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It is shown that the di�erence in the momentum distributions of pos-
itively ( � + , e+ ) and negatively (� � , e� ) charged leptons in the reactions
of type 

 ! � + � � + N� , 

 ! W � � � + N� at

p
s > 200 GeV with

polarized photons demonstrates a considerablecharge asymmetryof muon
distributions, sensitive to New Physics e�ects. Contribut ion of processes
with intermediate � -lepton in 

 ! W � � � + N� is taken into account.

PACS numbers: 12.15.Ji, 12.60.�i, 14.70.�e

The Standard Model (SM) cross section of

 ! W + W � at energies
larger than 200GeV is about 80 pb. Thanks to the planned high luminosity
of the Photon Collider (PC) at the International Linear Coll ider ILC [1,2],
it will ensure very high event rate.

It was shown in Ref. [3] that the charge asymmetry in the distributions of
charged leptons in

 ! � + � � � � �� � (

 ! W � � � � � ) processes with polar-
ized photons is a very strong e�ect, and that it is sensitive to some possible
e�ects of New Physics. The �nal state �� (W + � + missing p ? ) mainly
appears via the process

 ! � + � � � � �� � (

 ! W �� ). In addition, cascade
processessuch as

 ! � + � � � � �� � (

 ! W � � ), � ! �� � � � , contribute at
the level 37% (17%) relative to the leading contribution. In this paper we
improve the results of Ref. [3] with the account of the e�ectsof the cascade
process.

� Presented by K.A. Kanishev at the PLC2005 Workshop, 5�8 Sept ember 2005,
Kazimierz, Poland.
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1. DRD approximation

Among the 5 types of tree-level diagrams contributing to theprocess


 ! � + � � � �� , double-resonant diagrams (DRD) provide the largest con-
tribution. In these diagrams, leptons are produced from an intermediate
W + W � -pair. Numerical estimates suggest that non-DRD diagrams may
contribute to the cross-section at the level of about 5%. However, they in-
terfere destructively, and �nally DRD diagrams are responsible for about
98% of the total 

 ! W �� cross-section. Based on these results, we can
describe cascade processes within the DRD approximation,i.e. considering
only DRD diagrams. We also checked that the DRD approximation describes
well the properties of the charge asymmetry.

2. Numerical results

Numerical results have been obtained with the CompHEP/CalcHEP
packages [4, 5] in a version which allows one to take into account the cir-
cular polarization of the initial photons and choose di�erent random seed
numbers for the Monte Carlo (MC) phase space integration andevent gen-
eration [5]. To reduce the background we applied simultaneous cuts on the
muon's scattering angles,� � � 0 > � > � 0, with � 0 = 10 mrad, and a cut on
muons transverse momentumpc

? > 10 GeV, both on each muon orW , and
on the couple of muons.

We consider normalized mean values of longitudinalp�
k and transverse

p�
? momenta of � � or � + , in the forward hemisphere (pk > 0, subscript + ),

and take their relative di�erence as a measure of the longitudinal � L and
transverse� T charge asymmetry:

P �
L ;T+ =

R
p�

k;? d�

E 
 max
R

d�
; � L;T =

P �
L ;T+ � P+

L;T+

P �
L ;T+ + P+

L;T+

: (1)

The integral characteristics in Eq. (1) have statistical uncertainties, � L;T ,
(similar to those in the future experiment) due to the MC nature of the
events generation. We evaluate them at a given expected number of gener-
ated events (about106) by repeating the calculation 5 times with di�erent
seed number inputs for MC (with CalcHEP [5]). We also consider, as an
independent set of observations, events obtained by simultaneous change
� 1; � 2 ! � � 1; � � 2, � � $ � + (this change should not change distributions
due to CP conservation in SM). Table I presents obtained average momenta
for the positive and negative muons and corresponding asymmetry quanti-
ties together with their relative statistical uncertainti es. Everywhere under
the value of each considered quantity we present its relative statistical un-
certainty.
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TABLE I
Charge asymmetry quantities and statistical uncertainties for 
 � 1 
 � 2 ! W ��
process,N = T or L.


 � 1 
 � 2 N
P �

N
�P �

N

P+
N

�P +
N

� N
�� N


 � 
 �

L

T

0.599
0.35%
0.338
0.96%

0.170
0.37%
0.150
0.42%

0.557
0.37%
0.386
0.99%


 + 
 �

L

T

0.209
0.82%
0.159
0.72%

0.556
0.34%
0.249
0.82%

-0.454
0.52%
-0.220
2.52%

We have checked that the quantities� L;T change their sign with the
change of sign of both photon helicities (within the statistical uncertainty)
as it should be in SM.

3. Cascade process contribution

In the framework of DRD approximation, the polarization of t he � in
the rest frame of W is determined by the SM vertex factor, � + W �

� 
 �

(1 � 
 5)� � + h :c. Due to the 
 � (1 � 
 5) factor, the � helicity coincides
with that of the � � , it is positive for � + and negative for � � (with accuracy
to m� =MW ) and independent ofW polarization. The spin vector of the � is
expressed easily via momenta of� and � � , p and p� , respectively, as� s=2,
(+ for � + , � for � � ), where

s =
(p� m� =(pp� ) � p=m� )

p
2

: (2)

Denoting the momentum of the � by k, the distribution of muons in
� -decay with momentum p and spin � s can be written neglecting muon
mass as

f = 4
�
(3m2

� � 4pk)pk + ks m� (4pk � m2
� )

�
d�=

�
�E � m4

�

�
; (3)

where d� is a phase space element boosted to the lab frame. In the� rest
frame d� = � (m� =2 � k) d3k=E� . The distribution of �nal muons from
the � cascade is obtained by convolution of the distribution of� -leptons,
calculated precisely in tree approximation by CompHEP/CalcHEP, with
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the boosted distribution in Eq. (3). The e�ective mass of the neutrino pair
m�� in the decay � ! �� � � � , varies from 0 to almost m� . Hence, in the
collision frame E � � E � (1 � m2

�� =m2
� ). Therefore, the distribution of the

muons in the cascade process is similar in the main features to that of the
incident � , but it is strongly contracted to the origin of coordinates.

Fig. 1 shows the total observable distributions of muons � th e sum of
distributions of the muons in 

 ! W �� and 

 ! W � � ! W ���� . The
distributions of the muons in 

 ! W �� presented in Ref. [3] di�er from
these complete distributions practically only at small momenta.
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Fig. 1. Total muon distribution in 
 � 
 � ! W � + � 0s (upper plots) and 
 + 
 � !
W � + � 0s (lower plots), left � � � , right � � + .

TABLE II
Resulting asymmetry quantities.


 � 1 
 � 2 N P �
N P+

N � N


 � 
 � L 0.548 0.164 0.539
T 0.311 0.142 0.374


 + 
 � L 0.199 0.513 � 0.440
T 0.152 0.232 � 0.207

Table II presents the corresponding total asymmetry quantities. The
comparison with Table I shows that the asymmetry parameters� L;T de-
crease due to the cascade process in average by about 3% only.

Since 

 ! W � � ! W ���� distributions are concentrated at small
(pk, p? ), the applied cuts reduce their contribution much strongerthan the
main contribution. They also reduce the inaccuracy in the �nal asymmetry
introduced by DRD approximation.
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4. Dependence on pc
? � cut

� New Physics e�ects are expected to be switched on at the rela-
tively large transverse momenta. That is why we study the dependence of
the charge asymmetries on the cutpc

? � . Fig. 2 shows the dependence of
the asymmetries � ? and � k on pc

? � . The longitudinal charge asymmetry
remains large even with large cuts while the transverse charge asymme-
try diminishes increasing the pc

? � . In particular, for � + � � polarization at
pc

? � � 120 GeV quantities P+
T and P �

T coincide giving practically negligible
� T � see Fig. 2, with naturally high statistical uncertainty in this quantity
� see Table III below.
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Fig. 2. The pc
? � dependence of asymmetry. Top plot � � L , bottom plot � � T .

The total cross section decreases at larger values ofpc
? � , but the relative

value of the contribution of the cascade process decreases much faster than
that of the total cross section (Fig. 3). This is caused by theabove mentioned
contraction of the available phase space for the muons obtained from the �
decay.
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TABLE III

Inaccuracy of DRD approximation for � L ;T at di�erent pc
? � for � -channel.


 � 1 
 � 2 N P �
N + P+

N + � N


 � 
 � N=L 0.519 0.287 0.289
N=T r 0.385 0.236 0.240


 + 
 � N=L 0.325 0.569 � 0:271
N=T 0.222 0.310 -0.201


 � 
 + N=L 0.295 0.545 � 0:250
N=T 0.216 0.308 � 0:175
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Fig. 3. The pc
? � dependence of cross section,� trunc

tot . Full line, right scale � fraction
of � trunc

tot =� tot , dotted line, left scale � fraction of cascade process in � trunc
tot .

� To estimate the inaccuracy implemented by the DRD approxima-
tion we generate �rst events by applying a cut on the transverse momen-
tum of � p ? � � pc

? � . The quantity of interest is given by � approx (pc
? � ) =

�� � (pc
? � ) � � DRD (pc

? � ). Here �� � is the fraction of the total cross section
given by the cascade process, and� DRD is the inaccuracy of the DRD ap-
proximation for the asymmetry parameters � L;T in Eq.(1).

We determine this inaccuracy by comparing the exact calculation for the
process

 ! W � � with that obtained in the DRD approximation. These
inaccuracies for di�erent values ofpc

? � are presented in Table III.
Finally, the inaccuracy of approximation � approx (pc

? � ) decreases when
increasing pc

? � . Indeed, the 1-st factor in our estimate for� approx (pc
? � ) de-

creases very quickly while the 2-nd factor increases only weakly.
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5. Summary

The e�ects studied here are identical for electrons and muons. Thus, in
the complete analysis contributions of alle+ e� , e+ � � , � + e� distributions
must be taken into account. This will enhance the value of thecross section
for 

 ! � + � � � �� from 1.2 to 4.8 pb and for 

 ! W + � � �� , etc. to 30 pb.

� The statistical uncertainty is at the level of the radiative corrections,
so the tree-level approximation is su�cient for the description of the future
experiments.

� Real photon bunches at the Photon Collider will not be monochromatic
[2]. However, as shown in Ref. [3], this non-monochromaticity decreases only
slightly the value of the asymmetries considered here.
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It was also initially supported by a grant of the Landau Network Centro
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