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NEW HIGH INTENSITY MUON SOURCES AND FLAVOR 
CHANGING NEUTRAL CURRENTS 

Z. PARSA 
Brookhaven National Laboratory, Physics Dept. 901A, 

Upton, New York 11973-5000 USA 

There is a great deal of interest in high-intensity muon beams and their use in 
high Luminosity muon colliders, rare interactions and decays of muons. We briefly 
discuss the need for very intense muon sources to reach the required luminositites 
for the high energy muon colliders; the theoretical interest to explore lepton flavor 
violating muon processes; and some ideas for making substantial improvements in 
the sensitivity of experiments to study Flavor changing neutral currents. 

1 Introduction 

There is presently a great interest in high-intensity muon beams for use in 
high luminosity muon colliders, in rare interactions and decays of muons. The 
interest stems from a) the need to use very intense muon sources to reach 
the required luminosities in muon colliders, and the interest in using muons 
rather than electrons in very high energy lepton colliders; b) the theoretical 
interest to explore lepton flavor violating muon processes, motivated in part by 
supersymmetric grand unified models of particle interactions and c) ideas to 
make substantial improvements in the sensitivity of experiments to study rare 
muon processes. In Sec. 2, we present a sketch of muon collider, proton driver, 
pion production, muon production-fluxes, and intense clean beams. In Sec. 
3, low energy muon physics (a survey) is presented including muon number 
non-conservation, current bounds and possibilities. Conclusion and references 
are given in Secs. 4 and 5 respectively. 

2 Muon Collider 

The recent interest in the muon collider research and development, as the next 
high energy collider may be illustrated by Livingston plot (see Fig. 1)l, that 
shows where we come from, where we are and where we are going. New ideas 
for a muon collider envisions as their starting point very intense clean muons 
with a small momentum spread. Such beams would be accelerated to collider 
energies and be used to search for new short distance (high energy) phenomena. 

A muon collider with center of mass energy less than about 10 TeV can 
be circular and relative to NLC (a Next Linear Collider) of the same energy, it 
could be far smaller. For the same luminosity, because the muons make about 
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Figure 1: Livingston plot, "High Energy Frontiers (Accelerators)". 

1000 crossings, a far larger spotsize can be employed. And since there is little 
beamstrahlung, very small energy spread is possible. 

Fig. 2 shows a schematic of a muon collider components (concepts)2. A 
high intensity proton source is bunch compressed and focussed on a heavy 
metal target. The pions generated are captured by a high field solenoid and 
transferred to a solenoidal decay channel within a low frequency linac. The 
linac reduces, by phase rotation the momentum spread of the pions and of the 
muons into which they decay. 

Subsequently, the muons are cooled by a sequence of ionzation cooling 
stages. Each stage consists of energy loss, acceleration, and emittance exchange 
by energy absorbing wedges in the presence of dispersion. Once they are cooled 
the muons must be rapidly accelerated to avoid decay. This can be done in 
recirculating accelerators (as at CEBAF) or in fast pulsed synchrotrons. Muon 
collisions occur in a separate high field collider storage ring with a single very 
low beta insertion. 

It is expected that the first stage, proton driver would be 20 to 30 GeV 
(e.g., AGS at Brookhaven); but would be much faster pulsed, keeping the 
number of protons per pulse the same or smaller than the AGS. Which is 
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about 6 x l O I 3  protons per pulse and would go to about 1014 protons per pulse 
in a year or so. 

Roughly one expect to  get 1 muon/proton on target which would give 
Luminosity between to  for the envisioned muon collider. Although 
the accelerating component is large, the other components can fit within it and 
the whole machin is compact enough to fit on existing sites, e.g., at Brookhaven 
or Fermi Lab. 

Some of the parameters2 of the collider rings under study are given in Table 
1, for 0.5 TeV and 4 TeV center of mass (c. of m.) energy p+p- colliders. 

Table 2 shows examples of the operating parameters and pion Fluxes a p  
propriate to 8 and 30 GeV proton beams for different target materials. This 
table shows the prameters for proton driver, solenoid, pion yields, etc2. 

The protons on the target produce pions of both signs and a solenoid will 
capture both. whereas the subsequent phase rotation rf systems will have 
opposite effects on each. 

Although muon colliders remain a promising complement, or alternative 
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Table 1: Paramete 

I 

Ave. ring field B T 

P at intersection mm 
rms I.P. beam size I.tm 

Effective turns 

Chromaticity 
Pmat km 

Luminosity cm-L s-l 

I .. 
L 

Bending Field T 9 9 
Circumference km 8 1.3 - _  

6 5 
900 800 
3 8 

2.8 17 
2000-4000 40-80 
200-400 10-20 
1035 1033 

to  e+e- colliders, much work is still needed, including demonstration of p 
production and cooling, detector, and radiation. 

However, one thing is eminant from these studies is that proton syn- 
chrotrons are capable of producing intense muon beams. With the full muon 
collider one would have 1013 to 1014 Muon/s and they would be clean (from 
other particle). That is to be contrasted with current low energy muon facili- 
ties such as TRIUMF or PSI which work with Muon intensities of lo7 to 108/s. 
Even if one reduces the capture solenoid magnetic field and initial proton en- 
ergy somewhat you still would get substantial muon beams. This can be seen 
from the muon flux Monte Carlo simulation results,l illustrated in Tables 3 
and 4. Table 5 gives the number of pions and muons per proton for a proton 
beam of 24 GeV, with Pb Target. 
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Having discussed the production of an intense muon beam, we present a survey 
of what physics can be done with an intense muon source. Some of the physics 

Low Energy Muon Physics - A survey 
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Table 2: Target and particle production parameters appropriate to 8 GeV and 30 GeV proton 
beams for different target materials. 

Table 3 Pion and Muons per proton, Muon Flux (with 2 x 1013 p/s) 

include: I) Precision measurements (e.g., muon decay r, + GF, and Michel 
parameters); Neutrino source; Muon scattering; Muon capture p - p  + vpn. 
11) Anomalus magnetic moment up (BNL experiment-, f20 x Par- 
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Table 4: Variation in the Muon Flux with the change in B Field 
Code I B Field I P- 

FLUKA I 2.52.0 T I 0.008 ( 1 . 6 ~ 1 0 ~ ~ 1  
FLUKA 
FLUKA 

4.0-2.0 T 0.038 i7.6xio11j 
7.0-7.0 T 0.100 ( 2 . 0 ~ 1 0 ~ ~ 1  

SHIELD 
SHIELD 

Table 5: Number of Pions and Muons per proton, ( 24 GeV proton beams). 
.. 

GHEISHA 8 GEV 3.8 3.9 
FLUKA 8GEV 2.5 2.3 
SHIELD 8GEV 2.6 3.0 0.6 0.14 

ARC forward 2.5 0.6 

4.0-2.0 T 0.030 (6.0~10'~) 
7.0-7.0 T 0.130 (2 .6~10~")  

ity violation in muonic atoms (better than 1%); T violation; and up mass. 
111) Muon number Non-conservation - (rare or forbidden processes - Discovery 
would revolutionize physics.) such as ,Y+ + ey; p+ + e+e-e+; p - N  + e - N .  
Other processes could include p - N  + e+N'; p - N  -+ p+N'; p+e- -+ p-e+; 
p-e- -+ e-e-; p+e- -+ e+e-. Where in the above we have used the labeling I 
= interesting, I1 = more interesting and I11 = most interesting and compelling 
possibilities. 

The current bounds and possibilities for the experimental tests of muon 
number non-conservation is given below: 

Table 6 Experimental Tests of Muon Number Non-Conservation. 
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Many theories predict B(p+ + e r )  and R(p-N + e - N )  near to 
(or smaller); (ReN 21 10-2Bp+eT)- e.g., newest motivation SUSY GUTS 

where B(p+ + e r )  - to and R ( p - N  + e - N )  - to 

4 Conclusions 

The Brookhaven Alternating Gradient Synchrotron (AGS) is capable of de- 
veloping muon beams with intensities greater than about 101lp/s, even for 
the relativelly modest capture solenoid of 2 Tesla, it still is lo4 x Existing 
Muon rate. There is a great deal of interest in intense clean muon beams for 
muon colliders and for exploring physics goals of low energy muon physics. 
The most compelling low energy physics case is the search for rare or forbid- 

decay to electron plus photon. A positive result would revolutionize physics. 
Many theoretical ideas suggests that a discovery may not be far off. Using 
intense muon beams, it seems possible that one could push the searches for 
such rare reactions by four orders of magnitude. That is very impressive when 
one realizes that such searches are already probing one in a trillion rates. 

den processes such as muon-electron conversion in the field of nucleus or muon 
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