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WEIZSACKER FORMULA

Nuclear energy: x A

Z2+a(N—ZV
Al/3 DA T4

E=—ay A+as A*3 +ac

No surface symmetry energy. ..

5 4w rg 2 A%/3 = s 5 S

Surface energy: Fg = ag A?/3 =
4 7“0

47T 7“0

Eg as
:0'—

S  4ard

(tension — work per area)

— Because nucleons at the surface less bound, creating surface

requires work.

Symmetry energy reduces the binding, so, as n-p asymmetry
increases, the work to create surface should drop
0 FEg
0S5

o= \, (in the general definition of tension)
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o as microscopic should depend on a microscopic quantity
characterizing neutron-proton (n-p) asymmetry — pi,

. OE
Ha =9 (N — 2)

Since tension should drop no matter whether more neutrons or
protons — quadratic in chemical potential

0200—7,“3,

Surface energy F's must then also depend on p,. ..

Thermodynamic consistency then requires:
Surface must contain n-p excess!

(Ns — Zs) o fiq

Surface energy must be quadratic in the excess and/or p,.
?How can surface hold particles?!
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/ Gibbs definition for surface
quantities - difference be-
tween actual and idealized

where volume contribution
only: Fg = F — Fy,

result depends on surface
position R
— fls — /1-—-f4p*22 0

Y

Y

Actual
; >
ldealized
R r ]

2-component system: sur-
faces for neutrons and pro-

tons may be displaced.

Net surface position set de-
manding: Ag = 0.
However, Ng — Zg # 0!
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With thermodynamic consistency resolved, o = og — ~y u? yields for

surface energy

1 (Ng — Zg)? (Ng — Zg)?
ES:O_OS+,VM?LS:E%+4’Y S ZEg—l‘ﬂ 42/3
Ny — Zy)?
Volume: Ey = E?/—I—a (Vv 7 v) (mass formula)

Net Energy & Asymmetry: F = Eg+FEy, N—Z = Ng—Zs+Ny—Zy

\_

2
Capacitor analogy: qx = Nx — Zx, FEx = E% + 52

2Cx
o A2/3 o A
OS — 28 > CV — %a

Minimal energy under the surface-volume asymmetry partition —

energy of capacitors in parallel:

2 2
q (N —Z2)
E:E0+f:EO+ 4447
The partition: = & = — A7V
qv  Cv Ny —2Zv /
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MODIFIED ENERGY FORMULA

72 (N—Z)2 1
+ «
Al/3 A 1—|—%A—1/3

Regular formula: 3 = 0 — surface not accepting excess (= 00)

E:—aVA+aSA2/3—I—aC

ozzaafor%:OorA—M)o

O L AN Y A N A
Any need for modification?! 60 - Different assumed o/} ratios E
Test: After a global fit, in- :

vert the formula using mea-

sured E for individual nuclei % . o values
2 30f from
to get a (a,) locally. = global

a from a local inversion [ 1 fits

should represent, on the av-
erage the a from a global fit.

10 20 30 50 70 100 200
o/ ~ 2 best
A «<—— number of nucleons
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6_ pu—
Best-fit parameters in the - +0.40MeV .
a/(B-a (vol /sur-vol) plane. I ]
+0.13MeV
Strong correlation valley. . B B
Q
aq = 21 MeV >1—|—%A—1/33 i ]
d - -
Largest number of asym- i |
metric nuclei at A ~ 200. R ]
Valley: i |
21 MeV - ‘ '
e f—
1+ 520074/ NN/ AR NN
O | | | | I I | | I I | | I I | 1 1 1
20 25 30 35 40
o (MeV)

A(Ey, — Eeyyp) for light asymmetric (|N — Z|/A > 0.2) nuclei:
7.4 MeV for a/3 =0
2.3 MeV for a/3 ~ 2  (similar to that for all nuclei ~ 2 MeV)

/
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ASYMMETRY SKINS

The energy formula predicts different neutron and proton radii.

For heavy nuclei a correction due to Coulomb forces that push

protons out

2

e 1 /3 1
E=FEy+Ev+Eqt+E Er = (2722 +2v Zq+ = 72
ot+Lv+Ls+Lc C 47T60R(5 v T 4v s+2 s)

From the modified minimalization, analytic difference of rms radii:

(P2 (2?2 A N-Z ac AP/3 104 0 AL
(r2)t/2 T 6NZ 148413 168¢ N 142413

The Coulomb correction (2"¢ term) favors larger proton radii. . .

Measurements of n-p skin sizes difficult: two different probes
required.

E.g. electrons + protons, 7™ 4 7, protons + neutrons
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(r?)y2=(r®)}/ (fm)

0.6

0.4

0.2

0.0

—-0.2

-0.4

to the formula (lines), for different Na isotopes

Comparison of measured n-p skin sizes (Suzuki et al. 95 - symbols)

difference between the rms n and p radii vs A

~
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(r®)/2=(r*)/% (tm)

More comparisons to data:

06 T | LU | LU | UL | T T 1 | T 1 T | LI | L L | L |
LA 7 i 7]
- Sn i 04— 2Pb _|
0.4 — — - I ]
i ] :
- _ & - .
B 3 B 3 ]
[
- T Se 02— —
0 — &> L i
i . Ll
- - | I~ =
L i Q - .
- | |
i T Qo
0.0 — — = 00— |
I a/B=0 | I o/B=0 |
—0.2 _I | L1101 | L1101 | L 111 | L 111 | 1 |_ -0.2 | | L1 1 1 | L1 1 | | L1 1 1 | I | |
100 110 120 130 140 180 190 200 210 220
A A

Skin size vs charge and mass numbers tests the symmetry

parameter ratio a/3

as _Cs , Ns—Zs 1

N —
g C N—-Z 1482413
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Skin size vs proton-neutron separation energy difference (chem pot
conjugate to N — Z) measures surface symmetry parameter j3:
A%/3 1
qSZCSV & Ng— Zg = x—(Sp—Sn)
20 2
0_6 __ | | | 6 —li 06 _I T | L | LI | LI | LI | LI I_
L 4 L 6 4
- il | Sn i
04l ] _ I ]
g - 10 g - .
o) L . E 04— ]
SO — N I 10
%0 ] oo ]
| - . | i i
gn 0.0 — ] §n 0.2 _— —_
%W N ] = - ]
—0.2[ — [ ]
- - 0.0 — —
_ _ | | | | | | | | | | | | | | | | | 1 |_ _I | | 111 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 I_
0.4 ~ 10 o 10 20 -10 -5 0 5 10 15
S,—S. (MeV) Sp—Sn (MeV)
difference between the rms n and p radii vs difference between p
and n separation energies
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plane of /3 (vol/sur) vs a (vol)

Results from global fits
to skin dependencies +
from fit to masses

Q.
Conclusions: >

27MeV < a < 31 MeV
20< a/f < 2.8
11 MeV < 8 < 14MeV

25

30
o (MeV)

35

40
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ASYMMETRY OSCILLATIONS
Movement of neutrons vs protons - giant resonances visible in

excitation cross sections

Two classical models of the simplest giant dipole resonance (GDR)

O &

Goldhaber-Teller (GT): n & p distributions oscillate against each

other as rigid entities:

Eapr =hQ oc 1/ A2/3 /A = A7/6

Steinwedel-Jensen (SJ): Standing wave of n-p in the interior with

vanishing flux at the surface
Eaopr = hca/)\ x A~V3

~
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GT model: @ —

SJ model: § — oo

Realistic model: SJ but asymmetry flux may flow in and out of the

surface. .. The boundary condition produces:

qRji1(qR) =

j1 - spherical Bessel func-
tion, typical for waves when
spherical symmetry; ¢q -

wavenumber, Eapr = hcg q

As BAY3/a changes, the
condition changes between
that of open and close pipe

and the resonance evolves

between GT and SJ

Ecor (MeV)

35 Al/3

j1(qR)
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MICROSCOPIC BACKGROUND

In the Thomas-Fermi approximation with
2
E =Ey+ [drpEi(p) (%) , where E| - symmetry energy
(F1(po) = a), the Gibbs prescription for semiinfinite matter yields
a 3 0 ( e )
— = — [ dx —1
B o / po \ E1(p)
a /3 probes the shape of F1(p)!

I R R BN RS AR AR
From 2.0 < «a/f < 2.8 for - ]
mean-field  structure  calcs o . B
(Furnstahl 02 - symbols), S orl, ‘% R
we deduce symmetry energy ot °°
= - °
reduction at half the normal T o6 e °° -
* @
density: : .:0' “ees. o]
0.5 — % Ve —
0.57 S E1 (,00/2)/04 SJ 0.83 - ° ]
A TR TN PO P BT B
1 2 3 4 5] 6
o/B

o
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CONCLUSIONS

e Adding a single parameter to the standard nuclear binding
formula greatly extends access to the physics of neutron-proton

asymmetry in nuclei.

e The surface symmetry energy is needed to explain binding of
light asymmetric nuclei. In the net energy, the surface and
volume symmetry contributions combine as energies of two

connected capacitors.

e The finite surface symmetry energy implies existence of

asymmetry skins.

e The measured skin sizes limit the ratio of volume-to-surface

symmetry coefficients to the range 2.0 < o/ < 2.8.

16
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e A combination of the skin and mass information yields for the

volume (i.e. infinite-matter) symmetry coefficient
271 MeV < a < 31 MeV.

e Emergence of the surface symmetry energy is related to a
weakening of the symmetry energy with density. The ratio o/
can be used to limit the reduction factor at half the normal
density to 0.57 < F1(po/2)/a < 0.83.

e Description of giant dipole resonances improves with an
inclusion of the surface symmetry energy. The resonances are
more of a GT type for light nuclei and of an SJ type for heavy.

nucl-th /0301050
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Local Amplitude = Transition Density
Dy, o dp]

Pl(r) — Ejé(qr) p(?“) - 3ﬁA1/3 r dr

Compared to microscopic calculations (Khamerdzhiev et al '97)
GSC, including 2p-2h excitations and ground-state correlations:
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DIFFERENT MASS FORMULAS

Liquid droplet model (Myers & Swiatecki '69)

5 1 1 _
E = (—0,1—|—J52—§KE2+§M(54)A

Z? 1
+(a2+Q72+a3A‘1/3) AP 4 ¢y <1+—TA‘1/3

Al/3 2
72 74/3
—CQZQA1/3—03Z—C4A1/3
where
GZE (—QaQA + L —|—61A4/3 : T:§§<5+55)
o 1+5% 4 s a Z L N-Z
1+ 5548 127 AY3Y - N+Z

Q=H/(1- % P/J). Expansion in asymmetry yields results

consistent with current, but approach more complex. ..

)

/
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The current formula:

7 (N-2zp 1
«

_ 2/3
b=ravAtas AT +ac g A 1541

Liquid drop model [LDM] (Myers & Swiatecki 66)

E = —ay (1—/4;1/]2) A+ ag (1—/{5[2) A?/3
ok &
Tac A1/3 T a4y

with I = (N — Z)/A. LDM corresponds to the expansion in the

current formula:

1 Q Qo
~— (1—-=4"1/3
e (1 547)

But that expansion only accurate for A = 1000, i.e. never!
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