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Anomalous chromomagnetic dipole moment of the top quark in the standard model and beyond
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The anomalous chromomagnetic moment of the top quark arises from one loop corrections to tht_atgertex
We give explicit formulas for this anomalous coupling in the framework of the standard model, the two Higgs
doublet model and the minimal supersymmetric standard model. We compare the results for the anomalous
coupling with the bound-0.03< A «<0.01 emerging from the analysis of the»sy process with an on-shell
bremsstrahlung gluon. This enables us to study the allowed region of parameters of the models under consid-
eration.
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The tOp qu_ark is the heaviest fermion in the Sta.-ndard We mention that on the one hand ag Coup”ng correc-
model (SM) with a mass of 1745.2 GeV. Soon detailed tjon to the total top quark production cross section at Fermi-
experimental studies of the top quark properties will bejay was calculated by Stange and WillenbrdeR. In the
available. This will give us the envisaged high precision oftramework of the SM, they found that the correction is less
data opening a rich field of new top quark phenomenologyy,apy 2 496 which is much less than the uncertainty in the
In th_e framework of the SM, the couplings of the top qua?rkcross section. Also, they found that in the general two Higgs
are fixed t_)y the_gauge symmetry, the structure of ge.neranon&oublet model2HDM), corrections can be significantly en-
and the dimension of the interaction Lagrangian. This makeﬁanced and can be a{s large as 20%. On the other hand, for
the top quark an ideal candidate_to search for new physic e min,imal supersymmetric standard modkSSM) the '
be)o/lond the iM' Anom.alrc])tusfgoutptl;]ng? betweel? thedtoptguar orrections of the Higgs sector never exceed 20%. Finally, in
and gauge bosons might affect the top quark production nnection with the cross section of the top quark produc-

high energies and also its decay rate. Precisely measurg ; : :
- . : oo . 1on, the genuine supersymmetric electroweak corrections to
guantities with virtual top quark contributiond—3] will g persy

yield further information regarding these couplings. thet_tg vertex were calculated ifi7,8]. The result of this

Modifications of the SM couplings can be traced back toCalculation is that for tag>1 and the bottom-squark mass
the dimension of the operators in the effective Lagrangiaﬂess than 150 GeV the correction can exceed 20%. Reference

description valid above the electroweak symmetry breakinég] evaluated the supersymmetric QCD corrections to single

scale. They would be, in principle, of the same order as th&P quark production and found that th_e combined effects of
other dimension 5 and 6 couplings below the electrowealfUPErsymmetrySUSY) and the SM might reach 10% for

scale. By means of the dimension 5 coupling to an on-shefmall tans.

gluon, the anomalous chromomagnetic dipole moment of the |t has been pointed out tha@t« would be more easily
top quark is defined as probed at the CERN Large Hadron CollidéHC) than the

o Tevatron. Roughly speaking, the sensitivity of the LHC can
Ls=i(Ax/2)(g¢/2myu(t)o,,q"Tu(t)G*? (1) be a factor of 3 better getting close to valueshof as small

) as 0.03[3,6]. Non-QCD radiative corrections on tte pro-
wheregs and T* are theSU(3). coupling and generators, ction at the LHC amounts to 2.5%, including the SM with
respectively, and the pare}me_tArK is identified with the 5 Higgs boson mass 100 GeV. For the general 2HDM the
anomalous chromomagnetic dipole moment of the top quark,,ntribytion of radiative corrections is less than 4%, for
. The effects due td «+0 were examined in flavor phys- gygy electroweak one-loop corrections less than 10% and if
ics as well as high top quark cross section measurements, ., Sysy QCD one-loop corrections are considered, about
[1-5]. In the latter case, the parton level differential cross,q,, [10].
sections ofgg—tt and qg—tt (the dominant channel at  Since the anomalous chromomagnetic dipole moment of
Fermilab Tevatron energipsvere calculated3,4,6. The  the top quark appears in the top quark cross section, it is
combined effects of the chromomagnetic and the chromopossible, due to uncertainties, to estimate the constraints that
electric dipole moment of the top quark on the reactign it would impose on theAx. For the LHC, the anomalous
—ttX were investigated in Ref{2]. Moreover, previous Ccoupling is constrained to lie in the range0.09<A«<0.1
analysis has revealed that the differential cross section is3]- A similar range is obtained for the future Next Linear
sensitive to the sign of the anomalous chromomagnetic dicollider (NLC). The influence of an anomalousx on the
pole moment on account of the interference with the SMcross section and associated gluon jet energytfgr has
coupling. This can lead to a significant suppression or enbeen also analyzed. Events produced at 500 Ge¥'i@™
hancement in the production rdig]. colliders, with a cut on the gluon energy of 500 GeV and

integrated luminosity of 30 fb*, lead to a bound of-2.1

<Ak=0.6. Finally in this context, Rizzf8] showed that the
*Email address: romart@ciencias.unal.edu.co top quarkp; and My, distributions are the most sensitive
'Email address: alexro@ciencias.unal.edu.co observables to non-zero values®dk.
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TABLE I. Couplings of the Higgs eigenstates with the top quark
0.015 1 which are relevant in the calculation of the anomalous chromomag-
netic dipole moment of the top quark in 2HDM in its different
0.01 ] versions. We omit the factay/2my, and in the model type Il we
x use the Sher-Cheng approach for the flavor changing couplings,
0.005 ] hence the parameterg;~1 for the numerical analysid7].
0 Nitt Model type I  Model type I Model type 11l
Ao  MgsSina/sinB  mgcosalcosB  (1+ n{{/\/i)mt sina

g 56 100 Imio 200 250 300 Apoy  MycosalsinB  mysinalcosB  (1+ p4/\2)m, cosa

U
FIG. 1. Standard model contribution to the anomalous chromo- Mt cotsm tangm 7imd V2
magnetic dipole moment of the top quark versus the Higgs boson Mot m m m;
mass.

a factor —1/6 coming from the color structure in the dia-
gram, i.e., TATPT2= —TP/6 with T2 being the generators of
SU(3)c.

From the experimental information it is possible to get a
limit on the Ak from the Tevatron. Following the reference
by del Aguila[11] and assuming that the only non-zero cou- ) Lo
pling is precisely the chromomagnetic dipole moment of the MThe othefr pOSS|Ib|e contrli(t)gtlon |n.the f_rrahmewlork of the
top quark, we find from the collected data that the allowed> ¢Omes from electroweak interactions. The relevant con-
region is| A «|<0.45. tributions occur when neutral Higgs boson and the would-be

We call to the reader’s attention that although the verte>{)SOIOIStone boson cf are involved in the loop. This contri-

ttg is involved in the top quark pair production, the anoma- ution reads )
lous factor would be measured at transferred momentum dif- Ax=—(2GemZ87)[Hy(my) +Ha(mp)],  (3)
ferent from zero which, of course, means an off-shell gluon

. where
Anomalous couplings of the top quark to on-shell gluons
would modify the rate foB— X.y [12,13. The presence of Y B ld x—x3
the magne_,-tic dipol_e moment Wo_u!d affect the Wilson _coeffi- u(m)= o sz—(z—mzlmf)x+ 1’
cients which mediatdb—s transitions by the coefficients
C, g of the one-loop matching conditions for the magnetic e —x+2x%>—x3
and chromomagnetic dipole operat@s g. Comparing the Ha(m)= | dx 2_ (9 m2/m?2 :

; . T 0 X —(2—mm)x+1
calculated branching fraction which involves the anomalous
coupling to the CLEO measurements it is possible to get affhis expression agrees with a similar one presented in Ref.
allowed region for this anomalous couplin@2,13. Using [15]. The SM contribution is showed in Fig. 1 where we
the recent data from the CLEO Collaboration for the branchhave added the QCD contributi@8). It is worth noting that
ing fraction of the procesB(b—sy)=(3.21+0.43+0.27) the behavior of the curve for a large Higgs boson mass indi-
X 10" [14], we update the previous analysis done in Ref.cates decoupling and that the valuesAot lie within the
[13] and get a new allowed region for the anomalous chroallowed region forA k coming fromb—svy.

momagnetic dipole moment of the top quark to b®.03 The contributions within a general 2HDM will be differ-
<Ak=<0.01. ent from the SM contributions because of the presence of the
Our objective in this paper is to evaluate the contribution
at the one-loop level to the anomalous chromomagnetic di- 8.6
pole moment of the top quark in different scenarios with the
gluon boson on shell. We study the region of allowed param- 0.5
eter space in different frameworks. We derive our bounds on
Ak from the analysis performed for the— sy procesq13]. 0-4
Beginning with the SM, the typical QCD correction T o3
through the gluon exchange implies two different Feynman H
diagrams: the first one is equivalent to the QED contribution 0.2
where the external gluon is coupled to the fermion line in the
loop and in the second one the external gluon is coupled to 0.1
internal gluons due to the non-Abelian character of the
SU(3) color group. After the explicit calculation of the 7
loops, we find that the second diagram does not contribute 0 200 400 600 800
and the final result is My (Gevd
FIG. 2. Contour plot for the contribution of 2HDM to the
Ax=— % agmy)/ . 2 anomalous chromomagnetic dipole moment of the top quark in the
plane tampB—my for m,=200 GeV (solid line and my
We note that its natural size is of the order@f/ 7 similar to =400 GeV(dashed lingusing the bound from thk— sy process.

the QED anomalous coupling, but now in combination withThe allowed region is above the curve.
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FIG. 3. Contour plot for the plane tgh—m, with the common FIG. 4. Contour plot for the supersymmetric QCD contribution
scalar massm,=my=90(200) GeV for the solid lingdashed to the anomalous chromomagnetic dipole moment of the top quark
line). The allowed region is above the curve. using the bound from thé— sy process. The allowed region is

above the curve.

virtual five physical Higgs bosons which appear in any Wohe top quark, we evaluate explicitly the contribution for type
Higgs doublet model after spontaneous symmetry breakingj couplings. We show in Fig. 2 the allowed regi¢above
HY A° h° H* [16]. Therefore, 2HDM predictions de- the curve for the plane tam vs my using Eq.(4) and as-
pend on their masses and on the two mixing anglesids.  sume thatAx is —0.03<Ax=0.01 from b—sy [13]
For small 8, the charged Higgs boson contribution is sup-We fix the following parameters: my=m;,, mu
pressed due to its large maB,3] and the small bottom =200(400) GeV solid linédashed ling The solid line for

quark mass. the scalar Higgs boson mass smalleiggen than 240 GeV
The expression for the contribution of the neutral Higgscorresponds to the cut between E4). and the uppetlower)
bosons is given by limit from b—sy. In Fig. 3, as in Fig. 2, we display the
Ax=(2Ge/87) N2 0, Hi(MZ)+2 2 H (M2 allowed region for the plane tgh vs my with my=m,
(V2GE/BT) Mo Ha(Mis) F Ny Ha(Mi) =90(200) GeV for the soliddashed line. In this case we
+)\i0nH2(M,ZA)H\(Z;%HZ(M%)] (4)  only find cuts with the upper limit foA « from b—sy.

, , Our last step is to calculate the anomalous chromomag-
where\;,; are the Yukawa couplings in the so-called modelsyetic dipole moment of the top quark in the framework of the
of type I, Il an_d [II[16]. Table | shows the couplings in the \issM. We only consider the SUSY QCD contribution
usual convention. _ _ _which is generated from the exchange of gluinos and

The Yukawa couplings of a given fermion to the Higgs squarks. The mixing in the squark sector in this model is
scalars are proportional to the mass of the fermion and theyaticularly relevant in the case of the squark top because the
are therefore naturally enhanced in this case. In the mod%p quark mass is involved. In this case it is possible to
type Il flavor changing neutral couplings appear at tre€yeglect the family mixing and consider only the mixing be-

level which can be parametrized in the Sher-Chengyeen the superpartners for the left- and right-handed top
approach where a natural value for the flavor changmgquark_ The mass eigenstates are given by
couplings from different families should be of the order of

the geometric average of their Yukawa couplings; 1= Z Ran0lb (5)
=gn;jvmim;/(2my,) with 7;; of the order of ong17]. b=ij

In order to show the behavior of the contribution of thewith R, the rotation matrix which diagonalizes the stop
2HDM to the anomalous chromomagnetic dipole moment oimass matrix

|
Mq+m3 cos 28(3 — § sir? 6,,) +m? (n cotB+AM)m,
M7= N _ (6)
t ( cotB+AM)m, My +m3 cos 28(% sir? 6,,) + m?

where M are the soft SUSY breaking termg, is the ~ ~y o~ = =

QU 172 2 2 2.2
coefficient of the bilinear Higgs term and, is the trilinear me, =2 [my +mg =+ \/(Amt) T4(u cotp+AM) M ]
soft SUSY breaking parameter. In this case, the mixing angle ®
and the mass eigenstates are ~ ~p o~y ~5 ) o
B B whereAmy=m; —m;_andm; ® &re the diagonal entries in
tan 26,=2(u cot+AM)m/Am; (7)  the matrix(6). ‘
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In this framework the SUSY QCD contribution arises
from the exchange OTfl,z and gluinos. The contribution for

the virtualt, turns out to be

4o A B . e
Ax= 3—7:[0052 etH3(mg,mt)_Sm2 atH4(mg my)

+ My Sin 6, cosfHs(My,my) ]

3(1 Py ~ 3 ~
7_rs[cos? OH (M, mg) + sir? 6;H 4(m,,my)

3

— Mg sin 6, cosfHs(m; ,My)] 9)
with the functions
1 x%—3x%/2
Halms.mz) = fo dxxz—(l—mi+m§)+m§
Ha(mg,my)= fldx 5 x32/2 5 5 (10
0 X°—(1—-mi+tm3)+m;

x2—x

1
Hg(m;,m )=j dx
ST o T - (1—m2+ m2) + m2

where ﬁ1=m/mt. For the squarki, the expression is ob-
tained by changing sif to cos6, and vice versa.
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In conclusion, the anomalous chromomagnetic dipole mo-
ment of the top quark receives the less stringent bound
Ak|<0.45 from the Tevatron experiments under the as-
sumption that it is the only non-zero anomalous coupling. On
the other hand, we found a more stringent bound from the
transition b—svy, recently measured with improved preci-
sion by CLEO Collaboratiohn14], and the bound is-0.03
=<Ak=0.01. We have also calculated the chromomagnetic
dipole moment of the top quark in the framework of the SM,
2HDM and SUSY-QCD. We found that in the SM the
anomalous coupling is up to the order 6fl0" 2 and it is
tending to —4x 102 in the decoupling limit for a large
Higgs boson mass. Furthermore, the anomalous coupling is
equal to—7x 10 4 around a Higgs boson mass of 113 GeV
which is the lower experimental limit from CERN"e"~
collider LEP2[18]. If we keep in mind the sensitivity of
future and current experiments tox (~0.03) [3] and its
present status, it is clear that an experimental measurement
of this anomalous coupling could be a harbinger of physics
beyond the SM.

In the 2HDM the anomalous coupling of the top quark
can reach~10"! values, which is also possible for the su-
persymmetric QCD corrections. We have compared the val-
ues of Ax obtained in different scenarios with the bound
from the chromomagnetic dipole moment of the top quark
resulting fromb— sy process. We have done this because
our considerations apply for on-shell gluons. Therefore, we

Similar to Figs. 2 and 3, the plot in Fig. 4 refers to the have presented a parameter analysis for different frameworks

allowed region of the parameter space obtained from corwhich allows an anomalous coupling of the same order that
straints onA« from b—svy. Here the plane is of the stop the bound obtained from the—sy. The allowed regions for
mass vs the gluino mass with the SUSY parameters fixed tparameters of the 2HDM type Il are completely consistent

6,=0.98 andﬁqtl:atz_ The mixing angle is chosen such that with the unexplored experimental regions for a1 com-

the coupling of the squark top with th&° boson vanishes

and therefore we use the lower limits for the squark mas

obtained from the LEP searchif@8]. The allowed region is

ing from an analysis using data from LERS]. Also, the
llowed region for the plane ta®— gluino mass agree with
e experimental bounds.

above the curve and the solid line corresponds to the cut of We thank M. Nowakowski for a careful reading of the

the upper limit of the bound ok x coming fromb— sy and
Ak from Eq. (9).
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