


(1 n spxte of numerous and long stdndmg attempts to gct an cxpernnental value for

the neutron electrlc pola.nzablllty coeﬂlclcnt @n the only meanmgful result

Iwas communxcated in' [1] Arx a.na.lysns nnd sox‘ne cr1t1c1sm of [1] whs gwen‘m [2] a.bout

’ four yenrs ago.© “Nevertheless, since we regard. the, mea.suremcnt “of the 208 Pb ncutron

’ scattermg cross section U(k) :(k is,neutron wave number) pcrt'ormed in-{1] as the best
one so far, it is very 1mportant to understand a.ll tlle details of the dlscussed O'(k) or;
\((E) dependence (E is the neutron energy), and not only tlxe k— or. VE— component. .

“of 1t In other. wor&s the b‘and c coefﬁc:ents in the expressxon : SRS

used i, [1] must also be physlcally reasonable The second xnotlve ‘of the present work
is the unexpected results of recent measurements' f a(E) for m“I’b perforfned in Dubna
y [3] A very large deﬂcrency in“the s= wave resonarce strength was, discovered, n_,[3] in
~‘comparison. w1th that wh1ch exxsts for 2°8Pb in hterature 4 5. We: have found that
only by tak'ng an unus 'ally St ng resonance 1nto account ‘can @, “be derxved from a(E)

A posrtlvea e N
I O'(k) is a potentlal" cross sectmn, 1e., 1t is. obta.med Y- subtractmg tlxe

; \712 ;
7ka,,°¢) + —1r-31n261,

k2

it where ka,og and a,,.,, a.re the s-
For the last one we should wrxte

‘where R is the nuclea.r pa.rt of the 80= called scattermg radlus hE a.re the energy depen-
a dent "talls” of unknown and dlstant resonances‘ and a,,Q is. the neutron pola.nzabrhty

kRN+ (kRN)”: é43(kRN)‘+...'. (5)

l (RN o~ 7 1 fm, an in’ 10"3 fma) The h parameter can be expressed to the ﬁrst power
: of the E/Eo approxrmatron via the sum A : S :



overta.ll s—wave resonances Wthh were not ta.ken mto account in the a'(k) ca.lcu‘atlon :
. Here r{%and E, are the reduced neutron width and the energy of one resonance. Note, ..
" both posxtlve ‘and negatlve resona.nces give negatlve contributions-to k. “As-for the -

N - “second term in (3); it is the p-wavg part of a(k). We use ‘the results of [6] for neutron: T :

scattenng by natura.l Pb and the results of foIlowmg expenment w1th 20r’Pb to estlmate
- ,; ST " - 61 ~kR+ arctg(kR) + arcsin [ak;(',"(—}:;L),(R R, )] i

S iU " R=80fm, R{=30fm, .

: convement to Jom the constant term of a,,Q with R}v 0 mstead of (4) one gets e

apog—R'+hE—ap(1"Q)) |

o where R’ N + ap. becomes the va.lue usua.lly seen in experxments :
T3S Now, if we present (3) together w1th (8) (5) a.nd (7) in: the form of serles (2), 1ts:
,coeﬁ‘iclents wxll be:::

(2 )]

R12 Rl4+__lczR15 »

Usmg the va.lues B e G
o a(O)-—(11508:I:0005)b ,ia-—(069:I:009)b fm, v
b= (—-448:!:3)b fm2 c.—(9500i400)b fmt

from [1] a.nd above-mentxoned qua.ntxtles for a,, and RN, 1t is not dlfﬁcult to get from

," B equatlons (9) (11) ( - ,v "" . o u\;( et 5:7‘ e /_»\ :‘-- \;
LN '~(95696:I:00021)fm, o cl_(00029:|:00004)b (17)
B I N cz—(—0402:|:0013)b fml o

PR e ~=—-(0046:I:0006)fm, lan= (L1180, 15) 10‘3fm_, (13)

R IR i';} . h')—( 190:!:06) 10- 7fm/eV gt

Tx
-

: ‘) ThlS conﬁrms the result of [3] h <. —11 -'101»

i ’<7>,j

o rwhere R is the cha.nnel radlus and R} is ‘the p-wave scatterlng radlus Fma.lly, ’1t 1sr

| ,L'(S)i.;,'{: i,} S
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But substxtutlon of quantltles (17) mto (12) leads to an unexpected result
R“R’l2 = (qsgs 1443) b fm

(i‘nstead’iof ! FR el Tl R
DT '—R“R’z 1544b fm

(20)

- in o(k) measured in [1]: The deﬁclency of a'(k) at 40 keV is the dlfference of (20) and
(19) times k", ie;89+1.6mb . =

"~ Finally; we estlmate the contrlbutlons whlch are proportlonal to I&:3 S and k6 and

: whrch were 1gnored in [1] Us:ng (17) for R/, c,,cz ‘and (7) for R R’ we have

c3k3(40 keV)._ (~3.55 % 0.49) mb, , c5k5(40 LeV) -o. 09 mb L (21)
c6k6(40 keV) '—’—0 86 mb E w

o Thus’lf the neglect of the two last’ values of (21) canbe regarded as Justrﬁed the

‘at'R and R,, accord1ng to. (7) ThlS theans there is an ‘absence of p—wave contrlbutron

N neglect of c3k3, wh1ch i~ 12% from ak = 30. 18 mb seems rather unJust for a correct

PR

Can determlnat1on S ,» < o S
"' .14, /The main purpose of thls work is to demonstrate an alternatlve method of a(E)

‘A; ;analysrs Having no primary data from’ [1] we are forced to produce them in"an artificial

way. One hundred values of a'(E) at E'from 0.4 to 40 keV' calculated accordrng to (2) -
~-and (16), were spread ra.ndomly w:th a standard devratxon Ac,and 4 coefficients of 2) ..

, .-were fitted to these’ quasx—experlmental p01nts of a'(E) by the least—square method We E
i I*stopped at Aa' = 2mb a.nd i S g i . .

~j:- a’—‘(o 68} 0. dS)’ b‘ o
e= (8600 j:500)b fm4 f

‘ 0'(0) = (11 507 j:O 001)b :
Ch=(= 446:!:1)b fm2

-because the coefﬁclent errors lncreased very abruptly at larger Aa'

S ’I;able S

- No. V‘R', fm,: 'h-107,‘fm/eV, “an -‘10“2,cm Eo, JlleV F(o) eV el

- 1-19.5685(6) | .. -204(3) - | - 1.68(19) | =7 - 123
2.16.302(58) |\ 0o | C140(26) | 39 :“: ,577,0('10‘1) 176 -

o 3.16.728(41) |0 1.60(20) | |73217(46) [ 122 7 -

41 7.048(40) [0 ol TL66(21) -2170(34)" 122 - T
S| TBIET) 0 b 179(22) - | 1211(22) |32 - D
6 |8824(17) (- 0 | 3.2027) o 1-1012) | 1580 T
7 7,591(46) S S “!163(21) | 1702(39) 122 S

S@, the obta.rned set of a(E) pornts was descrlbed ﬁrst by formulas (3), (8) (5) and S
(1) with three varied parameters R, h a.nd a,, The result of fitting is shown in'the first *:
- llne of the Table (the last column is the x? value for 100 poxnts, parameter errors are” - ;
in parenthesxs) After that, it seemed mterestmg to see what resonance, instead. of b, .

“.could fill the deﬁclency and whether. it rea.lly ex1sts Wrth thxs purpose we added the

resonance and 1nterference terms ST ST =

‘ 7rg1"(°)\/— 1"(0)\/—+ 2(E Eo).sm(Zkapog)—-21"sm (kapo,)

R T T SBP ATz (3)

;’ wrth the strongest resonance havmg Eo, = 507 keV I‘(o)

" with ay,° sllghtly dependent on -Ep. -

: ~whose accuracy isa marked degree worse than of (17) and (18)

: 27r I‘(°5I‘(°)E[(E uo)(E 1:01)+rr,/4]

. FE-By AT Bap +TiA ;,' (3")

¢4eV where 1" F(°)\/—

=TOVE.

resonance, with proper I'?) provides acceptable descrxptlon of the calculated o(E) points

as ”dummy” resonance- thh I ~ 200eV. assigned:to

Csza(cz__Rls)/Rl’*’v—-GSa k- :

= (0 54 +0. 26)b fm, 4
c= (8100 £2100)5- ft

L a(0) = (1. 508:!:0002)b ‘
b_( ULE8)b. fmr -

k b‘do not drﬂ'er much from (16) and (22) and result in. '; TR ‘?' *'3 o

, \(9 5606 :!: 0. 0009)fm = (= 17 TH1, 4) 10-7fm/ev

Can= (0.93 3 & 0. 40) 10-3 fm2, @ ) -

S Conclusnon Deta.lled analysrs of formula (2) and rts coefﬁcrent values (16) glven ";_ \
. in [1] has shown the followrng . - Rl ,

p— P : N

- Flttmg R a,.,Eo,I‘(D) at the ﬁxed h =0 showed a. strong correlatlon between “Eo ,l
- and re) and no evident. minimmam of x%: So we made several fits with different fixed
: -Eo dlsplayed in the Table; The lines 2-6 show that any. sufﬁclcntly distant negatne‘

“The interval for- permissible Ey > 0 is much less -
- and wholly- situated at the searched energles [4,5) where the strongest resona.nce has .
T =74 V. Therefore only a negatrve resonance can resol\e the problem. " -
o Fortunately, the cornpoundanucleus 209Pp with double-magrc 208 Pp core has the’
e riy'v;well ~known level scheme up to ~ 5.5 MeV [7 8] iniwhich’ there is only one 1/2+ level
-+ below.. the ‘neutron blndmg energy 3.94MeV . It'is the smgle— artrcle level. 45,/2 at
- the energy 2.03 MeV "and corresponds to the negatrve resonance at Ep = —1.91 MeV.
~This: resonance was used in:[5) as
it However, ifa resonance is based on the sxngle-partlcle level with the spectroscopxc' :
";.‘factor clgse to 1: (as'in our case accordrng to [7]) it ma well be that such_a resonance " -
.~ has 1"(0) close to the srngle~part|cle ngner lmut which i 1s ~ 2300 el for a nuclear radrus :
‘ofgfm-‘ o : e . e
“Thus we “have now solxd grounas to declare we know now the searched resonance ;- |
and consider line’4 of the Table as.the most probable among the rest.- As for line 7, it
- “shows the possrble influence « on derrved a, of mrssed resonances ‘which are equnalent to.-
Ci k=5 107 7fm/eV (for comparrson the strongest resonance at Eo = 007 Lelf gnesf'
-~ h=-6.6-10" 7fm/eV) . S -~
S BT Flnally, we tried to i 1mprove the a'(E) analysls used in [1] by addmg the cublc term k
N to (2): - Since’ the ﬁttlng of five xndependent parameters is practrcall) unposslble s
o e, got from (10) and (13) the relatron N T -

(‘73) .
"uwhere the approxrmate equalrty was obtamed by the substrtutmn of values from (11) »

~ into the exact ‘equality. ‘This made it possibile to-fit four parameters as be for(‘ but also :
: kk—taklng 1nto account the cubrc term ---65alc3 The ﬁtted parameters : :

“‘(24)" :

~.



- Most probably, the cross sectlon a(k) measured in the worl\ [1] is somewhat o
;,Vwrong This issues from the fact that coefficients & and c descrlbmg a(k) areina wrong o
- .. relation: the c value at a given bis deﬁclent not only for the:p-wave contrlbutxon but’ S
for.the k" term from .sm’(kR’)/k2 as well (the value of (19) is not zero but negatxve) R
' ‘The probable reason for this is a distortion due to background difficulties.: :. S
T+ 2..The sy\stematxc error of (1) is obviously underestimated, and for an mstead of (1)

i should be written somethmg like a;,, ~ (0. 7+ 1 9) 1073 fmi e
©.3...In order to get the o value from a correctly measured a(k) w1th errors of SR
R about 1 — 2mb, we propose two approaches The first one (see point 5: above) consists

‘ of sunultaneous taking mto account’the. hnear a.nd cubic.in’k terms of o(k). The*
e alternatlve approach is apphcatlon of formula (3) ‘with the supplements (3") and (3") =

P where Eo =-1.91 MeV and I‘(O) is to be fitted. Only the a,. value comclded thh these . i
,_'two approaches can be regarded as the rellable one. - '
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