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　　　Below the particle threshold (Eγ<8MeV)
Photon scattering (NRF)  : selective excitation of low spin state(J=1)

-Excitation Energy
photoabsorption & EM decay

-direct measurement of width ratio
Γ0

2/Γ
ground-state transition width Γ0
total width Γ
=>reduced transition probability B ↑↑(E1), B ↑↑(M1)

-spin J
-parity

!PROBLEM!
Low scattering cross section  - µb
Low detection efficiency in Ge-detector
=> limits target and takes very long machine time



Parity Measurement with Parity Measurement with 
Linearly Polarized Photon BeamLinearly Polarized Photon Beam
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•• ref.:R.D.Heil et. al, Nucl. Phys. 506(1990)p223.ref.:R.D.Heil et. al, Nucl. Phys. 506(1990)p223.

Multipolarity Spin 
Sequence 

A(θ=90°) 
P=100% 

E1 0+-1--0+ -1 
M1 0+-1+-0+ +1 
E2 0+-2+-0+ +1 

 

 



Real Photon Source in MeV region

poor polarizationpoor polarization
good energy good energy 

resolution (<1%)resolution (<1%)
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Bremsstrahlung Beam
Stuttgart  DYNAMITRON

Ee < 4.3 MeV
Ie < 4 mA, DC

=> Photon production
-0.45 mA, DC





η=100%

η=30%



S-DALINAC

Ee < 10 MeV
Ie < 60 µA



η=100%

4-segmented Ge





138Ba(γ,γ’)　@ Darmstadt



AIST  
Laser-Compton Gamma-ray
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Storage Ring
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Laser Power
Meter

Lens

Plastic Photon
Flux Monitor

Pb Collimator

Mirror

e e
- -

Laser Polarizing
Controller

Laser-Electron
Colliding Point

Nd:YLF Laser

Target

Ge Detector
Shielding Wall

Pb Hardner

Pb Shield

527 nm, ~12W
3 kHz in pulse

475 MeV, ~200 mA

5 mmφ



12 13 14 15 16
0

10

20

30

40

50

E1

Ay=0.91±0.16

12C(γpol,γ) Eγ
=15.5 MeV, 90°

C
ou

nt
s/

 4
 k

eV

Photon Energy (MeV)

0

10

20

30

40

50

SE

15
.1

 M
eV

, 1
+ M1



M1 Resonance in Lead Nuclei M1 Resonance in Lead Nuclei 

208Pb TDAa) δ+π+ρb) 2p2h 
+1∆1h c) 

1p1h○
phonon d) exp. 

Ex 
(MeV) 7.5 7.31 7.5 7.7 7.3 

B(M1)↑ 
(µN

2) 
48 19 20.39 11.57 15.6±2 

206Pb   QPM e) QPM+ 
damping e) exp. 

B(M1)↑ 
(µN

2)   16.1 13.2 19±2 

a)J.D.Vergados, Phys. Lett. 36B, 12(1971). 
b)J.Speth et al., Nucl. Phys. A343, 382(1980). 
c)D.Cha et al., Nucl. Phys. A430, 321(1984). 
d)S.Kamerdzhiev et al., Z. Phys. A 346, 253(1993). 
e)V.Ponomarev et al., J.Phys. G13, 1523(1987). 
 

Isoscalar Isovector
Ex(MeV) B(M1)↑ Ex(MeV) B(M1) ↑

206Pb 5.800 1.5 µN
2 7.206 1.0 µN

2

208Pb 5.846 1.6 µN
2 7.279 1.2 µN

2



Experimental ConditionsExperimental Conditions
Photon BeamPhoton Beam

–– top energy: top energy: 7.8 MeV7.8 MeV 8.1 MeV8.1 MeV
–– energy spread: energy spread: 13.4%13.4% 21.6%21.6%
–– intensity: intensity: ~10~1055 photon/sphoton/s
–– polarization:polarization: 98.2% linear98.2% linear 95.3% linear95.3% linear

TargetTarget
–– 98.4% enriched 98.4% enriched 208208Pb (7 mmPb (7 mmφ φ x 15 mm x 15 mm LL))
–– 99.3% enriched 99.3% enriched 206206Pb (8 Pb (8 mmmmφφ x 8 mm x 8 mm LL))

DetectorDetector
–– pure Ge (120% relative detection efficiency)

208Pb 206Pb

pure Ge (120% relative detection efficiency)
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206Pb(γpol,γ)
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B(
M

1)

Photon Energy (MeV) ΣB(M1)exp=17.4(5.6)µN
2

QPM calc.=19µN
2NPA649(1999)

R.M.Laszewski (γ,γ’)

M.Schanz (e,e’)

V.Ponomaerov QPM

this work



M1 Resonance in Lead Nuclei M1 Resonance in Lead Nuclei 
Isoscalar Isovector

Ex(MeV) B(M1)↑ Ex(MeV) B(M1) ↑
206Pb 5.800 1.5 µN

2 7.206 1.0 µN
2

208Pb 5.846 1.6 µN
2 7.279 1.2 µN

2

208Pb TDAa) δ+π+ρb) 2p2h 
+1∆1h c) 

1p1h○
phonon d) exp. this work

Ex 
(MeV) 7.5 7.31 7.5 7.7 7.3 7.37 

B(M1)↑ 
(µN

2) 
48 19 20.39 11.57 15.6±2 16.2±3 

206Pb   QPM e) QPM+ 
damping e) exp. this work

B(M1)↑ 
(µN

2)   16.1 13.2 19±2 17.4±5.6 

a)J.D.Vergados, Phys. Lett. 36B, 12(1971). 
b)J.Speth et al., Nucl. Phys. A343, 382(1980). 
c)D.Cha et al., Nucl. Phys. A430, 321(1984). 
d)S.Kamerdzhiev et al., Z. Phys. A 346, 253(1993). 
e)V.Ponomarev et al., J.Phys. G13, 1523(1987). 
 



Parity Check for known Dipole StatesParity Check for known Dipole States
138138BaBa
–– A recent Darmstadt data A recent Darmstadt data 

suggests an extremely a suggests an extremely a 
large M1 transition in large M1 transition in BaBa. . 
But itBut it’’s not sure, because s not sure, because 
of their poor analyzing of their poor analyzing 
power.power.

=> Should be checked!



138Ba(γ,γ’)　@ Darmstadt

5644keV
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Search for twoSearch for two--phonon E1 statephonon E1 state
Two phonon state Two phonon state 
–– |2|2++

11⊗⊗22++
11;0;0++,2,2++,4,4++>> establishedestablished

–– |3|3--
11⊗⊗33--

11;0;0++,2,2++,4,4+ + ,6,6+ + >>
–– |2|2++

11⊗⊗33--
11;1;1--, 2, 2--,3,3-- ,4,4-- ,5,5-- >> recent interest: recent interest: 

144144Sm,Sm,142142NdNd
toward lighter nuclei:toward lighter nuclei:how surface effect works?how surface effect works?

»» 5252Cr  semiCr  semi--magic nucleusmagic nucleus
22++ phonon : 1434 phonon : 1434 keVkeV, , 33-- phonon : 4563 phonon : 4563 keVkeV

–– sum energy 6 MeVsum energy 6 MeV



GndGnd（（00++））

22++

45634563keVkeV
E2E2

E1/E3E1/E3E3E3

E2E2

E1E1
E1E1

～～60006000keVkeV 11--

33--

14341434keVkeV



ExperimentExperiment -- natnatCrCr((γγpolpol,,γγ))

Target  :Target  : 99.9% natural Cr99.9% natural Cr
Storage Ring: TERAS at ETLStorage Ring: TERAS at ETL

558 MeV,558 MeV, IIee = 300= 300--100 100 mAmA
Laser  : 30W 5 kHz QLaser  : 30W 5 kHz Q--switchswitch NdNd:YLF Laser (1053 nm):YLF Laser (1053 nm)

Linearly Polarized LaserLinearly Polarized Laser
Photon BeamPhoton Beam

Top Energy: 5.8 MeVTop Energy: 5.8 MeV
∆∆E/E = 19%  (with 0.4E/E = 19%  (with 0.4 mradmrad))
Flux :  Flux :  ~~1x101x1055 γγ/s/s

Detector :  Detector :  εε=120% pure Ge=120% pure Ge
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TwoTwo--Phonon StatePhonon State｜｜11--＞＝｜＞＝｜22++⊗⊗33−−＞＞

QRPA calculation with core polarizationQRPA calculation with core polarization
B B ↑↑(E1) = 2.58 m(E1) = 2.58 mee22fmfm22

Ex = 5.328 MeVEx = 5.328 MeV

Present experimentPresent experiment
B B ↑↑(E1) = 2.02 (E1) = 2.02 ±± 0.34 0.34 mmee22fmfm22

Ex = 5.544 MeVEx = 5.544 MeV
(J.Enders et al. 2.1 (J.Enders et al. 2.1 ±± 0.4 0.4 mmee22fmfm22))

1111
++ state is predicted at Ex=4.766 MeV state is predicted at Ex=4.766 MeV 

with with BB(M1) (M1) ↑↑ = 0.039 = 0.039 µµNN
22.   .   (2(2pp3/23/2

--1122pp1/21/2))

1111
++ state is observed at Ex=5.098 state is observed at Ex=5.098 MeVMeV
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HIGS : FEL-Compton Gamma

< 107 γ/s
Eγ < 120 MeV



dE/E=1%







Collimator

Beam Dump



What can we expect SCW real photon source?

Photon flux of 1012-1010 ph/s with -100% polarized beam

=> NRF with small amount of enriched target
(AIST: -X g)

=> fast data taking
(AIST: >several hours)

considerable difficulties
-huge background from target
-Ge counting rate

(AIST: -kHz)
cure

=> optimization of geometric condition 
including “hardner”
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