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The bremsstrahlung facility at the electron accelerator ELBE
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Detector setup at YELBE

Mitglied der Helmheliz-Gemeinschaft

Ronald Schwengner | Institut fir Strahlenphysik | http://www.hzdr.de




High Intensity Gamma-ray Source (HIGS) at TUNL

» Highest intensity (y-rays/s/keV) y-ray beam in
the world
* Produces y-rays by Compton backscattering
inside the optical cavity of a storage-ring FEL {' 03!
* Produces both linearly and circularly polarized ey
beams ‘3’{
,':""‘% 1
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250 MeV — 1.2 GeV Storage Ring
FELs: planar (linear pol.) and helical (circular pol.)

. FEL mirror
y-ray beam parameters Values
Energy 1-100 MeV
. ) Linear & circular polarization > 95%
For more details see:
http:/Amww.tunl.duke.edu/higs/ intensity with 5% AE/E, > 107 ys
3
Courtesy of C. Howell (TUNL) e

Mitglied der Helmheliz-Gemeinschaft
Ronald Schwengner | Institut fir Strahlenphysik | http://www.hzdr.de




Flux spectra at YELBE and HI~S
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Measurements at YELBE and HI~S
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Measurement at YELBE
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Measurements at YELBE and HI~S
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Transitions with clear M1 or E1 assignments from the experiments at HI~S.
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Experimental and calculated B(M1) values in **Fe
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Calculations using NuShellX.
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Experimental and calculated B(M1) values in **Fe
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Calculations by K. Sieja.
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Low-energy enhancement in **Feyg
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Shell-model calculations of M1 strength functions

c?> - (a) 56Fe ¢ (*He,ay)*°Fe, Voinov et al. (2004)
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Shell-model calculations for ®°°Fes,, **Fess, °Fey

Code: NuShell[XGMSU
[B.A. Brown and W.D.M. Rae, Nucl. Data Sheets 120, 115 (2014)]

Model space: CA48PN with CA48MH1 Hamiltonian (*®Ca core)
[M. Hjorth-Jensen, T.T.S. Kuo, and E. Osnes, Phys. Rep. 261, 125 (1995)]

Orbits: 7T(Of7(/2_t) Oft/2, 1p3/2, 1p1/2) (0f5/2, 3/2, 1p1/2,0g9/2)

Limitations of occupation numbers:
-t=0to 2
-f5=2to06.
- p3 = 0 to 4 for ®°Fe and 2 to 4 for **%8Fe.
- p1 = 0 to 2 for all.
- g9 = 0to 2, 4, 6 for °0:0%%8Fe respectively.

Calculations: 40 levels of each spin from 0 to 10 and of each parity.

Transition strengths: e, = 15e,¢, =05¢; g, =09 gfree
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B(E2) values in Fe isotopes

Experimental and calculated reduced E2 transition strengths
of the 27 — 07 transitions in ©0:62.04.06.68F¢

E(2)) BE2,2] —0;)  f»
(keV) (W.u.)

EXP CALC EXP  GLOB CALC  CALC
OFe,, 824 772 13.6(14) 19.6 26.2 0.31
2Feys 877 544 14.7(18) 173  27.8 0.32

13.6(17)
%4Fess 746 595 3091138 191 26.8 0.32
22.6(22)
%Fesy 574 568 21.0(21) 23.4 27.8 0.32
%8Fe,, 522 616 242 25.4 0.31
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Average M1 strengths in Fe isotopes

0.06 - =+ ;0087

0.06
~—~~ ~—~~
NS NS |
£ 0.04 7
) —— ) —— |
-_ ' 0.04
= =
) —— 4 -
| 002 o
‘ 0.02

= Enhancement of M1 strength toward very low transition energy.

= Development of a bump around 3 MeV with increasing neutron number.

PRL 118, 092502 (2017) Mo
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Dipole strength functions in 1*1Sm and *3Sm
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Strength functions in °Fe and °8Fe
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e M1-CFe | Dipole strength function
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I | § ﬂ‘ —[l: \ Y
O -
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OFe,, 5.67 3.52 9.19 about three times that found in
4
0BFe,s 3.08 6.63 10.61

B(M1)or(p3)) PRL 118, 092502 (2017) =1 LIPS
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Absorption strength in °8Fe
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= Strength from excited states
about two times that found in
(7,7) experiments because of
more strong M1 transitions
in the scissors region.

PRL 118, 092502 (2017) p-ge LT
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M1 transitions in %8Fe

6 Transitions with B(M1) > 0.1u%,.
Line widths ~ B(M1) values.
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Nuclear rotation

electric (collective) rotation

magnetic rotation
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Predicted Appearance of magnetic rotation
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- S. Frauendorf, Rev. Mod. Phys. 73, 463 (2001
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E2 transitions in °8Fe

WOr—T—TT1T 717 717 17 17 17 7171
! Line widths ~ B(E2) values.
s u J,' = ../f, ../f + 1:
) . . .
S L admixtures to dipole transitions
T Ji=Jp +2, E ~ J(J +1)/(27):
I collective bands
0
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Average E2 strengths in %8Fe
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Summary

o Photon-scattering experiments on **Feyg carried out at YELBE and HI~S. 30 prominent
E1l and 16 M1 transitions observed up to 11.5 MeV.

o Strength in the quasicontinuum in analysis. Additional experiment with bremsstrahlung
up to 7.5 MeV needed.

o Large-scale shell-model calculations performed for ®°Fes,, ®*Fesg, %3Feys.
Collective properties of yrast states are reproduced in the used model space.

o The low-energy M1 strength decreases with increasing neutron number and a bump in
the scissors region develops while the sum of the two stays nearly constant.

o The strength in the scissors region includes many transitions between excited states.
This explains the different strengths found in experiments using photoexcitation and
light-ion induced reactions.

=
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Collaborators

Experiments at YELBE (HZDR): D. Bemmerer, R. Beyer, A.R. Junghans, T. Kogler,
A. Wagner et al.

Experiments at HIyS (TUNL): M. Bhike, Krishichayan, W. Tornow,
U. Gayer, H. Pai (U Darmstadt),
V. Derya (U Kaln)

Calculations: B.A. Brown (NSCL/MSU)
S. Frauendorf (U Notre Dame)
K. Sieja (IPHC/CNRS)

A

Mitglied der Helmholtz-Gemeinschaft

Ronald Schwengner | Institut flr Strahlenphysik | http://www.hzdr.de




Gamma-ray strength functions

o Gamma-ray strength functions describe average electromagnetic transition strengths
in the quasicontinuum of nuclear states at high excitation energy:

f;‘iL(Ey) — m IO(E,', JI) / E72L+1 E’y — Ei — Ef Ji — 01 ey Jmax

o Photoabsorption:

fi =0, / [(2Ji41)/(24o+1) (whe)? E2H71] E, =E Ji=1(2)

o Brink-Axel hypothesis:
The strength function does not depend on the excitation energy.
The strength function for excitation is identical with the one for deexcitation.
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