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Particle Destruction in the Universe
(Hot Standard Model)
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Disapparence of Anti-Matter in the Universe

(i) T ~ 40 MeV: annihilation of anti-nucleons cosmic swing
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Disapparence of Anti-Matter in the Universe

(i) T ~0.5 MeV: annihilation of positrons
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- 13 Gy later: discoveries of the positron

first detection:Skobelzin 1929
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dN/dEAQY (1/MeV-sr)

L aser-Matter Interaction - Antimatter

Cowan et al. (1999): using Nova at LLNL

1012 T T T T T T T T T 3§
LLT Shot 29042802 1
107 / S electrons E
Lo, 3
PIC+MC a / ]
1010 .

... ® %
10° positrons o E
1005 ¢ _ I/ //; ]
% e e @\ :
L i ]
10 m ~600 J 125 um Au|
g MC  [0.5ps at 45° ]
1086 |~r_|_ ] / _g'
L]‘I;U Cowan et al. (2000) f
105 - 1 + ]
4, 4 :

104 + } : } { : : ' : " I .

0 5 10 15 20 25 30 ~ .
Energy (MeV) o "\ VA [

Member of the Helmholtz Association

stitute of Radiation Physics | www.hzdr.de




Engines of Particle Production

gravity: R(t) in expanding universe; tunneling from vacuum

..., Baseler, BK (1988)

chiral mass shift: m(t) from strong interact.

Michler, Greiner (2013)

electric field: A~ t, E = const Schwinger (1951), Sauter (1931)
L l | decay of the vacuum
] vl | l \

alternating e.m. field (laser): dyn. Schwinger effect

Brezin, Itzykson (1970) N = -
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Greiner et al. (> 1970)

super-critical fields

E j[keV] positive energy
500 i continuum

E(R) = Ze /IR"2

~ 2000 Ec for Uranium

vacuum breakdown

Casher, Neuberger, Nussimov (1979)

Lund string model: hadron production ,
Andersson et al. (1977)

string breaking yo-yo
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i
task: recreation of anti-matter (by lasers)

1. (optical) laser facilities

ultra-intensity: projects = ELI, HIPER, IZEST, ...,
high-energy: NIF, XCELS/Sarov/Nishni Nowgorod




Texas Petawatt Laser

pulse containes186 J of energy, 167 fs in duration

based on optical parametric chirped pulse amplification
and mixed Nd:glass amplification. (200




POLARIS in HIJ

Visions: ILE appolon 1024% from 10 PW
HiIPER 10%® W/cm? from 100 PW
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2. XFELs X-ray photons: O(1-10 keV)

LCLS, SACLA, Europ. XFEL @ Desy (Helmholtz), ...

LCLS (former SLAC)
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i
European XFEL in Hamburg/Desy

Total length 3.4 kilometres The facility will run from the DESY site
in Hamburg in a northwestern
direction to the border of the town of
Schenefeld (Schleswig-Holstein).

Number of sites 3 The three sites are: DESY-Bahrenfeld
(ca. 2 hectares), Osdorfer Born (ca.
1.2 hectares) and Schenefeld (ca. 15
hectares). The research campus will

be located in Schenefeld.

Depth of the tunnels 6 to 38 metres The tunnels are covered by at least 6
metres of soil.

Construction costs including 1.15 billion euro As the host country, Germany

preparation and commissioning (price levels of 2005) (Federation, Hamburg, and

Schleswig-Holstein) covers 58% of
the construction costs. Russia takes
over 27% and the other international
partners between 1% and 3% of the
construction costs each.
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The European XFEL will provide light sources (beamlines) for
X-ray flashes with different properties. H I B EF CO”ab .

When electron bunches are induced to follow a slalom course in the magnet 400 mem bers
arrangements — the so-called undulators — of the European XFEL, they emit

flashes of X-ray radiation. The European XFEL will comprise different undulators, (I ead INSt.: H Z D R)

i.e. different light sources providing X-ray flashes with different properties.

N clectron tunnel € electron switch
photon tunnel ® electron bend

innnnm  undulator | electron dump
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SASE 2

0.05 nm - 0.4 nm

linear accelerator

for electrons (10.5, 14.0, 17.5 GeV)

sase = Self Amplified Spontaneous Emission
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SLAC x-ray FEL
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survey: Di Piazza et al. Rev. Mod. Phys.2012
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Inv. Keldysh parameter:

ap = 7.5 [I; /1020 Wz ¢V a0 << 1: weak-field regime > pQED
cm= @L 30> 1: strong-field regime > sQED
(Furry picture)
w Ritus parameter for pair production
K=6 10-2J1L /1020 — 2 P bair b
cm< GeV

2005: the Vulcan laser was the highest-intensity
focussed laser producing a Petawatt laser beam
with a focused intensity of 10721 W/cm”"2

max. = 10722 W/cm”2

laser beams
focussed In
space & time
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i
§ 1. Schwinger § 2: Breit-Wheeler Compton

2
A\

\ )

! periodic
E1(vt) + E2(Nwvt) Al(kx) + A2(Nkx) fite duration
pulse shape
Kinetic eqs. probe photons (pert.) + SQED
(Bogolyubov transf.) (Furry: Volkov)
DDDDDDD ™ =zZDR
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1. Dynamically Assisted Schwinger Process
(Pair Production from ,,Vacuum®)

q uantu m kl netlc eqS . e.g. Grib, Mamaev, Mostepanenko (1988)
t

Eq. (9.73)

f(p.t) = Q(p.1) / dt' Q(p,t')[1 = nf(p.t)] cos2[0(p.t) — O(p.1)]

to = 2 for spin ¥ Fermions
(= Pauli blocking)

f — dN
d3p d3x
t
('-')(p’ t) — /dt, w( : t,) : dyn. phase, non-Markovian process
to

Lu’(p, t) — \/63_ -+ (pH — 6@)2 quasi-energy

amplitude of vacuum decay
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Energie

Dynamically assisted Schwinger effect

multi-photon

Positives Kontinuum

3

AFE,

|
A3

Negatives Kontinuum

Position

Schutzhold, Gies, Dunne (2008)
Dunna, Gies, Schutzhold (2009)

E(t) in homogeneity region of anti-nodes

of counter-propagating laser beams (lin- pol.)

B sy

Schwinger dyn. assist. Schwinger

. . . G E()‘ I
Positives Kontinuum

Negatives Kontinuum

Position

part. 3-momentum =
good guant. numb.
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{7"[i0y — eAy(x)] —m}p¥ =0
(. t 1

4 x4 1storder PDE not a safe exp. param. renorm. mass 4 components

In theoretical physics, the Bogoliubov transformation is a unitary transformation

from a unitary representation of some canonical commutation relation algebra or
canonical anticommutation relation algebra into another unitary representation,
induced by an isomorphism of the commutation relation algebra.

The Bogoliubov transformation is often used to diagonalize Hamiltonians, which yields
the steady-state solutions of the corresponding Schrodinger equation. (Wikipedia)
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.
a few technicalities in solving the Dirac eq. * oppizz01

‘ 13 R mode expansion
v = [dp(rp) vy = [ S oy
)

- ~ ¢ v \L nd quantisation
Cb(p t) — Z (uj (p t)aj (m + 2/’j (_p t) bj (_m> zui?a?)le spinor bé\sis

j=1 1 T

Hamiltonian is not diagonal - Bogolyubov transormation to time-dependent operators

Ai(p,t) = a(F,t)a; () — B*(F. 1)bH(—F) }
Bi(=p.t) = (7. t)a;(P) + o* (5. 1)bl(—p)

o, t) = (UG DAED) +Vi(-FOBI(=51)  orunae

la(p,t)]? + |87, 1)) =1

unitary transformation

H(t) = / (;:’))35(5.1%)( R r)+m)o(p )

> w(t) (AlF DA 1) + Bl(=5.0)B,(-5. 1))

_/ dgp
o (QW)B =




2 evolution eqs. for
1 = Bogolyubov coeffs.

— aux. functions

Integro-diff. Eq.

p( — t) system of ODEs, equivalen to
) )
1
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i
time dependent vacuum & Bogoyubov transformation

Ay(F. 1) 10) = 4 () [0) =0,
By(~7.t—) [0) = b(~) [0) =0
> A;(pit) Q1)) = Bi(—p.t) [2(t)) =0

Q@)In5 () Q1))
Vv

) i)
—: (. T) = ’5(]9 definition of diribution function
fi(p.t) 7

exact solutions (. Hebenstreit 2011) parab. cylinder functs.

g

Schwinger: E = const, A=-Et =2 f(t) = p(t) /x — y/"2
Sauter: E = EO /cosh”™2 t/T -2 f(t) = P(t) IX=Y/"2

Narozhny, Nikishov 1974 V

confl. hypergeom. fgr_lcts.

e, Fer
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i
equivalent formulations (approximations)

- two or three ODEs

- Riccati eq. = guantum scattering fomulation with
eff. pot. ~ w

- world line formalism

- density matrix, Wigner formalism

- WKB approximation

DDDDDDD
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The uncritical ,critical field strength®
Schwinger (1951): w ~exp{- TEc/E} + ...

2

Sauter-Schwinger: EC = —_— In natural units
e

=1.3 x10%° V/cm
gualitative picture:
virtual e+e- fluctuations are lifted on mass shell

scales

L XFEL m
> energy
leV 1 KeV 1 MeV
E. w
Keldysh parameter y = Em ™~ i
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2
Sauter : —log f(p =0, — 00) + const E(t) = Eo cosh™ (t/T)
o M b g
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simply field doubling

Ee _ Lo
w ~ exp{—T ~ VS.  exp{—m -
\ / \ |
| Y
very very small very small

E
+ 7=
enhancement by exp{ 2E}

narozny etal. 2004 MUltiple beams at XCELS

DDDDDDD
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_ from
C. Schneider (2015)

Schutzhold, Dunne, Gies (2008):
tunneling + multi-photon
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. Schwirllger . assislt. dyn. Schwinger . . Schwinger .
107% T 1 on T T
wym S 1 ey
A = 341 244 Tz r
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| |345 5
10791 4 1 i
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low-density approximation f(p.t) = %If(zx )’
( = w/o Pauli blocking) -
. r € (IL )EJ_ 2i0(p.t")
I(p.t) = [dt —,e p:
"/ T
N = integer: Fourier + Fourier
Z ( )e—«a(eu—m(p))t 1 shell width
— 1 Fy(p shrinking
|
shell occupation kinematics, shell structure
T
Fg(p) _ %/th(p,t)e‘"‘M Q(p) — % fOTdtw(p,t) = Fourier zero mode
0
2
1 pilkr—292(p )t _ 4
f(p(f),t) 9 in(p(E) b kZ# Ei p(*’f)) kv —2Q(pW)
= % Eg(ﬂ(f))|2t2 +G(pY, )t + H(p'. 1),
\ J
Y .
flat-top time —T transient ) HZDR
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details of

N ; / Fourier coeff.
\ i / \ i /
L's \ | / \ i / b2
i — .
ST Y one field

@ = zeroes of Q (1)

—T/2 —T/4 'y T/4 T/2 Ret
Imt
L 7/10
..I.. I ..l....l.. I ..I.. two fields
| N H N
| |
~T/2  —T/4 T/4 T/2 Ret e () HZDR
4

Member of the Helmholtz Association

| Institute of Radiation Physics | www.hzdr.de



i 2

jw™

Im vt

Re vt/ pi

Brezin, Itzykson (1970): 1 periodic field (stat. phase, steepest desc.)
- 1 pole with Re vt = pi/2, Im vt = arsh g

£ .

' - .
) MeDn
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kinematics (shell positions)  Q = Fourier zero mode of w

/Iinear
2Q(p, v, 91,92, N) 4
(I(min) + 1) v / parabola slow strong field: g1 <1
(i | dominates
(min) v |
effective gap fast weak field: g2 > 2
(~m*forg>1) - corrections

> P

p_I(min)

analog to channel closing in ATI

increasing E1 or E2 or both - up-shift of parabola

Popov (1973, 1974): 1 periodic field

£ .

' - N ——
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0 1 E,/E,
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1 ~1 sh N arsh
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= Dynamics (disclaimer: only t = infty is relevant)

0.00002

SaUter 9 SChWInger 0.000015 Dabrowski, Dunne 2014
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Fay(t, 0,0}

miracles of the time evolution
Sauter: f=P /X =Y/"2

Fo=020E., mrt =28
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Schwinger
. Ey = 0.20E,
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Schwinger: long-term evolution
i Ey = 0.20E,
107 r . Y .
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10°
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10!
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10-?

1

= 107 .
=ls 104 ]
=k )
== 1077 |
T 1070
S 0
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% —10"° 1
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—107? :
—10°* |
~107" |
~10" :
_1[]1 2 IIII I2 Ii Il' "N Ilﬂ II':' 14
10~ 10 10 10 108 1) 10 102 10

mi o
, VA [
-~

Member of the Helmholtz Association

B. Kampfer | Institute of Radiation Physics | www.hzdr.de



Dynamics (Otto pulse) " &5t

o Both fields combined

J |

10

i

w

o *I flat-top time

<€ —>

m'll. | ]
— full solution
@
— R
l::I';:I 10 il ¥ 40 50 60
£
'--‘ - Y E——
analog to “quark number” in chiral mass model with m(t) (C. Greiner, Micheler) O emoeat Ly VA [

Member of the Helmholtz Association

B. Kampfer | Institute of Radiation Physics | www.hzdr.de



E, =01E, »=0.02m £, =0.05E_ N=25
k=341 p, =0.155325m
Strong field alone

107

1w

W

1w ‘

Tl

W, M

| fliathtomn [time
1 >

m'll. L "‘._,a--" ]
F 1 —  full selution #
|1
= 1 n) 2 2
F_f,f’ — [t
a 1] I O
Li] 1o i 40 S0 a0

¥
T

Dabrowski, Dunne (2014): transient f(t) depends on basis =~ *©i5i_, rieudrs
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spatial focussing - gradients: E(t, x)

rotating E fields | - ~asid

_ Circ. Pol.
twisted photons

Schwinger process as prototype for
Hawking radiation, Unruh effect,
cosmological particle production

DDDDDDD
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i
Interim Summary of §1: Schwinger pairs

1. Huge enhancement of ,nearly nothing”
by assisted dyn. Schwinger effect
IS mostly not enough, unless

2. E1 is sufficiently large (or ,not too small®)
AND

w2 Is O(m)

3. Optimization theory is useful for scanning
the parameter space  onnater. ... Akoter 2014)
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2. Breit-Wheeler and Beyond ~ *™"™*

.......... ;@
1 ------- e+ 292:5,’[

Berit, Wheeler 1934 crossing of Compton

1

2= num o time reversed annihilation

Mandelstam: s = 2wqiwr (1 — COS @];’IEL)

threshold: ¢, =4m? > ogw (S < Sen, ) =0

sub-threshold pair production: non-linear BW (multi-photon)  Nikishov, Ritus > 1960

o
0\\(\&@ ............... ....
..... M AN + aamns o wmms + ...
L EEEN
O/A'o,,h{rf EEN EEN EEN
2
seeprury)  Breit-Wheeler  n.l. Breit-Wheeler/higher harmonics

emphasis on short pulses & intensity effects:
Nousch, Seipt, BK, Titov PLB (2012), Titov, Takabe, BK, Hosaka PRL (2012), PRA (2013)
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aside: scattering in Furry picture

exact solution of Dirac eq. in external (class.) field,
for plane waves = Volkov solution (1934)
(propagator analog)

[
+

Y | |
SQED (Furry) PQED

pioneers: Nikishov, Ritus, Narozhny > 1964, Goldman 1964 class. analog:

e-in e.m. wave,
emission via Lienard-Wiechert

(00
W = e2 m? Z W, W (§<<1)=Kiein-Nishina
=1 e ) MR
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IPA, circ. pol., sigma [mb]




IPA

1072}

10—3
0

/3 [MeV]

IPA: infinitely-long pulse approx. (plane wave)

DDDDDDD
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|
Pair Production in Short Laser Pulses

FPA: finite pulse approx. (plane wave)

1072

10~}
_—~ Ritus 1985: IPA

10~} ~ap =0.8
= 25: FPA

06 0.8 1.0 12 1.

NG [M{%] - # of oscillations

4!
/J
-
o

1072

T. Nousch, diploma thesis, Dresden 2011
supervisor: D. Seipt

£ .

' - N ——
) MeDn
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= Pair Production in Ultra-Short Laser Pulses

lin. polarization, sigma [mb]

pulse shape: 9(¢) = cos?(p/2 N)

IPA FPA, N=1

Nousch, Seipt, BK, Titov PLB (2012), Titov, Takabe, BK, Hosaka PRL (2012)
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N dependence

107 S 7/
AV a0 =0.01
w4y 5 0
e _f‘ .
10-5 i S . .
04 06 08 L0 12 14

harmonics & finite bandwidth effects -
w=w; +-A
laser enabled subthreshold production

Seipt, BK, PLB 2012: folding model(s) - intensity vs. frequency variation = spectrum
v () HZOR
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IPA & FPA: Asymmetry in Longitudinal Direction

a0=2,1.5MeV, T =25

pL/m

beam shape effects

T. Nousch, diploma thesis Dresden 2011

cf. Heinzl et al., PLB 2011

£ .

' - N ——
e, Fer
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Pulse Shapes

1 parameter 2 parameters
12 1 p 1 1 ] 1_2 T 1 T T Ipl LI | LI B B T T
— - N=0.5 {f i‘, Titov, BK, Takabe, Hosaka
_ 5 0&r }‘ BiA PRA (2013)
= - s I_" 4 —-0.3
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A I |
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Fourier Transforms

'1|:|[J"'I"'I"'I"' 1[|ﬂ"'|"'|"'|"'

Fio(l) = .
hs (1) 2 cosh 2+ Al _
T | 1 parameter: width
Fa(l) = s exp | —=T121?
B m .3 LB

Fa(l) — 1 + exp [—%_ b sin Al 2 parameters:

7 1—exp|—%] sinha@bl flat-top section + ramping
~ s

el FeDr
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2 4P dp& (K'"+1lk—p—9p).

12 7
. al™
T 2N, / 4 IMrOF

2pg Eﬁ'[}

ccccccc ") H N =
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Pulse Shapes

1 0
01 - N DL BN B 0 O - L LA BRLENLEL N IR
f

xi"2 = 10"-3

Wps 08 10 12 14 16 10gg" 08 10 12 14 186

-

1 1 IIIIIII 1 IIIIIIII 1 LI S
-

#
E Pulse Intensities

[ Er T

asymptofic

-1 1 1 IIIIIII 1 IIIIIIII 1 L1 1 1111

[I Tl 'I'I Ll

100 10, 100 10° 10 10", 10° 10°

g g




two regimes:
(i) é¢ K 1 N < 2:high Fourier components
'\ enhance W
T Stn/S
intensity
(if) ¢ > 1 pulse shape and duration unimportant
(dominant contribution from central
pulse section)
FPA ~ IPA
(iff) ¢ ~ 1 complicated interplay of all ef fects
Titov, BK, Takbe, Hoska PRA (2013)
oneses :‘ HZDR
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XFEL 0.6 MeV

- 6 keV

work in progress (T. Nousch): =====> L ey
0.6 MeV aser 500 ey
IPA: Jansen, Muller (2013), Wu, Xue (2014) > 60 Mev
Compton backscattering
16 X 10_7 l | | l | J613 u.L;'.-. -’I J_’:::.f:,'lrfrf u.tl;'..'
a5l I.'lﬂ"'-l
1.4} calc.: T. Nousch § :i_’:"“‘ ."II II".
idea: D. Seipt =T [
19k BW line | :” ."I
10F . TS
j U;lii ]
< 08F 1 w/o laser
0.6 n | caustics = stat. phase points
(quasi-class. motion after creation
0.4 . with interferences)
redistribution in phase space by FSI
0.2 ]
ummlmlmHHlHH“““m -~ .
00 DRESDEN \ H‘DR

—200 0 200 400 600 800 1000 concept W 4
[
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i
Caustics in laser assisted Breit-Wheeler process

. p,/m
= 000 062 092 114 133 149 164
oy 1.6 | ] | L | | |
s 1A : |
— 1.2 4
= l_l.J — | : 17
AR -
= 0.6} i
2 04F
= 0.2} -
"'? tjﬂ .umuunuu||I.I.I.I.H1H|“l“.i.11
£ .
= o2l . . . .
L5 -
LOF e | 1
= U 2224 | ]
—.5 -_. : : : )
—L0E =
—1.5F -
_j_u ] ] .| - ]
— 20 () 2010 100) (00 S0 L0

l

Figure 1: ap;, = 1, agy = 1075, V3 = 1.2 MaV, wpp = wy = 06 MeV, wp, = 1 kaV, 7, = 4w, 7x = 5.1/kK,
K =wy fwy = 1.67 x 1073, g;, = cos?, gy = Gauss, lineare Polarisation, Ppos =W, 2=10 |



Trident Process  =*=s¥e

(= Virtual Compton Process) —> q
(= Cross Channel of Moller/Bhabha Scattering)

<

+ + o +
Di Piazza et al., PRL 2010
llderton, PRL 2011
photon propagator: on-shell + off-shell pair prod.

- Oleinik divergences/Zeldovich levels
C— — Compton

first step in cascades: avalanches of e+ e- pairs = plasma
HZDR
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QED cascades and ultimate electric field?

PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 14, 054401 (2011)

QED cascades induced by circularly polarized laser fields

N. V. Elkina,' A. M. Fedotov,” I. Yu. Kostyukov,” M. V. Legkov,” N. B. Narozhny,” E. N. Nerush,” and H. Ruhl’

' Ludwig-Maximilians Universitdt Miinchen, 80539, Germany
*National Research Nuclear University MEPhI, Moscow, 115409, Russia
*Institute of Applied Physics, Russian Academy of Sciences, 603950, Nizhny Novgorod, Russia
(Received 22 October 2010: published 12 May 2011)

6

Non-perturbed
trajectory

Monte-Carlo simulations

includes radiation friction

fully quantum treatment needed

Initial position

= 0 1 2 3 - 5 6
from G. Dunne, PIF 2013 z {(c/u)

—

page 66 Member of the Helmholtz Association
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Photon-Photon Scattering
Quantum- Reflection

e Use different wavelengths,
polarisation

* Ensure good vacuum

e Eliminate shots with ions
present.

* Reflectivity from refractive index variation due to
intense laser focus.

— Giess, Karbstein, Seegert on arXiv:1305.2320
* Reflectivity about 10°*° for 200TW laser focus
* Few photons refelected per shot for 200TW class lasers

from M. Zepf PIF 2013



http://arxiv.org/abs/1305.2320

Vacuum Birefringence \
rotation of polarization in external (laser) field \é\
(test of ,material properties” of vacuum) \\

C : £ a project at HIBEF
= (O + v v +vavw + oo key: polarizers (HIJ)
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i
Interim Summary of § 2: Breit-Wheeler Process

light = matter + anti-matter

- finite pulses - bandwidth effects
- higher harmonics
- Intensity effects

Breit-Wheeler = crossing channel of f:ompton)

" f
—> 4 X rays for pump probe exps.

ol ]
by
']
a
ol ]
t,y

DDDDDDD
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Summary

pairs = particles & anti-particles (anti-matter)

Schwinger: strong assistance by 2nd field

Breit-Wheeler: sub-threshold, pulse length, pulse shape, intensity

elementary processes — prospects for laser matter interaction

Compton: ultra-short pulses, probing multi-photon effects

laser-assisted scattering of x-rays: Seipt, BK PRA (2014)
entangled 2-photon emission: Seipt, BK PRD (2012)

£ .

' - N ——
) MeDn
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Outiook

free electron / positron PQED

laser dressed (Volkov)
> SQED

laser + Coulomb

J

- —— Spatio-temporal structure
QEDighe: 7, e™ QEDheafuy: v e:l:’@ T+
QED: ~,e*, u*, 7%, hadrons/quarks
QEDecw.: v, 79, ex, u=, v hadrons/quarks, W+ @

What is beyond QED? L = —%Fz +45-A+7, 4D > XD
U(1) ® SU(2) —7?, new couplings, new fields,
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Searching a Dark (U) Photon

HADES, Phys.Lett. B731 (2014) 265

4 APEX MAMI

m*_—f

| | | | 11 1 | | | | | | 1 1 1
107 .
MU [GeV/cT]

—

Dark Matter
candidate
beyond SM

—>

Q=1
Qpp =0.75 (A?)
Qpy = 0.20

0= 0.05

excluding more and more

£ .

' ‘ - Y E——
DRESDEN i 'R
ccccc pt ‘ l l‘
~
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107

107

counts / 1 MeV

10

lllw I_1 I-IIIIII | IIIIIII|

IIH_IIH*'

LR -

searching a signal in background

e
M3 2
73

p+p x 0.2

=

o2 03 04 0
M.. [GeV/c?]

0.1

140
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—
] J >} (5.2} o
= =] =] = =]

o0

o A { + # |

- T

[ .ﬁ—o—.—.—.ﬂm Ll

4 0.45 05 0.55 0.6 0.65 0.7
M, [GeV/c?]

Kolomogorov-Smirnov test, Cousins-Feldman method
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Muon Pair Production
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Neutrino Pair Production

<I

»i\ Py

C

‘ - N ===
DRESDEN
Titov, BK, Hosaka, Takabe, PRD 2011 . e PN n<uJr
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“ e+ e- Nano Droplets

|. Kuznetsova, J. Rafelski, arXiv:1109.3546

L. Labun, J. Rafelski, arXiv:1107.6026;

|. Kuznetsova, D. Habs, J. Rafelski, PRD 2010
I. Kuznetsova, D. Habs, J. Rafelski, PRD 2008

Yaresko, Munshi, BK, Phys. Plasma 2011 A.G. Aksenov, R. Ruffini, G.V. Vereshchagin, PRE2010
Munshi, BK, PRA 2009 R. Ruffini, G. Vereshchagin, She-Sheng Xue, Phys. Rept. 2010
A.G. Aksenoy, R. Ruffini, G.V. Vereshchagin, PRD 2009

1E"15_|| IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

x1l; T=1MeV
x10; T=0.5MeV

x10°: T=0.1MeV
x10%: T=0.05MeV

le-17

QED Avalanches

Fedotov et al., PRL 2010 S le18k — x10"; T=0.01MeV | =
Nerush et al., PRL 2011 - i .
Elkina et al., PR ST AB 2011 E Z i
Sokolov et al., PRL 2010 ~ le-19E =
Bell, Kirk, PRL 2008 s : 3
Bulanov et al., NIM 2011 - ’

=2 1e-20 =

E :

Illélllillléllléllléllla II!!IIIJ-IDIIIJ-I]-III]-I:.IIIlISIIIlI4II 15
Shen, Meyer ter Vehn, PRE 2002 ® [MeV]
analog to early universe: e+ e- annihilation o
DRESDEN N\ = '_DR
concept g I Nl
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i
SM Higgs: Mass Matters (Die Masse macht'’s)

1 ' S - he
«—( WE%{{ ”-EI: r-{J ?: Mp =Gy
—t i : ; : : . — > E
10~ 1071 1075  10° 105 10 10" 10® Gy
gamma v's e [T N
milicharges
' axions
H
8 4 _
VHiggS[lo GeV7] vacuum parameters:
f e =V(¢pg) = —1.22 x 10° GeV*4

oo = 174 GeV
Mg = 126 GeV
e & [GeV]

o the new ether?
1l oRESDEN 9 g VS
Vido) + ~h
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IPA, lin. pol. IPA, circ. pol.

N T e h

e
o dom0_

108 107 10! 100 10!
Ly, o
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= 20
@ = 7.5 I/ 10 cm?  wy,
- w w1
k=610"2% |1, /1020 ~
L/ cm? GeV e ) FeDR
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D. Seipt: Folding Model (i)
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D. Seipt: Folding Model (ii)
— IPA, 1st harmonic

- [d¢ g2 () o1(a,a0—rang(9))
(O-].>’L’I’Lt - fd(ng(Qb)

10%} 1 5
N™= > aj:

101} frequency distr. 2 spectrum
01 Intensity variation = spectrum
107}

8 09

£ .

' - N ——
e, Fer
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3. Compton: ultra-short pulses
A(9)

=
[

A (0)/a, E,(¢)/ac
o o
(=] o]

=
(=7}

f() (@1 cos(¢+ @) + dasin(¢p + @) )

1

T @
coshz

th(Cb) —

cosh % 1]

cosh % + cosh %

F(Cb) —

N = Delta/pi

Titov, BK, Shibata, Hosaka, Takabe
1408.1040
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