Real Photon Sources fior Nuclear
Resonance Fluorescence Experiment




Below the particle threshold (E <8MeV)
Photon scattering (NRF) : selective excitation of low spin state(J=1)
-Excitation Energy
photoabsorption & EM decay
-direct measurement of width ratio
TAr
ground-state transition width /7,
total width /7~
=>reduced transition probability B T(E1), B T(M1)
-spin J
-parity




Parity IMeasurement with
L_inearly Polarized Photon Beam

_ 1 0(6,0)-0(6,90)
Asymmetry A(6)= p o(6,0)+ o(6,90)

Multipolarity Spin A(6=90° )
Sequence P=100%
El 0-1-0 -1

« ref.:R.D.Heil et. a, Nucl. Phys. 506(1990)p223.



Real Photon Source in MeV region

method Intensity Others
Bremsstrahlung -10%7 poor polarization
White
Bremsstrahlung -10*° | poor polarization
+ Tagging good energy
resolution (<1%)
Laser Compton |  -10° - 100% polarized
Gamma quasi-
monochromatic
SC Wiggler light | -10'>*¢ | 100% polarized
-5 MeV white




Bremsstrahlung Beam
Stuttgart DYNAMITRON

Ee< 4.3 MeV
le<4mA, DC

=> Photon production
-0.45 mA, DC
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DYNAMITRON

Quadrupole
Eg = 4.3 MeV doublets

le =4 ma, DC
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S-DALINAC

Ee< 10 MeV
le <60 pA
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AlIST
L aser-Compton Gamma-ray
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S5 mmg

Pb Collimator
QMev ~20W Leis \
Mirror Target
,

]
Pb Hardner
Laser Power
Meter /ﬁ
L aser _Electr(_)n Plastic Photon . ?bShi od

Ge Detector
Shielding Wall

927 nm, ~12W
3 kHz in pulse
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M1 Resonancein Lead Nuclel

Isoscalar Isovector
Ex(MeV) B(M1)4 Ex(MeV) B(M1) ¢
206ppy 5.800 () HNZ 7.206 1.0 HNZ
208ppy 5.846 1.6 MNZ 7.279 1.2 HNZ
208 a) b) 2p2h 1plho
Pb TDA S+m+p +1A1h9 A exp.
Ex
(MeV) 75 7.31 75 7.7 7.3
B(M 12) T 48 19 20.39 11.57 15.6+2
(un)
206 9 QPM+
Pb QA damping® P.
Bl %) T 16.1 13.2 19+2
(un)

a)J.D.Vergados, Phys. Lett. 36B, 12(1971).
b)J.Speth et al., Nucl. Phys. A343, 382(1980).
c)D.Chaet a., 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).



Experimental Conditions

m Photon Beam

208ph 206pPh
— top energy: 7.8 MeV 8.1 MeV

— energy spread: 13.4% 21.6%

— Intensity: ~10° photon/s

— polarization:  98.2% linear 95.3% linear

m [arget
— 98.4% enriched 2°8Pb (7 mm¢ x 15 mm L)
— 99.3% enriched “%°Pb (8 mm¢$ x 8 mm L)

m Detector
— pure Ge (120% relative detection efficiency)
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M1 Resonancein Lead Nuclel

Isoscalar Isovector
Ex(MeV) B(MI)f  Ex(MeV) B(M1) 1
206Pp 5.800 1.5 HNZ 7.206 1.0 HN2
08P 5.846 1.6 MN2 7.279 1.2 HNZ
208 a) b) 2p2h 1plho
Fo | TDA oFmHp +1A1h®  phonon? =P
Ex
(MeV) 7.5 7.31 7.5 7.7 7.3
BMDT g 19 20.39 1157 15.6+2
(n)
206 9 QPM+
Pb iR damping® P.
BM1)T 16.1 132 19+2
(1n)

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



Parity Check for known Dipole States

R.-D. HERZBERG et al.

m 13885 __

> 16 |

— A recent Darmstadt data 512

suggests an extremely a  § °
large M1 transition in Ba. ¢

But 1t’ s not sure, because
of their poor analyzing

POWE.
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Search for two-phonon E1 state

m [Wo phonon state
— |2+, ®2%,;0%,2F 4+> established
— |3,®3-,;0%,2+ 4* 6% >
— [2+,®37;1°, 2,3 4,5 > recent interest:
1443’T],142Nd

m toward lighter nucle:how surface effect works?

» 92Cr semi-magic nucleus

m 2+ phonon : 1434 keV, 3- phonon : 4563 keV
— Sum energy 6 MeV
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Experiment - "Cr(y,,,7)

Target : 99.9% natural Cr
Storage Ring: TERAS at ETL
558 MeV, |, = 300-100 mA

Laser : 30W 5 kHz Q-switch Nd:YLF Laser (1053 nm)
Linearly Polarized L aser

Photon Beam
Top Energy: 5.8 MeV

AE/E =19% (with 0.4 mrad)
Flux : ~1x105 y/s
Detector . &=120% pure Ge



100

80

60

Cr (Y1)

Single Escape

5544 keV —

5(90°,90°)

El

4600

4800

>

J)

4

2

C

-]

o

@)
30 [ 5098 keV MLE2 -
20 | =

-Single Escape

10 | =

Al Ajrhudl Lo IA; AL s A b L

5000 5200 5400
Photon Energy (keV)

5600 5800 6000



i ALCIR I Two-Phonon State

QRPA calculation with core polarization
B T(E1) = 2.58 me2fm?
Ex = 5.328 MeV

Present experiment
B T(E1) =2.02+ 0.34 me2fm?
Ex =5.544 MeV

(JEndersetd. 2.1+ 0.4 mesfm?)

1,* state is predicted at Ex=4.766 MeV
with B(M1) T =0.039 2. (2py,'2py,)
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Collimator




What can we expect SCW real photon source?

Photon flux of 10%%-10%° ph/s with -100% polarized beam

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

=> fast datataking
(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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