AN ete- TOP FACTORY
IN A 50 + 50 TeV HADRON COLLIDER TUNNEL

J. Norem, J. Jagger, S. Sharma, Argonne National Laboratory, Argonne IL 60439 USA
E. Keil, CERN, CH-1211 Geneva 23 Switzerland
G. W. Foster, E. Malamud, Fermilab, Batavia IL 60510 USA
E. Chojnacki, Cornell University, Ithaca NY 14853
D. Winn, Fairfield University, Fairfield CT 06430 USA

Abstract beam-beam limit over a range of energies,thminosity

is proportional toE2 for E < 180 GeV,and proportional
We present the parameters of an e+e- colkigdfor the 1 £-3 for E> 180 GeV. We increase the phase advance of
tunnel of a 50 + 50TeV superferric hadron collider[1]. the arc cells in steps from8 at 100GeV to 772 at 250
Assuming a diameter of 170 kand amaximumradiated Gev. In order to satisfy thepretzel condition, all phase
power of 100 MW, thiscollider should have aaximum  aqgvances aréntegral fractions ofr/2 We assume that
energy of500 - 600GeV (c.m.) and should be able to yiggler magnets, installed in wiggler insertionkereH
produce duminosity L = 0.9.103%m-2sec-1 at @enter has four times thearc value, are used tomake the
of mass energy of 360 GeV, (somewhat less at higher§rizontal emittance dactor of ten larger than its
lower energies) which would make it useful faoducing  equilibrium value without wigglers. Table Il shows the
top quarks orlight Higgs bosons. Design problemspioposed variation of phase advances andwiggler
include the veryow_f_ield magnets, synchrotroradiation excitation. At energies below 250 GeV, thesiredoeam
power, beam stability, and heat removal systems. gjze can often besached by more than one combination
Preliminary magnet, vacuum chamber and cooliegigns - of phase advanqe/2rrand emittance increasg. In Table
are presented glong With possible construdts_'mtnniques, I, we favor higher values ofu/2rr andFg in order to
and some costing algorithms. We alsonsider an ep restrict the variation of the synchrotron tuQg with the
f:o_llider with 70 GeV electronsand 5TeV protons as an energy E. It is indeedpossible toachievethe strong
Injector. variation of the beamadii with E by adjusting thephase
1 PARAMETERS advance in steps and using emittance wigglers.

We haveconsidered an*e collider[2] located in the
tunnel of a 50 + 50reV hadroncollider, which could
operate at energies sufficient to studge~ tt andlight

Table I: The Parameters of a Very Large Lepton Collider

Higgs production[3]. If this facility was operated as an ep Eﬁiummigiaf ééG/?nV 53110%%
collider, a c.m. energy ofs = 7 TeV could be r_eached. Luminosity L /cn2s'1 9 15E+32
The most importantparameters of att factory Beam-beam tune shiff, = & ' 0.03
operating at a beam energy of 18@V are shown in Beta functions at ”Bx*)f “Im 10 0'05
Table I. A completgparameteset is on theNV\WWI[4]. Beam emittances. - & /r?ryn 325 ) '1 7
We assume a total RBenerator power available at the Beam radii at IFU%S"' S fum 186 . 901
cavity windows of 100 MW,and asuperconducting RF Bunch populatior)l(N‘ y 8 04'E+.11
system similar to that of LEBperated at a gradient of 5 '
MV/m. We assume that thepllider consists either of a Total current / bearfy, /mA 37.2

. . . o Number of bunches /beakn 512
single ring, operatedwith pretzelsand parasitic beam- Bending radiug /m 72628
beam collisionsevery quarter betatron wavelength, and Injection EnergyE;  / GeV 50
have adaptedphaseadvance, ar¢une Q and number of Dipole fieldsB ”]JB_ mT 8323
bunchesk accordingly, or of two rings. Wiggler magnets Phase advancrgej}xéqdjanH ' 0'12'5
are used tanake the horizontal emittancefactor of 10 '

. . S . . Arc tuneQ 258
higher than its equilibrium value without wigglers. The Cell LengthL, /m 249
advantage is amaller value of the synchrotron tune, the Beta fUNCtions in arcB . : B /m 488 : 218
disadvantages are amaller dispersion in the arcs, a Beam radiic.. - o /mmmax' min 4 3'_ 58
possibly smaller dynamic aperture and a largementum Synchrotronxr'a dlation lodd, /MeV 1376

spread inthe beam. We have not checkedthat the
dynamic aperture is large enough.

We assume that thaperture is filledand that the
beam powelimit is reached at d@eam energy of 180
GeV. If we control the beam size such as to remain at the

Aperture radiiA : A; /mm for 1Q 53:38
Center of mass energy spreag /GeV 0.26
RF voltageVrg /MV 1616
Total generator powe?,, MW 102
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Luminosity L /nb1s? for higher energies by design, although theguired

1.0 . _— voltage continues to rise &*. Above 250 GeV, the RF
voltageandthe length of the RF system, assuming ~6
MV/m, become absurd.

Current technology limits inpufpower to super-
conducting cavities to about 500 kW. Usingvery
reasonable gradient of 6 MV/m in a superconducting cell
with 0.425 mactive length, operating at a synchronous
0.01 . o angle c:)%f31.ﬁ° and matchedfath(;smC beamloading

gives cells per cavity for 5 W input power.
100 200 500 1000 Klystrons providing 1.7 MW at 350 MHdetermine 3
Beam Energy E /GeV cavities per klystronand 70 klystrons for 1.4 GV

Figure 1, The energy dependence of the luminosity synchrotron loss. This system should benefibm

expected improvements in RF couplerand window

The aperturelimited luminosity is given by the technology, superconducting gradients and klystron power.
expression. = ntkéo,* o *yz/re2 *, wherethe revolu- Instabilities related to higher order monopole and
tion frequencyf O 1/p, and the number of bunch&sld p  multipole modes can beénanaged byaggressive higher
if the bunch spacing ifixed by the hardware required to order mode daming techniques, whichare available.
separate the beams, tHusis independent op. If power Coupled bunch longitudinal instabilitiegxacerbated by
limited, Lp = (3/1671)EpP/re2Eeﬁy* V3, whereE, is the cavity detuning being comparable tthe revolution
rest mass of theelectron and r its radius[2]. The frequency are a concern.
maximum Iummosnyocpurs Wh(:aL?SLa = Lp, and th|_s 3 MAGNET ISSUES
energy,Emax IS proportional top*/>. Thus thespecific _ ] _ ) o
dimensions of the tunnel only wealkdjfect the operating Since the maximundipole field required isonly 23
parameters. mT even for 500 GeV, oneould use thin steel

The energy resolution of the colliderg ~0.26 GeV, laminations separated by large nonmagnetic spacers, as in
in the center ofmass at thet, would be useful fohigh LEP, and stabilized against thermal expansion with
resolution studies of threshold behavémdmay bebetter materials like invar. Error fields should be on tirder of

0.1

than other collider options. 4 x 104 of the dipole fields, and the earth’s field is on the
The polarization time is about 19 hours at 18€v, order of0.05 mT, thus it will benecessary to carefully

The tolerance onthe closedorbit harmonic at the spin When the dipoldield is ~2.3 mT, (assuming;,; = 50
tune is very tightevenwith Siberian snakesTherefore, GeV). If the electron ring wassed incombination with

no useful degree of polarization is expected. the hadron ring for e/pollisions, even larger fields from
The requirements that all threegrees of freedom are the superferric magnet and return current must be shielded.
damped bysynchrotron radiation imposes constraints on AB /Bl F t t t t t y 1
the length of allquadrupoles, as doemnlinear radiation i 3
damping [3]. 01y .
F . Bext _ _ _. ]
Table 1. Luminosity L, proposed phaseadvances 0.014 O X
y/2min the arc cells, emittancencrease factorg F Dog 0 3
with wiggler magnets and circumferential RF voltage 0.0014 Desired at 0 .
V as functions of the beaenergyE, (L, | andV are F injection ////§
evaluated at the lower end of the energy range). 0.0001 4 4
E/GeV L /nblslpyom 1imA F, VIGV 0.00001 i ey :
100-136 0.28 0.0625 21 422 0.2 -3.0 20 -1.0 0.0 1.0

136-180 0.52 0.0833 29 5.23 0.7

180250 0.92  0.125 39 101 18 Figure 2, Measured error fields after degaussiit)

250335 0.34 0.25 10 81 53 parametrizations of Brown and Spend/B = (measured
2. RF SYSTEM field) / (field at injection), which isequivalent to the

measured field irT. The hatchedline shows level of

Distance into magnet / gap

Table Il also shows the totalrrent in one bearh, ¢ -
the luminosityL, and the total circumferential RF voltage'€Sidua! fields.

V as a function of energy. The total RF generator power at !N order to evaluate experimentally thelegree of
the cavity windows increases proportionaEfoup to 180 Shielding one would expect from the normal magruie

GeV. There it reaches 100 MW, and remains at vhate [tS€lf we constructed grototype of a C magneffom

364



0.025" laminationsspaced by0.25".  This prototype is Since the conductivity of rock is low but the speckaat

0.2 m longand madefrom magnet laminations cut andis high, heat tends to be absorbed ratttean conducted
glued to make a C magnet with a gap height of 3.81 craway. The required power can be absorbed by an array of
Measurementsvere madewith a Bartington M\G-01 pipes extending on the order of 3 m in atieection from
single axis fluxgate magnetometer. The magnet w#se tunnel, water in the rock would help heat conduction.
degaussed by exciting it at 60 Hz, with slowly We anticipate sharing a ~3 iametertunnel with
decreasingamplitude from 700 A-turns to zero. Thethe hadron collidermagnetsand atwo way railroad, with
results are shown in Figure 2, abovezomparedwith access points to the surface located far apart.

Brown and Spencer[5].
Since the total mass of irorequired is ~ 20kg/m 5 COST MINIMIZATION

against mechanical motion and thermal expansion. the cost of the tunnel, magnet/vacuum systems RF.

Possible component dimensions are shown in Figure 3.Tunnel costshave been estimated 4000 $/m from a
number of sources[1]. Bending magnet costs for a system

of lengthl should roughly scaléke Bl O Bp OE for a
given magnet cross sectidmowever the veryow dipole
field permits the use of more compact cettuctures

|| which should permit aonsiderablysmaller and lighter

e stamping than thatised inLEP. The RF cost haseen
|'| roughly estimated at <0.25 $/V, although R&D directed at

producing higher gradients could perhaps reduce this.

6 THE INJECTOR: AN ep COLLIDER

The injector for the hadron andee colliders would be
p ) ) , a proton ring of 3-5 TeV and an electron ring, both with a
0 10 20 30cm circumference of 15 - 30 km. If the >1.8 GV, 100 MW f
system for the % collider wereinstalled in the injector
4 VACUUM ISSUES ring, an energy, ~ 80-100 GeV might be obtained. Use
of these rings as an ep collider would thus be possible up
g to Vs ~1000 - 1350 GeV. Thpeower to the vacuum

small amount ophotoproducedjas per unit length, an L
the large radius ofthe ring, which makes theacuum chamberp,, ~8 W/m_m, can be cooled with simpheater
channels on the outside circumference.

chamber effectivelystraight between discrete absorbers.
The average photodesorption of gas per meter by 7 CONCLUSIONS

synchrotron light is given b)angm:24.2Elr7/2rR [61, An e*e collider could beadded to &0+50 TeV low

where Qqqs iS the gasioad in Torr-L/s, ancén i the  fie|q hadron facility permitting high energy lepton physics
photodesorption coefficient, roughly $0 10°6. At 180 as well as ep physics in an integrated facility.

GeV a pressure of 19 Torr could bereachedwith an

Fig 2. Dipole yoke, 4 conductors and vacuum chamber

The vacuum system idefined bythe comparatively

average pumping speed of ~ 24 L. 8 REFERENCES
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