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•  What:	  	  	  	  	  	  	  	  	  	  Top	  quark	  decay	  vertex	  

•  Why:	  	  	  	  	  	  	  	  	  	  	  SM	  BSM	  

•  How:	  	  	  	  	  	  	  	  	  	  	  Observables	  
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2 The tensorial tbW vertex: experiment, SM and beyond

For on-shell particles, the most general amplitude MtbW for the decay t(p)→ b(k)W+(q)
can be written in the following way:

M t bW+ =− e
sinθW

√
2

εµ∗ ūb

�
(Vtb + fL)γµ PL + fR γµ PR +

iσµνqν

mW
(gL PL +gR PR)

�
ut , (1)

with PL,R = (1∓γ5)/2; p, k and q= p−k denote the top, bottom and W boson four momenta,
respectively. The tensorial left and right magnetic moments are gL and gR respectively. The
tree level SM couplings are VR = 0, VL = Vtb (the Cabibbo-Kobayashi-Maskawa, CKM,
matrix element), gR = 0 and gL = 0. This expression for the amplitude, written in terms
of the most general form factors, is appropriate for a model independent analysis of the tbW
amplitude. The anomalous form factors gR and gL are chirality flipping and dimensionless
functions of q2. For all particles on-shell, as can be assumed for the top decay, we have
q2 = M2

W . Besides, these dipole moments are gauge independent quantities and may be
measured with appropriate observables.

These form factors are generated by quantum corrections in the SM. In renormalizable the-
ories, such as some extensions of the SM, VR can appear at tree-level while tensor couplings
gR and gL, are induced as one loop quantum corrections. Values of |VL| different from the
ones given by the global fit [16] in the SM Vtb � 1, that we assume, are not experimentally
excluded [17] and they are still an open window to test new physics. This issue (and also
possible deviations of VR = 0) will not be the object of our work, where we concentrate only
on gR and gL.

In renormalizable theories, the tensorial couplings are finite quantum corrections quantities
that do not receive contributions from renormalization counter-terms at one loop. In addition,
contrary to what happens for the VR form factor, the tensors gL,R couplings are infrared safe
quantities. One loop QCD corrections generate the leading contribution to the tensorial
couplings gR and gL. This one loop QCD gluon exchange contribution to gR was computed
in [15] and they found the value gQCD

R = −6.61×10−3. Direct observables with sensitivity
to gR will be accessible to the LHC experiments as was discussed in [11]. The left tensorial
coupling term couples a right b-quark and thus it is proportional to mb. For this reason, it
is generally believed that the SM value for gL is much smaller than the one for gR. We will
show that this in not exactly the case.

New physics signals can also show up in the analysis of the top decay t → bW+. In particular,
significant deviations from the SM predictions for gR and gL may be found. However, the
SM values are only known for gR up to one loop in QCD while the prediction for gL is not
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with PL,R = (1∓γ5)/2; p, k and q= p−k denote the top, bottom and W boson four momenta,
respectively. The tensorial left and right magnetic moments are gL and gR respectively. The
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measured with appropriate observables.

These form factors are generated by quantum corrections in the SM. In renormalizable the-
ories, such as some extensions of the SM, VR can appear at tree-level while tensor couplings
gR and gL, are induced as one loop quantum corrections. Values of |VL| different from the
ones given by the global fit [16] in the SM Vtb � 1, that we assume, are not experimentally
excluded [17] and they are still an open window to test new physics. This issue (and also
possible deviations of VR = 0) will not be the object of our work, where we concentrate only
on gR and gL.

In renormalizable theories, the tensorial couplings are finite quantum corrections quantities
that do not receive contributions from renormalization counter-terms at one loop. In addition,
contrary to what happens for the VR form factor, the tensors gL,R couplings are infrared safe
quantities. One loop QCD corrections generate the leading contribution to the tensorial
couplings gR and gL. This one loop QCD gluon exchange contribution to gR was computed
in [15] and they found the value gQCD

R = −6.61×10−3. Direct observables with sensitivity
to gR will be accessible to the LHC experiments as was discussed in [11]. The left tensorial
coupling term couples a right b-quark and thus it is proportional to mb. For this reason, it
is generally believed that the SM value for gL is much smaller than the one for gR. We will
show that this in not exactly the case.

New physics signals can also show up in the analysis of the top decay t → bW+. In particular,
significant deviations from the SM predictions for gR and gL may be found. However, the
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is generally believed that the SM value for gL is much smaller than the one for gR. We will
show that this in not exactly the case.
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with PL,R = (1∓γ5)/2; p, k and q= p−k denote the top, bottom and W boson four momenta,
respectively. The tensorial left and right magnetic moments are gL and gR respectively. The
tree level SM couplings are VR = 0, VL = Vtb (the Cabibbo-Kobayashi-Maskawa, CKM,
matrix element), gR = 0 and gL = 0. This expression for the amplitude, written in terms
of the most general form factors, is appropriate for a model independent analysis of the tbW
amplitude. The anomalous form factors gR and gL are chirality flipping and dimensionless
functions of q2. For all particles on-shell, as can be assumed for the top decay, we have
q2 = M2

W . Besides, these dipole moments are gauge independent quantities and may be
measured with appropriate observables.

These form factors are generated by quantum corrections in the SM. In renormalizable the-
ories, such as some extensions of the SM, VR can appear at tree-level while tensor couplings
gR and gL, are induced as one loop quantum corrections. Values of |VL| different from the
ones given by the global fit [16] in the SM Vtb � 1, that we assume, are not experimentally
excluded [17] and they are still an open window to test new physics. This issue (and also
possible deviations of VR = 0) will not be the object of our work, where we concentrate only
on gR and gL.

In renormalizable theories, the tensorial couplings are finite quantum corrections quantities
that do not receive contributions from renormalization counter-terms at one loop. In addition,
contrary to what happens for the VR form factor, the tensors gL,R couplings are infrared safe
quantities. One loop QCD corrections generate the leading contribution to the tensorial
couplings gR and gL. This one loop QCD gluon exchange contribution to gR was computed
in [15] and they found the value gQCD

R = −6.61×10−3. Direct observables with sensitivity
to gR will be accessible to the LHC experiments as was discussed in [11]. The left tensorial
coupling term couples a right b-quark and thus it is proportional to mb. For this reason, it
is generally believed that the SM value for gL is much smaller than the one for gR. We will
show that this in not exactly the case.
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significant deviations from the SM predictions for gR and gL may be found. However, the
SM values are only known for gR up to one loop in QCD while the prediction for gL is not

3

WHAT	  

gR=	  0	  gL=	  0	  fR=	  0	  	   	   	   	   	  fL=	  0	  

gR	  ≠	  0	  gL	  ≠	  0	  fR	  ≠	  0	  	   	   	   	   	  fL	  ≠	  0	  

XL	  IMFP	  Benasque	  2012	  



Top	  quark	  tensor	  couplings	  
Top	  decay:	  
	  
	  
	  
	  
	  

Tree	  level	  SM:	  	  

	   	  	  	  	  
Loop	  induced	  SM:	  

	   	  	  
	  

BSM: 	   	   	   	   	  	  	  	  	  New	  physics	  contribuDon	  to	  be	  disDnguished	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	   	   	   	   	  	  	  	  	  from	  loop	  induced	  SM	  ones 	   	   	  	  

	  
9	  G.A.	  González-‐Sprinberg	  

t
b

W
+

2 The tensorial tbW vertex: experiment, SM and beyond
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with PL,R = (1∓γ5)/2; p, k and q= p−k denote the top, bottom and W boson four momenta,
respectively. The tensorial left and right magnetic moments are gL and gR respectively. The
tree level SM couplings are VR = 0, VL = Vtb (the Cabibbo-Kobayashi-Maskawa, CKM,
matrix element), gR = 0 and gL = 0. This expression for the amplitude, written in terms
of the most general form factors, is appropriate for a model independent analysis of the tbW
amplitude. The anomalous form factors gR and gL are chirality flipping and dimensionless
functions of q2. For all particles on-shell, as can be assumed for the top decay, we have
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These form factors are generated by quantum corrections in the SM. In renormalizable the-
ories, such as some extensions of the SM, VR can appear at tree-level while tensor couplings
gR and gL, are induced as one loop quantum corrections. Values of |VL| different from the
ones given by the global fit [16] in the SM Vtb � 1, that we assume, are not experimentally
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on gR and gL.

In renormalizable theories, the tensorial couplings are finite quantum corrections quantities
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in [15] and they found the value gQCD

R = −6.61×10−3. Direct observables with sensitivity
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coupling term couples a right b-quark and thus it is proportional to mb. For this reason, it
is generally believed that the SM value for gL is much smaller than the one for gR. We will
show that this in not exactly the case.

New physics signals can also show up in the analysis of the top decay t → bW+. In particular,
significant deviations from the SM predictions for gR and gL may be found. However, the
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For on-shell particles, the most general amplitude MtbW for the decay t(p)→ b(k)W+(q)
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with PL,R = (1∓γ5)/2; p, k and q= p−k denote the top, bottom and W boson four momenta,
respectively. The tensorial left and right magnetic moments are gL and gR respectively. The
tree level SM couplings are VR = 0, VL = Vtb (the Cabibbo-Kobayashi-Maskawa, CKM,
matrix element), gR = 0 and gL = 0. This expression for the amplitude, written in terms
of the most general form factors, is appropriate for a model independent analysis of the tbW
amplitude. The anomalous form factors gR and gL are chirality flipping and dimensionless
functions of q2. For all particles on-shell, as can be assumed for the top decay, we have
q2 = M2

W . Besides, these dipole moments are gauge independent quantities and may be
measured with appropriate observables.

These form factors are generated by quantum corrections in the SM. In renormalizable the-
ories, such as some extensions of the SM, VR can appear at tree-level while tensor couplings
gR and gL, are induced as one loop quantum corrections. Values of |VL| different from the
ones given by the global fit [16] in the SM Vtb � 1, that we assume, are not experimentally
excluded [17] and they are still an open window to test new physics. This issue (and also
possible deviations of VR = 0) will not be the object of our work, where we concentrate only
on gR and gL.

In renormalizable theories, the tensorial couplings are finite quantum corrections quantities
that do not receive contributions from renormalization counter-terms at one loop. In addition,
contrary to what happens for the VR form factor, the tensors gL,R couplings are infrared safe
quantities. One loop QCD corrections generate the leading contribution to the tensorial
couplings gR and gL. This one loop QCD gluon exchange contribution to gR was computed
in [15] and they found the value gQCD

R = −6.61×10−3. Direct observables with sensitivity
to gR will be accessible to the LHC experiments as was discussed in [11]. The left tensorial
coupling term couples a right b-quark and thus it is proportional to mb. For this reason, it
is generally believed that the SM value for gL is much smaller than the one for gR. We will
show that this in not exactly the case.

New physics signals can also show up in the analysis of the top decay t → bW+. In particular,
significant deviations from the SM predictions for gR and gL may be found. However, the
SM values are only known for gR up to one loop in QCD while the prediction for gL is not
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For on-shell particles, the most general amplitude MtbW for the decay t(p)→ b(k)W+(q)
can be written in the following way:

M t̄ b̄W− =− e
sinθW
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with PL,R = (1∓γ5)/2; p, k and q= p−k denote the top, bottom and W boson four momenta,
respectively. The tensorial left and right magnetic moments are gL and gR respectively. The
tree level SM couplings are VR = 0, VL = Vtb (the Cabibbo-Kobayashi-Maskawa, CKM,
matrix element), gR = 0 and gL = 0. This expression for the amplitude, written in terms
of the most general form factors, is appropriate for a model independent analysis of the tbW
amplitude. The anomalous form factors gR and gL are chirality flipping and dimensionless
functions of q2. For all particles on-shell, as can be assumed for the top decay, we have
q2 = M2

W . Besides, these dipole moments are gauge independent quantities and may be
measured with appropriate observables.

These form factors are generated by quantum corrections in the SM. In renormalizable the-
ories, such as some extensions of the SM, VR can appear at tree-level while tensor couplings
gR and gL, are induced as one loop quantum corrections. Values of |VL| different from the
ones given by the global fit [16] in the SM Vtb � 1, that we assume, are not experimentally
excluded [17] and they are still an open window to test new physics. This issue (and also
possible deviations of VR = 0) will not be the object of our work, where we concentrate only
on gR and gL.

In renormalizable theories, the tensorial couplings are finite quantum corrections quantities
that do not receive contributions from renormalization counter-terms at one loop. In addition,
contrary to what happens for the VR form factor, the tensors gL,R couplings are infrared safe
quantities. One loop QCD corrections generate the leading contribution to the tensorial
couplings gR and gL. This one loop QCD gluon exchange contribution to gR was computed
in [15] and they found the value gQCD

R = −6.61×10−3. Direct observables with sensitivity
to gR will be accessible to the LHC experiments as was discussed in [11]. The left tensorial
coupling term couples a right b-quark and thus it is proportional to mb. For this reason, it
is generally believed that the SM value for gL is much smaller than the one for gR. We will
show that this in not exactly the case.

New physics signals can also show up in the analysis of the top decay t → bW+. In particular,
significant deviations from the SM predictions for gR and gL may be found. However, the
SM values are only known for gR up to one loop in QCD while the prediction for gL is not
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2 The tensorial tbW vertex: experiment, SM and beyond

For on-shell particles, the most general amplitude MtbW for the decay t(p)→ b(k)W+(q)
can be written in the following way:
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�
(Vtb + fL)γµ PL + fR γµ PR +

iσµνqν

mW
(gL PL +gR PR)

�
ut , (1)

with PL,R = (1∓γ5)/2; p, k and q= p−k denote the top, bottom and W boson four momenta,
respectively. The tensorial left and right magnetic moments are gL and gR respectively. The
tree level SM couplings are VR = 0, VL = Vtb (the Cabibbo-Kobayashi-Maskawa, CKM,
matrix element), gR = 0 and gL = 0. This expression for the amplitude, written in terms
of the most general form factors, is appropriate for a model independent analysis of the tbW
amplitude. The anomalous form factors gR and gL are chirality flipping and dimensionless
functions of q2. For all particles on-shell, as can be assumed for the top decay, we have
q2 = M2

W . Besides, these dipole moments are gauge independent quantities and may be
measured with appropriate observables.

These form factors are generated by quantum corrections in the SM. In renormalizable the-
ories, such as some extensions of the SM, VR can appear at tree-level while tensor couplings
gR and gL, are induced as one loop quantum corrections. Values of |VL| different from the
ones given by the global fit [16] in the SM Vtb � 1, that we assume, are not experimentally
excluded [17] and they are still an open window to test new physics. This issue (and also
possible deviations of VR = 0) will not be the object of our work, where we concentrate only
on gR and gL.

In renormalizable theories, the tensorial couplings are finite quantum corrections quantities
that do not receive contributions from renormalization counter-terms at one loop. In addition,
contrary to what happens for the VR form factor, the tensors gL,R couplings are infrared safe
quantities. One loop QCD corrections generate the leading contribution to the tensorial
couplings gR and gL. This one loop QCD gluon exchange contribution to gR was computed
in [15] and they found the value gQCD

R = −6.61×10−3. Direct observables with sensitivity
to gR will be accessible to the LHC experiments as was discussed in [11]. The left tensorial
coupling term couples a right b-quark and thus it is proportional to mb. For this reason, it
is generally believed that the SM value for gL is much smaller than the one for gR. We will
show that this in not exactly the case.

New physics signals can also show up in the analysis of the top decay t → bW+. In particular,
significant deviations from the SM predictions for gR and gL may be found. However, the
SM values are only known for gR up to one loop in QCD while the prediction for gL is not
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with PL,R = (1∓γ5)/2; p, k and q= p−k denote the top, bottom and W boson four momenta,
respectively. The tensorial left and right magnetic moments are gL and gR respectively. The
tree level SM couplings are VR = 0, VL = Vtb (the Cabibbo-Kobayashi-Maskawa, CKM,
matrix element), gR = 0 and gL = 0. This expression for the amplitude, written in terms
of the most general form factors, is appropriate for a model independent analysis of the tbW
amplitude. The anomalous form factors gR and gL are chirality flipping and dimensionless
functions of q2. For all particles on-shell, as can be assumed for the top decay, we have
q2 = M2

W . Besides, these dipole moments are gauge independent quantities and may be
measured with appropriate observables.

These form factors are generated by quantum corrections in the SM. In renormalizable the-
ories, such as some extensions of the SM, VR can appear at tree-level while tensor couplings
gR and gL, are induced as one loop quantum corrections. Values of |VL| different from the
ones given by the global fit [16] in the SM Vtb � 1, that we assume, are not experimentally
excluded [17] and they are still an open window to test new physics. This issue (and also
possible deviations of VR = 0) will not be the object of our work, where we concentrate only
on gR and gL.

In renormalizable theories, the tensorial couplings are finite quantum corrections quantities
that do not receive contributions from renormalization counter-terms at one loop. In addition,
contrary to what happens for the VR form factor, the tensors gL,R couplings are infrared safe
quantities. One loop QCD corrections generate the leading contribution to the tensorial
couplings gR and gL. This one loop QCD gluon exchange contribution to gR was computed
in [15] and they found the value gQCD

R = −6.61×10−3. Direct observables with sensitivity
to gR will be accessible to the LHC experiments as was discussed in [11]. The left tensorial
coupling term couples a right b-quark and thus it is proportional to mb. For this reason, it
is generally believed that the SM value for gL is much smaller than the one for gR. We will
show that this in not exactly the case.

New physics signals can also show up in the analysis of the top decay t → bW+. In particular,
significant deviations from the SM predictions for gR and gL may be found. However, the
SM values are only known for gR up to one loop in QCD while the prediction for gL is not
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2 The tensorial tbW vertex: experiment, SM and beyond

For on-shell particles, the most general amplitude MtbW for the decay t(p)→ b(k)W+(q)
can be written in the following way:

M t bW+ =− e
sinθW
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�
(Vtb + fL)γµ PL + fR γµ PR +
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with PL,R = (1∓γ5)/2; p, k and q= p−k denote the top, bottom and W boson four momenta,
respectively. The tensorial left and right magnetic moments are gL and gR respectively. The
tree level SM couplings are VR = 0, VL = Vtb (the Cabibbo-Kobayashi-Maskawa, CKM,
matrix element), gR = 0 and gL = 0. This expression for the amplitude, written in terms
of the most general form factors, is appropriate for a model independent analysis of the tbW
amplitude. The anomalous form factors gR and gL are chirality flipping and dimensionless
functions of q2. For all particles on-shell, as can be assumed for the top decay, we have
q2 = M2

W . Besides, these dipole moments are gauge independent quantities and may be
measured with appropriate observables.

These form factors are generated by quantum corrections in the SM. In renormalizable the-
ories, such as some extensions of the SM, VR can appear at tree-level while tensor couplings
gR and gL, are induced as one loop quantum corrections. Values of |VL| different from the
ones given by the global fit [16] in the SM Vtb � 1, that we assume, are not experimentally
excluded [17] and they are still an open window to test new physics. This issue (and also
possible deviations of VR = 0) will not be the object of our work, where we concentrate only
on gR and gL.

In renormalizable theories, the tensorial couplings are finite quantum corrections quantities
that do not receive contributions from renormalization counter-terms at one loop. In addition,
contrary to what happens for the VR form factor, the tensors gL,R couplings are infrared safe
quantities. One loop QCD corrections generate the leading contribution to the tensorial
couplings gR and gL. This one loop QCD gluon exchange contribution to gR was computed
in [15] and they found the value gQCD

R = −6.61×10−3. Direct observables with sensitivity
to gR will be accessible to the LHC experiments as was discussed in [11]. The left tensorial
coupling term couples a right b-quark and thus it is proportional to mb. For this reason, it
is generally believed that the SM value for gL is much smaller than the one for gR. We will
show that this in not exactly the case.

New physics signals can also show up in the analysis of the top decay t → bW+. In particular,
significant deviations from the SM predictions for gR and gL may be found. However, the
SM values are only known for gR up to one loop in QCD while the prediction for gL is not
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2 The tensorial tbW vertex: experiment, SM and beyond

For on-shell particles, the most general amplitude MtbW for the decay t(p)→ b(k)W+(q)
can be written in the following way:
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with PL,R = (1∓γ5)/2; p, k and q= p−k denote the top, bottom and W boson four momenta,
respectively. The tensorial left and right magnetic moments are gL and gR respectively. The
tree level SM couplings are VR = 0, VL = Vtb (the Cabibbo-Kobayashi-Maskawa, CKM,
matrix element), gR = 0 and gL = 0. This expression for the amplitude, written in terms
of the most general form factors, is appropriate for a model independent analysis of the tbW
amplitude. The anomalous form factors gR and gL are chirality flipping and dimensionless
functions of q2. For all particles on-shell, as can be assumed for the top decay, we have
q2 = M2

W . Besides, these dipole moments are gauge independent quantities and may be
measured with appropriate observables.

These form factors are generated by quantum corrections in the SM. In renormalizable the-
ories, such as some extensions of the SM, VR can appear at tree-level while tensor couplings
gR and gL, are induced as one loop quantum corrections. Values of |VL| different from the
ones given by the global fit [16] in the SM Vtb � 1, that we assume, are not experimentally
excluded [17] and they are still an open window to test new physics. This issue (and also
possible deviations of VR = 0) will not be the object of our work, where we concentrate only
on gR and gL.

In renormalizable theories, the tensorial couplings are finite quantum corrections quantities
that do not receive contributions from renormalization counter-terms at one loop. In addition,
contrary to what happens for the VR form factor, the tensors gL,R couplings are infrared safe
quantities. One loop QCD corrections generate the leading contribution to the tensorial
couplings gR and gL. This one loop QCD gluon exchange contribution to gR was computed
in [15] and they found the value gQCD

R = −6.61×10−3. Direct observables with sensitivity
to gR will be accessible to the LHC experiments as was discussed in [11]. The left tensorial
coupling term couples a right b-quark and thus it is proportional to mb. For this reason, it
is generally believed that the SM value for gL is much smaller than the one for gR. We will
show that this in not exactly the case.

New physics signals can also show up in the analysis of the top decay t → bW+. In particular,
significant deviations from the SM predictions for gR and gL may be found. However, the
SM values are only known for gR up to one loop in QCD while the prediction for gL is not
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2 The tensorial tbW vertex: experiment, SM and beyond

For on-shell particles, the most general amplitude MtbW for the decay t(p)→ b(k)W+(q)
can be written in the following way:

M t bW+ =− e
sinθW
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with PL,R = (1∓γ5)/2; p, k and q= p−k denote the top, bottom and W boson four momenta,
respectively. The tensorial left and right magnetic moments are gL and gR respectively. The
tree level SM couplings are VR = 0, VL = Vtb (the Cabibbo-Kobayashi-Maskawa, CKM,
matrix element), gR = 0 and gL = 0. This expression for the amplitude, written in terms
of the most general form factors, is appropriate for a model independent analysis of the tbW
amplitude. The anomalous form factors gR and gL are chirality flipping and dimensionless
functions of q2. For all particles on-shell, as can be assumed for the top decay, we have
q2 = M2

W . Besides, these dipole moments are gauge independent quantities and may be
measured with appropriate observables.

These form factors are generated by quantum corrections in the SM. In renormalizable the-
ories, such as some extensions of the SM, VR can appear at tree-level while tensor couplings
gR and gL, are induced as one loop quantum corrections. Values of |VL| different from the
ones given by the global fit [16] in the SM Vtb � 1, that we assume, are not experimentally
excluded [17] and they are still an open window to test new physics. This issue (and also
possible deviations of VR = 0) will not be the object of our work, where we concentrate only
on gR and gL.

In renormalizable theories, the tensorial couplings are finite quantum corrections quantities
that do not receive contributions from renormalization counter-terms at one loop. In addition,
contrary to what happens for the VR form factor, the tensors gL,R couplings are infrared safe
quantities. One loop QCD corrections generate the leading contribution to the tensorial
couplings gR and gL. This one loop QCD gluon exchange contribution to gR was computed
in [15] and they found the value gQCD

R = −6.61×10−3. Direct observables with sensitivity
to gR will be accessible to the LHC experiments as was discussed in [11]. The left tensorial
coupling term couples a right b-quark and thus it is proportional to mb. For this reason, it
is generally believed that the SM value for gL is much smaller than the one for gR. We will
show that this in not exactly the case.

New physics signals can also show up in the analysis of the top decay t → bW+. In particular,
significant deviations from the SM predictions for gR and gL may be found. However, the
SM values are only known for gR up to one loop in QCD while the prediction for gL is not
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with PL,R = (1∓γ5)/2; p, k and q= p−k denote the top, bottom and W boson four momenta,
respectively. The tensorial left and right magnetic moments are gL and gR respectively. The
tree level SM couplings are VR = 0, VL = Vtb (the Cabibbo-Kobayashi-Maskawa, CKM,
matrix element), gR = 0 and gL = 0. This expression for the amplitude, written in terms
of the most general form factors, is appropriate for a model independent analysis of the tbW
amplitude. The anomalous form factors gR and gL are chirality flipping and dimensionless
functions of q2. For all particles on-shell, as can be assumed for the top decay, we have
q2 = M2

W . Besides, these dipole moments are gauge independent quantities and may be
measured with appropriate observables.

These form factors are generated by quantum corrections in the SM. In renormalizable the-
ories, such as some extensions of the SM, VR can appear at tree-level while tensor couplings
gR and gL, are induced as one loop quantum corrections. Values of |VL| different from the
ones given by the global fit [16] in the SM Vtb � 1, that we assume, are not experimentally
excluded [17] and they are still an open window to test new physics. This issue (and also
possible deviations of VR = 0) will not be the object of our work, where we concentrate only
on gR and gL.

In renormalizable theories, the tensorial couplings are finite quantum corrections quantities
that do not receive contributions from renormalization counter-terms at one loop. In addition,
contrary to what happens for the VR form factor, the tensors gL,R couplings are infrared safe
quantities. One loop QCD corrections generate the leading contribution to the tensorial
couplings gR and gL. This one loop QCD gluon exchange contribution to gR was computed
in [15] and they found the value gQCD

R = −6.61×10−3. Direct observables with sensitivity
to gR will be accessible to the LHC experiments as was discussed in [11]. The left tensorial
coupling term couples a right b-quark and thus it is proportional to mb. For this reason, it
is generally believed that the SM value for gL is much smaller than the one for gR. We will
show that this in not exactly the case.

New physics signals can also show up in the analysis of the top decay t → bW+. In particular,
significant deviations from the SM predictions for gR and gL may be found. However, the
SM values are only known for gR up to one loop in QCD while the prediction for gL is not
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EW	  gL	  	  	  	  	  =	  −	  (	  0.92	  +	  0.14 i )	  x	  10-‐4	  

WHY	  
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SM:	  
	  
	  
	  
One	  loop	  QCD	  
	  
	  
	  
One	  loop	  EW	  	  
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SM:	  
	  
	  
One	  loop	  SM	  
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gR	  	  	  	  	  =	  gR	  	  	  	  	  	  +	  	  	  gR	  	  	  	  	  	  =	  	  −	  (	  7.17	  +	  1.23	  i )	  x	  10-‐3	  
SM	  

EW	  

WHY	  

QCD	   EW	  

gL	  	  	  	  	  =	  gL	  	  	  	  	  	  +	  	  	  gL	  	  	  	  	  	  =	  	  −	  (	  1.21	  +	  0.01	  i )	  x	  10-‐3	  
QCD	  SM	  
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BSM:	  
	  
	  
	  
	  
•  tree	  level	  (fL	  ,	  fR)	  and/or	  loop	  induced	  contribuDons	  (gL	  ,	  gR)	  	  
•  new	  CP-‐odd	  interacDons	  may	  contribute	  
•  real	  and	  imaginary	  parts	  may	  show	  up	  
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BSM:	  
	  
	  
General	  type-‐II	  2HDM	  
Higgs	  potencial	  CP-‐even	  
	  
Generic	  features	  
	   	   	   	   	   	  	  |	  gR	  |	  >>	  |	  gL	  |	   	   	  (flow	  of	  chirality)	  
	   	   	   	   	  	  	  	  |Re	  gR	  |	  >>	  | Im gR	  |	   	  (only	  2/7	  diagrames)	  
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BSM:	  
	  
	  
General	  type-‐II	  2HDM	  
Higgs	  potenDal	  CP-‐even	  
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BSM:	  
	  
	  
General	  type-‐II	  2HDM	  
Higgs	  potenDal	  CP-‐even	  
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Top	  quark	  tensor	  couplings	  
BSM:	  
	  
	  
General	  type-‐II	  2HDM	  
Higgs	  potenDal	  CP-‐even	  
	  
CP-‐odd	  potenDal:	  
	  | Im gR	  |	  <	  3.5	  x	  10-‐4 	  	  
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Top	  quark	  tensor	  couplings	  
Observables: 	   	   	   	   	   	   	   	   	   	  	  
	   	   	   	   	   	   	   	   	   	   	   	   	   	  	  

	  
•  Top	  width	  	  Γt	  (not	  parDcular	  sensiDvity	  to	  tensor	  couplings)	  
•  b	  	  	  	  	  	  	  sγ	  	  in	  Br(	  B	  	  	  	  	  	  	  	  	  Xs	  	  γ)	  	  (indirect	  limit,	  mt/mb	  enhancement	  for	  gL)	  
•  branching	  fracDons	  Br(	  t	  	  	  	  	  	  	  	  b	  Wλ

+	  )	  for	  polarized	  W	  	  
•  angular	  asymmetries	  
•  single	  Top	  producDon	  cross	  secDon	  
•  normal	  and	  transverse	  	  W	  polarizaDon	  fracDons 	  	  
	  
F.	  del	  Águila	  and	  J.A.Aguilar-‐Saavedra	  2003	  Phys.Rev.	  D67	  	  014009	  	  
J.A.	  Aguilar-‐Saavedra	  etal	  	  	  since	  2003	  
B.	  Grzadkowski	  and	  M.Misiak	  2008	  Phys.Rev.	  D78	  077501,	  Erratum-‐ibid.	  D84	  (2011)	  059903	  	  
J.A.Aguilar-‐Saavedra	  and	  J.Bernabéu	  2010	  Nucl.Phys.	  B840	  349-‐378	  
……	  
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Top	  quark	  tensor	  couplings	  
•  W	  helicity	  fracDons	  for	  the	  Top	  decay	  	  Fi	  =	  Γi	  /	  Γ	  ,	  	  i	  =	  +	  ,	  0	  ,	  −	  	  
	  	  	  	  	  Γ	  =	  Γ0	  +	  Γ+	  +	  Γ−	  	  	  (NNLO	  QCD)	  
	  
•  Top	  decay	  asymmetries	  
	  
	  	  	  	  	  	  	  
	  	  	  	  	  	  angle	  between	  the	  charged	  lepton	  momentum	  in	  the	  W	  rest	  
frame	  and	  the	  W	  momentum	  in	  the	  Top	  quark	  rest	  frame	  
	  

	   	   	   	   	   	   	  good	  choice	  	  
	   	   	   	   	   	   	  (	  fL	  	  ,	  fR	  	  dependence	  cancelled)	  
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Top	  quark	  tensor	  couplings	  
Top	  polarized	  decays:	  new	  asymmetries	  for	  normal	  and	  transverse	  
W	  polarizaDon.	  

	   	   	   	   	  	  	  New	  sets	  of	  polarized	  parDal	  widths	  	  

	   	   	   	   	  	  	  	  Γi	  T	  	  	  and	  	  Γi	  N	  	  	  for	  i=	  +,	  0,	  −.	  
	  
	  	  	   	   	   	   	  	  	  	  	  	  	  	  Γ-‐N	  	  ≠	  Γ+N	  	  for	  CPV	  in	  the	  t	  	  	  	  	  	  	  bW	  decay	  

z =	  0	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ≈	   Im gR	  	  
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J.A.Aguilar-‐Saavedra	  and	  J.Bernabéu	  2010	  Nucl.Phys.	  B840	  349-‐378	  

t	  



Top	  quark	  tensor	  couplings	  
(assuming	  real	  couplings)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  J.A.Aguilar-‐Saavedra	  etal	  Phys.Rev.	  D83	  (2011)	  117301	  	  

	  
Early	  LHC	  data	  and	  Tevatron:	  
	  

•  Helicity	  fracDons	  at	  Tevatron	  
	  
•  Single	  top	  producDon	  measured	  @	  CMS	  	  
	  
•  Top	  decay	  asymmetries	  measured	  in	  ATLAS	  

	  (2010	  data,	  35	  pb-‐1)	  
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(assuming	  real	  couplings)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  J.A.Aguilar-‐Saavedra	  etal	  	  Phys.Rev.	  D83	  (2011)	  117301	  	  
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(assuming	  real	  couplings)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  J.A.Aguilar-‐Saavedra	  etal	  	  Phys.Rev.	  D83	  (2011)	  117301	  	  
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Top	  quark	  tensor	  couplings	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	   	  ATLAS	  	  hep-‐ph/1205.2484	  

	  

1.04	  �-‐1	  single	  and	  dilepton	  channel,	  March-‐June	  2011,	  95%	  CL	  
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ATLAS	  

b	  	  	  	  	  	  	  	  	  	  s	  γ	  	  

Aguilar-‐S.	  
Bernabéu	  

b	  	  	  	  	  	  	  	  	  	  s	  γ	  	  

LHC	  
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WHERE	  

Single	  Top	  

SM:	  
-‐	  0.0012	  !	  
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	  -‐0.0013	  	  	  	  

	  -‐0.0015	  	  	  	  
ATLAS	  

b	  	  	  	  	  	  	  	  	  	  s	  γ	  	  

Aguilar-‐S.	  
Bernabéu	  

b	  	  	  	  	  	  	  	  	  	  s	  γ	  	  

LHC	  
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Summary	  
	  
•  SM	  predicDons	  for	  gR	  	  and	  gL	  computed	  up	  to	  one	  loop	  

•  Im	  gR	  	  	  and	  Re	  gL	  same	  order	  of	  magnitude	  

•  SM	  predicDons	  sDll	  to	  be	  measured	  
	  
•  SM	  Re	  gL	  very	  close	  to	  3σ	  limits	  from	  b	  	  	  	  	  	  	  s	  γ	  	  
	  
•  BSM	  quite	  below	  sensiDvity	  of	  expected	  measurements	  limits	  

•  Work	  on	  progress…	  	  
	   	  CPV	  in	  general	  2HDM	  
	   	  New	  accelerators	  bounds	  and	  observables	  

WHEN	  
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Many	  thanks	  to	  the	  organizers	  for	  include	  my	  talk	  in	  the	  schedule	  
	  
and	  to	  	  
	  

Jordi	  Vidal	  
Pepe	  Bernabéu	  
Arcadi	  Santamaría	  
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Single	  Top	  t-‐channel,	  some	  diagrams	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
W,	  t	  and/or	  b	  are	  off-‐shell	  
	  
Anyway,	  by	  the	  magic	  of	  Gordon	  idenDDes	  and	  gauge	  invariance,	  no	  
new	  form	  factors	  enter	  into	  the	  game.	  
	  
	  
	  

BACKUP	  
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BACKUP	  

b	  	  	  	  	  	  	  s	  γ	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

B.	  Grzadkowski	  and	  M.Misiak	  2008	  Phys.Rev.	  D78	  077501,	  Erratum-‐ibid.	  D84	  (2011)	  059903	  	  


