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Orbital angular momentum (OAM) of light

Wlndlng ﬁeld Phase ~ 6im90 G. Molina-Terriza et al.

Nat. Phys. 3, 305 (2007)
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Rayleigh scattering:
i +19) = le) = lg) + 7 »
Boosted ions: F/ = M ||
eg. v~ 10° @LHC 19}
Level splitting: F., <=
binding energy of H-like ion= (Z*/n°)13.6 eV
Resonance condition: 2vyw,; >~ L,
w; ~ 1-10 eV =3 72 /2y ~ 0.1-1
Up-conversion:
WP 2 2y Eeg ~ 4y%w; ~ 0.1-1 GeV(2v/10%)°
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Jentschura, Serbo,
PRLI06,013001(2011)

Twisted photon as a superposition of plane waves
PW: AL (t,x) = et (k)e ' @i=k2) 1/,
Twisted photon (Bessel beam):

A (t:2) 1= [ G (o) A (@) dk3 /(27
Ay (k) = (1) ™" /210 [k §(|kr| — k1)

| . 0
A (b)) = — i Eer [Amw e~ HWEi—k=2) {ez(m_)‘)gp cos” ?kJm—A(kTP)néf

— e m+N)e gin? —kJer)\(kTp)nﬁ)\ -+ M gin O Jm (kT p)nlh

2 V2
nh = (0, =X, —i,0)/v2, nf :=(0,0,0,1)
sinb := |kr|/[k|  pitch angle
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Relativistic effects ~ O(Za)
Dirac theory of Hydrogen-like ion:
interaction hamiltonian H;=ea - A

wave function G(r)
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. . Scholz-Marggraf et al.
Twisted photon amplitude PRA90, 013425(2014)

a superposition of plane wave amplitudes
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Impact parameter: b = b(cos ¢, sin ¢y, 0)

° 6_
target ion %

3

beam axis

Bessel beam

Minoru TANAKA 6



Dependence on b: H-like Pb (Z=82)
Is1/9(m; = 1/2) — 3d5/2(my = 5/2), v = 4600
O, =1/v, A=+4+1, m =2

1.2
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Randomly distributed ions
average over the impact parameter (krR > 1)
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o= T, 1 T,) costy |/\/l(p '(01)]*>  on-resonance

I'¢ : natural width, 1';, : laser width

M(pl)( k) _ Z de (Hk’)dfvi,im’ (ek)MS;,?m{

My

oblique plane wave amplitude
wave vector
» ion spin axis
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H-like Pb (Z=82)
181 /2(m; = 1/2) — 3ds,2(my =5/2), v = 4600
80

60
o [mb] 40

20

0.0 0.1 0.2 0.3 0.4
(9]{; X 103

De-excitation to emit energetic twisted photons
BR(3d5/2 — 181/2) ~ (0.045
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X Twisted photons: of light

X Energy up-conversion with boosted ions
Wy o 472w, , 27 ~ 10%

X Twisted photon process:

X Absorption & emission rates
Relativistic calculation for heavy ions

H-like Pb, typical CS x BR ~ | mb

¥ Twisted photon flux
laser and ion beam spec. to be studied
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