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* Measurement of TGCs is an important test of the SM

* Deviations from the SM predictions can be parametrized
[Hagiwara, Hikasa, Peccei,Zeppenfeld]
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* TGCs can be studied using dimension-six operators

Lrce = %03 | ‘TQ/ Ow A fWAMQ/W Owww
with
Op=(D,®)"B"D,® , Oy =(D,®) WD,
Owww = TI[WWW”’)W;L] Higgs

we want to explore the connection between Higgs physics and TGCs




Reasonable assumptions

* There is a mass gap
between SM and NP

* one new state: CP even and spin 0
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* new state belongs to SU(2) doublet ¢

e SU(2) x U(1) realized linearly as in the SM
e Building blocks of Leg




* To measure departures of the SM predictions we write

/:'eﬂ:— £SM ‘|‘Z

} }j / \ dimension-6 operators

summarizing NP effects

* There are 59 “independent” dimension-six operators
[Buchmuller & Wyler; Grzadkowski et al. arXiv: 1008.4884]

* There is a freedom in choosing the operator basis

* We picked the basis to make better use of all available data

Our goal: study deviations from SM predictions using
a bottom-up approach and largest possible dataset




* The Higgs interactions with gauge bosons are modified by
Oce = ®1® Ga, G Oww = STW,, WHd < Opp = ®'B,,B*® |
Opw = o' B, WHo Ow = (D, ®)'W#(D,®) , Op = (D,®) B*(D,®) |

Op1 = (D,®) @01 (DFD) | O, = 10+ (010) 9, (01D) |, Op4=(D,®)" (D*D) (0TD)
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B The operators (Op , Oy) modify the TGV

Ow = (D,®)'WH(D,®) ,  Op=(D,®)'B"(D,®)

Lwwv = —igwwvs 91 (WJI/W_“VV—WJVVW_ “V) +ry W IW,VEY b+

\ /

with

2 2
Zz _ 7 _ g°v
Agy = 91 — —802A2fW

92U2
Aty =y — 1= % (fw + fi)

2 2
_ gv 2 2
Akz = kz —1 = 8962/\2 (C fw —s fB)

there are data on that.




* The Higgs the couplings to fermions are modified by

<>

Outi; = (D1D)(L;Dep) 0%} . = ®F(iD,®)(Liy*L;) 0y . = ®(iD%®)(Liv o, L)
Ouaij = (PT0)(Q;Pur,) 4 = OT(iD,®)(Q;
Ous,ij = (®12)(Q;PdRy)

*

these modify the
Yukawa couplings these modify the couplings of

gauge bosons to fermions

* there are also four-fermion operators and
OWWW — TI[WM,/WVPWP“]

* all these operators are NOT independent when we
consider the equations of motion




* The right of choice

* |dea: operators related by EOM lead to the same S matrix
elements [Politzer; Georgi; Artz; Simma]

e The EOM lead to the relations

20¢ 2 —20¢ 4 = Zij (yfj()e@,ij + ¥i Ous i + C‘Jrflj(od@,ij)T + h°C')

205 + Owp + Opp + ¢~ (03,1 — 205,2) = % D i (%Oc(blg,z'i - %OC(I}C?QJL?L + Oéle),u - %05133,14 T %OC(I}C%,%)

20w + Ows + Oww + 9° (Oa,4 = 509,2) = _§ 2 (OC(IDSZ)L,ii + OEI?C?),?;@)
with this we can further eliminate 3 operators

* Very large operator basis =g we must choose it to
take full advantage of the available data

* Avoid theoretical prejudice (tree vs loop, etc)

* Care is needed in the interpretation




e we choose the basis:

{Occ , Opw . Oww , Ow , Op , Owi , Osa ,

1
Oy
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e we choose the basis:

{OGG ) %/ ) OWW ) OW ) OB ) ><

A‘@

XX
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e we choose the basis:

(000 . DG - O 0w 00 DG B D )

e after discarding the constrained operators s | 3:

* too many!

e 9 fermions: Ocs.ij, Ouwaji, Ouad i

* neglecting the effects of couplings to first two generations
* due to small statistics we trade f:o,, — f; and fuww

* sauge bosons: Ow , Op, Oww , Oca
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* Summarizing:

coefficients related by gauge invariance

hZ Z

hW W~

YWTW =

supplemented by shifts in the Yukawa couplings (3rd family)

nice feature: dimension-six operators lead to

relations between anomalous couplings
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* Summarizing:

coefficients related by gauge invariance

hgg | hyy | Wy Z | hZZ | WWTW = | AWTW = | ZWTW

supplemented by shifts in the Yukawa couplings (3rd family)

gV 0 T
Logp = 2008 0+ Y0 O + 1% 0w + 1805 + 122044 354 970,05
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Fitting procedure

* Inputs: signal strength for the different channels # =

e using all available data

Oobs
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* The statistical analyses were done using

. exp\2 2
2 = min (bj — ;) | Epull
— | E
Epull = o2 O pull
J J pull
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e we also can use the data on

EWPT:
ASppc = 0.00 £0.10 ATppa = 0.02 +0.11 AUppa = 0.03 £ 0.09
1 0.89 —0.55
p = 0.89 1 —0.8
—0.55 —0.8 1
TGV bounds:
g% Koy Kz Ret Asummption
0.98479922 1 0.97370-072 0.92470-059 PDG 1-par fit (others SM)
1.00475055 | 0.984700%% | GI: kz = g7 — (k- — 1)s2/c? | LEPEWWG | 2-par fit with GI, p = 0.11
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Results

 Comparison of the fits to ATLAS and CMS data

Flt W“th f fw,f fww Gﬂd fbot_

N 9 ETTTE I R EED 3 £ e I 1 L N
Fsd F Lo b F
7 21 [ i B Rl Lo o == =
6 1 o B R b Eps -
s HE VB A 3k -
4 3 fov B T § ------- E[E R E
s Hfeom b SIS E
2 =9 E FET -l iRl 4 - - -
B Al IR E R
0 o~ e 0 50 0 50
%\/‘ﬁ fn/ N [TeV £, /A2 [TeV £y /A2 [TeV

interference with SM contribution leads to (near) degeneracy
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;

largest impact o

TGC+EWPT

Higes + TGC + EWPT
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Tevatron+LHC+ TGV

Fit with £, fuw, fw, T8, foors
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cross sections and branching ratios
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[Campos, Gonzalez-Garcia,Novaes]

Impact on the TGCs

* We performed the fitting to Higgs data without TGC data
AX%{(AKJ’Y? Aglz) — minfg,fWW,fbot,fTAX%—(fg7 fWW) fbota f7'7 f37 fW)
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Conclusion

we can constrain Higgs couplings and TGCs as well.
both measurements can profit from the basis choice
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THANK YOU

updated results at http://hep.if.usp.br/Higgs



http://hep.if.usp.br/Higgs
http://hep.if.usp.br/Higgs
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