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Introduction

* project BO3 dedicated to test

fundamental symmetries

* via key experiments at

- Darmstadt superconducting linear electron accelerator S-DALINAC

— High Intensity y-ray Source HIyS, Duke University, NC, U.S.A.

* using electron scattering and
nuclear resonance fluorescence

Ee

* providing crucial input for @:«‘&4 o "7 Heny R Weler etal,

Prog. Part. Nucl.
Phys. 62 257 (2011)

theoretical considerations
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Motivation

* observation of OvpB-decay implies
Majorana character of neutrinos

- virtual neutrinos annihilate during process

 NME proportional As
to neutrino masses #ge .. .
........... 2 -23.91(@\/‘ . g\o Df\o
\ T, 21-6_--.6.’_&;}}""2 : T —1216.1 keV
\\\ '1'?@?00 B 1122.3 keV
; o
[=G [MP |m, [} om0 &)@
/ BB A — ' 559.1 keV
/ 4 0+ gaq'\/ “’{D@‘N
 NME only from theory Se bRy

J.Phys. G42 (2015) no.11, 115201
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Scissors Mode...

o first applicable prediction within IBM-2
In 1981 by lachello

e [sovector rotational mode of

valence proton and neutrons | . m
 excited via M1 transition % | J"’ lo
. _ - AN
e uadrupole collective Z 3 e 4 OO g2
=] . n oy
Hop b g‘ 1 % 192 g,
e correlated to I { . = .
EO transition strength 0126 ™ieo B0 10 160 200
van Isacker, NDS 120 (2014) 119-122 Mass Number A Mass Number A

Pietralla et al., Phys. Rev. C 58 (1998) 184
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...and Shape Mixing
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o+ y
Udef
EOQ
V mix t 2"' .
ngh R | ;'

significant contribution of
deformation to gs wave function

scissors mode excited from
spherical-deformed mixed state

search for scissors mode
branching to excited O* state

EO transition strength as
complementary observable
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Scissors Mode and Shape Mixing Il

e same happens for mother and

1+
i daughter nucleus
M1
- 0+ L 1 FrT
d'Ef H’r,f’ ED
mlxt . M1
ngh N “hf:;t ‘ /' s
| R
5Ge 1 o+
1 o Oget
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Scissors Mode and Shape Mixing Il

e double-beta decay enhanced

1+
: between similar configurations
M1 .
FJII ?EAS l:?"'.,
+ G-I; Y ‘Ix B i 1+
OdEf =T :::’j ED I,’f ﬁuﬁ ‘1\
Viix B 7 28 VM
ngh T, Y VN
0* 75
Ge T o .
EO o Qe
« potential decay to OvBB 2+ BV
- e 0
excited state of daughter nucleus 0+ sph
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Nuclear Matrix Elements from IBM-2

* |IBM-2 suitable to describe scissors mode by distinguishing
protons and neutrons

e parameters fixed by branching ratio and excitation energy

— 8 br N MO[of] A M™)of]
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*
-

0.0
IBM-2 (prev.) IBM-2 (this work) EXP

J. Beller et al., Phys. Rev. Lett. 111, 172501 (2013)

* new findings for corrections: OvBB NMEs change
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Methods of Choice

* nuclear resonance fluorescence (NRF) Ef

NNANN =
- preferred method for extracting Eis
: NN
scissors mode observables \VAVAVAVA < E—*
- selectively sensitive to NNV

dipole excitation e.g. M1 Eq

 electron scattering

— sensitive to

electric monopole e —> .

transitions EO
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NRF Experiments at DHIPS

« measurements of OvBp candidates ®:Se, ®°Kr and *°Nd
at DHIPS @ S-DALINAC

e utilizing high photon flux and energy range from
bremsstrahlung

e extracting spin quantum numbers and transition strengths

e up to 4 weeks
beam time

Intensity

Energy
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NRF Experiments at HIYS

 additional measurements HIyS
« utilizing quasi-monoenergetic 14 1
polarized photon beam
« extracting parity guantum numbers M1
e and decay behaviour
0+ Y
e up to 2 weeks beam time
P EC
>+
Y
Intensitat 0.|.
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Status NRF Experiments

e targets bought

 DHIPS beam time planned after commissioning of
S-DALINAC and subsequent electron scattering campaign:
summer 2017

* HIyS beam time currently running on ®Se, #Kr and **°Nd
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Electron Scattering Experiments at QCLAM

« measurements of OvB partners °Ge and "*Se
at QCLAM spectrometer at S-DALINAC

« utilizing large acceptance

e extracting form factors
of 0%, and 0™

« EO transition strength

e up to 3 weeks beam time
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Status QCLAM Experiments

QCLAM under reconstruction
- new electronics ordered

 target production difficult due to geometric requirements
and chemical properties:

- desired target thickness 5-10 mg/cm?
- %Se: powder, highly poisonous, low melting temperature
- °Ge: powder

- in contact with target laboratories at GSI and ELI-NP
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Motivation

« weakly interacting massive particles (WIMPSs) as
candidates for dark mater

« attempt to detect via elastic and inelastic scattering
off nuclel

e promising detector material liquid xenon

« XENONZ10O collaboration provides limits for
WIMP-nucleon cross section
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Constraining WIMP-

130Ea 131Ea 137Ba 133Ea
e Mmeasurement Of =3 5E+14¥ 11500 »=30E+21¥  S841D
0.106% 0.101%
i 2 ¢ 100.00% e ¢ 100.00%
form factors In
126Cs 130Cs 131Cs 132Cs
129Xe and 131Xe Sz.06 H 2071 M 5589 D 5480 D
e 100005 e 95.40% e 10000% e 98.153%
B-: 1 60% B-: 1.87%

e providing crucial
Information for
dark matter detection

1=81 1231 1301 1311
24 .55 M 1.5FE+7 ¥ 1235 H 0252 D

f-:83.10% f-:100.00% f-:100.00% f-:100.00%
e: 5.90%

127Te 125Te 125Te 130Te
835 H 3.8E+15 T G258 M =5E+23 7Y
31.74% 34 05%

f-: 100.00% Zfi-: 10000% f-:100.00% ZF-: 100.00%

http://www.nndc.bnl.gov/
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Spin-dependent Cross Section

° Spln_dependency Of WIMP 0.1 -t:-;;&%hl . =S, (1) 1b+ Eb?nelasl%c E
.-zhm&t Xe mm SH(E‘:Ibizb ;n:lsais:c ]
interaction unknown . My o S+ 2belate
« only odd mass number 7 ol i
Xe Isotopes interact
* large-scale shell-model _
CaICU|at|OnS {]_{}15 o i iy -H:H:H?:};{::ﬁ:ﬁ::tt-:t-‘:ms-:ss:isﬂ-irﬁf_if
« form factors for spin-dependent ‘?U_ml
interaction '
107"

0.5 1 1.5 2

u
L. Baudis et al., Phys. Rev. D 88, 115014 (2013)
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* significant contribution from MEN, L, S 1 dbinclstc -
.-zhm&t Xe mm Sntz‘llbizb ;":I;i:lc ]
inelastic WIMP-nucleon Moy oS 1bs et |
scattering 2
0.001
e at low momentum transfer
~100MeV .
* range of operation
of S-DALINAC = bl
10~
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 utilizing exceptional energy resolution in energy-loss mode
of LINTOTT-spectrometer

excited states in **°Xe and 3'Xe
at 40 and 80 keV resp.

 beam energies at 50, 65 and 80 MeV
e angles from 69° to 165°

e up to 5 weeks beamtime
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Status LINTOTT Experiments

 LINTOTT-spectrometer ready for operation
« 129Xe and *'Xe targets ready

« planned for electron scattering campaign end of winter
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Summary

* motivation of the research program in BO3
« contributing to exciting and recent research

- neutrinoless double-beta decay
- dark matter detection

e status report on BO3

- HIyS measurements up and running

— first electron scattering experiments ready for operation
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QCLAM Experiments

* measurement of double 1600 S7036H 4o 1768
beta decay partners e 100.00% e 100.00% Ei:ggu'_gﬁ?ﬁ p;gggg.:ﬁ
6Ge and 76Se at rto st : b
QCLAM spectrometer ¢ 100.00% B-: 100.00%

7ahz 78Az

1777 D 10542D S083H 207 M

« form factor for gs and
first excitet O+ states

¢! B6.00%
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g278M 179E+21Y 11.30H
.. 7 83%
° both EO Transition B-: 100.00% 2B- B-: 100.00%
+ + 72Ga 73G4 74Ga 75Ga 76Ga
StfengthS 0 1 0] gs 14095 H 485 H 8.12 M 126§ EEiE

f-:100.00% [-:10000% f-:100.00% fB-:100.00% f-: 100.00%

http://www.nndc.bnl.gov/
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