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We briefly discuss the stochastic modelling of the statistical reactions with mem-
ory. The effect of the S-matrix spin and parity correlations on the cross section
energy variations is reviewed. We also discuss the coherent rotation of the spher-
ical highly excited nucleus.

1. The stochastic modelling of the statistical reactions with memory is based on
the theories {1-4] of the fluctuating S-matrix. The idea of the stochastic modelling
of the dissipative heavy-ion collisions (DHIC) was introduced in Ref. [5]. The char-
acteristic feature of the statistical ((S(E))g = 0) reactions with memory ([6-12] and
Refs. therein) is that bilinear combinations of the fluctuating S-matrix elements with
different orbital momenta (1), total spins (J ) and parities () are permitted to survive
energy averaging. This is in contradiction with the standard assumptions that are ac-
cepted in the modern quantum-mechanical theories of compound and precompound,
ie. time-delayed, reactions. The only exception is the model of leading particle [13].
The relationship between the model [13] and that of [6-12] is beyond the scope of this
contribution. In the modern S-matrix approach to nuclear reactions it is accepted to
allocate all memory effects to the energy-averaged S-matrix elements (provided they do
not vanish, i.e. the interaction time does not exceed the kinematical flight-time of the
space wave packet). These energy-averaged S-matrix elements are associated with the
direct or multistep-direct reactions [4].

2. The possible motivation for introducing the statistical reactions with memory
is given in Refs. 6-12 and Refs. therein. The principle question is: What kind of
experimental data should be appropriate to disprove or support the existence of the
statistical reactions with memory? The statistical reactions with memory affect both
-— the energy-averaged differential cross sections (7,10,11] as well as excitation function
fluctuations [6-12]. In this contribution, for lack of the space, we briefly discuss mainly
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the effect of the spin and parity correlations between fluctuating S-matrix elements
on the cross section energy fluctuations. The choice seems to be rather favourable
Indeed, in the absence of the statistical reactions the interaction mechanism is direct S“
.Bc:mmamc-&nmnn. Therefore, the characteristic energy scale of the cross section variations
is about a few MeV or more. Thus a few hundreds keV energy structures in the
mxn#wnmwb function are due to the fluctuating amplitude. Once one accepts that such
mzoﬁ:mn_o:m around energy-averaged cross section are due to the statistical mechanism
Le. fluctuating S-matrix, the next steps are: (i) To develop the statistical reactions éxr,
memory to analyze the excitation function fluctuations; (ii) To compare the results of
the above approach with experimental data as well as with the predictions of the Ericson
theory H.E;Hm_ of compound nucleus (statistical reactions without memory) fluctuations

3. Since the discovery [17] of fluctuations in the excitation functions of DHIC mE,..
ther experiments [18-26] have confirmed the universality of this phenomenon. H,,rmam
r,ﬁwm been already a number of works (see Refs. in Ref. 12) focussed on the interpre-
tation of the excitation function fluctuations in DHIC. However the central question
why .m:nncmao:m are not washed out in spite of the high intrinsic excitation of the 537.
mediate system and enormous number of uncorrelated final micro-states contributing
to the observable cross section, has not yet been answered. The nonself-averaging of
excitation function fluctuations in DHIC s the intriguing puzzle [27] of heavy-ion in-
nmnmon.mo:m. The phenomenon is of particular interest, since the attempts to search for a
selective population of special final states (for example giant resonances), which could
reduce the effective number of final micro-channels in DHIC, have failed [28,29).

Some details of the stochastic modelling of excitation function Omn:_mao:,m in DHIC
will be reported elsewhere [12]. Here we briefly present the main result.

m”oﬂ concreteness, we consider the case fiw » ' ~  (where w and B/h are the real
and imaginary parts of the angular velocity of the coherent nuclear rotation and I is
the total width of the intermediate nucleus. We also consider the region of U,mowssamm
angles. We calculate the Fourier components R(*)(r,8) of the cross section variations
summed over the very large (N - 00) number of exit microchannels:

RS (r gy — E+T . ~
(30) = (/h) [ aBexp(i(E - Byr/m(e ™ (5,0)~ (0,0, (1)

E-T

Sr.mam the indices (+) correspond to the near- and far side contributions, 6 is the scat-
tering angle and ((c(¥)(E,6))g are the energy-averaged cross sections. The Fourier
components (1) are considered on the finite energy interval (£ —~ 7, E + T), where E is
the average energy, 27 < dhw, and d > 5 is the spin-window width. We obtain

R (r,6) = (2n/d)N(0((E, 6)) (T /hwo) (8 i) sin(Tr /1) )

(£ +
2 (O3 05 expl=(05) + 05)T /20 (o 4+ 205 — 0
M, N=0(1) ’

() _ p(F)y2 () | glE)\2 o . y o ;
U =087 4007 +637)28Y (o) (reo 652 — 052 4 (02 166922/ (]},
where M, N > 0 for mAiAﬁ%Y M,N > 1 for mAlxﬁmv“ &Wv =®+0+27M and P is
the average deflection angle due to the spin dependence of the potential phase shifts in
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the entrance and exit channels. In Eq. (2), (¢(E,0))g = (¢1)(E,0)) g+ (e N(E,80))p.
In Eqgs. (2), the modulation factor sin(Z7/h) appears due to the fact that the Fourier
components (1) are calculated on a finite energy interval. These finite energy range
modulations can be easily separated from the effect of a finite 8-width by proper data
analysis.

We consider the Fourier component of the constant

N
ESV \ ammécmlsuwaﬁﬂ\s\ﬂe. @
-z
Comparison of Eq. (2) and (3) supports our suggestion on the nonself-averaging of
the excitation function oscillations in DHIC. Indeed, one observes that the Fourier
components (2) and (3) are quite different. In particular, while Eq. (3) has a maximum
at 7 = 0, Egs. (2) vanish at 7 = 0. This suggests that ¢(*)(E,8) are not constants.
The characteristic feature of the Fourier components (2) is the presence of equidistant
narrow minima with long-range tails. The magnitude of these minima is not reduced
by the compound nucleus damping factors (1/N)'/2 — 0 and (D/T")'/2 - 0, where D
is the average level spacing at the energy E. This suggests that the oscillations survive
the summation over very large N — 0o number of the exit uncorrelated microchannels
and the level-level noncorrelation condition {12]. The nonself-averaging occurs in spite
of the strong overlap I'/D — oo of the resonance levels due to the high excitations in
DHIC.

The nonself-averaging energy structures are quasiperiodic with the quasiperiod fw.
Indeed the average values 7, = 2rL/w of the leading harmonics are bigger than their
dispersions D&«i ~ (2m/w)(0 £ & + 7K)(B/nhw) provided nL(fw/3) > & + 0 +
mK. That it why we suggest that it is probably more adequate to refer the nonself-
averaged energy structures in DHIC as the oscillations rather than the fluctuations. The
quasiperiodicity of the nonself-averaging oscillations is supported by the data [18,26]
on the Y F +# Y system. It manifests itself by the presence of the equidistant bumps
in the energy autocorrelation functions of the oscillating cross sections [18,26]. The
distance between bumps is about 1.7-1.8 MeV independent of the scattering angle and
the charge of the projectile-like ejected reaction fragments. The quasiclassical estimate
(30] of the average angular velocity of the intermediate system created in the !9 F +8° Y
collision is hiw ~ 2 MeV. This is consistent with the fluctuation data [18,26].

The necessary condition for the nonself-averaging of the cross section oscillations
(within the present model) is finite 8-width. It can be shown that in the limit B/T =0
and #/hw — 0 (the regime of the regular undamped coherent nuclear rotation}, the
oscillations are self-averaged. It also can be shown that in the compound nucleus limit,
T'/B = 0, the fluctuations wash out since their relative magnitude become proportional
to either (1/N)!/2 — 0 or (D/T)!/2 = 0.

4. In DHIC the observable cross section is inevitable summed over very large
(N — co) number of final microchannels. However studying elastic-inelastic scattering
or reactions with excitation of low-lying states of the residual nuclei(us) one is able to
measure the decay on the one final microchannel. In the Ericson theory of compound
nucleus fluctuations the cross section energy autocorrelation function is Lorentzian in-
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dependent wm 425 scattering angle and the relative contribution Ya of direct reactiong
?»Lm_. This is related to the fact that the time power spectrum of the statistical com.
pound nucleus decay has exponential shape independent of the scattering angle ang
Y4. However n.rm above results are modified urider the switching on the orbital momen-
E,Ev aon.m_ spin E.a parity correlations between fluctuating S-matrix elements 6,11]
We consider the E.nsmn_oz when the relative direct reaction contribution is mmmimnwbﬁ“
M\.a > @.ﬂ W 0.8. This is often the case in the nucleon and light-heavy-ion induced nmpn.
1ons in the wide angular range. Then the cross section energy auto i ‘on
. : : correlation f

C{e, 9) is proportional to & Hnetion

C(e,8) ~ Re c(e,9), (4)

where c(¢, 8) is the amplitude energy autocorrelation function. Let us consider the time
power spectrum P(t,8) of the decay: .

P(t,0) ~ \IH deexp(iet/h)c(e, 6). (5)

For the initial moment ¢ = 0, the above Eq. reads:

00 00 8

NuQHo,m.v Z\ mmnﬁm,%v Z\ QmﬂmnAm,mv Z\ deC(e, ), {6)
—00 0 0

where the relation c(e,8) = c*(—¢,8) has been used. Since, unlikely to the compound

.::o_m:m an.mvo in the presence of the spin and parity S-matrix correlations P(t=0,9)

1s exponentially suppressed in the region of backward angles Gy,.1 [6,1 1], we og.&m,

8
gupsgtz \ %Qmsivip 3
0

Therefore, mmnnm C(e = 0,8) > 0, then C(&,05ack) must be negative at certain ¢, iLe.
Q._ (€,8ack) is not Lorentzian. Among numerous experimental data demonstrating voo:.
siderable deviations of the energy autocorrelations from Lorentzians, we refer to - [6]
Aérmwmwﬁ.rm data [31] on the 27 Al(3He, P)?85i reaction are analyzed) E,E for example
to the *$Fe(p, p) scattering (see Fig. 17 from Ref. (32)). , “ u
5. Aswe w.m<m seen above, the S-matrix spin and parity correlations, 1.e. comparable
«Sﬂg H,‘gm spin and parity decoherence width B, result in the nonself-averaging of the
excitation ?.:oﬁon oscillations in DHIC. It is of interest, from our point of view, to
measure excitation functions in the compound and precompound reactions under the
condition of highly excited residual nucleus. Then the residual nucleus is in the region
of .mﬁao:m; overlapping resonances. It is well known that in the absence of the S-matrix
spin and parity correlations the cross section summed over the very large (N — o0)
.::E:mn of final microstates is a smooth function of the incident energy. Therefore
If the measurements show smooth excitation functions, then it means B8 > T, which
does not support the memory effects in the statistical reactions. On the contrary, if the
Emmm.:.nmgm:? demonstrate a few hundreds keV energy structures, this is in favour of the
no:&io.: # >~ T and therefore supports the existence of the correlations between the
fluctuating S-matrix elements carrying different spin and/or parity values. It would

Memory effects 715

be of additional interest to measure (for example proton inelastic scattering) in the
relatively high region of the outgoing spectrum. For example, if the initial proton
energy is around, say, 65 MeV, then we suggest to measure excitation functions with
the 20-25 MeV excitation of the residual nucleus. In this region, in accordance with the
multistep models, the cross section is overwhelmingly given by the multistep direct (with
energy smooth S-matrix elements) reactions, while multistep compound contribution
is negligible. On the contrary, in accordance with the exciton model approaches, the
whole cross section is formed due to the time-delayed mechanism, which originates from
the fluctuating S-matrix elements.

Our preliminary consideration suggests that finite 3-width {i.e. nonvanishing of
the S-matrix spin and parity correlations) is a necessary condition for the nonself-
averaging of the excitation function fluctuations in the compound-precompound decay
to the very large (N — oco) number of final microchannels. The unanswered question
is whether this is also sufficient condition? We would like to mention that excitation
function fluctuation are affected not only by the S-width value, but also by the value
of the angular velocity w of the coherent nuclear rotation. Therefore, if the suggested
above measurements of the compound and precompond excitation functions show a few
hundreds keV fluctuations, then this, in principle, allows to find out whether the angular
velocity of the coherent rotation of the spherical highly excited nucleus vanishes or not.
Practically, the sensitivity of the effect of the nonself-averaging and other quantitative
characteristics of the fluctuations in compound-precompound reactions to the angular
velocity of the coherent nuclear rotation, is the crucial question.

We would like to mention that the non-vanishing of the angular velocity of the
coherent rotation of the spherical object does not contradict to the way it was introduced
[11]. Indeed, the coherent nuclear rotation has been introduced without referring to the
collective degrees of freedom related to the nuclear deformation. Therefore, it is clear
that the coherent rotation [11] is principally different from the collective rotation.

6. To conclude, we have supported the existence of the memory effects in the sta-
tistical ({S(E)) e = 0) reactions and suggested further test of the phenomenon.
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