine. It now regularly operates
at 300 GeV and has occasionally produced protons at
400 GeV. In the near future, tests at energies up to
500 GeV are planned, |
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I It was recognized early irf the project that an even
higher energy or an improved duty cycle was conceiv-
able if 2 ring of superconducting magnets were to be
installed in the same enclosure as the present main
accelerator, which would then act as the proton source
for the superconducting ring. Scace in the tunnel and
in the service buildings has been saved for just such

a possibility. Because superconducting bendinz mag-
nets might be expected to reach 45 kG, twice the field
‘of the conventional magnet ring at 300 GcV, the super-
cpnductmg ring has been designated an ' Energy
D\)ubler

.. _Origin of The Design Study

After the accclerator came into operation in 1972
;and high encrgy physics experiments got underway, it
was not only possible to devote some attention to the
‘Doubler idea but it was also timely. Of the funds
authorized for construction of the Laboratory some
§$30 million remained uncommitted at that time, Of
.course it was expected that a significant portlon of
.'lhlS sum would be needed to bring the accelerator and
,experxmental areas to a reasonable state of comple-
tion and some §10 million has since been spent for
jthose purposes, But if it were possible to obtain the
‘major components of the Doubler - the magnets and
their associated refrigeration system - at a cost in
ihe neighborhood of say, $20 million then the opportu-
‘nity would present itself for a further increase of the
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jenergy capability of the Laboratory within the initial
authorization., The design effort to date represents a
first step in the exploration of this possibility.

Though the next section offers comments on the
various roles that the Doubler might play at the Lab- -
oratory, the purpose of those remarks is intended
only to provide a context within which to view the sub-
sequent discussion, since the emphasis of the work
thus far has been on magnets and refrigeration. There
.are many other accelerator-related topics that deserve
:study, but given the limited resources that could
appropriately be diverted from far higher priority
activities associated with bringing the accelerator
performance up in terms of intensity, reliability,
proton splitting and beam spill and with initiating the
ambitious experimental program at the Laboratory, it
was clear that the focus of the study should be on those
aspects of the Doubler most intimately ussociated with
new technology. !

At the outset, a number of tentative design princi-
ples were established, among which are:

~ the Doubler cycle time will not exceed 100 seconds
but in order that thermal loads originating from time
varying currents not be the major factor in determin-
ing refrigeration system capacity and cost, shorter
cycle times are not essential,

-~ the magnet dewars will themselves play the role
of transfer lines carrying coolant from and back to the
refrigerators located at the service buildings,

- the magnets will have a cold beam tube since the
relatively low Doubler beam current will have less
stringent vacuum and surface cleanliness reguirements
than a storage ring.

" - the magnet enhancement iron will be at room
temperature and non-saturating, two criteria intended
to provide magnets whose fields are linear with excita-
tion and within the smallest possible total cross-
section, including dewars and to reduce the refrigera-
tion requirements for reasonable cool down times.

i = ihe superconducting material will be NbT1i since
this is the only material which industry presently is
able to provide in a filamentary configuration in
large quantity.

- the current in the conductor wil] be consistent
with utilization of existing main accelerator power
supplies for Doubler excitation at the highest practical
current density.

The discussion below will summarize the work thus
far in developing cryogenic systems and magnets
consistent with the above.

General Descriptions of the Energy Doubler

Location and Magnet Distribution '

The position that the Doubler mipght occupy is shown
in Fig. {; at the top of the tunnel xt° orlnt would be
some 3 feet inside of and 4 fc% TR ﬁ'thc main

ring. Only limited variation o he(dxsﬁd ition of
magnets in the present accel ralodr is possible for the
'doubler lattice, having sclected the enclosure. lor
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iexample the doubler geometry mllbt duplicate the six
long and six short straight sections of the main ring,
‘Some of the flexibility that remains may be used to
advantage to facilitate injection and extraction, but
ifor the purpose of this discussion it is sufficient to
nthmk that the Doubler replicates the main accelerator
ibend-for-bend and quadrupole~for-quadrupole,

We have adopted a length of 20 feet for our super-
iconducting dipole prototypes - the same laength as the
(conventional dipoles in the main accelerator. A total
-of 744 such magnets would be required, A duplication
:of the main ring lattice implies 192 normal cell quad-
‘rupoles and 48 long straight section matching guadru-~
poles. If the tune of the Doubler {s to be the same as
'that of the main ring, then B'f for the normal cell
would be 1260 kG-m at 1000 GeV, and just over 607
‘of that figure for the matching quads. Thus a total of
‘1044 superconducting magnets are needed for the
3Energy Doubler.

Uses for the Doubler

[ U

3 As a Conventional ‘\ccelerator In its basic form,
the Energy Doubler idea is that ol a slow~-cycling
‘machine with a period of 100 seconds or less at 1000
‘GeV, but not an order of magnitude less, Today the
typlcal operating intensily of the NAL accelerator is

8 x 1012 protons per pulse with a 6 second cycle at
300 GeV, If, by the time the Doubler is functioning,
the accelerator has achieved its design goal of 5 x 10l
protons per pulse and if this charge can be conveyed
to, accelerated in, and extracted from the Doubler
‘without significant loss, then a 60 second cycle time
Doubler would deliver to the external beam lines ap-
proximately the same average intensity as the acceler-
‘ator produces at present. Of course, for internal
target experiments causing neg11g1ble diminution of
the circulating beam current, the effective intensity is
independent of cycle time, Fig, 2 shows how the acc~
elerators might operate in this mode, In this and the
following examples let's assume that the Doubler ramp
rate is limited to 20 GeV/sec, One out of every ten
300 GeV main ring pulses is injected into the Doubler;

.the remaining nine are extracted and used as at present,

The Doubler accelerates to 800 GeV at which energy
ihe bearn is extracted. Higher energics would imply
longer Doubler cycle times, ;
H

i Asan Enerpy Saver, The present accelerator
system, opcerating at 300 GeV with a 6 second repeti-
tion rate and a 1 second flat-top, requires an average
power of somewhat over 40 M\, This already sub-
stantial demand increases rapidly with higher energy
or duty factor, It is easy to think of ways in which a
superconducting ring may help in this situation, Fig, 3
illustrates {wo approaches to a 12 second 400 GeV
eycle each having a duty factor of ~ 1/6, The dotted
line represents the main accelerator going to 400 GeV
with a 2 second flat-top. The average power required
is 60 MW, In contrast, the solid lines depict an ace-
eleration in the main ring to 300 GeV, fast transter to
the Doubler, acceleration in the Doubler to 100 GeV,
and subsequent extraction using a 2 second {lat-top.
We estimate the average power required in this case
to be 22 MW, almost a factor of three less than that
associated with the present accelerator system alone,

In this mode, the Doubler

As a Beam-Stretcher,
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does not accelerate at all. Rather the beam is trans-
ferred to it from the main ring at the peak of the cycle
of the latter, and slow extraction from the Doubler
lasts, hopefully, until the next pulse is available for
injection. In principle, a duty factor of close to 100%
could be obtained. }

As an Injector to Stomﬂe Rings, The NAL Long
Range Advisory Committee has recently recommended
that the Laboratory's long term planning center around
the design of "' POPAE" storage rings, (Proton On
Proton And _I;lectron), with the proton rings to accom-
odate encrgies of 1000 GeV, The Doubler could be the
proton injector to POPAE, thereby providing protons
at the sforage energy and making it unnecessary to
contemplate acceleration of the high current in the
storage rings thereby simplifying their construction.

hm——_

Dynamical Questions

i Since the FEnergy Doubler as pictured here closely
‘resembles the main accelerator in number and dispo-
‘sition of magnets, many of the aperture arguments are
the same for the two machines and necd not be detailed
here, Finding and improvinz a closed orbit, provided
a suitable beam position monitoring system is avail-
able, is a well~understood problem, Given reasonable
magnetic measurement data, a careful survey, and a
means for beam steering, it is likely that a circulating
beam can be obtained without unusual difficulty insoiar
as magnetic length and placement effects are concerned,

Efficient extraction imposes a more severe aper-
ture requirement., In a resonant extraction scheme
the aperture has to be large enough in the extraction
plane to permit a betatron oscillation of sufficient
amplitude to develop so that the amplitude-dependent
step size becomes sufficient to jump an extraction
septum with high efficiency. A measurement made at
300 BeV in February of this year indicated that the
extraction system of the main accelerator uses 1.3
inches of aperture in which the vnstable betatron
oscillation builds up, To this we add twice the septum
channel widt’; of 0. 4 inch, and arrive at an apertiure
requirement of 2.1 inches, At present, the extraction
efficiency is typically 96% and is limited by eifective
septum thiciness, '

! The full scale Doubler prototype dipoles discussed
below have a geometrical (in contrast to good-ficld)
aperture in the horizontal plane of just »nder 2.2 in,
Though the fundamental guide line in the doubler pro-
positicn is the acceleration of protons to the 1000 GeV
range at minimum cost, clearly their efiective deliv-
ery to external experimental areas is a most desirable
feature, and it remains a subject for further study to
determine whether or not improvements in the extrac-
tion scheime or in the good field width of the maanets
can be made to compensate for the aperture constraints
considered here. As the design progresses it may
also be nccessary to make the magnets slightly wider
in order o accomplish high efficiency slow extraction
from the Doubler,

The sccond principal accelerator related question
associated with the Doubler magnet design concerns
non-linear effects. Interpretation and correction of
non-linear resonances in the main accelerator has
proved to be a diificult and time-consuming process,
Measurements on field quality of the superconducting
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‘magnet prototypes produced thus far pive cause for
‘concern., The cost trade-off between increasing the
coil aperture to improve ficld jquality versus an
elaborate corrcction system remains to be assessed,

Refrircration Svstem E

The desipn principles upon which the magnet cool-
ing system is based were reported at the £973 Particle
Accelerator Conference in San Francisco, ¢ Very
bricfly, the idea is that subcecoied liguid helivm will be
pumped from 12 {or 24) reirigeration siations, located
at 12 {or 24) main accelarator scrvice wiidings into
the eofl colume of magnots situaled epstream and down.
stream of each such station, At the point nelfway to
the next refrigzeration station, the coolant ikl nass
through a Joule~Thompson pressure reduetion valve,
and flow back toward the refrigerater o2 botling tiguid
in an annular space surroending the subconled liguid
helium coming from the refritesator. (a2 ¢f the §2
{or 24) modules of the system is shetched 8 Fig, 4.
The realization of this schemu with the magnets is
discussced under Magnot Develoamen: Lelow, In this
seclinn wo report on experismentsi work an the pumnped
helium feature and on progross towsrd a refrigerator
speeification.

» wwwra——

Liquid Belivm Pumo J.oon

i Large pumped helium systems of the sort reqguired
for the Encrpy Doubler have not heen Ludil, Accord-
fngly, a sipnificant clfort in il design study is 1A coa-
struction and testing of a ligaeid beilom pump loop on a
scale large enowgh (o provide experimental verifieation
of Encrpy Donbler relrizeration concenis, A delajled
report on the pump Jonp will be publizhed shorily;?
here we summarize Lhis activity, ‘

The basic pump Joop system s sholehed in Fin, 5,
Relfrigeration iz provided by & $50-202 # ke holizm
tiqueficr (euynivalent to ~ 600 W of refrigeration a1
4, SPK) purchascd from Gardner Cryoienics, Inc.,
which makes 1igsid inle a reservelr, Tha reserveir
contains s I uid helivem pumip which sirculiies Jiguid
helivin through the pusao laon.  In addition So e fiyeid
helivm purap, the resereoir contuins & heat exclnger,
which (together with o vacaumn pumpl @il make i
possible to operate the loop at temperateres as low as
3. 69%K. ‘

H
! The loop itsclf consists of 2 lengths of 200 foot of
coaxiul pipe forming o taial lenih of 42 foel fopace
constraints reguired that the lae douldar Gach on
ftsclf), The belivm pump forees Hgeid through the
fnner tube, At the ond of the 400 fowt, the 3aueid iy
expanded through a Joule=Thempaon valve and low
preasure liguid helium return: tiraugh the outer an-
nulug to the reservoir, Typical temperateres of the
subcooled suppiy sad low pressare rolsin sireamy se
4. 69 and 4, 4V pespoetively,  The pressure diffcrence

between the two streams Lies in the range of 5-95% ladind,

The Joop is cquipped with lemperature, praassure and
flow moniters, healers that simalate tie theramal loads
of mapnets, and valves to simulale the presnure drops
of the magnets, .
d It is intended that Encrpy Doubler magoots will be

inserted in the loop by vemoviy scctiong of pipe and
aeplacing theze with magaets,  Even withool mapnels,

+ however, an intcresting snd uneful lest program has

|
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carriced out, i

H The system hus been eperated for three runs of
‘109, 70 and £08 hours duratéon, Theyo tests were
vary valuable in givieg experience in the apsrstion of
& cryoponic system on this seale, As noted shove,
discussion of 1ho rexulis. @il sppear elseshore:? we
only enumeraie some of the subjucts of siudy here.

Pamp Characleristics. The Hauid Lelizes pump was
purchascd fram Sunairans Aviation snd wos devetopcd
for thiz naplicatir baxed on el exporivace with
liquid kydeogen pumps,  Measeremenia of fow rate
vorsus develonad head aee I8 spraiment with prodic-
tions of the mumelacturer, To Hlediraie 3 tppicsd
eperating condition, & fow of 213 i enrronponts
to a pressure rise of 16, 9 s fin® acvoess the gump,

The clecirical power Measuramonis sampsre
{avorably to U power musured by the fisid progur~

vies, oot inoul to She M ogid fee the sfovenventionud
conditios Is appreshmately & walts, :

Pronsurs Depns,  Under alt flow conlizions, an
expoecled, Presasrd Srens vare Juile low.  Measured
el drop on the Mg liae an aseasseod by the presserg
gauses for the 400 foot loop sre b the region of 207
of H;0, :
g The prestore drop A8 messured on tha & phase
retura tine, with an ashacan quality, is approsimately
2" of 10, :

Precise measorermonts wiHl be enade with the in-
statlation of improved instrsescaiation.

Heat Traneler, Dy eavestaing heaters in e sobs
conlod Rollue g ot Clnorving Wanneralinren jo i
two streams, e heat tranafor cooificionis batwoes
the suleoenled and Lvo-phane seicnR oan L dalery o,
The maassrsmenls ary i siracment with eabesiszieng,
the principle wnerrtsinly boisg in the guslity of the
iwo-~phase Jlowx,

Thermal Oceillationr.  in the fiest run, thermal
escillationy, remuiinies of azaliute guflicia to
caune vinthle mulivn of e enltre pumd Inup, weors
frogquently shzerved,  Modtlinstions - prtocigsiiy the
couversion e cold chesk valvos - elipviastod Shaut
oonilintions st design flow porameiors by the Uaw of
the third run,
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Mapnet Develesmont

Sunercandactine Wire

For cur first full nesle predotype sapnsis, »e
settled on & snultisTilsent REYE wire, coaniztiog of
abaut 2300 fHlaments 15 o in Clamoter saobablod it a
Cu mateix, with outside dhmentiong of §, 6% ineh ¥
G. 450 inch lnclsdbing & 6, GE2 fnch laver of polevine! sad
furaavar ipneiation,  The short sample tedt romire
ment wasn sgecificd o be 2208 A ina %0 kG field 5t
4, 30K, This cosfliguration affered e bigh currom
and high curvent dunsity dezired for auemapavtn
12R1% A and 43, 6 A Jem® at 45 RO yet was aluo (el to
be achievable with presenst techaoiory,

Sinee we are interested in doveloping marnets with
colln that can e wownl by more or loas vonventional
teehnigues in dudustey, the conductor should resemble
a "t coppur wire,  Initially, hin peesented Some
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proYlems at the current densities desired since most
conductors offored whea this projoct bepan optimized
the eritical current dersizy by cold weoriing the wira,
In responze to our invitations for propassls, Mognetic
Corporation of American recommendsd the ase of
superconducting alioys Wl would optumize the eriticai
:currcnt by the solld stute presipiiation of sebmicro-
scople nermal partictes «within e filaments, An
order was placed with this vendor, and the contucior
that thoy have supplicd bas et our spocifientian with
ropard to critical curpent, Wilth fow excoptions, the
i" windahility™ of this meterial has boes erestiom,

1 With its rolatively larpe fitbment shee sod lows
resigtivity mateix, this condutior i3 aot ruited W high
repotitios rates,  Caleuialinas indicate thal by sioresis
losses dominsie 3t 160 sotond repstition rate and it
i3 not until cycle ttmes nhaeien 10 Shoel 1§ seconds
that hysioresis sed couptios lusses Beoomes compars-
bie. ¥ lnsofar as Be sl contucior urder was
concoerned, we Tail thal the maey bmsorianl £osl was o
establish thay o hizh corrast donsity wiry could be mstde
and that Iaier induriry cosid davelop & similar wire
but with zeaaller Dismenin, We slio have op order s
auantity of eskle eonduior sudlicies] for the fabrica-

fam e e ememsES e B Rl R A T o

tion of two full yeaje Gipule sretgiyans: this extie is
to be made of eaven wices anch containias filamens

Toss than 20 s in disweter sad desarsicd ciue from
anotlier Uy & hiph reséstivicy malerial teupro-nickot),

e -

Tht Enerey Doubler woold require & mittion feet
Of puperensduaiing wire, Ap seder of tHin tisy would
have gonsidiratis SNENct on the induniey, We expuct
thut for thone beagttu, by cond per oot wonld come
duwn to bn seyistolie tevel sporasehing ioxs than nald
of presost conts,  Addisionsiip, the eont gitlvraace
briwoen & relottvely sostdsiissied smudd fament cabile
and o barper {ilamaenl wire smay be smail, Fir, b showns
our ohtimate of cost per fool 53 & fusetion of tulal
Yoenpih,

Mapnet Boning snd Fabriceslion

: Hore we will only sumemrize work on dinole mage
nets, A full-nesle quadeniais protolyne 4 searing
eanploling; hoagver, e amipbinnis so far baz beea on
‘dipalen, Fig, ¥ chows 3 traanverse section through a
‘mapaet, :

§ 4
1 The Bore Tuke, The bore tube forms both the
Maevun Chanber sl e letisting suriace fnr wounting
Ahet cofls, i eross-tectiog, Ihe B¢ feemetey cone
018 of two seaievieeles fulned by N portions top
-angd hollom o Provide b Hroien Boain aperivere measar-
g 2.2 inches borizontadly by 5.4 incher vortically,
The bore tube in a composite of an taner 0, 832 ineh
Stadntasa cleel pipe with o moided epoexny-Niherglass
reaating  provide a reproducibie insulating base for

the colis, ;
l Colls, The coils are wound as three concentric

fn!w"-lﬂ::': Yayers, with combuctor placenent caleulated
Ao pravide o field uniform e 0, 175 within & region aim-
flar inshope 1o the ioner sarface of the coils at 25%%

to 307 mnalive o bincar dimensions,  The conducior
In geaded s pize for ceonumy; & smaller cross tection
‘wire {0,050 inch x 0, 150 inch} formed by an additional
idrawiun of thae banie comducior is used v repions of
sufficiently lower fiekl, Prior 1o winding, the wire is
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keystoned 5o that it may be close~packed into the shell
configuration. Winding is performed on a specially
cosipned fintare in which the mandret oscillates about
its longitudined axis while the conductor supply reet
“walks” ut @ programmicd speed around the table in |
whieh the mandial is mounted, :

Coil Conline Pasuaces. Liguid helivm Mows along
the lenpgth &f thoe mapnet in the Spaces above and below
the ¢oil. The condeclors arc o be cooled by vertical
canveotion Whreugh passages between the innermost
coil and the bore tube, bolween the inner skell and the
second sheli, and between the third shell and the wall
of the vesacd, I is intended that at least 0% of one
edge of every conduclor ke exposed to the convective
flow, that fruclion reprosenting a eampromise betwaen
the domeands for conling on eac hand and for adequate
rigidity of the stractura o withstand the maguetic
forees on the other., Tho pazsages arc formed by cir-
cumferentisl groosves on the bore tube, by G-10 spacers
betwenn the fivsl and second coi) shell, and by the
banding on the osier coll bundie as desoribod below,
in ihe presont dosipes the passages exiend 0. 25 inch in
the dimension parallel o the anis of the magact, The
L inner passages are 0, 062 inch in depth.

Coit Hiandian, The coils are held against the beam
tube by prefenvionod bands, with a periodicity and
width detormined by the conting passape requirements
mentioned alipve,  Until recenily, a thin high strength
mylar was uned 35 the banding material, apptied st a
vengion of ~ £58% of iis bresking strength,  As this
material wat wvailable in a hicnness of only L 00075
inch, 210 lasers wure nocded 10 produce the roquired
sirenash resuiling in an ovorly costly and time-con-
SWIRING Blape w0 mgnet bricyiion, A prosent, we
are veing stainless steed as the banding material,

Crvorint, The helium veszels are formed by two
concestrie rinnless steel crlinders, separated by a
sorragsted sirsciure o iransfer clectromagnetic
forces on the megnet to the suspension members,
These, containing the coil, form the 4-3YK volume of
the marnet, A procisely cestered energized coil is in
wnsiable eguilibrivm with respect to the shicld; at 45
kG, the “nepative spring contiam™ is ~ 750 1b/in,

Thus a sirong, low beat loss suspension must be inter-
posed between the inner chamsers and the outer eryo-
stat juckel, The use of an inlermediate temperature
(15-200K of putcous helivm) shicld makes this problem
more tractable and is now being incorporated in proto-
type wapacts, Prototypes completed to date have, for
simplicity, not included a heat shield, and although
considerable effort has gonc into the devclopment of a
suspension ehitch would be adeguate for use without the
shicld, the reselts have not been ancouraging.

Iron Shicld, The iron enhiancement shiclds crasist
of two laminsied half cores stacked in one of the orig-
‘inal main ring magnet fistres with a precamber to
compensale for the subsejuent deflection under gravity,
The laminutions are first roller coated with a reom-
cure uposy and stacking of a 20 foot half-core is then
easily accomplishicd within the three hour pot life of
the resin,

i

Ens and tnterconneciions. In a sense, the transe
verse section desceribed abiove is the simple part of
the magnet, Space does hot permit us o dc:scrihc_
present desipgns for ends and imcrconn‘ecliuns, wlu_ch_
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may be fortunate, since idcas conccrning these aspeets
of the magnets are changing daily,

Magnet Tests
f Prior to the construction of the first full scale
proloi)pc dipole, seven short magnets (6 dipoles aud

4 quadrupole with ieageihs ranging from 12 inches to
40 inches) were built, ‘The first five were in a sense
fabrication studics. ? Two coil feomeirias wore in
competition - the sheil configuration described above
and a panecake styie, Tests in both vertical and heri-
zonta) dewars sugpcated that the shcll affored a goo-
melry more appropriaie to effecuivdf cagling, A5 a
result, the shell coll was adopted for furiher develop~
ment, .

+  The last two of this scven mapnet series were a
pair of 30 inch long dipoles intendsd 12 be identical,
Compartive meusueremenis of magnetie feagth and
field quality were made in order to detarmine whether
or nol \he magnets ware indecd identical insofar as the
design poals establizhed for them were concerned,
Their snaanetic lengshs Jid in fact azres &8 the 8, 1%
level, however a sigaificant guadruncls component in
both magncis {~ 0. s%/inca) indicated ihat some sym-
matry had boey fost o consivuction. *

g In general, rezalts on thiz sot of rhnrl prototvue
megnels wore quite eacouraging, Tl'.e mercmz-.!m:nmz
wire procured for the Zull seaie mapnes was not yot
availxble, zo the cuils of these magnein were wound
from & vericty of conductors available st the time.
Thege conduelors did not perrmil excitstion to the 45 20
leve) demsaded of the Dousbter, Bowever, i all cases,
these shart protolenes were easeble of exeitation ot

~ 90% of tur ghort sampie currdnt for (s materials
used in their fabrication. in ail cases, magoots were
tested in pool-boiling kelismn,

: In February of this yeur, a full scnie. 20 foot leng
prolotype a5 ready for teat,  This wos the first
megnel woend from the wire intended 'm' use at 45 kG,
Also, it wus the first mogoet incorporaiing 1he com«
plete countar Mo cooling suhemne peosused for the
Doubler. Thus far, the parforesance of this magnet
hag been, in peneral, unnatisfactiory, It has .;ucnmml
repeatedly of low curvent levels = loss than 50% of
desipn ecurrent.  Thouph the eurrent &t guznch bas buen
incrcasing graduatly, whkelher or nol the marael would
e.vemually reacih B8 desiza current is on scusdemic
yueslion, for the processing of a larps aumber of
magnetls ia this way is impractical, | Xevertheless,
construction of a full scale marnet at the carliest
pocsible time in our program «was very valvable in
supgesting improvements in labricution methods,

this

in order to ifolale and identify the souree, or

sources, of difffcultv in tie full seale magast we are
now cng'.mcd in a program of testing 3¢ inch long di-
poles, These mupnels have reoselrics) eross sections
similar to the 20 fool doubler mapzset but allow us to
mtke chanpes i magnet constructing o a Baown and
conlrolled way - for exmmple, operating wilh one, 1w
or theee shellz, fo date, a three shell version identis
€3l (o the 20 foot masnet escet {otr teasth and stain-
less nteel vice mylar banding has exhiinted behavior
llmﬂar to the 20 foot marnel and a siasle, inner shell
vcnlon imprepnated with eposy and banded with stain-
"Jes: slm.-l has gone to the short sample limit, 4 00 A
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at 23 VG. in a vertical dewar. This program : “con-
tinuing ia full force and is expected to siortly provide
ithe engincering data that will allow us to resume con-
;llrucuon of the 20 foot magnets,

Plans for the Near Future

As the discassion of the preceeding paragraphs
would imply, our immediate goal is the production of
fell scale dipole magnets capable of excitation to ficlds
in the neighborheod of 45 KG without excessive proces-
sing. ] '

The next phase will bring the magnet and refrig-
aeration systems programy togethier by installation of a
series of mugnets in the pump loop, Actually, a step
in this direction is alrcady vnderway, for the socond
fall scale prototype is being readied for inscertion in
the loop. This mageet does differ sipnificantly from
the first, so its excitation cixarac:cr*sucx are liskely
1o be the same, however, uscful experience will be
gained in the loop system by this exercise. Completion
of this phase wil) be marked by the inscriion ia the
loop of & compiete basic lattice period of the Doubler -
8 dipoles and 2 quadrupoles,

As indicuted parlior, the deging offnet 1o ditle
been highly concentrated on the magnel and refripera-
tion systeny for the Doubier in order o ostablish their
feasibilily for a cosit of semotiing ke 320 miilion. Sa
far, in order of desconshing confidence, we Bave had
industrial cstimates matde on lhﬂ refrizerster, the
supirensducting wire and the maganis,  On this srolime
inary basis, 1 appeurs hurdly possisle (o ik abowt
thexe ftenss being accomplished fnr the puriod we have
ailowed, Weo have a loay w6y 1o po, hevever, in com-
pleting the desipn and budlding sauziasciacy profolyaes
ant produaciion iodels befere we can sS4y something m
more definite, We, like vveryone clre, are 3iro ox-
periencing shortages aad higher costz for raw matiri-
als, and i cureenmt stale of gncertadnty fn the econuy
will no doubt play an a5 yot unknown role in the final
eslimate for the doubler, particelariy in view of the
instabilily of the superconducting wire business,
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ENERGY
DOUBLER

B, P. Strauss and D, F. Sutter, " Evaluation of

kb. NAL Tecchnical Memorandum TM-456-0423, by
Matched Superconducting Dipoles, "

TIME (sce)

TF!;;. 3. The proposed energy saver cycle., Here the )

Encrgy Doubler is used to accelerate protons

} from 300 to 400 GeV and provide an extended
flat-top,

Pt AANANA - — 1 AN

. : ‘_&J JAGNETS p MAGNETS L&_

‘Fig. 1. A model magacet and suspension system
L hungt in the present NAL Main Ring.

- 1
Fig. 4, Schematic diagram of the pump loop showing
i one refrigerator servicing the magnets be-
tween two service buildings, Note the main
features of the pump and the Joule-Thompson
expantion valves at the end of each string of
magnets,
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P PRESSURE REDULING VALVE

Fig. 2. ‘FPhe proposed Encepy Doubler cycle super-
Imposcd an the preseat Main Ring eycle,

400’ -+

installed in a prototype tunncel at the NAL
Village, This is hasically the same system

shown in Fig, 4 exeept for the climination of
the magnels,
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I ll-‘ig. 5. Schomatic diagram of the pump loop presently
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Fig. & The estimated cost of the present conductor Fig. 7. Transverse scction through the latest

for the Energy Doubler as a funciion of the vers.on of the Energy Doubler dipoles. This
total order is shown. It is assumed that at shows a fully chiclded magnet. Note the
high quantities sufficient cconomics of scale features of warm iron, counter flow dewar,
will bring the price down to less than half of . heat shield and low loss suspension.
the present cost, .
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