* review CAIN polarization treatment for incoherent processes

* develop expressions for, virtual photon polarization, Breit-
Wheeler cross-section with full polarization, polarization of
final states

 simulation runs of numbers of pairs, E, P; and luminosity

* discuss progress on the inclusion of new coherent Breit-
Wheeler process — BW pair productionin the presence of the

strong bunch fields LCWS Hamburg 1.6.2007
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A version of the Sokolov-Ternov equation
with the polarizations written explicitly
gives beamstrahlung polarizations

Beamstrahlung photon polarization
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Spectral component of bunch electric field as a function of transverse position

orm factor is
2 2
g0 )~ lg,0)
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where the
g Flg)=Nexp

see Engel, Schiller & Serbo
Z Phys C 71, 665 (1996)

and the polarization
vector of virtual photons

integration is performed by expanding in a taylor series and using
the limit o >> o for flat beams

v x| 2 0 2 2
E = -i 3exp( px/20x) Uyexp( py/ZUy)er Erf(py/&(ry)

a

X

Tony Hartin LCWS Hamburg 1.6.2007



X and Y spectral components of bunch electric field

Magnitude of y component of spectral
electric field is much greater than x
component. Has consequences for
stokes parameters since
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No circular polarization BUT

: . processes occur in bunches
undergoing pinch etfect and other
disruption, could use a more

realistic form factor for the bunch
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* Breit-Wheeler cross-section, CAIN original:

where p = electron momentum
e = electron energy
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Breit-Wheeler cross-section for
full and partial polarizations

Both Breit-Wheeler cross-sections
peak near the electron rest mass,
——— Eul iotatoe but Breit-Wheeler with full
polarizations shows substantially
lower values at low pair energies —
suggests we are currently

: overestimating pair numbers
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* Bremstrahlung calculation has been changed to allow full polarizations, but
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ICBW initial state photon
Stokes vector components (per bunch crossing)
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Pair data — comparing CAIN original & full pol

Pair #s for seven parameter sets

¢ % * Full polarizations show 10-20% less
pair particles aross all parameter
= schemes
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Luminosity for seven parameter sets ° Usually leSS pairs indicates lOWQI‘
luminosity, so important to check the

| ‘ | effect on luminosty of full polarizations
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* However luminosity remains unchanged
across all schemes, so less pairs comes
O e i only from lower cross-section
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Pair energy per bunch crossing Pair transverse momentum per bunch crossing
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* As expected from the cross-section data there are fewer low
energy and low P pairs.

* There are no changes at higher energies or higher P; — so
only ‘good’ surprises, no nasty ones
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Beamsstrahlung photon e- e+
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CBW cross-section with simplifications
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* Can write CBW diff x-section as the ordinary BW
diff x-section times a function F and a resonance

* Jower bound of integration is determined physically -
¢ of m energy must be at least 2x0.511 MeV

* F is an integration of products of Airy functions for
crossed beam field - numerically difficult

* [ is aresonance width determined from a self energy

calculation
Tony Hartin LCWS Hamburg 1.6.2007



Solutions of Dirac equation in 2 bunch field

* Breit-Wheeler production of two beamstrahlung photons
generally takes place at the juncture of both e and et fields

* Potentially a simplification because the electric fields of
both bunches are antialigned and their magnetic field curl
in the same direction

* Dirac equation solutions available for two orthogonal fields
(Pardy hep-ph/0507141) — there is indeed a simplification
In the electron wavefunction

* Will develop a more general solution appropriate for linear
collider bunch collisions
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Summary and things to do

* CAIN modified to include virtual photon polarization, Breit-
Wheeler x-sect with full polarization and allowance for
polarization of initial and final states in the Bremstrahlung

process
* 10-20% reduction in low energy and low P; pair particles

across all parameter schemes — due mainly to virtual photon
polarization which is related to beam electric field. No
change in luminosity

* Circular polarization of initial states very low (beam field is a
constant crossed field) consequently final states almost
completely depolarised

* coherent Breit-Wheeler progress through Dirac solutions in
both bunch fields LCWS Hamburg 1.6.2007
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