Collective Vibrations

How does a nucleus respond to an external perturbation?

1) Photo absorption cross section
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Giant Dipole Resonance (GDR)
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Figure 6-18 Total photoabsorption cross section for !’Au. The experimental data are from
S. C. Fultz, R. L. Bramblett, J. T. Caldwell, and N. A. Kerr, Phys. Rev. 127, 1273 (1962). The
solid curve is of Breit-Wigner shape with the indicated parameters.



Remarks

1) Photon interaction < dipole excitation
1
Hipe = -—-(p-A+A-p)

2m c

A(r,t) = Z Z

k a=172 i

2mc2h

(ap.,, € etk —iwyt + h.c.)

eik'r ~ 1  (dipole approximation)

C Amr2e? - 5
Taws(Ey) =~ (g — E)|(éIZ|60)I? 6(By — Ey + E)

ii) Isospin 2= (2p— Zem)
P

(note)
neutron.proton ‘

Isovector type : :
yP Isoscalar dipole motion
<— c¢.m. motion (to the first order)

111) Collective motion
Motion of the whole nucleus rather than a single-particle motion



—_
£
[
=
[=]
-
b
—_
=%
—
[=:]
-
e ]
I~
=
b2
[
b2
=
[
[+]

100 T T T T T

Cross section (mb)

79-A*Mev

20F 0%

(b), & 10 12 14 16 18 20 22 24 26 28 30 o
o T o 10

250 1205y

—
o
[=1

-
=
=

0 50 100 150 200 250

Cross section {mb}
o
S

Bohr-Mottelson
“Nuclear Structure vol. 1I”

Cross section {mb)
= —t 2
g8 8 B

(2
=1

=

o ma  ossr 1  M.N. Harakeh and A. van der Woude,

i ——

5, (oY) ' “Giant Resonances”

FiG. 1.2. The photo-neutron cross section o(vy,n) as a function of the photon
energy for the three nuclei 2°6Pb, 120Sn and %5Cu. Note that for these nuclei
(7, 1) = oaps(7). From reference (BER75).
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Figure 6-18 Total photoabsorption cross section for '%’Au. The experimental data are from

S. C. Fultz, R. L. Brambilett, J. T. Caldwell, and N. A. Kerr, Phys. Rev. 127, 1273 (1962). The
solid curve is of Breit-Wigner shape with the indicated parameters.
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Deformation effect

Fw ~ ATL/3 ~ /

T?f T

R

20

10

8 10 12 14 16 18 20 22
Ey (MeV)

Figure 6-21 Photoabsorption cross section for even isotopes of neodymium. The experi-
mental data are from P. Carlos, H. Beil, R. Bergére, A. Lepretre, and A. Veyssiére, Nuclear
Phys. A172, 437 (1971). The solid curves represent Lorentzian fits with the parameters given
in Table 6-6.



Glant Dipole Resonances

eGoldhaber-Teller type

neutron proton ) f ~ A_1/6

——> Inconsistent with expt.
(except for light nuclei)
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Glant Dipole Resonances

eGoldhaber-Teller type

neutron proton ) f ~ A_1/6

eSteinwedel-Jensen type
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11) Inelastic scattering

(e,e’), (p,p’), (0,0’), Heavy-ion ====mp Higher multipolarities
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11) Inelastic scattering

(e,e’), (p,p’), (0,0’), Heavy-ion ====mp Higher multipolarities
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11) Inelastic scattering
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11) Inelastic scattering
(e,e’), (p,p’), (0,0’), Heavy-ion ====mp Higher multipolarities
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Discovery of Giant Quadrupole Resonance (GOR)

VoLume 29, NuMEBER 16 PHYSICAL REVIEW LETTERS 16 OCToBER 1972

Giant Multipole Resonances in **Zr Observed by Inelastic Electron Scattering

8. Fukuda and ¥, Torizuka
Laboratory of Nuclear Science, Tohoku Universily, Tomizawa, Sendai, Japan
(Received 24 August 1972)

Inelastic electron scattering from the giant dipole resonance region in "Zr was mea-
gurad. Inaddition to tha usual dipole resonance we have found new resonances at 14.0
MeV and around 28 MaV. The spins and parities and transition astreangths of these states

ara digouggad.

VoLuoME 30, Numeer 21 PHYSICAL REVIEW LETTERS 21 May 1973

. . . . 0
Electroexcitation of Giant Resonances in - Ph

M. Nagao and Y. Torizuka
Labovatory of Nucleay Science, Tohobu Unfversily, Tomizawa, Sendai, Japan
{Recelved 27 Fobruary 1873)

The giant-resonance region in “"*Ph was observed by inelastic electron scattering, We
prescent cvidence for the existences of a 2% (or 0') atate at ~ 22 MeV and a 27 state at
~ 19 MeV with giant-resonance character. The resonance states between 8.8 and 11,6
MeV are confirmed to be 2% (or 07) and the sum of their strengths exhausts about 50% of

the £2 sum rule or 100% ol E0,



EQOS of infinite nuclear matter
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Strength function: | S(E) = ) |(v|F|0) V|2 6(E, — Eg — E)
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Strength function:
S(E) = Y |(v|F|0)?
74

v’ non-energy weighted sum rule

So = [ S(BYAE =Y |(v|F|0)?

v' energy weighted sum rule

Sy = /ES(E)dE = S (B, — Eo)|(v|F|0))?

v




v' non-energy weighted sum rule

So = [S(E)E =Y |(w|F|0)?

= (0|F?|0)

S(E)

cf. geometry of Borromean nuclei
n p N S(E) = 3 IIFIo)
— x0(E, — Eqg — F)
Y B(FE1;gs—1)

HEVC

R B(E1)

11.4 :

—> (nn) = 65.21737  (ULi)
= 7451122 (°He) K.H. and H. Sagawa,
' PRC76(°07)047302



v" energy weighted sum rule

Sy = /ES(E)dE
= > (Ev — Eo)|(v|F|0)|?

v

_ %(O|[F, [H, F]]|0)

S(E) = 3 |(v|F|0)|?
X(S(EV — FEg — E)

(O|[F, [H, F]]|0) = ; (F(HF — FH) — (HF — FH)H)

N | =

(FHF — EgF?)
ZE,, (O|F|v)|* — Eq{0|F?|0)

= Z(Eu Eo)|(v|F|0)[?



Energy weighted sumrule: | Sy

Z(Eu Eo)|(v|F|0)|?

= §<0|[F, [H, F1][0)

For = F'(r) (local operator)
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S = 3" (Bu — EQ)|WIFI0) = 2 [ dr p(r) - (VF)?

v

For F=z

2m
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Photo absorption cross section:
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Figure 6-20 Total oscillator strength for dipole resonance. The observed total oscillator
strength for energies up to 30 MeV is given in units of the classical sum rule value. For the
nuclei with 4 > 50, the integrated oscillator strengths have been obtained from measure-
ments of neutron yields produced by monochromatic y rays (S. C. Fultz, R. L. Bramblett, B.
L. Berman, J. T. Caldwell, and M. A. Kelly, in Proc. Intern. Nuclear Physics Conference, p.
397, ed.-in-chief R. L. Becker, Academic Press, New York, 1967). The photoscattering cross
sections have been ignored, since they contribute only a very small fraction of the total cross
sections. For the lighter nuclei, the yield of (yp) processes must be included and the data are
from: 12C and ?’Al (S. C. Fultz, J. T. Caldwell, B. L. Berman, R. L. Bramblett, and R. R.
Harvey, Phys. Rev. 143, 790, 1966); '°O (Dolbilkin ef al., loc.cit., Fig. 6-26). For the heavy
nuclei (A4 > 50), other measurements have yielded total oscillator strengths that are about
20% larger than those shown in the figure (see, for example, Veyssiere ef al., 1970).




FEIDF =
So = (O|F?|0)

1 7l ]
A0EI :
FHRCARRED (HHFED ) [FEHMMEEIRRED
HEEDAHIZE>TEDHEND

(FIEIREDIFHZIN > TLDBLEMNGLY),

>RERTHRETMMNBONTF. Aonf-gEBNLERENH LN
ES D (missing strength) H|#F TE5,
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Ilkeda sum rule

charge exchange reactions: Gamow-Teller transitions

1* 1*
iy (n,p) (p,n) iy
reaction  reaction
1* 1*
o141 o7T_

(N+1,Z-1) (N-1,Z+1)

Ilkeda sum rule

So(o1-) — So(omy) = 3(N — Z)



situation before 1997
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S.-S,=27.0+/-1.6 =(90 +/-5)% of Ikeda sum rule

— quark contribution: small



(proof of Ikeda sum rule)

(Ya)u = Z'Ti(i)au(i)

[(Y2)u]" = ()" (Y5)

S -84 = (0]y1y_|o) — (0|y]Y4|0)

S (=)40I[(Y ), (V) -41[0)

7
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3001 Slr (3), 7 ()][0)

3(0 Zfz(z‘)m) =3(N — 2)




