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Light Particle Emission Mechanisms in Heavy-lon
Reactions at 5-20 MeV/u

PRE-EQUILIBRIUM a-PARTICLE EMISSION AS A PROBE TO STUDY a-
CLUSTERING IN'NUCLEI
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Systems studied

Reaction

64N+%57Zn 4.7 155 110)0) 3.01 1.46

64Nj+°5Zn 6.3 206 151 3.48 1.69

6SNj+557Zn /.8 258 203 3.89 1.88

16@+1165n 8.1 114 100 3.96 0.48
(130 MaB)

16@+1165n 15.6 220 206 5.49 0.67
(250 MaB)




(X, 16O+116Sn, EO=250 MeV(start)
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Illustration

E(160)=250 MeV
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Illustration

Ezoo=130 MeV
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U=E-A

dz + dn for even-even,
A iz for even Z.

R N for even N,

0 for odd-odd,
kinetic energy of escaping particles;
[ J
f _ _ _ \ Jangular momentum of particles®
‘(}(E- e}) — ‘{}qp ( [/II.. f})}i Uib?‘ ( {/II )jri 'ir‘of ({z'll ) %

particle escaping angels®

any LAY 10w F(U)/U] for U = U,
W)= a(U,) for U < U,
F(U) = 1—exp(—U).

\- Y,

,
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T(E)=Z <T >+

Tfinish(E"‘]')

Assumption:

N n,p,o.y,fis.

CTaH,Z[apTHOe BBIPAKCHAC AT BPEMCHA JKASHIA

BOBONKICHHOIO) HPOMEAYTOUHOIO! APa,
00e3HaucHHOro, nHiekcom: k, ¢ sHepruck K
MOMEHTOM: J| ECTb:

Tk(EIJ) =h/rk(ElJ)l (1)
T = 2 ulE,J). (2)




«YeTHO-HeveTHBIE» 3(P(PeKTHI BpeMEHHbIX XapakTepucTuk [Staggering effect]

12C+28Si — 40Ca (E (12C) = 45, 54, 66, 84 MeV) {Vandana Nanal et al., Phys. Rev. C 51,
2439, (1 995) The registration angle of evaporated residues is 20° in Ls.}
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Experimental results and theoretical estimations
for <dy> (fig. a) and <T> (fig b)
of compound nuclei formed in the

1204287 —s 40(Cg
fusion reaction.

These experimental data were obtained using the
blocking of both

evaporation residues

and low-energy Ol particles



1) CocraBHoE siapo

kinetic energy of escaping particles®

160 oJ

angular momentum of particles*
HepaBHoBecHbIE
IMPpOICCChI particle escaping angels?
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mnpoueccel, To 1, P, A
E,J,0

Griffin’s exciton model
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KpaTkoe onucaHue Moaenem

In the Griffin’s exciton model of nuclear reactions, relaxation of the compound to equilibrium
is described by the master equation:

MeTOa A
m=p+2 m=n+2
—Q(ﬂ 1)= Z . (. ) — gq(n, r){w(n) + Z A, . ]: (1)
m=n—1 m=n—1
Mmetroa B
The generalized m=n+2
master equation == q(ﬂ = Z o j dQ'G(Q, QNg(m, Q1)
takes form : o o
2 @
v M=+
G(Q,Q'): (de do’ J 3 = {}(H, Q" t){ W(H) g5 Z ﬂ’ﬂ%m }'
dQ)' d)' P

do/dQ is the free differential nucleon-

The initial condition for this equation is
nucleon scattering cross section

(where H is the Heavyside function)

Q(H, Q t = 0) - Né‘n,ﬂu ﬂ-_l COS(/BQME:- )H(ﬂ. / 2 N ﬂéfab)
and 0,,,. = 27/(kR).

k is the incident nucleon momentum and R is the nuclear radius.

(4)

. 2 T
where § = 57—,
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n, b=1.

o, p=1.
n, =27

T e = 27/ (KR).
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Possible o clustering configurations in '°O nucleus
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N.=4p+0(1)h R=12p+0(1)h

If Eno=250Mev, then En+ Enc=(250-Ba= Ea.)MeV
but En._ ? and Enc— 2



PHYSICAL REVIEW C, VOLUME 62, 034604

Precompound Monte-Carlo model for cluster induced reactions

— A 1in—1
e=E(1—(1—x)" :I:l- M Blam' and M. B. Chadwick’

Blann model (2000)

e — clusters energy, and x — random number
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o
160+65Cu—31Rb, E;,=240 MeV (15 MeV/u); E¥=196,0Mev

PYF+02Ni —»31Rb, E;=285 MeV (15 MeV/u); E¥=225,4MeV
(in lab)
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o
160+65Cu—31Rb, E;,=240 MeV (15 MeV/u); E¥=196,0Mev

YF+92Ni —»31Rb, E;=247 MeV (13 MeV/u); E*=196,3Mev
(in lab)
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Experimental setup

15 MeV/u (2401 MeV) 160+65Cu->81Rb* E*=196,0 MeV/
13 MeV/u (247 MeV) 9F+62Ni->81Rb*  E*=106,3 MeV

15 MeV/u (240 MeV) 160+65Cu->81Rb* E*=196.0 MeV.
15 MeV/ul (285 MeV) 18F+62Nj->81Rb*  E¥=225.4 MeV/.

Pulsed 1pnA 10 and °F beams
Estimated time: 3’ days for eachireaction + 1 day fer calibration

GARFIELD Camera Forward (for L.CP evap+-pre-eq)
+

IGARFIELD Camera Backward (for LCP evap)]
+

RING or PHOS or PPAC (for ER)

Discrimination between CEF and ICE (TOF)
is absolutely’ necessary: for this experiment



Hlustration 16()+55Cu

E=15 MeV/u 195 +62Ni
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