e U : ]
i
'La'c‘jt“zlSmeo-elwg-y-—sWﬁgﬁ@*@%ﬁ*ﬂfmﬂmg

‘ § 2ew enargy Saﬂﬁ*h\d’ ( Low enerdy Lmit — mm-rw(wrbaiWe)
Let us ansider o S‘wrtomnée s‘caﬂcmha p&b}dml the S~wave WE can

\ ]
be writhn as Y = 7= Rovm = B_‘{’F’. . Whae UL Swhisfles

dr‘ -
Ex: pb.ase, prove this Eg_.

Cmsdor the Lmit of k>0, at r>R, where R s the intaractun

2
m%e,m}kme 4uso S um = am.vt(l-

dl +[&1_ %V(}r}] u:o (wL‘,,e ‘&-‘ z_."_‘_E

Amipan”

-

0

o ”f @B=0 = U)o r of sinkr Lnb-plwesl.:fé free Space) |
Op7 £ 00 F U X onst o< .S‘m(lur-{-l) ( maximum Pl\qxe skﬂ
Shorg ScaEning /)
Now|det us relate @, with &theshl‘ffé’o and Scaﬂimg amfl-n‘bw(z fo,
e r>R . Yw) o ASinQu +é\o): /_\[gim)"o t sy &”*]
o (1 +hoot S, 1)

k=0 a-o

| =

N IP b 40, but Ws smally genorethy S?Mi"j,we expect
koot Sy k) is on evon Lunction. of 4. |
I - | |




| | | e

Ex: pm‘ﬂw above cmcusion.

2

® et ecpansion \hwfé‘ouaw—'- -’d’_,,' +XR ot o

Liter we wil| se2 R ;}g}\\e Same U‘mlnx‘o:? whza Aion ro.cge’ and thas
we do not uSeﬁ\&w S}r»‘:a[.

l

9 , , i o &
%TLQWT)O cmylMﬂ ﬁ-Te sm8y = 5

! l
- \)23‘. - \J—-‘ e =
7(:; '&Mao'bk " :'A—'o-vh‘l'i‘ik ]C:’

® IJC (PR fimd:z > 8 o ted, & -pa, «—— hord S‘,/\we
with radius Q,

B g teo, h=2l S f = W

2 1 reSman
S g @ IR L “(

k2 mE E Scaﬂ&‘r’ﬂ
{ Eplckion «r=f- 5, as vonying inderackion Fa(mh’a,(

Iy the Gse of dtractive ivkrackion, we will see Sy is

3&«17& Omzjlicodzol«. A series v-f resonance sca:!ien}fgs appeat as
o Ul ing te doptd 039 potertial ot




attmckive polential
o= 4{_1 o=4ra




——$—Bovunal—slato— ‘ » i &n
T[wafpe.amco_. 0‘7? reSonown ce zsdosda relcteol Yo e Bowdm
n the {)MJ wld, -
AVir)
CmSullz o.slakw\‘cal potzrtial well problom anal
C(msioll.e e case thae’s just a bownd shile at the 7 >R
bop af e woll. ?} ~h

L

g 2

% .‘ﬁj{" +&°u6=.-0 (r<R) ‘boz@

iﬁ“ -Fu=0 r>¥R) Pt o= F )
* b

ot F<R, U= Simk,r

-Br § 5 Y lrg = Ro@thR
r>R u= A€

¥
u lr=R

- -p e PR
D hothR=-pelt —o a5 pad

R et hoR & MHAIT ct( D+ad) =~ (nem 49

= FQ = (n+%m) 28— Loalizatio Lenpth

Nod Lot us comsidor the 200 energy Sc;d:fulzf Stz .

dzus « 2 _
—_—d;ﬂ- + ‘kous_o (,Y‘<R) 2,(;= Y'?ﬂ‘.(")
2 2

{ L‘Lz‘% + kus=0 (r>R) § = [oE

Yas BR T 10" Lebs denste 88 = BoR - (MHA)T




|

SAMPAD"

natch bowdlany cndition U

at [r<R, U, & Up > Sind,r | | &

rzR Ug = ASMC&r*&) .

_ us/
Us lr=g? Us {p=p-

- BR —>
R ot kR +8,) = kRt R,R =~ PR € PR ond {.@Q_;;

'kw'é(;o'i/k p‘h‘/k P'h. 2mE
ﬁl-

H\MS‘ £=\]-4:n— | =-Jﬁg -‘_m

Miin. the bownd statz ~e-.--f£‘ com be offaneed as Dhe
pole  of FCE) it fist QWGM,«.Q ,ﬁ\;-ZP

(hon there i s juck atiue bownd Sttt g beliny the Lop of the

~

logth of Hhe Shalln boundl stote g

Vir)
. as & =0, Q= +Q
Es|)-- |
] \ s F
-8, < CundliAion aﬂx-Usz-f‘ws-t Pesonon ¢z
- AR = %+O+
») 2 (A N

S‘Cmrhzf SBAZ 9. |ound ofile

P RRGE=-FR S Lo fatd, = - D025

\J

the Scattering Logth 0 >0, which appcimatly eguals % the Localizicli.




| |

® 1f Hhe wold is maole even shatlrwer . 2R <L there will be

v

’RRCof50=-g‘63 ? k= hotd, = TLa

or (= 2 R

= X<
R 4d O.

@ | Grmbine R = -z—;- + 0" cases 155717\“ we hawe

— : R ._.l_. —*——-‘ wl\g/ -ko" i}:ﬂ_\_/
©F % hem B Ren AR
move Waﬂg - bg "%K r_\.(n-l--?!f)ﬁ’ we howe
l
.

ko '&oR“(VU‘Z)K
As we dmfw He Fzrfzrd:‘lal.wdl, more ongl mure bownol states are

TBrappel , onol 0o 0, A

oscidates,

|
, ‘lk
}

Iy

\3- =5 R+ \r—; R

gl WO S

3
1
{
f
\
}

RRot (AR +8,) = BoR 0t kR 2 L wt [L42d] =T o

I
@-




| |

()
U

®  Near the RSon@S e Cwss Sectiom and S@derwgw
. have no MWAMLQ on Q, Vo"(mimswpt’c PMWIU‘S) This (3

thel vaiuevf reSuman (g Sm\d.
jc _ Jen 2 R Grh*

3 o=5l = — %
" TR 4 am(BgHal) g50 mEx
hoot §,= -C'lo Q,,erg/O s = -—7‘2-_-’ _33’.2 ..

&
©
Ram sawer - Townsen Pfﬁ[etﬁé

0s bR ~NTT, then the phase shift — dbp ~np,

Qad:twhg dog 0,5 0, we got eraé‘:@w\smism.

€)) e'(anfle «rf  shallow bownd state ( hucdonr ?@Sl’cs ),

hot newbon fcaitwréf o Potin. Theve's o bowalnel.
stz D LWth 8,0=+£2~9.3MW,

hot | heutm Eﬁgfg@\/

& { 2 r
} V= 25-30Mey

B Veoluced mssr« ~ m/

4 . E = ) XlOw "
{l ’z_%‘_ 17 m
o AR = 3.5x107<<|, which the Gnik ":‘f e eneryy Sclloring

. 2
0’0 mp,aswee@ e 5-4)(108_”1 % 8b,as£miw & —-b-— = l~4MW.
A

R=2x10%m

D




"““"""@“"Tiirre‘ﬂh‘:&’iﬂ‘ﬁ“’b“aﬂuws%%~W*M”“W~!M-&mla~w-—g—-

> ovoler
o (IFm o

R Sattrng State , the b omeliAim —

Sathering, oedlos VJ%”'"-- -
ot rlER 2 | -

O Heot (1R +8,) = kot bR | whore 4= §+£)" ~ 4%,,.2&5.
%\bo‘wm\ s:bda Eb" _—_ﬁl

S Aoikin:-p. whe Ke(E-p= R £

fom B (4;,—3%; ) ot (RoR - -ZEE:R) == P

2 )
Cn’c(kop-—&—R)""‘% —_:-V/—{'Jz,, = '%n
B

@ ,
ot (I + RR-G -FR) = ~tan[hR-T s
B g _ B PR
%ZoR‘ E%:o R }ko = L’R-J_; = R T 24, '
0 ;
o | 3) = & l—'frmkRCof‘J; -k Cotd, ~ TankR
hw{(u‘\' o) - tu\‘elQ + G)'f._ICYO - | + Co'té‘o'bmhg
o~ "loo'b(yo ‘hl
T 14 RwtdR

bothe « (h+ 4 ) ot(F + (kB HER)

oe.-(ka-r L)‘(hm[-ﬁ"" ﬁ—f‘R]
o = O (%*———P—R a - '—(‘BI%)R




‘ |

FAmpaD®

@

kRotd - R __ BR - T (FHROIR
[ + Rt d

kRt S = [pR S L (PR (1 + AR wtd) t (&R)°

O2oo-th  frut§ = - PR

2
ont wdar  hroot & = (- BR-F(FHOR) (1-pR) +(£R)

o -pR+ FUKHFHIRT

> |hatd = -(B-£R) + £R
| ;

-1
Qo




