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LEFT-RIGHT COMPONENTS OF BOSONIC FIELD
AND ELECTROWEAK THEORY

D.V.Fursacy, V.G.Kadyshevsky

Itis shown that the notion of «chiralitys in the theory with fundamenial mass
has a more universal meaning and is applicablc not anly 1o fermion but also 10
boson ficlds. In the framework of this approach the Higgs sector of the standard
model should include apart from the «left» isotopic doublets of scalar fields the
«rights scalar singlcts as well. Possible cxperimental consequences of this
proposal are shortly discussed.

The investigrtion has been performed at the Laboratory of Theoretical
Physics, JINR.

JICBHC ¥ NPaBRC KOMAOHCHTH GO3ONHOTO NOS M ANEKTPOLAE-
6as Teopua

.B.®ypcace, B.Kannumescknii

[loxaaauo, 4ty B Teoprm ¢ PYHIAMCHTATLHON MACCOR NOHFTHE *XHPANLHO-
CTM» uMeeT 60ACE YHMBLPLADBItBIA CMBICA H NPUMCHAMO HE TOALKO X Pepmn-
OnHaiM, HD M X 6030HHBIM NoMMM. B pamMxax 3TN0 NOAXOAA XUITCOBCK It CEKTOP
Cﬂl",'lapTHOﬁ MOACHH IOMHMO «JICBbIX® MIOTONMUECKUX M&"CTDB CKARAPHDIX
1ONCE JOAMEH BKJBOUATD TAKXKE «“NPARLIL® CKANHPHBIE CUHIIETH, Kpa'rxo of-
CYMAAITCH BOIMOMNHLIC IXKCNCPHUMCHTEABUBIC CACACTBMA DITONG NPEANOIa-
WKCHHY,

PaBoTa apinonucua s labopatopun reopetiueckon puznkn OHAN.

§. In the Glashow — Salam — Weinberg standard model of eleciroweak
inferactions based on the SU2)@U (1) gauge group, the Higgs scalar, like
left and right chiral projections of quarks and leptons, is an SU{(2) doublet.
However, the notion of chirality doesn’t have meaning when applied to
boson ficlds. So the model scems te us 1o be inconsistent in this point.

We would like to draw attention to the existence of such a formulation of
quantum field theory (QFT) when the quantum number «chirality» has a
more general and universal meaning than just the eigenvalue of the y
matrix. The new notion of chirality is being spread now not only to fermion
ficlds but 1o bosonic ones,too. It gives us an opportunity to extend the Higgs
scctor of the standard model by introducing into consideration separately

5
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«left» H, and «right» H , scalar ficlds. Possible experimental conscquences
are shortly discussed.

1I. The formulation of QFT {1—35 ] mentienced here conlains a new high
cnergy scale M that has the simple geometrical meaning. This is the
curvature radius of the De Sitter p-space

2 2 2 2
Py =P —ps=-M hH

replacing the Minkowski p-space in the theory. The low energy-momentum
region corresponding to the standard theory is identificd with the flat fimit
of the surface ()

Ipsl, Ipl << M, |p5|EM. 2)

In the coordinate representation (1) is replaced by a free S-dimensional
cquation (the so-called «fundamental cquations)
.2 .2
J )

- —5 - M p(x, 1) =0 3
dxﬂﬂx” (9x”)

fo be universal for the ficlds of any tensor type. However, for the spinor oncs
¥(x. x¢), besides (3, the S-dimensional Dirac cquation is also fulfilled

@, + Myp(x, x°y = 6, (4

where TX are five 4%4 matrices with anticommutation relations {T*, 17} =
=24 K L=0,1,2,3 5 diagg=(+1, -1, =1, 1, = 1), [¥ = 5. All
information about the fields p(x, .\‘5) and ¢ (x, .\'5) and their interactions iy
contained in the ininal data (p(x, 0), 0@/0.\’5 (x, 0)) and y(x, 0) for which
an adequate Lagrange formalism has been constructed in {1—2). We
consider the corresponding ficld theory naturally including a new universai
constant M as a basis for describing high energy processes under E > M
beyond the scope of standard model.

When passing to the standard theory as M - o, cquation (4) turns into

(07 + My p(x, ") =0 )

and y(x, .r5) reads
s._1+y° mimdt 17 M
pixn X)) =5yl 0) ™" + 7 ¥l 0) MY, (6)

Thus, the ordinary «left» and «rights spinor ficlds corresponding to diffe-

rent cjgenvalues of the 75 matrix arc amplitudes of the phase multipliers
*iMx

¢ .

6
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An analogous definition of chiral ficlds can be introduced in the bosonic
casce if the asympilotics of solutions of Eq.(5), when M — oo, is writfen in the
form like (6). For this purposc let us put

| 5 _ s
5(;0(.\'. X+ x—~-w(\', X )) = ¢, (x, x),
1 Y ™
5 .G 5 5
Flex, x7) — i—<ex, X)) | =e,(x x°
2 ( 0.\’5 ) 2 )

and introduce the doublet &{x, .rS)T= {r,(x, .\'5), (% .t5)). Then, from
(3) it follows that

2 Sy = _——
3 Oy, ) = l[ (M ZM) io? ] D(x, x ) ®)
d
where 1= - (’ 5 and o?, o> arc the Pauli matrices. Thus, if M > o,
l).t:“().\’
3 3
+ S ] - T
Dx, ) = %i P(x, 0) ¢ =M +—72— ®(x, 0) =M C)

Once can sce, comparing (6) and (9), that o plays the role of the 75 matrix,
and the components (%, .\-5) and ¢ (x, .\'5) of the doublet ®(x, .1'5) can be
considered as scalar «left» and «rights ficlds analogous to left and right
chiral projections v, and y, of the spinor ficld.

[11. Following the Glashow — Salam — Weinberg modet we place left
scalar ficlds into isotopic doublcts and consider right spinors and scalars as
isosinglets. Itis natural (o identify left scalar doublets with Higgs ficlds and
assign 1o them the proper value of hypercharge Y = 1. The occurrence of
right scalar singlets is beyand the scope of the standard model. Mcanwhile
two essentially different cases are possible — charged and uncharged ficlds.

Let us discuss the properties of charged right singlets marked by H;
and H; according to the sign of their charge. First of all particles of that type
could be clearly observed in prcrimcnls atclectron-positron colliders in the
processes c*c >y > Hy H or ¢t —>ZO-¢H;'H;. For example, the
cross-section of the first process beyond the threshold is about 1/4 of the
scction of the process ete™ »y » p +[l— 16 ). So far as charged scalar par-
ticles were not yet observed, their mass must not be less than half the
nculral vector boson mass. Intcractions of H: with quarks and leptons and
also with vector W-bosons appear sufficiently weak as the corresponding
interaction terms are absent in the L;l‘grangian of the theory.
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The prediction of uncharged right scalar particles H(,: also seems inte-
resting. From the Gell - Mann - Nishidgima rclation ane can infer that such
particles have zero hypercharge and very weakly interact with the other
matter. They resemble in this respect right acutrinos v, with which they can
be coupled in the Yukawa manner

[Pgva HQ+he, am

where fis a constant and 17‘,;, is the spinor charge conjugated to v . I H,(‘.) gets
nonzero vacuum cxpeclation value, these interactions give rise to Majorana
masscs of right ncutrinos and lepton number nonconscrvation. The corres-
ponding Goldstone boson was called the majoron [7 [ This circumstance is
uscd in a number of genceralizations of the standard clectroweak model, in
the Glashow work [8 |, for example, where a suggested model describes both
the solar neutrino deficit and the existence of the so-called 17-keV neutrino
revealed by Simpson |9,
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RETARDATION EFFECTS IN ¢d - ¢’np REACTION
V.V.Burov, A.A.Goy*, S.Eh.Sus'kov*

Electrodisintegration of the deuteron near pion threshold with altowance for
retardation effects in meson exchange currents is studied. It is shown that retar-
dation cffects should be tfaken into account at large transfer momenta
(>0 fm"). The radial dependence of the matrix elements for d = " So-
transition has heen inveatigated. 1tis found that the inclusion of meson exchange
currents with allowance for retardation effects is important at r = 1—1.5 fm,
when 1 < 30 fm ™2,

The investigation has been performed at the Laboratory of Theoretical
Physics. JINR.

Dok T 3ana30BRAHNAY B ¢d > ¢ npP-PCakuHm
B.B.Bypos, A.A.To#, C.3.Cycbkon

HCL‘JIC,‘ll‘IIiIII DACKTPOPAIBAN IlCi"iTpO"ﬂ Ha flopore "HOH()I)6[HL10IH[I!H)! ¢ yue-
Tosm ‘.7d)¢t‘l('l‘l\ll JALIIBAHHY B MC3OHHBIX U()ML‘HHI,IK Tokax. [Moxaszana I|L‘06-
NOJBEIMOCTH VT 1‘¢¢(‘K1(\H IAATALBANHSE B \‘(‘)JIHCTH 6().'Ibllll|x HMIIVIALLOB
nepesaun (1> 10 dw_z). PaceMoTpeHa paiiHaNbHan 3a8HCHMOCTE MRTPHEHIbIX
aaeMeos s d - '.S'o-ncpuxmla. YETaHOBICHD, HTO BKIAA MCOHHBIX 00MeN-
HBIX  TORDH C YUCTOM :‘lb(bL‘KTlill JATAB I AN llﬂMGOﬂCC CYINCCTHCHCN TPy
Fe= 1.5 Mt < 30 pmL

Pagora swinoaena s JaGoparopit Teoperacckoil uinki OUSH.

I. Introduction

Magnetic Ml-transition in the ed = ¢’np reaction with inclusion of
meson exchange currents has been studied carlier in refs. | 1—7 ). Detailed
calculations have been made with allowance for scagull and meson currents
(fig 1(a), (b). However, the investigations of the retardation cffects have
not been done yet. The reason is the lack of cxperimental results at large
momentum transfer. In this casc the traditional set of meson exchange
currents (sce fig. 1) was quite enough to get the correct information on the
diffcrential cross section in a small region of transfer momenta.

*Far-East State University, Viadivostok, Russia
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At present the available experimental data on the differential cross
section arce known up to about | GeV that allow one to investigate the
clectrodisintegration near threshold at shart distances where the relativistic
contributions have to be impaoriant,

The retardation of meson exchange currents is once of signiiicant rela-
tivistic effects, whose investigation has been done. Inref 8 | the rewcrdation
current was studied for the elastic e-d scattering. It was shown that the in-
clusion of retardation meson exchange current into the structure function
H(qz) has a considerable effect at large transfer momenta. Morcover, for (he
structure function A(qz) the contribution of retardation effects worsens the
agreement with experimental data thus compelling one to 1ake account of
other cffects, for instance, quark degrees of freedom. That situation pro-
vokes the investigation of the deuteron structure when all the contributions
of meson exchange currents are taken into accouat including retardation
cffects.

In the present paper, the clectrodisintegration of the deuteron with
allowance for retardation cffect has been investigated.

Marcaver, the radial depn adonce of the natris clomeats foe - I}I.“
transition with allowance for retardation effect has been studied. 1 was fo-
unded carlier in ref. |7 ] that the meson exchange curcents (fig. 1) dominate

10
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if the relative distance between two nucleons is between | and 1.4 fm for
t < 30 fm “. In our work the influence of retardation effects is studied,
which is nceessary to get a realistic picture of the radial dependence at high
momenium transfers,

2. Model

According 1o ref. [6] the differential cross scction for the o —» lSO-

transition has the form

2
Ao 16 2k KM o1 2
d0de =3 ¢@ qz 2 sin 26((k‘.+kf) -
1 1 F
= 2k cos? 3 ) I(S, 11T M1 1), M

ki(!) is the initial (final) momentum of the zleetron, q is the vector of
momentum transfer, ¢ stands for the four momentum transfer. The magnetic
multipole TIMag is expressed through the isovector current operator J as
follows

TM%(g) = [j,(e) Y} (Q,) Jdx. 3

The cxpression for the isovector retardation current is dcerived in the
framcework of the S-matrix method for M1 - transition due to o exchange.
We have the following equation:

W=yt ¥ 3
with
= —iGhm gzn—ﬁszm—i# (i(r, X 1), + zg) x
R E )W
o0 o ) o) v

Here fz/4n =0.08, M is the nucleon mass, m_ denotes the pion mass,
kI(Z) =p’l‘2 - P, (pm. p’L2 are the initial and final momenta of two

nucleons), w is the pv . energy,

1

> BEdointe .



4.706 )

Gyt = —
18.23 fm ™2
Py = ' ; —— (1 +4.706 -’—2) )
et Y 14— aM
18.23 fm_z) M

(see {6 ]). The matrix elements for scagull and meson currents have been
derived in ref. [0 ). In this paper we have determined the matrix clement for
the retardation current. The retardation matrix clement for d - S -

transition has the following form

('Sl TR d) = i#[q(n ndt. (8)
0

Here

v | 1
7(r, ) = Gy (1) ﬁn‘gﬁ? ug(r) Uy (5 4r) (g u(N197,(r) +

+ w(r) %(—IBII(r) — 81N + js(% qr) (VIT u(ryl1,(ry +
+ W) 5T1,(0) = 81,0, 9)

where u(r), w(r), uo(r) arc wave Functions of S, D states of the deuteron and

]So-final state, respectively. The radial functions I,(r) are given by

15 ;ks'(k) K0
7= i) —"—55
A o T u

dk . 10
2.2
mn)

Kincmatical quantities are related in the following way

2 2 2
y ((M"+Mp+E"p) -Md +1)

+1
2 ’
4d

(1D

q=

where M Mp, M, arc the neutron, proton and deutcron mass, respecti-

n
vely. For r » &, we have (
uy(ry > ra sin (Kr+ dy). 12)

The momentum K is related to the relative cnergy of np system Enp as

follows

12

B nafi R & (A

[Te——



—— .

2
=K a3

Note that the result (8) is independent of J B

To determine the realistic properties of a two-nucleon system, the inner
structure of nuclei at short distances has to be taken into account. In this
casc the bare TAN vertex has Lo be parametrized by the vertex form factor
K (k). We shall investigate two parametrization forms of the vertex form

factor. The first anc is of a monopole form. According to ref. [6 ] we have

Ai - m_ZI
K_(k) = ——3. (14)
7 AL+ 42

The scecond paranictrization ensures the monopole behavior at smatl &% that
is usually used in the low-cacergy reactions, and the (kz)"3 decrease at large
k? assigned by quantum chromodynamics [10 }is given by

K (k) = ~==- =y ! ram (15)
k &
(I+-—5-)+—)
AY A
.2 2.

We shall investigate different values of the cut-off parameters related to the
rins of the nuclean: 0.48 fmand 0.7 fri. Here A1 =1.25GeVor0.85GeV,
respectively, A detailed analysis of rms was done inref. [6]. The cut-
off paramcters A, =099 Gev, A, L= 2.58 GeV were determined in
ref. [10 ). The calculations with the vertex form factor (15) were made with
the following renormalization of the coupling constant f
i’
m

a
f=r l—ﬁ—z' . (16)

pig

3. Results and Discussion

Calculations of the differential cross section have been done with the
relative energy of np system EWI = 1.§ McV and scattering angle 6 = 155°
with the use of wave functions of the Paris potential. The results for the dif-
ferential cross scetion with allowance for meson exchange currents
(figs.1.2) are shown in fig.3.

13
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Fig.3. Differential cross section. The dashed line § is the impulse approximation,
2 is the calculation with the vertex form factor (14), and A, = 0.85GeY, 3 dare
the calculations with the vertex form factor (15), /\1 = 0.85 GeV and
A, = 1.25 GeV, respectively, 5 is the calculation with the vertex form factor (14)

and A = 1.25 GeV. The experimental data from [11], ]12)

It is seen that the results are very sensitive to the parametrization form
of the vertex form factor and cut-off parameters. First of all we note that the
calculation with monopole parametrization form (14) and cut-off parameter
A= 1.25 GeV (curve 5) destroys the agreement with experimental results

in the region of 1> 10 fm~2.

The inclusion of Aﬂ = 0.85GeV, curve 2, [cads 1o a more positive resull
which is not in contradiction with the experimental data.

Curves 3,4 (sce (16)) show the calculations of the same differential
cross sechion but with the rapid-decrcastug veries Yo bactor (L)Y Hae, w
contrast with the monopole vertex form factor, we get resulls in contradic-
tion with the cxperimental data in the regionof £> 13 fm™ “.
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Fig.4. The dashed line 1 is the calcutation for point particies. 2 is the inclusion of
MEC with allowsnce for retardation cffects (S+M+R) and A = 1.25 GeV. 31

the inclusion of MEC with allowance for retardation cffects (S+M+R), with
A, = 0.85 GeV. The calculations were made with the vertex furm fretor (14)

and = 0fm"?

Now let us convider the radial dependence of the matrix elements on the
momentum (. Figures 4,5 show the calculations of the radial functions
#(r. 1) for the vertcx form factor (14) with A =125 Ge¢V and
A = 0.85 GeV for momenta transfer { = 0 fm2and ¢ = 30 fm 2.

Itis seen thatifr=0 fm_z, the retardation cffects arc absent (fig.4 cur-
ve 2,3). In this case curves 2 and 3 are absolutely identical with the calcu-
lation without retardation current. The total result dominates in the range of
relative distances of about 1.4 fm for A = 1.25 GeV and 1.5 fm for
A, =085Gev.

However, the retardation cffects are more manifest in the calculations at
large transfer momenia.

Comparing the result obtained with allowance for retardation cffects,

fig.5 (curves 3,5),with the analogous calculation with the usc of the seagull

I5
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Fig.5. The dashed line 1 is the calculation for point particles. 2 is the inclusion of
MEC (§+M), 3 is the inclusion of MEC with allowance for retardation effects
(S+M+R) and A_ = 1.25 GeV. Caleulations 4.5 are the same as 2, 3, but for

A, =0.85 GeV. The calculations were made with the vertex form factor (14)

and t = 30 fm™2

and meson currents, curves 2 and 4, we sce, that retardation effects give a
very considerable contribution at 1 = 30 fm™ . Here, the considered sct of
meson exchange currents dominates in the range of about 1 fm, which is not
in contradiction with the previous result of ref. {7 ).

4. Conclusion

The investigation of the clectrodisintegration of the deuteron ncar
threshold with allowance for retardation effects in MEC allows us to make
the following conclusions.
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1. The inclusion of retardation cffects feads to noticeable discrepancies
with experimental dita at large transfer momenta (1 > 10fm™ %),

2. The calculations are very sensitive (o the value of cut-off parameters
and strongly depend on the vertex form factors.

3. The meson exchange currents dominate when the relative distance
between two nucleans is of about 1--1.5 fm, when ¢ < 30 fm ™2,

4. Generally speaking, the calculations of the differential cross section
with allowance for retardation cffects at farge transfer momenta force s (0
take account of other degrees of freedom.

References

. Hockere 1 Riska DO, Gari M., Huffman A, — Nucl.Phys., 1973,
A217. p. 14,

. bock LA Foldy L.L. — Annals of Physics, 1975, 93, p.276.

. Fabian W., Arcithove! H. — Nucl. Phys., 1976, A238, p.461.

. Sommer B. — Nucl. Phys., 1978, A308. p.263.

. Leidemann Wo, Arenhovel Ho — Nucl. Phys., 1983, A393, p.385.

. Mathiot J.F. — Nucl.Phys., 1984, A412, p.201.

. Mathiot LF, — Phys. Lent., 1987, 187, p.235.

. Burov V.V, Dostovalov V.N., Sus’kov S.Eh. — Czcchoslovak Journal of
Physics. 1991, 41, p.1139.

Y. Gari M., Hyuga H. — Z.Phys. A-Atoms and Nuclei, 1976, 277, p.291.

10. Gari M., Kaulfuss U. — Phys.Lett.. 1984, 136B, p.139.

11, Bernheim M. et al. — Phys. Rev, Led., 1981, 46, p.402.

12. Auffret S. et al. — Phys. Rev, Lett., 1985,55,p.1362.

OC ~ & ' e N

Received on October §, 1992,

AL T



Kpumkue coofugnus OHSH No6{57 1-92 JINR Rupid Communications No.6[57] 92
YK 539.12 01

ANOTHER POSSIBILITY OF CONSERVED-VECTOR-CURRENT
HYPOTHESIS VERIFICATION

Z.Dubnickava, S.Dubnitka, M.P.Rckalo*

Bused on the conserved-vector-current (CVC) hypothesis and a four-p
resonance unitary and analytic VMDD model of the pion clectromagoetic ferm
factor, the behaviour of a tousd cross section and energy disiribution of the finat
state pions of Fee™ - 2 71" process are predicted theoretically for the first time.
An cexperimemtal confirmation of the latter could provide another reliable
method of CVC-hypothesis verification for all energies above the two pion
threshold.

The investigation has been performed at the Laboratory of Vheorelical
Phyaics, JINR.

,’lp_\'rim BOSMOXHOCTH NPOBUPKH THIOTC3W COXPAHUHHSY
BCKTOPHOMD TOKA

A.3. DybPunukosa, C Ayonuuka, M. Pekano

Ha ocnone iMnotedsl coxpiticisns ek aprom roka (CBT » yumrapuoit
anavucekoss BMJE-monens ¢ MeThipeMa p-praonanicaMi g ONHCak s
DACKTPOMATHITHONY DUPMEBAK TOPE MO BUCPBLIC TCOPETHUCCKH UPECKa -
AUTHAC LU FIOBEACHIE BOAHOND COHCIHY M SHEPIC THYCUKOC PACTLPCCALTHEC 11
OHOY 8 KOHCTHOM COCTUSIG 3t LpOrecee F.('- - .1‘:!". ')ancpHML'll|al,'\|-llilsl
HPOBUPK SIPEICKRATURRON DPCACIAWINCT Apyon Mmeto) nposeprh CBT ane .
TUIb LU BOCX I)NCPI'H“ RBBEC ARYXHTHOHHOMN hopora.

PaGata sabosanena s JaGopiatopum reopetssueckait dusten OHAN.

In the y-A theory of weak interactions |1 ) the hadronic charged weak
current .I/‘ is a compound of vector V/‘ and axial-vector A,, currents. In the

scecond hadf of the fiftics the conscerved-vector-current (CVC) hypothuesis

R Vl‘ =0 )
was postulated [2,3 [in order to explain an approximate numerical LQUle
of the muon decay constant G* and 1he neutron decay vector constant G¢
Latcr on the CVC-hypothesis manifested 1o be very powerful. Here we

*Kharkov [nstitute of Physics and ‘Technology, Kharkov, Ukraine
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notice only the relation between a matrix element (n"l V/‘ ix*) and a matrix
clement (:r+ IJ,"‘I:I+) of the electromagncetic (¢.m.) current ",;h following
dircctly from (1), which finally lcads to the relation

FM0 = VI FE = )

between the weak pion form factor (ff) F'Tw(.\') of a virtual W -boson
transition (W) +7"a% and the pure isovector c.m. pion form factor
F_l[""_l(.\') of a virtual photon y* =z 7™ transition, where vZ is a Clebsch-

Gordan cocfficicnt of the SU(2) isotopic group. The reiation (2) has shown
to be very uscful. There are neither data on F_'W(s) nor an accomplished
theory, nor a phenomenology giving a reliabie behaviour of the weak pion ff,
On the other hand, the behaviour of the e.m. pion ff is understood from the
experimental (for a compilation sce [4)) and phenomenological points of
view [5,6 ] quite well. So, the relation (2) already in an carl‘y sta%c allowed
12,31 to predict a probability of the pion beta-decay n° » ¢'+v‘,. Its
experimental confirmation |7] is now presented as one of the brilliant
demonstrations of a general validity of the CVC-hypothesis in the weak
interaction theory. However, there is a release of a negligible amount of
cnergy in the pion beta-decay and in facl one is authorized to speak about a
CVC-hypaothesis verification only in surroundings of s = 0.

To validate experimentally the CVC-hypothesis outside this restricted
region, we propose here fo investigate the weak F‘,e— a7 process, Its
threshold cnergy is Ef,“) = 2m,21/my = 70.7 GeV and so, it is already
dattainable experimentally on existing accelerators.

The differential cross-section of the weak v e™ » ax’

rcaction in the
c.m. system is given by the expression
do 1 I & (2

do _ 23 M
a2 A+ D3, 4 D pan®s P 5

, (&)

where s 2 4mJ21 is the c.m. cnergy squared, & = ({s — 4"1]2[)/4)”2 is the

length of a 3-dimensional momentum of praduced pions, p = (s/4)”2 is the
length of a 3-dimensional neutrino-momentum and s;and s, are spins of the

antineutrino and electron, respectively. The matrix element M in the lowest
order of a perturbation expatsion can be calculated from the Feynman

diagram presented in Fig.la, that for s << mfv- is reduced to a contact

diagram presented in Fig. 1b.

- wl s



Vi) n (ki)

w :
. .
//\/\/\/\/\/\/\/Q

s F¥)

/ e {p) a%(ka)

(a)

¥ig.1. The lowest order perturbation cxpansion Feynman diagram
giving a dominant conlribution to the weak F'e' ~na"nm process

It takes the form

G -
M = 757 (), (1 + y)e(p)) (ky = koY F L (s), @
where G = 1.1663 1075 GeV ™2 s the weak intcraction Fermi constant, The

expression (4) leads lo

da G2

T B2 1F¥(5)12 sin’, %)

where ﬂn =(l - 4m12,/s)”2 is the velocity of produced pions and 8 is the
scattering angle in the c.m. system. To predict a behavior of am‘(Ev'“b), first
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iig 2 The predicted by (6) behaviour of the ttal cross-
section of the # ¢ + 372" pracess at the laboratory system
B )

we multiply (5) by dQ = sin # d6 dy, then integrate over angles 8 and ¢ and
finadly substitute the cxprcs‘s‘ion (2) (generally valid for —~o < s < + )
and the relation s = mj + 2m “h . As a result, one gets

lab 2 Aaby 43 EJ=1 lab,,2
Ilnl(E ] )= I4AJI (mt' + 2"‘('£l" )ﬁv 'F]! (Ev’n)' ©

from which, by using four-p-resonance unitary and analytic VMD madel
16 | of the pion c.m. ff, the behaviour ofo (E"‘h) in the laboratory system

as shown in Fig.2 is prLdlLlLd
Besides the o wil s fab ) itis interesting also to pn.dut an energy distribu-

tion of the pions created in the weak v v(,l' S process to be given by
(In/dﬁ_:“". The latter is obtained from (§), first by integration over the ¢

angle and then by substitution of the relations

m, fat tab
dcost =~ Z‘—;“—_c;'— dE, Pos= 2ml,£|," 5
me n
(E "E"m -m E hh) 1Y)
sinZ() = l — . dEI'Ih

(™ (pF ™y
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Fig.3. The predicied behaviour of the energy distribution
of pions as given by (3)

where

' _
m .m
m.  ogem o cm. ¢ plab e, e lab 0
ES™ = ™ ptm ~»/—2 E™ and ™=V S5 (£ - EP).

Conscquently, one gets the expression

g

do m(,G 2 E‘lah _ Ef,m (E"lah _ 2E’:;\h)2

= 1 -
lab 81 fab lab, ~lab _ {0)
dE, E, ESNES™ - E)

IETE'I=I(E‘_I"b) | 2

(8)
from which the cnergy distribution of the final state pions of the reaction
?l,e' » 77 n% at four different energies corresponding just to p(770),
p' (1450}, p"" (1700), p'""(2150) resonances is calculated. The results are
graphically presented in Fig.3.

The experimental approval of our predictions for aml(E',"'h) and
da/dEﬂ'"h could validatc the CVC-hypothesis for all investigated encrgics

above the two-pion threshold.
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PROTON-PROTON BREMSSTRAHLUNG
AND NARROW DIPROTON RESONANCES

S.B.Gerasimov, A.S.Khrykin

The possibility is suggested and discussed of using the bremsstrahlung
reaction in prolon-proton interactions as a new tool for searching and
investigating the narrow diproton resonances.

The investigation has been performed at the Yaboratory of Nuclear
Problems, JINR.

[1pOTOH-NPOTOHHOC TOPMO3HOE MINYUCHHUC
H Y3KNC AUNPOTOHHBIC FC30HAHCH

C.B.T'cpacumon, A.C. X pukui

IpeanaraeTcs 1 06y KARCTCH HOIMOKHUCTD HCTONLIORANY PEAKIMH TOP-
MOJHONO HIIYUCHHH B [IPOTOH-HPOTOHFIOM BIAMMUACHCTBHH B KAMCCTBE HONOIO
Cll(\COﬁﬂ JUTH IOMCKA M NCCACN0BANKMY YIKNX AHUNPOTOMILIX PE3OHAHCOH.

PaGora shmoancua v JlaGopatopun spepunix npobiacm OUSTH.

I. Introduction and Motivation

The discovery of the dibaryon (and, possibly, multibaryon) resonances
would, undoubtedly, be of great importance for many parts of hadron phy-
sics including nuclear physics. Although the evidences for dibaryon reso-
nances have repeatedly been reported in many cxperiments, the situation
cannot be recgarded as a well-determined. The current status of this problem
[1,2,3 | advances its unambiguous solution to the level of main tasks of the
nuclcon-nucleon interaction physics at intermediate cnergics.

Among the available dibaryon candidates, the group of narrow resonan-
ces with masses M, in the range Zm‘7 <M< 'Zmp + m_presents special in-
terest. In this paper, we suggest discussing the novel means of searching and
investigating the dibaryon resonances of that type. Our main purposc is 1o
show the utility and expediency of the proton-proton bremsstrahlung 1o
search for the narrow diproton resonances.

As the starting arguments in favour of this proposal the following
remarks appear to be pertinent:
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The common feature of all dibaryon ciandidates is the small value of their
coupling to the YA -channcel. The direct confirmation of this salient fea-
ture 1s provided by the recent experimient on searching for narrow reso-
Fances in pp-scattering with a small step of the incident proton energy
“artation {4 1. Therefore, the use of the inclastic NN-channcls appears to
3¢ a more perspective way of inquiring into dibaryon resonances |5 )
“he uecay mouces of resonances with masses MH < 2'",0 +m_arepp- and
o onannes. Che experimental indications of radiative decay channels
very aetained i reactions including atomic nuclei [5,6 | However, from
he paiitt of wiew of simplicity and reliability of data interpretation, the
Ganitheoprocesses in the «clenientary» AN-interaction would have
mavunied  advantages.  Among  all  inclastic  NA-reactions  the
remssirihiung is the simplest one. The expericace accuemulated in the
Svnerimeniai and theoretical investigation of NN - NNy reactions is very
asciul for estimation of the resonance-lo-background ratio in indicated
SeAciions,
Tor some spatd or internai quantum numbers the decav B - pp may be
averddon or <unpressed by dhe rigorous (Pauli principles or approximate
daasping cter sefechion ruics. The radiative channel of the resonance
goapchion i and subsequent decay 8B - ypp owill then be the
tagque ar orcpal channel if the proton energy is below the pion
weduction threshold. The use of the doubte bremsstrahlung reaction in
e rgion of the assumed resonances (the coincidence measurement)
dhowes favoarable possibidities 1o determine the quastum numbers of the
eapiored resonances at the advantageous signal to background cenditions
vl hackgreand from the ordinary, bremsstrahlung mechanism s
swpected o be strongly reduced) and with the minimal free parameters o
he deternuned experimentally.

2 The Madel of «Exiernal» Radiation
of Soft Photaons Near the Resonance

Firstiy, we consider the bremsstrahlung reaction near the resonance

with quantum numbcers allowing «clastic» decay channel 8 - pp when

wr = T8 - ppy. We refer do this case as the «external» bremssirahlung

beeause in this case the dominant radiation mechanism is duscribed by the
pole diagrams in Fig.1 (a—c¢) and is determined by the electromagnctic
characteristics and resonant interaction amolitude of the colliding particles.
As far as the quantum numbers of a resonance are regarded as unknown, it
is impossible to calculate the radiative amplitude taking into account

25

e e e —n et s a

o T V.



\
e / f

Fig.1. Diagrams of the bremsstrahlung reaction. The solid line correspoids o nucleons; the
double line, to dinucteon resonance; the doted line, to phuston

consistently all spin dependent characteristics of particles  (magnetic
moment, ctc.) and the interaction, and therefore, we have to confine
oursclves 1o retaining only the «charge» (convection) part of the
corresponding clectromagnctic currents. However, as it has been shown for
the case of the ordinary, nonresonant bremsstrahlung [8 |, the neglect of the
magnctic moments is justified at relatively low photon cnergics. The
inclusion of only the convection current results in obtaining the lower Eaund
of the considered cross section. The presence of the narrow resonance will,
obviously, produce the characteristic, narrow y-line in the emitted photon
spectrum. The position and shape of this line arc mainly delermined by
kincmatics of the initial stage of the quasi-two-particle rcaction
pp > yB—>yX through the resonance mass A, and width Flu‘. Our
approximation (allowing for charge/convection current only)  and
dominance of the contribution to the cross section from the initial particie
radiation pcrmit us to give the general expression for the inclusive photon
distribution in an arbitrary rcaction e+ b—>y + R->y + X ncar the
resonance R with mass M, spin I and partial width l'ab = I'(R » ab) for

any charge Za (in units of ¢) and masscs Mu(b) of the colliding particles:

(b)
d’a a I PW mw
m(ah—-yR—-yX):m EFub(p’g)WUH (s'), b
where
26
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\_  Tlab=150 MeV , ©y=30 deg

do/doddy (nb/MeV sr)

4 ey
s \\
—
4
3 e . . .
5 7 9 11 13 15 17 19 21 23 25
wMeV)

Fig.2. Differential cross section for pp - yX reaction (ecxternal» radiation). The solid curve
corresponds to I“m = 0,150 MecV; the dashed curve, 10 I‘“Jl = 1.0 MceV

12,8, — Z,By+ (2, + Z,)8 cobG]sm

F p,6)= 4 b Dby @

“ (1 -8, cos 6)2 (4 +ﬁbc059)

W+l M2Ir T
‘W”‘am+nm+n R @

(s —MR) +N[erﬂl
(s = (M, + MYH' 12 (s = (M, ~ MpH /2 _
p= 7 , )
h)
—p o w? )
‘Bu(b)— E - ’

2
a(p) S+ Mu(h) - Mb(a)

P

s = Wz=() + ) 5= W —(p +py— k) 2= ¢ — 2wV, pep(ses),
s cos 0 = aa l’(\, Ju(b) — spin of the particle «(8), a = /137, w — photon
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encrgy in ¢.m.s. For ¢« = N and b - N in various charge states, we obtain
from Eq.(2) in the leading nonrelativistic appraximation:

4
4-33 sin’6 cos’6 (uep, bep)

m
2
Fynn8) = -'%5 sin9 (aep, ben), 6)
2
4L sin% (@aep bep)
m

where m is a nucleon mass. For the illustrative purposes, and to cstimate the
possible signal-to-background ratio the pp —» yX reaction cross scction is
prescnted in Fig.2 at some fixed valucs of the initial proton kinetic energy
T and photon angle Oy. Rather arbitrary, we take l“m =[(B->pp)=
=0.15+1 McV,J, =0and M, = 1936 McV for the assumed resonance pa-
ramcters. It should be noted that for J, 0 the height of the resonant peak

must be increased (21” + 1) times.

3. The Case for «Internals Bremsstrahlung
Necar the Resonance

For the radiative processes, like the nuclear photodisintcgration or
meson photoproduction [9] or considered here bremsstrahlung reaction,
the case when the dinucleon resonance decay into the NN-channel is cither
forbidden or hindered presents special interest. It is casily seen that the
Pauli principle forbids the parity-odd (even) spin-singlet and parity-cven
(odd) triplet NN-states with the isospin /=1 (/ =0). For any of the
possible spin values of the NN-system the following combinations of the
total angular momentum J and parity P are forbidden:

{1 F3t st ifr=1 (7a)

1F=
05,27,47 .., ifI=0" (7b)

For the pp-siate the validity of the selection rule (7a) 1akes place regardicss
requirements of the isospin symmetry. Thus, if the diprofon resonance has
J% from the sct values (7a),then l“m = (B = ppy) for M, < 2’"p +m . The-
rcfore, becausc of T'(B - pp) = 0, the photon emission processes entering
into the resnnance cxcitation and decay vertices will, in place of the pole
diagrams in Fig.l1(a-¢), be described by the diagrams as is shown in
Fig.1(F). This «interpal» radiation mechanism must be accompanicd by es-
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sential change of the intrinsic motion of constituents composing the reso-
nating hadronic system. We shall describe such radiative iransition with the
help of the effective Lagrangian € = ?(F’w. I’pu LW, W) involving the
clectromagnetic ficld tensor FA“' and the ficlds Bp” W, ‘l‘c representing the
dibiarvon resonance and initial or final nuclcons (‘l‘c being the charge-con-
jugated ficld operator thatis introduced for the baryon number conservation
in appropriate vertices). To write down even the simplest form of the Lag-
rangian we need 1o know the guantum numbers (spins and parities) of the
dinucteon resonance and the nucleon pair in the contineum, Taking into ac-
count the relntive proximity of M, and invariant mass of nucleons to the
threshold value er
. ) .
plust assignment 7 = 1* for the B-resonance and ¥ = 07 for the pp-pair
in the continuum. Electromagncetic vertices entering into the diagram in
Fig. 14D have then the conventional form of the magnetic dipole transition,
and  we obtain for the vcross scection of the resonance  reaction
pp > 2B > yepp, eapressed through two free paramcters (M, and width

= 2"’/1‘ we take, in accordance with Eq.(7a), the sim-

I'll = 1'(#8 - ppy) and reduced to the non-relativistic limit, the following form:

dopp =+ B = yypp) 9 VmAw~ o ~w)) FD! W,

(/u‘) (/S) 1[(U ([Q ()4.7'! |[ﬂ
fan WWIM 2rl{I
F,= (1 +cos*(k k) ———— (8)
2 ( 1 2)) IHAQC 2

112 = 1p %+ 1,17+ WRe(D]D,)

Df=(WZ—2(ujW MI+iM I )Y =12,

R tot
where Ay = W —2m, &, =M, -~ 2, Fg= l‘m = I'(# - ypp), the nu-
merical constant ¢ = 0.1016 being determined after the integration over the
final state phase volume in the decay B - ppy, while we express unknown
coupling constant in the cffective Lagrangian through also unknown but
micasurable I© rad”

At the first stage of investigation of this reaction onc could confinc one-
self in scarching for the narrow y-lincatw = w = (W - M, )/2W which

would give evidence for very cxistence of the resonance with mass Mg In
. . . d‘c
Fig.3, thc dependence is shown of the cross section ——= (pp = yX) on the
dwdQ,
cnergy of a detected photon. This is obtained by integration of the reso-
29
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Fig.3. Differentinl  cross  section  for 1o
pp =y X reaction {(«internals radiation).
The solid  curve  corresponds ¢
l'm|=0‘l keV. the dashed curve,

I"'m = 1.0 kev.

\ Tlab=1 50 McV, By=30 dep. R-5F

dordaxdidy \nivMey )
3
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nance cross scclion, Eq.8, over o T T T TR TR e T w e AN
variables of one photon. Nume- ® (Mev1

rical values around the resonance

peak correspond o Vs e e

M;=1936 MeV, I’ =01+ keV TIsb=300 MeV , ©y=30 deg. R=a.

and the Gaussian funclion of the
experimental cnergy  resolution
with R),: Aw/w=35%. The
smooth, «background» curve cor-
responds to the calculation of the . L
pp-bremssirahlung from Ref. |8 . U o

@ (MeV)

$a:4ed0T (o/Mev w)
3

4. Conclusion

Qur cstimates reveal utility of the bremisstrahlung reaction as a means
of finding out and especially of further investigation of the narrow diproton
resonance. We treat them as very promising and opening good perspectives.
The model calculations of the radiative widths of the diproton resonances
give rather crude estimations in the range 0.1+1 keV 10,11 § for the case
when I‘lm = (B » ppy). We believe that with a fairly simple experimental
set-up onc could find a more stringent upper bound limit on ['(% - ppy) as
comparced with the model estimates. If unambiguous confirmation of the
narrow diproton rcsonances is gained, the pp-bremsstrahlung opens new
and, scemingly. unique possibilitics of their further study, c.g. the deler-
mination of the quanium numbers by using the polarized beams (1argets),
measuring the pholon-angle-correlations in the double bremssirahlung
ncar resonance, supplement studying of the final particle distributions in
the bremsstrahlung reactions (this aspect of the problem is discussed,
within more gencral context, in Ref., [12]), etc.
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ON BETA DECAY OF THE ISOTOPE '#T| PRODUCED
BY THE "Y7Sm + *®Ca REACTION

A. BOuldJLdl’l , R.Béraud', R.Duffait!, A.Asticr!, A. Emsdllcm .
N.Redon’, A. lelrnf:oud2 4. Blachm2 J. Gcm.w:y2 A.Gizon?, 1. Inchaouh?,
Yu.A.Lazarcv Yu.Ts.Oganessian, 1.V.Shirokovsky, [.N. lzostmov3

Beta decay of lhc ground state of a very neutron-deficient isotope 371 was
investigated. The Y311 was produced via the "~ Sm(" Ca, p3n) reaction on the
SARA cyclotron a1 1SN, Grenoble. Gamma lines resulting from the deexcitation
of " Hg levels were observed and the half-life of '**11 was detcrmined to be
5+2s. The knownisotope ' Tl was also produced and clearly identified in these
experiments.

The investigations have been carried out in the framework of the JINR —
IN2P3 coliaboration.

O Gera- pacnam. H30TONA SJTI 0Bpa3yioulerocs B pCaKUMK
1475m + ¥0Ca

A.Boynaxcapn v ap.

Ha umknotpouc SARA 8 I'peobac mceaenosancs $-pacnaj 0ciosHoro
COCTOSHMS QueHh HeTpororedmmTHOrO u:u)runa '"Tl, JUIH TIOAYHENMH KOTO-
POPO MCNIOAKLIOBANACH HCPHAR PEaKIUY Sm(*°Ca, p3n). Habawnanucs y-
mnmr + COOTBCTCTRYIOUIME ACBOIBY KACHISK) yPORsICH i Hg. Hepuon nonypac-
naaa '8N anpeaenc pasibiM 52 ¢. B akciepumentax 6hun nosyuen n waen-
TUPUINMPOBAH TAKIKE MIBCCTHRIA HAOTON 184y,

Pafota Banoanena B pamkax cornatenns Mexay OMAN w Haumonans-
HLIM MHCTUTYTOM (PUIHKHK Aapa ¥ PHauxn vacThi, Ppannns.

1. Introduction
During the last two decades, cxiensive cxperiments were performed 1o

study very neutron-deficient nuclides located near the closed Z = 82 shell
(sce, c.g., Refs. {I—12]). These experiments aimed at identifying new

'nstitut de Physique Nucléaire de Lyon, IN2P3-CNRS et Université Claude Bernard,
43 nd du 1t Novembre 1918, F-69622 Villeurbanne Cedex, France

Institut des Sciences Nucléaires, IN2P3-CNRS et Université Joseph Fourier,
53 Aw.nuo des Martyrs, F-38026 Grenoble Cedex, France

*V.G. Khiopin Radium Institute, | Roentgen St., 197022 St.Petersburg, Russia
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isotopes, scarching for the ground-state proton radioactivity and probing
the limits of stability of proton-rich nuclei, studying peculiaritics of a-decay
in this region of nuclei, characterizing nuclear isomerism which appears to
be a widespread phenomenon here, and at exploring also a variety of other
aspects of nuclear structure and decay.

Our interest in studying the above nuclei is motivated mainly by find-
‘ngs of the recent experiments performed at Dubna where a new region of
ZC( T -delaved fission has been revealed [13—151. In fact, the phenome-
on of EC(f D-delayed fission was shown to occur far outside its traditional
actunde nest: it was discovered for the ultra ncutron-deficient nucici of
acrcary and lead. Here, a prime example of E(‘(ﬁﬂ-dc]aycd fission is the
fission  activity  of T,,= 0.97tg:2§ s repeatedly chcctcd in the

caa ) . EC
S 4 00y reaction and assigned 1o the 180y —O-—g(gs—)-' H“’Hg decay

“wnn 13— 15]. Another striking case of EC(B¥)-delayed fission, with

., = 0.3 s has been revealed in the ISLAS3Ey, 4 “’g(l and **7Sm + ¥sc
- 1 £C

reacthions and atinbuted to the decay chain i88p; —-0—33?-)—' 188py, [13—15].

A auantitative analvsis of the results on EC(B*)-delayed fission will give a
anigue nformation on fission barrier heights of the cold nuclei lving
extromery far off the B-stability line {13,16 |. This information cannol be
obtained by any iraditional means. However, for this analyvsis it s very
important to perform detailed experimental studies on the radioactive
properties and struciure of nuclei in this region, especially on their 8 decay
chiracteristics {17,

At preseni, the lightest identified even-.t isotope of thallium is 1827
(T, ., =3 ) known lo undergo mainly ECBT)y decay 111,12, For odd-A
thallium sotopes, a systeniatic accurrence of the 1/27 ground state and of a
low-lying 9/2  isomeric state was observed 3.7 1. The first identification of
the lightest odd-A thallium isotopes, |7()TI, 81T and '“TI, was based on
adecay of an /27 isomeric state [4,6,18 | The ground states of %71 and
"ET] have also been identified 16,12,18 1.

In this paper, we report on our experimeridal results concerning 8 decay
of ‘“TI, which, according to systematics |3.7.18 1, is expected to be the
main ground-state decay mode of this nucleus. The 8 decay of 18311 could be
identified since the low-lying levels in “‘3Hg have atready been known from
a-decay studics of 187py, {51, where two excited states, at 67 keV and at
275 eV, were observed, with probable spins and paritics being (3/27 or
5/2 7y and (1/27 or 3/27), vespectively. Then 8 decay of a 1/2% state of
YW3T1 can feed at least the higher level, thus providing the three y
transitions: 67 keV, 208 keV, and 275 keV.
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2. Experimental

Our cxperiments were performed at the SARA cyclotron in Grenoble.
A ulf-supporung metallic Sm target (2.1 mg/cm ) containing 965/, of
TSm was irradiated by a ¢4 beam with a typical intensity of 2 10" pps.
Reaction products recoiling out of the target were stopped in 1.4-bar
pressurized helium and transported on NaCl (or PbCl.z) acrosols through a
I-mm diameter 12-m long capillary to a programmable tape-transport sys-
tem used 1o carry the collected activity to a low-background counting posi-
tion. The tape-transport system atlowed us to make also a suitable sefection
of collection and counting time intervals. Mcasurements including ¥ multi-
analysis (counting periods 8xi s), y—X and y—y coincidences were
performed. Further details concerning the experimental sctup are given in
Ref. 119,
Two beam cnergies were used in the present work, 196 McV and
210 MeV at the middle of the hlr%gl We note that prior to our work, Toth ¢t
. 18,9} cmployed the "78m + *Ca reaction to produu very proton-rich
isolopcs of lcad. In their experiments, the a activity of '8 T| was abscrved
at bombarding cnergies of 194 McV and 212 MceV, while there was no
cvidence for its production at 222 MeV. Thus, the bcam LnLrglu usgd in the
prcsun work should provide an optimum yicld of "371 and "$*T) via the
Oy P32 and Mca ,02n) channcls. This cnergy range selection was
LOI"I’ObOI'dlLd also by our statistical-model! calculations made with the
ALICE codc {20].

3. Results and Discussion

At 196 MeV
The y spectra measured at the bombarding energy of 196 McV give a
firm cvidence of the M1 production. Two y transitions in ]84Hg 286 keV
and 367 keV, known from in-bcam spectroscopy studies [21 as well as from
f-dccay studics of 18-y {22 ) arc clcarly observed here (sce Fig. 1), An ana-
lysis of Hg KX —y coincidence data supports the assignment of these yp lines
to EC(B*)-decay of 1841 Besides, an analysis of the time distribution of Hg
KX rays gives a half-life value of 10.0 £ 0.7 s, in a good agrcement with
T = [l £ | s known for 34T 122,23 ); this means also that, at the given
bombarding cnergy, the yicld of hghlcr (dl‘ld presumably shorter-living)
isotopes of T1 is low compared to that of "$4T1. As they lines of 208 keV and,
probably, 275 kLV arc scen in the lower spectrum on Fig.1, it indicales a
production of 3Tl however, no clear coincidences between Hg KX-rays
and thesc y-cvents were obtained at this bombarding energy.
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Fig.l. Comparison of the y spectra measured at the *OC4 heam energies of 210 MeV (upper

spectrum) and 196 MeV (lower spectrum)

+At 210 MeV

As it could be expecied, here the relative intensity of the 208 keV and
275 keV y-lines has increased compared to that of the 367 keV y-line of
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Fig.2. Decay curves of the K.u'"g X-rays and of the 208 keV y-rays measured at the

“ICa beam encergy of 210 Mev

"471 (sce Fig. D). A time analysis of the 208 keV y-linc and that of Hg KX-
rays gives half-life values of $ £ 2 s and 6.3 % 1.5 s, respectively (Fig.2).

These values are in agreement with the «grass» theory predictions of Taka-
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hashi ct al. 124 for '*3T) and also with the 7 ,, valuc of 6.9 = 1.4 s obtai-

ned for %3 Ttina parallel investigation 112 ) performed by using a mass-
separator facility and ! GeV proton-induced spallation reactions on ura-
nium and thorium ldrFu

To conclude, the 5T isotope with T, ,, = 5 * 2 swas clearly produced

in the '47Sm<40Ca.p3n) reaction and characterized via measuring its gro-
und-sm_u 3 decay. Yet the isotope of pnnupdl interest for us is the still un-
snown “*PTI — the precursor of the Ec(ﬂ )-delayed fission of 180pg —
viich can be produced by the 1445 m(*ca, p3n) reaction. The sensitivity of
the experiment to identify 80T) can be essentially improved by mvolvmg
the detection of < particles and «— X coincidences. Whereas for 2T} and
By e a~decay branches are quite small, b < 5% [11,12}and b, = 2%

123 1. respectively 80Ty i expected to show comparable branches for a and
ECA7 ) decays. Again, to increase the selectivity of the 180y experiment, it
s mighly desirable to use @ mass-separation technique, c.g., the IGISOL
technique [25 1 However, when applying this technique to heavy-ion-indu-
ced fusion-evaporation reactions. a scrious difficulty arises due to the so-
cailed «plasma offects which causes a dramatic reduction of the efficiency
20 LA way out of this difficult situation can be provided by 1aking advan-
age of o huge difference between the angular distribution of beam particles
and hat of L»dpomllon residues (EVRS) after passing a moderately thick
target of & few mg/um This «shadow» method with a beam stop previously
uscd by Sprouse et al. |27 | for laser spectroscopy sludnes was applicd in our
recent 1GISOL experiments at SARA with the **Sm + Ar (217 MeV)
reaction {28 . The beam stop allowed us 1o catch more than §69, of the 0ar
particles whercas some 40% of EVRs missed the beam stop by virtue of their
transverse momaiita and could enter the He pressurized IGISOL chamber
separated from the target/beam-stop chamber by a thin Havar window. In
this way it was possible to decrease the «plasma effects significantly and
thus mass-scparatc the Hg-Au-Ptisotopes in the 188-189-190 mass chains.
It is this combination of the «shadow» method w1lh lhc IGISOL technique
that shall be applied in our forthcoming studies of " T1.
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ITPA©®UYECKUH UHTEP®ENC CUCTEMBI PPDS
HA OCHOBE PAW

B.B.Hsanos, K).B. Croaapckui

Ounceimacicn nporpaMmusisi untepdeic, N03HONNOWIA NpeACTARINTL B
rpadmucckoit GopMe PLIVALTATH IKCICPUMCHTAABIKIX HIMCPCHUN U OLCHKH
PAITHUHBIX XAPAKTCPHCTHK PUIMUCCKIX PCAKLMI, xpaHsdiriecH B Gaac aase-
bix REACTIONS cuictempt PPDS. )1ist susyanmzaumm 3KCHEPUMCHTATRHBIX
JAHHBIX HCHONL3YeTCH naxer PAW,

Graphical Intcrface for PPDS System Bascd on PAW
V.V. Ivanov, Yu.V.Stolyarsky

The program interface allowing to display graphically cxperimenfal meas-
urements results and evaluations of various physical reactions parameters stored
in the REACTIONS database of PPDS system is described. PAW package is
used for experimental data visuatization.

1.BscacHuce

Cucrema 6a3 aanumx usukn vacrnu PPDS (Particle Physics Data
System) [1 ] aBagcTca ynoGHbBIM HHCTPYMCHTOM aaa c60pa, OLEHKH JIKCne-
PUMCHTAIbHBIX JAHHWX W O0ECTICUCHUA MX AOCTYTIHOCTH MOMA30BATCASM,
Ocnory PPDS cocrasasict cucTeMa JOKYMCHTanbHBX ¥ hakTorpadmuccknx
6a3 na HWX GM3MKH YACTHLL NPOMCKYTOMHBIX ¥ BRCOKHX 3HCprui. Jloky-
MCHTAMbHKC 6a3n gauubix DOCUMENTS {2 ] 4 EXPERIMENTS {3 ] npc-
JOCTABAKIOT HCCICAOBATC/IO0 BOIMOXHOCTh ONEPATHBHONO PC. POCTICKTHBHO-
1O NOMCKA CCHIAOK HA LOKYMCHTHI, COACPXKAILHKC JaHHBIE O PHIMKE HACTHL,
DOCUMENTS coacpxHTt rnucanss ny6aukalui OpHrHHANLHOTO H 0030p-
Horo xapaktcpa. B EXPERIMENTS cobpana undopMauns o TCKywux u
3aBCPWCHHBIX  OKcncpuMenTax, Qaktorpagmucckas 06aza  RaHRRX
REACTIONS [4] conepXKHT 4YHMCIOBOH MATCPuan PC3yabTaToB OKCOCPH-
MCHTQJIbHHX W3MCPCHMIl M OLCHKH PasfMUHbIX XapaKTepHCTHK (uanuc-
CKHX pCakumit, onyG/MKOBAHHHX B NCPHOANUCCKON NCUYATH M KATANIOFU3H-
poBaHHnx B 6asc nantbix DOCUMENTS. Dti fauHhc XPAHSTCS B BHAC
Tabaunu, 6:1M3KKX No (POPMC K RPEACTABACHKIO, APHHATOMY B nyGankauusx
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TITLE  AMMOSOV 76

TITLE RE

TITLE P IN GEV

~0.40000
-0.35000
~0.30000
~0.25000
-0.20000
-0.15000
-0.10000
-5.0000E-02

.0000E-02
.10000
.15000
.20000
.25000
.30000

. 35000
.40000
.45000
END

SO OO0 O C OO OC Uo

TO
To
TO
70
TO
TO
TO
TO
TO
TO0
TO
TO
T0
TO
TO
TO
TO
70

Tabauna 1’

69.000
X~AXIS PL(P=3,RF=LAB) 1IN GEV
Y~AX1S (E(P=3,RF=LAB)/PI)*D(SIG)/D(PL(P=3,RF=1.AB)) IN MB

C OO0 COoOOO0CO UC

—
[¢9)

.35000
.30000
.25000
. 20000
.15000
. 10000
.0000F-02

.0000E~02
.10000
.15000

20000

.25000
.30000
.35000
. 40000
. 45000
.50000

0.
1. 7000F-02
4.7000E-02
0.11000
0.21100
0.41300
0.77100
0.98300
1.2400
1.7300
2.
2
3
3
4
4
5
5

NC 40A, 237
PP -->Pl- X

4100

.6700
.4100
.5000
.0700
.2800
.0000
.0100

Dy fepeMennas IpeACTaBACHA MHTEPBAIOM 3HAUCHHIA

+ -

0.
.2000F~02
.8000L~02

2.9000F-02

-~ -
o4

O OO C OO0 OO ™~

1
1
2
3.
5.0000E~02
3. 8000E-02
.8000E- 02
.000UF-02
.11000
.13000
.14000
.17000
.18000
.21000
.22000
.25000
.27000

BOOOE-~(2

(em. Ta6n. i u 2i. Herocratkom PPDS sBaseTcs oTcyTCTBue YA0GHOM TPa-
thrucckoro nuTepdenca 4 BU3yand3auni YKA3aHH A nHPOpMaunu.

C npyro# CTOPOHbB, yAOGHHM HHCTPYMCHTOM [Jif. AHAIN3A H BH3YAIN3a-
ILMH DKCIICPHMCHTANBHKNX AAHHMX asascTcs naker PAW (Physical Analysis
Workstation) |3 |, paspabotannuii 8 CERN 1 winpoko Kcmoab3yemulit B Ha-~
CTORIUCE BPCMS 8O MHOTHX (hanucckux eHTpax. PAW npeacrasaser coboii
MHTCPAKTHBHYIO CHCTCMY, BKJKMAIOLLYK Pa3noo0pa3Hbie CPeACTBa npea-
CTARACHMY B aHAM33 aanHbiX. Bonbwoe Bunmanne 8 PAW yneneno peanusa-
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Tabanua 2"’

TITLE BREAKSTONE 86 ZP €30, 507
TITLE THETA(P=3,RF=CM,P=1) 1N DEG 50.000
TITLE RE(Q=P) PP -->PX

TITLE RE(Q=K+) P P --> K+ X

TITLE RE(Q=PI+) PP ~-~> PI+ X

X-AXIS PT(P=3,RF=CM) IN GEV

Y-AKIS (SIG(Q=P)+SIG((=K+))/SIG(Q=PI+)

1.59%00 0.73000 +-  3.0000E-02
1.9500 0.83000 +-  4.0000E-02
2.3800 0.72000 +-  6.0000E-02
2.7600 0.86000 +-  9.0000E-02
3.3200 0.72000 +- 0.12000
END 5

)
! “(‘[)CML‘HHHH HPCACTAMICHA OTACALHLIMY TOUKAMH

UHH YAOGHOMO NOAB30BATCABCKONG HHTCPdCHCA U rpadHuccKOoMY NPCACTaB-
JCHUIO LAHABIX,

Ueablo aannoii paboTh asasictes cozpanue uurepdeica, no3soasiome-
IO UCNOAB3OBATh BO3MOXHOCTH CHCTCMW PAW ni1s rpadmucckoro npeacras-
ncHna wHpopMauni, xpansuciics B 6aze nannex REACTIONS.

2, GopMaT NPCACTABACHHSA QAHHBIX
s Gasc nannmx REACTIONS

Kaxan# u3 nokymcentos 8 6asc aannnix REACTIONS otobpaxacrcs B
BHJIC 3aMHCH, KOTOPAN COACPXHT BnBAnorpaduuccKyio CChKy, COOCTBEHHO
YHCAOBRKIC AAHHBC — PC3y/IbTATH IKCNCPUMCHTANBHEX H3MCPCHHUI, CHCTC-
MATHUYCCKUC OWHUOKH M, BO3MOXHO, OLCHKH Pa3/IMUHKX XapaKTePHCTHK du-
3HUCCKHUX PLakL M.

ITH YHUCNOBHIC JAHMKC XPAHATCH B BUAC TAaBMHL, CONCPXAlMX 3HAUC-
HHS HCCACAYCMOM MCPCMCHROM, COOTBCTCTRYIOILNE HM U3MCPICHHBIC 3HAUC-
HH (OKCNCPHMCHTA/IBHBIC TONKH) B OWHOKy uamepenns. Tabnuum 1 1 2 co-
ACPXAT peayabTaThl noucka B 6aze gannux REACTIONS, coxpancHHmc ¢
nomMowsw komauas DOCU B pexume MODD =2 [6]. B Tabn. | uccaegye-
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MU NCPCMCHHAS NPCICTARICHG B RHAC WHTUPRAIR JHAUCHME (BHaucHne |
TO suaucHue 2), 4 g a6, 2 — B BH.IC OTICTHHAIX TOYCK.

3. Peaawnzanny

QauceBacMbic 3a0CH NPOUCAYPHE praaniosatk i epeac VAX VMS 5.4,
B cucreme PPDS npu paBote ¢ 6azoii narumx REACTIONS gmbpartnie no
FANPOCY NOABIORATCAS AOKYMCHTH MOTYT OBITh COXPAHCHBL € NOMOHIbK KO-
manam DOCUment a daiine RD.DOC. 3101 haitna Mcnoab3yeTest B KAUCCTRE
MCXOAHONO 151 M3BACUCHHE MHTCPUCY KIUUX TTOALIORATEAN TAOIHLL M 110,110~
TOBKHM BCROMOTATCABHBIX (DIAAOB, ¢ KOTOPHMMH B JAAbHCHIWCM padoTacT
PAW. Pcanusorano oto s npoucaype EXTR. kotopaw untact daitn
RD.DOC, manpact nOMCHCHHBIC MOAB3OBATCACM Tal fiihl, cosaacT daira
PPDS.KUMAC v acnomorateabumic aimam DATO0L.RD ... DATOON.RD (n
PABHO UNCIy TOMCYCHHBIX TA0anL, B aaHnoit peaansaumn ao 10). [oasso-
BUTCAL AOMCUACT MRTCPCCYIMLHC Cro 1af1mist, HOMUIIAN B PCKHMC PUIaK-
THPORAHHS CHMBOA «%> B NCPBHIIR GAIT CTPOKH, NPCIWICCTRY KMICH HAULTY
Tadanum 8 aiiae RD.DOC (em. Tabn. 3.

[Toayuennmit 1 pedyabtate seinoanchus npoucayput EXTR s
PPDS.KUMAC coaepxut makpokomanan «001» ... «00n» (no uucay ovo-

Tabawna 3"’

-

TITLE BREAKSTONE 86 2P R0, LO7
TITLE THETA(P=3,RF=CM,P=1) [N DIG L. 00D
TITLE  RE(Q=P) PP-->TKX

TITLE  RE(Q=K+) PP --> K+t X

TITLE RE(Q=P[+) PP o--> P+ X

X-AX1S PT(P=3,RF=CM) IN okV

Y-AX1S  (S1G(Q=P)+SIGI-K+))/S160Q-PIa)

1.5900 0. 73000 t-  3.0000E-02
1.9500 0.83000 +-  4.0000E-02
2.3800 0. 72000 .+-  6.0000E- 12
2.7600 0. 86000 +-  9.0000F-62
3.3200 0.72000 t- 0.12000
END 5

" Pata, noMeuenias s suifopky B daine RD.DOC
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0.4 0.8 12 16 2 2.4 2.8 3.2
AMMOSOV 76 NC 4DA, 237
RE PP ~—PI-X

PIN GEV 69.000
X-AXIS YRAP(P=3,RF=CM)
Y—AXIS (1./P1)sD(SIG)/0(YRAP(P=3,RF=CM)) IN 1B

e 1. Vaofpaxenne, Hoayuernoe © nOMouLLI0 xomanan exec PPDS#00n

Gpantmx ans rpaduucckoro orobpaxenus Tabaun) Jas BH3yanusauuu
oToOpaHHbX TAalNuL MOXHO BOCMO/b30BATHCA MPAPMUECKHM TCPMMHAJIOM
VAX aubo nepencctn  ¢dainmw PPDS.KUMAC n DATOOL.RD
DATO00n.RD Ha ruckery 1 3aTem paborath ¢ PAW Ha nepcoHanbHoM KOMNb-
torcpe |7 ). B oteer Ha npurnawichue PAW cienyer BBCCTH KOMaHAy

PAW> exec PPDS#00n

(N — NOPAAKOBH HOMCP NOMCYCHHOM TaGAMNK) Ana NOTYYCHHUS rpadnue-
€xoro uacOpaxcHus B BUAC, NPCACTAB/ACHHOM Ha puc. 1. Jns orobpaxenns
TaGaHUL HA BECh JKPaH (PUC.2) CICAYET MCMOMb30BATh MAPAMCTP MAKPOKO-

mManan Zoom:
PAW> cxec PPDS#00n Zoom

Usobpaxenue Ha puc.] CORCPAKUT BCC NOMIHCH K TAGAKNE, BKAIOUAS Ha-
3BaHKa ocei, Ha puc.2 noanmuck oTcyTeTBy 0T, TaK Kak B GONIBIUMHCTBE City-
uacB (HanpUMCP, NPH MCNIOAb3OBAHNM PUCYHKA B KaUCCTBE MMIOCTPANMH
AJist CTATbH) NOILIOBATEb BPAA /1M OyACT YROBAETBOPEH HX KauecTBoM. [lo-
JTOMY €My NpPEANaraeTcs, UCNONb3ya BoamoxHocTH PAW, Bulpats Gonee
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Puc. 2. Uaobpaxense, nnayucsHoc ¢ NOMOIEK KoManas exee PPDS#00n Zoom

noaxoasuwne GoHTH, pasmepsl WpHGTOR, A6OPCEHATY PHI U T.MN. M BHCCTH CO-
OTRCTCTBY IOMHEC H3McHCHHS B daitn PPDS.KUMAC,

4, 3akAW0uUCHRC

[Mpeanaraemuiit unrepbeiic nosuiwact xphekTHBHOCTL paBoTsl ueccae-
noBateng ¢ cucremont PPDS, npenoctasaga cMy BO3MOXHOCTE rpadinuecko-
0 OTOOPAXKEHNS N BU3YANbHOW! OUCHKM B MHTCPAKTHBHOM PEXKME PE3Y/Th-
TATOB JKCMCPHMCHTANBHBIX M3MCPCHHH, COACDXawnxcs B 6asc aanHbix
REACTIONS.
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«KBAHTOBOE» BPEMA B KOCMOJOIHHY OPUAMALA

B.H. INepaywwn

HIPCAISIACTUR AARTEPHATHEHOC ABPCACACHUE «HaBIKLLICMON BPCMEIN 8
woeMonorug OpuaMana BEXOIN U3 YCAOHHN COXPANCIGET «KBARTOBON ey
1 Breacwinon, kO10pas BLISICANC IO RPOCKIACH BoAnono aeig s OO i
PUHTCHHY VPABHCHME OB, DRANGCOKUM CIICICTRHCM  LEKOID DIIPC.IGACHHY
HPCMUHI MOXKCT GRiTE TICpraieckas cTpykivpa Beeacunon.

Padora smnoancena 8 JlaGopatopun teoperneckoi ki QUL

«Quantum» Time in the Fricdmann Cosmology
V.N. Pervushin

The aliwernative definition of the «ohsenvables Gme in the Fricdmann
cosmuolngy s supposed. This definition is bascd on the canservation law of the
«quantum» energy of the Universe, which s determined by the projection of the
total action of the Einstein theory onto the expisi? satutions of The constraint
cquation  The physicad cansequence of ths definttion of the ume can be the pe-
riodic structure of the Universe

The investigation has been performed at the Laboviory of Theoretal
Phvsica, JINR

[. Onpuiacacuue HabAIOICMOND BPCMCHH HBAHCTCH OAHHM M3 UCHT-
PASIbHBIX MOMCHTOB KOCMOA0T MM Dpuamikil. B HACTONIUCH 3AMCTKS Mbl X0~
1¢TH Ot 0OOPUTHTH BHUMAHUC HA BO3MAXHOCTH CIO AABTCPHATHRHOND OtIpc-
ACACHHSA — BRCICHUS HOBOM BPCMCHH «KBAHTOBOTO Habawaareads. Byacm
HCXOAKWTh M3 NOCTPOCHUY ramuasrondana OTO RHa peulcHusx ypasreHmil
csiau |1 18 npubanxennn 3amknyToi Beeacnnon Opuamana,

2. PaccMOoTprM TCOPHIO DHHIITCARA B NPHOIHXCHII B30TPONNHOND 3d4M-
KHYTOM npoctpanctsa. JICHCTBUC TCOPHI ¢ YHCTOM NOJHBIX MPOHIBOIHMX

WMeeT HHO , . .
. » ¥ dr .
= y — g H ~ 2 ) o 40 ;
w otrp) {zl! (el -k 3 (l (II)’ hH .
b}

2 2

; [ P o ] 2K

W~ s + T = sl e = o) %))
2 Ngﬂ" 0 2x§uzr5 i
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TAC 4 cCTh AorapuMHuccKas WKana npoctpatctsa (u = In a), P — ce kaHo-
HUUCCKHI HMNYJIWC, I/U(ru) = anrb — 001ueM NPOCTPAHCTBA NMOCTOXHHOM
]
KPUBK3HH, T\ — OIHOPOAHAN HACTh IAOTHOCTH DHCPTHH MATCDHH, @ —
WKAAd BPCMCHY,
Kaacemueckast Teopus (1) ONMCHIBACTCH TPCMH  YPARHCHHHAMH  HA
a, Pou

2
Wil

=0 Lo Vo _d

H=0, L= 3 'al = dy'H' &)}

HMHBAPHATHRIMHY OTHOUNTCIRHO PCRAPAMCTPH3ALNN BpeMeHn 1> (D). Tlep-
BOC #3 HHX — CRY3k NCPRON poid, & TPCThC TOXACCTBCHHO NCPBHIM ABYM.
HaHume y paBHCHNSR N03BOAKIOT OAHOZHAYHO ONPCACANTL HHBAPHAT TCOPHH
— COfCTRCHHOC BpeMa

3 3
7/
AT, = di= - p =g o001 - Ll @
- . > - ~ .
K3l ) 3 Kyar,

ABTHIOULICCCH HABAOAACMBIM BPCMCHEM B KOCMOROTHH QpHAMAHA, OTHOCH-
TCABHO KOTOPOIO ONUCHIBACTLH IBONIOLUNA WKAAN 1.

3. UMCIOTCY 182 TIPOTHRONOIOXHBIX MOAX0AE K KBAHTOBARMIO TCOPHH
(D a) o0wenpuHsTi {2 ], KOrad BCC KOMITOHCHTDE MCTPHKH Q. 4 TPAKTY-
KOTCH AMHIAMHUCCKHMS N0ASIMK M CBS3H [ICPBOTO POAA  HAMATAKITCR  HA
BOTHOBYKY (PVHKUHKY, B PE3Y.IBTATE MCTO BOZHHKACT YPaBHCHHC Yiaacpa —
Ne Burta, HW = 0; u 6) muunmaabhmii |1 ], korza KBAHTYCTCS IS JACH-
CTBUC (1), PACCMATPHBACMOC Ha SBHBIX PCIICHHRAX CRY3CH DCPBOND Poaa

" P
Min _ . ()
wlt) = ()(’())(f)‘“ /ll’(:) o B 5

C TOUKH 3PCHHUS TPUHLMITA COOTRCTCTRHYA AHHAMMKC RJICCHUCCRORA TCOPITH,
NPCANOUTHTCABHCC BTOPOA MCTO, TAC OCTACTCH FPAHUHHAR TNHAMITKA LKL~
AN ¢ HCTPHBHAUABHOM BOAHOBOH Y HKLUHCH

. W () ) W (e
ll’Mm(u) =AU s + A )C 0 ). (6)

OTOXACCTRAAS ITY ROMHOBYK (PYHKLHK CO CNCKTPANbHBIM DPCACTIARAC-
HHCM

dE, .
Min _ _ Univ _
w(i’) =+ Elwuiv. TQ(“)‘ dTQ =0, N

NOAYYHM CUIC ORHO ONPCACACHHC BPCMCHH «<KBAHTOBONO Habnopateas». Or-
MCTHM, YTO MUHHMAIbHBIH NOAX0A K KBAHTORAKHKY MOXCT OMTb HCNONL30-
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BAH NMPHU KBAHTORAHHH MOJ.'lCJ!M pCﬂﬂTMBHCTCKOﬁ YACTULUH, KOTOPAY RO3IHN-

kact M3 (1) 3amenoi u > «° , -»> :_\/I".2 + m2. B oroit Moacan YPABHC-

(*)
uuc Opuamana (4) npeacrasagser coboi npcobpazoranue JIopeHLA Npy ne-
PCXOAC OT BPCMCHHM NOKOS T, K BPCMCHH ABMXYWICrOCs Habawnateas x,
KOTOPOC COBNARACT € KBAHTORKM BPCMCHCM CMCKTPAJIbHOTO NPCaCTaBAC-
Hua (7).

4, Cp4aBHUM IBA BPCMCHH T, n TQ a3 BeceacHuo#, 3anoaHCHHON «M3-

JYUCHHUCM» M «NRAb» [3],

€ M
LI T, S @®)

ZrOa4 a

0

TO (a) = V()(’())

Pewas ypapHcHUs (4) # (7), nonyuuM CACAYIOUINC BbIPAXKCHUS IS MACLI-
Taba a w BpeMCH T T, Kak NapaMcTpos ot KOHGOPMHOIO BPCMCHHM 7]

)
2242 2
€ KM 7t ~ ~ KM
Eyue =30 + g = 2y [+ M7, M=, )
T 4 ro 4083 21

M T Foes
Q(r;)-r r;+\/M2 Slnn) a(r])—r (M—\/M +5C057}), (10)

+ & 0

T {n) = Mn + VM + £Sin 5. an
Ecau noMuHnpyct usayuceuce, M = 0, T0 «KBAHTGBOC» BpCMR T( COBNARACT
¢ Kuud)opMthM (T = r71) M MCHSCTCA B BCCKOHCUHBIX MPLACAAX, TOMA KaK

= V' ESin § MCHSCTCA B KOHCUHOM uHTepBanc. Ecaun naayucHne oreyrer-
BYCT, TO BpCMCHA T 1 TQ COBMAAAIOT ¢ TOYHOCTHIO 10 KOIXBPHUCHTR M/’()'

nMctouero nopsaok | ana napamerpor Hawceit Beeacnnon. Munb (9) Haxo-
AMTCH B COCTOAHMM NOKOS, M MPUHUHNT COOTBETCTBYUA, T.C. TpeGoBaHHE, UTO-
6 KNACCHUCCKOC BPCMS  COBNAAANO € KBAHTOBHIM BPCMCHCM  CRICKT-
panbHoro npeacTapackust (7}, (8), HANOMUHACT YCAOBHC NCPCHOPMUPOBKH

CKTHBHONO  HBIOTOHOBCKOTO  camoacHCTRUs  Maccw  Beencumoid:
Y Md /2n re = Md, HAH M = rg (re.— MPOCTCHILIMA BAPDHAHT Y PABHCHM
Ulennrepa — Ilaiicona).

Bce 51 peayabTaThi cCnpaBeaivBm Kak 4ns Cayuas naockoi BeeaeHHodm,
Tak # ans npocrpanctea JloGaucsckoro. Mu XOTHM aacch noauCpPKHYTH AHMILbL
oano obcrosteapcto. Ecin Habnwnateab BUAUT «kBAHTOROC» Bpemu (1),
TO PCHICHHC BONPOCA O KPHTHUCCKON NNOTHOCTH CTAHOBHUTCH cwe foncee ne-
OMPCACACHHBM, NOCKOJABKY B YPABHCHUC A9 KPUTHUCCKOMN NJIOTHOCTH BXQ-
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AMT K3accHueckad «Henabaroaacmasns» noctoausan Xabbna, kotopas Moxer
PC3KO OTIMUATHCH OT «HABMOAACMOI»,

B uacTHocTH, M3 ypapHeuuit (100, (11) Buawo, yto aaxe s ciyvac ec-
KOHCHHO_ MIOA NNOTHOCTH H3AYHCHUS N0 CPABHCHHIO C IOTHOCTHK) MBI
€= 2;'M2. 2y < <1, OTHOWCHHC KAQCCHUCCKOH (H ) 1 KBAHTOROH (HQ) no-
CTOAHHBIX Xa6aa 0OCLHATHPYCT € TCPHOAOM, HC 3aBMCAILNM OT ¥

ﬂ_(l+cosr;)—ycosr) 12
HQ (1 +cosny)y+ycosn”®

C apy™oii CTOPOHH, OTKPHTAN HCAABKO KpynHoMaclwTaBHaa cTPYKTypa
BeenchHol, ass 00BACHCHUA KOTOPOH HCTIONL3YIOT OCLHJLTMPYIOWYIO NO- ~
cToanny10 Xa66aa [4 |, MOXCT CBUACTCNBCTBOBATD, B KOHTCKCTE «<KBAHTOBO-
NO» ONPCACCHUS HAGNI0AACMOTO BPCMCHN, O TOM, YTO MBI XK HBCM B 3aMKHY-
TON ocumuaaupyouci Beencennoii.

Artop xoren Owm noGnaropaputs A.B.Edpemosa, A.A.Mamectobesa,
3.A.Kypacsa 3a 006CyXACHAS A KPUTHUCCKUC 3aMeuanua. AsTtop Gaaroaa-
pen [STA.Cmoponunckomy | 3a moctoanumil mHTepec K pabore,
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THE REALIZATION OF NAMBU — JONA-LASINIO TYPE MODEL
ON PHYSICAL FIELDS

A.N.Vall*, V.M.Leviamt*, AV Sinitskaya*

Method of dynamical mapping for the Heisenberg ficlds onto physicat fields
in the four fermion inleraction Hamiltonian (nonrciativistic variant of NJL,
model) is used to calculate: energy of physical vacuum, one-particle excitation
energy specirum, wave function and mass of the bound state of two excitations.

Peannaauus Moncan Hamby — Houna-Jlasunuo
Ha PH3HUCCKUX NONAX

A.H.Baan, B.M.Jlesuaur, A.B.Cunnukas

MCTOROM AMHAMHUYECKONO OTopaxeHHs renacnBbeproBekix nonei wa gm-
IUYECKHE 110A8 LN FAMUIBLTO € YETHIPEXPEPMUOHHBIM BIAHMONIEHCTBH -
CM  BLIMHCACHBE JHEPrus (PHINYCCKOND BAKYYMA, IHEPTCTHUCCK M CEKTP O~
HORACTHUHLIX B030Y KACHMI, BONNOBAR ByHKIMY ¥ MACCA CBA3AHHOND COCTON-
1us AByx 8030y maenuh.

The investigation of the bound-state problem in the frame of quantum
ficld theory may be donc by using, at least, iwo mecthods. The first one is
based on the secarch for self-consisicne solutions of Schwinger — Dyson
(SD) equation for the full propagator of interacting particles and Bete —
Solpiter (BS) equation for the vertex Green function (see || )and references
there). Another one deals straightly with the state vectors {2,3 ).

The Nambu and Jona-Lasinio (NJL) modcl [4] fits from any points of
view to study the possibility of producing thc bound states. Though
originally it was solved by the Green function method, its resemblance 1o
the superconductive type modcls allows onc to use both the first and the
scennd methods.

In the present paper we consider the mosl simple nonrelativistic variant
of NJL model, more closely related to the nonlinear Heisenberg theory {51,
1o demonstrate the advantages of the second approach. We find the repre-
scntation for the Heisenberg ficlds via «physicabs fields ( dynamical

*Depariment of Theorctical Physics, lrkutsk State University, [rkutsk, 664003, Russia
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mapping [6 ]} describing the collective degrees of freedom (excitations).
These excitations can form bound states, and the momentid of the
excitations turn out to be strictly correlated between cach other. The exact
expression for the wave function of the bound states is written out, but for
the encrgy tmass) of the bound states we abtain nonfincar integral equation,
the type of equation for the energy gap. The spectrum of the one-particle
excitations and the energy of the ground states have been found as well. As
a conclusion we show bricfly the correspondence of these two methods.

The physical states, by the definition, are the states upon which o
Hamiltonian is diagonal in a weak sense:

KK = (k1 BT (@OBOE@QTK) + W, h
where B(k)10) = 0. (k) = 8’ (k)10) and
(4. B (k) 110y = E(k)10)

and F(k)- energy spectrum of physical particies.
Consider now the Hamiltonian of our modcl:

H = f(l"_\' {y':(.\‘) (Vg (x) + %x+(.\:) x(.\')] R <2}

where « is spin mdex running over 1,2.#(V) is energy spectrum of free
fermions, defined by the condition

(V) o = g(k) X, )}

and*

XX = € (W), 1Ty = y”ﬁq»‘;'(.\')y Es)

Let us formulate the problems we want to solve demonstrating the
cfficicney of the physical field representation.
« i) Connection of the Heisenberg ficlds ¢ with physical oncs ¢, i.c.,
dynamical mapping vy on p.
« i) Stability of vacuum and its energy.
* i) Spectrum of one particle physical state E(k).
* iv) Spectrum and wave Function of two-particle state,
« v) Correspondence with the usual approach.
We will give the solutions of the outlined problems following the list.
i} In our casc the dynamical mapping has the form:

'/'”(-\') = “0¢u(x) + v()ci”(‘.') t‘tlﬂ¢; (.\’).

Ye1p = = F21, Faptay = Oy
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V) = ug () + vpe O £,gPp(%), @

whcre ué + vg = I, with ¢_(x) defined as
1 3 ikx—ifi(k )
x) = ——75 | I kg(k)e A (K), (&)
a0 = T J 4 kg(¥) oK)
[4,00), 45 @] =3 5k = ), ©)

E(k) is unknown yct cxcitation spectrum of A: (k). The physical mcaning of

g(K) is clcar enough, it is onc-particle wave function and it cannot be calcu-
lated in the frames of this model (frec parameter).
ii) The vacuum is now defined with respect to the physical ficlds A: (k):

A(K)10) =0. %))
Considcr the action of the Hamiltonian (2) on this vacuum. We have:
H10) = const, |0} + AH(2)10). (&)
AH(2) being expressed in terms of the creation operators A:(k) has the
form
ik
BH(2) = gyt g [ 97 () (e( )+—.) 't =
= [ dkDR)e AT &—k AY ﬁ+k (9)
- (zﬁAu 2 B2 N
ore
k k k
_ b N P il
D(k)—uovog(k—z)g(k+2)(e(k 2)+2V_]
1 3 2
= dkig(k)1°.

Thus, as it follows from (8), the nonexcited state 10} is not an eigenstate of
the Hamilonian (2), and the AH(2) term is the source of the nonstationarity
of 10). This term dcscribes correlated fermion couple of excitations, moving
with the momentum k. The physical meaning of the relation (8) is that it
points to thc existence of energy exchange between the couple and the
system of fermions. i« - .. ‘) account this exchange one has to input the
term describing the cuuy! * .nto the initial Hamiltonian. So, in the relation
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(8) we transfer AH(2) 1o the left part, thus, redefining the Hamiltonian and
taking as a physical Hamiltopian the quantity Hp equal to

H,=:H~ AH(2):, am

where the normal ordering is referred to the Heisenberg ficlds. If
AH(2) =: AH(2): + const, then

HPIO) = H10) — AH(2)10} + const 10},

le0)= W10}, W, = const, + const, ab
const, =2 = e(k )+< ) ,
“v‘ 0 2v‘
42 2
onst. = — 0% ¢ a0, gy _ g Y22 [ A
const. = " J d7x ¢TI0 (V)elHE V*“OVO (Zm + v (2)

Here Vis space volume, and
JPkBigky1?

fdPk1g(k)1? {4

(k% =

Conscquently, after substitution of the counterterm AH(2) into the Hamilio-
nian (2) the non-excited state 10} becomes stationary, with the cnergy Wy
iti) 1t is casy to sec from (1) that this redefinition of the Hamiltonian
docs not change the onc-particle cxcitation spectrum E(k). the value of
which is readily derived using ¢cgs. (1), (D), (D —(®
2
v
_ 2| 2 P _3_0
E(k) = 1g(k)1? | ufe(k) ~ vpe(k — k) — 4 - (14)
iv) Let us now find how the Hamiltonian Hp acls on a state composed of

two cxcitations with momenta k and q

HoA; (k)A, 5 ()10) = (W, + E(K) + E@)A; (K)AZ (2)10) +

+1 —("znﬁ)(% § P D™ (302 (5)0). as

If the cxcitations do not interact with each other, the last term in the sum
(15) should vanish. Then, this two-particle excitation will be an eigenstate
of the Hamiltonian Hp with the energy being equal to the sum of both exci-
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tation cnergies. That is the casc for iwo excitations with a total spin 1 (sym-
metrical over a 8). Puttingk = — g in equation (15) we have:

Hﬂﬁ(k)lO} = (W, + E(k) + E(-K)A(K)10) +

2 ~
+A%ﬂ";—§f¢/’qlg(q)m*<q)|0>.

Atk = e gL (KAT (k). 16
Taking the wave packct 2“‘:‘
= [ d*kG(k)e ﬂAa ®)Ag (—K) an
and demanding for it to be an cigenstate of the Hamiltonian
Hp2+10)=(w0+,4)2+|0) (18)

we come to the equation on the wave function G(k) and the encrgy of this
state u:

f % [G(k) (B0 + E(—k) =) + y(,lg(kﬁz]ﬁ*(k)lm =0, (9

where
q1e(q)1’G Q0
Yo = (27: —3J (9)!°G(q)-
Hence follows the only solution for G(k):
2
yol k)|
G(k) = 2D

T - E(K) - E(-K)
Substitution of this solution into the relation (20) ieads to the equation
foru: lg(k)l4

__4 3
= R - Bw

Let us rewrite (22) in the form

2
Ay L L 23)
@) K2+ 0

22)

This cquation dctermines &2 as a function of A. We will scck solution of (23)
in the form of asymptotic serics
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¢ ¢ 24)
3= +ad+ =t +—2+...‘
] FRRRY:

2
k‘a ¢ Iy
K+d2=A{u+ A0+_i‘+_§+“' .
A2

2

A 2 .
e (B e, ] g
K+ 93 a+ be+cet+... 4 a

wheree=1/40 6 = ay + Kb o= o)y el Substituting the serics cxpansion
(25) into the cquation (23y, collecting the terms of the same power over A
and cquating them to zero, we will obtain the chain of relations defining the
cocfficients Uye a4y €,y eel Straightforward calculations give the following

result;
(IU = —(kz), a=—- ‘A;-,
o m LR K -0 g 26)
v [Pugmn? v

from which we reccive the asymplotic serics for 3% and IR

Yo gy MV o
0% = —(k% V'A YR + ...,
2
a2 . . Ky A m
= M + 2E(0), 2E(0) = '2—E+";" (;1—- l). 2n

The magnitude of M is determined from the vacunm encrgy W,
minimization condition over the rotation paramelers g ¥y and a(x).

From the relations (2600 and (27) it is casy to sce that the non-
perturbative and singular with respect to the coupling constant A contribu-
tions into the energy are defined by the dispersion o over momentum distri-
bution {g(k)! Zinside the excitation,

In order 10 show the correspondence with the Green functions' method
we will just write out the Shwinger — Dyson and Bete — Solpiter type equa-
tions. The word «types means that we deal with the physical ficlds, and to
pass lo the standard SD and BS cquations onc has to substitute the Hei-
senberg ficids instead of the physical ones using the inverse dynamical
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mapping. It is not necessary for our aim to do that. so we leave it for reader
to do.

The Green functions for the physical ficlds ¢ are, by the definition, the
vacuum cxpectation values of the T products of them. For the total two point
Green function we have:

- P SO = +
G (%, 1:0) = (01 T(¢u(.\’) % (0)) 10), (28)
here we have put the second argument to zero. Its manifest form can be
calculated directly, using (5), from which it is casy to find the cquation:

8. Py )
[m+lE(V))Gﬁ(x,I,O)-d"ﬂA (x, 1). (29)

o

The cequation for the vertex Green function follows from the Hcisenberg
cquation on ¢“(.\') using ¢q.(29):

E(YVIG fy(x.1:0) = (01 T( [¢"(x,l).H ] , «p;(O)lO): 1300

As has been said above, the usual SD and BS cquations follow from (29) and
(30) undcr the transition ¢ —» y..

Far the conclusion we would like to point to that the physical ficlds rep-
resentation method can be genceralized for the relativistic case, and next
paper will be devoted to this generalization.

Aknowledgements. The authors are grateful to Profs. D.V.Shirkov,
V.N.Pcrvushin and Yu.L.Kalinovsky for the crucial comments, uscful
discussions and support.
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ON EMBEDDING OF INTEGRABLE EQUATIONS IN (1 + 1)
AND (2 + 1) DIMENSIONS INTO THE GENERALIZED SELF-DUAL
YANG — MILLS EQUATIONS

A.D.Popov

The generatization of the sell-dual Yang — Mills (SDYM) equations on the
sgritees of arbitrary cven dimension is considered. 1tis shown that all integrable
rquations in (1 + 1} dimeasions and many integrable equations in (2 + 1} di-
mensions may be abtained by the reduction of the generalized SDYM equations

The investigation has been performed at the Laboraiory of Theoretical
Physics, JINR.

O BAOXCHHHN MHTCTPUPYCMBIX ypaBHeHHI B (I + D)
(2 + 1) uamepeHnax B 0000LICHHKIC YPABHCHHY
ABTOAVINTBHOCTH Moacan SHra — Misaaca

A . Nonos

PaccMaipeno ofofienste: yPasReHHil aRIaIyaabHocTi MOAC Sura —
MECIca Kl BEPOC TRTIC TR RPOMABOABIIE ve THO paameproc . Hokazano, s
BOC STCIPHPYe Ve Ypastesss 1 (E+ 1) HaMepeniss i Muorme starerphpye-
MBIC VPANHEIN 33 (2 + 1) Ha3MePeHssx Morvi BRTh H0AYHCHB PCIVKLIEEH ofob-
CLCTHLEX VPIIBHICHIIE ARV AILHOC T et Anva — Muasca.

PaGora swnoancna 8 Jafopatopun caperiueckois ¢pusznkss OUSIH.

1. ltis known, that many integrable cquations in (1+1) dimensions may
be embedded into the SDYM cquations in « = 4 dimiensions (see, ¢.g., | 1—
7 1. This is connected with the fact that SDYM cquations may be written as
acompalibility condition of two lincar cquations with the spectral parameter
A€ C 18] lmposing symmeirics and algebraic constraints 1o the ficlds
involved permits one to reduce SDYM cquations to the Korteweg — de Vries
(KdV) cquations, generalized nonlincar Schrodinger (NLS) cquations,
Boussinesg and many others having a zero curvature representation

a ) = a VA) + UR), VA) | =0.

Here matrices U and V are polynomials of A of degree not higher than a se-

. | . .
cond, or functions Ofﬂ 3 (chiral models, for example). Clearly, the deri-
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vative NLS cquations, the Landau — Lifshitz cquations and many others,
having another type of dependence on spectral parameter, can’t be embed-
ded into the d = 4 SDYM cquations. The hierarchics generated by the equa-
tions considered in 2,6 | (KdV, NLS, AKNS, DNLS and other hicrarchies?
also are not embedded into them. That is why the SDYM cquations in
d = 4 can’t play the role of the universal integrable system.

2. To solve these problems, it was suggested to consider the generalized
SDYM cquations for ¢ > 4. Such cquations were considered by Salamon (9 ),
Ward [10], Galpcerin, Ivanov, Ogicvetsky and Sokatchev |11 Jand by many
others. The main progress was made by considering the scif-duality equa-
tions in d = 4n, in which the hicrarchics of KdV, NLS, DNLS, AKNS and of
other cquations may be embedded [2,6 ]

[t is interesting to nate that the geometric definition of sclf-duality in
terms of lincar systems and complex structure on R (e [9—11 ) are
cquivalent to the algebraic definition of sclf-duality (sce, c.g., [12—I15 ). It
was pointed by Strachan [6 ], how one may embed a number of hicrarchics
in (2 + 1) dimensions into these equations. But in all these approaches one
obtains unly the rational dependence on the spectral parameter A, and it is
not clear how to include into consideration the models with the speciral
parameter A that belongs to the surfaces of genus g = 1. That is why such
important cquation as Landau — Lifshitz equation [16] is out of conside-
raton,

We shall show a way to avercome this difficulty.

3. Method of solving of SDYM cqualions in & = 4 is connected with the
ideas of the twistor theory (171 The SDYM cquations in « = 4k arce con-
nected with the twistor theory for 4k-dimensional hyper-Kithler manifolds
[9—1 1,18 |. Further gencralization of the twistor theory ind of the sclf-
duatlity cquittions) was considered in {19,

So for any Ricmiannian cven-dimensional manifold M Mo may
consider a bundle j (M 2"} of the Ricmannian almost complex structure with
fibers F = SO(2n)/ U(n). The idea of the papers [19 ]is that we may choose
as a twistor manifold a submanifold Z in j(M2") with fibres
B C SO(2n)/U(n). In these papers the case of B = G/ H and, in particular,
of p=cr' = Sp(1)/ U(1) is considered as an cxample. But as B we may
also choose the Riemannian surfaces of genus g = |, and, in particular, the
clliptic curves. They are embedded into the fibres SO(2n)/ U(n) with n 2 3
over the 2n-dimensional Riemannian manifold. We may usc this fact.

Let us consider the flat case of R 2 and y(R ") = R 2" x F. We have a

bundle j(R ¥') » F, where F = SO(21)/ U(n). This is a canonical universal
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complex bundle, geometry of which is well known (see, c.g., [20. The
fibre L'_," over a point J € F is identified with the complex veclor space
(R %", 1y of dimension n, Lot us consider for simplicity one coordinate paich
on F. Courdinates on it we may identify with the antisymmetric n X n mat-
rices J = (Jh”), a, b, ... =1,...n. These matrices paramelrisc a complex

2n

structure on the fibres of the bundle j(R ©7) = Fover the point J, and dcfine

the antiholomorphic vector fields /32 “(J) on R 2" and ,-operator:

a
> (D

J d A
3, = dZ4) —o R Y A
i 49z

0z iz azf
where 27 = ¥ + iy, (x", ¥) arc coordinates in R 2, and 2% arc coordinates
on (‘0". Clearly, Ti_,z =0.

Consider the trivial Hermitian vector bundle £ over the Euclidean space
R %", associated with the principal G-bundle over R 2", with conncction
which components are identified with the Yang — Mills (YM) potentials
Al, ey Az:r We shall denote by ¢ the scctions of the bundle E, which is the
pull-back of the bundle E over R 2" to the manifold j(R *"). They arc
functions y(x, /) on j(R **) depending on x € R >, J € F and taking valucs
in the space of complex representation (e.g., C Ny of the algebra &

Conncction on a complex bundle E can be used to lift the operators '5,
from R 2" to j(R ¥"). We can introduce the siructure of the holomorphic
vector bundle in E identifying the operator 3 on E @ 2= 0) with the (0, 1)-
2n

component D of the connection on j(R “"). In coordinate, a scction y of the

bundle E is holomorphic if
b. iy b -
@, +J,0,+ B, +J'B)y(x,J)=0, (2)

2w =0, @
0.’0

-1/2 . -1/2 : T
where 8, = 2 A, — i), ., B, = 2 Ay — iA, ) J . is a comp-
lex conjugation for .Ia”. Condition (3) is cquivalent to the choice of complex
coordinates on the manifold £ and Egs. (3) may be trivially satisficd for y

depending on Ju" and notl depending on 7:. The lincar cquations (2),
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defining the halomorphic structure in the bundie E, pul somc restrictions on
the gauge ficlds 8.

The compatibility condition of Eqs. (2) has a form:
¢ cpd _
FZ + Jll Fl jh FL;-I + Jll"h F('([ - 0’ (4)

where

F

5= 0By — B+ (B, B\, Fp=0B;— B + 1B, Byl

= (F ). Fop=(Fp).

By dcfinition, Eqgs.(4) are the genceralized self-duality equations for the
gauge ficlds in R 2.

Now cverything reduces to the choice of independent comiponents .I“".
By different choices of.luh we shall obtain different lincar systems, different
scif-duality equations and the embeddings of different integrable cquations
into the generalized self-duality cquations (4).

Letus choose, forexample, n = 2k and d = 2n = 4k. Replacc g, b, ... by

@), (), owhereg v, o= 1L 200G =1L Lk Put
) o j
Yty = Ar“ ¥, 5

where 9'2 = —r; =1,A€CP". Then Egs.(2) arc reduced to the cquations
@, + ’l"’_\- +C,+AD )y =0, (H_\‘ - M-',- + D, - AC )y =0, 6

where D ZALD, =Dy Cr = li“., D = HZ’.‘ i=1, .. k. Let

1 e

(*).Yl[/l = —‘J“‘”IVI‘ ,-)x‘q, = ?)—\"”vly (7)

andd ¢y = D;=C,=0when | </{<i<k Then lincar system (6) is redu-

ced to the systents, considered in (2,6 ).
Now let

() Iy
j(.m) d (8)
where .Ilz = ~le = le, .I|3 = —.13' = ns, ey .I,k = —-.IkI =J!k, and other .Il.j

cqual zero. Then we have
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A. 3 A =
(Tiﬂ| +r 0+ h‘m +n BM)V =0

- 2. - 2 -

(nﬂz - ”;(I + B/d -n Ii‘”)v- =0, @
= 3 -

(‘5 d (¥ By - b‘“l)yr—o

wh:‘rc A=12, ...k Lot By = Jﬂzw =..= «l & =0, h‘ﬂl Bp=..=
= BM = 0. Then Eqgs.(9) are reduced to the Lquahons, introduced by Ward

[10]:

) A, - A _

(0, + 770, + B + 778 = 0 (1o
. A, T A _

(@, +70, + ”zn + ”2‘4)'!‘ =0

where 9, = ;7“. ) = ﬁZI

Finally, in (10) lct 1" =f"1(A), where £ are Functions of A € C. It
means that we consider one-dimeasional complex submanifold B in the base
F of the bundie j(R 2"y > F and the restriction Z = j(R 2")I” of this bundlc

on B. Then Egs. (10) will define the holomorphic structure in the bundle E
over the twistor manifold Z,

We may ecmbed the equations of any integrable model in (1 + 1) dimen-
sions in Egs.(10) if we put ()Mr,l' =0, choosc the functions f“(A), matrices
B, 1,75 4 And a number & (d = 4%). For cxample, the Landau — Lifshitz
cquations may be obtained as a particular case of Egs.(10) when &k = 7.

If we take ay =00,y = 0, 4 =0wheni=k, ay = 0 and choosc

24 =2471, then Egs.(i0) coincide with the cquations of the intcgrable
modcls in (2 + 1) dimensions, introduced in 16 ]. 11 is not clear now whether
all the integrable cquations in (2 + 1) dimensions may be embedded inte
Egs.(10) or not. Apparcntly, this may be donc if one will use the infinite
dimensional Lic algebras (see, c.g., 15,21 ). In any casc, all intcgrable
cquations in (2 + 1) dimensions ‘md many integrable cquations in (2 + 1)
dimensions can be obtained upon appropriate reduction of the genceralized
SDYM cquittions (4),
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ELASTIC SCATTERING OF A SECONDARY ''Li BEAM
ON 23S AT 29 MeV/n

F.A.Garecev, S.N.Ershov, G.8.Kazacha, S.M.Lukyanov,
Yu.E.Pcnionzhkevich, N.K.Skobcelev, S.P.Tretyakova
JINR, P.O.Box 79, Dubna, Russia

M.Lewitowicz, C.Borcea, F.Carstoiu, M.G.Saint-Laurent,
A Kordyasz, R.Anne, P.Rousscl-Chomaz
GANIL, BP 5027, F-14021 Cacn, France

R.Bimbot, V.Borrel, S.Dogny, D.Guillemaud-Mueller,
A.C.Mucller, F.Poughecon
IPN, F-91406 Orsay, France

Z.Diouhy, L.Nosck, J.Svanda
Nucl.Phys.Inst., CS-25068 Rez, Chechoslovakia

The elaslic scatiering of a sccondary "1 beam (29 MeV/n) on a 2si target
has been measured for the first time. To compensate for the low intensity of the
secondary beam, an cllicient detecting system permitting to obtain reliable expe-
rimental data has been used. An attempt has been made to reproduce the data in
a phenomenological analysis and with coupled-channel calculations with a
double folding optical potentials, with energy and density dependent effective
interaction and realislic densities. An unusually large vatue of the surface dif-
fuseness parameter for the real part is required in the phenomenological optical
potcntial for description of the experimental data. In coupled-channel calouta-
tions with the folding optical potential a better description is achieved if a neut-
ron halo of ''Li is 1aken into account,

The investigation has been performed at the Laboratory of Nuclear
Reaclions, JINR and GANIL.

Ynpyroe paccesHHe RTOPHYHOMO NYYKA My
npu 29 MaB/nyknon na kpemunn-28

O®.A.Fapees v gp.

Buepsoie  MaMepens  ynpyroc  pacceside  8TOPMUNOre  nyuxa N
(29 MaB/pyKkaoH) Hi MULICItH M3 2381, JLax KOMNCHCAHM IHUIKOR addpexTha-
HOCTH BTOPHYHONO 1YUKA HCIIOABIOBANACH HPDEKTHBHAR ACTEKTUPYIOULAN CH -
CTEMA, [I03RONINBILAH TIONAYHMTD AOCTOBEPHBIC IKCHEPHMEHTANLHLIC NANNDLIC.
Cacaana onniTKa BOCIIPOHIBECTH AUHHLIE € BCIOMCHOIOMMUECKMM ONTHUC-
CXHM HOTEHNMANOM i ¢ MCIKMILADBAHWEM I0TEHIHANA ABOMHOH CBEPTKH C yue-
TOM CBAIAHHMYX RANANOB C JHCPIETHHECKOH M NAOTHOCTHON 3ABHCHMOCTRMM
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IHDCKTHINMOM BIAMMOACTCT BHA 8 PEMCTHMECKMME 30THOCTaMu. JLas o5~
CAUMA IKRCHCPUMERTATRHBIX AAHHBIX PCHOMCHOROMMECKI 1PEHYETCH BuouwTh
HEOORIUHO GOARINNC IHANCIBIC HAPAMCTPR NOBCRXNOC NI PPy 3n0CcIn pe-
ANBIAT YACTH NOTeHRHAL. B PACUCIIX C BCHOABIOBAHICM CEY3ANHBIX kil -
NOB ¢ NOTCHUMATIOM IO CBCPTKH AVHIICC COINICHE JOCTHFACICH, CCin
fpath B YUeT HEHTPOHNOC 1AN0 B .

Pabora spmonscna s JlaGoparopss saepumx peaknisi OMAK v FATIRIL

b. Introduction

In recent experiments at GANIL |1 ], the existing L interaction cross
section data 12,211,231 have been complemented by a measurement of the
Coutomb dissociation cross section and the neuiron angular distribution at
an energy of 30 MceV/n. These new data together with measurements of
transverse and paraliel momentum of L produced in i induced reactions
{3.4 ] have provided further support for the ncutron halo hypothesis, Never-
theless, although they give information about the extent of the neutron clo-
ud and the degree of correlation between the two extrii-care neutrons, these
experiments are unable to provide detailed information about the proton
and ncutron disiributions in ''Li. Such information can, in principle, be ob-
1ained from measurements of the clastic-scatiering angular distributions. In
this way. it should be possible ta test various theoretical descriptions of M.
The atm of the present experiment was to advance the idea of a «non-
destructives study of M, by measuring its clastic scattering from a 3 tar-
get and to comparg it to the elastic scattering of the stable nucleus L.

In the similar measurements performed recently at RIKEN for ihe "Li
and ''Li nuclei on protons |29 | the clastic cross section for the "Li was
found about factor of two smaller than for the ®Li case. However, results of
another experiment performed recently at NSCL MSU for the system
M+ ¢ 130 | have shown a strong cnhancement of the ritio of a/aR for

'Li as compared with the system ''C+ '2¢. The later observation indicatcs
an enhanced far-side dominance in the angular distribution of the My scat-
tering predicted by Satchler et al. |24 |. In the analysis of both the expe-
riments considerabie changes in optical polential parameters were neces-
sary to reproduce the 1§ data. In the present work the use of a heavier
target should, in principle, cnhance the influcnce of inclastic processes such
as break-up and Coulomb excitation of the projectile on the clastic channel.

2. Experimental Method

Secondary beams of 29 MeV/n ''Li (150 pps) and 25.4 McV/n 'Li
(1000 pps) were produced at GANIL in the reaction of a 76 MeV/n 189 pri-
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Fig. 1. Experimenial set-up; see text for details

mary bcam bombarding a 360 mg/cm2 Be + 2900 mg/cm2 C production tar-
get. The outgoing fragments were separated by means of the LISE3 spec-
trometer |3 and identified by their energy loss and timie of flight. The
purity of cach of the seccondary beams was better than 989, The cnergy
width of the sccondary beam was defined by the momentum acceptance of
the LISE spectrometer which was set to 2.3Y, in the casc of "Liand 10 9.4%,
in the case of ''Li. The angular dispersion of the sccondary beams wis
smaller than 0.5°.

A schematic view of the set-up used in the present experiment is shown
in figure I.

To compensatce for the low intensity of the secondary beams we choose
a detection system with a very high cfficiency of registration of scaticred
particles. At the same time a big angular and energy spread of the secondary
beams implicd measurements of #ngle and position on a target for cach
incoming particie.

The trajectory of cach particle was reconstructed by means of two
position-sinsitive X-Y siiicon detectors (AEL, AE2), with thickness of
71 mg./cm2 and 104 mg/cmz, respectively, placed at the final focal point of
the spectrometer. The AE2 delector was simultancously used as an aclive
sccondary target. The position resolution of cach of detectors was | mm.
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The incident angle of the particles on the secondary target was measured
with the accuracy better than 0.5°. The collimator, 13 mm of diameter
placed in front of the target, was used to limit the size of the beam spot. Two
circular silicon detectors, one with 16 concentric strips (A£3) and other with
8 radial scctors (AE4) were used to determine the position and cnergy loss
of scattered particltes. The detectors had a 69 mm of outside diameter and a
ceniral hole 22 mm of diameter. The distance between the sccondary target
and the circular detectors was adjusted to cover center- of—mdss dirfusion
angles between §° and 17° for "Li and between 5° and 22° for ''Li. A matrix
of seven BGO crystals |6 ] (E1-ET), used 1o determine the residual energy
of cach pariicle complemented the experimental set-up.

The overall relative encrgy spread of diffused particles including the
cnergy width of the seconda. y beam, the mlrlnslc resolution of lhc detectors
and the energy straggling was about 7%, for "Liand 20%, for ' Li jons.

The geometrical efficiency of the system was calculated on the event by
cvent basis taking into account the trajectory of the incident particle and the
geometry of the strip detectors. The systematic uncertaintics in the mea-
surcd differential cross section introduced by this procedure are smaller
than 109,.

3. Results

Angular distributions of clastic scetiering of Li and ""Li measured in
this experiment are shown in figures 2—7. The crror bars indicated for the
cxperimental data correspond to the statistical crrors.

The usc of the thick target, the angular resolution of A8 = 1.5° and the
lack of sceparation between clastic and inclastic scattering resulted in a
flattening of the diffractional structure of the spectra.

The measured distributions for "Li arc in the qualitative agreement
with mcasurcments at lower projectile energies {26 |. It has a shape typical
for scattcring of stable nuclei in the Frauenhofer diffraction region — the
ratio U/akmh oscillates and decreases with increasing scattering angle. For
the case of ''Li the behaviour of cxperimental data is rather vnusual, the
ratic a/oRulh is almost constant in the measured range of angles. The

a/akum. lics for 'L higher than the one observed in an analogous distri-
bution for the clastic scattering of *Li {271 and I8¢ 128 Jon g, at approxi-

mately the same energy of relative motion.
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4. Optical Modcl Analysis

4. 1. Phenomenological Optical Potential
The analysis of the elastic scattering was carried out in the framework
of the conventional oplical model by using the standard Wood-—Saxon form:

Ulr) = Vo) = VIAD — IWE40,

where [ Lry=(1+ expl(r =R )/ a,, Y [N =(1+ expi(r —Rw)/aw])—l,

R, = ’VA'I!/J' Ry, = rw/t.,‘./3 and VCoul(r) is the Coulomb poicential of the

uniformly charged sphere. The potential parameters V, W, P Fyp @y and

ay, were fitted 10 the experimenial data using the standard xzmc(hod. N
T SANLE L0 I RO 0n St L AL B SN SNL I B B LR RN SR M S el -
Ty 18-,
1 Li(25.4MeV/n)+ °Si
-~
l‘.,.) F [ ENYR J
B — = - elaslic
g " N inclastic 4
S . ~———— glast.+inelas,
% L - Cook 1
~
b l“l
-
] "'l Lo s ol s vad s donaadas s vl
0° 5° 10° 15° 20° 25 I .
0 1
cm 4
Fig.2. Comparison of the pxperimental data with theoretical calculations ");

for clastic scatiering of Li+*si at energy 1:‘7“ = 177.8 McV; fong-

dashed line — clastic scattering with optical potential «A» from tabic 1;
short-dashed — inelastic cross section; solid — sum of elastic and ine-
lastic cross sections; dotted — clastic crass section with potential from |26)
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The theoretical cross sections have been averaged over the angular
resolution before comparison to the experimental cross sections.

As the inclastic events have not been resolved by our detection system,
we have estimated the inclastic cross section for the cxcitation of the 2*,
1.78 MeV state in 2%Si and added it incoherently to the elastic one. The esti-
mation of the inclastic cross scction was made in the framework of the
DWBA. The inclastic form factor was chosen as a derivative of the optical
potential:
PLG)

dr

Fr=8,R, —@H/j R,

withj3, R, =g, R, = 1.21 fm 127 |,

In figurc 2 the results of the calenlations are compared to the experi-
mental data on the elastic scattering of “Li. In the calculations the geomeltric
parameters of the optical potential were taken from the global parametri-
zation {26 {. and the potential depths V and W were adjusted to reproduee
the data (sce table 1y Theoretical calculations of the clastic scattering are
shown by the long dashed line; inelastic one, by the short dashed line; and
their sum, by the solid line. For comparison the clastic cross scction cafu-
Lited with paramecters from {26 fis also shown by the dotted line. From the
calculations it follows that the contribution from inclastic processes may be
importani at the end of the measured angular range and theoretical calcula-
tions can describe the expernimental data with «standards optical potentials.

Yabie 1. Paramclers of the opticat polentials for the system TLi s s

! -V V; my ] a4y |- w I Ty gy <":)|“ (’f«)”;‘ Vg ;1 i

. Me¥ [ tm o PV ot (| ofm [ m b
A 2268 | 1.286 | 0.853 | 37.26 | 1.734 | 0.809 | 4 38 5.08 | 1820. ; 70
Trom |26] | 114.2 ] 1.286 | 0.853 _29_15‘[_1113!; 0809 ] 4.3x | 508 | 1700 {104

Table 2. Parameters of the uptical polentials for the system ''Li + 2*8i

e e . B o R SRR S
] 1 -W Fa uy (rf)"Z (r;‘j'/' ay xl/,\
fm l Mev fm fm fm n b
i B 1 o dm o
1 17;7 f 823 | 218 | o425 Ho.no.z‘i‘s.jc, 1445.2 | 1.84

In the case of 'L the situation is different. The caleulations based on
the usual nuclear potentials cannot give a reasonable description of the
cxperimental data. As an example, on figure 3 the clastic cross section of
'Li (dotied line) calculated with the optical potential from global paramet-
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rization 126} is shown. It is very difficult to give more definite limits for
changing the optical potential paramicters based only on the experimental
data within a relatively narrow angular range. Therefore, only one example
of possible potentials is given in table 2 and the calculated clastic cross sec-
tion is shown by the long-dashed line in figure 3. The contribution from inc-
lastic scattering, calculated analogously to the "Li casc, is shown by the
short-dashed line; and total cross scction, by the solid line. The root mean
square (rms) radius of the real potential is in our case about 6 fm, and in the
strong absorption region the potential has a refractive character. The relati-
vely large value of surface diffuseness of the real part obtained for this po-
tential can reflect the extended density distribution of YLi. Further impor-
tant information about the scaticring nature may be obtained from a near-
side and a far-side decomposition of the clastic cross section {31)]. The

10*
.
1]
2]
~
< 2
E 10
~
% . ap
e} & -~ — rlastig

ot
- |
------ inelastic
F - - elasteinelas,
Cook |
102 Lot e s luas Lo L_L_J. J REFEREre l,j':._J B

0° 5 w0t 15t 200 2% -

0 cm
Iig.3. Camparison af the experiment] data with theoretical calculations
for elastic scattering of "'1Li+2Si @ energy E”l =319 MeV. Long-
')
dashed line — clastic scaniering with optical potential from table 2;

short-dashed - ineclastic crass section; solid — sum of clastic and inc-
lastic cross sections; dotted — elastic erass section with potential fram {26]
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decomposition for "L elastic scatiering is snown in Fig.4 where the long-
dashed and short-dashed lines give the near-side and far-side contributi-
ons, respectively. The crossover point of the near-side and far-side compo-
nents is close to @ ~ 2° and the region of diffraction oscillations occupices the
anglc range up 1o ~ 8°. At larger angles the far-sidc compoucnt dominates in
the clastic cross scction. In the casc of "Li scattering the crossover point is
ncar 8° and the region of difraction oscillation spreads up to nearly 20°. The-
reby, the smoothness of a/a in the " Li case at angles larger than 6 = 10°

may be connected with a more strong manifestation of nuclear refractive
propertics in halo nuclei. The elastic cross scction for 1i1e potential given in
table 2 shows the picture of the rainbow scattering {32 ]. Of coursc, it docs
not mcan that the rainbow scattering is revealed in M scattering. The
appcarance of this effect will depend on transparcncy of nuclear potentials,
To give more definitc answers, it is necessary to have the experimental data
for 'Li scattering tn a wider angle interval covered by the exponential fall-
off of the clastic cross sections and diffraction oscillations at small angles.

13"‘1_1"7—!“!'1*‘!_1“?'1;(’1717'17[11‘777'1‘1’3
o]
L
L]
107 "4 1
4 l||
] ! 1y, %8g;
7 { E =319 MeV K
|
1
2 ]
10k e e e
0 i0° 20° 30°
ecm

Fig.4. The near-side and far-side decomposition of the elastic scattering
"pissiatencrgy £,, L 319 MeV.Solid line, long-dashed and short-
4

dashed arc clastic cross section, near-side and far-side contributions,
respectively
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The contribution of soft modes in ''Li {33 ] to the clastic cross section is also
possible and requires further investigations.

4.2. Double Folding Potential

Simplificd coupled channel (CC) calculations were done using the code
ECIS 17}. The 283 was treated as a rigid rotor and couplings involving both
cxcitation and de-excitation between ground state (0*) and first excitcd
state (2% were used. The B(E2 1) valuc was taken from the compilation [8]
and a deformation Iength of 6 = 1.15 fm was used, which gave satisfactory
results in a similar CC calculation for ®Li + 28Si at 210 MeV {91

The bare CC optical potential (the real part) was calculated in the semi-
microscopic double folding model |10 | using the density and energy depen-
dent effective interaction (DDM3Y) from [11,12 ]. The geometry of the ima-
ginary part of the optical potential was taken to be the same as for the real part:

VoprD) = (N, + IV ) Vi ppay (r)-

No attempt has been done to fit the normalization constants N, N but
rather they have been fixed by some physical requirements or by analogy
with similar systems. The antisymmctrization cffects and the density de-
pendence of the effective interaction in the calculation of the folding poten-
tial were treated similarly as in reference (12 ). The necessary nuclear den-
sitics were constructed by standard Hartree-Fock (H.F.) calculation using
Skyrmc I1 (Skl) parametrization of the cffective interaction {13 ]. Spherical
symmetry and occupation numbers determined by single particle energics
were assumed. The nuclear matter rms radii of the resulted densities (r,)
and the rms radii of the corresponding DDM3Y potentials (r)) are given in
table 3. Also the corresponding values for the <halo» density of Bertsch ctal.
{14 are indicated. The rms radii of the halo density of Bertsch ¢t al. agree
with the cffective rms matter radivs of 3.12 + 0.16 fm extracied by Tanihata
¢t al. 1§) from the measured interaction cross scction at high cnergy.
Therefore it is interesting to check this density in the elastic scattering of
""Li at lower cnergy.

As a test ground for our calculations, the 8L clastic scatiering on g a1
154 McV |16} was taken. Studics [17—19 | on clastic scattering of light Li
isotopes in a wide range of energy and targets resulted in a strong renor-
malization (up to 50%) of the cffective M3Y interaction in order to explain
the data. It was suggested by Sakuragi [19] that this reduction could be
explained by projectile break-up effects. The dynamical polarization poten-
tial (DPP) induced by projectile break-up process has a repulsive surface
contribution to the real optical potential with a strength of about 409, of the
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Table 3. The maticr density rms radii for Li isotopes and *Si calcutated
with the Harree-Fock method and the Skyrme 11 potential (2)'/? and the rms radii

of 1he corresponding DDM3Y folding potentials (r2)'/2

°Li L YL si )
(2373 |fm} 2.24% 231 2.68" Il
2.99"
Y2 (i) 4.034" 4.083" 4.321%
4.579"

a)calculated with the standard Hartree-Fock method and the Skyrme H potenal {13].
bicalculated with the halo density of Bertsch etal.114].

Table 4. Effective square radius rf, and total reaction cross sections «, for Li isotpes on ]

I . ¥ ] 1 i *Li M
B [MeV/n| 28.7 25.4 25.4 29 29
2 |fm*} 1.290" 1.285" 1.290" 1.246% 1.305%
o, tmb) 157" 1672" 1768" 177" 001"
oy imhb) 15217 15837 2064"
1402
ap mb] 2947+ 386"

% from Saint-Laarent eral. |21],
. L, P . .
values caleutated for the reactions "1 it®*Si with the formula of Koa ot al. 25) and

parameters from |219,
“calculnted with DDM3Y and N, = N, = 1.0,

“caleulated with DDM3Y and N, = 0.60, N, = 0.18,
Sexperimental vatue of Villari etal. {23) a125.5 MeV/n.

folding potential and a negligible imaginary part, with the effect of decre-
asing the far-side tail component of the scattering amplitude at large angles.
Similar reduction has been found recently in a secondary ‘Be beam scat-
tering on 20 41 140 MeV by Yamagata {20 J. Howcver, there is no need for
such a reduction in the calculation: that we performed using DDM3Y cffec-
tive interaction. The results obtained for ®Li with the normalization N, =

= 1.0, Ny = 0.9 tfigurc 5) show a rcasonable agreement with the data.
In a next step, the same procedure was applied for 7Li data measured in

the presert experiment. As can be seen in figure § the incoherent addtion of
clastic and inclastic scatlering results in a rather flat diffractional pattern.
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The caleulated reaction cross sections for ®7Li arc in good agrcement with
the estimated valuces based on the semicmpirical formula of Kox ct al. {25
with the parameters from Saint-Laurent et al |21 ] (sce lablc 4).

In the samc spirit, mlculdlmns were performed for 'Ll clastic scat-
icting data. In contrast to the L case, the prmmcnlal 'Li cross section
lies above and decreases slower than the corresponding CC prediction if the
CC bare optical potential is calculated with the normalization N, = 1.0,

= 1.0 (figurc 6). The H.F.—SkIl density for 28Si and the density of
Bertsch ct al |14 (solid line) and H.F.—Sk!l (dashed line) for U5 were
uscd. While the calculated clastic cross section is rather inseansitive to the
valuc of the deformation of the potential over the range of experimental
data, the inclastic one depends strongly on this parameter. For example, the
ratio (g, + ai")/acl doubles at large angles ¢ 15°) when the deformation

length is chaged from 1.15 to 1.48 fm. However, in order to bring the calcu-

T T T T T T T T T T YT -y

. £1p. daia ch-mdl e

1 e (C DMV Noz19 Nu:ld
SLi(25.IMeV )+ i

1 . Exp. dats precest sork 4

S0 DDMAY Na:zl1d Naido

0.1 F

G/GRulh.

TLi25.4MeV/in)ettsi ! Co

IPEFUPErTS AT WA Rre RS S SR
0° 5° 10° 15° 200 25°  30°

G(‘lll

IFig.5. Angular distributions and CC calculation of elastic scatiering of
light Lt isotopes; the bare CC potential is calculated wnh DDMIY
effective interaction and 11L.¥.-Skll densitics; aormali [

arc indicated in the figure
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lated clastic plus inclastic cross section 1o the measured one, unrcasonably
large deformation parameters arce nceded if the normalization is kept con-
stantat N = 1.0, Ny = 1.0. The calculated reaction cross section for this
normalization is about 2 barns for both densitics.

Subscquently, one may examine the cffect of different choices of T
density, as stated above. For the same normalization, the halo density pro-
duces a poleatial with a larger radius (1able 3) and the oscillations in the
cross section are shifted to smaller angles. As can be seen from figure 6,
especially for the large angles the presence of a neutron hato produces a
quite different oscillation pattern.

The inability of the presented calculation to reproduce the experimental
data lcads us to modity the normalization constants. A choice of N‘, =2.0,

N, = L.Ogives a reaction cross section of 2 barns, brings the calculated cross

L I S ——

HLin29MeV /n)+t i

Ruth.

C/C

0.1 L

+  Expodala \
——~—=—wilh halo M:zLE Nu:LD

------ oo halo Naz10 Nw:fg
00] TP AT SR SR e
0° 5° 10°  15° 200 187 300

e cm

I'ig.6. Angular distributions and CC calculation of i elastic scaltering,
the bare CC doupble folding potential is calculated with DDM3Y aud
11.1.~Sk1I density for 22Si and the halo density of Bertsch et al. 14§ for
"1 tsolid tine) and 1.F.~Sk1I density (dashed line); values of the nor-
malization constants Ny and Ny, are indicated in the figure
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section over the data, but is unable to reproduce the most prominent oscil-
lations. In order to reproduce the observed oscillations in the data, a reduc-
tion in the normalization constants seems to be accessary. The results obtai-
ned with A= 0.6, N = (.18 (without neutron halo} and N = 0.27 (with

halo) arc shown in figurc 7. Different & values were taken in order fo

obtain approximaltely the same value of the reaction cross section. If the N,
value was equal to 0.18, then the «no halos calculations give an even smaller
reaction cross section, though they come a little closer to the data. While the
general trend is reproduced, the reaction cross scction drops 1o a valuc of 1.4
barn which is quiic puzzling in view of the existing data concerning the
reaction cross scection.,

The interaction of ''Li is dominated by the break-up process. In a
recent experiment at GANIL {1 ], the two neutron removil cross section of
TLi on Be (0.47 barm) and Ni (1.3 barn) targets was measured at the same
cnergy as in the present experiment. From these numbers one could esti-

10 e T

DLiczeMeVing+t%si

0.1 ¢
o Exp.data N

with hale Ny=0.6 Nu:013

no halo Nv=0.6 Nw=0.27

0.0] bt e tasad e b o
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0(‘“]

Fig.7. The sume as fig.6 bui for different nurmalization constants N and
Ny iotal reaction cross section o = 1.4 barn in both calculations
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mate the break-up cross scction for #5i 10 be in the range of 0.9—1.0 barn.
This s practically onc half of the reaction cross section predicied by the for-
mula of Kox et al. {25]. Fukuda ct al. 1221} have found recently that such
cmpirical formula underpredicts the reaction cross section for halo nuclei by
20—30%,. Thercfore, a reasonable value of the reaction cross section for
i+ 28i 4129 McV/n could be 2.3—2.5 barns, in relative agreement with
the value measured by Viltari et al. 123 fat 25 McV/a. The measurement of
ILi transversc |31 and parallel {4 | momentum distributions showed that
duc ta the very diffuse structure of ! 'Li, the break-up process is dominant at
large impact parameters, in contrast with a «normals nucleus like "Li. In the
preseat experiment this is confirmed by the analysis of the energy spectrum
of the diffused ''Li ions. If the scaticring of YLi at low impact parameters
a.c. atdiffusion angle larger than about 4%) is accompanied by a break-up of
lhmnudcm"U-»%J+LnoncﬁdeoMcwchnhcmmmumdsmwmnuﬁ
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Fig.8. Experimental spectrum of the total energy of scattcred jons lor the
29Mev/n 'L secondary beam; the curves represems a two- gaussian fig
centered at the mean energices of *Li (dnshed line) and "'Li ( sotid line)
indicated in the figure by arrows
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tal energy (sum of energy Ioms in all detectors), shown in figure 8, a peak
carresponding to the 28 MeV/n Lii IOnb A carcful mathematical .mdlysls set
an upper limit of the contribution of i to 5% . Thercefore, the ''Li scat-
tering is influenced by the break-up process only at very small angles, where
the aptical model amplitude is dominated by the Coulomb scattering. The
crass section measured in the angular domain covered by the present expe-
rth nt is completely insensitive to the break-up process. The loose structure

"Li is contained in our oplical potential through the halo density, which
pruduu.s only a small shift in 1he potential radius. A simple renormalization
of the potential cannotccount for the nonlocal dynamic polarization poten-
tial induced by the break-up process. Similar ideas were advanced by Sat-
chicr et al. {24 ). They suggested that an appropriate normalization of the
real folding DDM3Y potential might be equal to0 0.57. With this normaliza-
tion the caleulated optical model reaction cross section (1.4 barn) represents
approximately the difference between the estimated fotal reaction cross sec-
tion and the estimated break-up cross section.

Onc should also notice that a very similar total reaction cross scction
(1.45 barn, sce table 2) was obtained also in the phenonmienological optical
modcl analysis presented in section 4.1,

As can be scen in figure 7 significant differences appear by using diffe-
reat density distributions for ' Li, At practically the same normalization of
the effective inferaction and at the same total reaction cross section, the halo
density reproduces better the data than the no halo density.

S.Conclusions

We have mceasured for the first time the Jngul‘lr distiibution of the
clastic scattering of a ncutron halo nucleus on the i target. For this
purposc, a sccondary "Li beam was usced. Despitce the rather low intensity,
the high cfficiency of the detecting system permitted to obtain reliable expe-
rimental information. The corresponding angular distribution can be reaso-
nably described by using the phenomenological optical potential and the
semimicroscopic double folding modcl with density and energy dependent
effective interaction and realistic densities. However, in the analysis with
the phenomenological optical potential the strong medification of the «stan-
dard» parameters seems 1o be necessary for the description of the experi-
mental data. In the semimicroscopic model a strong renormalization of the
real part of the optical potential seems to the necessary in order to reproduce
the measured angular distributions. At the same time, the important con-
straint of reproducing the extremely large measured total reaction cross sec-
tion could not be satisfied. A rcason for this discrepancy could be the inscn-
sitivity of our data (o (he break-up process over the measured angular range.
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For looscly bound Hy nucleus, with a very long tail of the neutron density
distribution, this process takes place mainly at large impact paramcters iand
the corresponding cross section represents an important fraction of the total
reaction cross section. The strong nonlocal dvnamical polarization potential
induced by this process cannot be simulated by a simple renormalization of
the DDM3Y cffective interaction.

The results of present experiment confirm conclusions drawn by Kolata
ctal. 1307 on the enhanced refraction and on the importance of a very long
absorption in the clastic scattering of Mion light 1argets.

The structure of ''Li enters in the folding potcntial only through pro-
jectile density and the presence of the neutron haio produces relatively small
changes in the potential. Nevertheless it seems that the calculations with the
halo density reproduce betier the experimental data.

Maostof the difficultics encountered in the interpretiation of the present data
come from the lack of separation between clastic and inclastic events which
would have required a much better energy resolution for the detected ' Li.

The results of present experiment proved that a measurement of clastic
scattering of very exotic nuclei although technically difficult can be perfor-
med cven at a very low (several hundred particles per sccond) intensity of a
sccondary beam. For a complete explanation of the obilained angular and
cnergy distrubiton of diffused " iions particular propertics of the "Minu-
cleus due to a presence of a ncutron halo have (o be taken into account. In
particular a contribution of soft modes of a giani resonance in i to the
clastic cross sectior. is poassible and requires further investigations.

Similar experiments performied with higher angular and encrgy reso-
lution are necessary to confirm and to study the phenomena of neutron halo
for other light neutron-rich nuclei as ”Bc. '4Bc and I784
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POSITION-SENSITIVE NEUTRON DETECTOR
AS A MODULE OF NEUTRON MULTIDETECTOR SYSTEM

1.D.Alkhazov*, A.V.Danicl*, V.D.Dmitricv?, E.M.Kozulin,
A.V.Kuznctsov*, Yu.E.Penionzhkevich, V.A.Rubchenya*

The position-sensitive neuatron scintilation detector has been made. Fhe de-
1ector consists of two photomuhtiplicrs and guartz wbe filled with liquid scintil-
lator (@ 6x100 ¢m) with n-y separation properties. ‘The propenties of the de-
tector have been measured and calealated by SITHA code. The position reso-
lution is 10 c¢m and time resolution is 1.4 ns. The neutron efficiency varies
between 317, and 26%, for neutron encergy hetween 2 and 7 MeV, or neutron
energy threshold — | Mev, respectively.

‘The investigation has been performed a1 Radium Institute (81.Pctersburg,
Russta) and at the Laboratory of Nuclear Reactions, JINR.

[MO3MUHOHHO-UYBCTBUTCIBH BT HCHTPOHHBI ACTUKTOP
KAK MOAY b HCHTPOHHOH MHOMOALTCKTOPHOM CHCTCMbE

H.J1.Aaxazor u ap.

COoxnN NOTHIMOMHO- QY BCTITCALHE NCATPORILIA CHAN LIS
AeTeR10M. JICTCKTOP COTTOMT 13 1BY X OTOYMIIKHTCACHT H KBAPUCBOTT 1py6n,
FANOANCHHON KHAKHM CHHNTHANS tOPoM Giam. 6x 100 M) ¢ fi-y paapenany-
TLMMH CBOHCTBAMM. XA MUKTCIHCTIKI ACTCKTOPA BB HIMCPCHBL H PACCHNTIL-
i no pporpamme SETHAL Homesonnoe paapemicise coctanitie 10 oy npu
BPEMCIHOM pa3peiicHki 1,4 ne. DPAekmimoctn peructpatisti neirponos
MenneTes Mexcay 319% 1 26%, s duepran ueirpotion o1 2 0 7 MoB, cootser-
CTREHHD JUIS DHEPIC THUCCKOM FIOPAra pEructpanmi hesttponos — T MoB.

Pabora swnoancna s Paguesos wnernryte (Canka-EHerepbypr, Poccus)
#1 s JlaGopitiopuy wacpitmx peaksii OMHH.

1. Introduction

In the past few years the interest for ncutron multidetector systems in
low and medium energy of heavy-ion physics greatly raised. The so-calied
«Ncutron Balls» allow on¢ to measure the neutron multiplicity and don’t
give information on the angular distribution and the energy specira of the

*Rudium L stituie, St.Petersburg, Russia
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detected neutrons. One needs multidetector system whici: gives simulta-
ncously the energy spectra, the angular distribution, the mean muttiplicity
valuc (or multiplicity distribution of ncutrons). The measurement of these
characteristics can be performed by a number of small detectors, such as
DEMON project |1 ]. The number of photomultipliers, however, lcads to a
sharp increase of the usage of clectronics. Besides, a lot of calibration is
necessary for their relative normalization. These problems can be reduced
by means of large position-sensitive ncutron detectors. A few types of such
detectors had been studied in |2,3,4 |, Each of these detectors is intended to
solve a specific task: the detection of high-cnergy neutrons (up to 200 MeV)
at a large solid angle {2 |, observation of neutron emission from fast moving
fragments or from precquilibrium components for deep-incelastic heavy-ion
reactions |3 ], scattering measurements of fast ncutrons at small angles {4 ).
We designed the pusition-sensitive ncutron detectors as the modules of
ncutron multidetector system |5 ). The geometry of this multidetector sys-
tem can be changed, for example, cither near 4z solid angle neutron detec-
tor system or «ncutron wall» system. The latter can consist of a few layers of
position-sensitive ncutron detectors for increasing the cfficiency of high
neutron energy measurements,

2. Construction and Principle of Opcration
of Position-Scnsitive Neutron Detector (PSND)

The ncutron detector consists of a quartz tube 100 cm long with 6 cm
diamcter (thickness of the walls: 2.5 mm) and two photoriltiplicrs PM-30
with 50 mm dia. of photocathode. The tube is filled with liquid scintitlator
LS-13 [6] (analog of NE-213, with n-y scparation propertics). The photo-
multipliers are coupled directly to the liquid scintillator in order to avoid
light attenuation. Between PM and both ends of quartz tube there is a col-
lapsible conjunction which consists of flanges and a special rubber. Tests
have shown that this rubber is resistant to the liquid scintillator. The con-
struction of the expansion chamber allows horizontal as well as vertical mo-
unting of the detector. The detector is shiclded against light with a titanium
envelope. The scheme of the PSND is presented in fig. 1.

Principle of time and position detcrmination is shown in fig.2. The
position information is oblained from the difference between the light
travelling times a, and 1,) to two PMs at both ¢nds of neutron detector.
The position-independent time-of-flight is given by cquation (sce fig.2),
with ¢ — velocity of light, n, — refractive index of liquid scintillator, ¢+ —
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Fig.1. The scheme of position-sensitive neutron detector (PSND)
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¥ig.2. Principle of fime and position determination. 1 — time-of-flight, x — position of an
incident neutron, 1,7, — mean light travelling times, n, - refructive index of liquid

scintillator

time-of-flight, { — the length of detector (1m), T, and7, — mean light tra-
velling times. The energy of a neutron is calculated by the time-of-flight
method.

In figure 3 there is shown the electronic set-up for measurement of
detector propertics with the 2520 source and y-source. The electronic set-up
includes two constant fraction discriminators (CFD) and two time-to-pulsec-
height converters (TAC) for measurements of the times of flight and the
difference light travelling times in the scintillator, two fast commutators for
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Fig 3. Llectronic set up for westing PSND. PMT — photomultiplicr, CHD —
canstant friction discrimitator, FAC — time-1-pulse-height converer, 1FC

- fast commutator, 1€ — fonization chamber, ADC — analog-to-digitat
canverier

division of the PMs signal by fast (with time 50 ns) and slow (with time of
JOO ns) components and block of coincidence and strobes. Six ADCs

tanalog-to-digital converiers) are connected by the 1BM COMPUTER.
tonization chamber with “*Cf source and constant fraction discriminator
forms the estops signal for the time-of-flight measurements,

angular information from position-sensitive neutron detector:

of-flight and position give us ncutron cnergy.

NENE = 3 N

In figure 4 there is shown necessary data for obtaining energy and

Eo Ll ot « sun ot tines gives us the tuie-ot-thght.,
2. Difference of times gives us a position of an incident ncutron. Time-

83

v mants



ADC 1 ADC 2 ADC 3 ADC 4 ADC 5 ADC 6

A4 v v v v v

Tl Alf All AII AI‘ TI
1. (T, + T,)/2 = T (time of flight)
2. T-T, = X (position)
3.4,/4, = X* (additional position information)

}= E, (ncutron encrgy)

4.4, + A, = E, (additional position information)
(AI ' AZ)l'ﬂsl

’ (AI’ A2)sl0w
A=Ayt A Ay =Ayt A,

= n — y scparation

Fig.4. Necessary data for obtaining the encrgy and angular information from
PSND

3. The ratio between the pulse heights of fast signals gives us additional
position information.

4, Sum of the pulsc heights defines the recoil energy of proton and also
gives us additional information on ncutron cnergy.

5. The relation between two fast and slow components of PM charge
signal allows onc 10 realize n-y scparation,

Therefore the data from position-scasitive ncutron detector include six
valucs and occupy 12 bytes of memory. For the sysiem of neutron detectors
we must add yel onc byie in order 10 remember the number of ncutron
detectors.

In figure § there is shown the clectronic sct-up for serving of two (or
more) PSNDs, This scheme explains the fogic of work in the case of a few
PSND, where the multi-input CDC (charge-to-digital converier 4300B «Le
Croy») and the multi-input TDC (time-to-digital converter 4300B+4303 «lLe

Croy») arc used.

3. Calculation Mcthods
The cfficiencics of our sct-up irradiated by ncutrons with the energics

less than 20 McV and ncutrons cross tatk have been caleulated by the pro-
gram package SITHA rSimulation Transpert Hadron) |7). This package
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was created in Radium Institute and its development goes on last ycars |8 ).
The package SITHA is used to calculate hadron transport in matter blocks of
a complex geomelry.

The nucleon and pion transport was carried out for the encrgy interval
from 10 McV to 10 GeV; and ncutron transport, for the energies less than
20 MeV. In the last case multigroup approaches based on the neatron cross
section library GR175-V1 {8 ] arc used. The package SITH * includes dif-
ferent madules for calculation of the response function of the neutron detec-
tors bascd on liquid organic scintillator irradiated by the ncutrons with the
energics less than 20 MeV. These moduics have been circfully tested (9]
and wc usc them for caleulations of the characteristics of our fong position-
sensitive ncutron detector,

Light output to protons, alpha particles and recoil nuclei were taken
from Dckempeneer et al, {10 Light atienuation in the long tubes has been
taken into account.

4. Results and Discussion

_ The position resolution is presented in fig.6. The highly collimated
201 source was displaced in steps of 10 ¢m in front of the detector. In the
upper part of the figure the difference time (AT) between both the ends of
the detector is shown. This value (14 ns) is equal to double mean tight tra-
velling time along the whole length of the detector. The position resolution
depends on the time resolution of the detector. The time resolution has beeo
optimized by the choice of voltage between cathode and the focusing clec-
trodes of PM. The time resolution of the whole detector system including
clectronics is 1.4 ns. Therefore the position resolution is 10 cm. In the lower
part of the figure one can sce the position resolution s & function of the
ncutron cacrgy loss in the scintillator. The energy scale was obtained by
means of calibrating of y-sources and 320§ source. In the lower cnergy
region the position resolution is mainly determined by the signal-to-noise
ratio. This poor resolution may be improved, however, using additional
information on the time-amplitude rejection and on the ratio between the
pulse height of signals from both PMs,

in fig.7 there is shown the light output versus the position on the
detector. The lines are drawn via measured values. For a single PM the pulse
height varies three times, but the sum of light output is nearly constant
(20%,) along the scintillator. The light output variation from single PM may
be used for an additional position information. The sum of light output from
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Fig.6. Upper part: the illustration of position resolution. Lower part:
paosition resolution v, neutron eniergy loss in the scintitlator

both PMs gives an additional cnergy information which is almost inde-
pendent of the position.

In figure 8 there is given the time-of-flight spectrum of PSND sector
(x=20—30 cm — posmon of detector relative to its end) for 0.5 m flight
path as measured with a 520 source. The quality of the time-of-flight sepa-
ration between neutrons and y is demonstrated in this Figure. For n-y pulse-
shape discrimination we use the digital integration method: comparison of
fast and siow components of PM signal. The combination of the time-of-
flight and pulsc-shape methodics cnables a good n-y discrimination for
ncutron energy threshold of | MeV.

The absolute neutron cfficiency has been measured by means of Bcy
source. The source was displaced at a distance of cither 0.5 or 1 m from the
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Fig.7. Light output vs.position. 0
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1.9 The measured neatron efficiency of PSND as a function of neutron energy and
powition of detector

center of i detector. The measurements have been made for cenergy
threshold — | MeV recoil protan energy in the middle of detector, Ten
positioned time-of-flight spectra for various time intervals between signals
from PMs have been collected simultancously. The ncutron cfficiency
registration for different detector sectors (position) as a function of neutron
cacrgy has been obtained from ncutrons number ratio detected in
coincidence with fission fragments and total ncutrons number emitied in
solid angle of the given detector sector, In figure 9 there is presented the
isometric plot of cfficicncy as a function of neutron cnergy and position of
neutron detector for neutron energy threshold of | MeV. This officicacy has
been also calculated by code SITHA for the same geometry and different
energy threshold of neutron registration. In figure 10 there is shown the
comparison between measured neutron cfficiency and caleulated one for 2
and 7 McV ncutron energy. The calculiated and measured values of
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Fig.10. Comparison between measured neutron elficiency and calculuted onc by
SITHA codc values (curves) for 2 and 7 McV neutron caergy

efficiency are in good agreement. The cfficiency is nearly independent of
the position in the region of 80 cm. Thercfore the detector may be used over
an cffective length of 80 cm (£ 40 cm regarding the middlc of detector).
PSND has been tested on measurements of ncutron emission from heavy-
ion rcactions on DEMAS-N sct-up of the U-400 accclerator, LNR (JINR,
Dubna). *Ne beam with cnergy of 144 McV and current of 100 nA bom-
barded '’ Au target of 200 ,ug/cm2 thickness, Neatron detector was placed
paralicl 10 the beam axis at a distance of 0.5 m. Counting rate from cach PM
was 10° per sccond. The necutrons were detected in coincidence with frag-
ments. The avalanche fragment counter was used for «start» at measuring
the cenergetic neutron spectrum by the time-of-flight method. The time
resolution was 1.6 ns; the position resolution, 10 cm, at encrgy threshold of
I McV.
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5. Conclusion

The test measurements on zsch source, y-sources and heavy-ion beam
have shown that PSND can be used for investigation of the angular distribu-
tion and cnergy spectrum of ncutron low energy range (0.5—10 McV), This
detector can also be used as a module of multidetector near 4z solid angle
system which allows onc 1o measure simultancously multiplicity, the angu-
lar and cnergy distribution of neutrons with high cfficiency. PSND can be
used for construction of «<ncutron wall» which includces a few (5—10) layers
of PSND for mcasurcments in the large solid angle with high efficiency of
high-cnergy neutrons (up 1o 500 MceV). However, in case of using PSND as
a module of multidetector closcly packed system there is a «cross lalk» effect
(this occurs when a detected neutron is scattered by a neighbouring detec-
tor). In accordance with investigation of this effect by Desesquelles et al.
{11] with the multidetector AMPHORA, the main consequences of the
«cross talks arc: an enhancement of the measured multiplicity and a smoo-
thing of the laboratory angular distribution,

We calculated the values of the «cross talks for various geometry confi-
gurations of somc position-scnsitive neutron detectors by means of simu-
lation using the SITHA code. We began test measurcments of this effect
using {wo PSNDs. The preliminary results show that in case when two
PSND were placed closce 1o cach other (the distance between axes of detector
was 12 cnn) only 5% of detected neutrons were duc 10 the «cross talks for
ncutron energy threshold of | MeV of spontancous fission spectrum of neut-
rons. Taking into account the importance of distortions connected with the
«cross talk» cffect we are going to publish experimental and calculated re-
sults of this cHect in the next article.

We thank Prof. Yu.Oganessian for permancentinterest and large support
of this work, collcagucs S.Voronin and A.Veschikov for help in creation of
ncutron detector, V.Salamatin, A.Tonchev, G.Chubarian and the tcam of
the U-400 accelerator for assistance in testing PSND on heavy-ion beam at
LNR. Dubna.
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