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1 lntroduction 

A lcirge bodyof precision experim~ntal data-ondecafproperties ~f·nu-::. 
clear states up to excitation energie~ 3-:4' M~V ha.S b~en c<lllecte(i during 
-the' last years 'due to 'the' great pr~gr~~s in' the ~- ray deteaion- tech
niques. Obviously; th{{structure'of riucleai excit'ed stat~~;at these ener~ 
gie~' is niore c'o~pli~at'ed than'that of the lowest ones whi.ch~e rii~Y' 
'\. ·. ·:·:,_~ '~~:.,-. ~.,~\·~--- :' ,--~~--- -~·-·-_· ~--:i ~ ~'"-'-' 

of two-quasipartiCle 6r one.: phonon character. Thus, the properties of tlie' 
multi-quasiparticle and multi-:phonon states appear to be· the inairi goal 
of many expei:imehts'. · AIK~rig them th~ mal~ ~d:lievEmi.eri.t~: conc~rn th~ 

• ', ', I·• , ,. " .,, . _ -. · . I c) o' _ . d'·, 

lowest El states in some spheridu riuclei[l]. These states are members 
of atwo-phon~~ (2f,® 31]. ql}int~t 1. ~heir ~istinctive,featur~ !s the un~ 
expectedly high'exdtation transition probability '("'3 mW·.u.): According 
to some theoretical studies [2, 3], at least one of the reasons for the large 
B(El, ot,s.i::-:+ :11) .values :is. the _coupling 'of a:two-phonop. .state ."With ,the 
giant dipoler~sonance. or; in ,other, :words, the dipole e!E~ctric.pohirization: 
ofthe nucleus. Imthe present paper,:we wouldJike,to focus otir. attentio!l 
on the J~"--:- ~"".m~mber,ofthe;two:-phononquintet,withurillatural paricy.t; 

:We argue,that some properties.ofthe two-phorion.2:state.are also .. 
strongly affected. by the ·core.p9larization (of magnetic type in: this case):~ 
The reason is analogous to the electric dipole two.:.phonon state;-:::tliecou:.. 
plingwith high-lying spin-dipole resonances. Due to the latter, a strong 
redu~tion ~.or. M:2-transition ~~r~tes between' low-lying states in~' so ill~. odd 

( . ' -·.'· ,~-- l' ·;~. . . ·.' --~· ' . • ... 0~. '\ 

mass·spheriCal nuclei'has been established'[4-6]. Here, we study the role 
of this effect on the two-phonon 2- state in the even-even nuclei 142Ce ~d 
144Sm. Speclal interest in the present case' is that the two-phonon unnat..: 

. ; ' t ; 'I~·' "' : '.;·. · i< 'f: ' < .'._ ·'>,' / -·~ ,:· : 

ural parity states are combined'by 'natural parity excitations - isoscalar 
qmi.drupole arid octupole·vibrational quanta (phonons ). So ;we· deal with. 
the. ma'gnetic ·polarization· effect for • predominantly electric· states:: , · 

..... ···.<:"··--· - -:· -I~ ••• :~~----1"; :~.:,·· .. ; . ':;_, ___ :._;·.r.-:·:~~\. :_!~ .;~_\_(-;., ;-: 
1The .. no(ation [2i ®3!] stands for the coupling of the ~t ai_~d 3i'RPApho!l<in s~ates. 

,
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2 · Theory 

Energies and 7- decay properties of the two-phonon states are calculated 
in the framework of the extended version of the quasiparticle-phonon 
model (QPM) [7]. This version in its most corhplet~ foriri 'h~ '~!ready: 
been used to analyZe the two-phonon states in spherical nuclei of the. 
Chams~£ isotones with ~~ 82,8,4 i~ [2, 8].: • ·- ·· ·_- •· · ' · 

The QPMHamiltonian includes neutron.and proton.mean fields, the. 
BCS pa'iri~g kteractions.ail:d particle-hole s~parable multipole . .;,nlspin-. 
multipole .inte~~~tions. _ Mor~over. ~ultip~le p~iring )nteractions in, the 
particle-particle ~h~el withn~Ultip~larities ,\ ,;~2, 3 are t~ken. into' ac-, 
co~taswell. · ·., : ' . · ·. 

1

':;, , • - ,:. : . • ' •• • 

Building blocks to construct the .~ode~ .. configura~~on ba.sis ar~ the 
quasiparticle BPA ( QRPA) phonot'ls define( as follows: · · 

Qjp;'I!o = tL (1f1t~2 [~t;,tahm2hp·- (~~)l-~'¢J;i2[ahm2,~it~j_l-p) ~·~ 
. ith . . '"' . 

(1) 
where ajm and ai;,. are the Bogoliubov,quasiparticle creation and"annihi.: 
lation operators, 'I!o is theQRPA-vacuum:state which is supposed to be 
a ground state of an even.:.even nucleus ~d 1/1 and q) are' the RP A forwatd. > 

and backward amplitudes; respectively: · The· notation [ ... ];~' stands 'for 
angular momentum coupling.: After 'a series oftransformations the QPM 
Hamiltonian for an even-:even.nucleus is•expressed in terms of the QRPA·· 
phono:nS only · '''"' .• ·: 

·. i .. ; ,. · .. :·;c'. r' l . .. . .. · . ;;.. _,·· ,: .. 
H. _ ~ Q+ Q , '_I_ ""' u.\2i2(,\ .) [ [Q+· Q+ ·] Q . J . QPM -. D W.>.i .\pi .\pi" 2 b ltit Z liptit .\2p2i2 · X-pi '.+: 

' • ' ' . . ,\p . . . - "'P'· . . . . AtA2A .. . . . . .. .• . 
. . ' iti2i 

•. (2) 

+_.(~l)l-pv,l~i2(,\ .. i)·[[Q+_ '.·'Q_+,- .·]:'· Q+ :] +'h.c .. 
. ·. . . . ,\t•t . •- . : ltPt•t. ~21'2~~ .\p .\-~• 

\Ve denote hy wx;_.the energies of, the QRPA phonons. Knowi!lgLthe 
QPM Hamiltonian parameters one can calculate W.\i and the amplitudes 
1/1 and ¢from the QRPA equations.and then t,he couplingmatrix;~~e~ents 
ut:f:(,\i) and l/l~i!2 (.\i). Expressions for the latter'can be found i~"[7]. 

, .. ~,.,_,....~--,..,-~...~ .... -····-· _.....,...-. ..... '; 
';ca:;:·::.-~i H}lo~~ . .;i::;t.,:~ • 

-.7~~;~ ~: "•""' }l 
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To describe_two-phonon states of an 'even-even nucleus, the following 
model wave.fu~~tio~ w'~ used in[2,8]: '· ,, · •. · .. . . ' . , 

Wv(JM) ;={2.=ll;(~v)QjM;+ ~~Jf;(JvJ[Qt,~,q~t:.,;,LM + ···• 
~ A2 12 < ••• : • 

T;~.,;,l2i2I Jv + +. · · + . ·\I! 3 
. [[ . ] . . ] }' .. 

+ .>.~;2 . )..3;3 ( ) Q .\iptit Q .\2p2i2 IK .Q .\3p3i3 J M . 0. ( ) 

The system of equations .for the _unknown coefficients R, P, T and the 
energy of the state (3) was evaluated .J:>y avariationalprinciple. _The 
violation of the Pauli principle in- the multi phonon components of (3) 
was minimized with the procedure given in [9,,10], .Note that for the trial 
wave function (3) the last term-of the QPMHamiltonian (2)c(the term 
,...., V) vanishes. 

3 Results and discussion 

Here we discuss the lowest 2- states· in the nuclei 144Sm aiid 142Ce. Ex
perimental data 6n low:..lying 2-. states exist i~ ·refs. [f2,"i i]; 

•• • \ f" 

moreover 'Y .: decay properties of the 'two-phonon' states in these nuclei 
have been studied withinthe QPM [2, 8]. We use nJ.ahuy the res_Ults.of tli~ 
last two pap'ers. Specifically, we use the same sets'of ID()de~ p~atileters 
(except constants of the spin-dipole interaction whiCh will be disciissed 
below): · ·· · · · · ·· · · · ·· · · ' · ' . ·~·; 

· The magnetiC core · polarizatiori. effect • mamf~sts. itse~' throng~: the 
B(M2; 2- ~ ot,;'.) value; Within the'curre~t approximation'sCheme the 
two t~rms of the magnetic quadrupole op~rator, which is supposed to be 
a one-body operator; ·conirioute' to the traiisition matriX eienient. The 
first one is proportional to the product of the one-phonon amplitude 
Ri(Jv) multiplied by the sum oft/1 and 4> amplitudes of the 2i phonon. 
The second term is proportional to the two-phonon amplitude Pt;i:t(2-v) 

- multiplied by 'I/Jltit¢l2i~: Of course,_ the sumll?-a~io~ over the, corr()Sp~md
ing phonon and single - particle quantum numbers is implied in both the 
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c~es. For· the state: of predominantly two:phonon structure just· the first 
term describes the core polarization. it ~~nish~s in the harmoniC phmioi1 
picture when the 21 state is pure [2t 0 31]· The importance of the last 
item for a: two'-phonon 'state was first pointed out in ref. '[13]. 

Energies, wav~· flinction comp~~itions, reduced prob'abilities of M2-
decay of the first 2--states in 142Ce and 144Sm are show:n in Table 1. At . 
a chosen values of model parameters the: wave functions of the 2--states 
are domina~ed by the :t:wo phonbn [2,t .® 31] 'component.... The overall 

contribut~ori of the 2- one-phonon ,comp?nents to every w:ave fu~c.tion is '~! 
only offew per cent 2

, Nevertheless, the one-phonon components give. the 'f. 
' - f ' ' . - -~ ' ' fl 

main co~tribution t~ the c;alculated B(M2, 2- ~ OisJ. 'f.he. direct 4ecay ; ') 
through'two-:phonon ~omponents makes up only a few percents ofB(M2)l 
(see Table 2r Let .us remember .that th~ d~cay throl1gh two-phonon 
components makes .~P 20-50% of the total transition rate to the ground 
state of the 11 member of the two-phonon quintet [2t 0 31J [2, 3, 8]. We 
attribute this difference to that spin-flip two-quasiparticle components, 
which play· a negligible role in the structure .. of the. isoscalar, electric 2t 
and 31 phonons, but contribute.strohglyto the.B(M2). ·· · · · ·: · 

It seems instructive to analyze what kind of the numerous QRPA 2:
ph~non~ 'affect B(M2,, 2- ~. ofsJ stronger. .The ,QR,PA c~lculatioris ~f 
M2-reso~ances ·with se~ara~le s~in-riiultipole _fmc~s [1~! 15] have sho~n 111 
two max1ma of th~ M2-strength m a sp_ect~~m;ofa sp,h~nc:;~l ?ucle~s. ?'he '1l 
first (lmyer) peak IS at Ez "' 7 ;-:-11 MeV w~ule t~e sec:;ond· (higher) one IS at · 
Ez .rv 17: MeV. The structures of the 2..,.. phonons .in these two regions are 
quite different':~ The l~~er M2-res6~ance f~.f~~~e·d,by several stro~g.M2-
phonons. A sizable contribution to their. excitation. probabilities is ~I~en 
by the orbitalpart of.the nuclea~ ele~t!o1Ilagnetic,c~rrent~ Mqreover; the 
protonandthe neutron wave f~ctio~ co~ponents of these states -~re in 
phase, Le. these states ~e or'the isd~c~~~ nat~e [15]. . . . 

A :L . • ~ . . . ' ' '' ' ''. ' 

'~ i; 

-~ . f 
• J 

2
The minor differences wit.h the results of refs. (2, 8] are due to the other ~alues ofspin:dipole 

coupling constants. · · · · . •' .. 

4 

T~ble 1 

Energies~ wave functions'i~~·-~(~12; 2~ ~ ot..J values . 

of th~ first 2~ states in 142Ce a~i 1.44Sm f~r ~~:P 21 = ~~:\1) · · 
" f ,( .l·,,,-:1"' 

Nucleus I·Energy, MeV I' Wave function (3) B(M2··T.:... o+ ) 'H2 fm2 • ' 1-· g.s. 'rN .. ' 

R,% I,P,% T,% 9=JJ ,;,, 9!ar~ g=f f.= 0.6g~•re 

' ·6.2 ' 2.7 142Ce' 2.67 u 1 71.51 '24.o 
.; 

144Sm 3.54 3.6 I 96.4 I < 1.0 25.3 12.1. 

Table 2 

I 

Contributions of different parts·of 2~· state wave function to B(M2; 2~ --+ o;. • .l in 
142Ce and 144Sm for different values of isovector spin-dipole ·constant ~~121 

and 

g;fJ = gbare 

.. 

Components of wave function (3) . _,; B(M2; 2~ ..... o;..J, JJ'Mm2 

., 

142Ce 1HSni 

> >' 

' 

(12)- (1) 
11:1. -11:1 11:~12) .= 0.511:~1) (12) (1) 

11:1 = 11:1 K\12) = 0.511:~1) 

I .. 
one+two phonon components 6.2 . 8.7. 25.3 130 

one-phonon components only 7.0 9.7 18.0 ·1i6 

two-phonon components only 0.02 0.02 0.6 0..! 
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The high-lying maximum is due to a single strongly collective one
phonon state~ Its wave function is composed by-the spin-flip two- quasi
particle (practically, particle-hoi~ }'components with opposite signs of pro
ton and neutron amp!itudes (i.e. this is an isovector state). 011r calcu
lations show that the largest part of the core polarization effect for the 
2--states is due to the coupling with the lower M2:resonance. The main 
reason for thisis arelatively strong interaction of the [2i 0 3}) config
urati~n with these one-phonon_ 2--:states. The corresponding interaction 

' + . . . . . . ' 
·matrix element Uf_f(2'-i) is of an orde~ of ~0.2~0.5 MeV, 'o/hereas for 
the high-lying M2-resonance it appears to be 5-10 times smaller. More
over, the excitation energy, of the latter ,is much higher. · As a result, 
the high-ly_ing M2-reson~mce contributes less than 5% to the total B(M2, 

- >'- <> •• - -· ~- • • • • - -

2- -+ ot.sJ value. The difference in the coupling strength of the [2i 0 3}) · 
configuration ~ith low.:energy and:high~eriergy M2-resonances can·be ex
plained by the.difference of one-phonmi wave.functi.O:ri compositions dis
cussed above. It seems reasonable that the isovector spin-flip state weakly 
couples with the two-phonon state composed ofthe two electric isoscalar 
phonons. Note. that' the effect of the .high-lying ,M2-resonance on _M2-
transition rates between low-lying states in odd-mass spherical nuclei is 
much more prominent [5, 6). . 

Df c-ourse, B(M2)~_ value; -showed in 'n1bles 1 and 2 lli-e -dependent 
oh the model parameters. ~~They have been fixed in each nucleus to fit, 
experimental data on th~ ex'cited states ofthe simplest structures (the: 
lowest vibrational_states, 'giant resonances etc.)~ and cannot be' varied 
strongly. An exception' aretheeoJ~tants of spin-multipole interactions 
and effective gyromagnetic·factors :g;ff,g;11~ bec~use data onspin-flipi 
states are scarce. . . ; . . . ! •. [ : '' . . ' . ' 

1~t us first discuss th~ .role'or the- coupling· constant; ~~I2>; ~P2> : 
of isoscalar and isov~dor 'spin~dipole i~te;act·i~~s·:; :Th~ir.~al~~s: '~e~~ 
discussed :in niore detail in ref.. [l5f (see. al~~ [5·;~6Jf·: .. it. ~~- ~h~~~; 
that for schematic· separable forces the: followi~g ~~ti;n~ti~;~. ;ere· ~~iid:- ' 

(I2) '··· (I) -(I2) ·. (I2) 3 • · · - · ·· ... •···· ·• ·· - (I) · - .. · . 
~I ~ ~I ; ~0 ~ 0.1~I . . The Isovector dipole constant ~I IS fixed 
to reproduce the experimental energy of the E1 giant resonance. Just the 

3 Radialform factors-of dipole a:nd spin-dipole interactions su'pposed to be the same 

6 
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above values of ~~I;) are used in the present calculations. (in refs. [2, 8) 
the isovector 'spin-dipole interaction ~as· t~en :O.'oticeably stro~gerr We· 
study the depe~dence of B(M2, 2- -:+ ot.8J on ~~~f>. The isoscalar spi~.: 
dipole in~eracti?ninflue_nces B(M_2) .~· Yalues 'we'akly~ _A_ role of tlie isovec- ' 
tor spin-dipole ierill is-:ni'~re important;' 'espeCially in 144Sm. In' Table 2;. 
one finds -~he ;val~e~ of B(¥2) r cal~l~t~d at -~p2>. ~ o.5~P). 'The~e v~ri~s. 
are. notkeably larger than those ca.Iculated _·at. ~~I2) •;:__ . ~~I): . Tliis: result 

can be explained in the following way. When theab'solute value 0~ ~~12), 
decreases the B(M2) strength shared betwee'll-numerous 2.:... pho'uons.is' 
pushed down to lower . excitation el,l'ergies and 'its'iricrea,Sing p(ll"t con~ ; 
centd.'t~s-.in the' region of tlie'lo~er peak; ·since thes~'·2.:. pho:rions are: 
coupled' with: the [2f ® 3}] configur~timl' strong~r than'tlie. higher ones, . 
the 'one· plion'on· part cif B(M~, 2- '~' ot.s.f increases. T~e ~ffect t~e_s 1 

place in hoth the: nudeibut it ~ppears to j be much strongerin I44Sm 
thari in 142Ce. This is d~e to a spedfic'i~atu.;~'M th~:2~·;excit~tions in. 

I44Sm: siitce this nudeus is a semimagic 011e, iti/quadrupole r~r 1octupole . 
two-phoiwn state lias qlihe a high· unperhirb'ed energy ~d -i~-~er)? dose 'to·.· 
the'low~sf one~ph()n~·i:t 2~ ~filte '(tli~ ~!lergy'diire~~!ri~e is'~otiria:5o keV).': 

• "I j ,' ' ' . • ' ' j ., :, ··~ . ' ·.·, .' 1 ' - ; ·', • ' '· '. '; - ' ; j '' .. ) ~ ·, ';" ·: '. : '• ) ; • ~·-c .-: ,\ ; : ', •. • ·,, : 

This lowest 2- orie-phonon state is,aJ.most apure proton'tWo~~iiasipa!tide_-

st~te'[1~7;!_~h1112]i ~i~fi, a r,~l(tti~ely}#~e,.p(M2)l:y~~~ .. :Xi~h d~~r~~~; 
iul4i~2>Jt.~~.two _states_miJc.: stronge~:>A( ll:li2> ~:o:s.~P~- t~~,o~e7pllonoll: 
c~i.pone~t"~o~tribu'tes arolind40%to tlie'~orm ofth~ 2[ state'in i 44sin: 

,.,,. __ ·~:,--· ~.:.-·:~, ~.·.· .-.. :·.,:._,_(~ •. -; ,-;·:·~;.f.~i_~--~;'-'· ,-!_".'.,;_~:-:T·,~::;~~···:'--~~--:'-J1': 

With further weakening of.thejsovector spin-dipole interaction the first 
. ',·,1 ·~fl' •• , r '[', -:··-: ;" 7 ,. ~~ ... -< .. • ',_".'" :-~ -~~-~:.·r, ::· ':··:::~·--~--- "":"·:'~"-'~;r- '1'.·-~~;;.'_;,~ 

· 2- st.ate ·in 144Sm becomes predouiinat'ely' of the' one~pho.non' structure . 
;;_:r-:..c: .... ;~_-, r;~ ~{·:··_)f.: ~:: ;"/=,_ :. ~;-, _,i; ~/: .. ';-·· : ... ~ -.:· ~~ /~{;' ---~·_c;:'_.~. ;.' ... : '. c ~ • .. ' 

arid. the~ second 2::- state becomes of the two;-pho'non .quadrupole.- ,oc~. 
~_rLr :?i".~·:i ,.-- ~_,.. ).;;·:_·r , __ ._,_ :.··,.·-·: .• ·l ~V ;· ~-~·::~ :·.: ~; ~:~ .,_; __ ··.:;: ',;-_ ... ;<<t,. ~: ... ,2_~-~~_::-~ 

t~pple_pne. 11oreoy~r, the, B(M2)! Y?Iue ~fthe lowes~ Q~A 2;-,st<tte, 

it{C,~~~s;s iith. ~- de~r~.ase in! l~i~:!-1, ~hus ep.h~~i~g B;ddi~ion,ally.,the .~(~1:2~ · 
2i-~.Of8) ~alue .. Thetwo-:phb~~n-2t stafe'i~I4,~Ce .. i{welfs_ep~~tecl~i~ 

, ·" ' J,; \ i. . 1} t ~,. • .. • < ,, : • , ',J , '·. ,• ~,} ·. / < ' 4 .,_,- •• _•<, .,._· _ .. '! t . . _, • ; 1 • , ". <, _ '.; 

energy from the one~ phonon 2- states, and the one7phonon>t~nri Of its 
w~ye, f~~~tio~, ~~ · infb:tell.~~d, ~li~htly_ bY,tlie 'isoye~t?r spi~~dip~le "f~~c~.,:'rn: 
. thls,sen~e,-·the depe~dence of.~h~ B(?y12, 2} ~~<Ot.~.f?n· t:.p~> ifi. ~4;~e:, 
reaJ.ly reflects. the.· effect of. th~ ,n;:a~~tic ·. polariZ.'ation. ()£ ··~. nucl~~~. as a: . 
whole ~he~eas in I44Sm aparticul~ structure of the l~west 2·- excitation 

- plays ~a ~~le 6r .equal import~n~e. If one excludes the coupling \~ith the .,. . . 

7 



fir~t ~n17pho~~n 2- statein144Sm, the B(M2, 21-+ OisJv:alue decreases 
twice. . ·.· ', 

The dis~us~ed B(!V12)!,probabHities ~ere .calc~htted wit~ bare 9s,l fac
tors and most likely are the. upper .limits to. their experimental yalues .. 
Wlthin th~. ~ent ~pproa~h 9s,t. are .fr~e para~eters. We ha~~ already 
menti~ned.the investigatiop.s ofB(M2) probabilities between low-lying 
state~ in odd-Z nuclei Eu, P~·, Pr [6f It ·,~~ shown that to describe 
these J\.-12-:transition rates taking into ac;count magnetic core polarization, 
o~e needs to use g;ff ::;; Q.6g~are. V{e think it is reasonable to ¥Se the same 
~u~s of the effective gyromagn~tic factors. in the present .study though· 
they are . noticeably. smaller than those deri~ed from the mag~~tic. mo-; 
ments of odd-mass nuclei [16f The B(M2, 21 ~ OisJ values S~lcuiat.~d. 
with g;ff = 0.6g~~re are given in Table 1. They are of the same order of 
magnitude as B(M2, 11/21.-+ 7 /2f) in the neigh~ouring odd~Z.nuclci. 

It would be interesting tomeasure M2-transition rates for,21 states 
becaUse one would get new information about nuclear magnetization and 
subtle features of low-lying excitations of unnatural parity, Evidently 
it is a difficult task since the corresp~nding values are very ,small. The 
B(M2; 2~-+ ot.sJ transitionswereuotdetected in (n,n'1) exp~riments on 
142Ce 'and 144Sm [11, 12], where the 2- levels were identified by their decay 
to 2f and/or 31levels. A good tool to measure excitation probabilities 
of the states seems to be the backward inelastic electron scattering ~ince 
spin-flip nuclear states are preferably excited in this re~ction. The (e,e') 
scattering at large angles has already'been used in studying high-lying 
M2-levels [17]. We think that the ~uclei of N=84 isotones, where the 
21 state is well separated from other 2- states ~re better candidates· for 
such an exp~riment. In nuclei with N=82 like 144Sm, the two-phonon 
quadrupole- octupole 2- state is t~o close to the lowest one-phonon 
state of the same spin and parity, So one cannot exclude a strong mixing 
of these two levels; moreover, the one-phonon state has much stronger 
excitation probability from the ground state. . ' 

8 

4 Summary· 
:·· / :% ··:t 

The influence of the· A12 core polariz~tion on the 1- decay prob?-bilit; 
of the'"two~phonon quadr1ipole-octupole 2- state' -\\·~ studied \vithi~ tl~~-

. ' .,,.,..,," + 

QPM. A strong increase in the B(M2,21 -+ OisJ value due to the,coupling 
of the two-phonon component with .the. M2-resonance at the excitation 
• ,, " ' • • - ~ ' " • - • ' • ' - ~ J' • • • •• • • ~ • - • • 

ci1ergy Ex~ 7-11 MeV was found . The magn.et!~ cop~ J>Ola:fiz~.tion gi\·es 
overwhelming contribution to B(M2) va:lues. This effect is proposed to 
bP mPaSUred in the ·backward inelastic SCatteriiig on; evJn1

·- eve1i· nutl~i 
witll·N=84. · · ·· · · .,, · : '' .. ,~ ·· .·.::~· 
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