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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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'Experimental AN phase shifts.are'used to -deduce matrix'elements of the
4Aﬂ potential in a harmonic,oscillator basis. An inconsiSfency between these:
matrix elements and experimental A.seﬁaration energies for light hypefnuclei
is noted, | |

_ E}__l_iott-',, et al. ['1_]‘ have described a métho_d for cbtaining .matr'ix"

”.seiements 55 the nucleonehuclecn potential-in a relatife'harmonic'cscillator

‘Jfbasis_directly'from the nucleonenucleon-phase shiftsf .if:isfof‘intefesstto
usevthis techpiqce aﬁd the 1imited amduﬁt:of.AN scattering'infcfmationIto»
obtain-matrigvelements fo? use_in calcalations of ﬁhéeA.separatiCh BAIin

' hypernuclei.

.¥This ﬁofk was. pefformed under‘fhe‘ausﬁices.of tﬁe U.:S.:Atcmic:Energy:CommiSSicn.

TPresent address : State_Uni&ersity.of New chk,vstony”Brcok, ﬁew xork  11796{

%Pfesent'address:_:The Niels Bohr Instituteé Uciversify cf'Copeﬁhagen; Ccpenhageﬁ,

a..‘,) :'De'nmar;k...":_‘.. S v' ~ - - c e | -
-On leave of absence irem the Unlver51t; of Frelburé,.Frelbufg 1 Brelséau,:

Germany. Present address' 6 301, Center for Theoretlcal Phys1cs, Massachusetts

Instltute of Technology, Cambrldge, Massachusetts 02139
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Follow1ng the technlque of ref.-[l], wevconstruct'an'auxiliary'then¥ o

tlal of the form o
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E where u is_the reduced massvof_the_AN system. ‘When l

“u_when V’is attractive evenvthough (V—

'f'separately for each Value of n, 2 ‘and. hw, in such a way that 6 6 is small

']the solutlon to the Schrodlnger equatlon for scatterlng from the potentlal V.

7<mrr‘<ah%'mefmmBR

7/
' h

N 2u (k + u) (2n f.g:+a3/2)hw ,

O

' where'R

nf

" is the<ord1nary'harmon1c-0301llator'wave

.te(functlon _ By matchlng this solutlon to a plane wave at r = a, we can. calculate
'~ff,an auxiliary phase shift 6 ‘ Prov1ded that the dlfference between the true =
'potentlal V and the aux1l1ary potentlal is suff1c1ently small to be treated by

’fBorn approx1mat10n the matrlx elements of the true potentlal are glven by .

" <a_z-|v'r'nz>“=_<nuv5:|,az> N
L L ..?U B o

‘L-Mavrdmatis;:etTal; [2] have shcuntthatzthe matrix'elementSQQf-eqf (1) should

LONG

*1be the same as the matr1x elements of Y in a Scctt—Moszkowski-approach_ o

O) is too large for'the.Born'apprqxlma5:;

~tion to be valid.

_ In practlce, the parameters of ‘the aux111ary potentlal are chosen

S ’
””lhe resultlng values of (nllVlnR) are found to be essentlally 1ndependent of : ’ &,

“the ch01ce of a and o even though the 1nd1v1dual parameters varyrover'a

B widevfange; It_is this_insensitivity of the matrix elements:to the choice_ﬂf
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~of an:auxiliary potential'which leads Ellictt; et al. to-ccncludeltnatithe&v.
aare'in=some sense'mcdel independent. | B .. o

\ 1-¢hé-AN scatteringrdata at laboratory energieslcf,lessfthan ASIMeVLnasa
_been:descrlted‘in.terms of scattering lenéths'and'effective ranges ny'several
gronps (3, M 5] under the assumptlon that Tow energy cross- sectlons are- doml—

;nated by SO and - 381 channels. The phase shlfts are‘relatedgtoxthese param—“"

'eters.through the usual expressionvi
2

1
+=r
5 Terp ©

"k cot § = l

The scatterlng parameters used‘ln this calculatlon of AN matrrxrelements areu
_snmmarlzed in table‘l The parameters of ref. [3] were obtalned from an anal—
'y51s of 362 events. - The more recent parameters of refs [h] and [SJ were
"obtalned from analy31s of thevprev1ous data and an add1t10nal l6 events »Theq
’result;ng.dlagonal matrlx elements for n = Q are‘shown in fig. l.-:It'ls clear
that the,eklsting scattering data;are”not.Sufficient}to prdviae an unamblguous
determination.cf the l-So-andv.3sl.phas__e shlfts:ana‘matrix elements. In flg. é
cwe note that the comblnatlon i v + % Vt is much'mcre'stable with resnect-tc
2variaticns in the.scattering'parametersl This combinatidn‘achieVes relatlve
'statlllty by.explo1t1ng the strong correlatwons between the errors on- slnglet
.Aand trlplet phase shlfts Thus , A separatron energles_lnvolvlng comtlnatlcnS'
other than (H v, + E7 ﬁ)'pannot be calculated with'confidence,from present AN
scattering data. Therefore AsHe,vA9Be,‘and A;3Cfsnoul§ prorlde thevmost
’ rellable tests of these matrlr elements. | | . |

"In flg 2 we also plot i V,o+ E p 88 deduced from the‘effectivev
‘ringcs and s(atterlnw lengths of a varlety of poientlals constructed to reproe

duce Arseparatjon energles of s—shell hypernuclel‘[SJ,- These potent1als shcw'

|’yl .



oo UCRL-18956

rsimilar varlations in the values:of..vs“ ahdv’Vg, butvthe.same‘stability‘in‘...“
Athe comhination‘shown. We note that ih the Vicinlty of‘hw'm lf.MeV, a value;; L
‘,aﬁbroprlate for.A separation‘energ§ calculations in light hypernuclel, the.
','matrlx elements deduced from phenomenologlcal 1nteractlons are aﬁprox1mately.
;25% smaller than those obtalned dlrectly from phase shlfts Thus,vrhdependent:';
~of thevtechnlque'used in the calculatlon:of:A separatlon-eneréles,.we-would.:
r;eXpect that’the:matrix.elementstdeduced fromvscattering data Woulddseriously.
: oVerestimate separation energies.l Althouéh this COnclusion has'been'reached =
gby other authors [S] on the bas1s of spec1f1c potent1al models, we would sug;'
.:’fgest that 1t 1s 1ndependent of the model selected | : ;”_
| In calculatlng the A separatlon energles for.A5He,'AgBe;:ahd:Al30, we .

' eassume that'thevnucleons lle-ln thelr lowest shell model'states. iThefvaers:'
?;!‘of thevs1ngle partlcle 0501llator length parameterv b were.plcked'ln such a va.
”:way.as to reproduce the méan square charge radii of l‘He,_8Be, and 1201 .(The:h

':aeffects Of a:fln1tg proton-charge d;strlbutlon were 1ncluded.)f The A'was"
“assumed;tovoccupyfthe OS-oscillator statexulth the same,value'of hw{' Thel
,hﬁ_sﬁéii nucleohs in 8Be and 20 are assumed to be in an.LS coupllng state w1th
=”O.ahd'é'=5Q.' Matrlx elements of the AN 1nteractroh in 31ngle partlcle |
”oscillator;states_Were'converted-into the_relativeloscillator matrix elements.
_of fig;vliby means of‘anﬁuhequal masvaoshinsky trahsformatioh‘[%]; The;
wtlhteractionfwas'assumed to act.ln relatiVe s»states only. |
| “The-results;of thisbcalculatioh are summarized in tableUEﬁ__The:
:‘errors.on7:b reflect thedexperlmental error in the’ determlnatlon of charge : S g"

radii. The errors quoted for separatlon energy 1nclude the effects of the

_ uncertalnty ofv‘bjband'theTspread of values obtained'for thejrelative_oscillatOr
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matrik'eléments; Our'eXpéctatibn_that the matrix elements'deduqédffrom_écat€f

4

f;}efiﬁgZdéta:will_overestimété A‘séparqtion energiés,isv'confifﬁedfflThis disfl
.Eagreemenf'may.ﬁe due tb_fhé importénce Of highép:paftiai}wajés‘iﬂ Iov eﬁérg& :
e écaﬁtéring of ﬁhelimpor£aﬁée of teﬁsor:fofcés‘in fhelssifC#Aﬁnéi;::fﬁéilétﬁér
-eifiénatiqn‘ig appealing gince‘nucleonenucleon;méffix:gieﬁéﬁﬁ§ aégi§ed fi6ﬁ i‘
 s§gt£eriﬁé'i§ngth-énd effectivé'raﬁgé data afe‘about 3Q% mo;e*attracti?élthéﬁ B
ﬂﬁaﬁfix elements q¢duc¢d ff§m é proper coupled chgnngl'cai;ulafién as deécribea5

in;réf. [1].

:F'The'authors,would iike fo-acknowlédge the kind hospitality of'Nbrman K.

' Glendenhing and tﬁé Lawrenqe*Radiatioh;Labdrat¢ry."éﬁe of thé'authors‘(P,Q;S))

‘facknowledgesfa‘gfanﬁ'from thevGéfman Federél»Ministryffor Scientific»Research.



T - UCRL-18956

References

J. P. Elliott, A. D. Jackson, H. A. Mavromatis, E. A. SanderSCn, and

: s
" B. Slngh Nucl. Phys. 4121 (1968) 2&1 ‘
H. A. Mavromatis, E. A. Sanderson, and A. D‘ Jackson Nucl Phys Alzh
| ”(1969);1. | |
. ,G.4Alexander_and U,.KarShon in High energy pnysics and nuclear structure,;.
v(Nerth¥Hblland Publianing éo. Amsterdam l967)fp,.36, | |
G Alexander, U. Karbhon, A. Shaplra G. Yekutlell, R Englemann,
CH. Fllthuth, and V. Lughofer Phys. Rev. 173 (1968) 1&52
G. Fast J C. Helder, and’ J J de Swart Phys Rev Letters 22 (1969)
"lh53 ; S - o : .
.j D. H. Dav1a and'J Sacton in ngh energy phy31cs and nuclear structure,
(North Holland Publlshlng Co. Amsterdam, 1967) p;'2l.r ' |
.MM Bakrr, Nucl. Phys; Agé_(lQG?)'llS;v o
8
G



- '_;7'__‘ B

. ‘Table 1. AN scattering parameters.
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‘. Alexander and;»g_f Alexandef;:”

Karshon [3]

el [4]

Fast, et al. [5]

R s
‘_3.06_fm¥ S
a6 16

‘f'ﬁl;j  ff ' |
*-;2@ S;iiif o
'gf;;l;5.{7;f.

 Table 2.

Comparisoﬁ.ofxcaléuLated and experimenﬁal Aﬁéeparation,enefgie33 f L

Db o Scaﬁtering "-Phenémehoa

" .logical

data :
o - . potentials

'EXPerimeﬁt'[6J =

1.34#0.03 fm

©10660:05  10.520.9 h.620.6

1.6680.05 - 19.5:1.2

'  ~11.510.8"_

9.11.8 MeV  3.5:1.5 MeV = 3.00£0.02 MeV

6.52+0.05

10.51£0.51
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et al{j{h], andv c) Past, et al. [s].

Fig.
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7 Flgure Captlons. _
1. Matrlx elements <OS|V IOS) and (OSIV IOS) as deduced from AN :

scatterlng parameters_of a) Alexander and Karshon [3] ) Alexander,

-
~

2.,'Matrik,eleﬁehts i Cos]v, los) (oslv los) of’ AN potentlal “ curves'

a)i—_c) -as 1n Flg l Curves- d) are deduced . from scatterlng parameters'

‘:of potentlals construoted to f1t s-shell separatlon energles [3]

=,

=N
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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