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THE DYNAMICS OF IT-1J. DECAY IN FLIGHT' 

M. Lynn Stevenson 

Radiation Laboratory 
Univer sity of California 

Berkeley, CalifornL.t 

J ul y 2 5 , 19 56 

ABSTRACT 

UCRL-348l 

The dynamics of IT-!i decay: in flight are presented in graphical form 
for pion kinetic energies (T lT ) from 5 Mev to lOOMev. For each of these en­
e~gies the following quantities have been plotted: 

;;. «~'.:-."'" a. T (muon laboratory-system kinetic energy) vs 8' (muon center-
of-mass angler ' 

b. 8 (muon lab angle) vs T 

c. 8 vs 8' 

d, dn' /dn vs 8' 

e. dn'/dn vs 8 

IJ. 

dn: = sin 8 d ,8 d cp = differential solid angle, laboratory' system 

<In' = sin 8' d 8' d'cp' = differential solid angle, center-of-mass system 

,~ '.' 
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THE DYNAMICS OF TT-fJ. DECAY I~ FLIGHT 

M~ . Lynn Stevenson 

Radiation Laboratory. 
University of California 

Berkeley, California 

J ul y 2 5, 19 56 

UCRL- 3481 . 

During the cour se of deteljmining the absolute differential eros s sec­
tion of the reaction p + 13.,.· ....... TT+ + d, we found it necessary to make a correcticn 
for the TT-:-fJ. decay in flight. At that time we calculated the decay dynamics for 
TT'S in flight with kinetic energies (TlI'~ from 5 Mev to 100 Mev. We felt that 
these calculations were of general utility and consequently are presenting the 
.1' e sult s in th is report. 

..... 
< TT 

." 1. Definition of Term s .• 
= pion kinetic energy in Mev, laboratory system 

T I-l = mUon kinetic energy in Mev, laboratory system 

EjJ. = muon total relativistic energy in Mev, laboratory system 

E' = muon total relativistic ,energy in Mev, center-bf-mass system 
fJ. 

P' = momentum of the muon, center-of-mass system 

·TT = pion rest energy 

J..i = muon re st energy 

13 = ve~ocity of the muon/C, laboratory system 

y 

at. 

e 

e' 

= velocity of the muon/C. ce'nter-of::-mass system 

= lab velocity of the pion = velocity/C of the center-of-m~'ss system 

= l;~l - 132 

= 13/13' 
= muon laboratory- system angle as mea sured relative to the direction of 

flight of the pion. 

= muon angle measured in the pion's rest frame (center of m~ss) . 

dQ is the differential solid angle of the muon in the laboratory system 

dQ! is the differential solid angle of the muon in the pion rest frame (or center­
of-mass frame) 

The mass of the pion was taken as 273.2 m and the mass of the muon as 206,7 m . 
e e 

i 
F. S. Crawford, Jr., andM. L. Stevenso:l, Phys. Rev. 97,1305(1955). 
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2, DecayDynamics 

The following formulae summarize the Lorentz transformations of the 
. quantities EI-L' e, and dn from the center -of-mass system to the laboratory 
system: 

where 

and 

• 
E = T. + I-L = ~ (13 cpt cos e' + E I) 

I-L I-L I-L 

sin e " tan e = ------
~(a + cos e ' ) 

dn'/dn = ___ -..:...'1_2 __ "' (n .+ cos e ' ) 3 
(1 + n cos e , )2 cos e 

2 2 
c P I, = _1T--=,...--,-I-L_ 

21T 

dn = sin e de d~ 

,3. Quantities Plotted 

( 1 ) 

(2) 

: , ( 3) 

(4 ) 

For each:'pion energy, the following quantities have been plotted: 

a. t vs e' ; 

I-L 
b. e vs T , 

I-L 
c. e vs (J' I 

d,' ~'/dn'vs e' 
e. dn'/dn vse 

We wish to thank Mr~ Roy P., Haddock for his computing assistance. 

This work was performed under the auspices of the U. S. Atomic En­
ergy Commiss~on, , 
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