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Derivative basis interaction

We start from the dimension 5 EFT (SM + S, ) in the derivative
basis (¢ — ¢ + const)

Vimix(S, H) negligible [G.Arcadi et al.: 2403.15860] ...
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We start from the dimension 5 EFT (SM + S, ) in the derivative
basis (¢ — ¢ + const)

Vimix(S, H) negligible [G.Arcadi et al.: 2403.15860] ...
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(p-dependent rotations remove derivative couplings
[Georgi, Kaplan, Randall: Phys. Lett. B, 169:73-78, 1986]

5—>exp[/C5 15 H%exp[/CHzf]H wﬁexplicwwlzb

and ¢-SM interactions are redefined [M. Bauer et al.: 2012.12272]

No 'z 1
L0 = g Cv v Vi V™ + 52 CLULH bR + O <f2> ,

while Ls,,. . .it's gone ¥ |
But wait, where did the ALP-DM interaction go!?




Dark Matter Potential

The stabilizing symmetry acting on the DM is crucial! @

1 A
Vv (s) = mists + 5i(AS®+ AST3) + TS(STS)Q




Dark Matter Potential

The stabilizing symmetry acting on the DM is crucial! @
1
3

3 (AS3 4+ A*ST3) 4+ A

AS (gt g)2
2(s's)

A < 34y/Asms [G. Belanger et al.: 1211.1014]
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Dark Matter Potential
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The stabilizing symmetry acting on the DM is crucial! @
1
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3 (AS3 4+ A*ST3) 4+ A

AS (gt g)2
2(s's)

A < 34y/Asms [G. Belanger et al.: 1211.1014]
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Dark Matter Freeze-Out fig oo oo
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Standard DM annihilations are absent. ..
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Relic density I: NO Basis Sl mousw

ms € [10, 10*] GeV

-6
10 10
Asp = 0.1

—m,=1 GeV
-=-m,=10GeV

> % 107"
1072
ms =10 GeV
m,=1GeV

102 108 100 e, TS

10 102 10° 10*
X=ms/T

ms [GeV]




. . . g UNIVERSITA
Relic density I1: O Basis 17 oeorsuo

DI PADOVA

Unravel the three-dimensional parameters space (ms, A, f,)
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0 Short lifetime 7, < 1sec
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0 Short lifetime 7, < 1sec

- Escape BBN constraints [M. Kawasaki et al.: 1709.01211]
- Escape CMB constraints [C. Balazs et al.: 2205.13549]
- Q, = 0 after BBN
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- Q, = 0 after BBN

9 Thermal equilibrium at DM Freeze-Out
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General requirements

0 Short lifetime 7, < 1sec

- Escape BBN constraints [M.
- Escape CMB constraints [C. Balazs et al.: 2205.13549]

- Q, = 0 after BBN

Kawasaki et al.: 1709.01211]

9 Thermal equilibrium at DM Freeze-Out
- TDS = T’y
- Sizeable ALP-SM couplings
- C; hierarchy?
_ ’YQ(T) z 1
H(T)s(T) |7,
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ALP coupling to fermions
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Warning: QCD and threshold
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What to Expect

Direct Collider
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One-Step Cascade
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\*‘\\ s S* In progress ... [F.D’Eramo, S.Manconi, TS]
5 ‘d\(\‘\ max
N dN
S o SM =X x P
2N .. dxs 34 oo dxg X — 63(
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® ¢ — SMSM shapes the spectrum
® Softer and broadened spectra for ¢, < 1
® Channel closes for ex — 1




Indirect Detection: ~-Ray Spectra o5 —
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from Semi-Annihilation
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NEW! ALP-portal to scalar DM
[F.D’Eramo, TS: arXiv:2502.19491]

Governed by semi-annihilations Imprints of symmetries on
phenomenology

@ ® DM relic independent of C,_spy

® Accessible parameters space

. , ® Peculiar phenomenology
e (suppressed DD, interesting 1D)




Thank you!
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EFT: Derivative basis
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EFT: Non-Derivative basis

No) _ ¥ i VARV 1
E@SM 2&07390 + 87_”(;0 ZV:CVQV 224 + 0 1202 s

3
Po=—iY_ {(CJU' —Ch —Ch)y] Q) Huly+
j=1
(Ch — C + Cu)yy Qf He +

+ (CL - CL + C)yl ElHely| +hec. .




NO- Wilson Coefficients
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Counting Wilson Coefficients

We count the number of independent C to be:
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Boltzmann Equation for DM

dYS _ (1 }dln g*5> S(X) <0—55H5*<pVM¢I>

- Y2 - Ys Yl
dlnx 3 dinx H(x) { s s 5}

Jam ds /5 (s — 4m3) osss+o(s) Ki[v/s/T]
8mé TKy[ms/ T)?

2
~ e o 10 (%)Z <%>4+O(T)
1287 m% mg ms mg

(0SS—55%pVingl) =




UNIVERSITA

Boltzmann Equation for ALPs prts Srony

DI PADOVA

dY, 1dInges X Yal(x) Y,
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ALP coupled to SM gauge bosons: g a—

Scatterlng rates = DI PADOVA
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ALP coupled to SM gauge bosons:

lifetime
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Thermalization receives three main contributions:

(%) _ .eq Kl[mlp/T]

=nd——F - - Inverse Decays
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vgﬁiﬂpwn =2 x nzqnﬁl(%vﬁww Vivgl) Inverse Compton
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Accounting for m,, effects:
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ALP lifetime [: Electron
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The UV theory contains extra fields and a global U, symmetry

Field ) S v, Ve
Type Complex scalar | Complex scalar | Weyl | Weyl
U, charge -3 1 v | v —3

- <1 <1
Luv D — (ywd)T\UL\UR i h.c.) +dan OTO HIH + Mg dTd STS + (K*¢53 + h.c.)
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After ® taking a VEV ¢ — ("“’ +p> exp [,‘P} N

1 Ve . . -
Ly = 5(%0)2—% {m exp [I‘ﬂ S+ ywexp {—IZ] ViVR + h‘C-}

and integrating out heavy modes

NO ¥ ~uv 2 fY0% Vo P | <3
L£,°D Srve [ongWG +2YyagB,, B }Jr Ve {n*exp {/ V(b] S +h.c.}

@ arises!
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The UV theory matches onto our EFT as (Cg = 1):
f,=ve, Cg=2Y3, A=3V2k,voe
Higher order potential terms are naturally suppressed:

s 1 1 gagt Mo — 6V 2k Aos -1

VS(S) 4' Vo )\q;

-dependent rotations § — el?/(3%)1 G recover 9-basis Lagrangian
up to dim-6 interaction terms

2
OLiNr = ; fz S J,0STS Cs=C5= 3




Indirect detection spectra |

ALP particles are produced in SS — S*p processes with

3 €2 / 1 e m
EGF) — 2 m ¢ (GF) — . .
2 4 5<1 3) Py S )\(1,27 2) €p ms

Subsequent visible ¢ — XX decay products are isotropic and
monochromatic

dNyx _(
dE)’<dc059’_

dNx

/ _ —_—
Ex ) /dExdcosedExdcose 2




Indirect detection spectra II

Kinematic variables in the GF are related to those in the ALP rest
frame o
E)(< ) = yL(E) + BL Pl cos ) .

Differential energy injection spectra in the GF are computed as

dNx dNx (GF)
—— = | d 0'dE}, ——= §(Ex — E .
dEx / €08 X dE; d cos ¢ ( X X )
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Introduce dimensionless variables

and apply this change of variable to the differential spectrum

dNx dNx

dxs / cosvaxy dx, d cos ¢/ %

M aster ) 2Xs—§ 5 1+§ + ¢y /x2 — €% cos &
Formula 4\"7 3 7 X




Indirect detection spectra IV ' DEGu S

1
Upon isotropy assumption and performing the / d cos 0 integral
-1

max

dNx _i/xso LdNX
dXS 3C X{gin \/X‘%—iﬁi dX‘P )

8xs (3+¢2) - 3§\/64x§ ~&|(3+e) -9

)

Xgin: (3—|—6é>_9C2
§ . 8xs (3 + efo) + 3C\/64X§ — e§< [(3 + efp) — 9(2]
x;”a =Min{ 1, <3+630) o2
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