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Outline

* Axion-like particle (ALP) EFT
e ALP-SMEFT Interference [Galda, Neubert, Renner (2105.01078)]

* (lobal analysis of indirect bounds on ALP couplings from the
SMEFT

* Comparison to direct bounds

Based on work in progress with
Anne Galda, Javier Fuentes and Matthias Neubert

Anke Biekotter - JGU Mainz


https://arxiv.org/abs/2105.01078

AXxions

Baker et al. (hep-ex/0602020)]

L=0_—"G, G
87T E 50 - . B up

uw ~\.\ {

. SR R s ey s 52 H
Why is the theta term so small? z | T HH—-

m- 7 4
-100 T
-10 20

0 10
R.-1 (ppm)

a
—(f a auv
L ( fa) - G G

Dynamical solution to the strong CP problem
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Electric dipole moment of the neutron

Peccei, Quinn (refl, ref2)]
Weinberg] [Wilczek]
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Axion-like particles

* Singlet pseudo-scalars

. QCD axion: Ma/a = const. put generally a wide range of masses is  [Peccel, Quinn (refl, ref2)
possible Weinberg]  [Wilczek]

» Generic ALP with effective Lagrangian
[Brivio et al. (1701.05379)]

* Motivation: “"Higgs portal” dark matter, composite Higgs models, ... [Bauer et al. (1708.00443)]
0,a
. | E (SM)H
. Shift symmetry @ — a + ao, Lagrangian terms: Ja
1 m; O*a . Ota , 4 4=
L2 = Z(9,a)(0"a 2.0 42 (ke co — (d'iD, ¢
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Current status - 2D fits
Strong limits on light ALPs

[O’Hare (axion limits)]
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Troconiz (2202.03450)]



https://arxiv.org/abs/2202.03450
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ALP Lagrangian

1 mgo o*a 0*a >
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cu —cQYu), Ya=i(Yaca—cqVYa), Ye=1i(Yecc—cLYe)

cx =cx1s  Flavor universal

~ ~ ~

Yu — i(Cu — CQ)Yu — —iCuYu, Yd — i(Cd — CQ)Yd — —iCde, Ye — i(Ce — CL)Ye — —iCeYe
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ALP Lagrangian

Six free parameters in the flavor-universal case
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cx =cx1s  Flavor universal
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Marciano, Masiero, Paradisi, Passera (1607.01022)]
Bauer, Neubert, Thamm (1704.08207)]

ALP-SMEFT interference

* Virtual ALP exchange induces UV-divergent one-loop graphs
* Dimension-6 operators required as counterterms
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Independent of ALP mass
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Source terms [Galda, Neubert, Renner (2105.01078)]

 ALP contributes source terms for D6 SMEFT Wilson coefficients

[See Supratim’s talk]
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Source terms [Galda, Neubert, Renner (2105.01078)]

 ALP contributes source terms for D6 SMEFT Wilson coefficients

[See Supratim’s talk]
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Exploiting the ALP-SMEFT interference

Observables used Six free parameters
* Low-energy observables

o H|ggs Caa, Cww, Csg, Cu, Cq4, Ck
Falkowski et al. (1706.03783)] 7 Cae

Ellis et al. (2012.02779)]
Anisha et al. (2111.05876)] Y C

Anke Biekotter - JGU Mainz

11


https://arxiv.org/abs/1706.03783
https://arxiv.org/abs/2012.02779
https://arxiv.org/abs/2111.05876

Exploiting the ALP-SMEFT interference
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Exploiting the ALP-SMEFT interference
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Exploiting the ALP-SMEFT interference
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Correlations

Dominant constraints
 Ccc : Higgs + Top
e Cww : LE + Higgs
« CgB :low energy
« Cu :low energy

« C4:low energy
 Ce:low energy
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Correlations

Dominant constraints
 Ccc : Higgs + Top
e Cww : LE + Higgs
« CgB :low energy
« Cu :low energy

« C4:low energy
 Ce:low energy

Preliminary
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Light gray bounds with
additional assumptions

Comparison with direct bounds
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Bonilla, Brivio, Machado-Rodriguez, de Troconiz (2202.03450)]

Bauer, Neubert, Thamm (1708.00443)]
Bauer, Neubert, Renner, Schnubel, Thamm (2110.10698)]
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Light gray bounds with
additional assumptions

Comparison with direct bounds
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Comparison with direct bounds
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Higher scales

limits on C'/ f [TeV ']
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Conclusions

* (Almost) mass-independent bounds on _4
ALP couplings

 Complementary to direct bounds and
competitive for high ALP masses

* Interesting reuse of SMEFT analyses

|

Cq|/ f [TeV™

102 101—1 i 1'o
mg |GeV]
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Conclusions

* (Almost) mass-independent bounds on _4
ALP couplings

 Complementary to direct bounds and
competitive for high ALP masses

* Interesting reuse of SMEFT analyses
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Thank you for your attention!
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Backup



Leading-log approximation
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S 20 508 :
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NN | | leadinglog i
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Warsaw basis

Anke Biekotter

[Grzadkowski et al. (1008.4884)]

1: X% 2: H® 3: H*D? 5:?H? + h.c.
Qc | FABCGAGEIGSH Q| (HIH)Y  Qun | (HUHO(H'H)  Qur | (H'H)(pe H)
Qs | fABCGAGErPGSH Qup | (H'D,H)" (H'D,H) Quu | (H'H)(gyu,H)
Qw | KWW IPW Sk Qan | (H'H)(gpd, H)
QVV' EIJKW’{VWI;]pW[f(u
4: X2H? 6: v2XH + h.c. 7:¢2H2D
Que | HYHGA,GA Qew | (o™ e )r!HW], ) (H'sz WH) (P
ua | HUHGA GAw Qe (I,o" e, )HB,,, Q'Y (Hti D LH)(lpT vk,
Quw | HHHWLW™™ Q.o | (g T4u,)H G2, Qe (H'i'D H) (e, )
piw | HHWLW  Quy | (ot u,)r HW], Qy, | T .H) @)
Qus | H'HBLB"™  Qup | (40"u,)H By, ) (H'iD'LH) (@77 a,)
wi | HYHB,,B™ Quc | (G0 TAd,)H G4, Qs (H'i'D  H)(a,y"u,)
Quwsp | HIT'THW/ Br Qaw | (Gpotvd,)T'HW, Qud HT?«(B W H ) (dpytd,)
pivp | HITTHW/, B Qap | (gpo*’d,;)H By, Quua + hee. | i(H'D,H)(u,y"d,)
8:(LL)(LL)

Qe (p'Yy )(137 lt)

Plus another 24 four-fermion

operators
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