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B Non-linear pair creation with optical laser
and high energy bremsstrahlung photons

[l Bremsstrahlung and crossed fields

B Bremsstrahlung and laser wave with
Gaussian time profile

B Bremsstrahlung and focused pulse

B Linear Breit-Wheeler pair creation with
X-ray laser and bremsstrahlung photons

[l Breit-Wheeler pair creation in 2+1 space-
time dimensions
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Volkov states S-matrix element sz - _ e /d4$ ,(Eq— ?/lwq_i_e—ik'w

with Volkov states

- Po |, Pt Sl
Number of pairs per time and volume R = /V(2W>3V(2ﬂ-)3 TV

From now on we work in a unit system with c =h=¢y =1
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Bremsstrahlung for highly energetic 7’ quanta Optical laser as a source for photons
GeV eV
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bremsstrahlung S it
Photon spectrum for thick targets 0.4 l‘: 0'015
_I’Y
(1 — f)H/3 — =T/ — I, for thin targets
I(f)y = ~ 0.3
F(7/9 +4/3log(1 = f))
Photon spectrum for thin targets 0.2

good approximation

1(f), = ?<4/3 434 1), -

EO Lrad 0

[l Pair production and bremsstrahlung of charged leptons,
Y.S. Tsai, Rev. Mod. Phys. 46, 4 (1974)
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quasi-static field approximation: rate in crossed fields

am? > Su+1

R=———r du )
6v/7TkoVy )1 zur/u(u — 1)

(2)

with an Airy function ®(z)

with Bremsstrahlung photon

1
R, = /O df R L, (f,1)

[l Radiative effects and their enhancement in an intensive electromagnetic field,
V. I. Ritus, Zh. Eksp. Theor. Fiz. 57 (1969)
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Number of pairs N ~
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different field configurations e
1 0
Number of pairs in LCFA N = -— cos(d) / dt/dVRv (k(t, z,y, 2))
quantum non-linearity parameter ~ = %\/—(F,Wk”’)2 k(L z,y, )
pulsed Gaussian
CCF plane wave pulse

Tint‘/z'nt o'} z o0
N ~ R, 27 / / R /
_ N =~ dt d d t
1 COS(¢) 1 — COS(¢) e Can < 0 p pR7 (K( ,Z,p))

Aint > R
N ~
T~ cos(d) /_OO dt /_ZR dzR, (H(t,Z))
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Ey=25GeV, L,- =0.1m, 0.- =0.5 mrad,l = 0.015,
$»=180°, L=0.5m,A=08 um, 7 =30 fs, wy =2 um

10-5 3

9 —CCF
10 g —pulsed plane wave 7
i — Gaussian pulse

N of particles per electron
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Ey=25GeV, L,- =0.1m, 6, =0.5 mrad,l = 0.015,
$»=180°, L=05m,A=08 um, 7 =30 fs, wyp =2 um

10°¢

107 e

N of particles per electron

—pulsed plane wave
— Gausstan pulse
-------- Gaussian pulse with ¢ = 150°
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Bremsstrahlung for highly energetic 7’ quanta s a source for photons
GeV

higher energy possible !
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Number of pairs per time and volume for two-photon process ordinary linear
BW rate

[ Va@ptVdpT Sy [ dYk 1 1 4
R‘/ (27)3 (27)3 TV _/( ™) slao(k. B)I Tv

] ] normalization of « quantum
with Fourier transformed

ao(k, k) = /d4xa0(x, k)ei‘”’;

When incorporating bremsstrahlung

1
R, = /0 df R L,(f,1)
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- £=10.001,7 =100 fs,wp = 20 pm,
L=50cm, Ly =7 mm,w = 0.3 keV
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[ Linear Breit-Wheeler pair production by high
energy bremsstrahlung photons colliding with
an intense X-ray laser pulse,

A. Golub, H. Ruhl, S. Villalba-Chavez,
C. Miiller, PRD 103, 016009 (2021)
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S-matrix
in 2+1 dimensions

Sy = —ic / B, (x) f (z)pys ()

Rate EE d?q*

i i i d A? g eag
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Jns2(24n), n even,

. Cjn — =jn 07 n) —
Energy threshold behavior (2=, 24) = Jn(0, 24n) {0, odd.
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Asymptotic at strong fields for different x = ol

R e? aom 3
LX< N o

3K

2.2, 2 [l Strong-field Breit-Wheeler pair production in
{R3+1 _ etagm 3 @e_ 8 } QED 2+1.
3/2
” 8w 32(2m)¥/ A. Golub, S. Villalba-Chavez and

C. Mdller, PRD 103, 096002 (2021)
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Strong wave

Perturbative wave

Fermi velocity vy =~ ¢/300
Half bare gap A = m,v% = 0.1 eV

Four component spinors \IJZ = (ng, ¢ZK/)

Reducible four representation of matrices

A = 03 ® (03,109, —i0o7)
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[ Dimensionality-driven photoproduction of
massive Dirac pairs near threshold in
gapped graphene,

A. Golub, R. Egger, C. Muller, S. Villalba-
Chavez, PRL 124, 110403 (2020)

for ng = 10, 77; =0.1, A=0.1¢eV,
ww' =0.25eV? A, =10 pym?

Ry ~ 2 x 1072 pairs/fs

Pl [mgVe]

for ww' = 0.01 eV?

Ry ~ 3.4 x 1077 pairs/fs
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[l Non-linear non-perturbative Breit-Wheeler
pair creation with bremsstrahlung photons

[l Linear Breit-Wheeler pair creation with
bremsstrahlung photons

B Breit-Wheeler pair creation in 2+1
dimensional space-time




