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WHAT IS LAMPF II? 

by 

H. A. Thiessen 

ABSTRACT 

The present conception of LAMPF II is a high-intensity 
16-GeV synchrotron injected by the LAMPF 800-MeV H~ beam. 
The proton beam will be used to make secondary beams of neu­
trinos, muons, pions, kaons, antiprotons, and hyperons more 
intense than those of any existing or proposed accelerator. 
For example, by taking maximum advantage of a thick target, 
modern beam optics, and the LAMPF II proton beam, it will be 
possible to make a negative muon beam with nearly 100% duty 
factor and nearly 100 times the flux of the existing Stopped 
Muon Channel (SMC). Because the unique features of the pro­
posed machine are most applicable to beams of the same 
momentum as LAMPF (that is, <2 GeV/c), it may be possible to 
use most of the experimental areas and some of the auxiliary 
equipment, including spectrometers, with the new accelerator. 
The complete facility will provide improved technology for 
many areas of physics already available at LAMPF and will 
allow expansion of medium-energy physics to include kaons, 
antiprotons, and hyperons. When LAMPF II comes on line in 
1990 LAMPF will have been operational for 18 years and a 
major upgrade such as this proposal will be reasonable and 
prudent. 

I. NUCLEAR PHYSICS AT LAMPF II 

The areas of nuclear physics that can be studied with LAMPF II are listed 

below. 

• Hypernuclei - In hypernuclei we will be able to study nuclear structure 

with one or more strange quarks in the nuclear bag. 



• Hyperons - By s t u d y i n g t h e decays of t h e e x c i t e d s t a t e s we can d e t e r m i n e 

t h e wave f u n c t i o n s of t h e t h r e e qua rks t h a t make up t h e h y p e r o n s . 

• Kaon-Nucleus S c a t t e r i n g - The kaon I s t h e hadron wi th t h e l o n g e s t m e a n - f r e e 

pa th In n u c l e a r m a t t e r and a s such w i l l be an e x c e l l e n t p robe of n u c l e a r 

s t r u c t u r e . 

• P l o n - N u c l e u s S c a t t e r i n g - we can u s e 0 . 5 - t o 1.0-GeV p l o n s f o r n u c l e a r 

s t r u c t u r e s t u d i e s w i t h t h e a d v a n t a g e t h a t t h e m e a n - f r e e p a t h w i l l be much 

l o n g e r and t h e s e l e c t i v i t y f o r m a g n e t i c t r a n s i t i o n s w i l l be s i g n i f i c a n t l y 

b e t t e r t han a t t h e E n e r g e t i c P ion Channe l S p e c t r o m e t e r ( E P I C S ) . 

• Hadron R e s o n a n c e s i n N u c l e a r M a t t e r - R e c e n t uork has shown t h a t A-hole 

modes a r e an i m p o r t a n t p a r t of n u c l e a r s t r u c t u r e . Using kaons w i l l make i t 

p o s s i b l e t o e x c i t e t h e Y * ( 1 5 2 0 ) , which h a s a much na r rower wid th and l o n g e r 

l i f e t i m e . Tn i s s h o u l d be a much c l e a n e r c a s e t o s tudy t han t h e A. 

• Muon C a p t u r e and Muon S p i n R o t a t i o n ( uSR) - The high f lux of muons from 

LAMPF I I w i l l make p o s s i b l e s i g n i f i c a n t l y more s e n s i t i v e e x p e r i m e n t s i n 

muon c a p t u r e , which s t u d i e s t h e weak i n t e r a c t i o n in n u c l e a r m a t t e r a t a 

momentum t r a n s f e r c o m p a r a b l e t o t h e muon m a s s , and i n muon s p i n r o t a t i o n , 

which i s u s e f u l f o r s o l i d - s t a t e a p p l i c a t i o n s . 

• N e u t r i n o - N u c l e u s S c a t t e r i n g - By u s i n g t h e high f lux of n e u t r i n o s from 

LAMPF I I we can s t u d y t h e s p i n and i s o s p i n s t r u c t u r e of t h e cha rged c u r r e n t 

by s c a t t e r i n g from s e l e c t e d l i g h t n u c l e i . 

• E x o t i c Atoms - I n a d d i t i o n t o K , TT, and p~ atoms t h a t have a l r e a d y been 

s t u d i e d a t e x i s t i n g m a c h i n e s , i t w i l l be p o s s i b l e t o u s e i n t e n s e beams of 

kaons and a n t i p r o t o n s t o make 3~, Q~, and T~ atoms t h a t have n o t y e t been 

s e e n . By s t u d y i n g t h e a tomic s p e c t r a we can d e t e r m i n e m a s s e s , m a g n e t i c mo­

m e n t s , and t h e low-energy b a r y o n - n u c l e u s p o t e n t i a l f o r t h e s e r a r e p a r t i ­

c l e s . 

PARTICLE PHYSICS AT LAMPF I I 

The c l a s s e s of p a r t i c l e p h y s i c s t h a t w i l l be s t u d i e d a t LAMPF I I a r e l i s t e d 

ow. 

• Rare Kaon Decays - T h e r e a r e many r a r e - d e c a y modes t h a t p r o v i d e e x t r e m e l y 

s e n s i t i v e t e s t s of t h e s t a n d a r d Weinberg-Sa lam-Glashow gauge model of t h e 

e l e c t r o m a g n e t i c and weak i n t e r a c t i o n s . O t h e r decay modes a r e s e n s i t i v e t o 

p roposed e x t e n s i o n s of t h i s mode l . I n many c a s e s t h e measu remen t s of t h e 



rare-decay modes poss ib le with LAMPF I I a r e more s e n s i t i v e than any o t h e r 

experiment planned a t any e x i s t i n g or proposed a c c e l e r a t o r . 

• Charge-Pari ty (CP) V io l a t i on in Kaon Decays - The decay of the kaon i s the 

only v e r i f i e d example of v i o l a t i o n of CP symmetry known. The o r i g i n of 

t h i s CP v i o l a t i o n has important consequences for u n i f i c a t i o n . Our know­

ledge of a l l the observables of CP v i o l a t i o n i s p resen t ly l i m i t e d by 

s t a t i s t i c a l u n c e r t a i n t i e s ; hence h i g h - i n t e n s i t y beams from LAMPF I I w i l l 

have a major impact on t h i s f i e l d . 

• Neutrino O s c i l l a t i o n s and Neut r ino-Elec t ron Sca t t e r i ng - The high flux of 

neu t r inos of v a r i a b l e energy from LAMPF I I w i l l make poss ib le neu t r ino mass 

searches with 100 times the s e n s i t i v i t y of those performed a t e x i s t i n g a c ­

c e l e r a t o r s . I t w i l l a l so be poss ib le to study n e u t r i n o - and a n t i n e u t r i n o -

e l e c t r o n s c a t t e r i n g wi th s u f f i c i e n t p rec i s ion and s t a t i s t i c s to determine 

the angular d i s t r i b u t i o n . Such p r e c i s e experiments a re important t e s t s of 

the standard theory of electroweak i n t e r a c t i o n s and i t s poss ib le ex­

t e n s i o n s . 

• Muonium - The in t ense beam of muons from LAMPF I I w i l l make poss ib le the 

study of muoniun wi th p r ec i s e t e s t s of quantun electrodynamics a t a l e v e l 

where weak- in te rac t ion e f f e c t s become v i s i b l e . 

• Pion, Kaon, and Hyperon-Nucleon S c a t t e r i n g - Although t h i s f i e ld has been 

s tudied in the pas t , many important puzzles remain. In p a r t i c u l a r , t h e r e 

are no s p i n - r o t a t i o n experiments; the kaon-nucleon p o l a r i z a t i o n i s poorly 

known, e s p e c i a l l y a t low energy; and the hyperon-nucleon problem i s p r a c ­

t i c a l l y untouched. Much work remains to be done to clean up hadron 

spectroscopy. 

• Antiproton Physics - I t w i l l be d i f f i c u l t t o compete with t he h i g h - q u a l i t y 

cooled beam of an t ip ro tons from the low-energy an t ip ro ton r ing (LEAR) a t 

CERN. However, p o s s i b i l i t i e s e x i s t for much higher i n t e n s i t y beams of 

an t ip ro tons a t LAMPF I I . An important experiment t ha t w i l l make use of a 

h i g h - i n t e n s i t y , high-momentvm beam i s p + p + e + e - , which w i l l measure 

the proton form f a c t o r in the t ime- l ike region inacces s ib l e in e l e c t r o n 

s c a t t e r i n g . 
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I I I . LAMPF I I ACCELERATOR 

The b a s i c machine f o r LAMPF I I i s a r a p i d - c y c l i n g 16-GeV s y n c h r o t r o n . The 

h i g h f lux w i l l be o b t a i n e d by o p e r a t i n g a t 60 Hz, 100 t i m e s f a s t e r t h a n e x i s t i n g 

m a c h i n e s . With 10 1 3 p r o t o n s p e r p u l s e , which h a s a l r e a d y b e e n a c h i e v e d a t many 

l a b o r a t o r i e s , we w i l l have an a v e r a g e c u r r e n t of 100 uA. The ma jo r t e c h n i c a l 

p rob lems t o be so lved a r e t h e l a r g e amount of r f power r e q u i r e d and t h e 

m i n i m i z i n g of beam l o s s e s d u r i n g t h e a c c e l e r a t i o n c y c l e . 

To a c h i e v e a good d u t y f a c t o r t h e r a p i d c y c l e r w i l l i n j e c t i t s beam i n t o a 

d c - s t r e t c h e r r i n g . Slow e x t r a c t i o n , w i t h n e a r l y 100% d u t y f a c t o r , w i l l be done 

from t h e s t r e t c h e r r i n g . We a l s o r e q u i r e good r f t i m i n g c a p a b i l i t y of b e t t e r 

t h a n 1-ns p u l s e wid th a t 50 MHz o r lower r e p e t i t i o n r a t e . Th i s good t i m i n g w i l l 

make p o s s i b l e p a r t i c l e i d e n t i f i c a t i o n w i t h o u t d e t e c t o r s i n t h e beam and may a l s o 

make p o s s i b l e r f s e p a r a t e d beams. P r o v i d i n g bo th high i n t e n s i t y and good t i m i n g 

c a p a b i l i t y s i m u l t a n e o u s l y i s a d i f f i c u l t but p robab ly m a n a g e a b l e t a s k f o r our 

a c c e l e r a t o r d e s i g n e r s . 

No d e c i s i o n h a s been made on t h e s h a r i n g of t h e p r imary beam from LAMPF I I . 

For p l a n n i n g p u r p o s e s we a s sune t h e r e w i l l be four p r imary beams, e a c h r e c e i v i n g 

a n a v e r a g e of 25 uA. One of t h e four beams w i l l be a f a s t - e x t r a c t e d v a r i a b l e -

e n e r g y beam d e d i c a t e d t o n e u t r i n o p h y s i c s ; t h e r e m a i n i n g t h r e e beams w i l l be 

s l o w - e x t r a c t e d beams, which w i l l be u sed t o p r o d u c e s e c o n d a r y beams. We a s s u n e 

t h a t t h e r e w i l l be t h r e e t h i c k t a r g e t s , e a c h of more t h a n one i n t e r a c t i o n 

l e n g t h . 

IV. LAMPF I I EXPERIMENTAL AREAS 

I t may be p o s s i b l e t o l o c a t e t h e a c c e l e r a t o r on t h e s i t e i n such a way that 

t h e e x i s t i n g e x p e r i m e n t a l a r e a s can be p r o v i d e d w i t h 16-GeV p r o t o n beams. 

A s i t e l a y o u t t h a t m e e t s t h i s r e q u i r e m e n t i s shown i n F i g . 1 . The a c c e l e r a t o r 

would be l o c a t e d i n a t u n n e l "-9.14 m below t h e p r e s e n t beam e l e v a t i o n . We a r e 

a l s o c o n s i d e r i n g c o n s t r u c t i n g c o m p l e t e l y new e x p e r i m e n t a l a r e a s , but t h i s plan 

i s l e s s a d v a n c e d . 

A p o s s i b l e p l a n f o r t h e e x p e r i m e n t a l a r e a s i s shown i n F i g . 2 . I t i s c l e a r 

from s u c h l a y o u t s t h a t t h e LAMPF I I e x p e r i m e n t a l a r e a s w i l l be comparable i n 

s c o p e t o t h o s e a l r e a d y i n use a t LAMPF. The l a y o u t shows a l l the p r e s e n t l y 

e n v i s a g e d beam l i n e s e x c e p t t h e n e u t r i n o l i n e , which w i l l be a shor t l i n e from 

one of t h e s t r a i g h t s e c t i o n s of t h e a c c e l e r a t o r . Of c o u r s e t h i s i s only a p r e ­

l i m i n a r y s k e t c h and i s s u b j e c t t o c o n s i d e r a b l e change . 

4 



Fig. 1. 
Proposed site layout for LAMPF II. 
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V. EXTENSIONS TO THE BASIC PLAN 

We are actively pursuing two directions in addition to the plans mentioned 

above. First, we are looking at the possibility of providing a cooled antipro-

ton beam such as LEAR at CERN. It will be difficult to provide a competitive 

proposal unless we come up with a new-idea antiproton beam. The Nucleon-

Antinucleon Working Group is studying this problem. 

A second possibility is that we construct a colliding-beam facility for po­

larized protons and heavy ions. Such a facility would provide a unique capabil­

ity if we can achieve adequate luminosity. If the interference with the opera­

tion of the other facilities can be kept to a few hours a day we would consider 

this a feasible option. Nick DiGiacomo of P Division is looking at the 

feasibility of a collider facility. 

VI. COST AND TIME SCALE 

We hope to complete a plan for the a c c e l e r a t o r and experimental a reas 

during 1983; a proposal could be ready for submission a t the end of 1983. I f 

approved, c o n s t r u c t i o n could s t a r t in FY 1986 and opera t ion could occur in 1990. 

A d e t a i l e d cost es t imate must await completion of our p lan; however, e a r l y 

e s t ima te s of $75M for the a c c e l e r a t o r and $75M for experimental a r eas have been 

confirmed by severa l c o n s u l t a n t s . 

VII . USER INPUT FOR LAMPF I I 

Several working groups of prospec t ive LAMPF I I u s e r s have been organized. 

Those present ly ac t i ve are as fol lows. 

1. Nuclear Physics 

2. Muons 

3. Rare Kaon Decays 

4. CP Vio la t ion 

5. Hyperons 

6. Nucleon/Antinucleon 

7. Nuclear Chemistry 

8. Neutrinos 

Each working group will hold several meetings during the next year to select the 

most interesting few experiments in each experiment area and to study each ex­

periment carefully enough to demonstrate its feasibility. The list of working 

groups is arbitrary — changes can be made if desired. The next meetings of the 
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working groups will be parallel sessions at the LAMPF II workshop, July 19-22, 

1982. 

VIII. NUCLEAR PHYSICS WORKING GROUP 

At the February meeting Carl Dover presented a review of kaon-nucleus phys­

ics, Lee Roberts reviewed kaonic atoms, and Jim Carr discussed his first results 

on the pion-nucleus effective interaction. The pion-nucleus scattering calcula­

tions were the most important new results shown at this session and indicated 

that significant sensitivity to neutron or proton particie-hole states is 

possible, with magnetic transitions enhanced near 500 MeV and natural-parity 

transitions dominating near 1000 MeV. H. A. Thiessen reviewed the proposed 

700-MeV/c dispersed kaon beam for use with the EPICS spectrometer, Harsld Enge 

presented his proposal for a low-energy kaon beam separated by an absorber, aad 

Donald Lobb showed his design for an achromatic stopping pion beam proposed for 

the TRIUMF kaon factory. 

At a second meeting held in March, Leonard Kisslinger discussed the 

University of Washington model for short-range effects in hadron-nucleus scat­

tering based on a quark model, Ben Gibson reviewed the field of low-mass 

hypernuclei, and Peter Mulders presented a discussion of quark-model predictions 

for hadron spectroscopy. On the experimental side H. A. Thiessen presented 

first results for a high-momentum dispersed kaon beam proposed for the High-Res­

olution Spectrometer (HRS) and Ed Hungerford began a discussion of the experi­

mental problans of observing cascade hypernuclei. Morgan May reviewed the 

earlier Thiessen proposal for a low-momentum kaon beam and, using a good deal of 

experience from Brookhaven, concluded that this proposal is practical. 

The problem facing this working group is to narrow the range of experiments 

to the point where they can be accomplished with a small number (say, two) of 

beam lines. The problem of separators for a high-momentum beam is still under 

discussion, as is the question of the origin of backgrounds in a separated beam. 

The issue of coincidence experiments has not yet been addressed. 

IX. N AND N ACTIVITIES 

Can we make an antiproton beam that would compete with LEAR? LAMPF II 

could produce more antiprotons than CERN (especially if we had 32-GeV protons 

instead of 16 GeV) , but could we cool them? CERN and Fermi National Accelerator 

Laboratory (FNAL) are probably close to the limit of stochastic cooling (1011 
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p/day), but Peter Mclntyre (Texas A&M University) and Billy Bonner (Los Alamos) 

are investigating possible electron-cooling schemes to cool 10 p/day. 

A good beam of polarized antiprotons would give LAMPF II a major advantage, 

but how do we do this? Our polarized proton beam is of no help unless the spin-

transfer coefficients are large. Vfe will measure them, but they are expected to 

be small. LEAR plans to make antiprotons and then polarize them by scattering, 

but this destroys the cooled-beam quality. rerhaps we can scatter first and 

then cool. 

If all grand schemes prove impractical, however, there is still valuable 

work that we could do with a conventional (uncooled) p secondary beam line. 

Colliding beams of polarized protons would be exciting (16 + 16 GeV ~ 

500 GeV on a fixed target). The technology is well understood, but if we are to 

have variable energy without interfering with kaon production we would need two 

additional rings. 

Finally, we could turn our existing polarization expertise to irp, Kp, and 

Ap experiments. These fields have been discussed by Kelley and by Cutkosky (the 

Isgur-Karl catastrophe) in the proceedings of the 31-CeV workshop [Los Alamos 

National Laboratory report LA-8775-C (March 1981), pp. 166 and 185]. 

X. RARE KAON DECAY WORKING GROUP SUMMARY 

Some of the rare decays considered are discussed below. 

The standard Weinberg-Salam-Glashow model offers no explanation or differ­

entiation among the three generations of-leptons and quarks observed in nature. 

New interactions, not contained in this model, have been proposed to link the 

generations. Rare lepton-flavor-violating decays, such as K -»• IT ue and 

K° + ye, test for the presence of these interactions even If the mass of the 

particle responsible for these interactions is many tera-electron volts. There 

is no direct way to search for such massive objects. 

The decay K + + TT+VV is suppressed by the Glashow-Iliopolous-Maiani (GIM) 

mechanism. The particular interest in this process is that the decay rate is 

proportional to the number of (light) neutrino types, thus making it possible to 

determine the number of lepton generations. The high flux available at LAMPF II 

is necessary to improve the experimental sensitivity. 

The decay K£ + K e~v is expected to have a brandling ratio of 3 * 10~9. 

This decay provides a sensitive test of the conserved vector current (CVC) 

hypothesis in the presence of a strange quark. CVC, which is a cornerstone of 
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all present theories, has never been tested in this domain. Other rare decays, 

which have been discussed and are of great interest, are K £ "*" Vu-, K + it e e-, 

K° + i+H~y, and K + + e+v. 

XI. CP VIOLATION WORKING GROUP SUMMARY 

Since the discovery of CP violation in 1964, many difficult and elegant ex­

periments have been performed to study this phenomenon. However, the most im­

portant issue, namely what interaction is the underlying cause of the observed 

eff; ""S, remains a mystery. CP violation has been observed only in the neutral 

kaon -stem, but more precise experiments are required to distinguish between 

various theoretical models of the effect. 

The uncertainty in the experimental determination of every CP-violacion 

parameter is dominated by statistical errors. The large increase in kaon in­

tensity available at LAMPF II will be clearly invaluable in improving these 

measurements. We could also design K° beams with improved properties (smaller 

beam spot and lower neutron contamination, for example) that would permit ex­

periments with smaller systematic errors. 

The experiments that have been identified as being particularly important 

are 

• a precise measurement of the rate for K-̂  + n IT , 

• a measurement of the u polarization transverse to the decay plane in 

K^ "»• 1'"n+vu and K
+ •+ TT°U+V)J, 

• a search for CP-violating effects in the rare-decay modes K° -»• u+u~ and 

K° + YT, 
0 * ir+iT-uO • a search for the CP-violating decay K^ + irifiT0, and 

• a comparison of the decays K •+ TT ir+ir- and K~ •+ TT~IT IT-. 

XII. NEUTRINO WORKING GROUP SUMMARY 

It is fairly straightforward to identify the physics one wants to address 

with a neutrino facility at LAMPF II. These are 

• neutrino oscillation searches with improved sensitivities. In particular, 

we could search for vu disappearanca and v oscillation into vg with 

sensitivities not matched by any other facility. 

• neutrino-electron elastic scattering. Tne vy-e and Tp-e elastic scattering 

are the simplest weak neutral-current interactions that can be studied. 

Data of unprecedented accuracy could be obtained at LAMPF II that would 
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p r o v i d e t h e most s t r i n g e n t t e s t of t h e e l e c t r o w e a k t h e o r i e s and t h e most 

a c c u r a t e measurement p o s s i b l e of t h e Weinberg a n g l e . The N e u t r i n o Working 

Group i s i n v e s t i g a t i n g how t o minimize backgrounds and s y s t e m a t i c e r r o r s . 

We cou ld a l s o measu re v e~e and ~Ve~e e l a s t i c s c a t t e r i n g i n a n e u t r i n o beam 

d e r i v e d from K/1 d e c a y , and we cou ld s e p a r a t e vg and "^e c o n t r i b u t i o n s from t h e i r 

d i f f e r e n t d i s t r i b u t i o n s i n y = E e / E v -

• n e u t r i n o - p r o t o n e l a s t i c s c a t t e r i n g . Th i s i s t h e s i m p l e s t weak n e u t r a l -

c u r r e n t r e a c t i o n i n v o l v i n g h a d r o n s . As such , t h e i n t e r p r e t a t i o n of any r e ­

s u l t s i s s u b j e c t to some quantum chromodynamies (QCD) model d e p e n d e n c e . 

Coupled w i t h p r e c i s e n e u t r i n o - e l e c t r o n d a t a , t h i s r e a c t i o n can be used t o 

t e s t QCD a s s u m p t i o n s . Low-q 2 n e u t r i n o - p r o t o n d a t a can a l s o be used t o t e s t 

t h e s p a c e - t i m e p r o p e r t i e s of t h e weak n e u t r a l c u r r e n t . 

• o - h e r p h y s i c s . Enormous numbers of o t h e r t y p e s of e v e n t s can be c o l l e c t e d . 

Here we i n c l u d e q u a s i - e l a s t i c s c a t t e r i n g and s i n g l e - p i o n p r o d u c t i o n . I t i s 

no t c l e a r t h a t t h e v a s t l y improved s t a t i s t i c a l sample w i l l be u s e f u l , a s 

s y s t e m a t i c e r r o r s and model d e p e n d e n c e s i n t h e i n t e r p r e t a t i o n a r e s e r i o u s 

p r o b l e m s . On t h e o t h e r hand, t h e l a r g e f l u x e s imply t h a t one can c o n t e m ­

p l a t e a r e l a t i v e l y s m a l l , h e a v i l y i n s t r u m e n t e d d e t e c t o r t o s t u d y t h e s e 

p r o c e s s e s and min imize t h e s e p r o b l e m s . 

The group i s a l s o a d d r e s s i n g t h e q u e s t i o n s of what a d e t e c t o r and a n e u t r i ­

no f a c i l i t y m i g h t look l i k e , what p r o t o n e n e r g y i s optimum, and what f l u x e s a r e 

t o be e x p e c t e d . 

X I I I . MUON WORKING GROUP 

A workshop e n t i t l e d "Muon S c i e n c e and F a c i l i t i e s a t Los Alamos" was h e l d a t 

LAMPF March 1 5 - 1 8 , 1982 as p a r t of t h e c o n t i n u i n g s e r i e s of LAMPF I I p l a n n i n g 

s e s s i o n s . About 45 workshop p a r t i c i p a n t s from t h e U n i t e d S t a t e s and a b r o a d d i s ­

c u s s e d c u r r e n t wor ldwide f a c i l i t i e s and s c i e n t i f i c a c t i v i t i e s u s i n g s t o p p i n g 

muon beams w i t h a v i e w toward d e l i n e a t i n g f u t u r e d i r e c t i o n s f o r such work . The 

workshop was o r g a n i z e d a round f i v e work ing g r o u p s : 

1 . P a r t i c l e P h y s i c s - V. W. ftighes ( Y a l e U n i v e r s i t y ) , Cha i rman; 

2. N u c l e a r P h y s i c s - J . D. Walecka ( S t a n f o r d U n i v e r s i t y ) , Cha i rman; 

3 . S o l i d - S t a t e P h y s i c s - A. Schenck (ETH Z u r i c h ) , Chai rman; 
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4. Chemistry - D. Fleming (Univers i ty of B r i t i s h Columbia, TRIUMF), Chair­

man; and 

5 . F a c i l i t i e s and Costs - J . Bradbury (Los Alamos), Chairman. 

In addi t ion , there were the following keynote speakers: 

K. Nagaminl (Tokyo) - "Muon Physics Program and F a c i l i t i e s a t the KEK-BOOM," 

V. W. fiighes (Yale Univers i ty ) - "Weak and Electromagnetic I n t e r a c t i o n 

Studies with Muons," and 

J . H. Brewer (Un ive r s i t y of B r i t i s h Columbia, TRIUMF) - "Use of Muons in the 

Study of S o l i d - S t a t e Physics and Chemistry." 

The working group d i s cus s ions focused on future f a c i l i t i e s tha t would be 

poss ib le at Los Alamos with t he planned Proton Storage Ring (PSR) and LAMPF I I . 

the PSR w i l l produce protons with a planned maximum i n t e n s i t y on t a r g e t of about 

100 uA in two pulse modes, a 1-ns-wide burs t a t 720 Hz or a 270-ns-wlde burs t a t 

12 Hz. Pulsed beams a r e important for the following types of experiments: 

• s t u d i e s of delayed processes where beam-associated background can be 

reduced by a prompt t iming cu t ; 

• experiments using i n t r i n s i c a l l y pulsed environments, such as l a s e r pumping 

of muonic atoms or a p p l i c a t i o n s of rf f i e l d s ; 

• muoniun hyperf ine s t r u c t u r e s t u d i e s with l ine-narrowing techniques ; and 

• muon-spin-rota t ion experiments wherein a l l muons in a given pulse a r r i v e a t 

the t a rge t wi thin a few nanoseconds, thus circumventing p i l e - u p timing 

problems. 

The working model for LAMPF I I was about 25 uA i n a dc mode a t about 16-GeV 

energy. The p r i n c i p a l advantage LAMPF I I would afford i s a dc beam, providing 

an order of magnitude lower ins tantaneous r a t e s than are cu r r en t ly achieved a t 

LAMPF with i t s 6% duty fac tor and a much higher muon i n t e n s i t y than i s now 

a v a i l a b l e a t the Stopped Muon Channel (SMC). 

Before the workshop a prel iminary des ign for a superconduct ing-solenoidal 

decay beam channel was worked out by G. H. Sanders, R. Werbeck, and 

R. H. Heffner of Los Alamos. Table I shows the ca l cu la t ed values for the SMC 

and for the new channel a t both the PSR and LAMPF I I . The LAMPF I I product ion 

t a r g e t w i l l be th inner than a t the PSR t o accommodate the increased heat produc­

t i o n a t 16 GeV. 

The most s t r i k i n g fea ture of the new so lenoida l decay channel i s tha t i t 

produces 5-10 times the muon/proton r a t i o compared to the SMC. Furthermore, a t 

the PSR a r e l a t i v e l y th ick production t a rge t can be used because the proton 
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energy is modest and the proton beam need not be passed to a downstream target. 

Thus, although the PSR has a substantially lower primary proton current, the 

final muon stopping rates would be about the same. The PSR, of course, provides 

a unique duty factor. At LAMPF II the muon yield per proton is about two orders 

of magnitude greater than at LAMPF/SMC because of the solenoid decay channel and 

the increased production cross section at the higher energy. Therefore, a 

LAMPF II channel could produce a dc V~ stopping beam nearly 30 times more in­

tense than at the SMC; the y stopping rate would be about 6 times larger. In 

addition to these advantages this new solenoidal channel would provide 

significantly better rate and phase-space control. 

A possible location for a muon channel coupled to the PSR was found south 

of the Weapons Neutron Research (WNR) facility. Layouts and designs of the pro­

ton transport line, target cell, and shielding were studied and a rough cost 

estimate was obtained. 

One of the most important conclusions reached at the workshop regarding 

beam characteristics was the need for high-intensity, low-momentum (<50-MeV/c) 

u and v~ beams. Consequently, future beam-line designs for either the PSR or 

LAMPF II will focus on these low-momentum beams in addition to the decay beam 

discussed above. 

In general there was great enthusiasm generated at the workshop for the 

future of physics with stopping muon beams. No other particle probe at any of 

the world's meson facilities provides the extraordinary range of scientific 

study, from chemistry to particle physics, as does the muon. Equally great was 

the enthusiasm shown for possible new muon facilities at Los Alamos. 
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TABLE I 

COMPARISON OF CHANNEL FLUXES 

Columns 

( 1 ) (2) ( 3 ) a ( 4 ) ( 5 ) b ( 6 ) c ( 7 ) ( 8 ) d 

y Spot 
I p Ap A) Aft S i z e 

L 0 c a t i o n T a r g e t (uA) (FWHM) ( s t r ) (cm 2) u~/uA»s y~/uA-s-q 

LAMPF I I 8-cm Be 25 0 .158 0 .196 100 1.6 * 1 0 ' 5 .3 x 10 4 

PSR 30-cm Be 15-100 0 .158 0.196 100 8.8 x 1 0 5 3.0 x 1 0 3 

SMC 5-cro C 500 0 .134 0 .456 50 1.4 x \0k 0 . 9 3 x 1 0 2 

aColumn 3 c o n t a i n s e s t i m a t e s of p r o t o n i n t e n s i t i e s for t h e PSR 

and LAMPF I I . The SMC v a l u e i s a nominal one as of F e b r u a r y 

1982. 

Column 5 i s t h e g e o m e t r i c a l s o l i d a n g l e sub tended by t h e f r o n t 

a p e r t u r e of t h e c h a n n e l . 

Column 6 i s fo r t h e FVHM and t h u s c o n t a i n s about 50% of the 

beam. 

Column 8 i s f o r t h e CH2 s t o p p i n g t a r g e t ( r a n g e s p r e a d =3 g / c m 2 ) 

and u s e s t h e nominal spot s i z e in Column 6 . As an example , 

c o n s i d e r a 1 - c m - t h i c k , 50-cm 2 CH2 t a r g e t : 

LAMPF 

PSR 

SMC 

I I (25 

(15 

(500 

UA) 

» \ a a 

UA) 
UA) 

V s t o p s / s 

6 .6 x 1 0 7 

2 . 3 x 10 6 

2 . 4 x 1 0 6 

V s t o p s / s 

6 .6 x 1 0 7 

1.1 x 1 0 7 

1.2 x 1 0 7 

3 3 

PSR rates corrected for proton absorption in the 

thick target. 
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