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Abstract

An asymmetric muon-proton collider is proposed as an instrument for possible
quark structure search. Energy of proton beam is supposed to be some 5-6 times
of muon energy. Estimated luminosity of the collider with two rings— the Tevatron
accelerator and i-ring —is found to be of the order of 10°% s~ 1em =2,



1 Introduction

Severa proposalsof yt — p~ and i« — p colliderswere madein recent years (the past
and present status of these ideas can be found, e.g., in Ref. [1]). Herewe discuss a
modification of existing plans of muon facilitieswhich would fit to the requirements
of asearch for quark structure. This could be an asymmetric muon-proton collider
in which the momentaof colliding quarks and muons are roughly the samein vaue
but opposite. This condition will ease the observation of the eventswith large trans-
verse momentum transfer which involve destruction of quarksor where quark struc-
ture may manifest itself. Asan example, one can consider 1000 GeV protons of the
Tevatron facilities which confine quarks with broad momentum spectra around the
mean value of some 160 GeV/c. Therefore, an appropriate muon momentum should
be about 100-200 GeV/c. This paper is devoted to brief consideration of the pos-
shbilities of such a collider, beam parameters and luminosity of the machine, and
comparison with other probable competitive accel erator schemes.

2 Beam Parametersand Collider Luminosity

Let us consider possible scheme of the i — p collider which consists of two rings.
Parametersof the ~ 200 GeV muon ring are taken from[2] whereit is assumed that
muon production and acceleration systems can provide A/ = 2 bunches of N, =
2- 10" particleswithin transverse normalized rms emittance of ¢,,,=50 mm - mrad
with arate of f;, = 30 Hz. These muons decay in the ring after a characteristic
number of turnsof n, = 300 - B[T'] inthe bending field of B in Teda. Here we will
consider B ~ 67" and, therefore, n; ~ 2000.

A good candidate to deliver the beam of protons could be Tevatron. In the up-
graded regime of “TeV33” [3] the length of the bunch of £, = 1000 GeV protons
will be of about o, = 15 cm, while the number of protons depends on the transverse
normalized emittanceas N, ~ 10" - ¢,,[mm - mrad]. The last relation assumes
limiting factors for proton beam population are low-energy space charge effects at
injector stages and intrabeam scattering.

Transversesizeso;;, o, of thebeamsat the . — p collider interaction point should
be approximately the same, thus, under the condition on beta-functions 3 ~ 3> ~
0. we have following relation between transverse emittances:
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here~, ~ 1000 and ~,, ~ 2000 denote relativistic factors of particles.

Takingfor definiteness 37 = 23" = 0. = 15cm,weobtaino;p = /¢, 55 /7, ~
40 wm and €,, = 12.5 - 107° m. Consequently, the expected maximum number of
protonsis N, = 1.25 - 102,



Now we can estimate the luminosity of the muon-proton collider as:.
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As protons are supposed to live for along timein the ring, one should consider

beam-beam effects. With the parameters mentioned above, the proton tune shift due
to opposite muon beamis:
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that seems acceptable (herer, = 1.53 - 10~'*m isthe proton classical radius). The
decay of muons leads to changing (reduction) of the shift within characteristic time
of 2000 turns, therefore some external stabilization of the proton ring tune probably
would be useful.

Beam-beam tune shift for muonsis equal to
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again far away of limiting values (r, = 1.36 - 1017 m).

Table 1: Two Optionsof . — p Collider

Parameter High p-production | Low u-production
Muon Energy, E., GeV 200 200
Proton Energy, E,, GeV 1000 1000
¢ Intensity, N, /bunch 210" 5101t
1 Emittance, €nps 107m 50 200
Storage turns, N ~2000 ~2000
p Pulserate, fr 30 10
N bunches (p, 1), M 2 2
Interaction focus 3, cm 75 75

6;, cm 15 15
Waist size orp, pM ~40 ~90
Proton Emittance €np, 1075 M 125 50
p Intensity, N, /bunch 1.25- 10" 510"
Beam-beam tune shift ¢, 0.02 0.0005

&L 0.026 0.026

| Luminosity L, stem™ | 1.3-10% | 1.1-10% |




Concluding this section, we would note that the key parameters for the 1 — p
collider luminosity are the muon production rate and the muon emittance. Asthese
parametersare presently under detail study, somewhat “ pessmistic” variant [1] with
smaller N, smaller repetition rate of x production f7,, and larger emittance e, is
considered and put into summarizing Table 1. For proton beam-beam tune shift es-
timations with smaller repetition rate f;,, the ‘duty factor’ of collisions was taken
into account: < ¢, >~ &,(fLns/fo) where fo ~ 47 kHz is the Tevatron revolu-
tion frequency, and ¢, isgiven by Eq.(3). Let usremark also, that inasmuch as beta
functions at the interaction point are of the order of bunch length, the “hour-glass’
effect can dlightly decrease luminosity (on some dozen percents).

3 Discussion

It is interesting to compare the proposed proton-muon collider with other lepton-
hadron machines presently under study, namely, possible e—p facilitiesof LEP+LHC
at CERN and TESLA+HERA-p at DESY (Hamburg). Table 2 demonstrates main
features of these machines: momenta of quarks (p, ~ F£,/6¢) and leptons p;, max-
imum momenta transfer @ ~ 2, /p,p; (all momentain GeV/c), and luminosity in

s tem™2.

Table 2: Quark-Lepton Collider Projects

Project Q || m p, || L,10%" || Limitation
TESLA+HERA-p || 350 || 250 | 140 ~1.0 || e—beam intensity
LEP+LHC 700 | 90 | 1300 || 1-10 || beam-beam effects
p—ring+Tevatron || 350 || 200 | 160 | 10-100 || x—production

The TESLA+HERA-p project [4] with use of superconducting linear accelerator
of electrons can provide momenta-symmetric quark-lepton collisions, but its lumi-
nosity is limited by power of electron beam. The luminosity of the LEP+LHC is
somewhat higher and limited by beam-beam instabilities into both beams of elec-
trons and protons, but momenta asymmetry of the order of 15 is not convenient for
the experiment. Asitismentioned inthe Table 2, theluminosity of the muon-proton
collider at FNAL could be the highest one, depending mostly on the ;—production
and cooling.

It seems reasonable to consider the proposed 1« — p machine as thefirst step to-
ward alarge scale 4 TeV c.m. energy .+ u~ collider. With respect to the full-scale
set up such atesting facility does not require production of both charge muons, a-
lows large longitudinal emittance of ;-beam and, therefore, gives some freedomin
obtaining lower transverse emittance (seein Refs. [1, 2]). Dueto ability to operate



with x bunches as long as proton ones, one expects no troubles with single bunch
instabilities in the muon ring, and at the same time it could substantially smplify
focusing optics of the ring and the interaction region.

Further increase of the ¢ — p collider luminosity can be obtained with larger
number of bunches M, or with implementation of “traveling focus’ regime [4] in
order to decrease effective beam sizes at interaction point while bunch lengthislarge
than the value of betafunction. Formally speaking, quark-muon luminosity is some
3 timesthe obtained value, because number of quarksistriple number of protonswe
used in our estimations.

4 Conclusions

The asymmetric ;. — p collider with energies of 200 GeV in muon beam and 1 TeV
for protonsis considered as atool for quark structure search. The option with inter-
secting Tevatron accelerator and y:-ring allows to obtain luminosity of the order of
10%? s~tem 2. Thekey issuesfor high luminosity arelarge number and small trans-
verse emittance of muons, while the muon bunch length can be as large as proton
one's. The beam-beam effectsarefoundto give no severe constraintson beam inten-
gities. It was also shown that the proposed scheme has some advantages with respect
to other possible Iepton-hadron colliders, such as LEP+LHC and TESLA+HERA.
The muon-proton collider at FNAL seems to be also a perfect candidate on thefirst
stage of high-energy "~ facility.
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