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-Abstracf
We consider the possibility of volume emission of pions by thé A
4(1232) decay in a hot compkessed pkojecti1e4£argét residue. We ;a]cu-
late the momentumvdistributipn of the pions created by the two-body B
A(1232) decay. Reabsorption is taken into accdﬂnt aésuming-a quasi-.
deuteron model. We:argue that;1ow energy piohé'created deep inside
" the hot zone are likely to escape and @bntfibute'toithe,pibn inclusive

spectrum.
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Recent]y the Rasmussen and Nakai groups in Berke]eylrhaVe measured low
energy pion.inélusiVe spectra for the reaction Ne + NaF + 7~ plus anything,
atfah incoming energy of'800‘MeV per nucleon. They have observed that very
Tow energy pions (CM energies 30-50 MeV) are emitted isotropically in the CM
frame. Pions emitfed from the surface of a hot zdne by the mechanism of |
| massive radiation has been suggested earlier.2 In this letter we would like
. to discuss another possible mechanism for pion emission: that of the decay
of the A(1232) resohances in flight over the entire région of the hot zone
and with subsequent emiséion (or eventual absorption) of pions. We argue
that the reabsorption mechanism is. such that low energy pions are likely
to escabe even though they are created far inside the hot zone.

-To be explicit, let f(BA) denote the momentum distribut{on of  the
8(1232) resonances inside the matter. It is well known3 that the partial
decay mode of the resonance is A >N+ almost complete (99.4%). It is
now an easy task to find the momentum distribution of the pions_g(ﬁ%) created

'by the A two-body decay:

m.2 d3py
| A
g(p ) = . Id3pf(p)f 6(ppp) (1)
o Zn/&(mAZ,mNZ,m“2§E a el TRy T N
Here we use units A = ¢ = KBoltzman = 1 and x(my2, my2, m 2) =

[m -(m + mN)Z][m 2. (mN-m )2] 1s the usua] re]at1v1st1c factor involving
the rest masses of the delta (A) the nucleon (N), and the pion (w) respect1ve1y
‘Here, st (pA Py pN) = G(EA'Ew'EN)s (pA-pN-E%) and_Eﬁf EN’.EA are total relativis-

tic energies. Assuminé f(EA) to be normalized so that If(pA)d3pA = 1,we get
_ my 2

9(p,) = = Ep IpAf(pA)dpA | - (2
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| where:the integration limits are IE /X + P"/ﬁl/Zmﬁz and /i

s given by /= m2.+m2 - m2.

Equation 2 allows us to ca]culate the momentum d1str1but1on of pions if

_a model for f(ﬁ ) is prov1ded w1th the assumpt1on of no reabsorpt1on dur1ng
_the pions course outwards. ~Since the experimental data are taken for charged

| pions (n-) we have to cons1der s1x different decay channels for the A

AR Fap
A *:'“ +n
A »7 '+'p
A+ @ +n A
"+ 7w +p ;!
_ VA-?‘).TT‘*'n'. | ‘
To find out the bfanching ratios for the A decay into x p1ds anything we

expand the various A wave funct1ons with the a1d of C1ebsch Gordan coeffi-

c1ents“
++ .
1a%% =13, P = >
3 1 )
|A+>= I_,_>=-_—[|n,1r>+/7|p,1r >]
2° 2 /3
5 = g e g = g U+ 7 ]
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From this argument_the.decay ratios of n+:n': 7° ="1:]:] ahd_to get the frac--

tion of = emerging we have to multiply our g(p ) with 1/3. We willnow try

to incorporate reabsorption within the quasi-deuteron model. For the ="

absorption grossgeedtibn we cheose‘thé model used by Metropoliss’ﬁ’?



. A(m 2 +8p2)
oab(pﬂ) = p.m

T

(3)

where A = 0.230 [Fm2] and B = 7.14 [dimensfon1ess']
We will now define a ‘momentum and pati dependent transparency factor by
NN @
Here L is the ]ength of a straight line from the point the = was created to
the surface of the hot zdne, and A is the pidn mean_free path. ‘A$suming a
spherical shape (for Simp]icity only) we can calculate an averdge trans-
parency factor (averaged over all possib]e 1eng£hs L) ‘
o(p,) = b ([uz + 2u + 31 v u - o ®)
where‘u = R/ = Rpcab(p") v, ' L (6)
Here R is the radius of the hot zone (assumed to be the radius of the ions
for central cd]]isions of equal mass ions), o is the density of the quasi
deuteron in the hot ione, (which we estimaté to. be 3/4 x 0.17 [Fm-3] corres-
ponding to ovef]ap density® and where assuming every;nucleon-ngc1epn pair is a
quasi-deuteron, the factor 3/4 accounts for the need of at least one
neutron to absorb a n+ 5). To transform from CM to LAB framé of the ions
we now need Bem and YCM (the velocity and rapidity of the center of mass

of the ions) respectively:

T2+ am T _
Bem = (7)
CM A+ A, )
T4 ( Ay )mN ’
' ey = Arctanh(BCM)l o - (8)

In Eqs. 7-8 T is the inéomingvkinetic energy per nucleon. A, and A, is
the mass of the projecti]e and'target respectiveTy. Forvthe reaction Ne +

NaF at 800 MeV/N we get By = 0.547 and Ygy, = 0.614. It is often convenient
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to disp]ay the cross sections in the transvense momentum versus rapidity
plane. ‘Thg;adVéntage (if one USesvinVaninnt.cross seétion);'is that the
transverse momentum component will nnt changé and the rapidities are
additivé (YLAB_E Y* + YCM) so?contodr; pf cross sections just ;hift to
the right along the rapidity axes by'the‘transformétidn from CM to the LAB
frame. | | o | o |
Wevnow examine the n spectra for twokfimiting cases oflf(EA)"first-
for the hard. scatter1ng mode]l (neg]ectlng Fermi mot1on) and second for a

thermal equ111br1um d1str1but10n For the first case ‘we get

f(pA>——¢“—3-§9—~ RN

Hene'p is est1mated from the f1rst hard nuc]eon nuc]eon scatter1ng

' ] , | |
p. = -V — — - (10)
o 2y . 4mN2 + 2TmN L

which gives us Py = 279 [MeV/c] for T = 800. [MeV] for symmetric ion-ion

collisions. We now estimate a typical statistica] témperature T0 be given by

3T /2= s/2-m o

Here Vs is the invariant mass of tne co]liding'nucleons in the ions. For T0

‘we obtain 122 MeV which is sufficiently high to. allow a Maxwellian form for

f(EA) which becomes in the 1limit of thermal equilibrium.

RICAR (2nTmA)f3/2-e-(pAZ/ZTmA); ‘n (12)
We have so far neg]ectéd.Couldmb effeéts, which can be included in a more
r1gorous treatment | | |

In Fig. 1 we" show contours for the invariant double d1fferent1al cross

section 55553§'f°r the p1ons‘ca1cu1ated per unit cross section of the A



formation. The bontours areigivenain CM-frame of the.ions. Of particular
interest 1s_the rather low enekgy ridge'due'to the distributioh g(ﬁ ) and
the subsequeht'absorption profi]e The r1dge is rough]y cons1stent with

recent exper1menta1 f1nd1ngs (Rasmussen et al. ) However, it should be

_emphasized that hydrodynam1ca] flow models can also account for such g‘

- ridgel® (peak),

In conclusion we have shown that if a h1gh energy central co111s1on

popu]ates the A(1232) resonances suff1c1ent1y it is 11ke1y that some of the

pions created by the decay of thets(and espec1a11y the very  Tow- energy
p1ons) can escape to the exter1or even though they have been created. far

inside the proaect11e target residue. = | s

- We are happy to acknowledge useful d1scuss1on w1th S. K. Kauffmann, P.Jd.

Siemens, . K. S. Rao and J. 0. Rasmussen.
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vFigufe.Céption’ |
‘Figure 1. _Calé@]ated pion inclusive spectra for 800 MeV/N Ne on NaF.
The ffgure'show5‘contours in tﬁe rapidity.transVerse-momentum p]ahe.v
For the A momentum'distribUtion,é Maxweliian'fofm'was chosen with a
statistical temberature'of 122 MeV (solid line) and é.delté distribu-
tion with p, = 279 MeV (dotted line). The calculations are performed in
the CM frame of the fons. To transform to the LAB frame just shift the
cOntOurs t0-the,right on the,rapidity axis by an'émount YCMf To get
actual double differential cross section mu]tip]y with,the scale factors
(either N = 0.227 6r M= 0.509)and by.thestkdss Sectfdn for the formation
‘of the A resonances. The ridges are 1ocaied at the contours marked 1 : N

and 1 « M.
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