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INTEGRAL CROSS SECTIONS
OF THE HYPERTRITON INTERACTION
WITH NUCLEI AT HIGH ENERGIES

M. V.Evlanov], A.M.Sokolovl, V.K Tartakovsky2

The diffraction approximation is used to perform both the exact numerical and general
theoretical analyses of various integral cross sections of the nuclear and Coulomb interactions
of incident hypertritons with absorbing nuclei at high energies. The sensitivity of the cross
sections to the value of the binding energy of hypertriton with respect to its dissociation into
a A-hyperon and a deuteron is shown.

I/Im'erpa.nbnble cedMeHMsA B3aHMOJEeHCTBHA THNICPTPHTOHOB
¢ AXpaMH NPpH BBICOKHX 3HEPrHAXx

M.B.Esaanos, A.M.Coxkonoe, B.K.Tapmaxoeckuii

C ucnone3oBaHHeM AHPPAKUHOHHOTO NPUOIHXEHHS NPOBEACHB KaK TOYHBIA YHCIEHHBIH,
TaK ¥ obuHil TEOPETHYECKHH aHAIH3bI PAVTHYHBIX HHTETPATBHBIX CEYCHHil FACPHOTO H KYJIO-
HOBCKOTO B3aWMOICHCTBMI MaZaloWHX IMNEPTPHTOHOB C NOMIOWAOWMMH SOPAMH TIPH Bbi-
COKHX 3Heprusx. [loka3zaHa WyBCTBUTENILHOCTh CEYEHHH K BETHUHHE SHEPIMH CBA3H
TMNEPTPHTOHA OTHOCHTENBHO €0 pa3Bana Ha A-TUNEpOH W AEHTPOH.

An increasing interest has recently been shown in the investigation of the interaction of
hypertritons with nuclei in connection with the opening possibility of obtaining the beams

of :;\H hypernuclei with good characteristics (in particular, at the accelerating complex:

Synchrophasotron-Nuclotron of JINR, Dubna [1—4]). Such investigations can give more
detailed information about the structure of hypertriton. In particular, they can specify the
numerical value of its binding energy with respect to the dissociation into a A-hyperon and
a deuteron (¢ = 0.13 £ 0.05 MeV {[5]), which is known so far with a large error, give new

information about the interaction of ?\H with various nuclei, improve our knowledge of the

forces between lambda-hyperon and nucleons and of the strong interactions, on the whole.
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In this paper the theoretical investigation of incident hypertritons with various nuclei at
medium and high energies is carried out using the diffraction approximation which is well
applicable to the indicated energies. Particular attention is given to the highly actual search
of such processes and conditions when it is possible to extract the value of € with a
sufficient accuracy.

The use of the mathematical apparatus of the diffraction interaction of incident
composite two-cluster particles with nuclei at medium and high energies (one can consider

the hypertritons (iH — A + d) as such particles), makes it possible not only to reproduce

many dependences obtained by other, more labour-consuming methods, but also to deduce
a series of new relationships and often in an explicit form.

Figure 1 shows the dependence on the iH binding energy € (calculated on the basis of
the exact formulas of the diffraction nuclear model [6—9]) of the integral cross sections of
the complete absorption 6 of the iH hypernucleus, incomplete absorption or stripping o,

when only one of the clusters initially forming a part of the incident ?\H is absorbed by the

nuclear target, elastic scatteriﬁg o, diffraction two-fragment dissociation O'g and total cross
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Fig.1. Integral cross sections of various processes of the diffraction
nuclear interaction of iH hypernuclei with gggu nuclei depending on
the hypertrition binding energy €
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section c,= 20: +0,+0,+ 0'3’ for the black nuclear targets of uranium g;aU. (Here and

then the cross sections are given in barns).

. 1 r*\’ Zm/\Md8 . .
The function @.(r) ~ — exp(—— —_— ] is used as a wave function @y(r) of
0 r i M, +M,

relative motion of the clusters A and 4 in the iH hypernucleus. While the cross sections

o, 0':’ and o decrease, the cross sections ©,; and G increase with increasing €. As can be

seen from Fig.1, the integral cross sections are most sensitive to the value of € for small
values of € A qualitative character of the cross section dependence on € is the same for
lighter target nuclei. All these cross section increase monotonously with increasing the mass
number A of nuclear target, but rather slightly depend on the energy of incident particles

E. Note that the ratios 0'5 / o, for incident hypertritons (with € = 0.13 MeV) and deuterons

differ strongly from each other for the same nuclear targets. This is also true for the ratios
o, / 6,and 0,/G, , what is naturally explained, first of all, by a very small binding energy

of hypertriton.
Since the most probable value of the binding energy of the ?\H hypernucleus € = 0.13

MeV is rather small, the radius ?\H exceeds considerably the sizes of all known nuclei, i.e.,
we have R®<1/r*><<1, where R=r(A)/>+A'?), A =3, r =12 fm, and
<1/ P>= f dr - r'ch(z)(r). The following asymptotic formulas for the integral cross sections

arise from the exact formulas of nuclear diffraction in the approximation <R? / > << 1:

r
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Here ﬁl =1- Bz = MI/(M1 +M,), where M, and M, are the masses of the first and the

second clusters (A-hyperon and deuteron, respectively).

From formulas (1), which are the generalization of the corresponding formulas of Ref.
[10] for the Gaussian deuteron wave functions, it follows that the dependence of the integ-

ral cross sections on R deviates from the simple rule R The direct numerical calculations,
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performed according to the exact formulas of nuclear diffraction lead to the following
approximate dependences of the integral cross sections on R: o, O, ozl ~R 1‘6, and S,

22
o, ~R*2

In the diffraction approximation, the integral cross section of the Coulomb dissociation
process of the ?\H hypernucleus by absorbing nuclei can be represented in the folowing

form
. oo dx .
of = 8nn’R? | S F@, x=gR, @)
xmin
2 Bx ). . 2
Foy=| 1-0%| == | 7@y, (@) - 200,08y, ;o012 3)
-2 €
where n ==—_———, z and Z are the charges of the incident nucleus and nuclear target,

Ay
respectively, in the units of the proton charge e, v is the relative velocity of colliding nuclei,

<I>(q)=‘[dr-exp (iqr)(pcz)(r), q is the change in the projectile momentum during the
scattering, and Su‘v(x) is the Lommel function. From physical cansiderations we have found
the expression for a minimum charge in the projectile momentum 9, and the corres-
ponding low limit of integration in (2) (at x .o = 0 the integral over x in (2) diverges
logarithmically):

R= €RV1 —vz/cz

X in = Gin = P, max (1, 4n). 4)

This differs slightly from the results of the previous papers [11].

The use of (4) leads to the results which agree better with the experimental data on the
Coulomb dissociation of nuclei in comparison with the calculations performed in Refs.
[11,12]. In the ultrarelativistic case (when X o = 0), the following asymptotic formula,
arising from (2) after integration in parts, will be a good approximation for the cross section

C
(e
d

#icN1 - vz/(:2

c_8nn2 2
% =73 pin () In 4n8ﬁl(r2>l/2 ,

4n> 1, (5)
where <> =Idr . rz(p(z)(r). Cross section (5), which is approximately proportional to z?

and inversely proportional to €, differs insignificantly from the corresponding formula of

Ref.[13]. A more realistic dependence 05 on Z can be obtained from (5), namely, for
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Fig.2. Theoretical dependences of the integral cross sections 05 of the

iH Coulomb dissociation on the hypertrition binding energy ¢ for
various target nuclei at an energy E of 17 GeV

example, at 27 GeV and € = 0.13 MeV we have og ~Z '8 The use of exact formulas (2)

and (3) leads to the dependence 05 ~Z'® The deviation from the simple dependence

05 ~z? considered.in a series of earlier papers [13—15], is explained by the fact that we
use more correct expression (4) for 9pmin @nd take into account the finite size of the absor-
bing target nucleus.

Figure 2 presents the dependences of the iH Coulomb dissociation cross section cg on
the binding energy of the hypertriton € calculated by exact formulas (2), (3) for vaﬁous
nuclear targets at E = 17 GeV. The calculations of the dependence of og on € by formula
(5) at the same high energy give nearly the same results. It is seen that the cross section

og is highly sensitive to the value of € in the range of small values of &€ where for heavy
nuclear targets the cross section 05 considerably exceeds in value the integral cross sections

of diffraction nuclear processes. Thus, if the binding energy of the ?\H hypernucleus €
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Fig.3. The dependences of the integral cross sections 05 of the ?\H
Coulomb dissociation on the incident particle energy E calculated by the
exact formulas (2) and (3) for the g;sU target nucleus at €=0.13 MeV.

Curves 1 and 2 illustrate the dependences of 05~ 1/E and

05 ~In(E/ Mocz), respectively

appears to be smaller than the value of ¢ =0.13 MeV, it could be determined experi-
mentally with a sufficient accuracy.

The Coulomb dissociation cross section of the hypertriton 05 increases much faster
with increasing the mass number A of target nucleus than the cross section of the diffraction

nuclei dissociation 0'3’ As a result of this, at € = 0.13 MeV and at high energies E, the cross
section og is noticeably larger than the cross section 05 for heavy nuclear targets, while we
have opposite situation, namely, 4 > O, for medium and light nuclear targets.

While the integral cross sections of nuclear diffraction depend slightly on the incident

particle energy E, the cross section 65 depends on E rather greatly. At E of the order of

hundreds of MeV, 0'3 falls down rapidly with increasing E approximately under the rule
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1/E and has a broad minimum in the range E = 6 GeV (where 0'5 = 3.5 barns), after which
it increases slowly with increasing E under the rule ~ In (E/ Mocz) (see Fig.3). The indi-

cated explicit dependences of the cross sections 63 on E in the nonrelativistic and ultrarela-

tivistic ranges arise from the exact and asymptotic formulas for 0‘5 listed above.

The direct numerical calculations, we performed by the exact formulas of the
diffraction model taking into account the Coulomb interaction between colliding nuclei,

show that not only at <> <<R2, as it was found earlier [16—19], but also at

<”>>>R2 as in the case of incident hypertritons, the diffraction and Coulomb

mechanisms of the incident nucleus break-up are practically independent of each other,
since in all the cases the interference term proves to be considerably smaller than the cross

sections o{iv and 65.
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