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1. Intr: Laser Nucl. Phys.
2. Kr83 Isomer induced by lasers
3. Nucl. Astrphys. S-factor of D+Li7

4. Summary



Motivation:
Why isomers?

» fm-ns scale phys.
» Nucl. Astrophys.
» Nucl. Laser

» Medical Isotopes



Why Isomers?
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High Intensity Laser can create
an enviorment at extreme
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» Neutron lifetime?
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Why Isomers?
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Why Isomers?
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‘ From Atomic laser to Nucl. one
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Astromer!

Astrophys J 2020;252:2 P process

Mass known
FRIB at least 1000 counts/day




How to
excite isomer
with high efficiency
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Q‘ High Intensity Laser (HIL)
%5~ + Nuclear Phys

« New Environment, New Phys.?

« Fundamental Phys.
~Big Bang Nucleosynthesis
»Nucleosynthesis in supernova ( Nucl. Astrophys. in lab. )
»Vacuum excitation by HIL (QED)
»Unruh-Hawking Rad.
~Nuclear(gamma) Laser
» Application Phys.
»Nucl. Energy ; Nuclear Waster
»Neutron\gamma radiography
»Medical isotope production
»2nd peam ( p, D, alpha, e, e+, n...) induce by HIL
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Nucl. Ex. e Capture

Internal Conversion
NEEC

a=pr/ Py Nucl. Ex. by e Capt.
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e
°‘ Electron Bridge

Ex=8.40 eV, J=13/2

isomeric state

laser photon

N\NANAND>

Ei=4.19 eV, J=11/2

ground state

Ef=0.00 eV, /=15/2

Th299 isomer
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Nature398, pages489-492 (1999)
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Nucl. Isomer Induced by HIL

An experimental example
---Kr83



Main laser
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isomer decay life
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Faraday cup ion peak (V)
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— 8K, decay
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Phys. Rev. Lett. 128(2022) 052501 §



D+Li7 and
BigBang Nucleosynthesis



Lithium Abundance Puzzle
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Decay Lifetime may diff. "
‘Beneutral ¢, =52d ; "Be** : Stable !

Potential may diff.

Collisionless Shock Acc.

COULOMB POTENTIAL

Revolution . S
In the sun, Li on surface is  CETRITACI
140 times lower than the g
primordial sun (Nature464(2009)189 ot
With or without planets

log[N(Li)]

) L n L
5,700 5,750 5,800 5,850
Teﬁ

Figure 1| Lithium abundance plotted against effective temperature in
solar-analogue stars with and without detected planets. The planet-
hosting and single stars are shown by filled red and empty black circles,



Self-calibration: D+D vs. D+Li
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Experimental Setup

Probe Laser
50mJ, 70ps Main Lasers
' ot U=y N 8*250J, 1ns

!
-

Cu(LiD)

Chamber

Plastic Scintillator Detector Nomarski
Shielded in Lead Bricks Interferometer
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D. Li Density Dist. 04
|

Plastic Scintillator Detector Nomarski
Shielded in Lead Bricks Interferometer
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Neutron spectrum
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D/Li Ratio
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https://www.sciencedirect.com/journal/physics-letters-b
https://www.sciencedirect.com/journal/physics-letters-b/vol/843/suppl/C

New optunities
fm-nm scale Phys.
Nucl. Laser
Nucl. Astrophys.

First excited nucl. Isomer exp. with fs laser.

First Measurement S-factor of D+7Li

We expect more new phys. with HIL!



