PROCEEDINGS

OF SCIENCE

Higgs Effective Field Theory

José R. Espinosa*

ICREA, Institucio Catalana de Recerca i Estudis Avangats, Barcelona, Spain
IFAE, Universitat Autonoma de Barcelona 08193 Bellaterra, Barcelona, Spain
E-mail: espinosa@ifae.es

This lecture gives a brief introduction to the use of the effective field theory approach in the
search of indirect signals of Beyond the Standard Model physics through the study of Higgs phe-
nomenology. After discussing how to best organize the basis of dimension-6 operators (expected
to be the dominant ones), we discuss the hierarchy of constraints one can set on these operators
already from pre-LHC data and we identify the operators that can only be constrained by LHC
Higgs data. Finally, we discuss the constraints from Higgs data and identify the few operators
that could still show large deviations in the future.

Proceedings of the Corfu Summer Institute 2015 "School and Workshops on Elementary Particle Physics
and Gravity"

1-27 September 2015

Corfu, Greece

*Speaker.

(© Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). http://pos.sissa.it/


mailto:espinosa@ifae.es

HEFT José R. Espinosa

1. Motivation and goals

The use of an effective field theory (EFT) approach to the study of beyond the Standard Model
(BSM) physics and its searches is well motivated given that the new physics scale A seems to
be heavier than the EW scale (as we learn from negative LHC searches), A > O(TeV) > Mgy .
Besides the usual good properties of EFTs (see [1] for reviews), the use of EFTs has three other
advantages in the present context: 1) it offers a model-independent approach (complementary to
the study of particular BSM scenarios well motivated for whatever reason), 2) it is very useful to
guide us in what interactions to look for by telling us if a given operator is expected to be more
or less suppressed (we will refine our power counting below) and also if it is already constrained
by existing data or relatively unconstrained (in which case, it might well be the place to look for a
relatively large departure from the SM) and 3) it allows to probe (although indirectly) mass scales
above the direct reach of the LHC. This latter point could be crucial (if a deviation is found!) e.g.
to decide which next-generation collider to build. With the Higgs discovery and all data LHC has
accumulated so far, we are now in the position to look at the complete Lagrangian of dimension-6
operators, %;—g, and (making use of data from previous experiments, in particular LEP I and II
and Tevatron) perform a global anaysis to determine which are the most promising deviations from
the SM we can expect. As is well known, the Higgs plays a central role in any BSM model that
addresses the hierarchy problem. Such BSM physics should talk to the Higgs and, therefore, we
focus mostly on Higgs physics as a promising ground for deviations.

2. h-Power Counting

As is well known, d = 6 operators that violate baryon (B) or lepton (L;) numbers require a very
large suppresion scale while we are interested rather in new physics expected to appear not far from
the TeV scale (if naturalness is a good guide). We therefore consider only the d = 6 operators that
respect B and L;. Concerning their flavor structure, for the same reason we will assume minimal
flavor violation (MFV) holds, up to possible violations for the top quark. Under these assumptions
we expect that d = 6 operators will be suppressed by 1/A? with A ~ a few TeV.

Here we want to be more precise and include also an estimate for the effect of couplings in
these irrelevant operators. The low-energy impact of a given operator &; will be very different
depending on such effects. Consider e.g. the difference between
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Such coupling factors depend of course on the particular UV physics that generales the operators

%ﬁ,- , Vs. ?ﬁ’,- Vs. O;, (withg, <1). 2.1

but one can make rather generic estimates that are useful to guess the relative importance of differ-
ent operators in whole classes of BSM theories (e.g. if they are perturbative or if some particular
sector couples strongly to the new physics, etc.). First we have to agree on a good notation for
couplings (e.g., a quartic coupling |[H|*S? of the Higgs to some heavy scalar S, we could call g%{, or
g?,, or Ay making the task of determining the coupling factors of irrelevant operators ill-defined).
The sensible way to do this is the following.

In Quantum Field Theory, the perturbative expansion in powers of interaction couplings is also
a loop expansion in powers of 7 and it is then natural to define couplings in a way that keeps track
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of 71 powers. As the simplest example take a scalar field ¢ with Lagrangian

1 1 1
L =5 (u9)? = 5m*9? — 1870 22)

The quantity that appears in the path-integral formulation and controls the perturbative/loop expan-
sion is the exponential of the action (in units of #):

P,
ig i _ 2.
s h/dx.,sf 2.3)

By a field redefinition ¢ = /%@, the above ratio reads

~
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which explicitly shows that the perturbative expansion is an expansion in powers of g?#. This

procedure can be generalized to any number of fields and interaction couplings g;. In fact, it is

convenient to define all the couplings g; such that g[zh are the perturbative expansion parameters.
Using the same field-rescaling as in the previous example for a generic Lagrangian term

28000 o @) @.5)

where g stands for a generic coupling and it is understood that several different couplings might
appear, it is immediate to derive the following rule:

(n—2) Rule:

an operator in a generic . containing » fields (irrespective of their spin) should

carry n — 2 powers of couplings.

The couplings in the Standard Model Lagrangian satisfy this prescription, provided we use the
counting ys,gq ~ g and A ~ g%, where vy are the Yukawa couplings, g, the gauge couplings and
A the Higgs quartic coupling.

With this prescription, radiative corrections of L-loop order to a given interaction vertex be-
tween n fields will automatically carry n — 2 4 2L powers of couplings: n — 2 from its tree-level
counting and 2 more from each additional loop, that contributes a g4/ (167%) factor. To see that
this counting works to arbitrary loop order and number of external legs, consider an L-loop diagram
with a number V; of vertices with i-legs each, I internal lines and E = n external legs. According to
our rule, each V; vertex introduces (i —2) powers of couplings so that the total power is };(i —2)V;.
Using the identities ) ;iV; =2I+E and I - Y ;V;=L—1, we get

Yi(i-2)V; _ jn—2+2L (2.6)

8 8 )

as anticipated. Notice that, with this convention for couplings, strong coupling corresponds to
g ~ 4m, for which all loop corrections are of the same order.

3. Application to the d = 6 SM effective Lagrangian

Let us apply the n — 2 prescription rule discussed in the previous section to the operators of the
d = 6 SM effective Lagrangian, revisiting some power counting analyses in recent literature. Notice
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first that the n — 2 rule is in accord with the generic expansion of the low-energy EFT Lagrangian
written as [2, 4]

3.1

A4
LErT = ?«iﬂ

*

<Du guH gry gocFuv>
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where A represents the scale of BSM new physics (assumed to be significantly higher than the EW
scale for the EFT expansion to be applicable); gy, g represent generic couplings of the SM Higgs
field and fermions to that BSM sector and g, represent the usual SM gauge couplings with F);, the
SM gauge field-strengths. Finally, g, is a generic coupling that might be different depending on
the particular Lagrangian term considered.

Consider next the d = 6 terms of the effective Lagrangian. After eliminating redundant oper-
ators using equations of motion (EoMs), we can use a basis that consist of the following 8 classes
of operators:

{8aX°, 8o X°H? yga W’ XH, gyHC, g3y D*H* ,ygo w*H? , g3, y"H’D, g3 y*} | (3.2)

where, following standard practice, X stands for gauge field-strengths and D for covariant deriva-
tives. Although similar bases have been used in the past, the peculiarity of definition (3.2) is the
normalization of each class with a given power of couplings in accordance with the n — 2 prescrip-
tion (compare e.g. to [5]).! In (3.2) we have explicitly used Yukawa couplings in those operators
that involve a chirality flip and have kept a generic gauge coupling g in those operators that involve
X’s. We have kept different couplings for H and v fields depending also on the type of operator in-
volved. Our generic choices serve as a useful bookkeeping device. In concrete BSM models the UV
theory determines what couplings appear in each operator and a more precise assignment becomes
possible. Moreover, in many cases different coupling combinations appear within a single opera-
tor class. As an example, paying attention to chirality flips we would write y,y4 (O} ug)€:(05 dg),
and for this particular 4-fermion operator we have g?- = y.yq, While a 4-fermion operator like
g]%(ziRyu ug)(dry*dg) is not expected to carry a Yukawa dependence in g?-.

This power counting is useful even when some of the couplings become strong. For instance,
if one takes g. ~ gu ~ g5, ~ 47, the power counting in (3.1) reproduces the so-called naive-
dimensional-analysis (NDA) counting, usually written in terms of A and f = A/(4x) , that gives
the following scaling for a generic term of the effective Lagrangian:

A B c D
202 (9 74 gFuv Dy
e (3) (ia) () (3) o

In discussing d = 6 operators we find useful to write them as products of currents [3, 4] (like

in Fermi’s theory) as this makes transparent the connection with potential examples of UV theories
that can generate such operators by the tree-level exchange of some heavy particle (be it a scalar,
a fermion, or a gauge boson). Obviously, the fact that such operators can be generated that way
does not mean they must be, but it is good to know. It is interesting that some operators cannot
be written as the product of two currents, although they can be easily generated via loops. We can
then classify d = 6 operators in these two classes: "current-current” (or "tree-level") operators and

'With this prescription, the 1-loop anomalous dimension matrix that describes operator mixing is automatically of
order g?/(16m?), in contrast with the more complicated coupling dependence in bases that do not follow the n — 2 rule.
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Figure 1: Feynman diagrams with examples of the possible origin of the different types of d = 6 operators
discussed in the text: type 1 (left), type 2 (center) and type 3 (right).

"one-loop" operators. Combining this classification with the power counting discussed above, we
find the following three types of d = 6 operators:

e Type 1: “Current-current” with a potential gZ enhancement, §.% = g2c;0; / A2. As an exam-
ple, consider O

81%11 2\2 g%, 292 2
3 S QulHPY = =2 HP o HP (34)
—,—«ﬁ Ju Ju
H

which can be generated by the tree-level exchange of a heavy scalar field coupled to the
current Jy = |H|?. See left diagram in Fig. 1, with the mass M of the heavy scalar to be
identified with A.

e Type 2: “Current-current" without g2 enhancement, §.% = c;0;/A%. As an example, con-
sider

. PN
05 ="5 (H'D"H)d"B,, , (3.5)
2 —————
Jﬁ, JBu

which can be generated by the tree-level exchange of a heavy vector field leading to the
product of the indicated currents. See middle diagram in Fig. 1.

e Type 3: “one-loop”, 6. = g2c;0;/ (16w A?), like
Ops = ¢ |H*B,yB* (3.6)

which is straightforward to generate, e.g. by a loop of a heavy field with nonzero hypercharge
that also couples to the Higgs. See right diagram in Fig. 1. Obviously, if g, is strong, g. ~ 47,
the loop suppresion (expected for weakly coupled theories) will not be present.

3.1 Operator bases

The number of d = 6 operators (that preserve B and L; numbers), first studied systematically
in Ref. [6], is 59 (for a single fermion family) [51%: 59 ways to deviate from the SM at order

2 As some of the Wilson coefficients are complex, the number of real parameters describing these operators is higher
and goes up to 76.
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1/A2. Naively one would write more operators but some of them are redundant: they can be
eliminated from the Lagrangian by field redefinitions and have no impact on S-matrix elements.
As an example, take 0, = |H|*|DyH|*. 1t is straightforward to show that the shift H — H —
g2c,H|H|?/(2A?) removes 8. = g*c,0,/A?, and it is known that such field redefinitions do not
change the physics. An equivalent way of removing redundant operators is by using (d = 4) EoMs
on the d = 6 terms. To see this is allowed, consider a field redefinition ¢ — @ + F(¢@)/A%. Tt
changes the action

1 1 0%, 1 1
S= /d4x |:$d§4+/\2$d_6+0 (A4>:| — 08 = /d4x[ 5254 FF((P)‘FO <A4>:| ) (37)

so that the d = 6 Lagrangian shifts as .Z_¢ — Z—¢ + (0-L4<4/6¢®) F(¢) without changing the
physics. Therefore we can drop terms that can be written in the form (8-%,<4/0¢) F(¢) by using
0.Zy<4/0¢ = 0 which is nothing but the d = 4 EoM for field ¢.

This point is not just a technicality. It is important because it implies there are different ways of

removing redundant operators to arrive at a particular basis of 59 operators. Although physics will
not depend on such basis choice, some bases prove more convenient than others (and the literature
is plagued with errors due to "wrong" choices of basis) depending of course on the physical effect
one is after. The basis I will use appears in the literature under the name "SILH", from Strongly
Interacting Light Higgs, as it was chosen as ideally suited to study scenarios of pseudo-Goldstone
composite Higgses [7]. Needless to say, it is not restricted to such scenarios and it is as good as
any other to parametrize .%;_¢.

This basis contains 14 CP-even operators made of bosons only, as shown in Table. 1, with
the different boxes corresponding to the different types of operators described before, plus the
following 6 CP-odd operators (3 for SU(2), and 3 for SU(3).):

Opp = ga|HI’FLF™Y
Opr = iga(D'H)'T*(DVH)E, |

1
Osp = 38alapy YD FTPR (3.8)

There are many more operators that involve fermions. I list the 44 of them (for a single family) in
Table 2. The total number of operators in this SILH basis is then 14 + 6 + 44 = 64, five more than
the 59 advertised as the number of independent operators. It is at times convenient to live with 5
redundant operators that can be removed from the basis by using EoMs at will, depending on the
physics one is interested in.

There are other bases often used in the literature, the most common being the "Hagiwara basis"
[8] and the "Polish basis" [5]. The first maximizes the number of operators that involve SM bosons
only, without specifying fermion operators. The second tries to minimize the number of operators
containing derivatives: it gets rid of many bosonic operators using their EoMs. A comparison of
the bosonic operators in these three bases is presented in table 3, taken from ref. [9].

Generically there are two aspects to consider in choosing a good basis, according to the
scheme: Theory <+ Basis <> Experiment. Ideally, the basis should provide a transparent connection
to a theory (or class of theories) so as to minimize the number of operators required to capture the
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Op = (0" |H|*)?
or=1 <H"'DHH>
s = A|H|®

Opp = ’2|Hy2B VB”V
ﬁGG—gb |H‘2GA GA[JV

| Ouw = ig(DHH)' o (D' H)W, |
_Onp = ig(D"H)' (D"H)Byy _

Osw = 318€abc Wi YWy, WEPH
036 = 3185/acGy " G, GEPH

Table 1: 14 CP-even operators made of SM bosons. The operators are grouped in 3 different boxes corre-
sponding to the 3 types of operators discussed in the text (with type I at the top, type 2 in the middle and
type 3 at the bottom). Dashed lines separate operators of different structure within a given class. There are,
in addition, the 6 CP-odd operators given in Eq. (3.8).

physical effects. In addition it is convenient to have a direct connection between operators and the
heavy states that produce them and some handle on the size expected for the operators>.

As an example, consider BSM theories in which heavy states only couple to SM bosons (the
so-called universal theories). The leading d = 6 physics effects are most conveniently captured by
operators containing bosons only. These are the 14 operators (respecting CP) listed in Table 1. This
is the number of independent parameters that map the physical effects at d = 6 level of precision.
Now, in some bases several of these operators are removed in favor of other operators using the
gauge boson EoMs, e.g.

D'W, = %HT o"DyuH + g Y oyt - (3.9)

7

Clearly, such bases are not the best suited ones to study this kind of scenarios: a single physical
effect captured by one Wilson coefficient, say cy Oy /A2, in a “good" basis, is spread among many
different operators (including all fermions!) in bases that remove Oy by using the EoM above.
Moreover, the physical effects controlled by the single parameter cy will appear in the “bad" bases
through many Wilson coefficients that are correlated in a very precise way. More explicitly, one
has

2
cwﬁwﬁécw ﬁ’H+2ﬁ6+ (@u+ﬁyd+ﬁ;e+hc + = Zﬁ (3.10)

x

3These kind of arguments are called "theory biased" in some quarters. A better name would be “theory informed".
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Oy, = yulH|*OHu

| Oh=GH D))
01 = H'DH)(010)
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= (QY“TAQ)( TAu)
ﬁ}e’R = (ayHu)(@yuu)
ﬁZL = (Q}’”Q)(QY 0)

O = = (OY'TAQ) (O T4Q)_ |

ﬁzi = (07 Q)(LyL)

o) = (07" 0.0)(LyuouL)
Ofn = (07" Q) (eyue)
Op' = (Ly* L) (y,u)
O = (y"u)(dyud)

O = (ay" Tyu) (dyuTad)
ﬁ’}éfe = (ﬁi’“u)(e%e)

Ot = (07" Q) (dyud)
017" = (0P TAQ) (AW Tad)

Oy, =y.|H|*LHe

| Oh=GH' D) |
O = (zHTDuH)(Ly“L)
o = (it 6,DyH)(Ly* o,L)

Ofgp = (LY*L)(eyue)

Ot = (@1e)(ENe)
Ot = (Ly*L)(Ly,L)

ﬁyu)’d yuyd(Qr )€rs(

03%), = yuya(O Tan)er( ' Tad)
ﬁ YuYe — yuye(Q u)gré( )

yuye yuy€(Q %e)er(L'u®)

Oypyy = Yedg (Le) (dQ)

Obp=y.00" uHg B,y
Oy = yuQ0c*Vu o HgWy,
Ofc = yuQG“VTAquSGﬁv

08p =v,00"Vd Hg'Byy

04y =yaQotvd o HgWy,
ﬁgG = de_G“vTAngSGﬁV

Ofp =yeLo" e Hg'B,y
Oy = yeLo*V e o, HgWy,

Table 2: 44 operators made of one-family of SM fermions. In the first column there are operators made of
the up-type quark and other fermions; in the second column there are operators made only of the down-type

quark and leptons, the third column lists operators made only of leptons. The operators are grouped in 3
different boxes corresponding to the 3 classes of operators defined in the text (same order as in Table ).

Dashed lines separate operators of different structure within a given class.

Such potential correlations can be rather misleading on the other front that determines the good

properties of a particular basis: its connection to experimental data. In any case, one can easily

switch from basis to basis, and tools have been developed to assist in such basis translations, see

Ref. [10].

3.2 Experimental Constraints

A good basis should have a clean connection between operators and observables, ideally in

a one-to-one correspondence, which is however not possible in practice: a given experimental

constraint generically involves some linear combination of Wilson coefficients. Extracting model-
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Polish basis Hagiwara basis SILH basis
Ow = e"KWIWPWoE | Owww = T W WYP WL Osw = L geawc WY WhWerk
Oow = @' W, WHY Oww = ®W,, W O —
ﬁ(pwg = (PTGI(PWliVB‘uV ﬁBW = CI)%B\#VVAV“VCD —
— Ow = (Du®)"'WH (D, ®) Opw = ig(D"H)"c*(DVH)W,
— Op = (Dy®)"B*Y (D, P) Oup =ig (D*H)"(DVH)By,y

_ Opw = T ([Dy, Wop] [DF, W) | 0oy = — L (D*WS,)’

— Opp = =% (JuByp) (I“B'P) |Oap = —1 (9" Byy)’
— — Oy =% (H'o" D H) D'Wg,
— — 05 =% (H'D*H) "By

s x4 : A=A
Oop = (9'DL)" (¢'Dy9) |Os,) = (Dy®@) 00! (DED)  |Op =1 <H1 5 uH)
O = (97 0)0(9" ) Opp = 30u(P'®)0H (@'®) |0y = 5(9"|H)?
Op=(9"9)’ Op3 =3 (<I>T<P)3 Os=MA|H|®

— Ops = (Dy®)"(DH®P)(DTP) |—

Table 3: Comparison of CP-even bosonic operators between three popular bases. (Taken from [9].)

independent bounds on the Wilson coefficients of d = 6 operators requires using a complete ba-
sis and paying special attention to possible hidden correlations. The common practice of setting
bounds on a single coefficient at a time ignores correlations (that can be due to theory or simply to
a basis choice!), overestimates the experimental constraints and should be avoided. On the other
hand, concrete BSM scenarios predict particular patterns of correlations between Wilson coeffi-
cients, allowing for more stringent experimental constraints on them. Finally, it is clear that in
order to set constraints from experiment on the ¢;’s, one does not care about their possible enhance-
ment (by g2) or suppression [by g2/(16?)] which only plays a role on the theory ¢ operators
connection.

One could proceed by making a global complete fit of all data for the 59 Wilson coefficients,
or the relevant subset for Higgs physics, which is the sector where significant deviations are well
motivated. Alternatively [4, 11], one can save effort by noticing the hierarchical pattern of exper-
imental constraints (on c,~m€v /A?) that range from the very precise per-mille level (e.g. from EW
precision data) to percent level [e.g. from Triple Gauge Coupling (TGC) data] to loose constraints
of order 10% or less (e.g. for some Higgs couplings). We can imagine pictorially such bounds
as an ellipsoid in the space of Wilson coefficients with a hierarchy in the size of its axes. A good
basis should be well aligned with such ellipsoid so that a well defined subset of operators can be
constrained at the per-mille level (and therefore can be dropped safely from the discussion of the
constraints on lesser constrained operators) and so on towards less constrained operators, until one
can determine the most promising ones to expect possible large deviations.
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O = 3@ HP)?

Or =1 (HTBH H)2 Opp = g;ZIleiuvB:Vv
05 = A|H|® 006 =& |1 Guy "
oo it (preals - ﬁszlg(D“H) c*(D"H)W,
W=7 <H g D”H> D W/,Lv ﬁHB = lg/(D#H)T(DVH)BuV
3w = 3188 WY WL, WEePH

iy <~
Op="% (HTD”H> 9V Buy

O\, = yu|H[?QHu 0,,=ya|H|*QHd 0,, = yo|H*LHe
7777777777 A T o O
0% = (iH'DyH) (iy*u) 04 = (iH'D,H)(dy"d) 0% = (iH'DyH)(ey"e)

0 = (iH'DyH) (07Q)
0 = (iH'6*DyH) (07" 6Q)
017" = (00°0)(Lyu0°L) 05" = (Ly*o°L) (Lyuo°L)

Table 4: The 20 d = 6 operators of our basis relevant for Higgs physics. O L(3L)I has an indirect effect through

. . . .y 3)gl . . . . .
its modification of Fermi’s constant Gg. O éL)q is important for combined experimental constraints (through
G1, Fermi’s constant measured with quarks).

3.3 Higgs Physics

Such program has been carried through, with a focus on Higgs physics, in refs. [11, 12]
(where you can find a detailed discussion). Here I will sketch the procedure and main points.
The starting point (under the assumptions of MFV) is the subset of 20 operators in Table 4 below,
which are the only ones directly relevant to Higgs physics. If these operators are present, they
will modify the couplings of the Higgs with respect to its SM values, offering potential windows
to new physics. I have indicated above several such effects, some of which have already started
to be probed (for the first time!) by the LHC, while others will be in the future. Which ones can
still show some large deviation from the SM? First, one should realize that many of these operators
have an impact on other sectors of the theory not involving explicitly Higgses being produced, that
is, with H — (0,v/+/2)". A famous example is ¢y, which changes the my < my relationship.

Other operators modify the couplings of fermions to gauge bosons [e.g. ol = (iHTlH)HH)(f}/”f)]
and others triple gauge-boson couplings, like Oyp = ig/(D*H)"(DYH)Byy. One can then use
experimental data from LEP + Tevatron to set constraints in many of these operators even before
looking at Higgs data.

As we mentioned already, working at orden 1/A2, the expected deviations in observables
of interest will be some linear combinations of Wilson coefficients of the d = 6 operators in the
Table 4. We can now be more explicit about what it means in practice to have an operator basis
well aligned with experimental observables. The linear system relating observables ¢; and Wilson
coeficientes ¢; in the SILH (sub)basis above takes the schematic form:

10
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q i 0 0 cf
¢ |=|Xo T 0| (3.11)
gl ¢ X13 Xo3 T3 c§

The observables qf are the very precise Z-pole observables measurad at LEP-I (the leptonic Z
widths into vv,l;l;,Iglg) and the W mass (from Tevatron). Deviations in these 4 observables de-
pend, through the matrix 77, on just 4 Wilson coefficients, the c¢{’s: (¢, cg, c(L3L)l and cy + cp) which
can then be bounded at per-mille level. This makes X;» and Xj3 irrelevant for the analysis of less
constrained observables. Next come quark observables q? (61"%“" ,Rp,Ac,Ap) also well measured
by LEP plus G%/ Gfp (from KLOE and B decays) which depend, through 75, on just 5 additional
coefficients, the ¢?’s: (cf, c(L3)q, . c4, c(L3L)q) which can in turn be bound at a similar level of preci-
sion [¢;m3, /A% < O(1073)] and make X3 irrelevant for what follows. Finally, LEP-II data on TGCs
give information on the 3 parameters g%, ky, Ay and this, through T3, can be used to bound the ¢{’s:
(3w, and two linear combinations of ¢y, Kgw and Kgp) at the per-cent level.

One concludes that previous data closes 4 45+ 3 = 12 of the 20 possible windows for new

physics from which we started. Let us focus then on the 8 operators that remain. They are
On = L(@uHPY . Gs=AHS, 6, =y |H]T 2
n=5ulH])", Cs=AHP, O, =ysH fLHfr ., (3.12)

2
Ops =g |H’BB" ,  Occ = g5|H|* Gy, G* (3.13)
and a linear combination of Oy, Op, Oyw and Oyp that can be written as
Oww = & |H"WS, WY | (3.14)

(an operator not in the basis we used). Using the previous bounds on the ¢;’s, it turns out that the
unconstrained combination associated with this operator is kgw — Kyp.

What these 8 operators have in common is that they involve |H|?, in such a way that replacing
H — (H) just gives operators already in .%;_4 and their impact is not observable. This means that
only Higgs data can constrain these operators. More precisely,

e Oy modifies the Higgs propagator and therefore changes in a universal way all Higgs cou-
plings (leaving then all Higgs BRs the same).

e U will impact h* — hh, not accesible in the near future.
e 0, , 0, affect BR(h — bb) and BR(h — T7), respectively.

e 0, impacts BR(h — yy) by changing the SM top-loop contribution. In addition, it changes
the rate of htf associated-production.

e OUpp modifies directly BR(h — Z7).
e Ugc changes 6(GG — h), the main Higgs production mechanism.

e Kyw — kyp affects BR(h — yy).

11
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Performing a global fit to all Higgs data from ATLAS and CMS the only significant bounds apply
to the Wilson coefficients that contribute directly to SM loop-suppressed processes. At 95% C.L.
one gets [11]

)
Y6 € (—0.8,0.8) x 1073 (3.15)

2

A—VZVKBB € (—1.3,1.8) x 1073, (3.16)
miy -2

FKZY € (—0.6,1.2) x 107~ 3.17)
where Kz, = —(Kuw — Kup) /4 — ZS%V kpp. Notice that the last bound is possible even though the
decay h — Z7y has not been seen yet: the experimental limit on its rate is about 10 X Gsyy.

The analysis reviewed above is useful to bound possible deviations from new physics in all
sorts of Higgs measurements. As an example, consider the test of custodial symmetry based on
measuring
 T(h—=ww) TM(h— Z7Z)
- IM(h—WW) I'(h— ZZ)
which is constrained experimentally to the range Ayz — 1 € (—0.5,0.1) at 95% C.L. Using the
d = 6 EFT approach one gets

Ady—1

1, (3.18)

2
m
Aiyz —1 = s3,(0.9¢w — 2.6cp + 3kpw — 3.9;<HB)A—V2V
2

m
(0.65g7 —0.55K, — 1.6KZY)A—‘;/ :

1

(3.19)
and using the bounds on these deviations from TGC and 4 — Zy data, one gets the stronger bound

Aiyz—1€(—6,8)x 1072, (3.20)

4. Conclusions

The close scrutiny of Higgs properties is of the utmost importance as they provide well moti-
vated windows to probe BSM physics indirectly. I have described in this lecture how the model-
independent EFT approach through d = 6 operators can be very powerful for this task*. Although
there is still room for some deviations, we have seen that the number of “open windows” is smaller
than naively thought. Be it through indirect signals of BSM or by direct production of new particles
(as hinted by the recent diphoton excess in ATLAS and CMS [14]) we expect that the second LHC
will be a very productive one!
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