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Transverse beam polarization in
ete” - WTW—*

Karol Kolodziej
Institute of Physics, University of Silesia,
Katowice, Poland

Fred Jegerlehner
DESY Zeuthen

Plan

* Why polarization?

& Polarized W-pair production cross sections.

# Transverse beam polarization.

* Standard Mode! results including (¢ ) virtual corrections
and bremssirahlung.

# Conclusions and outlook.

Extended ECFA/DESY Workshop

- Prague, November 2002 -

" Based on work, J. Fleischer, K. Kotodzig), F Jegerlehner, Phys
Hev, D49 (1994) 2174
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Why palarization?

Direct tests at LEP2 and indirect tests through loop effects at

LEP1 of th ﬁpmmugecn@ﬂm SLI(2), % (1)

group —— no expectation for large deviations from the SM at a
linear collider.

Renormalizability — experimentally well established W [y
coupling uniquely fixes the Iriple gauge coupling. How o
disentangle the triple gauge couplings if thera is fine tuning
amang them?

Protilems

o form factors measurable only for low momeantum transfer,
l.e., in “classical limit", or, at resonance, where a process |s I
dominated by a single process of one-particle exchange.

e ete — WTW is measured far above the Z
resonance, electroweak unification is at work —— not
possible to disentangle the photon from the Z, except for

mass effects and different properties under parity.

Polarization allows to discriminate between the - and /
s=channel contributions. The s-channel cantributions

suppressed at the W -pair threshold grow fast with energy.




_ Why polarizaticon?
Observed is the process
etTe” = 4f,
but sufficiently above the threshold
eTe™ = WHW- - 4f,

with both W 's at resonance dominates.

The most interesting processes are
e et = W, W/

and
f:,',:.-' —+ W W,

These modes are very much suppressed with respect to the
dominant transverse-transverse polarization mode with two
opposite || halicities.
A high luminosity is required. &/ /

L
Transverse bhagm polarization may help to disentangle differen
contributions

me slorage nngs transverse polarization 15 naluiral. How

(Imu'l the linear collider?




Polarized W-pair producticn

The differential W -pair production cross section is given by
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deos @ 32ms Z y x( )

=1
At the tree level

2

Mo(—3 A X) = Si5) Ms, (—: A A) + Tio) Mr, (=3 A A),
My(+: A, A) = Sii5Ms, (+: A, 2),

where in the high energy limil, = — ™,
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Ms, (hes Ay A) 2
and we see thal the gauge cancellations are al work,
fhﬂ longiludinal beam pnﬁrlzailnﬂ allows to study the rEI@
weight ot - and Z couplings 1o V| -bosons .
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Transverse beam polarization

With unpolarized beams we can measure |\ + [T, |
through the total cross section o

der 1( deayg dﬁ"ﬂ )

Il

d cos 0 2 \dcos @ dl:ﬂl:ﬂ
= M_|" 4+ |M,
S = (1M + ML),
with longitudinally polarized beams we can measure
Mo® = |MLI® through the left-right asymmaetry A, ;,

d{ocALr) 1( doy dog )

deosf decos @ dceos#
.HW 2 o
it M_ _ .Int"f
Bdms “ | | +| }

and with transverse polarized beams we can measure
He | AT, A® | trom the azimuthal asymmeitry A defined by I
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decas @ o deosfdcos gy
= P oRe(M.M?).
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Main features of 7 1,

e no TT |AA| = 2 final state contribution

asM(4+:+F)=0

« !l sum over final state spins: almost pure LL
(see Fig m 4

# TL and LT large but cancel in sum

» rather small at 1% level
(size similar te 7 ;;; probe different physics)

(TREFELE

enotecr Ay =oL/2 = o,

dominated by TT; probe different physics

transversal polarization provides an important tool for
investigation of V1, ¥\, physics, probing electroweak
symmetry breaking: clean, no background !

without transversal polarization: 1 ; \\ , Is small contribution
which can only be dug out by angular cutting (background
problem).

o Ay hire Come (almar owplend) fn e LL
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HOW TO DISENTANGLE TRIPLE GAUGE
COUPLINGS

The dependence of the cross section on the | 11711
form-factors shows up directly in the helicity amplitudes:

M(—; A, X) = V2Byy2 A=Al gle ()

: HZ 2 HZ
Jg;-i[h':r— — J-I—!f -
| 1 —MZ/s" " 21— M2/
My, (—3 X, A) q*
Hw “.':‘}" — Aw cos @
M(+3A,A) = V28y~y* A-IA gle . (8)

(4,00  HE
(Y - oAl
= 1 — M2/s' |

with the correspondence
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Radiative correclions

|

Y

rfll:. o
HY: =
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With A:"' vaeriex corrections (1 o

(2+42AY + 24) —
AY
247 + A 4
ZAY + A2
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Anomalous couplings
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| Conclusions and oullook

* Transverse beam polarization al a high-luminosity linear
collider allows one 1o study longitudinal \1" physics without
analyzing final state polanzations.

e A provides information on the Higgs mechanism.

= The program for transverse polarization effects in
ete — WHW - still exists,

o The transverse beam polarization can be implamenied inlg

MC programs far ¢ i i
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