Mean-field approximation and deformation
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Mean-field approximation and deformation
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Nuclear Deformation
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Nuclear Deformation

Excitation spectra of 1>*Sm
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E(47)/E(2Y)

deformed nuclei:
E(4")/E(2%) ~ 3.3
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spherical nuclei:
E(47)/E(2") ~ 2
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K.S. Krane, “Introductory Nuclear Physics”



E(47)/E(2Y)

E4*WE(2T)

deformed nuclei:
E(4")/E(2%) ~ 3.3

spherical nuclei:
E(47)/E(2") ~ 2
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K.S. Krane. “Introductory Nuclear Physics”
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Spontaneous symmetry breaking

The vacuum state does not have (1.e, the vacuum state violates)
the symmetry which the Hamiltonian has.

Nambu-Goldstone mode (zero energy mode)
to restore the symmetry



Quiz: spontaneous symmetry breaking

There are a few dots.

*Connect the dots.

*The number of lines 1s not limited.
*Two lines can cross.

*Connect the dots so that one can go from one dot to all the other dots.

How do you connect the lines if you want to make the total length of
lines the shortest?

¢.g.) Equilateral triangle Connect symmetrically
. o

. . o« e




Quiz: spontaneous symmetry breaking

There are a few dots.

*Connect the dots.

*The number of lines 1s not limited.

*Two lines can cross.

*Connect the dots so that one can go from one dot to all the other dots.

How do you connect the lines if you want to make the total length of
lines the shortest?

(question) how about the case for a square?




(the answer)

60 deg. 60 deg/f:

60deg. 60deg.

Length Length
1 1 —
ax Lt (1_0x 2 x V2 =2.828
V3 2v/3
=1++3
= 2.732- -

Ref. Takeshi Koike,
“Genshikaku Kenkyu” Vol. 52 No. 2, p. 14



:  1nvariant with
: rtotation by 90 deg.

rotation by 90 deg.

a good example of spontanecous symm. breaking
Courtesy: Takeshi Koike



One-particle motion 1n a deformed potential
p(’l“/) dr’ naively speaking,

V(r) ~ / o(r — ) p(r)dr!

C V() ~ [ o) )dr ~ —gp(r) i o(r,r') = —gd(r — ')

— V(1 0)
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One-particle motion 1n a deformed potential
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Figure 13. Nilsson diagram for protons, Z > 82 (g, = €2/6).
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Potential energy

¥

AR R 2

Liquid drop

-
-
-
-

Super-
deformation

Ground-state
deformation

Deformation B

E(B) =ErLpm(B) + Eshen(B)
RERE S E(IZEk R AR EIKEE



Es.p. (hw)

122{510]
1712[624)

H11/2[725]
N 312{501]
12[770]
3R2[761]

<t 1R2[631)
-4 3/2[752]

“19/2[734]

‘Br21752)

T HEIZEY
Xy THEK

5/21402]

2772[404)
1/2[521)

13/2[642]

* *  Nilsson diagram

Figure 13. Nilsson diagram for protons, Z > 82 (g, = €2/6).



Potential energy

¥

R

Liquid drop

IR

-
-
-
-

Super-
deformation

(a)

1 11

(b)

Ground-state -
deformation

~ ~ e

RETFRER

Deformation

(REIZED

(ERZEeyT )
~B | AEKEE TN

/

E(B) = Erpyp(B) + Espen(8) <—

[ RFEMNER
— BZFNRERLARTUOUYILEER
— EHREICE>TELDIEFNEFIMFIE (FRNE)




> ZIV R TEMNRELTWNADEIICRZASDIIRITTY A2

I & T}

- @

o\ :
- J_rz,\.. (7/2[404]
172[521]

3/21642)

0.6



> ZIV R TEMDNRFELTOAEIICRZDDIEXAITTY HV?

L& 8E DR LD AL
(BFHAESERDOTHELY) )

(AR -D4T0 F—DFEE ]

i.=13/2



h

HEURXEDERE  FLEFHZEFD2200D:

ARE(F I ZE L7

[ A4 F—DEE ]

—ex V
V  ex

L — A (z) = £ e2x? + V2

V=0

VOHRSIZELTRTRE [

)

V£0

~
~
~
“
~
~
~
N .
~
~ ~
~
~
~
"
~
~
-
~
~

_:®$5t

AT EIE



x DPoKYEELT DEMBRIITIREED 1> M5 2> ~NZE1E

(T EEBFD)

S
S
.
~ ul
'\‘

i

Landau-Zener DI\ :

P(]1) — |1)) = exp (—

-
..f, -~
.
-




cf. Za—hrJ/IRENEER R ERRE
L0 [ We )\ E.¢@0 —Ccos20 sin26 W,
ma(wﬂ)_[( E)_I_a( sin 26 cosze)](w”)

0

B P N _ 1.5 5
EF=a—hJIE / Fogtmitme), a=gmemmi)
MEFDEFEDEEER

" YE R THISRIZ
Ve —a—kJ/IREIMREC S
= MSW # &

Ref.
H.A. Bethe, PRL56(°86)1305,

p W.C. Haxton, PRL57(“86)1271




L R—RIRES
(i) 3RITTIEF A A FNIRENF
2

1 1
H = g—m + —mwgzz + EmeQ_($2 + 42)
€
Wl = WO(1‘|‘§)
2
w; = wpl(l —ge)

EEZBD.c T 0Mb | FTEILSESDES. e =0 DEFFDEEINEE,
F—RhERE. EZMERBOIRIILF—IEEDKIIITEILT S
ANE b7 e N

(i) B#RIZ e Z 0 A -1 ETEAILSE D EESIGTDHM?

* (1) & (i) ZFEEHTEATHOK



|/7|_€_|‘F|:IEJHE=E4
LRRDREEY V) A EEHEOEARE [V, ) DERAHH
cLT W) = chwwm

’C%i%h’(b\étﬁ‘é CCCUIIZRRERDAEREDKES,
KIZZFD z: D THS K IFREFELTWNSETS), COREEZAE
Q 21T EIEEL-$kREZE A B,

Wq) =REQ)V) = > CrlVip(Vip RV k)
M
CCT., RE) IXEIEDEFFTHD, Wigner® DB D EFH

D () = (Wi IR(Q) W k)

S i g, / 82
RUE M /dQDﬁK(Q)D{WK,(Q) = or 7 OLrOM S

EANT Vo) = [dQDEi(DIVe) = [d2 DE(QRE)|W)
A (Wi ITHBIT BT RE



Angular Momentum Projection
Rotated wave function: | Vo > =R ( Q2 ) ‘ | >
D D

(deformed HF solution)

(note) L
(WolH|W) = (WIRLHR|W) = (W|H|W)
N N J
< = H (for rot. symmetric Hamiltonian)

a better wi: a superposition of rotated wave functions

Wpro)) = [ A2 [()|We)
F()
[ (WallWg) - E (WolWe)] f(2)d2 = 0

variational principle (W proj|H — E|[Wproj) =0

S



(note) For 07 state

0™: no preference of direction (spherical)

m===)> Mixing of all orientations with an
equal probability

+ + o+

Vo) = [ d2|W)




(note) For 0" state

(Wot) = /dQ\WQ>

other states:

W) = /dQ Y ()| Wq)

(for K=0)

“angular momentum projection”



|\Uproj> — /dQ f()Vq)

F(©)
S

[ (WallWg) - E (WolWe)] f(2)d2 = 0

variational principle

(Hill-Wheeler equation)
cf. Generator Coordinate Method

Solution: Wigner’s D-function | f(€2) = Dﬁ K(Q)

(note) R
R(D|borr) = D |orm){brm|R(D)|drk)
M - /
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Projection Operator
Consider a HF state with the axial symmetry
Z
W) =) CrlV¥ik) -
I

— rotated state:

Wq) =R(Q|V) = Y Cr DL k(D)W1)
I.M

==

|\Uproj> /dQ DJI\}K(Q)|WQ>
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Projected wave function:

. 21 +1 _
W) = PliklV) = S5~ [ d2 Dl (R(Q) W)

-

Projected energy surface:

Vil ) _ (1P H P V)
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fh " Calculation and Figure: M. Bender



VAP v.s. VBP
» Variation Before Projection (VBP)
minimize (W[ H|W)/(W|V) e [W 1) = Pl | W)

» Variation After Projection (VAP)
W) = Pl | W) mmmp minimize (W 1| H W ar) /(WY 1|V i)

--- Mean Field
—— Angular Momentum Projection

|
\
\
\
1

VBP:

simple, but does
not work for small
deformation. Also,
a discontinuity
problem

VAP:
1 05 0 05 1 robust, butvery
§ expensive
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