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Ce_a Outline F-\lR

= Nuclear two-photon (or double-gamma) decay

= Mass measurements of highly-charged ions in the
Experimental Storage Ring (ESR) at GSI/FAIR

= First results for the two-photon decay in 72Ge and
further experiments
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Ce_a Outline F-\lR

= The nuclear two-photon (or double-gamma) decay
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CQa Electromagnetic decay in atomic nuclei F'\lR

Electromagnetic transitions in atomic nuclei can take place as

» gamma-ray emission (according to spin/parity conservation)
> electron emission from atomic shells (“internal conversion™)

» electron-positron pair creation (for AE > 1.022 MeV)

) internal internal pair
¥-decay conversion (IC) creation (IPC) 3

Excited State J\M
/ . ®

Ground State
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Nuclear two-photon or double-gamma decay FAIR

Rare decay mode whereby two gamma rays are simultaneously emitted
» Second order quantum mechanical process proceeds through
virtual excitation of (high-lying) intermediate states
Branching ratio: I', /T, usually << 10
» Observable when first order decays are (strongly) hindered
ex. 0" — 0" EO decay : single y-ray emission is forbidden
virtual excitation of giant dipole resonance
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B L4 MECATRCHE A 1

Ce First observation with the Heidelberg-Darmstadt

—— Crystal Ball spectrometer in 1984

(p,p’) scattering on 0, 49Ca and %°Zr
Scattered proton measures E*
v ray detection in (delayed) coincidence

Heidelberg-Darmstadt Crystal Ball
162 Nal detectors — moderate resolution
Solid angle > 98% — very high efficiency
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B L4 MECATRCHE A 1

Ce First observation with the Heidelberg-Darmstadt

—— Crystal Ball spectrometer in 1984
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162 Nal detectors — moderate resolution
Solid angle > 98% — very high efficiency
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Known cases of double-gamma decay

First clear observation in 1984 at MPI-K HD-DA Crystal Ball (4= Nal array)
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B L4 BECHE

Cea Two-Photon decay half lives in stable nuclei
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FAIR
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For low-energy 0* states the partial halflife becomes very long
and therefore the branching ratio becomes very small
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CZA How to “isolate” the nuclear two-photon decay

Rare decay mode whereby two gamma rays are simultaneously emitted

» Second order quantum mechanical process proceeds through
virtual excitation of (higher-lying) intermediate states

» Observable only when first order decays are (strongly) hindered
ex. 0" — 0" EQ decay : single y-ray emission is forbidden

0 0"
* e'e” pairs P
+ internal PR Y !
conversi
0 0*
> E((0*)<2m,c? = no e‘e decay E,. + E,x= o =E(0%)

> fully stripped ions =» no ce decay

Two-photon decay is the only allowed 0" — 0" decay in stable bare nuclei
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CZA Outline

= Mass measurements of highly-charged ions in the
Experimental Storage Ring (ESR) at GSI/FAIR
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The SIS18 + ESR experiment at GSI FAIR

BKr at ~460 A.MeV, ~107 ions/spill (every 10s)

» Fragmentation in a Be foil (~2 g/cm?)

» Bp selection in the TE beam line from SIS18 to ESR
= high cross section for 7>Ge (~10 mb)

= good acceptance & transmission

= ]limited selectivity (B P Ol’ll}’) Ring accelerator

SIS18

lon sources .
Linear accelerator

UNILAC

Fragment separator
FRS

7

TE-line
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High resolution mass measurements in a storage ring F-\lR

SCHOTTKY MASS SPECTROMETRY

ISOCHRONOUS MASS SPECTROMETRY|
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SMS: revolution frequency (~2 MHz)
IMS: revolution time (~500 ns)

Cooled Fragments

Hot Fragments
Very high precision Combined Schottky + Isochronous

Very fast (few ms)
Non destructive Mass Spectrometry (S+IMS) Good precision
Slow (many seconds) Destructive method
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First ever time-resolved Schottky plus Isochronous
CQ@ Mass Spectroscopy (S+IMS) at the ESR ol

Combined Schottky plus Isochronous New 410 MHz Schottky cavity
Mass Spectroscopy (ISMS)

Injection

Schottky =epium
cavit T
400 MHz

Schottky (Zﬁ
cavit
245 ¥\/|Hz

TN —— M. S. Sanjari et al.,
9 Rev. Sci. Instr. 91, 083303 (2020)
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B LA BECATACHE A L INBRRTRN

CLA Identification of isotopes through Schottky spectra FAIR

of the original revolution frequency

- » All stored nuclei can be identified by
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CZA Challenges of Isochronous Mass Spectrometry FAIR

v; IS not constant with Bp,

m/q = 2.69
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Mass Resolving Power in Isochronous Mode

Advantages: non-destructive detection — enables lifetime studies

no restriction of acceptance
single-ion sensitivity

FAIR
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Observation of a 101 keV isomer in 2Br

Combined Schottky plus Isochronous
Mass Spectroscopy (ISMS)
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Ce_a Outline F-\lR

= Results for the two-photon decay in 7Ge and future
experiments
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C2A Observation of a very short-lived isomer in 2Ge™

Time after injection
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https://arxiv.org/abs/2312.11313

FAIR
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Two-photon decay in 72Ge substantially faster than expected
Need to determine electric dipole polarizabilities o?(E1,E2,)
and magnetic dipole susceptibility x2(M1)
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CQa How to determine the nuclear matrix elements ?

Two-photon decay Nuclear Resonance Fluorescence

FO ~ B(GL, 01 —> 11) EX2L+1
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C2A How to determine the nuclear matrix elements ?

Experiment with the Clover Array at HlyS
B. Crider, A.D. Ayangeakaa, E. Peters et al.  Nuclear Resonance Fluorescence

April 2024 'y~ B(oL; 0, —> 1¥) E,2*
T DBl 1 > 0p) (BB

+

03 E,

For selected 1* states (with large branching):

(0FIM(aD)||15){(1F]|M (a1)||0F)

A Y
\"
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B LA BECATACHE A L INBRRTRN

C2A How to determine the nuclear matrix elements ?

Experiment with the Clover Array at HlyS
B. Crider, A.D. Ayangeakaa, E.
April 2024

Decay of I"=1" state at 3.895 MeV
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100Mo at ~460 A.MeV, ~107ions per spill (every 2-5s), online results
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The 0*— 0O* EO decay to the ground state in even-mass isotopes may
proceed via nuclear two-photon decay.

The competing first-order decays (internal electron conversion or

internal pair conversion) can be be eliminated for low-energy decays
(<1.022 MeV) in bare nuclei.

Combined Schottky and Isochronous Mass Spectroscopy (ISMS) was
demonstrated to measure short- lived isomers (>few ten ms) down to

low energies of ~100 keV at A~70 2% <2106

Partial halflife of the two-photon decay of the O* isomer in 72Ge
T1/2=25(2) ms — much faster than expected — Direct search for
double-y decay in 72Ge using (p,p') reaction planned

Follow-up experiment on *8Mo & °8Zr performed at 6SI in May 2024
— Very promising new technique for O*isomer searches at FAIR
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