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Incoherent background pair production processes areestudith respect to full polarizations
of all states. Real initial photon polarizations are obgdiivia a QED calculation of the beam-
strahlung process. Virtual photon polarizations are egldb the electric field of the colliding
bunches at the point of pair production. An explicit expi@sdor the virtual photon polariza-
tion vector is developed and found to have no circular ppédion component. Pair polarization
states are highly dependent on initial state circular jddéion and are consequently produced
almost unpolarized. The Breit-Wheeler cross-section \ith polarizations is calculated and
coded into the CAIN pair generator program. Numerical exatins of the ILC, operating with
the seven proposed collider parameter sets, shows thatdnet0 — 20% less low energy pairs
than previously thought. Collider luminosity, as calcathby CAIN, remains the same.

1 INTRODUCTION

The International Linear Collider will collide polarizedcagicle bunches to produce physics pro-
cesses of interest and background events. The polarizstides of both the bunch particles and
the collective field of the bunch are important parametefescting cross-sections and hence final
particle states. It is important to calculate preciselyftiiepolarization effects and this will be done
here for incoherent background pair processes resultorg fream-beam interactions. A theoretical
exposition will be required and the program CAIN will be midekl for full polarizations in order to
produce numerical results.

There are three incoherent background pair processesiaradito produce background pairs
at the ILC. The Breit-Wheeler process, has two real photoritsiinitial state. The Bethe-Heitler
and Landau-Lifshitz processes contain initial states af and two virtual photons respectively.
The flux of virtual photons is established using the well kndeizsacker-Williams virtual photon
approximation. In all three processes, once the initialiglarstates are established, the same Breit-
Wheeler cross-section is used to calculate the total numibleackground pair particles produced
via beam-beam collisions. Three important theoreticatesgions are necessary; the polarization
of initial real and virtual photon states, the Breit-Wheedsss-section containing all polarization
states, and the polarization of final states.

2 THEORY

Real photons engaged in pair production processes areq@rddia the beamstrahlung process. The
present version of CAIN contains full polarizations fordipirocess and the representation in Stokes
parameters is given in equation 5.510 of the CAIN manual Aj. expression for virtual photon

polarization states in terms of Stokes parameters has te@balaped. The Stokes parameter of a
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virtual photon with 3-momentur can be written in terms of the normalised polarization vecto
(6x,8y, k) @s
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To obtain an explicit form for the Stokes parameters it isoggised that the virtual photon
polarization vector can be identified with the spectral comgnt £, of the electric field of the
particle bunch. The expression fék, is written down first from the expansion of the electric field
E, of a single relativistic particle of speedin plane waves with wave vectgr= (q.,qy,q.). The
electric field of a bunch oV such charges is a product of the Gaussian form factor of thetband
E, integrated over all wave vector components [2]. The spectrmponent of the collective field at
position(z, y) is written finally

E2Y = % // gigﬁF@)exp(ixqm + iyqy) dg.dg,
’ (2

where  F(q) = Nexp-i(g.0.)%3(gy0,)?]

Equation 2 is a difficult Fourier transform over two variahldProgress is made by separating
variables via a Taylor expansion e;l— Fourier transforms ig,, andg, are then easily calculated

and terms in the Taylor expansion turn out to be dependentraticaof transverse beam S|26$
For the flat beam envisaged for the ILC, this ratio is very $@adl only the first term in the Taylor
expansion is required. The spectral component of the beddridiens out to be

2
L = endl- 4y [oxedg) + v/ E ()

2 (3)
EY = £ \/5exp(-357) ~Erf (ﬂyay)

The expressions in equation 3 are numerically easy to cgkeaind are inserted into CAIN. The
magnitude of the y component of the bunch fiélgl is much greater than that of the x component.
This is consistent intuitively with the bunch being squekinegy. Both components are real, rendering
& = 0, meaning that there is no circular polarisation of virtuhbfons. This is consistent with the
constant crossed electromagnetic fields associated wWattivistic charges.

In order to take advantage of the full polarisation of ilipaotons, the full Breit-Wheeler cross-
section is required. At present in CAIN the cross-sectilf is written down only for the product
of circular polarisationg, &, of initial photonsk andk’. The full cross-sectioa™" is a sum over
all polarisation states and functions of final electron ggerand momentunp [3]. With some
algebraic manipulation the two cross-sections can beemritt similar form
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The final analytic expression required for a full investigatof polarization effects, are the
polarizations of final states. These are specified by thpolarization vectof(y, ¢», ¢3) and can be
written in terms of a sum over products of initial polarizatistates and a functi ’; of 4-vector
scalar products [3]
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Figure 1: Stokes parameters of inital photons. Figure 2: Polarization of final fermions.
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3 NUMERICAL RESULTS

Modifications of the CAIN program were kept
to a miniumum by writing new analytic ex- 08
pressions in forms similar to those already ex-
isting in CAIN. The monte carlo scheme that
determines whether a particular pair produc-
tion process will take place relies on the Breit-
Wheeler cross-section structure with respect
to final electron energy and momentuia p)
(equation 4). Other required CAIN modifica-
tions were the extension of existing polarization
vectors to all components, and use was made of
the existing basis vector structure in CAIN.
Initial photon states, for both real and vir-
tual particles, reveal almost no circular polar-
ization componeng, (figure 1). This is a con-
sequence of the constant, crossed beam electro-
magnetic field which is source of real beamstrahlung phosmtswith which virtual photons are
identified. The components of finaF polarization vector are strongly dependent on the extent of
circular polarization of initial photons. Consequentlg thairs are produced with almost no polar-
ization components (figure 2).
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Figure 3: Breit-Wheeler cross-section.
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Figure 4: Pair numbers for seven parameter sets. Figure 5: Luminosity for seven parameter sets.

A numerical investigation of the two cross-sections in dique4 reveal the usual peak at low
energies. However accounting for full polarizations rés@esubstantially reduced cross-section for
electron energies approximately less than 50 MeV (figurdt3yas expected that such a reduction
in the Breit-Wheeler cross-section would result in lesskigacund pairs. It was also considered
important to determine any effect on collision luminosiBo the modified CAIN program was run
for all seven 500 GeV centre of mass collider parameter ggtsThere was a0 — 20% overall
reduction in pairs (figure 4) with no discernible effect orliscon luminosity (figure 5)
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Figure 6: Energy of final pairs. Figure 7: Transverse momentum of final pairs.

The energy and momentum of the new ensemble of expectedyzesralso obtained. The short-
fall in pair backgrounds was almost entirely made up of lowrgy and low transverse momentum
pairs (figures 6 and 7).

4 CONCLUSION

The full polarizations of initial states, final states and Breit-Wheeler cross-section have been
investigated analytically and numerically. This enables effect of full polarizations on three in-
coherent background pair processes to be determined. Raabtdirahlung photons have almost
no circular polarization component. Virtual photon patation is related to the constant, crossed
bunch electric field at the point of production and likewigesmo circular polarization component.
The full Breit-Wheeler cross-section with all polarizatietates was written in similar form to the
Breit-Wheeler cross-section with circular polarizatiardy. The CAIN program was modified and
run for the seven parameter sets contemplated for the ILE %00 GeV centre of mass collision
energy. In all cases analysis of the full polarization effeevealed that there wet® — 20% less
low energy background pairs than was previously thoughthAsame time there was no discernible
change in collision luminosity.
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