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Synopsis

CAIN IFQED processes and approximations.
what does CAIN do

what IFQED processes are in CAIN

What limitations exist in these

Why the second order IFQED processes should be included in
CAIN

In fact this discussion is relevant for Guinea-Pig as well

Second order pair production in a constant crossed field
general features with respect to the matrix element structure

the ”auxillary” Airy functions

resonances in the propagator

order of magnitude estimation of the cross-section
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Motivation

The aim of CAIN and Guinea-Pig is the simulate the
beamstrahlung and background pair creation processes in bunch
collisions

The Transition rates, energy spectra are required to understand
backgrounds in detectors
Consequently 1st order IFQED tree processes are included
However Precision physics eg. polarization studies require
precise spin tracking (cf. Gudi et al The Power Report)
Pertinent to look at higher order IFQED and radiative corrections

Anthony Hartin IFQED processes in CAIN



Motivation

The aim of CAIN and Guinea-Pig is the simulate the
beamstrahlung and background pair creation processes in bunch
collisions
The Transition rates, energy spectra are required to understand
backgrounds in detectors
Consequently 1st order IFQED tree processes are included

However Precision physics eg. polarization studies require
precise spin tracking (cf. Gudi et al The Power Report)
Pertinent to look at higher order IFQED and radiative corrections

Anthony Hartin IFQED processes in CAIN



Motivation

The aim of CAIN and Guinea-Pig is the simulate the
beamstrahlung and background pair creation processes in bunch
collisions
The Transition rates, energy spectra are required to understand
backgrounds in detectors
Consequently 1st order IFQED tree processes are included
However Precision physics eg. polarization studies require
precise spin tracking (cf. Gudi et al The Power Report)

Pertinent to look at higher order IFQED and radiative corrections

Anthony Hartin IFQED processes in CAIN



Motivation

The aim of CAIN and Guinea-Pig is the simulate the
beamstrahlung and background pair creation processes in bunch
collisions
The Transition rates, energy spectra are required to understand
backgrounds in detectors
Consequently 1st order IFQED tree processes are included
However Precision physics eg. polarization studies require
precise spin tracking (cf. Gudi et al The Power Report)
Pertinent to look at higher order IFQED and radiative corrections

Anthony Hartin IFQED processes in CAIN



what does CAIN do?

Simulates bunch collision by dividing up bunches into slices
The interaction is calculated in overlapping slices through
progressive time steps

Within each slice the Poisson equation is solved

∆Φ(x, y) = 2πρq(x, y) , E =
2mre
∆s
∇Φ

ρq(x, y) is the charge per unit area

The field strength is calculated at
each point
The bunch field is considered to be a
constant crossed field at each point
The field strength is used in IFQED
calculations to determine
beamstrahlung photons and
coherent pair particles

Figure: The beamsstrahlung
process.
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Spin tracking in CAIN - precession

Spin precession in the bunch field is given by the T-BMT equation

d~S

dt
= − e

mγ

[
(γ + 1) ~BT + (a+ 1) ~BL − γ(a+

1
γ + 1

)
1
c2
~ν × ~E

]
× ~S

IFQED effects via the parameter a, the anomalous magnetic
moment
There is a contribution to the electron mass due to orientation of
spin to the external field
A dispersion relation can be written for this contribution

∆µ
µ0

=
α√
π

∫ ∞
0

du
zΥ(z)

(1 + u)3

Υ(z) =
1√
π

∫ ∞
0

dt sin(zt+
1
3
t3)

The real part is the spin
dependent part of
beamstrahlung from a
polarised electron
The imaginary part is the
anomalous magnetic moment
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Spin tracking in CAIN - spin flip

The Transition Rate of the beamstrahlung process for polarised
fermions is calculated

Unpolarized part:

W ∝
∫ ∞

0

du

(1 + u)2

[∫ ∞
x

K5/3(y)dy − u2

1 + u
K2/3(x)

]
Polarized part:

W ∝ eFµνpµsν
∫ ∞

0

du

(1 + u)3
3xK1/3(x)

x =
2

3Υ
u , u =

(kkf )
(kpf )

There is a pole in the unpolarized part (but not the polarized
part) at u = 0
This pole corresponds to the IR divergence ωf → 0
Uncorrected in CAIN/G-P, so uncertainty in the spin-flip rate
Has to be corrected with the corrected vertex in the external field
But I wont discuss it further here
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CAIN pair production processes

Figure: Beam-Beam pair processes

Real beamstrahlung photons
and/or virtual photons give
the three pair production
processes
There is an additional bhabha
process of fermion scattering
off beamstrahlung photons

BUT All of these processes
occur within the presence of
the bunch fields
We should in fact redo the
calculation with fermion lines
replaced by Volkov solutions

We should in fact redo the calculation with fermion lines and
replaced by Volkov solutions
The poles of the Dressed propagator are particularly interesting
Furthermore assume EPA in the external field is still valid
We need the Second order IFQED processes in the Furry picture
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2 vertex pair production in an external field I

Use the method of Nikishov and Ritus - we need only the
modified vertex

Γeµ =
∫
d4xEp−(x)γµEp+(x) exp(−i(k1x))

Ep(x) =
(

1 +
e/k /A

2(kp)

)
exp(iS(x))

We need a product of 4 of
these, 2 projection operators
and propagator numerators -
2000 terms in the trace!
We can reduce using the
usual rules but still its in our
interest to simplify the matrix
element as much as possible

+p

1k

1x 2x

2k

−p

p

Figure: The 2 vertex IFQED pair
production.
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2 vertex pair production in an external field II

Sfi =
∫
drdsdp u(pf )E(p−)γµE(p)

/p+m

p2 −m2
E(p)γνE(p+)

.δ(p− − p− k1 − rk)δ(p− p+ − k2 − sk)

Use the delta function to integrate over the propagator
momentum p to get one delta function
δ(p− − p+ − k1 − k2 − (r + s)k)

Write an overall contribution from external field photons l = r + s

Shift the integration
∫
ds→

∫
dl

Try and do the integration over dr before squaring the matrix
element
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Two vertex Auxillary functions I

The two vertex auxillary function is an integration of an Airy
function product

A ≡
∫ ∞
−∞

dr

(p−k1) + r(kp)
Ai(r −Q1)Ai(l − r −Q2) exp(−irQ3)

These type of calculations always occur, for circularly polarised
field its an infinite summation over Bessel function products

Add an imaginary component to the
denominator 1

(p−k1)+r(kp)+iε

Ai(r −Q1)Ai(l − r −Q2) =∫
dtAi(l −Q1 −A2) exp(−irt)∫

dr
p−k1)+r(kp)+iε

exp(−ir(t+Q3)) =

exp(−ε|t+Q3|)
Result: Airy function product with a
complex argument
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Two vertex Auxillary functions II

An alternative for constant crossed field is to use the limit ω → 0
Actually this was discussed by Nikishov-Ritus in regards to a
decay process (JETP 19,5(1964))

+∞∑
r=−∞

∫
dr A2δ(pi + rk − pf + kf ) ≈

+reff∑
−reff

A2δ(pi − pf + kf )

≈ δ(pi − pf + kf )

so in constant crossed field reduces to the field free process
only for processes which occur also in absence of the external
field
Can I do the same thing for my auxillary function?

1
(p−k1)

Ai(−l +
λ2

2
) exp[i(

λ3

6
− λl

2
)]
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The Volkov propagator poles

The propagator denominator is a function of r

1
(p−k1) + r(kp−)− (kk1))

The pole can be expressed as

r = −ω1

ω

ε−
ε− − ω1

Can be neglected for pure constant crossed field because Airy
function product goes to zero for large r

However if instead we had a laser field of energy ≈ the energy of
incoming photons

For bunch collisions we idealised the bunch field
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Volkov propogator radiative corrections

Inclusion of electron self energy is straightforward if we consider
a self energy sandwiched between E functions

Becker and Mitter argue that the divergence in the dressed self
energy only occurs in the field free parts, therefore the
regularization procedure is the same as for the non-external field
case
Actually we already saw this: since the Optical theorem relates
the dressed self energy to beamstrahlung in

W ∝
∫ ∞

0

du

(1 + u)2

[∫ ∞
x

K5/3(y)dy − u2

1 + u
K2/3(x)

]
Its better to say that the IR divergence in the dressed self energy
coincides with that of the ordinary self energy
More work needed on renormalization procedure in the external
field
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Summary

Discussed what CAIN simulates

Pointed out where IFQED processes enter into CAIN
1st order beamstrahlung and coherent pair production
anomalous magnetic moment in external field included into
T-BMT equation
The IR divergences have not been removed
2nd order pair production processes should use Volkov solutions
Discussed the structure of the matrix element
Need an analytic solution of the Auxillary functions
May be able to employ constant crossed approximation ω → 0
Discussed dressed propagator poles and the dressed self energy
Work in progress - expect some numerical results!
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