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Giant Dipole Resonance (GDR) B XMW i&FiL1g

60

50

197 25 MeV

<2 AU § odE - (300 * 30) MeV fm?
G SMEY - (11201) 6 52 MeV fm?
e r 2
o _ (2) E o
'G 30 (E—Eres)2+(%)i Eres res
5 Eres=13.9 MeV  T': 42 MeV
» Tres = 53 fm?
o -
S 20
o

10 +

I
B )
0 I S [ R N 1 11 I L | ! L | 1
8 10 12 14 16 18 20 22 24
} } f Ey(Mev)
(yn) (y2n) (¥3n)

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.

cf. 41 x 19713 = 7.05 MeV



Collective Vibrations

How does a nucleus respond to an external perturbation?

1) Photo absorption cross section

- >
photon transmitted
beam photons

nucleus
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Remarks
1) Photon interaction < dipole excitation

1l e
Hine = %E(P‘A—FA'P)
Yl . _
Alrt) = 5 Y T N(ay, €a T 4op )

L a=12" Y

-k 1 (dipole approximation)



Remarks
) Photon interaction «—— dipole excitation {Ey =10 MeV, R =5 fm ]

Hw — %Z('p-A—I-A-p) =& kR ~0.25
Ar) = Y % 22?(%@ e BT AR 4 )
T a—1,2
-k 1 (dipole approximation)
C Tabs(Ey) = 47;2662 (Ef — E))[(¢¢|2l¢:)|° 6(By — Ef + E))

z = Z(z’p — Zcm)
p



Remarks
1) Photon interaction +—— dipole excitation {Ey =10 MeV,R=51m J

2nc?h .
— (ap., €a kT At h.c.)

A(r,t)y = > >

ka=12"' %

-k 1 (dipole approximation)

C Am2e? - 5
Taws(Ey) =~ (g = E)|(lZ|60)|? 5(Ey — Ey + Ey)

ii) Isospin 2= (2p— Zem)

: _ (n Ote)

Isovector type

Isoscalar dipole motion
<—> ¢.m. motion (to the first order)



Remarks
1) Photon interaction «— dipole excitation [Ey =10 MeV,R=5 fmJ

2nc?h -
e (ap.,, € etk At + h.c.)

A(r,t) = Z Z

L a=12" Y

-k 1 (dipole approximation)

C Am2e? - 5
Taws(Ey) =~ (g = E)|(lZ|60)|? 5(Ey — Ey + Ey)

ii) Isospin 2= (2p— Zem)

: _ (n Ote)

Isovector type

Isoscalar dipole motion

<—> ¢.m. motion (to the first order)
1i1) Collective motion

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



Giant Dipole Resonance (GDR) B XM iB-F I8

60
50 +
197 25 MeV
e 719AU § dE = (300 £ 30) Mev m?
£ .0 BHeY o (11201) 6 B2 Mev m?
P ™ 2
Q o (‘?) E o
& = R o
G 30 LE~ r“)z_‘_(%) Eres b
o ; Eres= 139 MeV 'z 4.2 MeV
§ Tres = 53 fm?
2 20
(@]
10 +
0 1
8 10 12 14 16 18 20 22 24
} } 4 E+(MeV)
tyn) (y2n) (¥3m

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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Figure 6-18 Total photoabsorption cross section for '7Au. 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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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.



Giant Dipole Resonances

eGoldhaber-Teller type

neutron proton ) f ~ A_1/6

——> Inconsistent with expt.
(except for light nuclei)
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{MeV)
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Giant Dipole Resonances

eGoldhaber-Teller type

neutron proton ) f ~ A_1/6

eSteinwedel-Jensen type

[ Pp Q = j1(kr)Y1,(F)7
\ —
Pn > Fo ~ A 1/3

kR = 2.08

4 j1(z) = (sinz — x cosx) /x?



GT mode SdJd mode

FIG. 1. Schematic drawings that serve toillustrate the
the general features of the Goldhaber-Teller (Ref. 3)
(GT) and Steimwedal-Jensen (Ref. 4) (8] dipole modes .
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11) Inelastic scattering
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11) Inelastic scattering
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11) Inelastic scattering
(e.e”), (p.p), (ao,a’), Heavy-ion ===mp Higher multipolarities
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11) Inelastic scattering

(e.e”), (p.p), (ao,a’), Heavy-ion ===mp Higher multipolarities
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EQOS of infinite nuclear matter
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