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SM effective theory

(see talk by A. Pomarol)

We assume Anp > my,

In this case it is possible to describe experiments at the electroweak
scale using an effective field theory framework:

We assume L and B conservation

(

L=LMy A—'QO,?ZGS + (dim > 6)

i Leading deformations of the SM ]

| 59 independent dim-6 operators for 1 family of fermions.]

Grzadkowski et al. 1008.4884
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EW and Scalar Boson observables

We focus on the following 10 (pseudo-)observables:

N N

S, T; VV, Y g]Z, k s }Vy Cyy Cyz CH
<103 <102 <103 =102 =0.5
Gfitter 1209.2716
. : . LEP EW Working Group Pomarol, Riva 1308.2803
Barbieri, Pomarol, Rattazzi, Strumia
hep-ph/0405040 1302.3415
In our basis these are the relevant 10 operators: ,,, — _1( DHWE, )2
1 2 g
O = S(O"H?)? 1
2 O2B — __(8IUB/U/)2
1 T<—> 2 2
OT = 5 (H D,LLH> OBB _ g/2|H|2B/u/BMV

Owp = ggH'c®HW], B"

<
Ow = ig (HWDNH) D*we
' Oww = g*[H|*Wg, W

<
_ t w v 1
Op = 19 Y (H D H) 0 BILW O3W _ ggeabcwﬁngpwcw

We “rotate" the Wilson coefficients to the observable basis.
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RG scaling of the coefficients

- = Energy scale

( UV dynamics )
N N N Ci (A) —> what we would like to know
AR~
p ¢ N\ Renormalization Group
/ N - Scaling
r 4
" Experiments = Mn 1+ ci(mr) —>what we measure

(The coefficient mix among themselves along this RG flow. }
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RG scaling of the coefficients

Energy scale - — —
5(0bs)lmy = &) = - oy () og () |
A ci (A\) e _ N

We computed the relevant anomalous dimension matrix

RG
# Scaling A well known examp|e: Barbieri et al. 0706.0432
2
A . g- 1, A
S = — A) A — | =L
, ¢s(mz) = es(M) + Jes5enlos -~
v . ) 23 A
T = ér(mz) = ér(A) = i 5én log — A
Mh Ci (Wlh) T mgz

In absence of tuning or correlations
each term should be bounded
approximately by the same value.

Direct bound
(from experiment)
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RG mduced bounds

Bound from Gfitter o) N=2TeV 55 e
1209.2716 f Q.- )
i ,&” ’l
~ L
S ) ﬂ»\,,é/ RG-induced
0 yd g boundoncy
':I —"””’l
—1 , c¢i>0
I ci <0
) 1 0 1 2
10° §
. N . g 1 A
The length of the lines corresponds S =c¢s(mz) =cs(A) + 1622 GCH log o T
to the present 20 direct bounds. P z
N . g- 3 A
T =ér(mz) = ér(A) - St
1672 2
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Generalizing to the other observables we considered:

s’
’
’
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,/
-

-1 S,TbyTLEP ci>0
 (rough estimate) CH ci<0
e R T

Thank you.

To know more, also regarding 3 operators with gluons, have a look at:

Scaling and tuning of EW and Higgs observables

1312.2928
J.Elias-Mir0, S. Gupta, C. Grojean, D. Marzocca
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“Observable" coefficients

EW oblique parameters:

. v . m?
T = CT(mw) = FCT(mw> , S = Cs(mw) = F [Cw(mw) —+ CB(mw) —+ 4CWB(mw)]
R 777,2 R m2
Y =¢éy(mw) = A_I;VCZB(mW) ; W = cw(mw) = FCQW(mW)

Anomalous triple gauge couplings:

2 2
7 . myy 1 m

591 = ng(mw) ~ T Ty o 2 Cw(mw) , (5/{',7 — é,.w(mw) — —‘3/4CWB(mw)
A Cp. A
2
A m
Az = Cy(mw) = —A—Ig/%w(mw) ,
SM scalar couplings: e (0,h)2 e h? . . oy eqg 2 . .
ALy D A\ L A, A" + ik /e
2 2 m3, 2" m¥,co,, 2"
) v?
Cr(my) = pCH(mh),
) ma,
Cyy (M) = N2 (ceB(mp) + cww (my) — cws(my)) ,
2
A m
Cyz(mp) = A—Vzv (2¢5 cww (man) — 2s5. cep(ma) — (5, — Sg,, )ewn(my))
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Beyond S, T, W, Y

To be completely general on the possible NP scenarios in electroweak precision
observables from LEP1 and LEP2, in our basis one should consider two more

operators:

< . _
Or = (H'D,H)(Liy"Ly), Opf=(L'ro*y*Ly)(Lio"y"L3)

The first one contributes to lepton couplings to the Z boson,
the second one to the measurement of the Fermi constant.

Using observables from LEP1 (Z pole) and LEP2 it is possible to constrain the
relevant 6 Wilson coefficients at the per mil level.
This would require a complete fit of LEP observables, which was beyond the

purpose of our work.

The order of magnitude of our RG-induced bound will not change.
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RG-induced bounds

RG-induced

David Marzocca

Coupling | Direct Constraint ) —>from S, T
Constraint
s (my) —1,2] x 1073 -
éT(mt) —1.9] x 103 _ Barbieri, Pomarol, Rattazzi, Strumia
- hep-ph/0405040
cy (my) —3,3] x 1073 -
Gy (M21) —1,2] x 107 - Pomarol, Riva 1308.2803
; —0.6,1] x 1072 —2.6] x 1072
=7 (me) | | | , s LEP EW Working Group
Criy(me) | [—10,7] x 107 —5,2] x 1072 1302.3415
Cqz(my) —4,2] x 1072 —3,1] x 1072
Cxy (M) —6,2] x 1072 —2,8] x 1072
e (my) —6,5] x 1071 [—2,0.5] x 1071
éﬁ-/}/ E :_0.27 0.3] )
From the h—yy constraint: . _
éxy € [—0.05,0.10]
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