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Fig. 2.1. The first three multipoles of oscillations of a four-component nuclear droplet. Isoscalar
(AT = 0) and isovector (AT = 1) as well as nonspin-flip (AS = 0) and spinflip (AS = 1)

modes are shown separately.
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FIG. 4. The QPM prediction for the velocity distributions
of E1 excitations at E, = 6.5-10.5 MeV (left) and E, >
10.5 MeV (right) in 2*Pb.
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FIG. 7. (Color online) Extracted neutron densities for 242205 ph

with two types of error envelopes shown together with DH neutron

densities (dotted lines) and point proton densities by unfolding charge
densities (dash-dotted lines). The cross-hatched and hatched error
envelopes were estimated by Eqgs. (8) and (0), respectively.
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J. Zenihiro et al., PRC82, 044611 (2010).



E1M1 phiEEsEz—HITRICTSH !



fhag<, July 26, 2011

RFZDELLEEZRND

!

RFHRZTZEFLUVICANT
R RS

.

RENE S
— E1 Field

| -




fhag<, July 26, 2011

E1 Response

E1 Response (&, S EMRENEIZITx T DB D IREN X IET B,

El Field (R®#HE1S) | + | Static
l e |
+++++++++

o

P

n

HEHIE

E1 response of a nucleus
‘ REES =5
E1-Field ZATF (7 #) THES 1 O
§ BT —LAlCLBEERT ©
(Virtual Photon)Z LN THE S, EZLUT



fhag<, July 26, 2011

Probing EM response of the target nucleus

Y real photon detector

\ . ( O& detector

O

Target Nucleus Excited State Decay products
and/or y-rays are

measured.

Missing Mass Spectroscopy:
Insensitive to the decay channel. , detector
@ Select a low momentum transfer

Total strengths are measured. P : ) 11
(g~0) kinematical condition,
I.e. at zero degrees
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Coulomb (or Strong) Interaction

g, l

Target Nucleus Excited State




fha&<, July 26, 2011

Experimental Method

High-Resolution (p,p’) measurement
at close to zero degrees

AT et al., NIM A605, 326 (2009)
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Spectrometers In the 0-deg. experiment setup
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Spin Precession in the Spectrometer 34, July 26, 2011
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E1 Strength Distribution in 2%Pb
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Illustrative View of E1 Strength Distribution and Measurements
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Illustrative View of E1 Strength Distribution and Measurements

Particle (neutron) separation energy

Discrete States Giant Resonances and Continuum
(Coulomb Excitation) ! (Coulomb Dissociation) — Unstable nuclei
() (nn) ;
(e’e,)! (p1p,) < i 208 >
| Pb
PDR GDR
g.s. Exp
115
y
A\‘ ‘
_ |

0 //‘8 | 1I2 | 'I16

S, S, Excitation Energy (MeV)



fhag<, July 26, 2011

Illustrative View of E1 (M1) Strength Distribution and Measurements
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Fig. 5.1: Low-energy part of the spectrum of the 2°®Pb(p, p’) reaction at E, = 295 MeV and

©,45 = 0°. The arrows indicate transitions which are also observed in the 2°®Pb(y,y’)
experiment [29].

I. Poltoratska, PhD thesis



fhag<, July 26, 2011

LT Pb) s
400 1 *"Pb(ny) . '
|
|
|
NE 200 - -
o R
E 0 : # =l=: ﬁT - : i EI:I i II - |
: EDBPb(p,p,) IS
— 400} ] E, =295MeV Lon 1
'% e, =0°-0.94° !
200 ! 1
] :
I [
I
O 1 I o Il fTLT 1
5 6 7 8

Excitation Energy (MeV)

Fig. 5.10: B(E1) strength distribution in 2°®Pb below the GDR extracted from the present work
(bottom) in comparison to the (y,y’) results from [28, 29, 30, 31] and 2°’Pb(n,y) data
from [158] (top).

I. Poltoratska, PhD thesis



fhag<, July 26, 2011

E1/M1 Decomposition by Spin Observables

& Polarization observables at 0° mmmp  spinflip / non-spinflip separation*

(model-independent)

-1 for AS =1, M1 excitations
Dgs + Dy +Dy = o
3 for AS = 0, E1 excitations

mmp E1 and M1 cross sections can be decomposed

At0° Dgg = Dy

Total Spin Transfer X = =
0 forAS =0

3—(2D¢s + D, ) {1 for AS =1
4

T. Suzuki, PTP 103 (2000) 859
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Multipole Decomposition
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Comparison of Both Methods
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Fig. 5.6: Angular distributions of the cross sections at excitation energies from 20.5 MeV to
22.5 MeV in 500 keV bins fitted by a polynomial function of third order Eq. (5.4).

I. Poltoratska, PhD thesis
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I. Poltoratska, PhD thesis
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Fig. 5.11: Total absorption cross sections for the GDR region. Red circles denote o ;. obtained
in the present work, green squares are the results from [170] and black histogram
represents the (y,xn) data from [168, 169].

I. Poltoratska, PhD thesis
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Electric Dipole Polarizability in 2%3Pb
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Dipole Polarizability
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Dipole Polarizability
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Dipole Polarizability
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Figure 6-19 Systematics of dipole resonance frequency. The experimental data are taken
from the review article by E. Hayward (Nuclear Structure and Electromagnetic Interactions,
p. 141, ed. N. MacDonald, Oliver and Boyd, Edinburgh and London, 1965), except for “He,
for which the resonance frequency is that given in the survey article by W. E. Meyerhof and
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(6A-65)).
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Hydro-dynamical Approach *E. Lipparini and s. Stringari, Phys. Lett. 112B, 421 (1982).
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Fig. 5.13: Static dipole polarizability of 2°Pb. From top to bottom: ap extracted in the present
thesis; average value for aj from the available experimental data (see text for details);
polarizability and neutron skin radius extracted from the QPM calculations. Bottom:
the same for RQTBA predictions. All numerical values for ap are given in the fm3/e?
units. Blue bars correspond to the dipole polarizability in the pygmy dipole resonance
region, green ones to the giant resonance region, from 8.2 MeV to 19 MeV.

I. Poltoratska, PhD thesis
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FIG. 5: (Color online) Extraction of the neutron skin in 2°*Pb
based on the correlation between r.in, and the dipole polar-

izability ap established in Ref. [8].

[8] P.-G. Reinhard and W. Nazarewicz, PRC81, 051303(R) (2010).
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reasonable domain p. (Left) Neutron skin and isovector dipole
polarizability in *™Pb. (Right) Neutron skin in “Pb and effective
nucleon mass m* /m in symmetric nuclear matter.
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Phys. Rev. C 81, 051303(R) (2010).
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TABLE VI. Obtained values of r,. r,, and Ar,, for **Pb compared with several experimental and theoretical results (all in fm). Except for

this work, the errors are statistical only.

Model Experiment
SkM* SkX NL3 DD-ME2 FSUGold GDR® PDRP antiproton® (p, p)at 800 MeVY (p, p)at 650 MeV®  This work

rp 545 544 546 - - - - 5.44 5.45 5.46 5.442(2)
ro 562 5.60 5.74 - - - - 5.60 5.59(4) 5.66(4) 5.65370.0%
Ar,, 017 0.16 028  0.19 021  0.199) 0.18(4)  0.16(2) 0.14(4) 0.20(4) 0.211790%

“The isovector giant dipole resonance (GDR) from 5Ph(w, ') at E, = 120 MeV [12].

"The measurement of “pigmy” dipole resonance (PDR) strength from ***Pb(y, ") [19].

“The analysis of the x-ray cascade from antiprotonic atoms assuming two-parameter-Fermi distribution for both p, and p, [18].
URef. [9].

‘Ref. [13].
0.4 Model Experiment
L A NL3 O SkM* @ This work
035~ 45 DD-ME2 [J SkP W (p.p) at 650 MeV
I ¢ FSUGold +r Sly4 A antiproton
03
= L A
= 05k 4 .
g L
0.2~ %
&
0 @ 8 } . )
015 g g : proton elastic scattering
O

o1 J. Zenihiro et al., PRC82, 044611 (2010).
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FIG. 8. (Color online) Systematic behavior of the neutron skin
thicknesses for *2%%Pp. The filled circles are the results of
this work with the two types of error bars. The filled squares
and triangle are from the analysis of proton elastic scattering at
650 MeV [13] and x rays from antiprotonic atoms [18], respectively,
with statistical errors only. The open triangles, crosses, and diamonds
show the calculations of relativistic mean-field models with NL3 [45],
DD-ME2 [46], and FSUGold [47] parametrization and the open
circles, squares, and stars are from nonrelativistic mean-field models
with SkM* [43], SkP [44], and Sly4 [48] parametrization.
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spin-M1 Strength Distribution in 2%3Pb



Extraction of spin-M1 strengh (B(c))

After making extrapolation to q=0, with a help of
: ., PRC79, 024602(2 :
DWBA calc. M. Sasano et al., PRC79, 024602(2009)
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8pb(p,p') at E,=295 Mev Preliminary
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Very Preliminary

P. von Neumann-Cosel,

A T.etal, 120Sn(p,p’) at 295 MeV, 6=0-0.8°

Counts/channel

Excitation Energy (MeV)
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Figure 4.6: Comparison of the excitation energy spectra with (y,y’) experiment.

A .M. Heilmann, master thesis
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Figure 4.7: Comparision of the 2%Sn(p, p’) excitation spectrum with RQTBA calculations.

A .M. Heilmann, master thesis
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154Sm spin-M1 Resonance?
E350, June 2011

H. Woertche, D. Frekers et al., D. Frekers et al, PLB244, 178(1990).
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1545m Odeg  jn hydrodynamical model
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154Sm 0deg (Decomposition by Spin Data)
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Ground State @ Core-Polarization O AE &

WE.hH, BEHF et al.

Xt Z % :N=Z, even-even nuclei in sd-shell region
160, 20Ne, 24Mgq, 28Si, 32S, 36Ar, 40Ca
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(p,p’) Spectra at E =295 MeV

measured at 0-15 deg.
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1* states were identified from angular
distribution for each of IS and IV
transitions.

The cross sections at the most forward
angles have were converted to the
spin-M1 strengths.



sd-shell ¥ (N=Z, even-even) 2 B(0)

Isoscalar
EXF. +——
| USDA ~@-
USDB -
| -'..
0 15 20 25 30 35

A [mass number]|

40

fhag<, July 26, 2011

[sovector
EXI?. +—— 0
L USDA @ T i
USDB 3+ o o

20 25 30
A [mass number]|




sd-shell ¥ (N=Z, even-even) 2 B( 0 )DIS/IVLL s, oy 26 2011

R sy =1.92 +0.30

0.8
S 06 L i RIS,JIV:-I
50
= % 0"
=
nal EXP.w/o —@— |
] EXP. with
USDA
USDB [ |
- 0.4 0.6
> B(MT)or / ( gsw)Z
A ERRLEICTELIDH - ISV = S (o)
-Shell-Model DIEZ~1EEERDIEE~2D5E L > B(M1),/(g:%)

[FAIERLTLNLDM? S B(M1),, /(gIV )2



IV

A Risny = = M@F 2011
_ _ YT Y M(er)P
S =25 Sn k_zﬂf“ _ S BML)./(5)
- ) ~ T B(M).. /(g )
N B 1 3 L gls N
ZB(*"I]')H _ 2J£—|—1 A ZF: <1f‘ 9 {SP+S?1]|D > e
1 3 gIE 2 5
- : 0t (S, +8,)% o).
2J,;+14—;r(2)<|(3“+ )|>
1 3 gIlﬁ 2 )
B(M1),, = : 0t| (s, —S,)% 0t
2. B(M1).. 2Ji—|—1=17r(2)<|(?3 )|>
5 (S, +S.)% ) (g.s. THL)
1S/ IV = 1
” (| (Sp— Sn)” )
2 173 i
~ (I(S2+S2+2S,-8,) )
(| (S2+82—2S,-S.) )
Risjpv =1 2(|S,-Sa|) ~ 0 shell-model (in sd-shell)
Risiiv +1 (] SPE +8S.2) ~ +1/3>0 exp.



fhag<, July 26, 2011

Rrs/rv — 1 2(1Sp-Snl) ~ 0 shell-model (in sd-shell)

Risyv+1  (|S,2+8S,2)) ~ +1/3>0 exp.

-sd-shellZZEfE A D shell-model Tl 0CT—FE{BIZELY,
-FEEME(FIET, —FEIZELY

ground state DTUVILHEHBEDREBENRAT
LWBDTIEELA?

shell-model [CADTULVELEIR A, major-shell
ZECEITHIRNRZTINS ?
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Possible configuration to have a positive C¢ value?
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¥=C,[0)+ Y C/l2p—2h:i)

‘f,

proton
neutron

proton | neutron

S S tensor correlation
P N tensor condensation?

This kind of configuration is mixing in the ground state. H. Toki etal.,
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Photon Strength Function, Axel-Brink
Hypothesis, and Level Densities
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Photon Strength Function (PSF)
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Axel-Brink Hypothesis

Photoexcitation

= Strength

- depends only on E,
- is independent of the initial state structure: E,, J~,...

= Same PSF for ¥ absorption and emission
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Experimental Discrepancies in PSF
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Highpass Filter
Small scales 6E| o(E) = A1+ D1
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Scales
range
(keV)

0-10
10-20

20 - 40
40 - 80
80 - 160
160 - 320
320 - 640
640 -1300

1300 - 2600

2600 - 5100
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