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Given our definition of the signal 10 and the above pa-
rametrization of the anomalous cross section we can easily
obtain the LHC attainable limits on any combination of
genuinely quartic anomalous couplings. We exhibit in Fig. 4
the
_

1- exclusion region in the plane 4
`

5
a for each pro-

cess 9 independently,
b

assuming an integrated luminosity
100 fb 1 and taking properly into account the detection

efficiencies and leptonic branching ratios. In this analysis,
we assumed that the SU(2)C

c violating interactions vanish.
As
d

we can see, the W Z
e

, ZZ
e

, and W W productionsf lead
to
_

similar bounds while the W W give rise to somewhat
weaker limits. Combining all channels allow us to improve
the
_

limits by a factor of approximately 2.
Figure
g

5 contains the 1- exclusion region in the
6
h

7
i planef for 4 5

a
10 0 and an integrated lumi-

nosityj of 100 fb 1. The W W productionf does not give
risek to any bound since these interactions possess only ZZZZ

e
and W W ZZ anomalous couplings. Moreover, the produc-
tion
_

of W W pairsf leads to weak bounds since these cou-
plingsf contribute to this final state only through the subpro-
cess ZZ W W , which is suppressed. The best limits
come from the ZZ pairf production and the combined limits
of ZZ and W Z productionsf are only slightly better than the
ZZ bounds.
l

The
m

anomalous interaction 10 modifies only the ZZ
e

pro-f
duction since it alters solely the vertex ZZZZ

e
. We present in

Fig.
g

6 the 1- limits that can be obtained on this coupling
from the ZZ

e
pairf production for 4

`
5
a

6
h

7
i 0 and an

integrated luminosity of 100 fb 1. Therefore, this coupling
is
b

the one that will be less constrained at the LHC.
Table
m

III shows the limits on each coupling i
n ,i 4,

o
5, 6,

FIG. 5. 1- C.L.
p

exclusion region in the 6 7 planeq from the
W W , W Z , and ZZ productions.q We applied all cuts and effi-
cienciesr discussed in the text and assumed that 4

s
5 10 0

t
and an integrated luminosity of 100 fb 1.

FIG.
u

6. Number of events for ZZ
v

productionq as a function of 10

wherew the horizontal line represents a 64% C.L. effect. We applied
all cuts and efficiencies discussed in the text and assumed that 4

5 6 7 0
t

and an integrated luminosity of 100 fb 1.

FIG. 4. 1- exclusionx region in the 4 5 planeq for the
W W , W W , W Z , and ZZ channels.r We applied all cuts and
efficienciesx discussed in the text and assumed that all SU(2)C vio-y
lating
z

couplings vanish and an integrated luminosity of 100 fb 1.
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Ú_<�Ü�ÐBÑgÏ�Ð_ÔgÐ£ADÜ	47=?69Ùª<rßr<>Ôg:7AC=?<>6¼Ý�4�ÜgÜ�ACâ�AC69A9ÑÙ�Ñg4�ß¤ÐW<�Ü�ã�ÔgÐ£Þ7ÐcÚ�Ñg47Ôwâ�4�ÜX47=ÖÜXÚW</ÑXÑXÐ_ÔgAC=�:�<>ß¤Ý�6CA�Ñgã?Ó�ÐcÜ	AC=æÑXÏ�Ð£8;ãSÜ�AC47=©Ú{Ï?<7=�=�ÐW6CÜWä
Û	4/×�Ð_Þ�Ð_Ôcá�<7ÜgÜ�4�Ú�AD</ÑgÐWÓ(Ý�ÔX4�Ó�ãSÚ�ÑXAC47=ª4>8`B <7=?Ó§�+Ý?<>ACÔ{Ü_á�Aøä Ð�ä9á�ÑXÔgA9Ý�6CÐBÞ7ÐcÚ�ÑX4�ÔwâS42Ü�4�=¦Ý?ÔX4�Ó�ã?Ú�ÑXAC47=]�ø�] = �æBKø`B = �����«��� ç��7ë2è
ADÜ�<7Ú_Ú_ÐWÜgÜ�ACâ�6CÐ7á><7=?Ó�ÑgÏ�Ð_ÔgÐ�ACÜ�<BÚ�ÐWÔ�Ñ{<>AC=¥ÜXÐ_=?ÜXA9ÑXACÞ2A9ÑÙ�4�=�ÑgÏ�Ðw÷�ò&�¶Ý?<>Ô{<>ß¤Ð_ÑXÐ_Ô{Ü&ñAò = ó = � = � = ?�� AC=�ÑgÏ�ÐWÜXÐ�Ý�ÔX4�Ú_ÐWÜgÜ�ÐcÜ_ä~Ò�ÑXã?Ó�ACÐWÜ�Ü�Ï�4/×ÑXÏS</Ñ�AC=?Ó�ÐWÐWÓÖß¤Ðc<>=�AC=�:>8;ã?6~Ú�4�=?Ü�ÑXÔ{<>AC=�Ñ{Üw47=æÑgÏ�ÐWÜXÐ�ÝS<>Ô{<>ß¤Ð�ÑgÐ_Ô{Ü	Ú_<7=ÖâSÐ«Ü�Ð_ÑWáF<7Ó�Ó�AC=�:(Ú_47ß¤Ý�6CÐ_ß¤Ð_=2Ñ{<>ÔgÙ(AC=�8;47Ôgßr</ÑXAC47=æÑg4rÑXÏ?Ð
ÔgÐWÜXã�6�Ñ{Ü'<®Þ/<>AC6C<7â�6CÐ�8;ÔX4�ßÌò#ÛEz <>=?<769Ù�ÜXÐWÜwî9ê��cð�äJ��8FÚ_47ã�Ô{Ü�Ð�á7AC=¤ÑXÏ�Ð�69AC:7Ï2Ñ�öVÛ	AC:7:2Ü�Ú_<�Ü�Ð�ÑgÏ�Ð�ÜXA�Ñgã?</ÑgA94�=«ADÜ'ß¥ã?Ú{Ï¤ß¤47ÔgÐ�8±<®Þ747Ô{<>â?69Ð
</ÑB<>=�] ø ] = Ú�4�696CADÓ�Ð_Ô�¯ © =?<769Ù�à_AC=�:rÑgÏ�Ð¥<�ÜXÜX4�Ú�AD</ÑgÐWÓ�ö�Ý�Ôg4�Ó�ã?Ú�ÑgA94�=æÚ{ÏS<>=�=�ÐW6CÜ�4>8�ÜXA9=?:76CÐ¥<>=SÓÖÓ�47ã�â?69Ð«Û	AC:7:�Ü�öVÜÑgÔg<7Ï�69ã?=�:rA9="<>6C6
Ó�ÐcÚ_<®Ù�ß¤4�Ó�ÐcÜ_á�47=�Ð	ßr<®Ù¥âSÐ�<7â�6CÐ�ÑX4�Ó�Ô{<®× <7=�<7ÚWÚ�ã�Ô{</ÑgÐ�Ý?ACÚ�ÑXã�ÔgÐ	4>8FÑgÏ�Ð�Û	AC:7:2Ü'ÜXÐWÚ�Ñg47Ô�ÐWÞ7Ð_=r×wA9ÑXÏ?47ã�Ñ'ÑgÏ�Ð�<7â�A96CA9ÑÙ�ÑX4¥<7Ú_Ú_ÐWÜgÜ
Ï�AC:7Ï�ÐWÔwÐ_=�ÐWÔX:�A9ÐcÜ_ä
3¶Ï�Ð_=�á-AC=þ<©ÜXÐWÚ_47=?Ó�Ü�Ñg<>:�Ð7á~ÑXÏ�Ð¦Ú>ä ßªä Ð_=?Ð_Ôg:7Ùp478:] ø ] = Ú_476C69ADÜ�AC47=SÜ£×wA96C6�â�Ð(AC=?Ú_ÔXÐc<7ÜXÐWÓ5ã�Ý�ÑX4�°7ë7ë�±�±�±�êcë7ë�ëæìfÐWí¥á~ÑXÏ?Ð

<7Ú{Ï?A9ÐWÞ®<7â�6CÐ�Ü�ÐW=?ÜXA�ÑgA9Þ�A9ÑÙ�AC=£ÑXÏ?Ð�ß¤ÐW<�Ü�ã�ÔgÐ_ß¤ÐW=�Ñ~4>8#�2ã?<7ÜXA�ö�Ð_6D<7Ü�ÑXADÚ�Þ�ÐWÚ�Ñg47Ô�â�4�ÜX47=�ÜgÚ_<>Ñ�ÑgÐ_ÔgA9=�:wâ�ÐWÚ_47ß¤ÐWÜ~ß¤47ÔgÐ�ÑXÏS<>=�Ú�4�ß¤Ý?<>Ô{<>â�6CÐ
ÑX4«ÑgÏ�Ð�ò#ÛEz¶ÔgÐW<�Ú{Ï�á�Ó�Ð_Ý�Ð_=?Ó�A9=�:¤4�=¦ÑgÏ�ÐB69ã?ß«AC=�42Ü�A9ÑÙrÑXÏS</Ñ�Ú_<7=¦â�Ð�<7ÚWÚ�ã�ß¥ã�6D</ÑXÐcÓ¼ä�ô-476D<>ÔgA9àWA9=?:�ÑXÏ?Ð£Ð_6CÐWÚ�ÑgÔX4�=¦<7=?ÓªÝS42Ü�A9ÑXÔg47=
â�ÐW<>ßrÜ�ACÜ�ÐM�2ã�ACÞ/<>6CÐ_=2Ñ�Ñg4¦<7=p<7Ó�Ó�A�ÑgA94�=?<>6 A9=SÚ�ÔgÐW<7ÜXÐ£4>8�ã�ÝÖÑX4ª<r8±<�Ú�ÑX4�Ô�478 2 AC=pÐ�ÿFÐWÚ�ÑXACÞ7Ð«Ü�AC:7=?<76#6Cã�ß¤A9=?4�ÜXA�ÑÙÖ<7ÚWÚ�4�ß«ÝS<>=�ACÐWÓ
â�Ù�47=?69Ù(<¤ß¤AC=�47ÔwÐW=�Ï?<7=?Ú�ÐWß«ÐW=2Ñ�478~ÑgÏ�Ð£ACß«Ý�47ÔXÑg<7=2Ñ�âS<7Ú{Ø�:7Ôg47ã�=SÓ�Ü_ä
3¶Ï�A96CÐ�ÑXÏ�Ð�ÑX47Ý�476C47:�Ù�478�ÑXÏ�Ð�Ü�AC:7=S<>6²�?Ð_Ù�=�ßr<>=¥Ó�AC<7:7Ô{<>ßrÜ¼ADÜ#Ð��2ã�A9Þ/<769ÐW=�Ñ#ÑX4	ÑgÏ�4�ÜXÐ�ÔgÐ_6CÐ_Þ/<7=�Ñ#8;47Ô#ÏS<7Ó�Ôg47=�Ú_476C69ADÓ�Ð_Ô~Ý�Ôg4�Ú_ÐWÜgÜ�ÐcÜ

çê�°�è�á~ÑgÏ�Ð(Ð_é�ÝSÐWÔXACß¤Ð_=2Ñg<76�ÜXA9:�=?</Ñgã�ÔXÐr6C4�47Ø�Ü.�2ã�A9ÑXÐªÓ�A�ÿFÐ_ÔgÐ_=2ÑcäÖñV=?ÜÑgÐW<�Ó 4>8�8;47Ôg×�<>Ô{Ó�$Ð_ÑgÜWá-A9=M] ø ] = Ú�4�696CADÜ�AC47=?Ü�47=�Ð�ÏS<7Ü£Ñg4
Ó�Ðc<>6�×wA9ÑXÏ58;47Ôg×�<7ÔgÓp=�Ð_ã�ÑXÔgA9=�42Ü_á#A¹ä Ð7äCá~<ª6D<>Ôg:7Ð�ß¤ADÜXÜXAC=�:æA9=�Þ/<>ÔgAC<7=2ÑBßr<�ÜXÜfAC="ÑgÏ�Ð�ÜXA9:�=?<>6-Ð_Þ�Ð_=2ÑgÜWärå�Ï�Ð¤ß¤ACÜgÜ�AC=�:ªÑXÔ{<>=SÜ�Þ�Ð_Ô{Ü�Ð
ß¤47ß¤Ð_=2Ñgã�ß ADÜ�6CACß«A9ÑXÐcÓ¼á#478'ÑXÏ?Ð«4�ÔgÓ�Ð_Ô'D1F I õ�ä7��=�Ð«Ï?<7Ü�Ñg4¦ÔgÐ_ß¤4/Þ7Ð¥Ð_Þ�Ð_=2ÑgÜfAC=�A�ÑgAC<>ÑXÐcÓpâ�ÙÖÝ�Ï�47ÑX4�=?ÜfÔg<�Ó�AC<>ÑXÐcÓÖ8;Ôg47ß ÑXÏ?Ð
AC=?Ú�4�ß«AC=�:¥Ð_6CÐWÚ�ÑgÔX4�=r47Ô�ÝS42Ü�A9ÑXÔg47=�á�ÜX4£ÑX4¥Þ7Ð�Ñg4£8;47Ôg×�<>Ô{Ó¤Ð_6CÐWÚ�ÑgÔX4�=?Ü'4�Ô�Ý�4�ÜXA�ÑgÔX4�=?Ü�<�:74�4�Ó�Ú�4/Þ�Ð_Ô{<>:7Ð�478¼ÑXÏ�Ð�8;47Ôg×�<7ÔgÓ¤Ó�Ð_ÑXÐWÚ�ÑX4�Ô
ÔgÐ_:7AC47=pACÜBÐcÜXÜXÐ_=2ÑXAD<>6øä�ñV="ÑXÏ�ÐrÚ_Ð_=2ÑXÔ{<>6-Ó�Ð�ÑgÐWÚ�ÑX47ÔBÔgÐ_:�A94�=p47=?Ð¥Ï?<�Ü�ÑX4ª694�47Øæ8;4�ÔfÑXÏ�ÐrÓ�ÐcÚ_<®ÙÖÝ�Ôg4�Ó�ã?Ú�Ñ{Üf4>8�ÑgÏ�Ð7 ?=?<76�öVÜÑ{</ÑgÐ�B
<>=SÓ~�*âS42Ü�4�=?Ü	×wÏ?ACÚ{Ïæßr<®Ù¦â�Ð�ÐWA�ÑgÏ�Ð_Ô�69ÐWÝ�ÑX4�=?Ü	4�Ô�$Ð�Ñ{Ü_äwå�Ï�Ð�6D</ÑXÑXÐWÔ�Ó�ÐcÚ_<®Ù�Üw<>ÔgÐB8±<®Þ74�ÔXÐcÓ(â�ÐWÚW<>ã?ÜXÐ�<7Ó?Ó�A�ÑgA94�=?<>6#=�Ð_ã�ÑgÔXAC=�42Ü
AC=ª6CÐ_Ý�ÑX47=?ACÚ'B <>=?ÓªAC=2Þ�ADÜ�ACâ�6CÐ)�*Ó�ÐWÚW<®Ù�ÜwÚ_47=2ÑXÔgACâ�ã�ÑXÐfÑg4¥ÑgÏ�Ð£4/Þ7ÐWÔg<7696Fß¤ADÜXÜXA9=?:«ÐW=�Ð_Ôg:7Ù2ö�ß¤47ß¤Ð_=2ÑXã?ßªä
å�Ï�Ð�Ú{Ï?<>=?=�Ð_6DÜ�ÑXÏ?<>Ñ	<>ÔgÐfÐc<7ÜXA96CÙ(<�Ú_Ú�ÐcÜXÜXACâ�69ÐB<>ÔgÐrî�ê�L®ð]^ø�] = � ç�U���U� BKø`B = ç���ê®è] ø ]²=~� ç� � � � ��� ç���õ�è] = ] = � �U���U� B = B = ç����2è

×wÏ�ÐWÔXÐ�ÑXÏ�Ðf6D<7Ü�Ñ�Ý�Ôg4�Ú�ÐcÜXÜ�ÔXÐ��2ã�A9ÔgÐWÜ�Ôgã�=�=�AC=�:«4>8�ÑgÏ�ÐfÚ_476C69ADÓ�ÐWÔ�AC=�ÑgÏ�Ð!] = ] = ß¤4�Ó�Ð«î9ê^µcðøä���ã?Ô�ÑgÏ�Ð_Ôgß¤47ÔgÐ7á�47=�ÐfADÜ�AC=2ÑXÐWÔXÐcÜÑgÐWÓ�AC=]^ø�] = �\] � �2� B[�J� ç�� 2 è]^ø�] = �\]^ø�] = BKø`B = ç��²��è]^ø�] = �\]^ø�] = �«� ç���L2è
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x�2y��y{�V�2�¨x�'�'�\x� � �\��¯Ù¼>�2�C�W���\�2��x�vW���{yc�7x�2yw�>�2¢���yg��-�W�¥x�2y	v�²7y{�'��v�®y�x�B��y�¢f�2�¨x�\�2�\�\y�z��>����Ú>��Ò�Õ Ö × �2Û �c�µÒ,¼µ¼7¯
â�ã�ÑwÑgÏ�ÐWÜXÐBÝ�Ôg4�Ú_ÐWÜgÜ�ÐcÜ�ÏS<®Þ7ÐB<¥6C4/×�Ð_Ô�Ü�AC:7=?<76¼Ôg<>ÑXÐB<>=?Óª<>ÔgÐfÝ�6C<7:7ã�ÐcÓ�â�Ù�6D<>Ôg:7ÐWÔ�â?<�Ú{Ø�:7Ôg47ã�=?Ó�á�ÜX4¥ÑXÏ�ÐWÙ(<>ÔgÐ�478~6CÐWÜgÜ�ÐWÔ�A9ß¤Ý�47ÔXö
Ñg<7=?Ú�Ð�ä
à�ã?<>=2ÑXA9Ñg<>ÑXACÞ7ÐW69Ù�á�< Ú_ã�Ñ�ö�â?<7ÜXÐWÓ¸<7=?<>6CÙ�Ü�ADÜ¤4>8fÑXÏ�Ð©ÑX4>Ñ{<>6�Ú_ÔX42ÜXÜrÜXÐWÚ�ÑXAC47=?Ü�A9=1ÑXÏ?Ð�B ø B = <>=?Ó3�«� Ú{Ï?<>=?=�Ð_6DÜrÙ�A9ÐW6CÓ?Ü�<

ÜXÐ_=?ÜXA�ÑgA9Þ�A9ÑÙrÑX4¤ÑgÏ�Ð�÷�ò;� Ú{Ï�ACÔ{<>6¼Ý?<7Ôg<7ß«Ð_ÑXÐWÔgÜ ñ ò = ó ×wÏ�ADÚ{ÏªACÜwAC=ªÑXÏ�Ð£Ô{<>=?:7Ð«ê I ê�L 4 -:Ü ë#± ë�êf47=�ÐBADÜwA9=2ÑgÐ_ÔgÐWÜ�ÑXÐWÓ¦AC=�ç[� A9:Sä���è�ä
Û	AC:7Ï(69ã�ß¤AC=�4�ÜXA9ÑÙrACÜ�=�Ð_ÐcÓ�ÐWÓ�á�<7=?Ó�<�:74�4�Ó�Ü�ÐWÝ?<>Ô{</ÑgA94�=r4>8¼ÑgÏ�ÐfÓ�A $Ð_Ñ�AC=�Þ/<>ÔgAC<7=�Ñ�ß¤<�ÜXÜ�AC=�Ï?<7Ó�ÔX4�=�ACÚ«B <>=?Ó��ÅÓ�ÐcÚ_<®Ù�Ü�ß�ã?Ü�Ñ
â�Ð(<7Ú{Ï�ACÐ_Þ�ÐWÓpÑX4p<7ÔXÔgACÞ7Ð¤</Ñ�ÑgÏ�ÐWÜXÐrÔXÐcÜ�ã?6�Ñ{Ü_äªå�Ï�Ð(ÜXÏ�4/×w=5Ñ×�47öøÝ?<7Ôg<7ß¤Ð�ÑXÐWÔBÝ�6947ÑgÜ£ACß¤Ý�6CACÚ_A�Ñg69Ù�<7ÜgÜ�ã?ß«Ð�} �¤ç¹õ�è ð Ü�Ù�ß¤ß¤Ð�ÑgÔXÙ�ä
å~4�:7Ð_Ñ�A9=�8;47Ôgß¤<>ÑXAC47=æ47=~} �¤ç¹õ�è ð ö�Þ2AC476D</ÑgA9=?:�Ú�47ã?Ý�69AC=�:2Ü_áS47=�Ð�ÜXÏ�47ã?6CÓÖ<7=?<>6CÙ�à_ÐBÑXÏ?Ð¥<>=?:7ã�6D<>Ô	Ó�ADÜ�ÑXÔgA9â�ã�ÑXAC47=?Ü�A9=©Ó�Ð_Ñg<7A96øá�<�Ó�Ó
ß¤47ÔgÐ£Ú{Ï?<>=�=?Ð_6DÜ£î ÑgÏ�ÐÝ] = ] = ß¤4�Ó�Ð�ç��²��è�<>=SÓ(ÑgÏ�Ð�Ó�Aä(�Ú�ã�69Ñ�Ú{Ï?<>=?=�Ð_6DÜ£ç�� 2*Þ �²L�èVðøá�<>=SÓªÚ_47ß¥â�A9=?Ð�ÑgÏ�Ð£ÔgÐWÜXã�6�Ñ{Ü�×wA�ÑgÏæÑXÏ�Ð�ò~Û«z
Ó�<>Ñg<�ä
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6C47=�:�A�Ñgã?Ó�AC=?<>6C69Ù¥ÝS4�6C<7ÔXACà_ÐcÓ7B <7=?Óª�1âS42Ü�4�=?ÜWá7<>=?Ó¥ÑgÏ�Ð�Üg<>ß¤Ý�6CÐ	Ú_<>=¤â�Ð	ÜÑgã?Ó�ACÐWÓ¤ÐWÞ7Ð_=2Ñ'â�Ù�ÐWÞ7ÐW=�Ñ'AC=r<B69ACØ7ÐW69ACÏ�4�4�Ó¤<>=?<769Ù�ÜXACÜWá
Ñg<7Ø�A9=�:fAC=�Ñg4£<7Ú_Ú_47ã�=2Ñ~ÑXÏ�ÐwÐ_é�Ý�ÐWÚ�ÑXÐcÓ¥Ó�Ð_ÑXÐcÚ�ÑX4�Ô-Ð�ÿFÐWÚ�Ñ{Ü_ä-å�Ï�Ð�ÔgÐWÜXã�6�Ñ{Ü-Ü�Ï�4/×ZÑXÏ?<>Ñ-A9Ñ�ACÜ�<�Ú�Ñgã?<>6C69Ù£Ý�4�ÜgÜXA9â�6CÐ�ÑX4f8;ã�ÔXÑXÏ�ÐWÔ ACß¤Ý�Ôg4/Þ7Ð
ÑXÏ?Ð�Ú�47=SÜÑgÔg<7A9=2ÑgÜ�4�â�Ñg<7A9=�ÐcÓ�8;Ôg47ßï<¥Ý?Ï�Ð_=�4�ß¤Ð_=�4�694�:7ADÚ_<>6¼Ú_ã�Ñ�ö�â?<7ÜXÐWÓª<>=S<>6CÙ�ÜXADÜ_á�ÔgÐWÜXã�6�ÑgA9=?:«AC=ªÑXÏ�Ð£Ð_é�Ú�6Cã?Ü�AC47=ªÚ�4�=�Ñg47ã�Ô	ÜXÏ�4/×w=
AC=�� AC:?ä 2 ä
å�Ï�Ð(Ý�4�ÜgÜ�ACâ�AC69A9ÑÙ"ÑXÏ?<>Ñ�ÑXÏ?Ð(Ï�Ðc<®Þ2Ù"ÑX4�Ý1�2ã?<>ÔgØpÝ?6C<®Ù�Ü�<7=ZACß«Ý�47ÔXÑg<7=2Ñ�ÔX4�69Ð(A9= ÑgÏ�Ð(Ý?Ï2Ù�ÜXACÚWÜ�478	Ð_6CÐWÚ�ÑgÔX4/×�ÐW<7ØpÜXÙ2ß¤ß¤Ð�ÑgÔXÙ
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