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Abstract a 1-cm-radius target with a radiation length of 1.5, made of
carbon or copper,placed in a 28 Tesla solenoid field, into

We analyze the design of the target for pion prOdUCtIOthich 8 or 30 GeV protons were injected. We compared

and energy deposition for the muon-muon collider usingﬂe results obtained by the LAHET, GEANT, MARS

the nuclear cascade codes. Heat removal from high-ener . .
deposition in the target is discussed, together with the us%ﬁd ARC codes (Table 1)[2],[3],[4]. The positive pion

ields from LAHET are almost the same as those from the

.Of a target compressed by a laser, or light- and heav AARS calculation; however, the negative pion yield for
ions drivers. The latter approach needs furthertechnologﬂe ) L .
igh-energy proton injection is greater than the yield of

cal development, but it can reduce substantially the ener%%qsitive ions. The vield of positive and negative pions b
needed to collect and control the produced muons. P ' Y P 9 P y

GEANT code are, 1.5 and 2.0 times greater, respectively,
than the MARS calculation, and the GEANT code has
1 INTRODUCTION highest yields.
To achieve a luminosity of03%cm—2s—1 fora 2 + 2 Tev  1he large difference among the yield of pions indicated
muon-muon collider machine as well as a luminosity ofhat the presently adopted codes for this analysis are not
1033¢m 251 for a 250+250 GeV collider, it is necessarysatlsfactory. To capture efficiently the pions produced in
to produce and collect a large number of muons[1]. Ththe target, data on its momentum distributiqn is important.
basic method presently used starts with a proton beam inhh€ €arly experiments mostly measured pions with rather
pinging on a thick target (one to two interaction lengths)|2r9e momentum; data for those of less than 300 MeV/c is
followed by a long solenoid which results mainly from theScarce. New experiments presently are being carried out at
decay of pions. Since a substantially large amount of (&€ AGS[3]. The cascade models for the production of pi-

energy is deposited to the small target, heat removal frofS in the HETC code, fromwhich LAHET was derived, do
it is one of most important problems in designing the tarDot take into account the detailed resonance reaction above

get to efficiently collect pions. The energy cost to collec8 G€V proton energy injection. The hadron cascade model
the secondary particle beam using the high solenoid maglust be improved to give a good evaluation in the medium
netic field and RF cavity is very high. To reduce the energ§n€rgy range above this energy.

cost of producing and collecting the muons which result
from the decay of the pions, the approach of using a highly3 ENERGY DEPOSITION AND ITS REMOVAL

comprgssed target, which is practiced in inertial fusion, igapie 11 shows the deposition energy calculated by the
promising. MARS[2], GEANT, and LAHET codes for the injection of
protons with 8 and 30 GeV energies. The MARS calcula-
2 YIELD OF PIONS tion is almost same as the GEANT code except for Cu tar-
t 30 GeV proton injection, while LAHET produces about

To evaluate the various nuclear cascade codes, we cal¢i- L
% less than the others. Energy deposition in the

lated the rate of pions production and energy deposition

Table 1 Pion yields from Carbon and Cupper targets.

Proton Energy 8GeV 8GeV 30GeV 30GeV
Material C Cu C Cu

7 Ip MARS|2] 0.5 0.58 0.91 1.16
= Ip MARS[2] 0.41 0.50 0.83 1.05
7 Ip ARC[3] 0.52 0.62 1.31 1.62
m—Ip ARCJ3] 0.37 0.51 1.15 1.62
7Tlp GEANT 0.858 0.858 2.184 2.674
m—Ip GEANT 0.581 0.613 1.857 2.396
7Tlp LAHET 0.4701 0.588 0.747 1.329
m—Ip LAHET 0.3646 0.600 0.586 1.630

* Permanant address: Tsinghua University, Beijing 100084, China

0-7803-4376-X/98/$10.00 [J 1998 IEEE 402



carbon target is reduced by increasing the proton
energy of injection, but that deposited in the copper target
is almost independent of the proton injection energy.

Table 2. Energy deposition in the target. in unit of KW.

Figure 1 and 2 show, respectively, the distribution of

energy deposition in the target of r=~dl0. mm and

z= 0~20. cm when a pencil beam is injected into the

center of copper targets to which solenoid magnetic field
of 28 and zero tesla is applied. The figures show that the
presence of the magnetic field does not greatly change
distribution of the deposition energy. In the case of th

length; heavy atom targets, such as Cu and Pb, have a
secondary peak appearing at near 0.6 interaction length.

Proton

Energy | 8GeV | 8GeV | 30GeV | 30GeV
Material C Cu C Cu

MARS 140. 360. 153. 600.
GEANT | 143. 376. 153.3 743.7

LAHET | — [ 3036 — 493.2
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®igure 2: Energy deposition in Cu target without magnetic
carbon target, deposition peaks at about 0.4 interacti rﬁd_ gy dep g g

The distribution of energy deposition is sharply reduced asirget above a heat deposition of 8.5 KW power density.

radial direction increases.

Thus, the solid material target must have excellent thermal
conductivity. Carbon does not have good thermal conduc-
tivity, and so its center temperature is higher than that of
the copper material, even when a smaller amount of energy
is deposited. When water is used to remove heat, a substan-
tial volume has to go through a 2-cm radius coolant channel
connected to the copper target at a velocity of 3 m/sec to get
a50°C decrease. One way to reduce the temperature of the
target center is to circulate the liquid, such/sO, inside
the target even though this reduces pion yield somewhat.
Liquid target materials, such as Hg, Li, and Pb-Bi Eutec-
tic are good candidates for removing heat. Heavy-atom ma-
terial is more efficient in producing pions, but the specific
heat is not very large; the removal of 0.8 MW heat gen-
erated in a 1-cm radius target requires a 10 m/sec coolant
velocity for Pb coolant, and 3 m/sec for liquid Li coolant.

4 USE OF A COMPRESSED TARGET

The heat-removal problem can be mitigated by increasing
the size of the target; however, this makes the phase-space
of the produced pions large, so that collecting and cooling

Figure 1: Energy deposition in Cu target with 28 teslg,g decayed muons becomes more expensive.

solenoid magnetic field.

It was demonstrated in inertial fusion [5] that the DT pel-
let could be compressed to about 600 times the liquid den-

Although energy deposition in the copper target is nosity DT target using the 15KJ (1 nano sec, 15 TW) laser

high enough to damage it by shock waves created by tieam of Gekko-XII.

sudden deposition of energy, efficient heat-removal is re- When the target material is compressed to M times its
quired to reduce the stress caused by the increase in teaniginal density, the size of all devices controlling the sec-

perature. Although copper material has good thermal comndary particle can be reduced in inverse proportion to the
ductivity, the temperature at the center rises by more thaompression factor of (1/M). For example the 1-cm radius

1250 °C above the coolant temperature, and the stre€0-cm long target can be reduced to a 0.001-cm radius
caused by this excessive heat reduces the lifetime of tlaed 0.02 cm length target, and the emittance of the sec-

403



ondary particles of pions created can be reduced by a fac-
tor of 1000. The secondary particles with short, low emit:
tance can be effectively controlled by the high-power Iasi}
instead of by a radio-frequency electro-magnetic wav

which produces a far smaller electric field strength than thé
laser and requires a large acceleration cavity for controlling
them.
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To compress target material heavier than the DT taby Power Reactor and Nuclear Fuel Development Corpo-
get, more high- driving energy is needed, but it is differentation.

from inertial fusion which requires a temperature increase
to start the fusion reaction. The compression of our target
material does not require an increase in temperature; thu,fi
the required compression energy is much smaller than i ]
practical inertial fusion. In inertial fusion to compress the
fusion pellet of radius 0.5 mm requires MW orders of laser
driver.

A 10*8watt/cm? laser beam-power can create an elec-[2]
tric field of 10°V/cm by using inverse Cerenkov radia-
tion[6]. An extensive study is underway on the acceleration
of electrons using a laser with strong intensity, such as &3]
far field approach of inverse free electron laser[7] a plasma
acceleration of laser wake field accelerator, two beat wave-
beams acceleration[8,9,10]. By modulating a high intensity[4]
laser, we might control the secondary particles produced by
a high-power accelerator in a similar way as laser acceler[s]
ation.

By using the RF cavity, the secondary particles produced®]
are confined with a high magnetic field of a few tens Tesla,
and the phase rotation cavity is located far from the target
area[1]; the bunch of secondary particle beam is elongated
during its travel from the point of generation to this cavity, [7]
and long cavity is required which has low frequency RF.

When secondary particles are created from a small sizeE8 ]
target of high density, the bunch of secondary particles arél
small in size and can be focussed and controlled directly
just after their creation by a strong laser field. The cavity i§10]
not needed.

Although to compress the target material initially re—[ll]

quires a large amount of energy for driving devices, such

as a laser, light- and heavy-ions drivers, the substantial ex-
pense of energy required for controlling the secondary par-
ticles can be saved. The reduction of the emittance confers
a tremendously high cost-benefit advantage.

This approach of using the laser is especially useful for
collecting the anti-protons[11]for which ionization cooling
can not be used because of its annihilation of anti-protons.

The technology of accelerating a charged beam by laser
is still in its infancy, but this technology also should be ap-
plied to target technology.

To compress the target material, we can employ a high-
z pinch device instead of irradiation by laser, light- and
heavy-ions. This suggested approach to compression is
much simpler than the others.

404

6 REFERENCES

R.Palmer et al. “Muon Collider Design”, BNL-62949
(1996). , “Muon Collider” 9th advanced ICFA, Beam Dy-
namics and Technology Issue for Mu-Mu collider, Beam
Dynamics Workshop. Oct.1995, AIP Conf. 372, P.3. Mon-
tauk, NY, 1995 Edited by J. Gallardo.

N.V.Mokhov, R.J.Noble and A. Van Ginneken, “Tar-
getry and Optimization for muon colliders” Fermilab-Conf-
96/006 & AIP Conf. 372. p.61

D. Kahana and Y.Torun “Analysis of Pion Production Data
from E-802 at 14.6 Gev/c using ARC” BNL-61983(1995),
and private communication.

H. Takahashi and X. Chen, “ An Analysis of Pion Produc-
tion” AIP Conf. -372, p.87, Montauk (1995).

C. Yamanaka " Advances in inertial Confinement Fusion”
OR3.1, ICENES'89, Karlsruhe, 1989.

L.C.Steinhamer and W.Kimura, ” Mutistaging & e-beam
Trapping in Laser Particle Accelerator, Advanced acceler-
ator Concept, AIP-279, Port Jefferson NY, 1992, Edited by
J.Wurtele

C.M. Tang "Report of the working group on Far Field Ac-
celerators”, AIP-279, p. 259,

T. Tajima and J.M.Dawson Phys. Rev. Lett. 43 , 267 (1979).

T. Katsouleas " Summary of the working group on Plasma
Accelerator’ AIP-279. p.371.

A. Fisher, J Gallardo, J. Sandweiss, A. Van Steenbergen , "
Inverse Free- Electron Laser Accelerator, AIP-279, p.299.

H. Takahashi, and J. Powell " Multiple Collision Effects
on the Antiproton Production by High Energy Proton (100-
1000 GeV), Antiproton Science and Technology” The Rand
Corporation. Oct 6-9. 1987, p.620.



