
Vol. 32 (2001) ACTA PHYSICA POLONICA B No 11
ANOMALOUS Wtb VERTEX IN TOP QUARKPRODUCTION IN e+e� COLLIDERS� ��K. Cie¢kiewi
z and K. KoªodziejInstitute of Physi
s, University of SilesiaUniwersyte
ka 4, 40-007 Katowi
e, Poland(Re
eived O
tober 22, 2001)The potential of high energy e+e� 
ollisions to dete
t an anomalousWtb 
oupling is dis
ussed. The anomalous Wtb 
oupling is implementedin the 
al
ulation of 
ross se
tions of four fermion rea
tions 
ontaining asingle on-mass-shell top quark and numeri
al results for e+e� ! t�b�����are presented.PACS numbers: 12.15.�y, 14.65.Ha1. Introdu
tionThe Standard Model (SM) of strong and ele
troweak intera
tions hasbeen phenomenologi
ally very su

essful. However, it does not seem to bean ultimate fundamental theory, be
ause of, e.g., too many arbitrary param-eters, or missing explanation for the observed number of families. Therefore,it is 
ommonly believed that the SM will have to be extended if experimentsin future e+e� 
olliders bring eviden
e for new physi
al phenomena beyondits s
ope.As the most massive parti
le ever observed, top quark is believed to bemore sensitive to the e�e
ts of new physi
s than other parti
les. Therefore,in the past de
ade growing interest 
on
erning many aspe
ts of the top quarkphysi
s 
ould be observed. New intera
tions with a s
ale � larger than theFermi s
ale G�1=2F will manifest themselves at energies below � through small� Presented by K. Cie¢kiewi
z at the XXV International S
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s�Parti
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3798 K. Cie¢kiewi
z, K. Koªodziejdeviations from the SM. Any dis
repan
ies between theoreti
al predi
tionsbased on the SM and experimental measurements 
an be a possible signalof the new physi
al phenomena beyond the SM.Investigations of the top quark properties at a TeV energy s
ale 
anprovide us with important indi
ations towards better understanding of thea
tual me
hanism of ele
troweak symmetry breaking in nature. The prop-erties of the top quark are determined by its 
ouplings to the gauge boson�elds and to the Higgs se
tor. Therefore, the top quark 
ouplings should bemeasured as pre
isely as possible and 
ompared with the SM predi
tions.In the following, we will dis
uss e�e
ts related to existen
e of an anomalousWtb intera
tion. To this end, we 
onsider pro
esses:e+e� ! t�bf �f 0 ; (1)where f = e�; ��; ��; d; s and f 0 = �e; ��; �� ; u; 
, respe
tively, taking intoa

ount the 
omplete set of the Feynman graphs whi
h 
ontribute to thespe
i�
 �nal state at the tree level in the framework of the SM extended bya linear e�e
tive Lagrangian 
ontaining the anomalous Wtb vertex.In Se
tion 2, we dis
uss the e�e
tive Lagrangian whi
h leads to theanomalous Wtb vertex used in the 
al
ulations. Then, in Se
tion 3, wepresent results for total 
ross se
tions of (1) and dis
uss the sensitivity offuture linear 
olliders to `magneti
' form fa
tors whi
h are used to param-eterize the anomalous Wtb 
oupling. We �nish with presenting 
on
lusionsand outlook in Se
tion 4.2. The e�e
tive Wtb LagrangianLow energy e�e
ts of new physi
al phenomena whi
h may arise at theenergy s
ale �, where � is typi
ally of the order of a few TeV, are usuallydes
ribed in terms of e�e
tive Lagrangians with heavy �elds integrated out.At low energies of the order mW , the e�e
tive Lagrangian 
an be expandedin terms of (1=�) as:Le� = L0 + 1�L1 + 1�2L2 + : : : ; (2)where L0 is the SM Lagrangian and L1, L2; : : : are terms of dimension 5,6, and higher. Eq. (2) is quite general and does not depend on spe
i�
properties of new intera
tions at the s
ale �. If the SU(3)
�SU(2)L�U(1)Yinvarian
e is imposed it is not possible to 
onstru
t the term L1 of dimension5 in Eq (2) 
onsisting of fermion and/or gauge boson �elds [1℄. An interestedreader is referred to [2℄ for a 
omplete list of the SU(3)
 � SU(2)L � U(1)Y
onserving dimension six terms L2 of Eq. (2).
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tion : : : 3799Departures of the Wtb intera
tion from the SM Wtb 
oupling, 
aused bythe new fundamental intera
tions at the s
ale �, are often des
ribed in termsof the low energy e�e
tive Lagrangian 
ontaining terms of dimension 6 [3,4℄L = gp2 � W�� �b
� (f1LPL + f1RPR) t� 1mW ��W�� �b��� (f2LPL + f2RPR) t�+ h:
: (3)In Eq. (3), PL;R are 
hirality proje
tors given byPL = 12(1� 
5) ; PR = 12(1 + 
5) ; ��� = i2(
�
� � 
�
�) ;the anomalous 
ouplings f1L; f1R; f2L and f2R are assumed to be real, andW�� should be regarded as an e�e
tive ve
tor �eld. The SM Wtb 
ouplingis reprodu
ed if we assume f1R = f2L = f2R = 0 and identify f1L with thereal Cabibbo�Kobayashi�Maskawa (CKM) matrix element Vtb. A

ording tothe present experimental data, Vtb is very 
lose to 1 [5℄ and f1R is strongly
onstrained by the CLEO b! s
 data whi
h give f1R � 0 [6℄. The 
ouplingsf2L and f2R are at present only weakly 
onstrained, see e.g. [2℄.Typi
al values of 
ouplings jf2L(R)j are of the order ofpmbmt=v � 0:1 [4℄.Unitarity limit from t�t s
attering at the TeV energy s
ale gives the 
onstraintf2L(R) � 0:65. Expe
ted limits on jf2L(R)j from upgraded Tevatron are oforder 0.2. Therefore, in Se
tion 3, we will analyze e�e
ts of the nonzeroanomalous 
ouplings f2L and f2R on the 
ross se
tions of rea
tion (1) takinginto a

ount those weak 
onstraints.3. Numeri
al resultsIn this se
tion, we illustrate possible e�e
ts 
aused by the anomalousWtbintera
tion of Eq. (3) in rea
tions (1). To this end we present numeri
alresults for the total 
ross se
tions of e+e� ! t�b����� for several di�erentvalues of the anomalous 
ouplings f2L(R).We have implemented the anomalous Wtb vertex resulting from (3) intothe 
al
ulation of total 
ross se
tions of (1), whi
h were obtained and dis-
ussed in the framework of SM in our previous work [7℄. The heli
ity ampli-tude method introdu
ed in [8℄ and [9℄ for 
al
ulating matrix elements andthe multi
hannel Monte Carlo for the spa
e integration have been used. Thespe
i�
 values of physi
al parameters used in the 
al
ulation are the sameas in [7℄ ex
ept for the top quark width whi
h is now repla
ed with the twobody top quark de
ay width �t (t!W�b) 
al
ulated to the lowest orderwith the e�e
tive Lagrangian (3).
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z, K. KoªodziejResults for total 
ross se
tions of e+e� ! t�b����� at a few 
entre of massenergies typi
al for linear 
olliders and di�erent values of the anomalous
ouplings f2L and f2R are shown in Table I. The large numeri
al 
hangein the tree level matrix elements 
aused by the anomalous Wtb 
oupling ofEq. (3) is almost 
ompletely 
ompensated by the 
orresponding 
hange inthe top quark width. The latter is introdu
ed through the substitutionMt = mt � i�t2 (4)in the top quark propagator. Substitution (4) is used in order to avoid theon-mass-shell pole in the propagator of the unstable top quark in the lowestorder. This 
orresponds to resumation of some higher order 
orre
tions.Although, for fermions, substitution (4) is not theoreti
ally justi�ed in theframework of quantum �eld theory, at present it is the only known wayto treat produ
tion and de
ay of an unstable fermion. The 
hange in �tdire
tly a�e
ts the 
ross se
tion, be
ause the total 
ross se
tion of rea
tion(1) is almost exa
tly proportional to � 1=�t in the energy range from thet�t-pair produ
tion threshold up to 2 TeV, as it has been shown in [7℄.TABLE ICross se
tions � in fb of e+e� ! t�b�����f2L f2R 340 GeV 360 GeV 500 GeV 800 GeV 2000 GeV0.2 �0:2 0.646(1) 40.90(4) 58.92(8) 28.62(3) 5.541(6)0.2 0.2 1.032(1) 39.58(4) 58.67(9) 28.71(4) 5.601(6)0.0 0.2 0.806(1) 40.31(4) 58.76(8) 28.62(3) 5.544(6)0.2 0.0 1.011(1) 39.66(4) 58.66(9) 28.68(4) 5.561(7)0.0 0.0 0.783(1) 40.39(4) 58.78(8) 28.59(3) 5.505(6)�0:2 0.0 0.620(1) 41.00(5) 58.93(9) 28.59(3) 5.501(6)0.0 �0:2 0.823(1) 40.28(4) 58.78(8) 28.63(3) 5.547(6)�0:2 �0:2 0.658(1) 40.86(4) 58.92(8) 28.62(3) 5.545(6)�0:2 0.2 1.052(1) 39.55(4) 58.68(9) 28.72(4) 5.604(6)E�e
ts of the anomalous 
ouplings shown in Table I are typi
ally of theorder of O(1%) for energies above the t�t threshold. The e�e
ts are relativelybigger below the threshold, however, the 
ross se
tion is mu
h smaller thereand dete
tion of possible anomalous e�e
ts will be 
ertainly obs
ured byba
kground 
ontributions, see e.g. [10, 11℄. We do not present numeri
alresult for other 
hannels, as the relative size of the anomalous e�e
ts ispra
ti
ally independent of the light fermion masses in rea
tions (1).
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tion : : : 38014. Con
lusions and outlookWe have analyzed the top quark produ
tion in e+e� annihilation atlinear 
olliders in the presen
e of the anomalous Wtb intera
tion given interms of the e�e
tive Lagrangian (3). Numeri
al e�e
ts of the 
onsideredvalues of the `magneti
' 
ouplings, jf2L(R)j � 0:2, are not big, typi
ally ofthe order of O(1%). Whether su
h small e�e
ts will be dete
table or notdepends obviously on luminosity of the future 
ollider.The anomalous Wtb 
oupling has been implemented in a program pa
k-age ee4f
 whi
h has been developed for 
al
ulating any pro
esse+e� ! 4f; 4f
 with nonzero fermion masses [12℄.It would be desirable to implement the anomalous Wtb vertex togetherwith other anomalous 
ouplings of the top quark into the more realisti
framework of the top quark pair produ
tion and de
ay into 6 fermions [10℄,whi
h will be done in the near future. A more re�ned analyses of the anoma-lous e�e
ts, whi
h would take into a

ount a possible numeri
al 
onspira
ybetween the e�e
ts 
aused by f2L and f2R, is also planned.REFERENCES[1℄ W. Bu
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