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A Higgs-like particle was found at the LHC.
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EFTs provide a model-independent answer.

E
A ( UV model ) ( 77
top-down bottom-up
v ( effective description J ( operator basis
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EFTs provide a model-independent answer.

E
A ( UV model ) ( 77
top-down bottom-up
v [ effective description ) [ operator basis
For a model-independent analysis we use the bottom-up approach.
We need:

@ All low-energy degrees of freedom

@ Symmetries and patterns of symmetry breaking

@ A consistent power counting
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First, we focus on the power counting.

Part 1 — power counting
[1307.5017,1312.5624,1412.6356]

- Part 2 - Fit to LHC Higgs data

o s s w [1504.01707,1511.00988]
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1. The power counting is determined by the
leading order Lagrangian.

i) The leading order is the Standard Model:

@ The Higgs is part of an SU(2), doublet, the symmetry is linearly realized.

@ The scale of new physics is at A > v.

@ The expansion is given by canonical (energy) dimensions, the expansion
parameter is v/A.
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+--- | 1. The power counting is determined by the
.| leading order Lagrangian.

i) The leading order is the Standard Model:

d

NNLO

NLO

. . . . 2
Relevant for Higgs physics: dimension 6, of order O(%z)
Buchmiiller, Wyler ['86 Nucl. Phys. B]; Grzadkowski et al. [1008.4884]
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+--- | 1. The power counting is determined by the
.| leading order Lagrangian.

ii) The leading order Lagrangian is not the Standard Model, but allows for a more
general Higgs (e.g. Composite Higgs Models):

A t Feruglio [hep-ph/9301281], Bagger et al. [hep-ph/9306256], Chivukula et al. [hep-ph/9312317],
ssum p Ions Wang/Wang [hep-ph/0605104], Grinstein/Trott[0704.1505], Contino[1005.4269], Alonso et al. [1212.3305], ...

A new strong sector is generating the 3 Goldstones of EWSB and the h.

The scale of the new dynamics is given by f.

The transverse gauge bosons and the fermions of the SM are weakly coupled.
The pattern of symmetry breaking is SU(2); x SU(2)g — SU(2)v=1+r
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@ A new strong sector is generating the 3 Goldstones of EWSB and the h.

@ The scale of the new dynamics is given by f.

@ The transverse gauge bosons and the fermions of the SM are weakly coupled.
@ The pattern of symmetry breaking is SU(2); x SU(2)g — SU(2)v=1+r

Lio =1(8,h)(8"h) =V (B)+% Tr (D, UD*UT) (1 + Fu(L))

. T.
+ Lgauge + Lv + Lyvukawa (e) U =exp {2,37('03}

v
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1. The power counting is determined by the
leading order Lagrangian.

@ Lo is not renormalizable in the traditional sense, but in the modern sense —
order by order in an effective expansion:

@ The LO counterterms are included at NLO.

= The basis of NLO-operators is at least given by the counterterms of the one
loop divergences.

Claudius Krause (LMU Miinchen) Fitting LHC Data using EFT December 11, 2015 7/18



+--- | 1. The power counting is determined by the
.| leading order Lagrangian.

@ Lo is not renormalizable in the traditional sense, but in the modern sense —
order by order in an effective expansion:

@ The LO counterterms are included at NLO.

= The basis of NLO-operators is at least given by the counterterms of the one
loop divergences.

o We identify % ~ s, N ~ 4rxf.
@ The scale of new physics f ~ v, &= ‘;—i ~1
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+--- | 1. The power counting is determined by the
.| leading order Lagrangian.

— With the use of topological identities we find all classes of one loop operators.
This is equivalent to a counting of chiral dimensions:
2L+2 = [all couplings], + [all derivatives], + [all fields],

[bosons], =0,

[fermion bilinears] = [derivatives] = [weak couplings] =1
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1. At each order, all powers of & = ‘;—j are summed.

o o
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o o
—e —e >
\2/ 3 # loops
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2 4 6 8 x=2L+2
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1. In a realistic scenario, we have a
double expansion.

Assume now:
h is generated by a strong sector at scale f > v

— We get a double expansion in

f2 1 v2
A2~ 1672 S
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1. In a realistic scenario, we have a
double expansion.

Assume now:
h is generated by a strong sector at scale f > v

— We get a double expansion in

72 1 v2
Mo 4 =m

Corrections in the Higgs sector start at O(&),

corrections to electroweak observables at O(¢/1672)

= This expansion tests primarily the Standard Models Higgs hypothesis.
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1. The “angle” depends on €.
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The application of the EFT in LHC Higgs data analysis.

Part 1 — power counting
[1307.5017,1312.5624,1412.6356]

- ] Part 2 — Fit to LHC Higgs data

[1504.01707,1511.00988]
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Eﬂ 2. Currently available LHC Higgs data.
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2. Currently available LHC Higgs data.

]

____o(prod.)xBr(dec.)
= o(prod.)sm X Br(dec.)sm

.
— ~

Signal strength:

Higgs pr(;duction Higgs decay

@ Gluon fusion o b
@ Associated production with i

Wi/Z QT'T

+ —

@ Vector boson fusion e WW
@ Associated production with 0 &%

tt o vy
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2. A consistent fit in this expansion has 6 free

parameters.
2 + — 1 2 1 h by T =
Ling = 2cy | my W W™H + §mZZ“Z v ctystth — chypbbh — c vy, TTh
Eh vh & nh
+ 2oz O Fun PP+ 155 0 T (G GM) lci =SM+0(¢)]

v

Single h processes

o o 31 tion onl
tree: W\\AI\I/; < (3 generation only)

Cvy Ct.b,r
L L . gg and
< { + + '%ﬁ (
1-loop: m v only)
Ct.b,r Ccv Cyv.g8
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2. We performed a Bayesian fit to LHC Higgs
data.
Bayes Theorem:
posterior pdf Likelihood
probability of the = prior X probability of data,
parameters, given data given the parameters
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2. We performed a Bayesian fit to LHC Higgs

data.
(=]

Bayes Theorem:
posterior pdf Likelihood
probability of the = prior X probability of data,
parameters, given data given the parameters
// \
flat prior in Likelihood

o cy €[05,1.5]

° Crtb,r €[0,2] o given by the code Lilith

@ ¢y, € [-1.5,1.5] Bernon/Dumont[1502.04138]
° ¢z € [-1,1] @ using DB 15.09
[ATLAS-CONF-2015-044,
| ¢ =SM + O(¢) | CMS-PAS-HIG- 15-002]
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2. A consistent fit in this expansion has 6 free
parameters.

1 h _ -
Lint = 2¢y (mf,v W;“ W=+ + §m§ZMZ“> — — ¢typtth — cpypbbh — ¢y, TTh

e2 2

v & v
t T3 G Fun F o+ 15 Cos T (G G )— ¢ = SM+0(¢) |
Best fit: Correlation matrix:

cy =0.984+0.08 1.0 0.09 068 0.42 0.33 0.06
Ct =1.37+0.22 . 1.0 0.16 0.01 -0.43 -0.73
¢, =0.83+0.19 o . . 1.0 059 -0.07 0.24
cr =0.95+0.14 Pi = . . . 1.0 -0.07 0.18
¢y =-—041+£0.38 ) . ) . 1.0 0.32
Cgzg =—0.31£0.16 . . . . . 1.0
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2. A consistent fit in this expansion has 6 free

parameters.
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Summary

@ The power counting depends on the leading
order Lagrangian.

0 1 2 3 # loops
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Summary

@ The power counting depends on the leading d
order Lagrangian. & 10

@ Phenomenologically interesting is a double @8
expansion in
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Summary

@ The power counting depends on the leading Best fit:
order Lagrangian.

cy =0.98+0.08

@ Phenomenologically interesting is a double ¢ =137+0.22
expansion in ¢ =0.83+0.19

2 2
LA &é=1%. ¢ =095+014
¢, =-041+0.38
o The leading terms in the chiral expansion lead g = —031+0.16

to a Lagrangian that is suitable for fitting LHC
Higgs data. It has only 6 free parameters.

= The Standard Model Higgs hypothesis can be tested effectively. A
systematic expansion of this analysis is — via the EFT —
straightforward.
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Backup
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Lo, power counting and NDA

Lo = 20,000~V (2) + S (D UXD ) an (4)" + 19DV

; 1 1
v (WeY; cUWe +he) (B) - §<G,“,G“”> — 5 (W W) = £ B, B

v

H X
22— X—2(FtrFry—ny (P\B (B R = = 5
D~ p?tt2 xRy (7) vl B AL L

Naive dimensional analysis - NDA:

Georgi, Manohar ['84 Nucl. Phys. B]; Georgi [hep-ph/9207278]

o Overall factor f2A2, f~1 for each strongly interacting field, A~! to reach
dimension 4

@ Is consistent with our counting only if internal gauge lines and Yukawa
interactions are neglected.

o Gives wrong scaling in some cases, e.g. F,, F*".
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Ax? for the one-dimensional marginalized pdf:

A (-2 log (pdf))
A (-2 log (pdf))
A (-2 log (pdf))

A (-2 log (pdf))
A (-2 log (pdf))
A (-2 log (pdf))
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c, Cry 99
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Further 2-dim plots
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Further 2-dim plots
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