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Introduction
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Twisted states

Twisted (vortex) states are waves
with well-defined:

* longitudinal momentum, k_;

e absolute transverse
momentum, x = |k

K2+k2
2m

9

* energy, I/ =

 angular momentum
projection, [, = m.
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Generation of vortices in strong magnetic field

(H. = m2c®/eh = 4.4 x 10" G)

Emission in strong magnetic field
(H ~ H.) is mostly twisted
(Maruyama+’22, Pavlov&Karlovets’24).

Stellar nucleosynthesis. Radiative
transfer in astrophysical environments
such as neutron stars, kilonovae etc.
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Gauge of the vector potential

Landau gauge Symmetric gauge
At =1{0,0, Hz,0} At = H/2 x {0, —y, 2,0}
O(r) o< Hy(%)e ¥ /2ip=+pyy) D(r) o< pLLL(p)e 7 I2eir=2
& = (v — pips)/pu p=p/pm
Axial symmetry is not preserved. Axial symmetry is preserved.
No orbital angular momentum. Orbital angular momentum (1)

arises.
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Properties of Landau states in symmetric gauge

(o) =pu/2s+5+1 (1) 3 B

—em- 5=3,j=7/2
Energy

S
o o o o
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o &3] o 3

Probability density, a.u
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88’j = me +pz+ 2 8 + ] + oy 9 0.005}
PH 2

(2) 0.000; 1 R 3 Z =5

s+j>—1/2
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Twisted photon
[

Twisted photon

Emitted radiation by an electron in
strong magnetic field is mostly
twisted (Maruyama’22,
Pavlov&Karlovets’24)

The photon is described with the
Bessel shape (Knyazev&Serbo’18)

¢nmkz = Jm(ﬁp) eXp[i(mSOT + kzz)]
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Calculations
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Kinematics

Conservation laws

Ef =& +w,
Pzf = Pzi + kz; (4)
Jf = Ji +m.

Energy of the absorbed photon
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Calculations

First order matrix element
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Calculations
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Generalized cross section

dW

= & :
Ik _(K/Ke)
Absorption probability ‘Sf i XX ( 2 (10)
2 L
ﬂvzbﬁ dp.gAs;Ajy,  O) ke=meVHIH, (1)
m

dp &k
L= /d4x(27£3 (27r)3v<pvk)w(e)(r,p)w”)(r, k), (12)
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Total absorption cross-section, k
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Total absorption cross-section, j;

Otot (D)

102
10!
100

107t

1072}
10-3L

0.5 105 205 30.5 405 50.5

— m=1,s=1 — m=5,s=1 — m=10,s=1
— m=1,5s=10 — m=5,5=10 m=10,s=10
m=1,s=20 m=25,s=20 — m=10,s=20
H=H, ) H=10"%H, H=10"*H,
10%F 102,
1()1?’_,_,,——
*//”" 1otp
3 100F
= 10717 10-1
-2[
10 10-2}
-3,
10 10—3,

Ji

0.5 105 205 30.5 405 50.5 0.5 105 205 30.5 40.5 50.5

A.A. Shchepkin

Ji

Ji

hoton by an e! n in a strong magnetic fiel



Results
[e]e] le]

Cross sections for spin transitions, [ = H.

—— up-up, m =1
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Cross sections for spin transitions, H = 10™*H,

o (b)
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Introduction Twisted photon Calculations Summary
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Key results

Twisted photon absorption cross sections are exponentially
suppressed when transverse photon momentum s > me+/H/H..

Absorption cross sections grow with increasing TAM of the initial
electron and decrease with increasing TAM of the incident photon

Cross sections for “down — up” spin flip are always larger than for
“up — down” flip. It can be the reminiscent of the Sokolov-Ternov
effect.

A.A. Shchepkin Absorption of twisted photon by an electron in a strong magnetic field



Summary
(o] e}

Acknowledgments

The work was carried out with the support of the Russian Science
Foundation Grant No. 23-62-10026

A.A. Shchepkin Absorption of twisted photon by an electron in a strong magnetic field



Summary
[e]e] J

Thank you for your attention!
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Auxillary
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QED processes in magnetic field

First order Second order

YAY XX
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Landau states

Squared Dirac equation

[(i0, — eA,)? —m? + eHY,] ®(z) = 0 (13)
: 0 :

o, — (0 ) = diag{1,-1,1, —1}. (14)
0 o,
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Solution to the squared Dirac equation

BL(z) = N, j1)s j1/0(p)e s THIFYDotip.z
(16)
1P, (2)
co®_(z)
He) = e3P (2) s j51/2(B) = pUFYALIFY(p2)e~7/2
cy®_(7) (17)
(15)

5=0,1,2,.. p=p/pu
j= 2 E3/o
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Solution to the Dirac equation

(e + me)¢s,j—1/2(ﬁ)6_w/2
0

. i(pzz+jp—et)

\I[T(I) NSJ pzd}s j*l/?(ﬁ)eiigo/2 ‘ ’ (20)

205 s ji1/2(p)e )
0
€+ Me)Ys ; p eicp/? L jp—
Uy(x) =Neg | .< . v ’JH/Q(/,)) =\ o—i)2 elP=tie=et) (2
2pH 1 (S +7+ 1/2) ws,]fl/2(p)€
_pz¢57j+1/2(15)e%0/2
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Vector potential for twisted photon

Vector potential

3
iqr—iw q
Aﬁmsz('r) — /anmkz<q)eq/\€qr t(2—7r>37 (22)
27)2 .
(@) = Eb(0 — 0l — ) @3)
2 2
/ B H dPr=w << / |A|2d*r = 2 (24)
v 87T v w
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Vector potential of the twisted photon

K ] —iw i(m—o
Ak (T) = \/memzz ' Z dfrl,;(ek)e( 2 o (KP)Xs  (25)

o=0,+1
e
Wy 1 1
do’,A(ek) - 5(1 + J)\/\COS 9k)’ o 7é 0 X+ = :Fﬁ{l’ j:'l, 0}
d (0x) = 5 sinbs xo = {0,0,1}
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Vector potential in the coordinate space

T™w : :
ik, z+imer—iwt
A7) \/ 30LR® T

id(_liA(ek)JmH(Hp)e’:“"’" + z’de)(ek)Jm,l(,gp)e—'wr
X | dY 5 (0k) Tmsr(kp)e’®r — diR(0k) T (kp)e=" | . (26)
V253 (04) I (1p)
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Photon and electron density profiles
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S-matrix for “up-up” transition
2
S%) = %ieNiNf(Qﬂ)SpHé(ei — &5 +W)0(Pzi — Py + K2)04; jirm [2\/§><

% ((estme)da O)FLL 2 ) = (om0 FU L (pi) )

¢—1/2,9,—1/2
+ pdSy (O8) (me(pas + Pag) + pagei + pacy) Folul/ 29 (HPH)la (27)

Fba (kpn) o< exp (= (k/ke)?/2) ke = V2/pu = me\/H/H,
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Special function F

Fooly) = /0 dea L (@) L (%) Jomo (ya)e ™ =

s,s’

S,‘I‘fl ' 1 _ 0 ps—sl 1 s—f a2
( s! ) 22(5—5’)+€—Z’+1y2(8 L Ls’+€’+4 ¢ (y2/4>Ls’ <y2/4)€ v /47 (28)

(Gradshtein & Ryzhik’63)
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Next values are investigated
1
=y > > [do 29)

A tlo,p=+1/2

ol == / do. (30)

A:I:l
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Luminosity

£ :/ T (dp o sv(p, k)w® (r, p)w (r, k) (31)

(32)
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Wigner functions

€ 1 ipr
o py8) = / U (r— g2+ y/2, 0Py, (33)
E*

kmk A y/27 t)'EHmsz(r + y/27 t)eik~7‘d3y (34)

. d*p
wg,]) (’l", D, t) (27’(’)3 = \Ijl’j\lls,j (35)

A’k 1
/U}(’Y) (T,p7 t)(—3 = a KmeAEHmsz = WAIka AAHme (36)
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Sharp minimum of o+ and o4,

H A 2m+1) K2 AN (si+7i+1/2)

P BT A1 A e/m) T m A T m{ + ei/m,)

(37)

Fmin & §F(m —1)—s— (38)
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Generation of vortices

Electron can emit a vortex

, by helical undulator:
photon being

* in an external
magnetic field
(Katoh+°’23)

e 1in a helical undulator
(Katoh+’23)

* in a circularly
polarised laser wave
(Epp+°23, Zhang+’21)

13.3 mm
Aysudyuy

Phase E, (rad)
Phase E, (rad)
Phase E, (rad)
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