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PARTIAL WAVES =~ PHASE SHIFTS , REACTION CROSS-SECTIONS
The general cross-sechon, o (s witten in termc of the scaffering
aplitudes £ a5 do/da = [f(OI%, where f(0) & a sum
ovey Partl'aL Woweg aoYYegPom(ihj 4 MEferent L valuec
Us\'vﬂ Hhe ortlwmrmlﬂj of the Ledem(re Fo'(:jnow)\L( appenring in He
SerieS expancion o f  we  com wribe
T = go_tg Ao = J(f{a)lziﬂ = Y T o(zext) [1-5|°
AL L
The summand  for eadh L s called He L
o - % 2t 11515 Henee o - T ank this cn be
ivxl'errrel—ei Servv'\-alass(ca(h- Each partial, wove  avrespords B a Aefinite
mdubr momentum,  Which can, be interpreted b comespord to a Aefinite
lassical pad  parameter o ’d«m&(‘, the vdahiouship s
L= mub = VU0 dhere U, is B inhiel veloay
Twe  each £ corvesponds o a “W'ng " A radins Wy [
and vadius Uuckness [l . The geomelric aren of Hui ring is

SRbbse (2041)T [ k2 Sier T2 L
.SfVl.CC L s th(SuL we {'ﬂte, ‘H\(, r{nd 'I:b wat nner ﬁ oul‘er Vaoll'l~ as

L and Qa1

¥ we inte rFret the aren o Hus ""“j ac  the crss-sechon for
Scaﬂerivul then  there wmust be a  ome-to-one  comvespordence between
His area ands  the “maximal efficient —or 1007 Swﬁerq'ngj‘ value  of
o defined  earlier. Tha maximum \fabilz of 07 dceurg whemw S,=-1

b fmrh}L cmssfxeah'cml

Hat éL 2 = -1 = SL = /e . Tn contrast , when S‘l= +1
or &= 0, T ) the cross sedhon 1 zero. The value o K has
not nged i ether of thece cases.
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When, | Syl <1 we aJL the smﬂcn‘ng as  nelachic,  since under
Buis  conditien  Hue mm!u}_r_ .
(the ingoing wawe has gw =1 by Aefinihion,)
The inelache or reachlion.  crpcs- Sedhon, _is  defined Hfor each partial
wave as that part Whick (s missing from  the ashic  cross- sedion ;
=T (2e1) (1= 180%)

of the Ql.d:dm'hﬂ W ic less Hhan um'ly,
NoTE amplitude is~in
Jeverol o complex rwmber

reac | {

7
i« S l'nl'ehs(ly of elaskmuy ceattered
gdSeri on ‘U‘A‘S FAH‘V‘L wave chss-Sec m‘am'nj Wave.
we Ae‘F{r\e the &m#» fll,  reachon. crss-Sec ag
_ 2
O}W = %’o;ac, — Z: -Ez (ZLH) g 'Sl( )
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The, differentill cruss-sec for indache scd&en'nj of an decbon from

on gowvm  can be writem as

do, = mp’ [{np | Uop>I”

A R
where  m, b’ are labeds fir the finl State of the atom Lelechm
respedivdy and 0, p  are the iuhek sobe lobals.  Enemy conservahtn
inplies (P2 p'?) fam = EnEo. We ww evalush dhe - mubix elend
SRTIET S (A i AR

Z =
and ur) = E} = 3 ez ry electron in abrm
4 i lr'FJ'l ¥ incddent elechvn
The  first (v*egr'aL term canh&m‘»}j Z.e,z'/r s zero becamse it Inwlveg
a  produch: [y Yy, AT, dT, --- 4Ty j (ze?*/r) etV AT

n Wik the firsh in‘mjral. is zere due v or%onomw/a'la of the V'

The secord in l:ejra\-t (s non—zero, ank a@n be calculsted b the_
Pouriexr Aeamfosih'on '|'¢r.‘uv~1ma, see~ before

Cb‘t (r);) = f e T YT is the potental due B the

= dage desity P= §(V-7;)
so by (Fj) = 41 T
12
)
HCV\CC ‘B\.(, ma:('n't e.lcmen't e
i} . *F
(nplULOpY = 4T (| Ze Y0
3 J
%2

v do - me 4 P (n]Ze—Wr|0>
J

e A
IL s inttrachve o unbe Yhe differerhal cross-sechion. net in termg of
the  solid wy\c ) but in terms o€ He womenfum tansfer 9, Sihce

it is  Hus quo.hﬁfy that can be Jt'reol’(y related to the enenyy
v gmned 53 the targel. To do s we neote Yk

?/2__' kz'\' krl -2 KKI o&eyx |*‘|’(JI,JIEIHIIHC#IIS':'R Pune $ d‘i - kKl Sih x Ax

= KK A.Q-/Z’T
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oo do o= 3"(6) 1 [(n] 2 & " (0}
g(;L tv 13 J=t
b} 4 is small ’ e (K-K') << K , bhen 2 ic small alco.
so we have two  opprximate re(ai’lbrvsl»{fs in tus case
En-Bo = h* (K*-K'?*)/2m = h*K (k-x)

(Lz ~ (kK% 4 (Kﬁ)" > 4 :[E(En-Ea)/ﬁv@’} K?Cz]vz'
if X<t Then g o KL = (mv/h) V%

f we consider energy trnsfer, En-E, = € B be mall compared

with the Kinehc eneryy of the incidest partide  then the first term
tan be neglected virt- the cecond eme n [ 3!/2,,
(Thc Same asmmb{':fw dim us X~ Vol v)

For small 9 the exPonevd' a.ppe‘nrs n the matnx clement o

-l

be expanded as a  power Series fukinj the 2 axtsx in the
a.{'bm'c -ooerclim-l’ef b be ald’ﬂ i

A —iar 2,2
e ) = 1 ) VJ A--Q,r:,

The firsk term integates b zen due b ortheromolety of U, & ¥,
the Second berm  gives

- 2
de o LI ) )
dq v/ 4 NoTE
F AT = 4 (M g [ (nlzelod]* Tez s the
—= £ — J
o (KU) é‘ yAd dipole  momenk
The tHurd term  gives a  coirbibion D the css-seckon
'y 2
_il_q = 27 (3_,_)1 (‘n( ZZJ—e.| 0> 9 (11\‘ WA@A«. |
4 o

term )
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