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Motivations

We've found the Higgs boson! What can we say about
it's couplings to other particles?

Can electroweak measurements tell us anything
about the Higgs couplings!?

Derive bounds from the oblique parameters and the
recent Higgs data on the dimension-6 operators.

Are constraints on coefficients of the effective
operators from precision test complementary to
those from direct Higgs production measurements!?
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Oblique parameters

® Most of the effects on electroweak

precision observables can be parametrized

by S, T and U. [physRev.D46, 38, Peskin and Takeuchi
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Best fit:

S=003+0.10
T=005+0.12
U=0.03+0.10



Higgs Data: signal strength

19.7fb" (8 TeV) + 5.1 fo" (7 TeV)
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e Measuring deviations of the couplings from the SM



Approach

Assume new physics is at a scale (A) much
higher than that we can probe experimentally.

[:eff — Z Ann—élon + ...
n=>5

Focus on electroweak sector of the SM

The lowest-dimension operators, O;,
which contribute to processes involving the
SM gauge bosons and Higgs doublets are
dimension six.

Assume flavor and CP conservation



Approach

® |agrangian
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Approach

® Four operators that affect the gauge boson
two point functions at tree level:

tree level: ZY AAANANBNANANN Z,Y
Owz

Opw = & Te(D,, 0% - W, |[D*,0* - Woo)
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Oy = (D,®)"(®2") (D),

OBW - - (P-:.B;wda * Wa‘lwq)

o4
D,=0,- z‘%Bu - z’ngWﬁ B,, = 0,B, — 0,B,
WL = 8,W= — 0,WE Fig(WAWE — W3WZ)

W3, = 8,W2 — 8,W3 — ig(W; W, — W Wy).



Approach

® There are six bosonic operators which
contribute to the oblique parameters at one

loop
Owww = —i%j Tr(o - Woka? - Wo¥o¢ - WSP)
m Ow = ig (D,®)'6" - W*(D,®)
Op = i% (D,®)'B*(D,®)

Oww = —Z—zfl)*a“ - WG . Wh,®

Ogp = —‘({TQQ?B“”BW@

Os2 = 5 04(212)0,(2'2).
® Neglect

O3 =5(210) Oy = (D,8)!(D42)(2')



Two point functions

® S, T and U parameters defined in terms of self-
energies are gauge dependent

® Need pinch part of the vertex corrections
P k4 pr Do [Degrassi and Sirlin, 1992]
W= %% f;j

%“M”‘é | [Binosi, Papavassiliou, 2009]
K L “Non-pinch”

W=
”‘Zgl q 1 ‘/\g

® The gauge dependence of the gauge boson self-
energies 1s exactly canceled by the pinch part of the
vertex corrections.




Two point functions

yw(q*) = Oww(q*) +2(¢* — my) AT} (¢%)
I177(q%) = zz(q%) + 2c(q* — m3)ATE (q°)
IL7(q*) = L2(q%) + sq°AT7 (%) + c(g* — m3) AT (¢°)
IL,,(p%) = I0,,(p*) + 254> AT (¢°),

where ¢ = cos Gy and s = sin Gy,.

Iyww(0) TIIzz(0)
aAT = ( - -
oAU — 432{ Myw (mv:iz— yw (0) 2 (HZZ(mQZT)n; HZZ(O))
W Z




Results
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Renormalization

® /G scheme
® In R¢ Gauge

® The divergences have been eliminated by the
renormalization of the tree level couplings.

few(u) = faw — % (47)T(1 + €)Cs

fow(w) = fpw — i (4z)T(1 +€)Cy

fo1(u) = for— l (47)T(1 + €)Cr.

® The only remaining contributions to the oblique
corrections are the finite contributions at = m..

ASzRS AT=RT AU:RU.



Results

® Limits from the oblique parameters.

e C(Coefficients of the operators that contribute at
tree level are significantly restricted (all other
coefficients are set to zero.)
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Results

® Limits from the oblique parameters on fww and fs5

Leading logarithmic result 4 = A Renormalized result at [t = M,
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Results

® Limits from the oblique parameters on fwwand fw

(other coefficients are set to zero.)
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Oblique parameters v.s. H-> WW

® Complementary bounds from oblique parameters
and Higgs data.

Hww ~ 1+ [.OO z) + .Ol@z) —.03fp1(mz) — .06f 5 2(mz)] (1 'iev)2 N O(é)
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Oblique parameters v.s. H-> 2 photons

® Comparison of limits from the oblique parameters
and H-> 2 photons on fww + fes and fww — /BB

(other coefficients are set to zero.)

_ T(H-yy) ~l 1_47(1 Tev)z[fBB(mz) + fww(mz) — fpw(mz)] + 0(/%)
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Results

® Limits from oblique parameters, which
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Neglect all coefficients except fw(mz) and fz(mz)
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Conclusions

® Only weak limits on the couplings that contribute at one
loop can be obtained from the oblique parameters.

® |n contrast, the couplings that contribute at tree level, are
tightly constrained.

® | oop contributions to oblique parameters yield
complementary information to direct H->WW
measurement.
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® Anomalous contributions

to Ilyw

Example
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® Anomalous contributions to
the W u d vertex Ar%«

w w
w Y 7, \
u d d u u d
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u d d u u d

AL (q*) = gTiATY (¢%) V=2Zy
, g
AT (g%) = == ATV (g?).

V2

y* and x3: Goldstone bosons
¢t and cz: Faddeev-Popov ghosts.




Effective field theory

® Assume new physics is at a scale (A) much higher
than that we can probe experimentally.
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® e.g.Fermi’s four fermion interaction
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