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Abstract Lattice design calculations are done with the MAD and
TEVLAT codes [7]. The design of a dispersion killer is most

. Ly . .
The design for a high-luminosity .~ superconducting stor inexpensively done if the phase advance of the standard cell is
age ring is presented based on first-pass calculations. Spec!

NN . . . either 60 or 9¢°. We have chosen a B@hase advance for the
attention is paid to two lows interaction regions (IR) whose op- .
. . ) : . .~ standard cell. The other parameter for the standard cgllis
tics are literally interlaced with the collider detectors. Variou o L . . !
N principle this is arbitrary but in order to match the Ignnser-

sources of backgrounds in IR are explored via realistic Monttl%n into the arcs we found it better use a relatively |ay, of

Carlo simulations. An improved design of the collider lattice 0 With a more elaborate IR itwould be possible to use a larger

the neighborhood of the interaction points (IP) is determined t\)/glué The advantage of a larger value might be to increase the

the need to reduce significantly background levels in the detec- k'. fracti h f the ring fill ith dinol

tors. packing fraction, the percentage of the ring fi gd with dipoles,
and hence reduce the cost, and the length. Bfith=75m the

packing fraction in the standard cell is 91%.

l. INTRODUCTION The design of the utility straights is straight forward using the

Anincreasing interest to a high-energy high-luminogity,~ idea of matching quads due to Tom Collins. That the middle
collider project [1], [2] is based on the high physics potential ¢ff the straightis 200m but can be adjusted within reasonable lim-
such a machine [3] beyond what can be accomplished et its. Within the utility straight the maximurg is ~300m. The
and pp (LHC) colliders. Even though there are some prob|en¢§spersi0n across the utility straight is matched by having disper-
to be examined, especially on a technical side, no obvious shein killers at each end of the straight. This, of course, length-
stopper has yet been found [4]. The collider complex will consiefs the ring, and if a zero dispersion straight is not needed then
of a few essential parts: a high-intensity rapid-cycling 10 to 3gerhaps a different design could be developed. The designed the
GeV proton synchrotron, muon production and muon coolidgw-g IR matches to the arcs. The parameters of the quadrupoles
sections, a cascade of re-circulating linacs, and a 2-TeV stor&ge shown in Table 1 for (B)=6671.28139 at 2 TeV.
ring providing collisions in two lows regions with a luminosity
~ 10*cm~2s~1. This paper deals with a prototype design for Table 1: Quadrupole parameters in the arc FODO cells, util-
the final stage, % 2 TeV collider. This is, to our knowledge ity straight sections, lowg triplets, and IR/FODO matching

the first complete lattice of the 2 2 TeV collider with ag* of sections. F=(G/(B))Y2(m™1).
3mm [5]. Muon decay and beam loss induced backgroundsin th@
. : . _oector Name Length(m) F G(T/m)
e e e e onceiobo — oF1 187 01029 2tazsey
tility QFC1 4.200 0.1306 113.7638

vicinity of the detector [6]. Here we continue collider/detector

interface study to mitigate further this problem. 82 jggg 81322 ig;ggjg

Low-8 QFT1  3.467 0.1982 262.0556

Il. LATTICE DESIGN QFT2 7.548 0.1982 262.0556

This is a geometric design, that is the beam energy does not QFT3 3.762 0.1982 262.0556
enter into the properties of the elements of the design. At th§jatching QFM1  2.769 0.0794 42.0365
muon beam energy of 2 TeV, and with superconducting dipoles of QFM2 2.859 0.0932 57.9832

~8T the circumference of the ring #86km, which corresponds QFM3 5.166 0.1823 221.7979

to~ 1000 turns for the=25ms beam lifetime. This model design QF1X 0.066 0.1929 248.2569

has peen constrained as_follows []: _ The tunes for this lattice depend on the number of FODO cells
« it uses magnets which are reasonable extrapolation fr(?

- . Mhe arcs and can be adjusted with correction quadrupoles. The
existing superconducting magnets;

B . . . . ~natural chromaticity, that is the chromaticity with no sextupole
* theﬂ. at thg mteracuqn point t_)e 3”‘?“ in hath planes, correctors, is very large withy, ~ ¢, ~ -3500, that comes from
- the dlspersmrm at the interaction point be zero, the low8 insertions. One can correct this chromaticity with cor-
- the I_attlce ha}s t\/\{o lowg IRs and two long highg utility rectors in the arcs in which case one needs very strong sextupoles
stralgh_t sectlon.s, . . B”/(Bp) ~4, to be compared with the valueB/’/(Bp) ~
‘ th_e lattice functions at_the end O.f the '”S_e”"’f‘s' Bvand 4x1072, typically used in the Tevatron to correct and control
high-f, he matched with the laffice functions in the arcs. the chromaticity. Sextupoles in the insertions cannot be used to

*Work supported by the U. S. Department of Energy under the contract No. D(EQ”?Ct the chromaticity because of the zero dlspersmn in the in-
AC02-76CHO3000 sertions.



1. APERTURES AND IMPERFECTIONS namic aperture. The effect of the momentum offset in the utility

. . . .straights is negligible. One infers from this that if we want the

The current lattice design has no non-linear elements or im:,. .

. : . attice to match then we will need to control the strengths of the

perfections. The stable region will have a non-zero value for t‘:‘oevv-ﬁ quads tov10-5

non-integer part of the tune. With a chromaticity~ef3500 this '

yields a full width for themomentum aperturef ~ 1/3500 orx IV. BACKGROUNDS

2.8x107%. This has been confirmed with a modeling code. With ) ] )

the chromaticity correcting sextupoles third integer values of theShower simulations are done with the MARS code [8]. The

tune become unstable as well as integer values. In addition fifculations include forced muon decays, the tracking of elec-

chromaticity is now non-linear. Model calculations indicate thafons with emission of the synchrotron photons along the track,

the momentum aperture is reduced by perhaps a factor of 2. the simulation of eIectromagneUc showers in the accelerator and
For the linear lattice thdynamic aperturés given by the value detector components induced by electrons and synchrotron pho-

of 8 in the physical aperture. At the maximum valuesah the tons h|t_t|ng the beam pipe, anc_i simulation ofmuo_n |nteract|ons_ in

lattice, which occurs in the inner triplet, 6f2x 10Pm (200km) thellatt|ce and detgctor mgludmg electromagnetic showers origi-

and a radius for the physical aperture of 80mm as in [2], [4], [ ,atmg_ from th_ose mter:_:\ctlons. The 3-D geometry and mggnetlc

the maximum normalized emittanceAs60Gr mm mr. Using lelds in the triplet and in the model detgctor are used. Figure 2

in addition the results of shower simulations ([6] and the followshoWs they andee— spectra in the lattice elements closest to

ing section) and a realization of the problems with large, veF)e IP- Note the very high energy of decay electrsdsTeV and

high field magnets, we have found that 45mm radius aperturdA0tons¥1 GeV, and enormous number of those photons.

the triplet £110m from the IP) and 25mm radius aperture in the

rest of the ring is an optimal choice. The size of the dynamic 95/02/17 16.46

aperture has been confirmed by tracking calculations. The dy-

namic aperture is not restricted by the values of the chromaticity

3
% 106 x 10

Yie0o |--: : 5000 [Py
sextupoles. Svaco | S
An ideal lattice is described here, i. e. a lattice whose com-  Fz00 |- e oo
ponents have precisely the strengths given by the lattice design 0% [~ A 3000

800 |- - teeee-

code. Further calculations based on a model with magnet er-

rors are obviously needed. One point is interesting however. ;

The ut ™ collider is the only collider where one can track for 200 S

the full life time of the beam~1000 turns) using a reasonable 0 | |

amount of computer time. Log10(E /GeV) Log10(E /GeV)
Imperfections in the magnets in the Iggvguadrupoles will . )

result in a mismatch in the lattice functions and will generateFgure. 2. Photon (left) and electron/positron (right) energy

“8 wave”. One can get an idea of the magnitude of the probletRectra in the inner triplet accelerator components

by looking at the lattice functions for a off-momentum particle.

2000

1000

[

Due to the energetic showers, a source term for backgrounds
. in the central detectors is extended over hundred meters from the
‘ IP. As was found in [6] the most efficient way to suppress back-
T ground levels is a collimation as close to the detector as possible.
Especially helpful is a very small tapered aperture tungsten noz-
zle sitting in the 0.15-1.2m region from the IP with the |@w-
guadrupole starting at 1.2m inside the detector. Figure 3 shows
charged particle fluxes in the central tracker per crossing of two
10'2 muon beams. Fluxes are dropping rapidly with distance
from the beam axis, but at the flux maximum these are unaccept-
ably high.
) One sees that with the tungsten nozzle the fluxes are signif-
o it N e S icantly reduced. With additional collimators in the triplet the
overall effect can be as high as a factor of 500, with maximum
hit rate of order of 200—400m~2. Further reduction is possible
Figure. 1. Beta functions in the interaction region with a suppression of synchrotron photon production by keeping
the high field dipoles as far from the IP as possible. Results for
Figure 1 shows the lattice functions in the I@wegion for the lattice [6] with a dipole field in the triplet turned off are shown
particle of nominal momentum. The maximum valuegfs in Fig. 3. Backgrounds in the part of the tracker toward the ring
~200km. For aAp/p of 107° (this value of Ap/p is equiv- center are thousands times lower. On the outside the reduction
alent to changing the strengths of all the quadrupoles in tiseabout a factor of 2 to 5. This approach is incorporated into the
ring by 5x10-6) the maximum value 0B is somewhat smaller proposed lattice where the nearest dipole starts at 130m from the
(~17.5x10*m) andp* is increased to 3.5mm. In the arcs is 4P. Figure 4 shows a contribution to energy deposition in the cen-
strong ‘B wave” appears, which does not cause a loss of digl tracker (&sr<100cm) from muon decays along the IR. The
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Figure. 3. Distribution oEte™ flux in the central tracker hor-

izontal plane. 1 — no collimation, 2 — with tungsten nozzle, 3[—

dipole field turned off in the triplet

is found first by the chromaticity of the lattice, and if the chro-
maticity is corrected by sextupoles, by the third order resonance.
The practical physical aperture with a 15-mm copper liner is de-
termined compatible with beam dynamics, detector performance
and heat load in the SC magnets. The effect of the IR scheme on
particle fluxes in the collider detector has been studied.
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Figure. 4. Cumulative energy deposition in the central tracker
as a function of shower origin coordinate

The detector muon system can be protected from low-energy
large-angle patrticles created along the lattice with a shielding
wall at ~20m. Its efficiency for the reduction of showers and
neutrons can be as high as required. As for the muon component

Version 13(95)” Fermilab FN-628 April 1995.

other measures are needed such as a beam scraper system well

upstream of the IR.

V. HEAT LOAD TO SC MAGNETS

Due to muon decays- 30 Joules of energy are deposited
in every meter of the ring. With the 10 to 30 Hz repetition
rate this results in a heat load which significantly exceeds the
levels tolerated in existing superconducting (SC) magnets. Our
calculations show that in addition the peak energy deposition in
the coils exceeds the quench limit. The problem is especially
serious in thg8peakregion. The way to mitigate this would be to
intercept most of the shower energy at the nitrogen temperature
level by inserting a liner between the beam pipe and the SC coils.
We found that a copper liner does a good job. With the coil
apertures defined above, the liner occupies the region between
10 and 25mm in the arcs, and 30 and 45mm in the triplet. Further
optimizations are certainly required.

VI. CONCLUSIONS

A prototype lattice for a«* .~ collider has been constructed.
The dynamic aperture is determined. The momentum aperture



