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Anomalous WW vertex in ye collision with polarized beams
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The potential of theye mode of a lineae*e™ collider to probe th&VWy vertex is investigated through the
W boson production angular distribution from the procgss-Wwv. Considering the longitudinal and trans-
verse polarization states of th& and incoming polarized beams we find the 95% C.L. limits—d?.0003
<A k<0.0003, —0.0006<\ <0.0006, with an integrated luminosity of 500 Bis) \/§=1 TeV and without
any systematic uncertainty. It is shown that the polarization can improve the sensititigy g a factor of 1.3
and to\ by factors of 2.8—10 depending on the energy.
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[. INTRODUCTION tions for photoproduction processes with real photons are
considerably larger than the virtual photon case. Polarizabil-
Recently there have been intensive studies to test the déy of the real gamma beam is an additional advantage for
viations from the standard modé$M) at present and future polarized beam experiments. In this paper we examine the
colliders. The investigation of three gauge boson couplingsapability of the ye mode of LC to probe the anomalous
plays an important role to manifest the non-Abelian gaugeVWy coupling with polarized electron and gamma beams,
symmetry in standard electroweak theory. The precisiorassumingWV polarization will be measurel8].
measurement of the triple vector boson vertices will be the
crucial test of the structure of the SM. Il. LAGRANGIAN AND CROSS SECTIONS
Measurements at the Fermilab Tevatron and CERN"™ . ) ) .
collider LEP2 provide present collider limits on anomalous The C and P parity conserving effective Lagrangian for
couplings. Recent results from the DO Collaboration fortwo chargedW bosons and one photon interaction can be
WWy couplings are given by 0.25< Ax<0.39 \=0) and  Written following the paper$17,18:
—0.18<1<0.19 Ax=0) at 95% C.L., assuming th&' Wy L CIRTI + v
couplings are equal to th&/WZ couplings[1]. Individual ———=0{(W, , WKEA"= WKW, A,) + kW, W,A

experiments by the ALEPH, DELPHI, L3, and OPAL Col- "'/

laborations at LEP2 give the same order of sensitivity as the N

Fermilab Tevatror{2,3]. As an example, DELPHI has the + M_zwp,LWffA“py Y
95% C.L. limits of —0.46<Ax<0.84 and —0.44<\ w

<0.24. A combination of measurements of triple gauge bo'vvhere

son couplings from the four LEP2 experiments improves the Gwwy=6 W, =d,W,—3,W,,

precision to —0.09<Ak<0.15 (\=0) and —0.066<\

<0.035 Ax=0) whereWWZ coupling is kept at the SM and dimensionless parameters, «, and\ are related to the
value for both casep4]. Analyses of theW Wy vertex has  magnetic dipole and electric quadrupole moments. Within
been given by several papers for the DE®Y collider  the standard model, at tree level, the couplings are given by
HERA [5-10]. The CERN Large Hadron Collidet.HC) is 7=1, k=1, and\=0. For on-shell photong]=1 is fixed
expected to place better limits on these couplings Ogy electromagnetic gauge invariance to its standard model
0(10"?) for Ax andO(10") for X [11]. Linear electron-  yajue at tree level. In momentum space this has the following

positron colliders(LC) will improve further upon the LHC  form with momentaw™ (p;), W™ (p,), andA(pa):
precision by one order of magnitudli&2].

Research and development on linesre™ colliders at T vp(P1,P2,P3)

SLAC, DESY, and KEK have been progressing and the A
physics potential of these future machines is under intensive =g gw( P1—Po— —2[(p2_p3)p1—(p1,p3)p2])
study. After linear colliders are constructege and yy My o

modes with real photons should be discussed and may work
as complementary to basic collidgds3,14]. The real gamma

beam is obtained by the Compton backscattering of laser +9MJ( KP3=P1t o
photons off the linear electron beam where most of the pho-

tons are produced at the high energy region. Since the lumi-

nosities forye and y+y collisions turn out to be of the same +0,,
order as the one for the®e™ collision [15], the cross sec-

N
—2[(p2.p3)p1—(p1.p2)p3]>
w

14

A
P2—«kP3— M_z[(pl-ps)pz_(pl-pz)pa]>
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where p;+p,+p3;=0. The process we investigatge 0
—Wow is described by two Feynman diagrams and only the cos;

t-channelW exchange graph contribut&®¥Wy vertex. One A, =(1+k)(1+cosl) ———, 9
should note thatye collision isolatesWWy coupling but (1= Bwcosb)
many processes i@ e, pp, andep collisions include mix-
tures of WWy and WWZ couplings. M P
The helicity-dependent differential cross section for the A, ,=— W 4+ 1+ _> (k—1—X\Bw)
subprocessye—Wwv can be obtained in terms of helicity \/Z M3,
amplitudesM,,
Y W . 0
- sin-
dohy ) _B My y. |2 (3) ><(1+cos9)—2 (10
dcosd 32,8 AW (1— By cosh)’
e? s My with
M G sty 5+ M&V@AW’ i
4 s—M2,
. . ) . . =x . (12
where 6 is the angle between incoming photon with helicity Pw s+ M3,

A, and the outgoingV boson with helicity\,y in the c.m.
frame, andé,, is the Weinberg angles is defined as the Expressiong5)—(10) are in agreement with those of RE],

center of mass energy ofe system. Reduced amplitudes gycept for an overall minus sign in front of EEL0) which

AMKW are given as follows: does not influence the cross sections. It is clear from above
expressions that for the anomalous couplings at high energies

co 4 contribution ofk to helicity amplitudesA _, andA o, grows
2M2 (1—cos6) % L [ - o
A =2l - W 14 kE\ with \/;/MW and terms inA_, andA, _ containing\ be-
s 2 (1-Bwcosh) have likes/M?,. This is why the anomalous couplings have

(5 to show a form factor behavior at very high energies. Here
we assume that the form factor structure does not depend on

R co 4 the momentum transfers at the energy region we consider.
_As % The cross section can be connected to initial laser photon
A-r=— m(l—cos&)(l_ﬂwcosm , ®  helicity x, before Compton backscattering through the for-
mula
.0
. J2s L cost Sih ; do(Nghw) 1 do(+ Aw)
o MW[K cos ](1—ﬁw0050)' @ dooss a1 Pe|[1+E(E, Nl —goy
2M2, (5-M2) do(—,\w)
co 0 where P, is the initial electron beam polarization and
_ £(E, ,\o) is the helicity of the Compton backscattered pho-
X (1= oSO T =5 5sa)” ®  ton[15.16
|
No(1=20)[1—y+1(1—y) ]+ N1+ (1—y)(1—2r)?]
EEyNo)=—1— iy YT B o (13
Yy+1(1—=y)—=4r(1—r)—Nhor {(2r—=1)(2—vy)

Herer=y/[{(1-y)], y=E,/E., and g=4EeE0/M§. E, of backscattered photons can be observed from Fig. 1 as a
is the energy of the initial laser photon aBd and\ . are the  function of their energy. From the figure we see that the
energy and the helicity of the initial electron beam beforebackscattered photons reach maximum polarization at the
Compton backscattering. One should note tRatand A,  highest energy region. For outgoiMy bosons we take into
refer to different electron beams. The behavior of the helicityaccount the possibility that the transverse and longitudinal
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FIG. 1. Helicity of backscattered photons as a function of their FIG. 3. Total crogs sections vgrsus the center of .mass energy
energy. The set of curves starting from the bottappe) are plot- (\/s) of the parental lineae™ e~ colliders for the unpolarized case.
ted for \g=—1 (A\o=1) and the legends are for helicities of the TN numbers in the legends stand far{1).
initial electron beam\ ..

For the integrated cross section, we need the spectrum of
polarizations can be observed for eaghstate[3]. The cross ~ backscattered photons in connection with helicities of initial
sections which will be used in our calculations are as fol-laser photon and electron which is given belgi®,16]:
lows:

; . ; faly)= ——|1-y+ by
dotho T)_dolho, )  dolho, o) =y g0 T Iy ey T Ay
d cosé d coséd d cosé
. . +hohel §(1-2r)(2-y) |, (17)
dO'()\(),L) d(r()\o,O)
dcosd§  dcosé ’ (15
where
whereT stands for transverse amdfor longitudinal. For the
unpolarized beams the cross section takes the form 9(0)=91(L)+XoreT2(0),
dg'"°' do(\o,T) da(Ng,L) 16 4 8 1 8 1
dcosd  dcosh d cosé (16 gl(()_(1—§—§2>|n(§+l)+2+g—w,
(18
with A\g=0, A\¢=0, andP.=0.
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FIG. 4. The same as in Fig. 3 but for the polarization parameters
No=1, A\w=T, andP,=—0.8. T andL are for transverse and lon-

gitudinal polarization.

FIG. 2. Energy distribution of backscattered photons Xgk
=0, —0.5, —-0.8.
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FIG. 5. The same as in Fig. 3 but for the polarization parameter
1 and\y=T.

Ao

_ 2 5 1 1
gz(g)—(l-f' z)ln(§+l)—§+ m—m

(19

The definitions ofr, y, and are the same as in the helicity
expression and the maximum valueyofeaches 0.83 when

PHYSICAL REVIEW D 64 095002

Po=1 M=)
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s FIG. 7. The same as in Fig. 3 but for the polarization parameters
No 1 and\y=L.

A common feature in each figure is that high@&will highly
improve the sensitivity of the cross sectiontovhen com-
pared withk. Cross sections are almost two times larger for
the transvers#V case than those obtained in the unpolarized
case. For the longitudinally polarizétl case, the magnitude
of the total cross sections are smaller but the deviations in

{=4.8. To see the influence of polarization, energy distribuhe total cross sections from the SM value seem larger than

tions of backscattered photorfs,. are plotted forAghe
=0, —0.5, —0.8 in Fig. 2. Using Eq(17) and Eqs.(13)—

the case of transverd#. For completely polarized Compton
backscattered photons the SM cross section would give zero

(15) the integrated cross section over the backscattered pheyith Ao=—1 and\y=L, because the reduced amplitude

ton spectrum is written below:

J

Ymin

0.83

do(No,Aw)
T deaspg ylelY

d cosé

da(hg,Aw)

dcosé dy

(20

with ynin=M3/s. Heres is related tos, the square of the
center of mass energy of the" e~ system, bys=ys. In

order to give an idea about the comparison of unpolarize%h
and polarized cases, integrated total cross sections as func-

tions of \/s are shown in Figs. 3—7 for various anomalous
coupling values and different configurations of polarizations.

10

o(pb)

0.01

1000 1200 1400 1600 1800

Ecm(GeV)

800 2000

A_,=0 for the SM values of anomalous coupling param-
eters. Thus, the cross sectiojms number of evenjsin Fig.

7, if observed, can possibly be taken as manifestation of
anomalous couplings. It is seen that the longitudinal polar-
ization state of th&V boson is more promising to make the
deviations visible. A detailed statistical analysis will be given
in Sec. Il regarding the constraints on anomalous couplings.
It is also important to see how the anomalous couplings
ange the shape of the angular distribution of\ttié&oson

1000

de/dcose

cosd

FIG. 8. x and\ dependence of the angular distribution of e

boson in theye collision for the unpolarized case. The unit of the
FIG. 6. The same as in Fig. 3 but for the polarization parametersross section is pb and the numbers in front of the legends stand for

)\O: 1 and)\W: L.

anomalous coupling parameters£1,\). \s=1 TeV.
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FIG. 9. The same as Fig. 8 but for the polarized case. The values FIG. 12. The same as Fig. 8 but for the helicities shown on the
of helicities of the initial laser photon and fin&l boson\y, Ay are  graph.
given on the graph.

for the polarized and unpolarized cases. We use integrated
cross section, EQ(20), to obtain angular distributions in
Figs. 8—12. Similar features to total cross sections occur in
angular distributions of th&V boson in terms of deviations
from SM values of anomalous couplings. For simplicity, let
us take into account the angular region transverse to beam
direction 6~ /2. In the unpolarized and transversely polar-
ized W boson distribution case, dependence causes much
more separation from the SM distribution comparedxto
dependence. In the longitudinally polariz&d boson case,
separation due to the dependence gets large together with
the A dependence. Another difference arises in forward di-
rections, co®~1 between the transversely polarized case
unpolarized cagewhere all curves approach each other, and
the longitudinally polarizedW boson case where the SM
curve deviates from all the other curves.
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FIG. 10. The same as Fig. 8 but for the helicities shown on the . SENSITIVITY TO ANOMALOUS COUPLINGS
graph.

Using the simpley? criterion from angular distribution
we estimate sensitivity of the LC-basege collider to
anomalous couplings for the integrated luminosity values of
500 fo ! andys=0.5, 1, 1.5 TeV:

Xi—Y;\?
o= 2 (W) : (22)

i=bins

de/dcose

TABLE I. Sensitivity of theye collider to anomalous couplings
at 95% C.L. forys=0.5 TeV and.;,;=500 fb . Only one of the
couplings is assumed to deviate from the SM at a time.

No Pe Aw Ak (1079 N (1073)
0 0 T+L -5,5 —8.0, 8.0
0.8 06 -04 -02 O:SG 02 04 06 08 1 1 —08 T —4.4 —45 .78
+1 -0.8 L -7,7 -0.8,0.8
FIG. 11. The same as Fig. 8 but for the helicities shown on the- 1 -0.8 T —4,4 -5.0, 3.0

graph.
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TABLE Il. The same as Table | but fof's=1 TeV andL;y,
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TABLE Ill. The same as Table Il but foi/s=1.5 TeV and

=500 fb L. Lin=500 fb L.
\o Pe Aw Ak (1074 N (1079) No Pe Aw Ak (1079 N (1073)
0 0 T+L —4,4 -3.0,3.0 0 0 T+L —4,4 -1.7,17
+1 -0.8 T -3,3 —-1.9, 2.6 +1 -0.8 T -3,3 -1.2,13
+1 —-0.8 L —6,6 —0.6, 0.6 +1 —-0.8 L —-6,6 —0.6, 0.6
-1 —-0.8 T -3,3 —-3.7,21 -1 —-0.8 T -3,3 —-1.8,14
2 SM WWy and WWZ vertices for unpolarized beanj2]. The
|+1d0’ . . . P
xi:J' dz, highly polarizable beams at LC allow one to discriminate
z dz couplings at the same order of sensitivity as abjdV@ that
NEW have correlated effects on observables with unpolarized
_ Zi+1do dz 22) beams. The satisfactory comparison between the sensitivities
" 2 dz ’ from ye—Wwv and from the basic lineae™e™ collider
should be discussed after the actual condition in the experi-
ASXP=X, 82+ 5§ys 7=cosé. ment, including uncertainty in the luminosity and detector, is
(23)  taken into account. Previous limits frorye collisions with

We have divided the range of cédnto six equal pieces for

laser backscattering have been produced foMih&'y cou-
plings with O(10™2) precision, using unpolarized beams

the binning procedure and have considered at least 10 everjtg0] and polarization asymmetry zef@1]. The same order

in each bin. Using the above formula the limits on the

of constraints have also been obtained inhecollision for

and\ are given in Tables |-Ill for the deviation of the cross the unpolarized case in R¢R0].
section from the standard model value at 95% confidence A reduction in luminosity is expected in thge collision

level without systematic error. Both limits akx and\ can

when compared to the basic e~ collision due to the scat-

reach the order 0D(10 ). From these tables we see that tering of laser photons. However, there are some possibilities
the longitudinalW production is more sensitive to the limits for increasing luminosity using electron beams with low
on A but the transvers&V production is more sensitive to emittanceg22].

Ak. Comparison shows that the polarization improves the As the complementary collider, thge mode with the

limits on Ak by a factors 1.3 and ok by factors 2.8-10.
The ye collider mode of LC probea « and\ with better

luminosity comparable to that in the"e™ collision probes
the WWy couplings independently of th&/W Zeffects. With

sensitivity than the present colliders, Fermilab Tevatron andeasonable systematic error one expects to see the effects of
LEP2 experiments, and than the future collider LHC whichthe standard model radiative corrections. For more precise

can probeWWy and WWZ couplings separately withVy

results, further analysis needs to be supplemented by observ-

and WZ production. It is anticipated that the future linear ables such as the distributions of A&decay products with

e*e™ colliders provide the sensitivity ab(10™4), depend-

a more detailed knowledge of the experimental perfor-

ing on the energy and luminosity with mixed couplings of mances.
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