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We consider here a further example of scattering
by a "bounded potential" ,

in particula the so-called

POTENTIAL WELL (spherical well ! )

V = S -
Vo fr a

⑭of > a

Let's consider solution of Schochunger Eg inside & outside

INSIDE Losing VCr) = -Vo in redid Eq (

MR) RVu
E

some os pee solutions with E-E = E + Vo

defie k = CE +Vo) then
to2

va Rie(r) = A fellv) (spheicolBeao (
T



outside we have standard solution

r>a Ruelr) = Bfeler) + <yelr) *
T

ADMISSIBLE for
v +0

-

-

Remember now theoyuptotic fum of the solution
that we found in Lechize 11

4(% ) = (+) Pd(selk)erre

I Selk) 1 + zietfinde = Itivities=

-

eide ivr -i(kr-ie)

Roelr) -e
-

e
-

zik zikr

e-i(hr -π((z) zide
e
i(nV -π((z)

= -
2
-

Tzik zikt
Z



= eite[e-ikr
- + (e)

- exis-

zikr

=
eide Sim (vr- + delk) (
kr I phose slift

=ite [im(ur-de + intea(u
these are allalternative versions of some formla !

now expending general solution & r -a

sim(vr-ent() Cos (vr-ent/2)
-Ruelu) ~B

Fr
- C

kr

competing with behaviour above
, gues [ignore phase ! ]

overall

& - tonce =>
So If I con get B,

C
,

B then I can obtain

phose shift 3



to fud B
,
C I need to match solution inside

and outside potential well

Afelkia) = Bye(na) + (ye(ra)

↳'Ad)(a=[+del =

um)
ratio gues

↳ Leakya
je = &Jek) etc

,
while th!If
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this formula can be invented to gue E ,

which in

turn determines the tougent of the phose slift

onume VOLO LATTRACTIVE POTENTIAL] ther

we can write

t tande=elkasjelangelkafect'a)
↳ yelka) Jelka) - k'yelkaljeck'a)

What if Ryelkal Jelka) - k'yelkaljeckia) = 0 ?

tonde = o de= n

Con section Tr = +1) onJe()

if telll= Th = MaamuM value

for that value of b

=> RESONANT SCATTERING
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Coulder lose when potelia " VERY DEEP

Vote => Kk To we can sey

ka ( ka

in this further limit we can expend relation fr
toude

.

Assume first lact ,
then

tou de ~
(e+ 1) (ra)
[(e+ 1) !!] -

2l+ 1 Ia)
/ u

now expand
some behaviour we this fr
foundhr hard sphere Kase
-

due to low energy Kaf
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(+ 1) fella) + najelial = 0 resource

condition

Jelkal ~ cos(ka-

fecia)~-Tra-
so resonance condition becauses

cr(va-) = um(da

ton (na- ~ o

-

this must be small too (modulo nit(

da-
energy levels

ra = (E + nJπ -(E + n)π =
in infirte

WELL ->

IMPORTANT E LINEAR POL In K' In Energy ! 7
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If we had considered

-Vo ou INFINITE SPHERIAL

WELL v = 10 t
o

Rue(r) = Afe(kr) fur a

Rueir-al = 0 => Jelkal = 0 I base

·
& simIra-et =0 a= + E)π
ka

RESONANT SCATTERING occurs when energy matches

the energy levels that
"would be bound states" if VERY

"pseudo bound states" since now E> 0

(SAneinG ! ) g



going back
to general behover of de fr al

tou be (e
+ 1) (ra)

[(e+ 1) !! J
:

+1a a)
- o if wa is small

↳ very wall be

but there are resonances
,

as we now
,
where

Je rises rapidly from 0 -> # (toude =x)

Con we parametrize behaviour close to
-

resonance ?
-

#

·
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WeIn genera always POLE can paretive this o

tonde = gete) VERGESTO POWER 1

E-Eres resonant energy
(whatever it is (

now what does this mean fr non-sectiou ?

we write Go = E We

toure
Ge= (2+) Limite:

It tande

(inventing toide = dere J
-

1-

(UChayee , ]2
We=etres)+[reape+1]
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Usually

calling t= G [ycralce+ 17
:

Grey small !(
na-so !

We Get in
CE-Eres)" th

=
Eres-tr

Width & Half-Maxmum !

recesses , we found this general behaviour wher

studying Eof UNSTABLE States
-

Ice Lecture 6 ! )
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Now let's bee the foet that of Low ENERGY

& (Ka(2+) and so l = 0 dominates

S-WAVE APPROXIMATION

Let's do matching of solutions from scratch

INSIDE U(r) = v Rolr) = Jimb'r

cregular ot r= 0 )

OUTSIDE u(r) = 0m(nr + j(k)) Cup to el

C sim (r'a) = Sm(xa + 5)

↓
< ↳'Ca(ra) = ken (ka+ b)

ratio
l'cot(k'a) = 1 cot (na +5)

tout = * taukia-tonka
1) + Ku touna) touckal

12



let's define ton (ga) = ↓ toula the

tandtonga-tou ha = tou (9a - ka)
-

1+ tou(ga) tou(a)

=> 8 = actor [toutal] - a

remember now that

I (km) (Ral - Loc four definition !

(Vo > 0)

low Energy gives then
(a) 1

,
81]

En ↳ toula-ha = Kalten
k'a
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goin vuafur to increase Vo slowly ;
Ka innesses

when k'a goes through I
,

toura-x

here cannot bee tont- of

touttouhatakeenal
- - D because ka - o !

N
-touka -

so on resonance o as we now leady

ka = E is condition that well deep enough to

gue a Bound State 14 well
-

Learn bond state ~ resonance)

keep on Inceasing Vo
,

then with Bound

STATE Or +ke(te-1)
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this is required by continuity

toutwOlkal = = ka(touk)

no if is ,

it must be with n = 1
-

as
No becauses longer and larges

,
the well

becomes deeper and deeper.

k'a pares through

J = 2π + ra)t-1] and so or

lock time that we ADD a BOUND State

LEVINSON'S THEOREM (For spheically Symm V

5(keo) -
51k+ +) = No .T

-
-

I I ↑

all band user of Bound States
states "seen" no bound states 15



SCATTERING OF IDENTICAL PARTICLES

We close withimple considerations on what

happens when we scatter IDEUTICAL PARTICLES

If we scatter two CLASSICAL identical particles

To
------

S %
)

& #-
& deflection

danicallyAtecto
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QM e Palides ar INDISTINGUISHABe

=> this means scatting auplitudes Can INTERFERE

&an
= IfofI-o

= If(a)(2 + 1 flt-0) + 2 Re[f50)flut-0)]
-

Quautum Correction

to clonical result

For example ,
& P=

Interference gres
(drer=If a factor of 2 extral

things become even more interesting where san cred

= protou/proton or dechon/election scotting
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it depends of potides de in Singlet 3
TRIPLET

Spin singlet is outisymmetric -XX
E

ther spatial were function must

be symmetric

&Us = If(d +flak
↑ symmetry exchanging two parties !

Spin triplet is symmetric (XxF, xX
_

(x5x2 + XiX1
Spatial were function must be

E

outicymmetric

d
= (f(d)-fit-0)R

di & outisymm exchanging polider ! 18



if we scatter UNPOLARIZED beaus of protons
or elections

,

ALL SPIN STATES EQUALLY LIKELY

=> probabilty of triplet 3 times singlet !

= d

=> 3 1f(d) - f(t-a) + ↑ (f(d + f(+-0)12

a!
the -aga means we have Destructive interferenc

especially @ <If If(E)12

= If()12 !
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