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Orbital angular momentum (OAM) of light
p

G. Molina-Terriza et al.

winding field phase ~ €
Nat. Phys. 3, 305 (2007)
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computer-generated hologram
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Optical region Y. Shen et al,, Light: Sci. & App. 8,90 (2019)

fork hologram, lens-based mode converter, etc.
(micro manipulation, imaging, data transmission, etc.)

X-ray region S. Sasaki, I. McNulty, PRL 100, 124801 (2008)
helical UndUIatOr FEL E. Hemsing et al. Nat. Phys. 9,549 (2013)
)

Gamma-ray region (proposals)

backward Compton scattering
€ + Yiw —7 € -+ Ytw  U.D.Jentschura,V.G. Serbo, PRL 106,013001 (201 1)

nonlinear Thomson scattering
€ + Ypw T VYpw — € + Yiw Y.Taira, T. Hayakawa, M. Katoh, Sci. Rep. 7, 5018 (2017)

resonant Rayleigh scattering with boosted ions

D. Budker et al. Ann. Phys. (Berlin) 532, 2000204 (2020
YVow T4 — I = T + Yoy e (Bert S

MT, N. Sasao, arXiv:2102.0066, to appear in JMPE
(doi: 10.1142/S0218301321500403)
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lon beam vs electron beam

lons

resonant Rayleigh scattering
1

(Z2a’m,)?
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Electrons

Thomson/Compton scattering
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Larger cross section of ions

mp twisted gamma rays from boosted ions
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E.G.Bessonov, NIMB 309,92 (201 3)
M.W. Krasny, CERN-SPSC-2019-03 |; SPSC-I-253

Rayleigh scattering by boosted ion rerml )
Vi +19) = le) = [9) + 5 G
Lorentz boost L = v M A
e.g. v~ 10° @LHC - etl)
Level splitting: E., <

binding energy of H-like ion= (Z*/n°)13.6 eV
Resonance condition: 2vyw,; >~ L,
w; ~ 1-10 eV =~  Z2/2~ ~ 0.1-1

Up-conversion: heavy ion
WP o2 29 Feq =~ 4y°w; ~ 0.1-1 GeV(27/10%)°
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Viw L — 1" — I 4 Vi
Excitation to states of larger angular momentum
Ex. 1s1/2 — 3ds5/2(|m| =5/2)
forbidden in single PW photon absorption
allowed in single TW photon absorption

Deexcitation with twisted photon emission

3ds/2(|m| =5/2) — 1sy /9 ° ®) B=0.6

1

E2 radiation 5 o

X
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U.D. Jentschura,V.G. Serbo, PRL 106,013001 (201 1)

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_)‘W 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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H.M. Scholz-Marggraf et al. PRA90,013425(2014)

Twisted photon amplitude
a superposition of plane wave amplitudes

W . M —+1v; —1 k ’L m-——1m;—m
Mg'fti ) :(_2)2 +m; f‘/Q; (m+m; f)¢me+mf . (ka)

| | 1
x> d (O (6 )M<p>

Impact parameter: b = b(cos ¢, sin ¢, 0)

° 6_
target ion %

)

beam axis

Bessel beam
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Randomly distributed ions
average over the impact parameter (krR > 1)

4

|
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(mi — 1/2) — 3d5/2(mf = 5/2)

Eeg = 91keV, w; =106V, v~ 4600, wy*" ~ 830 MeV
30

(a) Pb, 1s4,2 = 3ds»

0, <1/v <1

0.0 0.1 0.2 0.3 0.4
Qk)(103

Deexcitation to emit 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
~500 photons/s at the proposed Gamma factory
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spin rotatorH A E

E—% 181/2 m; = 1/2) — 3d5/2(mf = 3/2)
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cf. e+ vpw + 7w — €

He-like, Li-like, Be-like ions
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