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SUMMARY

: The phase-space 1ntegra1 for a system of n- part1clesv
is expressed in terms of the integral for n-1 particles. The
formula is used for the explicit calculation of the phase-
~ -space integral for 3 and 4 particles., A formula is alsog1ven

for the calculation of the effectlve-mass spectrum of k par-

ticles out of n, ‘ =

l.rDERIVATION OF THE ITERATIVE FORMULA .

The 1nvar1ant(+) phase-space 1ntegral for a system
of n-particles is given by:
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where:

(x) - Ist1tuto di F151ca dell'Universita di- Roma.

(+) - Non-invariant phase space 1ntegrals are also used, See
' . for istance M,M, Block, Phys. Rev, 101, 796 (1956)
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P, = (PgsEp) is the total 4-momentum of the par
ntlcles. B
P; = (Pi,Ei) is the 4-momentum of the jth par-

(i=1'2"'n) ticle

|ms is the mass of the jth

particle

6 (E3) are defined as O for E;<£0 and 1 for E;>0

2 2
8§ (Pg- EE-P1) accounts for 4-momentum conservation, &§(Pj-mj)"

- gives the mass-shell condition for the ith particle, and
8 (Ej) gives the condition that Ej must be positive.

Using the property of the §-function &(a-b)= J/G(a-
-z)6(z-b)dz, formula (1) can be put 1n the form. .
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~where ¢ - (|P*|) is the phase~space integral for a system
of n-1 partlcles with 4-momentum P¥X,

Remember1ng that .

JZP24w ) J?@;fo+m?

we integrate En and P¥, We get:
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here now |

(3) can be puf in the form:%

(4)  ¥§,d&dinb,d%, = /—’2”——5/%,;', (/8-Bl)dund, d ey

' jfn is the energy and angular distribution of‘thé‘ﬁth“barti-
¢le. (4) can be easily integrated in the center of mass sy-
stem of the n partlcles, to obtain the phase- space 1ntegra1

®n’



E;max v
&y AOR)=27] JB)dLEn B, (2B
Evrmity £ (élm')z
(S e/
with Eppin = Mpi Enmax = - PY- R

Formulae (4) and (5) hold obviously only for n > 2, It is
important to note that they are invariant, and that (5) is
a function of |Py| only. They allow to calculate the phase-
space integral for n-particles once it is known for n-1 par-

ticles. We will use them to calculate explicitly ¥ and ¢y,

for n = 3,4,

2. PHASE-SPACE INTEGRAL FOR 2 AND 3 PARTICLES.

The phase-space integral for the case n=2 is easily
obtained by direct integration of (1):

o r (r | | z YA
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By use of (4), (5) and (6) one gets:_ |
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This integral can be more easily evaluated in the center of
mass. system of the 3-particles. In this case the function to
be integrated is independent of 63 and ¢z, and we have:
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|Po-P3| 2= (Bq-E35) %P2
Ezmin = M3

ESmax“" [E(2)+m§-| [m1+m2) 2]/2130

‘The solution of (9) invalves complete e111pt1c 1ntegrals,
but can e3511y be done numerically. :

3. PHASE-SPACE INTEGRAL FOR 4 PARTICLES.

In the case of 4 particles, we have:

(10) }://6/,59,9,',%)afé],a"m&‘,d}@,; _/g"'-/;é(/e-a/)d&‘,dm'&gd%

an % L (10-1) A6, o8y L,
With ¢z given by (9).

- This integral can ayaln be evaluated .in ‘the center
of mass of the 4-particles; in this system (10) dand (11) ha-
ve the explicit form:
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(5= E,)°~ P+ mE = (m, 4m,)°
‘ z —>2

Eimax =

E4min = My

o &2+ mi — (m,+me+ms )?
Egmax ‘ C26,

As an example, ?} has been calculated in a particular case,
and it is shown in fig.l. : '

4, EFFECTIVE-MASS DISTRIBUTION,

o Arnother prohlem of interest is the calculation of
the effective-mass distribution, namely the following:
given a reaction with n-particles in the final state, the
calculation of the distribution of the effective mass, m¥X, of

'k among the n particles (m¥ = modulus of the total 4-momen-
tum .of the k particles). ‘ ‘
: In the case k=n~1, the problém is easily solVed;,In

fact, using (4) and since: :

|Pg=P,|= mX

dE,= (m¥/Eq )dm*

'cosen= - cose™ 8%,¢* angles of the total

3

b= 2m-¥ -momentum of the n-1 particles

we get:
(14) d,”.[’m")dm*dmﬂ*d’s‘: 45:(’”*}/?,%: fé,,,(m¥)dm*t{ﬁ’aﬂ*d¢*

In thé case k>2, h-kzz, using a prdcedure similar to the
one used to prove (4), the following relation can be proved:

as) AR = [APHOPY by (182)

where PX is the total 4-momentum of the k particles,

We have:
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"FIG,2, Energy distribution of the neutron from the reaction

m + p >n+ 1%+ 0%,
~ This distribution is calculated in the lab, system,
~at an angle of 40°, for a kinetic energy of the =~ T,-

= 1,1 Bev, The invariant (full=~line) and non-invariant(1é4)
(dotted) statistical theories have been used for comparison,
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so that (15) becomes : o
(16) Rl =/dm‘4ma“‘¢¢*de‘-mu(ﬁ’;m*‘)‘g de(mt) 4. (18-7)

If one integrates over dEX, dcose™, d¢*, but not over dm¥,
one gets the effective-mass distribution for the k particles.
These integrations are more easily evaluated in the center
of mass system of the n-particles, ‘ '

We get: = , S
(17) e"/m‘)dm’: 4”""‘%/”"‘71”’%6%“& *2/ A%’-K (/Pg"P*/)
» hupy
where:
E;in = mX |
Ex =. £2+m*2_( ‘; m )Z/ZE
max 0 Kl i) Vo

The range of variation of m™ is between
g

m® dand m¥

min max?
with:
x n
* \
me, = y¥mjyi; mn = Ena= I M,
min~ | max kel I

For istance, in the case n=5, k=3, the problem can be easily
solved using formulae (6) and (9): in fact in this case only
n with n=2 and n=3 appear in (17).



Thanks are due to Drs, G, Da Prato and G, De Fran-
ceschi for helpful discussions,: L S
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