
!"#"$%&'&'()#*")+*,-&./0)
&%+/.#)12)1+"$/#1$-)&')
"22".#&3")2&"0!)#*"1$&"-

0456)%789:

&;<=>=?97>@)A7?=;68B)27?8468C)DE8FB)DGHI)

!"#$%&'()&&
*+&,"-$."/&0+&1$(23(#/&4+&5"('6"7&8&95/&&
4(".:#3#&';&,$($7".&<'=$7&>'?(@(A&B?.$#&3(&0C$D@-$&E3$.%&F6$'7:/&
"7G3-)&HIJH+JKLLH



%:J<6J:;>K)LM=5M)8497N

M



%:J<6J:;>K)LM=5M)8497N

M



%:J<6J:;>K)LM=5M)8497N

M



%:J<6J:;>K)LM=5M)8497N

M



%:J<6J:;>K)LM=5M)8497N

M



3

%:J<6J:;> K)O87F=5J:;>)=;)*"2#
N50EF)&D'(#O7?DO$%&=3O6&

! (x) =
v + h
!

2
ei ! a " a (x ) /v

!
0
1

"



3

%:J<6J:;> K)O87F=5J:;>)=;)*"2#
N50EF)&D'(#O7?DO$%&=3O6&

U (x) ! L U (x)R 
U (x) = ei ! a " a (x ) /v,*#)h

-=;P97Q

P3AA#)

! (x) =
v + h
!

2
ei ! a " a (x ) /v

!
0
1

"

&;F7O7;F7;QRR

*"2#



h&&*$3(A&&&&&&&"&#3(A.$O)&A$($73D&;?(D@'(#&';&6Fi (h) = 1 + 2 ! i
h
v

+ " i
h2

v2 + . . .

3

%:J<6J:;> K)O87F=5J:;>)=;)*"2#
N50EF)&D'(#O7?DO$%&=3O6&

U (x) ! L U (x)R 
U (x) = ei ! a " a (x ) /v,*#)h

-=;P97Q

P3AA#)

! (x) =
v + h
!

2
ei ! a " a (x ) /v

!
0
1

"

&;F7O7;F7;QRR

*"2#



&&*$3(A&&&&&&&&&&&&&&&&&&&&&&&&3(%$Q$(%$(O/&R"(:&R'7$&'Q$7"O'7#&D"(&!$&D'(#O7?DO$%U (x) h<>S

h&&*$3(A&&&&&&&"&#3(A.$O)&A$($73D&;?(D@'(#&';&6Fi (h) = 1 + 2 ! i
h
v

+ " i
h2

v2 + . . .

3

%:J<6J:;> K)O87F=5J:;>)=;)*"2#
N50EF)&D'(#O7?DO$%&=3O6&

U (x) ! L U (x)R 
U (x) = ei ! a " a (x ) /v,*#)h

-=;P97Q

P3AA#)

! (x) =
v + h
!

2
ei ! a " a (x ) /v

!
0
1

"

&;F7O7;F7;QRR

*"2#



!75:88796J:;>

Correspondence between Þrst orders

Linear

d Ò 6

Non-linear

4B

10 linear operators ofd Ò 6

correspond to

17 chiral operators with 4B
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Figure 3: The left (right) panel displays the number of expected events as a function of the Z
transverse momentum for a center–of–mass energy of 7 (14) TeV, assuming an integrated
luminosity of 4.64 (300) fb�1. The black histogram corresponds to the sum of all back-
ground sources except for the SM electroweak pp ! W±Z process, while the red histogram
corresponds to the sum of all SM backgrounds, and the dashed distribution corresponds to
the addition of the anomalous signal for gZ5 = 0.2 (gZ5 = 0.1). The last bin contains all the
events with pZT > 180 GeV.

Two procedures have been used to estimate the LHC potential to probe anomalous gZ5
couplings. In the first approach, we performed a simple event counting analysis assuming
that the number of observed events correspond to the SM prediction (gZ5 = 0) and we look
for the values of gZ5 which are inside the 68% and 95% CL allowed regions. As suggested
by Ref. [131], the following additional cut was applied in this analysis to enhance the
sensitivity to gZ5 :

pZT > 90 GeV. (4.41)

On a second analysis, a simple �2 was built based on the contents of the di↵erent bins of
the pZT distribution, in order to obtain more stringent bounds. The binning used is shown
in Fig. 3. Once again, it was assumed that the observed pZT spectrum corresponds to the
SM expectations and we sought for the values of gZ5 that are inside the 68% and 95%
allowed regions. The results of both analyses are presented in Table 7.

We present in the first row of Table 7 the expected LHC limits for the combination of
the 7 TeV and 8 TeV existing data sets, where we considered an integrated luminosity of
4.64 fb�1 for the 7 TeV run and 19.6 fb�1 for the 8 TeV one. Therefore, the attainable
precision on gZ5 at the LHC 7 and 8 TeV runs is already higher than the present direct
bounds stemming from LEP and it is also approaching the present indirect limits. Finally,
the last row of Table 7 displays the expected precision on gZ5 when the 14 TeV run with
an integrated luminosity of 300 fb�1 is included in the combination. Here, once more,
it was assumed that the observed number of events is the SM expected one. The LHC
precision on gZ5 will approach the per cent level, clearly improving the present both direct
and indirect bounds.
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! B = 4(2c2 + a4) ! f B !

! W = 2(2c3 ! a5) " f W !

!75:88796J:;>

!6Q6)& F$-"O7'(& dJ& "(%& >dE& >'.."!'7"@'(#& "(%& 9P>/& >5N/& "(%& 4F94N&
>'.."!'7"@'(#&"O&K&F$l&"(%&f&F$l&;'7&a(".&#O"O$#&~~/&̂ x^ • /&kk/&k~/&! & €!/&"(%&••& €

XX

Figure 2: Left :A BSM sensor irrespective of the type of expansion: constraints from TGV
and Higgs data on the combinations! B = 4(2c2+ a4) and ! W = 2(2c3! a5), which converge
to cB and cW in the linear d = 6 limit. The dot at (0, 0) signals the SM expectation.
Right :A non-linear versus linear discriminator: constraints on the combinations" B =
4(2c2 ! a4) and " W = 2(2c3 + a5), which would take zero values in the linear (orderd = 6)
limit (as well as in the SM), indicated by the dot at(0, 0). For both Þgures the lower
left panels shows the 2-dimensional allowed regions at 68%, 90%, 95%, and 99% CL after
marginalization with respect to the other six parameters (aG, aW , aB , cH , " B , and " W )
and (aG, aW , aB , cH , ! B , and ! W ) respectively. The star corresponds to the best Þt point
of the analysis. The upper left and lower right panels give the corresponding 1-dimensional
projections over each of the two combinations.

see Eq. (4.7). Presently, the best direct limits on this anomalous coupling come from the
study of W + W ! pairs and singleW production at LEP II energies [120Ð122]. Moreover, the
strongest bounds ongZ

5 originate from its impact on radiative corrections toZ physics [123Ð
125]; see Table5 for the available direct and indirect limits ongZ

5 .
We can use the relation in Table1 to translate the existing bounds ongZ

5 into limits
on P14(h). The corresponding limits can be seen in the last column of Table5. We note
here that these limits were obtained assuming only a non-vanishinggZ

5 while the rest of
anomalous TGV were set to their corresponding SM value.

At present, the LHC collaborations have presented some data analyses of anomalous
TGV [ 126Ð130] but in none of them have they included the e#ects ofgZ

5 . A preliminary
study on the potential of LHC 7 to constrain this coupling was presented in Ref. [131]
where it was shown that the LHC 7 with a very modest luminosity had the potential of
probing gZ

5 at the level of the present indirect bounds. In Ref. [131] it was also discussed
the use of some kinematic distributions to characterize the presence of a non-vanishing
gZ

5 . So far the LHC has already collected almost 25 times more data than the luminosity
considered in this preliminary study which we update here. Furthermore, in this update
we take advantage of a more realistic background evaluation, by using the results of the
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