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· :L;In spiteofnurnerous and long{;tariding attempts. to get aneiperime'nt<il value for 
. the ~eutron electric p~larizability' coeftlcic~tt a;;; the only 'me~u'ingful re~ult ) .. ''

1 

: c j 
. ' .. ' . ' . • . . ' . ) f . • ' l/ 

, . . .J, .r • ~-a~ = (1.20 ±O.l5 ±9.20) · ;;-J ~~3• .• ~: ·. 1 : .(~· 
·. ;. ·.: :, . ' ~ ... :~.' ' · .. ''; .·. ,' ':. :'.'1• ·: •. ... ' ·~ ,," . •'1': ·• ; .• 

.was communicated in (1).' A11 analysis and some.criticisxit of (1) "!as givgn in (2) about 
four years ago. Neverth~l!!ss, 'sine~ ~.; rcga~d. tlie me~uremcnt ~f the 208Pb ncuti·<;>n 

, , sc8.tter1ng cross sectio~ u(k,L(k is,neutronwave nulnbcr) per{o.rm.,din (1) as the best 
' : ones~ far, it,is very important to uitderstand all the details of the discussed a(k) (,lr,·) 
·· ;u(E) deperidlmc~ (E is. the neU:tr~n ~~ergy); and 'not cin!y the k- o"r.-\/E-~ompon~x{t' 

, .· ,·1 ' ' ' '· -., · · •, ·. . r·" : ' : ~/ • •, ,' ;··· • ' 

: . of tt:In other worcf.;., tlte b 'and c coeffictents·t.n the expressto~ , 
·' 

'·",• -: \' d(k) i: a(O).+~k-J:bk2 +ck~ I ~(2) 

'• 

l: ·, '~ i '-- • ... • ' '" 1 , 

'u~ed in, [1] ~!lust al~o b,e physically re~orif>hle\Th~ scc;;xid nioti,ve. of1he pre~exlt work . 
·. i~ .the unexpected re'Sults of .~t<cent measurements of a(E) for ?0~ P~ pe~forrned jt\ Dubna ·. 
'[3]. A very large defiCiency in ·the s-wave resonailce strength. was discovered li: [3] in. 
c~~pari~on, with .that ~hich exists f~~ 208 Pb'. iri liter~ture [4)i].'', W~ · hav~_;foun(that ' 
only by taking an unusually' stX:ong resonance i11to account can. 0:-,: he derived froxri u( E). 

·positive.·,-'.'~ .. · .. ·-· ... ·:·· 
1 

.·, ... , ~.;;' .J .. ·.· ••. ··.::i··-~ .. 
·, 2. 'If u(k) is' a _"potential" cross section, i.e., it is obtained by subtracting the 
contributions or'all known' resonances·, ihn'u.s1 have th~'form . I , • ' 

• ··; • /j . '\' ._,,_ • • 

, .. . ' 4~ ; ',.co . . . \ l2~ . J' '' . I ' ' 

-~(k)= k2 sir1~( ":'ka·p~t)+ F_si~
2 c51 , ( . • /(3). 

• t > < ' ~ ·"'·. -,. ' •• , • ' ~ ',_., ' ' •• ' ,, •• ,.:. ".· •• ' \ ';_ 1~ 
where ..:::kapo~ 'and a~ol are the s:..wave ·phase s!tift and scattering !eO:gth, resp~ctively. 
Fodhe last one we'should write . , . . ·, .. . , 

r• •. ' - : .. 

_-,~ ' · .. 
. < ~ . . - ii 

:· .ap~l = R',.; + hE+apQ/ 
/ . .. . . ' , . 

. ·. (4)'._· -·- y 
. ,· 

~ • '· f 
'y .. , where RN is the nuclear part of the so:..called s,cattering radius, hE are the energy depen~ 

. dent "tails" of'unknowii and dista~lt rcsm~ances': and. a~Q' is the' ne~}ron polarizability 
. contribution; fm~ 21J8 Pb: ·. · '. . · · .· · . ': c ' · · · 

• , ! •• . ~ . ~- ••• : : : ' ·I / , 57!' ; ,/ . S . . 2 . 2 . ' • 4 . . 

, a = -0.0392an fm, · Q =cl ~· -kRN + -(kRN) - -(kRN) + · ·: (jj) 
· ~. P). . • . .. · ': J ( ~8 ,~ l~L , . ·.24,3. , .• · .. · 

(RN ~ .7.1 Jm, an iri 10~3 fm3 ):' The h parameter can be ex:pressed to the first power: 
of the' E I Eo approximation ~ia the sum~~ ' . - .. 
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.1, "\, 'ove'r ·~n s-wave re~onances which we~e not taken int 
Here r~o) 'and Eo are the reduced neU:tron width and 
b~th positive .and negative resonances give negativ 

. second term in (3), it is the p-wav!! part of a(k). W 
· scattering by natural Pb and the results of following 

Ct as • ~ . . 

. . - c~ =: 7 kR + arctg(kR) + arc;in [ ~k 
. R = 8.0 fm, . . R!' = i 

. :-' ·::\·r 
i'"· 

·,where R is the· channel r~dius and Ri is 'the p-wa 
convenient to joi~ the constant terin ~f apQ with R\ 

~ 'I!~ • - a~ot = R' + hE - ap(l · 
. . _, ' I ·. . .' 

where R' =·R'N +a~. becomes the value usually seen 
3.__!foJI'.. iLwe nt'P0""""' L-. •• ~r with (8),(5) a 

--:----;-.,-----; 

/i.,.... 
!:t .u 
,I:S 
'! c: 

ct. :o 
" ., \· .~ c:. 
,, ' ''. ·.:. u 
:\\· .. ; .· . ·\· ,.., ·ru >-

\ 

·;· :, ' ·.c:o u 
.·'. ··-c•,... '&. 
· act 

·,.·' ft) 

.. ;~~g 
l '\~ ~ 

.·. ) :s 
j o..>:S 

']· ... \ .· : ,' c: 0 

·_. : .. C.~~J.<:' 1!1 m , ' M 1-
, .' u 

j ,: .·-.-~-
) ........... 

Q) -:::f <.o;S 

"' --
o:{ 
0 

1-< 

( 

co 
'?: 
"" 0.. 
~ 
::: 
I;) 
g. ... 

ci + 2c2R:- ~ 
' . 3 

4 .. . . ' 
~ 3c2R'3+-;i 

.. a= 

·C= 

_j__;.~)~J_J: t.' "~~!i.;ji':~; 
~i:>'" 



/, 

... 

-" 
,--;_ __ _ 

"-...-. 

-1 

_. • ::. . . '. l .. ' 

•mwmg attempts to get aneiperin~e-ntal value for· 
o;,, the only 'meaningful result . ~ :. i 

, ' /I ·, jl 
I \ :<6 •' ., 

~nd sorilC -~ritictsm of [1) ~as gi;;n\r{ [2) about.' 
rcg~d- the me~uremc!lt of the 208Pb ncut~·<;>n 

wave number) pcrf0xmcd in [1 1 as the best. 
acterstand all, the details of tile~ discusSed u( k )<?r: 
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-ove'r all s-wave resonances whi~h we~e n?t taken inti?_ account in the u( k) calculation: 
H~re r~o) 'andE0 are the reduced n~utron width ~d the energy of one resonance. Note, 
both positive and negative resonances give negative contributions to h. As for the 
s~cond term in (3), it is the p--wavr part ofu(k). We use the results of [6) for neutron 

· scattering by natural Pb and the results of following eXperiment with 208 Pb to estimate 
. 81 as . . . r . . - - / .. 

- 8~ = -:-k~+arctg(kR)+tircsin[~k 1i.~~~)'(R·-.RD], 
R .= 8.0 fm,. ·. R~· = 3.0 fm, . 

(7) 

.--where R is the t:hannel radius and !l~ is the p-~ave scattering r~diu~. ' Finally, it is 
convenient to join the constant terin ?f apQ with Rij so 'insJead of {4) one,gets: · .. _ ~- · 

a~ot = R1 +hE- dp(1 - Q), .(8) 
. , " I . , ' ~ . . 

where R 1 =:R~+ap.becomes the value usually seen in experiments .• 
c. 3. Now, if we present (3)together with (8),(5) and(7) in the form of series (2),its 

coefficients ~ill be:: ·.. .· . . . . . r • • •• •• • . ' • 

u(O) = 4iR12
; 

'' 

a= 81rc1R1
,: .. 

--~- .- __ : ,._'- -.. ·I . · .... --:~---. 
· b ~ 4;r(c~ t 2c~R'- 3R14

),/ _ _ -:; 

-~ .(. 2. 2. 12 ... i 'R-13 · 2 16. jR4RI2) 
;c"':'47r.c2 -2c1R -3c2 + 45R +3 1,• 

. •"- . . 

'. 

·where _-_ :>5ir . . / . : ... 5.: c 5- .. 2 . 

. -{9) 

.. (10) 

(ll) 

(12);.. 

. _c1 _= ._-.
18

apRN, c2 = 2.0_9 · 10 h + -aPRN. . ; .' .. ·' . . . . 21 . . . . ' 
.. In o~der-tqverify' t~e validity of approJcimatioD: (2) for (3),: ~e found decomposition 

coefficients of (3) C3 at P, Cs at k 5 and C6 at k6 as well: ·- .· . 
• . . . . i _,· ··-(·. < 2R.':i) -. 

_c3 = ,81rc1 c2,~. 3. -•· , (13) 

•.•... . . ,(, 11 :- ' - 4 ) 
, I 14 , · I , 2 -cs = 47rc1R -R -Ac2R - -c1 , 

. ·. . 60 - .3 . 
(14) 

. 1 . .-· ' ' 5 .. ·· . 11 . . . ·1. ' · ;.,_ . R 1 
. . . - [ ' 4 ' 2 · I ' 2 I 2 · 2 I 4 ° '. . 1 I 5 ' I 8 7 I ( .&.• 1 )'] I ( es = 47r ..,..3c1-4c1c2K-2c2-fl -t: 12c1R + 60 c2R - 361)R :2R R1, .15 - 3R . 15) 

Using the Values ' , , .. · ' . - · · ' . · · 
" . / 

.·. · • a(O) '=:: (l1.508 ± 0·.005) b; . •. a = (0.69 ± o:o9) b · fm, 
. b=(-448±3)b·fm2,. ·, c=(9500±400)b;jm4 

• ' , - • ~ . • ~ •• •I • . ' • ' 

from [1) and above-mentioned quantities for ap and RN, it is not difficult to get from 
equations (9)-(11) . · · · 

0 

' • 

'c1~): . •, 

\ . " 
• ·R~=(9.5696±0.00~1)fm, ,: c1 =(0.0029±0:0004)b, (li) 

c2 = (-0.402 ±_0~013) b · fm; 

i ap = -(0.046 ± 0.006) J~, · .. an = (1.18 ± 0.15) · 10-3 fm3
, (

18
) 

h•) =(-19.0± 0.6) ·10-7 fm/eV. ·. · 

" 
•) Thisco~rms the result of.[3},-h_< .. -'11·1024m/eV.':"',...,- · 

·. ·· ... · G:;J,~"'i;.?~~~ 

'/ 
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.But substit~tion ofqu~tities (17) int~ (12) leads t·; =:unexpected result: 

4~or ft4 R~~ ~ ( -s9d ± 443) b · f_m4 (19) 

insteaaof . ' . 
4;R4R~2 ~.1544 b· !in~ (20) 

at R arid R~, according to_ (7). This_ me~ns there is an ·absence of p-wave contributi~n 
in u(k) measured in [1]. The deficiency of u(k) at 40ke:V i~ thedifferen~e of (20) and 
(19) times k\ i.e., 8.9 ±'1.6mb. 

0 

• • • .•• -

Finally;- we· estimate the contributions which are proportionai to P, Pand k 6 and 
which_ were ignored in [i]. Usi~g· (17) for R' ,'cr,-c2 and (7) for- R, R~ we have: 

·_. . ' c3k3(40;eV) = (~3.5~ ±o.49)mb;: ·__ c
5
k 5(,i-OkeV) '= ~:o~~b, 

. c6k6 ( 40 ke V) = :....0.86 mb._ . . (21) 

Thus,- if the neglect of. the two la.St· values of (:21) can be r~gard~d ~ justifled, the 
negleCt of c3k.3, which is ~.12% fro~ ak = 30.18 nib seems rather unjust for a ~or~~ct 
an det~rmination. ~--- ... · ' - · 

4. The main pitrpose of this· work is tod~monstrate an <l.rternative meth~d of a( E) 
:analy~is. Havingno primary data from [1], -'Y~ are forced toproduce them in ~n artifici;u_ 
way. One hundred values ofu(E) atE from 0.4 to .40keV•, calculated according·to(2). 
and (16),-wer'e spread ran.domly with' a standard deviation !:lu, and 4 coefficients of (2) 

. were fitted to these quasi-exp~rimentaf points of u( E). by the ·least-squan! ··method .. We 
stoppedat !:lu =2mb and · · -

'u(0),;(11.507±0,001)b,. ·, a-;;;,(0.68±_0.05)b·fm, 

.b = (-446 ±l)b · jm2 , · • c = (8600 ± 500) b · fm4, _· / (22) 
. . 

because the c~efficient ·e'rrors increased very. abruptly at larg~r .f:lu, 
' - - ' ' . . ;' - ~ 

Table 

No. ·R',fm h ·107,fm/eV Eo,·J\.feV x2 
' 1 . 9.5685(6) .. -20.4(3) .. - - 123 

·. '2 '6.302(58) ' 0 ~3.9 5770(101) 176 
3 6.728(41) 0 . -2.5 3217(46) 122 
4 7.048(40) -- 0 ·~1.9· -2170(34)' 122 
5 7.511(37) 0 .-1.3. 1211(22) :132 
6 8.824(17) 0 c0.3 ' ~- 10J(?) 158 
7 7.591(46) -5 -1.9 1702(39) -- 122. 

SQ, the obtained set of a(E) J>oints ~as d~scribed first b;fo~m~las (3), (8), (5) and 
(7) with thr~e varied parameters, R', h and an: The re~ult of fitting is ~hown in the first ·.· 
line or' the '!'able (the last ·column is the -X2 value ~or.1QO points; parameter err~rsare" 
in parenthesis): After that, it seemed interesting-to see what resonance, 'instead.of h, 
could fill the deficiency and whether it really exists. ·With this purpose, ~eadded the 

, . ' . .~ ~ ' \ . ' 
resonance .and interference terms: ·- _ . . - . . . · , · 

1rgr~0ly'E. r~o)y'E + 2(E :...:_ .Eo)sin(2kapot) :__ irsi~2(kapot). 
k2 · · (E- Eo)2 +r2 /2 

: (3') .. 

4 -· 
~~~< '-. 

.----

'1 
ll rj 

'\ 

... 
_;)·· _. 

- ., -

• 

· to (3) for one re'sonance ~ith a gi;;;-~ Eo and r~0>, and its interference term: 
. (0) • - . . - • 

21r r~olr nl E[(E- Eo)(E- Eo1)+ rrtf4] 
. k2 . [(E- E0 )2 + f2/4l[(E ~ Eoi)2 + q/4] (J") -

with the:str~ngestresonailce~havirig E 01 = 5(>7 keV,_ r~~> ·;,; .~4 el~; where T = r~0ly'E, 
r1 =T~0{v'£. . '. _ . 

''""•:.;J:i_tting Jt1ca-~tEo-? .• n°2_~~q h =·O shmved·a strong correlation between E 0 .· 

and r~o) and no evident-minimum of x2
; So we made several- fits.with different fixed 

Eo displayed in the Table. The lines 2-6 shm~ that any suffici~"iltly distant negative 
reson.ance_ with proper r~o) provides acceptable descrip_ti'on of the calculated u( E) points 
with an -slightly dependent on E 0 • The iU:teJ;val for permissible E0 > 0 is much .less· 
and wholly-situated at the sear~hed energies [4,5] ~here the strongest ~e~onarice has 
r~o) =~74 e V. ·Therefore only a negative resonance can· resolve the problem . 

Fortunateiy, the compound-nucleus 209 Pb \vith /double-magic 208 Pb core has-the 
.well-known level scheme up to ~ ·5.5MeV [7,8) in 1which there is only one 1/2+ level 

. below-the nt;utr~n-binding energy 3.94MeV. It is the sirigle-p;,uticle levd 4s
112 

at 1 

-the energy 2.03 MeV and corresponds to the negative. resonance at E
0 

==: -1.91 1\.[ e V. 
This resonaricewas used in [5] as 7' dummy" resonance .,~ith r~0) ~ 200 e V assigned .. to 

· .. it. How;ve~, if a res~nance is based on the single-p~rtide level with the spectroscopic 
facto~- clq;e to 1· {as in our case ~ccording to[7]) it ma:ywell be that ~uch.a resonance 
has r~o) close to the single-particle Wigner limit which is ~ 230o-e V for a nuclear radius 
of 8fm.- . . . . - . · ' ·- · -

Thus we have now solid gnmnas. to declare we know now the· search~d resonance 
andconsider line 4 of the Table as the most probable among the rest. Asfor line 7, i-t 
shows the po~;ible'influence on·derived ll<n of missed -~esonances which a!-e eqtiivalent to 
h = --'5 .. 10-7 fmfeV. (for ·comparison:· the s'trongest resonance at E 0- = 507 kel/givC's 
h·='-6.6·10-'-7 Jm/eV) . . ·.·. · · · " · -- · ·. 

. 5; Finally, we tried to improve the u(E) analysis used in [1] by adding thC' cubic term 
. c3P to (2) .. Since 'the fitting of five independent para'ineters is practically impossible, 

we got froin (10) and (lS)"the relation ' . .· . 

. · -(" . ·: 2 13)-/ . . I C 
ca ~a c2- 3R R ~ -65a, 

\, -· . . (23) 

where the approximate ~qu~lity was obtained by the substitutibn of values f;·om ( 17) 1 . 

into the exact equality. This made it possibile to·fit four parameters as l)('fore."bnt. also 
-taking into account the cubic term -6?ak3 • The fitted par~meters: 

u(O) ,;, (11.508 ± 0.002)b, 

b.= ( -441 ± 8)b · fm2, 
..a:== (O.P4± 0.26) be fm, · 
c = (8100 ± 2100) b. fm•: 

do n~t differ much from (16)' and (22) ~nd result in. 
. . . 

R' ""-.(9.5696 ± 0.0009) fm, . h =;= ( -17.7 ± 1:4) · 10"7 fm/eV, 
an'= (0.93 ± 0.40) · 10-3 fm~, 

whose accuracy'is a marked degree ~~rse than o£(17) and (18): 
- ' ; ' } 

. (24) 

(25) 

Conclusion. Detailed analysis ~f formUla (2) and its coefficient values (16).given 
in [1] has shown the following.· · · ' ' · · 

5_ 
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: 1.'· M;it probably, th~ ~~oss se~tion a(k) mea,:;ured in the work [I] is somewhat 
. . wTI;ng. This issues from the fact.that coefficients b iud c describing a(k) are in a wrong 
rel~tion: the c value at a given b is deficient not o;lyfor the·p-wa;e contribution b~t 
for the.k4 -term from.sin 2(k!l')/P;as well (the :value of (I9) is not zero but negative). -
Tlie probable reason. for this is a distortipn due to background difficulties.. . · •- . · 
... · 2. The systematic ~~ror of (I) is obviously underestimated, and for an instead of (I) 
it'should .be written somethi~g like frn ~ (0. 7 7 1.9). w-3 fm 3 • • • 

3., In order .to get th~ an value from a correctly measured.a(k) with errors of 
about 1-2mb, we propose two ·approaches: The first one (see point 5 ab'ove) consists 
~f simultaneous taking into . account· the linear and cubic in1 k terms of a( k ). The 

. alternative approach is appli~ation ofform~la (3) ·with the supplements (3') and (3") 
where Eo=' .-L91 MeVand r~o) is to be fitted: Only thea,; ~lue coincided with these 
. t~o' approaches can be rega~ded as the reliable one.~ . 

l - - ~- '· ' -~ 
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Emtx·T .I(. if .tip: ·. · ( _, . 
· Y<rolJHeHHe MeTOLlOB HJBJielJeHH~ .:meKTJ>H'Ie 
He·ii;poHa- ~3 ~~JJH~to 'celJeHHH 208Pb · . 

. .. . . ' 

I . •. . ,· ,. . . I . I 

BbinOJJHeH .[leTaJibHbiH aH~HJ MeT()Lla ~ 
: - v' . ' • . 

no onpe.LleneHHIO aneKTpH'Ieci<oi-i- nonjlpH3 
.\ . . . .. . . . .. .· 

± 0,20)· I o-3 <fJM3
., B 'cs~JH. c o61jap0Keinie 

lJeHHH :noro peJ}'JlbTaTa C.[leJJaH BbiBoil 0 T1 . . 
JaHH)I(eHa s}.:·:--4pa3a. npe.IJ)lo~eu KO~HUleK 

: .. . : -- · ·.. · ·- ' '· · .· · .. --~ .' 'zos 
celJeHHji pacce~IHHji HeHTpoHoB 51LlpaMH · .- PI 
no BOJJHOBOMy lJHCJJY lfeHTpoua k tJJlef:!a '~elJ 
Horo pe3oHaHca npH 3HepmH -I·,9LM3B:~ 
·, ,/ ' ' ., «-..: .,, ··.:--- ' •• c. • -; • 

I )_..-( 
. <. "J 

Pa6oTa B&momieHa a· Jla6opaTopHH m 
OM5iH: · .• · 

,t; 

\ OpeiJpHHT 06ne)IHHeHHOro HHCTHTyra ll!lf 
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