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Effective Field Theories
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basic idea: separate the different scales and
determine the relevant degrees of freedom!
,! Operator-Product Expansion:
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Effective Lagrangian for the Axion-Like Particle
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Assume an ALP a that is

classically shift symmetric (a ! a + c) a gauge singlet

a pseudoscalar massive with mass ma

most general Lagrangian:
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[H. Georgi, D. B. Kaplan, L. Randall:
Phys.Lett.B 169 (1986) 73-78]



Alternative Form of the Effective Lagrangian
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Assume an ALP a that is

classically shift symmetric (a ! a + c) a gauge singlet

a pseudoscalar massive with mass ma

[M. Bauer, et al.: arXiv:2012.12272]alternative form of the Lagrangian:
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) effective Higgs-Fermion-Fermion-ALP vertex!

Ŷd = i(Yd cd � cQYd) , CGG = ↵s
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ALP-SMEFT Interference
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virtual ALP exchange induces UV-divergent one-loop graphs,
first studied in the case of (g � 2)µ [Marciano, Masiero, Paradisi, Passera (2016);

Bauer, Neubert, Thamm (2017)]

requires local dimension-6 operators
as counterterms!

f f
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ALP-SMEFT Interference
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consistent treatment: embedding of the ALP model in SMEFT via

x

x
Le↵ = LSM +LALP +LSMEFTxxx

|                                         {z                                         }

ALP contributes source terms to the D = 6 SMEFT Wilson coefficients

[Buchmüller, Wyler (1986)]

d
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[AG, Neubert, Renner: 2105.01078]

,! SMEFT Wilson coefficients are
generated at the scale ⇤ = 4⇡f
independent of the ALP mass!



ALP-SMEFT Interference
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systematic study: consider a redundant basis of D = 6 operators
made out of SM fields
,! compute the one-loop divergent

Green’s functions with virtual ALP exchange
[AG, Neubert, Renner: 2105.01078]

[Grzadkowski, Iskrzynski, Misiak, Rosiek (2010)]

for instance:



ALP-SMEFT Interference
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Example: Three gluon amplitudes

need the redundant operator: Q̂G,2 = (D⇢G⇢µ)a (D!G
!µ)a

A(ggg) = � 1
⇤2

C
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h
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i
+finite

Weinberg operator
(present in the Warsaw basis)

not present in the Warsaw basis
,! needs to be transformed!



ALP-SMEFT Interference
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Example: Three gluon amplitudes

transformation into the Warsaw basis:
Q̂G,2 = (D⇢G⇢µ)a (D!G

!µ)a

needs the SM equation of motion
D⇢G

⇢µ,a = � gs (Q̄L �µ t
a

QL + ūR �µ t
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ALP-SMEFT Interference: From Diagrams to Source Terms
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M: characteristic mass scale of the UV theory
ln µ2: generic for one-loop diagrams in dimensional regularization
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ALP-SMEFT Interference
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Nearly the whole
Warsaw basis is
sourced by the ALP
at one-loop order!



UV Running of the
Dipole Coefficients
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Dipole Operators above the Weak Scale
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UV Evolution in the presence of an ALP
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quark-sector:

qR QL

V

V

a

�
qR QL

Va

V

�

SqB = 2 g1 CBB (YQ +Yq)(Yqcq � cQYq)
SqW = g2 CWW (Yqcq � cQYq)
SqG = 4 gs CGG (Yqcq � cQYq)

q = u, d



Mixing of CqB , CqW and CqG
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CqG

q
j

R
Q

i

L

V = B , W

g

�

,! QCD-effects mix CqG , CqW and CqB

mixing between the dipole Wilson coefficients:
[E. Jenkins et al: arXiv: 1310.4838, 1312.2014]



Mixing of CuV and CdV
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mixing between the dipole Wilson coefficients:
[E. Jenkins et al: arXiv: 1310.4838, 1312.2014]

CdVfor instance:
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,! the Higgs mixes CuV and CdV



Mixing with other SMEFT coefficients

Anne Galda (JGU Mainz) RADCOR-LoopFest May 17, 2021 16/20

[E. Jenkins et al: arXiv: 1310.4838, 1312.2014]
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�
four-fermion operator:

generated for instance via:

Weinberg operator:

QHV (V 0)-type
operator:



Application: Top Chromo-Magnetic Moment
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⇤ = 4⇡ f : scale of global symmetry breaking

Chromo-magnetic and chromo-electric dipole moments:
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Application: Top Chromo-Magnetic Moment
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To lowest logarithmic order:
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Combined with experimental bounds from CMS (2019) this gives:
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2
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i2
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Comparable to the strongest bounds following from collider and flavor physics
for ma > 1GeV!

[AG, Neubert, Renner: 2105.01078]

ctt : ALP-top coupling
below EWSB



Summary and Outlook
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In this talk, we have . . .
X seen the ALP Lagrangian and an alternative form for the coupling to

the SM
X analyzed the effects of an ALP on the D = 6 SMEFT operators
X solved the RG equation of C

33
uG

to lowest logarithmic order
,! model independent framework for studying virtual ALP

contributions to precision measurements

Open Tasks:

� A more comprehensive analysis of virtual ALP effects based on a
global fit to precision data is left for future work



Take Home Message

� ?
The ALP generates SMEFT
operators above the weak

scale by means of
inhomogeneous source terms.

? �
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Thank You!Thank You!


