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§1 Introduction

Photon Vortex
Eigen States of z-Comp. of Total Ang. Mom. (zZTAM)

_m_’ Optical Vortices L.Allen et al., PRA45, 8185 (‘94)
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M. Padgett et al., Phys. Today 57 (2004) 35 http://mwww.dataray.com/blog-m2-high-order-modes.html

z-Axi1s : Beam direction

Laguerre-Gaussian (LG) Mode




Optical Vortex Generation in Magnetic Field

Synchrotron Radiation from Electron in Magnetic Field
Generation of Light Vortex

M. Katoh et al., PRL 118, 094801 (17), Sci. Rep. 7, 6130 (‘17)
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Photon Vortex in Nature i

Strong Gravity (BH) = Optical Vortex
F. Tamburini et al., Nat.-Phys., Vol.7, 195 ("11),
MNRAS 492, 1.22 (*20)

Strong MagnetiC Field Genel’ating Photon Vortex (y_Ray) B e
T.M, T. Hayakawa,. M.K.Cheoun, T.Kajino, PLB826, 136779 (‘22)

Magnetar
« Strong Mag. Field B~ 10415 G (normal B~ 102 ~13 G)
* Emitting High Energy ¥ Soft Gamma Repeater (SGR)

Photon Vortex carrying zTAM
= Different Multipole of Giant Resonances, Zhi-Wei Lu et al., PRL 131, 202502 (‘23)

Photon Vortex generation
= Change of Nuclear Reaction in Astronomical System?
T.M., T. Hayakawa, M.K.Cheoun, T.Kajino, ApJ 975, 51 (2024)
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nawre
SO Transfer of optical orbital angular momentum to a
bound electron

Christian T. Schmiegelow'"’, Jonas Schulz', Henning Kaufmann!, Thomas Ruster', Ulrich G. Poschinger’
& Ferdinand Schmidt-Kaler!

The selection rule for atomic electronic
excitation by photon absorption changes
when the photon is a vortex wave.

One Event




Giant Resonance States excited by Bessel Wave Photons
Zhi-Wei Lu, et al. Phys. Rev. Lett. 131, 202502 (2023)
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Changing Selection Rule = Nuclear Synthesis (?)




§ 2 Photon Vortex Generation
In Strong Magnetic Field

In Strong Magnetic Field, B = BZ

Electrons --- Helical Motions — at Landau Level States

Eigen States of z-Component of Total Ang. Mom. and Momentum

ZTAM D,
Transition between different Initial state
Landau Levels L=1 ‘
— producing One Photon : =2
. *
Eigen States of zTAM and p, T
é

Photon Vortex (Bessel Wave)

NL

NL-1

NL-2
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Synchrotron Radiation in Quantum Process

Electron in Strong Magnetic Field High Speed Electron
are at Landau Levels

Helical Motion along z-Direction
Eigen States of zOAM Eigen Statesof L, & p,// B

A

Mag. Fld. B = BZ

Transition of Electron Emitted Photon:
= One-Photon Emission Corents Eigen States of : L. p,
Eigen States of OAM Trans. ||| = Bessel Wave
Photon is Cylindrical Wave ——— (Vortex Wave)




§ 2-1 Bessel Wave z-Comp. of Momentum

0

Eigen State
Gauge:4,=0, V-4 =0 ZTAM K

<

A(r) = €], (qrr)et®e?z2 ¢, =(1,+h)/N2, K=L+h
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JL(’PT) = JL(QT?’T)eiLQ, ]{ = J?' — Jf, 62 qf + q% = qg + q% + qf, Eiq = E73 — Ef

q:

K :z-Comp of Total Ang, Mom. (zZTAM)
lg,| > qr = Bessel Wave (BW) (zOAM: K—h, Spi:h)
lg,| < g7 = Cylindrical Wave (zOAM: K, Polarized in z-Dir.)
Two Waves are connected in Lorentz Transformation



§ 2 -2 Electron Wave Function in Magnetic Field

Mag. Fld. B=1(0,0,B), A= g(—y,x 0) Symmetry Gauge
Wave Function QL (&) a3 Associated
(L>0) sy = | NS () = (wy.2), | Laguerre
Gk (%) e'P=* __-»| Function
G.’r"('rr) _ n! oiLo, L, ?"T/2£|f|( )/
" r(n+[LH R 2D HO W.F.

E = \/pg + 2eBh? (n L+LLD) + m2c? = \/p2 + 2eBN,; + m2c2

L : z-comp of 0AM (zOAM), n : Node number in xy-plane

Decay Width of Electron

dq=AqTq4T 5 p g - NN
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§2-3 Results T.M, et al., PLB826, 136779 (22)
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2 2
Areal Photon Density p(rp) = N{TE) ‘A(TE)‘ + N(TM) ‘ A(TM)‘ |
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Photon vortex generation by synchrotron
radiation can be done in the laboratory T.M.etal, PRR 5, 043289 (2023)

B =10°G, L;~10° (R,~10 pm) — Photon Energy ~ 1 — 100 eV



J=10-12, B=10"G
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Photon Energy Spectrum
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§ 3 Nuclear Photoreaction with Photon Vortex

Photon Vortex carrying zTAM

Its Interaction with Matter is different from that of Plane Wave Photon
Change of Selection Rule for H-atom A. Afanasev et al., PRA 88, 033841 (3)
n+p—oy+d, y+d—on+p J. Phys. G 45 055102

Different Multipole of Giant Resonances, zZhi-Wei Lu et al., PRL 131, 202502 (23)

Photon Vortex in Super Novae
Photo-Absorption Reaction : Selection Rule is changed (?)

ZTAM (J, = 2) + OAM (L Beam Dir.) = Total AM (J=2)
E1 Transition does not occur?  Influencing to Nuclear Synthesis ?
Y. Taira,at al., Sci. Rep. 7, 5018 (2017).

In Previous Works, b =0,
Fa " — ) — Lo N N N, 5
or Small b ﬂ_ b : Impact

In Nature, No Restriction —~  parameter
= Integrating Results Over b




§ 3-1 Transition Strength with Plane Wave (PW)
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Only for M = h = +1 (helicity) Calculation in Nuclei




§ 3-2 Transition Strength with Bessel Wave

Photon Wave Func. Bessel Wave
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Transition Strength with Bessel Wave 2

Shifting Central Axis of BW with b
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Actual Transition Galculation is not Needed




Transition Strength with Bessel Wave 3

Integrating over Impact Parameters

2
Pliin = 1 /db‘/dg?‘ < J.M,k|J(r) - A% (r — b)|0 >
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No BW Effect for Total Excitation Probability




Transition by BW Photons

Trans. Prob. : Averaging Over Impact Parameter (IP)
= Same Results of PW

In Nature Selection Rule is not Changed

Changing Selection Rule is Observed for Atom(1event )

Restriction for Impact Parameter in Laboratory?

Experimental Projects of Gamma-ray Vortex GenrationCan

Can we get New Information by restricting IP in Experiments?



Impact Parameter (IP)

Dependence

Exc. Prob. In BW

Exc. Prob. In PW

sinf,; = qr/Iql

This value is
fixed for BW

In small b,
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Impact Parameter (IP) Dependence
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§4 Summary

Electron in Strong Mag. Fld. is in Eigen State of a Landau Level
Eigen State of zTAM

Trans. Between two Landau Levels — 1-Photon Emission
— Bessel Wave (y-Ray Vortex with L, > 1)

Harmonic Photons with zZTAM K > 2 (L, = 1) are Emitted
to Direction of Magnetic Field (Arctic or Antarctic)
In Different Energy Region

Synchrotron Radiation
Linear Polarization in the Dir. perpendicular to Mag. Fld.

Circular Polarization to the Dir. parallel to Mag. Fld.
+ Vortex Wave In Strong Magnetic Field

This phenomena can be examined in Laboratory
T.M. et al., Phys. Rev. Res. 5, 043289 (2023)



Nuclear Photoreaction with Bessel Wave

In Nature, Selection Rule is Not Changed
IP cannot be controlled — Same in PW
BW — Various J,, PW — Only J, = +1
Different Angular Distribution for Emitted Particles

Changing Selection Rule is observed for Atom with LG Wave, whose
intensity distribution is concentrated around the symmetry axis.

In Laboratory, BW cannot be created.

Controlling Width of LG Wave < Controlling IP ?

Contributions from (J > K) are Large

We expect to find a method to observe high AM excitations that are
difficult to observe with PW.

Thank You!



