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BO3

Nuclear Structure in OVBf Decay
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Nuclear Structure Theory

* Mixing of configurations

Rodriguez & Martinez-Pinedo, PRL (2010), PPNP (2011)

» modification of decay rate
* OvpBp decay to excited states

« Strong EO between mixed states
Heyde & Wood, RMP (2011)

« Decay branches to 0] and 07
M1 Beller et al., PRL (2013)
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BO3
Ov3B Decay - Configuration Mixing

107
* Enhanced 0* - 0* EO strength :
* known in 6Se 107
* unknown in °Ge o
i ) ] T 10° } ‘
* High-resolution electron scattering o 150Nd(e,e’)
; E, = 73.8 MeV
10 ' Jr = 0-2|-
o8 F S-DALINAC
0 0.1 02 03 04 05 06 07 08
* Decay branches o ()

of the scissors mode in A. Krugmann,
Doctoral Dissertation, TU Darmstadt 2014
e 150Sm/150Nd NEMO

o 825e/8Kr (Super-)NEMO
e 100Mo/'°Ru NEMO, MOON

* DHIPS/S-DALINAC: cross sections, spin assignments
* HIyS/TUNL: parities, decay branches
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BO3
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WIMP - Nucleus Scattering SR
pos HV
e WIMP-detection: catita D..S!.-
XENON2100/1T e
Aprile et al., PRL (2012) il
N &
WIMP
\ --—""""-_——*
d
el N[

* chiral EFT/SM by TU Darmstadt theory:

* WIMP-nucleus scattering

relevant at low momentum transfer
Klos et al., PRD (2013)

* Spin dependence:

iInelastic scattering relevant

Baudis et al., PRD (2013)

* Unknown: WIMP scattering form factors
- test nuclear structure calculations
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Xe deferred
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Gas target constructed — cylinder

Due to extended geometry necessary energy resolution not reached
In addition: “sub-optimal” target chamber alignment for test shot
Need: frozen target, or thin “sheet” gas target

2, waRs-

- BKP
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Xe deferred

* New gas target ready — sheet, walls front/back 0.1 mm, LXe 1 mm @ 1 bar

* LINTOTT chamber aligned, waiting ...
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154Sm/Gd - first constraints from TECHNISCHE
- DARMSTADT
scissors mode decays
ff—\-‘x !
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100‘ 3 . 5+ ¢
: _ Branching to T 7: ot
15T 1, 0,* observed in o 4r o} ;
=S S T T
— 501 < B-decay at 5 3 |
S ' 41 = Cologne Tandem
0ol o J-Beller, PRL 111, 172501 ('13) 2
| EXP = 1
This new structure information leads to corrections of model parameters ol
IBM-2 -> predicted 0v2f3 matrix elements change 225 227
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Scissors Mode Decays from HIGS | - s
OvppB-decay nrrlother 150Nd: OvppB-decay draughter 150Sm:
22— 0.068(5) 2 =0.19(5)
B(M1; 18 — 07) = 0.24(3) un? B(M1; 1§, — 07) = 0.07(1) u?
B(M1; 1§, — 05) = 0.035(5) un® B(M1; 1§, — 03) = 0.030(9) un®

«(MeV) Vibrator  Transitional nucleus Rigid rotor

oL

J. Beller, doctoral thesis, TU Darmstadt (2014)

J. Kleemann, BA/MA thesis
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New IBM-2 Description
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Revised Matrix Elements
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Novel data on decay characteristics of scissors mode in °°Nd and %°Sm

—

Constraints on IBM-2 Majorana parameters

Updated IBM-2 OvBB-NME calculation

J. Kotila, private communication (2019)

Updated EDF NME calculation?

More reliable extraction of neutrino mass from Ov(3[3-decay rate
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Quadrupole deformation 3

T. R. Rodriguez, private communication (2016)
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82Ge / 32Kr analysis finished
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Energy / MeV

> High-precision data on decay of low-lying dipole
strength in OVBB partners %Kr and %°Se
~ Sensitive to el. cross sections of ~1 eVb and

branchings of a few percent

4_

Energy / MeV

> Are we seeing true scissors mode?
~ |Is the model space able

to describe the data?
> Implications for OvBB decay?

U. Gayer
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82 — i - I i 7 UNIVERSITAT
Se - spin-flip competing? UNIVERSITAT
> Shell model calculations using the code
NuShellX
~ jundb5 interaction in jj44 model space
0.2
0.1 -
; ‘
g 0.0 - I |. | . ||I ,|.J||..1.....'.....'...-“
m
—0.1 A
—— spin + orbital
—-0.2 —— spin
Experimental range
3 4 5 6 7
Excitation energy / MeV U. Gayer
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Asymmetries >2Sm:
revise scissors mode
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Lokal effektive Boson Charges DARMSTADT
F-skalar Transition
B(E27 2;_ — Oil_) — 145(16) Wu T. Otsuka und J.N. Ginocchio,
Phys. Rev. Lett. 54, 777 (1985)
F-vector Transition 0.2 -
SB(E2;1}, — 27) = 1.25792 W, 1 “Ga
1 |
- ¢
— 0.174 ¢eb g o
= O 126 eb e-vektor
N »

1
e-skalar : es = 5(6,/ +e,:) =0.15¢b

P - NpNn/(Np + Nn)

T. Beck et al.,
Phys. Rev. Lett. 118, 212502 (2017)

1
e-vektor : e, = §|ey —er| =0.024 eb
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<372 TECHNISCHE
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28Zr ground state spherical

A

B(E2) (W. u.)

150+ Zr Isotopes * Little cc_)IIe(_:tivity in ground
P state (like in %4%Zr)
100+ * Agreement with Togashi
etal. (PRL 117, 2016)
20T SM calculations [24], |* B(EZ2; 2" - 02+)
L standard eff. charges | _ magnitude higher
e v 5M calculations [24], | _, 2" coll. exc. on 0
Increased eff. charges
45 ~ Monte Carlo SM
10 calculations [9]
ST » X Experimental results

9 92 94 96 98 100 102 104 106 A

W. Witt, V.W. et al., PRC 98, 041302(R) (2018)
P. Singh et al., PRL 121, 192501 (2018)
W. Witt, V.W. et al., in preparation

/{/E/ ,  in< L‘E‘H(P cccccccccc Volker Werner | TU Darmstadt | AG Pietralla | SFB 1245 Workshop | 28 March 2019 | BO3 19

UNIVERSITAT
DDDDDDDDD



TECHNISCHE
UNIVERSITAT
DARMSTADT

Next: M1’s for (v,v’')

Foreseen neutrino detectors (e.g., Mo-based MOON) work by
nN+v, - p+e and (v,v')

v-scattering excites M1 excitation - Spin-Flip /| GT excitations

D'\jﬂ I I | I I | I I | I I | I I
(S| vector i -
Q R PA - f:l.xia.].—".’ri:('tﬂl' ”.-:1-“ | Q R PA | l_3|- ]
& a0 1 interference || §
g :5 | MM Mo(v, v’ ) Mo™ )
S , ( T 030 ]
. P Mo(v, v')* Mo < i .
= HOr Ey =20 MeV E 0.20 — 1 8 |
° =z
0.10 — —
00 - 0" 1~ 3- gt 4~ 4+ 0.00 L ced ol [ Jhovaaded | Lol
0.0 3.0 6.0 9.0 12.0 15.0

Eexe [MeV]
E. Ydrefors et al., NPA 896, 1 (2010)

We need to know where, and how much M1 strength there is.
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Neutrino-detection Materials: 4°Ar | - v
) S
. %
RS .
j}-‘
~. A
4
https://solarsystem.nasa.gov/
solar-system/sun/overview/
Neutrino-nuclear reactions
Charged-current “Ar(v,e)“K’
; O
Neutral current “Ar(v,v')" Ar A _04@
2,

Experimental constraints for these reactions?
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Neutrino-Nuclear vs. E-M D Uiversita

Charged-current “Ar(v,e’ )"K’
- Study B’-decay of mirror nucleus 40Ti

40 e + 40
Ti®v.+e + Sc
M. Bhattacharya, C.D. Goodman, A. Garcia, Phys. Rev. C 80 (2009) 055501

"

Neutral current “Ar(v,v')"Ar

Neutrino-nuclear cross section
- Gigi 21 - 2

I E — slk)tl k)|l

01(E) = s (B =K ALY s (k) ()l

K. Langanke et al., Phys. Rev. Lett. 93 (2004) 202501

Electromagnetic M1 operator
O(M1)= — [1(k)t(k)+(gl—g:)s(k)t(k)]uy
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Less M1 Strength in Experiment {CGG; UNIVERSITAT

DARMSTADT

— B{M1}, this wark — IB{Mllgg
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= B(M1}, L et al. == EBIM1lessnr
Sensitivity limit, this work ek b - -
_____ senstay i wetor T ., * T.C. Li, N. Pietralla et al., Phys. Rev. C73
. : i (2006) 054306
"= Energy range: 7.7 MeV — 11.0 MeV
0.3 ) TDE,:T‘ 1 M1 excitation observed
0.2 1 l D.4E‘|‘
= + New data
el 22" Energy range: 4.3 MeV — 7.7 MeV
5 M1 excitations observed
0.1 [ 02 e
0.2 —— B(M1), Shell Model -MTTr'
— IBML), =
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0.8 “
0.4
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Disentangle M1 vs E1 e e

M. Pietralla at al., Phys. Rev. Lell. B8, 012502 (2001)

Polarimetry with polarized photon beams
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Disentangle M1 vs E1 UNIVERSITAT
DARMSTADT
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M 154[3‘3"
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':'7,-:
= 0.25 1
M. Pietralla at al., E
E .00 frmmmmm o o o ]
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Counts per 20keV

Disentangle M1 vs E1 UNIVERSITAT
84Dy @ 5.8 MeV %Dy

Energy/keV

Energy/keV

700
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B (M) (2)

- —— QPM, total A1
— « QPM, spin-flip M1

)

2
N

B (M1)T (u

Rusev et al., PRL 110, 022503 (2013)

Many individual 1* states known

* “giant-M1” resonance
* close in energy

Good test case for average method

Measure side-by-side with *°*Mo

* 9Sr: closed pf-shell
« ®Mo: ng,,, open

. ng.,, S-f partner above N=50

Later go to “swiss army knife of
neutrino-nuclear physics”: 1Mo
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Publications

Directly BO3 (scissors mode, M1-related, shape coex.):
* Published: 1 PRL, 1 PRC
* Submitted: 1 PRC
* In preparation: 4 (PRC, maybe 1 PRL)
* Very closely relevant for BO3:
* Published: 3 PRL, 3 PRC(Rapid), 1 PRC, 1 NPA, 1 EPJA
* Submitted: 1 EPJA
* In preparation: 1 PRL, 1 PRC
General NRF, other than scissors mode or shape coex.:
* Published: 2 PLB, 3 PRC, 1 Rom. Rep. Phys.
* Submitted: 1 PRC(Rapid)
* In preparation: 1 PRC(Rapid)
* Other relevant:
* 1 Nature, 2 PRL, 2 PLB, 1 PRC(Rapid), 2 PRC, 2 EPJA
* Best of
* “Ar M1 reponse, Gayer, PRC
* 16Gd scissors mode, Beck, PRL
* 98Zr shape coexistence, Witt, PRC(Rapid)
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Theses

* Bachelor:
* Kohler ("°Ge), Knosel (1'B), Kleemann (***Sm), Papst (°>°Zr), Ide (**2Sm)

* Master:
* Gayer (*®°°Ti), Schilling (**2Sn), Beck (***Gd), Kleemann (**Nd/*°Sm),
Papst (***Dy)

* Doctoral:
* Zweidinger (°>°°Zr)

* Related (e.g. shape coexistence, spectrometer enhancements):
* Bachelor:
e Ahmed (148,150Ce)
* Brandherm (LINTOTT trigger detector)
* Master:
* Ebert (scattering chamber)
* Doctoral:
* Witt (°8Zr), Koseoglou (**¢Ce),
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X-Links to other Projects

4 TECHNISCHE

UNIVERSITAT
DARMSTADT

* AO1:
* Relative Self Absorption NRF
* 12C B(E2) measurement
* Publication ’Li RSA in preparation

* BO1:
* “°Ar NRF, paper submitted

* BO2:
* Electro-weak interactions

A07,B04.
* Investigations into PDR, low-energy GDR tail at HIGS

* AO4.
* Medium-mass nuclei
* Through NRF, but also complementary related studies
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Workshops organized

* SEASTAR Workshop 2016 (in-beam spectroscopy at RIKEN), organizer

* High-resolution gamma-spectroscopy (in April), local committee

* AGATA with stable beams workshop, Legnaro March 2019, convener

. ”% y TECHNISCHE Volker Werner | TU Darmstadt | AG Pietralla | SFB 1245 Workshop | 28 March 2019 | BO3 31



TECHNISCHE
UNIVERSITAT
DARMSTADT

Awards

* Haridas Pai (former NRF member)
* Ramanujan fellow at SINP Kolkata
(prestigious 5-year tenure-track path in India)

* Tobias Beck
* Giersch Excellence Award
* Msc-Forschungspreis Gerhard Herzberg Gesellschaft
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Press / Media / PR

* Waldemar Witt, VW et al, *Zr, 2018
* APS physics highlights
* Welt der Physik

* Andreas Zilges et al, ELI-NP, 2018
* Welt der Physik

* Knowledge transfer:
* Became new member of NUMEN project
(double-charge-exchange reactions)
* Contributed to HIGS2 white paper
(last HIGS umbrella proposal was used almost 1:1 for HIGS2 proposal)
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