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Transverse beam polarization in
ete” > W™W™—

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

Fred Jegeriehner
DESY Zeuthen

Plan

* Why polarization?

& Polarized W-pair production cross sections.

#+ Transverse beam polarization.

¢ Standard Model results including ((cx ) virtual corrections
and bremsstrahlung.

® Conclusions and outlook.

Extended ECFA/DESY Workshaop

- Prague, November 2002 -
" Based on work, J. Fleischer, K. Kotodz e, F Jegerlehner, Phys
Rev. D49 (1994) 2174
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Why palarization?

Direct tests at LEP2 and indirect tests through loop effects at

LEP1 of the(friple gauge couplingyf the ST/ (2), = [/(1),

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

Renormalizability — experimentally well established W [1,
coupling uniquely fixes the triple gauge coupling. How to
disentangle the triple gauge couplings if there is fine tuning
among them?

Problems

® form factors measurable only for low momentum transfer,
I.e., in “classical limit", or, at resonance, where a process is
dominated by a single process of one-particle exchange.

e c’e” — WTW " is measured far above the Z

resonance, electroweak unification is at work — not
possibie to disentangle the photon from the £, except for
mass effects and different properties under parity.

Polarization allows to discriminate between the - and /
s==channel contributions. The s-channel contributions
suppressed at the W -pair threshold grow fast with energy.




_ Why polarization?
Observed is the process
etTe” — 4f,
but sufficiently above the threshold
ete” = WtW - = 4f,

with both W 's at resonance dominates.

The most interesting processes are
e et = W, Hff

and
c,‘,:z' —+ W"W.

These modes are very much suppressed with respect to the
dominant transverse-transverse polarization mode with two
opposite |1 helicities.

A high luminosity is required. / /

Transverse beam polarization may help to disentangle differen

coniributions e : "T

ine "« slorage nngs transversa pﬂ|EFiIEHDﬂ Is natural. How

(L’nnut the linear collider?




Polarized W-pair production

The differential W -pair production cross section is given by

do(hgAA) Bw S )
X, " Mx, (he; A, X
dcos @ T 32ms ;1 xi )

At the tree level

2

Mo(—3 A X) = Si) Mg, (=5 A, A) + T} M, (=5 A, A),s
Mo(+; A, X) = Sii5Ms, (+3 A X),

where in the high energy limit, 5= —+ ™~
2
€ 1
gt - _Z |1- — —3 0,
o) s ' T
L]
2
_ gt _ 9 1 4
I Snn} = Sy 281 — M3 =
) g 1 g
= i b
‘ 1O) 8 if“" == ﬁw EDSE 8 1 Cos i
Moreover,

MT. “1,.; A, jh} | — cos
MSI {h'E; "l""'! i} 2

and we see that the gauge cancellations are al work,

he longitudinal beam polarization allows to study the rel_@
weight of ~ and Z couplings to | -bosons

i

R




Transverse beam polarization

iy 5

With unpolarized beams we can measure |Af|© + |AT, |7
through the total cross section @
der il dog + dog
dcos®@ 2 \dcos® dcos@
Bw 2 2
= —(|M_|"+|M A
cars UM-I* + ML)
with longitudinally polarized beams we can measure
(M_|* — | M, 'tﬂ'lmughtha left-right asymmetry A,
d(cArr) 1 dog do g )
dcosd ~ 2\dcos@® dcos#
Bw

- 2 _ 2
= o (IM_|* = M, )

and with transverse polarized beams we can measure
Re (AT, AT* | from the azimuthal asymmetry A defined by I

d(ocAr) /"Jr d*a 2owdd
— = COs ’
dcos Jo  deosf8d cos gy S il
= 2% 2Re(M,M?).
Gdms

tk.n"‘l:li [ d*‘i-‘-#“—r‘* ‘!‘m—n 4k L,u-_»r..ag"ﬁn-l d..LJ:w—.-n‘
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Main features of 7 |

e no TT |AA| = 2 final state contribution

as M(+;+F) =0

# !l sum over final state spins: almost pure LL
(see Fig 7 A1)

e TL and LT large but cancel in sum

& rather small at 1% level
(size similar to o ;;; probe different physics)

enoted A g = o,./2 = a,,

dominated by TT; probe different physics

transversal polarization provides an important tool for
investigation of V1, W', physics, probing electroweak
symmetry breaking; clean, no background !

without transversal polarization: 11 ; V1, is small contribution
which can only be dug out by angular cutting (background
problem).
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HOW TO DISENTANGLE TRIPLE GAUGE
COUPLINGS

The dependence of the cross section on the V11711
form—factors shows up directly in the helicity amplitudes:

M(—; A A) = V282 -1l gl ()
; HE ’ HZ
"[F'i {H'"r = ] : _] + !:; 1 .
| | — M3/s" 21— M3/s
"'-.l';.{".)l..h] _{jr!
_ﬂj“' I |:1‘~. B Jlj“-' —
M(4:A,2) = V2BwA? A= gl (6)
Let (1 2 n}
o? (HY —
| ' 1—Mi/s
with the correspondence
amplitude stiate
H) Ll
) I'T ;: AA=0
HY, TL LT : AA 1

HY. I'L.LT ; A 1



Radiative corrections

|

HY = (344947 + 24 - g2al
HY = AY

HY, = 24Y + AY + BwA}
Hi, = 24 + A} Aw AY
With A} vertex corrections (V' — ~, 7).

| Anomalous couplings I:

HY = 2{(1+2%)dy + by + (1 — Miv)ay)
HY = bgv+ %M

v ¥
H-|- = 20y 4 dxy + Ay :F-'"i“ .":'”EI'



| Conclusions and outlook

* Transverse beam polarization al a high-luminosity linear
collider allows one to study longitudinal W' physics without
analyzing final state polarizations.

e A provides information on the Higgs mechanism.

= The program for transverse polarization effects in
ete” — WHTW ~ still exists.

o The transverse beam polarization can be implemented inlo

MC programs for ¢ " ¢ v 4 f
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