Arg

onne &

NATIONAL LABORATORY

Zelimir Djurcic et al.
Argonne National Laboratory

Resonant Antineutrino Capture with Low-Energy Bound-8 Beams

MOTIVATION

{ SOURCE: BOUND-BETA DECAY CONCEPT 1

[ TARGET: RESONANT v, CAPTURE |

electron capture.

E=Qp-

(Bosch 1996) at GSI ESR.

* Bound-B decay: fully stripped parent ion decays
with the emitted electron created directly into a
bound K orbital of the daughter ion.

* Produces a monochromatic anti-v, of energy

Bgre, up to small recoil and atomic corrections.

* Time-reverse: resonant anti-v EC on the isobaric mirror nucleus.

Experimentally demonstrated for 163Dy (Jung 1992) and 87Re

» We study the feasibility of producing monochromatic, low-energy electron antineutrinos via bound-
decay of fully stripped radioactive ions and detecting them via resonant anti-neutrino induced

» Any rate asymmetry between bound-B emission and the inverse resonant capture on the same nuclear
pair constrains beyond-the-SM charged-current physics

» Resonance gain over IBD
Opanic= A(ACPIQR, Tog/ M

For ®He30Li: Opeq, = 7 X 10738 cm?
For comparison IBD on p:

Ojgp S 10742cm? at MeV.
Resonance gain: = 10%.

M (z=1,N=2)

3H* (bare ion)

0 Example of a potential physics test: Bound-B rate (emission) and resonant anti-y EC rate (absorption) on the same

isobaric pair share the same nuclear matrix element => d cl

» May consider an experiment with non-isobaric pairs as well
0 Apply to low-energy neutrino physics challenges.
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Anti-neutrino induced electron capture on neutral atom:

photon de-excitation
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> Cross-section(*): ~ Opeak (*He) =3.66x 10°%® cm?

176 energy to match the target Qﬁ

Reference (*):R. G. C. Oldeman et al. Eur. Phys. J. C (2010) 65: 81-87.

[ REVISIT AND RECALCULATE PHYSICS PARAMETERS ]

[ EXPERIMENTALDESIGN |

[ ENERGY REQUIREMENTS |

[ INDIRECT BOUND-BETA MEASUREMENT ]

« Only anti-neutrinos within narrow energy range of °He Qg are eligible for the resonant capture.

+ There is an opportunity to indirectly observe the bound-beta decay (without observing the resonant

ions as they stay in the beam orbit along with °H*
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Why revisit?
Areach-physics / outreach interest revived these 2010 ideas — and two things have changed since:
the cl is now and extended end-to-end with

and the enabling ional or near-term rings
CRYRING@FAIR & GS| ESR; cryogenic micro-calorimeters ECHo/HOLMES). Only the extreme beam
cooling for the lightest pairs is still R&D.

Is there a promise?

The source figure of merit is the bound-B branching per source lifetime; the fully stripped Dy ion
(100% bound-B) tops it. By role:

Best now (**Ni > ®°Cu): every link operational at GS| ESR today, no R&D — the natural precursor
pair, despite a low rate.

Best physics (**Dy » "**Ho): the bare ion is a 100% bound-B source (top of the source ranking) and
detection plugs into existing C on a re-derivation of the rate in the satt

cone (B0) limit —the one pair whose acceptance opens to the full 4t.

Brightest cross-section (*He - °Li): the largest Gpeax (7%107°* cm?), but *He's own bound- branch is
tiny, its realistic rate is no better than "**Dy's; needs ISOL + cooler-ring co-location and cooling to
Bp/px10~°.

Mid-term (“Sc > “*Ti): FRIB production + CRYRING@FAIR cooling (1-5 yr).

Source demonstrator (*H » *He): brightest class Gpesx (5107 cm?), but the 0.06 eV °He recoil is
unresolvable and the rate is far below 1/yr. Its value is the cheapest, lightest system to prove bound-|
B beam storage and measure the bound-B branching.

The long-term physics goal throughout is the detailed balance / CPT consistency test on a
matched isobaric pair.

Rate reality

The realistic stored-ion event-rate ceilingis = 10~/yr "Dy > "*Ho); the rate-optimal configuration
would instead boost "Dy onto the brightest target, °Li (y = 35) — ~70x higher (~10"%/yr, the best in
the study) — but it needs an SPS-class ring (Bp % 270 T-m) and gives up the matched-isobar CPT
test.

Roadmap

Now: store a >H* beam and demonstrate bound- indirectly by counting the *He?" daughters in the
orbit > measure the bound-B branching (closed-form prediction = 8x10~). Cheapest concrete step.
Parallel: numerical evaluation of the bound/continuum ratio with Dirac wave functions to close the
+30% closed-form systematic.

Multiyear: re-derive the rate in the matched-isobar (820, full-4r stationary limit > realistic rates for
the matched pairs (where "Dy - "*Ho lives).

Multiyear: ®°Ni » ®Cu at GSI ESR with existing components.

Reach pairs: "Dy > "“Ho (bolometers), “Sc > “Ti (FRIB+CRYRING), *He > °Li (beam-cooling R&D).

[ INTERACTION RATES |
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