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Direct Detection
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Direct vis a vis Indirect

Assumptions
SM a_p Exotic Signatures
* Missing
« Displaced etc

SM
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Assumptions? Maybe.
But different.
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What do we bound?

e Indirect bounds are generally weaker
e More robust

e Can take care of flat directions

We bound DiRgey




Axion-like Particles

e Goldstone boson (pseudo)
e Pion partner
e Portal between the visible and the dark sector

e Disregard everything else
e Think in the MeV range
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Let me motivate one such scenario



The W-boson tension
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The solution

The process
p
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Model (example)
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e Also check:

e Agashe, Airen, Francheschini, Kim, Kotwal, Ricci, Sathyan, JHEP 2025.
e Agashe, Airen, Francheschini, Kim, Kotwal, Ricci, Sathyan, PLB 2023.



The Lagrangian we want

Theory of light mesons and an ALP: axPT
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Axion Couplings
Ti: aGG, aWW, aBB

8 7 =f . F = .
Tor % [Claital + Chartag ]
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Mass from QCD anomaly

Rotate aG G etc away
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The ‘bare’ mass Redef Invariance
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Field Redefinition
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Field Redefinition
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The Lagrangian we want

Theory of light mesons and an ALP: axPT

Laxpr = L"i/\\”PT + Lavpr 5 Cos Con Cay R
" :hz f7|raV2OF: ?j:(:ions > redefined 7° I Cwn "o
e a O(E’/To, T4, ji, -+« )— redefined vertices 7 Coa Com G 7
= 70 O(mo, 7y, [y ) Cor # Cra
Observable Effects
e Goes on to mess up light-Meson mass spectrum
e Modifies the (7°|(|0) form factor —
e Modifies the (K /77 |O|7°) form factors —
e Modifies Meson decay Sum rules —

(') Also check: Bauer et. al., 2102.13112, 2012.12272
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Form Factors: Field Redefinitions
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— Modified differential width spectra «
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A model Lagrangian
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Semi-leptonic and Hadronic decays

e Semi-leptonic K decay: K= — 7%/

o Experimental Data from NA48/2
* Standard Model Results from Lattice

1%

e Hadronic 7 decay: 7 — 'K v
o Experimental Data from

— BaBar
— lIsoSpin partner channel for Belle
— Projection for Belle-1l (Luminosity scaled errors)

* Standard Model Results from IsoSpin partner channel at Belle

x Partner channel: 7= — 7~ Ksv
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The KT7° form factor

Lagrangian (at LO)
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Distortion of Shape of diff. distribution

SM+ALP PT
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Bounds: NA48/2 differential distributions data
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Bounds from 7 decay: (i) SM Form Factors

Belle: 7+ — K. tw (0706.2231)
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Bounds from 7 decay: (ii) Data

BaBar: 7 — K70 (0707.2922)
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The overlaps
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Bounds on the overlaps
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How do we compare? (2209.00665, 1909.00005, 2412.09678

Weak-Violating

Weak-Preserving
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Low lying ALPs modify xPT in non-trivial ways

These modifications can be observed and categorized

e Meson mass spectrum
e Differential widths (also sum rules)

These modifications will complement direct searches

e More precise computations of SM parameters needed

Interplay between high-energy and flavour experiments



Low lying ALPs modify xPT in non-trivial ways
These modifications can be observed and categorized

e Meson mass spectrum
e Differential widths (also sum rules)

These modifications will complement direct searches

e More precise computations of SM parameters needed

Interplay between high-energy and flavour experiments

Thank You

Questions/Input/Critique?

Axion seminars be like
gonin

There's more to
Axion-like particles



Form Factors etc
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We nse the dispersive parametization of the FFs, where the slope paramet
of the slope of the vector, f17" (1), FF at ¢ = 0 and the slope of the s
Callan-Treiman point (tor = Mj — M2), A+ and C respectively [58]:

ar, S5 (1), FF

AR = Ay

Kon

o= (A,‘ ) +5.79(07) x 1075
(3.10)

Um,(( ~ 0.0398(44)] ;

( AN * 1 4.16(36) x 107

We tabulate the lattice determination [52] of Ay, C, and f y (0)(= f&e (0)) in Table 3. We also

note the correlations among these parameters, which we include in our computations

Parameter Correlation

Ay =24.22(1.16) x 10~ | p[Ay,

M) = 0.376

log(C) = 0.1998(138) [/(\ e (0), log(C)| = —0.719
Ty 0) = 0.9709(46) ,,[/Q,},*Q“UU.A = 0228

Table 3. Lattice determined values (left) and correlations (right) of the FF parameters in the dispersive
formalism [52]. The quantitics pli, ] are the correlation coefficients between the i-th and the j-th par

Lattice Form Factors: 1602.04113 (ETM collaboration)
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The factor Ceg; encapsulates effects that are not captured by the lattice computations of the FFs that

we use in our numerical analyses. Tt is defined as:
Cear = Saw(1+ 0% ) + 052 (3.7a
2apM

Here, Spw

0.0003, (3.7b)

log = T +0 (““ ) = 0.02

56]. The other corrections, viz

7] and nﬁ“ = (0.016 + 0.2
distance corrections resp Tn our caleulations, We drop the 85 corrections as
it s much smaller than the order we are working up to.

arc the isospin breaking and long

Short Distance EW, EM, Isospin: 0801.1817 (FlaviaNet), NPB 196 (1982), 83 (Sirlin), 1704.04104 (Moulson)

£ (Dt

'T(!,J[,,) +F z (VS“ + 2 oule “5 - +J-§, CT\’[S,'B/J\'QV(‘,A + EIF“ 'fa_(,(_ To_ Vs‘;\/:j }

K2



Bin-by-bin fitting
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dN/dz (Arb. Units)

dN/dz (Arb. Units)
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