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1.Introduction. Physical motivation of this study.

GeV energy region.
Coulomb and nuclear diffractional interactions.
Classical investigations of the elastic scattering of particles and

nuclei are well known.
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It is of interest to study the different class nucleus-nucleus collisions

leading to the desintegration of projectile.(Pomeranchuk and Feinberg,1953)
Nowdays this field of hight energy physics is deeply involved in the

research program of BECQUEREL Project,2008, http://becquerel.jinr.ru/.
These processes are favourable to separate

the Coulomb mechanism and nuclear one suppressed at small
momentum transfers Q (where Coulomb interaction is important)

tue to orthogonality of the initial and final internal states of

incident nucleus .

The different diffractional pattern is expected in comparison with

elastic scattering one.



T he simplist process is a coherent tow-body breakup of projectile.
To avoid a tedious treatment of final nuclear breakup states

as a first step it is preferable to take the simple probe projectiles:
the deuteron (n,p)

or the lightest 1p-shell nuclei having the dominating

two-cluster structure:

5i (a,d), "Li (a,t),”"Be (a,3 He)

Measurements of do/dQ are not available now for the two-body
coherent breakup for these projictiles including deuteron.



2.Experiment and results.

Nuclear photoemulsion BR-2 has been irradiated in the 3A GeV/c
"Li beam by

the JINA nuclotron.

The nuclear contents of emulsion:

H—2.97 - 1022cm—3, CNO-2.85 - 1022cm—3, Br—1.03 - 10%2cm—3,
Ag—1.03-102%2cm~3.

Singly and doubly charged particles were easily distinguished visually
by

the ionization density.

Masses of fragments were determined by the multiple Coulomb
scattering method

descibed in M.I. Adamovich et al., J. Phys. G 30, 1479 (2004),
D.A. Artemenkov, thesis, JINA, (2008).



The 3730 inelastic interactions of "Li were observed and only
85 events of the coherent desintegration of “Li to 3H4+%He
were separated.

The total length of beam tracks for these 85 events is 548.37 m
that corresponds to the mean free path 6.5+0.7 m for the reaction
considered.

T he total cross section averaging over all photoemulsion nuclei
is 0=85/(5.4837-10%cM-4.91-10%2cm~3)=31+4 mb.

The experimental cross section do/dQ is shown in Fig.1

The accuracy of measurement of Q is about 10 MeV/c.
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Ingredients used to treat the experimental data:

1. T he current two-cluster model of "Li for the bound and continuum
states

developed by the NPI MSU theoretical group (Neudatchin, Smirnov,
Kukulin).

2.The Bertulani-Baur theory (Coulomb breakup of relativistic Li

to 3H+%He) .

3.Akhieser-Sitenko-Glauber diffractional theory developed in application
to two-cluster nuclei by the NPI (Kiev) theoretical group (Evlanov

et al.)(Nuclear diffractional breakup of relativistic “Li to 3H+%He)
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(3H,%He)-INTERACTION POTENTIAL

V(r) = —Vo(1 4 exp[(r — R)/a])™, Vso(r) = —Vils- %V (r),

212262(3_ﬁ) < R
Ve(r) = {ZQZR mz TS

r Y

r >R.
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This cluster model gives the successful description of the L]
properties, scattering phases and the two-body photodesintegration
data (Dubovichenko, Burkova et al.)

with parameters

Vp=98.5 MeV, AV=11.5 MeV, R=1.8 fm, a=0.7 fm,
Vo=Voo+AV(-1)*T1 v1=0.015(34+(-1)!T1) fm=2.

Allowed states: 3P3/2(—2.36 MeV), 3P1/2(—1.59).
Forbidden states: 051/2(—57.4), 251/2(—15.9), 1P3/2(—34.4),
1Py /5(—32.3), 2D5,5(—13.7), 2D3 5(—11.1).
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E1-TRANSITIONS: 3P3/5 — Sy /o, D32, Ds .
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Jn,Kn— the Bessel functions,
R;, Rj;— the radial wave functions of clusters in ground and continuum state

v = (1= (v/c)?)"1/2 ¢ = (wR)/(W), w = Ej, + (hk)2/(2pat)-
cg = (Z181 — Z282)%2, R = 5.0fm,Z = 7(CNO); R = 8.1fm, Z =
41(AgBr).
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do/dQ, mb/(GeVic)
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THE DIFFRACTIONAL BREAKUP OF DEUTERON (Akhieser,
Sitenko 1955):

Aqk = [[ ek bQ(p) 2 to(p)eo(r)dp dr

— / / k(1) BQ(P)* (wn 4 wp — wn wp)bo(P) o (r)dp dr

27rR J1(QR)

AQk =~ 173 (FG0+ 30
R2 1 1(19+ QRN -QIR) ., ,
4+ - F(Q,K)dQ',
o2/ 2+al  2-q 9
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L2dQ L3dk
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For the black nucleus model with a sharp border:
w(b) =1 —Q(b) (Akhieser, Sitenko 1955,1957).

B Teopun MHOIMOKPaATHOIO pacCesiHnA:

w(b) =1 — exp(ix(b)) (Glauber 1955), where

A1 Ao
exp(ix(b)) =< pa,({sjDva,({siPl x [I TI[1—Trji(b—s;—s))]
j=1i=1

X a, ({Sj)a,({Si}) >, where

(b)) = /6$p(—iqb)fji(Q)dq

2mik;
In the optical limit:

Al Ao

ix(b) = — <Y, ha,| D Y Tji(b—8; —8)|Ya,va, >
j=1i=1
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V. Franco, A. Tekou:

() = ~TE2IN (1) [ eap(—iab-axd®/2)K(@)S 1, (@) 1, ()0,

7=1.70, Ta=1.67, Foy0=2.54, Tp,=5.1 , 74,=5.62 (fm).
on=43.0 mb, p=-0.35, ay=0.242 fm=2.
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16 HIGH-ENERGY HEAVY.ION

sults {column 6) by between 0 and 4%. On the other
hand, when these cross sections are calculated
wsing x,(5), the results (column 2) differ from
these exact resulis by between 1 and 18%. Thus,
by means of the very simple modification of the
usual optical phase shift function we obtain signi-
ficantly improved results.

If we compare the cross sections presented in
columns 5 and 6 with the data showa in column 7,
we note that the are in good ive
agreement, but that there is room for improve-
ment. We also note that the large discrepancy be—

new first-order optical phase shift function ¥, (6).

V. ELASTIC SCATTERING ANGULAR DISTRIBUTIONS

S & function of ¢, the sguared four-mo-
for a-a el ing at an
incident energy of 2.1 G:.v/m..:leon “The solid
curve is the exact Glauber result. The dashed
curve is obtained using the new first-order optical
phase shift function ¥,(#) in Eq. (3). The dotted
curve is obtained with the usual first-order optieal
phase shift function x, (b) in Eq. (12). We note that

In Fig. 1 we show the differential cross section
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FIG, 2. Differentlial cross soctions for “C-'’C elastic
scatterng at an incident energy of 2.1 GoV/nuclecn 48 a
functicn of ¢ . The dashed (dotted) curve is obtoined using
the new [usual) first crdes optical phase shift function.

up through the second maximum [—f~0.14 (Gev./
©¥] the results obtained with the new optical phase
shift function ¥,{6) are very close to the exact
Glauber results, whereas the results obtained with
the usual optical phase shift function ¥,(#) differ
from the exact Glauber results by as much as a
factor of 5. At large momentum transfers {aot
shown} the cross section obtained with x, (8) ie—

the exacr eross section and that

ar L S—— LS
—t IBenye)®
IG. 1. Differentisl eross sections for Ha—tHe siancic
scattering at an incldent energy of 2.1 GeVenucleon
of ¢, the o “rhe
s0lid curve is the exact Clauber mullipls scattering
result. The dashod curve (s obtained using the new first
ted

phase shift function xz(55.

wnhz (B) - The cross

section obtained with x5} Btta!.ns an absolufe mini-
mum of ~0.1 mb/(GeV./cl at —f=1.2 (GeV/c)". Be-
yond this value of # the cross section rises and,
after a very shallow relative minimum of ~0.4 mb./
(GeV/c)P at —¢=1.8 (GeV/c), it rises monofonical—
.
In Fig. 2 we show the differential cross soction
for 2C-t2C at 2.1 Gew ./
The danted curve s obtalosd. using the new fizat
order optical phase shift function %,(b) in BEq. (9).
The dotted curve is obtained with the usual firsi—
order optical phase shift function x, (b) in Eq. (12).
Harmonic oscillator wave functions were used. As
expected, the center-of-mass effects are smaller
for this heavier system than they were for a-
scattering. Nevertheless, one still observes dif-
ferences of a factor of ~2 near the first minimum
[—¢=0.028 (GeV/c}], and beyond the second mini-
mum [—# = 0.085 (GeV/c)*], and a factor of ~3 be-
yond the third minimum [—¢ = 0.18 (GeV/c)]. The

¥ at larger momen-
tum transfers (not shown). Atwery large momentum
transfers the cross section obtained with the usual
optical phase shift function x, increases.
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CONCLUSIONS:

Coherent dissociation of relativistic nuclei “Li at the momentum
of 3A GeV/c to 3H + “He was studied by the photoemulsion
technique.

Results on the total (31+ 4 mb) and differential vs the momentum
transfer QQ cross sections are presented.

T he shape of this cross section differs from usual shapes of elastic
scattering cross sections.

The observed Q-dependence of cross section is interpreted within
the cluster model and the Akhieser-Sitenko-Glauber approach
mainly as the superposition of two individual nuclear diffractional
patterns from light (C,N,O) and heavy (Br, Ag) nuclei.

The contributions to cross section due to the electromagnetic
(the Bertulani-Baur theory) and nuclear interactions are well
separated in the variable Q. Calculated values are correspondingly
4 mb (Q< 50 MeV/c) and 40.7 mb (Q< 400 MeV/c).

Counter technique experiments on pure targets to observe the
predicted cross section oscillations are desirable.
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