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@ Trident pair production
Baier, Katkov, & Strakhovenko (1972); Ritus (1972);
Hu, Mdller & Keitel (2010); liderton (2011); King & Ruhl (2013);

V. Dinu & GT (2017); King & Fedotov (2018); Mackenroth & Di Piazza (2018)

@ ay= £ > 1: trident more than Compton x Breit-Wheeler
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Model high-intensity lasers with pulsed plane waves

@ a9= £ > 1 treat field exactly - |

eF‘uv(X+) - k‘ua,v - kva;Jr

Lightfront coordinates: x* =t+~z / P

@ k2=0, k-x=wx", k-a(x*) =0

Pulsed plane waves: & (+) =0

Sol. to Lorentz force eq.

2ap—a? Kk

cu ruve N
mxt = eF1Y X1, (X*) == mXy = py — au + =55 Ku



Volkov solution and Furry picture

@ Volkov: (Iw—m)wzo II/(X): (1 —I—%)e ipx— Ifx Zapia

Volkov (1935)
@ Furry picture: H = Heeer[a] + Hint[ 4]

@ Volkov solutions describe Lorentz force: D, ¢(x) = mu(x")(x)
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Trident - two-step and one-step

@ Higher orders from sequence of first orders

Baier, Katkov, & Strakhovenko (1972); Ritus (1972); King & Ruhl (2013)
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@ Particle-in-cell simulations at high intensity
Review: Gonoskov et al. PRE (2015)
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+ “one-step” terms = Pyyo + Pone

® gp= ,?TEO > 1 — |Pone| < tho

@ Corrections from Py, for ag > 1



Direct and Exchange

@ Exchange of identical particles in final state

P3 2
p po — (P14 p2) =
P
p3 2
p po| + (P1<rp2) + C‘crossterm” =
P1

“direct part” + “exchange part” = Py, + Pex

@ Notation: Pair # Pone = PAI 4 Pex

one one

tho = Pdir

two



Direct and Exchange

@ P., more difficult than Pg;,
@ P neglected in some previous studies
@ Expect |P| < Pgir for x > 1 where x := agby = ;—i%

But for how large x?

And what about y <17

Numerical and analytical calculation of Pey victor binu & T (2017)

o Pex ~ P for x %1



Lightfront quantisation

° au(X+),7T“(X+),(p = e_ipr(x+)
@ Use x™ =t+zinstead of t

@ Different forms of dynamics

Dirac 1949

@ x*: front form, lightfront quantisation
[¢(X)7¢T(y)]x+:y+

For reviews see T. Heinzl and Brodsky, Pauli and Pinsky

@ Used e.g. for non-perturbative QCD /

@ Lightfront quantisation + Furry picture for plane waves

Neville & Rohrlich 1971



Lightfront Hamiltonian

@ LF Hamiltonian H= P, = (Po+ Ps)/2 for evolution in

xt=x04x3 |y;xt) =T, e” ’met\ln>

@ “Instantaneous” termsin H. p2 = m? in W and 2 =0 in A,

2
Hip = /dx ejA+ 2/ —|—92\IJA }ﬁ A\IJ JF=Uprv
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trident amplitude = +




On-shell

@ LF Hamiltonian formalism

2 2
@ On-shell: =0 = I, = 4+
@ Instantaneous terms

+ -yt +
@ x* ordered: xgy, > x¢

@ cf. two-step & one-step

@ standard covariant formalism

@ Start: off-shell /,-integral

 kulytluky

@ LF gauge: & — -

@ /, integral — terms with
0(Xgw — X&) and &(xgy, — x¢)



Pair production probability

@ Sum over momenta and spin

p3763
p,c
P= — ,01 <> P2, O
)y D265 (p1,01 <> p2,02)
P1,01

® Fu(x*) — 8% (p1+p2+ps—p)

Integrate over Gaussian py, ps integrals

@ P =P —-P3>0 — (p—p1—p2) >0

Prob. density: P = [ dsids,6(1 — 1 — $2)P(kp, s1,82), = 2=



Exact probability for arbitrary field shape

@ LF formalism — 3 direct + 3 exchange terms

¢ <— 51 04 ¢1WQ1W¢3 01 </ 1 " 3

T N 1NN/ N
Y \/ \V/ W,

S —=> ¢3 9o AL QE A s

22 22 12 12 11 11
]Pex Pdll‘ ]Pdll' P Pdll‘ ]P

@ Integrals over ¢; = kx; = wx;". Long. momenta s; = ’,%, g=1-

@ Symmetries: P22 ¢y — ¢o — ¢3 — 4,51 — —Sg — Sz — S3 — S

@ Compact expressions for arbitrary plane waves a, (x*)
Victor Dinu & GT PRD (2018)



One-step two-step

01 </ g1 "\ ¢3

ANA

s1 S 2 -5 = [d*¢6(642)0 (931)_,_ei(<pz1+i¢4s)
G2 "L QL N> By
P3

o Effective mass: o1 o« M? = (1) 0jj = ¢ — ¢, Ojj = d”?”'

IPC:fd2¢...e"P21 PBW:fd2¢...e"P43
° 9(942)9(931)29(043—621){1 G(M [643—621])}

@ P22 =Py, + contribution to Pyye Pwo = Ypol. PcPaw



Two-step and one-step

@ Two-step and one-step separation:

2
2 2
= ‘ g-:-i x W< ‘ + “one-step” terms = Pryo + Pone
@ LF separation: Victor Dinu & GT PRD (2018)
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@ From now on: Py, P4r and P,



ap > 1 and the locally constant field approximation

@ Constant fields: Py, ~ (Ax*)? and P4 ~ Ax*

Baier, Katkov, and Strakhovenko (1972); Ritus (1972); King and Ruhl (2013)

® a=£5 > 1: expandin % P = &3P +aoP1 + Po+ 0(3)

Victor Dinu & GT PRD (2018)
@ Py, =asPx+0(ad) Pone = aP1+ ...

@ Avoid large volume factors and include higher orders
@ Both constant and non-constant fields

@ Both Pg;, and P,



Constant field, ag > 1 and y < 1

-2.13x10"° -9.8x10"° - 1.0x10"°

S3

@ Longitudinal momenta s; = kp;/kp (S1+So+S3=1)fory =1/2and y =16

@ Use saddle-point approx. for y <« 1

. 2 _ 16 . anA _16 .
@ Constant field: Py, ~ a2 @80 e75  plir ~ faz%\fge 5 o~ T3P
@ Py, and P4r agree with literature. P, is new. V. Dinu & GT PRD (2018)

o ]P)EX

one

as important as Pdir

one



Pulsed Fields with g5 > 1 and y < 1

@ Pulsed plane wave a(¢) = af(¢), ¢ = ox*, fE)(0)= ¢

/
a(¢)
A‘ )
3azy —18 ; a _16 13 i
@ Py = ? —’f‘zg"fe % Pir = —a2—64%e % Poe = 15Pone

V. Dinu & GT PRD (2018)

@ P on the same order as P4, in general for ay>> 1 and y < 1



a~1and y <1

@ Sauter pulse d(¢) = aosech2¢: V. Dinu & GT PRD (2018)
dir _ 2 _ ao ex __ 13 pdir
Pone = —=arctan \/ 1 (17 &)arcootay Pewo Pore = 15 Pone
@ an~1: IP)dir ~ P ]Pdir an>1: ]P>dir ~ P & Pdir
0 - Lone one two 0 - Lone one two
Poor _83

o1} By oP=. e 2 [(14a3)arccot ag—ap]

0 @ ap>1: P=..e %

4n ~
e g« P~e ® ~|a(52))




Monochromatic field, ag ~ 1 and y < 1

@ d(¢)=agcosd: Py~ NPT ~ NP

one one

@ P = prefactorexp { 22 ([2 + gglarcsinh - M) }

V. Dinu & GT PRD (2018)

@ Compare with SLAC experiment:

vac
Pre % Csiac = 2.4+0.1(stat ) 02(syst.)  Cwen02.46

@ Agreement
@ However: too large error bars

@ and too close to perturbative limit P ~ a8/ kp



ap > 1 and general y

@ P <Oforall x oo w12 4 s
di
e P <0fory <20 L
di For .
° |]P>g)r(1e| > ’]P)oge| for ¥ fx
17 <x <26
° nge >> “P)g)l(le| for i 102 z:i:’
x>30
@ Pgx. important up to
quite large x

Victor Dinu & GT PRD (2018)



Momentum spectra at gy = 1

(] P(S) for a |0ng pUISe Victor Dinu & GT preliminary results
@ circular polarization, ag = 1 and by = kp/m? = 0.5,1,2,4,8:

@ linear polarization:




Far from LCF

@ Exact for ap = 1 Victor Dinu & GT preliminary results

@ Locally constant field approximation




@ ap=2,by=0.25,05,1,2,4,8

Victor Dinu & GT preliminary results




Conclusions

@ Strong fields — plane waves — lightfront formalism
@ LF — compact P for arbitrary field shapes V. Dinu & GT PRD (2018)
@ All terms, both Pg;, and Pey
@ Py ~ P
o Analytically for y < 1 and ag > 1 orag ~ 1

e Numerically for ag > 1 and quite large x

@ Methods also useful for double nonlinear Compton scattering



