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(ZFB) P EFFREZD R n + 235U — 230UJ* — fission

E*=S +E ~4.8 MeV
(E, ~ 1/40 eV)

E*=S +E ~6.3MeV
(E, ~ 1/40 eV)
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Figure 6.1. [Excitation spectra of the ;;Sn isotopes.
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Simplified pairing interaction

v VDR RELI-IRRE
v=-GPP; P'=Y afdl Bt
v>0
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delta force monopole
pairing force
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BCSEm:H&b &, BInEZTERAAT H7=8I1Z Bardeen, Cooper,
Schrieffer [Z&>TI1957EIZERIESNT-E R/
—CNZF[RFROXFEREIR R (2@ A (Bohr, Mottelson, Pines, 1958)




HF+BCS theory
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H=> ey(a,,ta,/ + aj;a,;) — G (Z a,ta:%) (Z a,;ay)
v v>0 v>0

2IADHEEEH
— MKEBZET S

cf. HF potential
Vir(r) = [ o(r,7")pue(r)dr



Solve the pairing Hamiltonian

H=> ey(a,,ta,/ + aj;a,;) — G (Z a,ta:%) (Z a,;ay)

>0 v>0

in the mean-field approximation

e Mean-field approximation:
V=-GP'P— -G ((P)P+ PI(P)) = —A(PT + P)

<——> particle number violation

A =GPy =GP =G Y (afal)
v>0



ﬁ we consider H' = H — AN  instead of H °

Hl

> (e, — A) (a,;ga,k a%al—ﬂ) — GP'P

k>0

> (ex — N (afay, + alap) — A(PT + P)
k>0

> (e — )\)(a};% T a%’%) —A ) (aL"% + agag)
k>0 k>0




H = > (e — /\)(a,,tja,k -+ a,;%a%) — GPTP

k>0
— Y (e — )\)(a};ak + a%al—ﬁ) —A D) (a};a% + agay)
k>0 k>0

NILVR=TFY H 1 10), 1) =alal]0) #HEICLTHALTES

Hp = (e — )\)(azak + a}t—cag) — A(a}ia% + agay)

17 Z) - _ ( (O|Hg|O) (O|H1)\ _ (O -4
THRTEEDE: H = ( (1|HZ|0) <1|H£]1) ) - ( A 2(ep—A) )

TRE (2 a0y ) ()= ()

— B = €L — A — \/(Ek — )\)2 + AZ (gr_'lkﬁb—)lj\él/\jj_%té)

A B A? B _1 14 €L — A
B2+ A2 2 V(ew — A2 + A2

~
70

up, = o
T VEE+ A?




H = Z (€, — /\)(a,,tja,k + a,;%a%) — GPTP

k>0
— Z (e — )\)(a};ak + a%al—ﬁ) — A Z (a};a% + agay)
k>0 k>0

25D LILAMZEEL:

® Transform H’in a form of H' = )_ Ek(oz,tak + Oé}L—COé;;)
k>0

 —— g.5.. Oék|BCS> =0
15t excited state: 1) = aJ{€|BCS> at £,
....and so on.

Bogoliubov transformation

T —

ozi = uya;f/ —vag, Q; = u,/a:r; —+ vypay

(Quasi-particle operator)



Bogoliubov transformation

oz;rC = uka,;rc — vgar, a% = uka% + viag

(Quasi-particle operator)

of Y (w —oe ) ( o
%% VU  Ug ar
(note) {Odz/, Of,/} = 0, {Oém sz/} — 5,/,1/ = BiE

— ug—l—ng:1
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Bogoliubov transformation

oz;rC = uka,;rc — vgar, a% = uka% + viag
(Quasi-particle operator)
or aL = ukoz;r€ + vgag, a;r—c = ukon% — VO

o = l;:o(ek - ) (a,iak -+ a%a%) — A kz (a,La% + azag)
> >0
_>



using the quasi-particle operators:

H' ~ > (e — /\)(a;zak + a;%al—c) —A D (ala}C + azag)

k>0 k>0
= ) [(e — )\)(u% — 'U,%) + 2Aukvk](a};ak + o%oz,;)
k>0
+ 3" 20 — Nugoy — Auf — v)](afol + azay)
k>0

n

then H' = Z Ek(a}t;ak + Oé;%a;‘g)
k>0

it 2(ep — Nugvg — Auf —vj) =0

with  Ep = (¢ — )\)(u% — v%) + 2Au vy



H = Y [(ep — N(uf —v7) + 2Auvy] (OéLOék- + O%OZE)

k>0
+ 3 [2€ex — Nugvy, — A — v (efal + azay)
k>0
0 = 2(e — Nupvp — A(u% - v%)
1 = u% -+ ’U]%




H = Y [(ep — N(uf —v7) + 2Auvy] (OéLOék- + O%OZE)

k>0
+ 3 [2€ex — Nugvy, — A — v (efal + azay)
k>0
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H =) Ek(a};ak + ozj—ﬁoz,;)
k>0

By = (g — N2+ A2

Ground state wave function:

OﬁHBCS) =0

< |IBCS) o« || apag|O)

k>0

= H V. (uk + v a};a%” O>
k>0

n

IBCS) = ] (uk + vy, a}ia%” O>
k>0




Ground state wave function:

aHBCS) = 0

< IBCS) = |] (uk + v} a;rcai)| O>

k
k>0

(note) <BCS |a;f€ak|BCS > = |vg|® : occupation probability

(note) N

k>0 G



Ground state wave function:

aHBCS) = 0

< IBCS) = |] (uk + v} a;rcai)| O>

k
k>0
)

vi‘ Az0
)
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Gap equation

1 €. — A\
2 k
= —(1
<uk 2( T Ek)
2 = 1(1_%—)‘) B, = /(e — 02 + A2
ko™ o E
— k

A = G(BCS|P|BCS) =G ) wugvy
k>0
G A
2 ;>0 Pk
(Gap equation)
N=2Y% v 2

k>0



1) Trivial solution: always exists

A =0

AZGZukvk

k>0
v = 1 (e <)
= 0 (€k>)\)
) = 1] a’kak

k>0

Occupation probability




A
G A 2 a-0
A\ = — — o
2 —~ F 2
k>0 "k =
<
O
= -
1) Trivial solution: always exists = N e
)
A=0 5 V.f‘ A%0
=
Q
)
IG a/o N —large

11) Superfluid solution

A #=O0 o [
o
’Uk < 1 ‘%04 |
|1BCS) = ][] (uk+vkaza£)|0> ~ S SR
k>0 G

Number fluctuation Normal-Superfulid phase transition
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|IBCS) = |] (uk + vy, a2a£)| O>
k>0

AR FHROREMNRES>TLNS |BCS) =) Cn,|Ng)

N,
f=1=L. FHEELEITFIXFELLEEESNTLNS:
(BCS|N|BCS) =23 vwf=N
k>0
FIFHDPLZDERLY:
(AN)? = (BCS|N?|BCS) — N* =4 Y ufvg

k>0
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k>0

F—IZRTIER LTS IKRE



B F R IERTFEMF GRS
H,N]=0— Ul (¢)HU(¢) = H; U(¢) = "N
BCSARREIL U(1) I FREA B BN F-IKRE

BCS(¢)) = UN(9)|BCS) = [] (w4 vpe > alal)|0)
k>0

AN

)

Ut
R (¢)

ST
Sl

LeSEAEBEHELARDERDLSILED: L.

=0 S €<

(COBE. BE ¢ FF—SE) — N-



LAR—FRIRES : < 1] 7/28 (AN) 23:59 FTKULMSHh HigH

R 1 27

— - dd S (N=N)é
PN 2m JO be

DR FHNIZT TS5 EERE FITHE-OTLNSIEE TR,



	スライド 1
	スライド 2
	スライド 3
	スライド 4
	スライド 5
	スライド 7
	スライド 9
	スライド 10
	スライド 11
	スライド 12
	スライド 13
	スライド 14
	スライド 15
	スライド 16
	スライド 17
	スライド 18
	スライド 19
	スライド 20
	スライド 21
	スライド 22
	スライド 23
	スライド 24
	スライド 25
	スライド 26
	スライド 27
	スライド 28
	スライド 29
	スライド 30
	スライド 31
	スライド 32
	スライド 33
	スライド 34
	スライド 35
	スライド 36
	スライド 37
	スライド 38
	スライド 39
	スライド 40
	スライド 41
	スライド 42
	スライド 43
	スライド 44
	スライド 45
	スライド 46

