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ALPs

Axion-like particles (ALPs) are Goldstone bosons from the
breaking of a global symmetry in the UV.

Without explicit symmetry breaking, ALPs are

massless and protected by a shift symmetry. g
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ALP Eftective Lagrangian

ALP: A new pseudoscalar particle protected by an
approximate shift symmetry

Most general dimension five Lagrangian
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Georgi, Kaplan, Randall, Phys. Lett. 169B, 73 (1986)



ALP Decays into SM particles

Decays into photons
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ALP Decays into SM particles

Decays into leptons

Cff 8“& - fo

5 f’m%f —CffTafZ%fﬂLCff 62 A e2F,, " +

Important loop contributions

12
cjgf = cp() [1 -+ (9(@)} — 1203 2077 [ln 5 + 01 + g(n)]

14

3a” > 1 1202 u? 3
= In - + 6, + = —2 In-— 46 + =
i CWW(Hm%V-l- 1+2> 2 Cyz Qe (T3 QeS)(HmQZ-F 1+
12 1 2 1
= CZZ<Q£3 —T6Q533+—)(1n“—2+51+—>.
st ca 8 m7 2

[
n mame off 4m£ W2
F(CL%@ g 87TA2 ’C@g’ a_ a _
z



I'la - X) [eV]

ALP Decays into SM particles

Partial ALP widths for all Wilson coefficients set to 1.
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Bounds on ALPsS

Even very small couplings are constrained.
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Bounds on AL
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Bounds on ALPsS

Example:
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ALPs and (g-2).

ALPs can explain
(g-2)u for rather
sizable photon
couplings
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Marciano, Masiero, Paradisi, Passera, Phys. Rev. D 94, 115033 (2016)
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ALPs and (g-2).

This explanation is strongly
constrained, unless the

ALP mass is above ~ 100
MeV.
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Higgs Couplings to ALP

At dimension six and seven, derivative couplings to the Higgs
appear
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Higgs Couplings to ALP

At dimension six and seven, derivative couplings to the Higgs
appear
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Higgs Couplings to ALP

At dimension six and seven, derivative couplings to the the
Higgs appear

o 0(7)
Lo = 75 (0ua)(9a) ¢ + =2

2 (@“a) (¢‘L 1D, ¢ + h.c. ) (ngb -+ .

What about Ozn = Aa (¢"iDy ¢ +hc.) = — L (v 4 D)
the Dimension 5
operator?



Higgs Couplings to ALP

At first sight, the h-> aZ decay can be mediated at dimension
5
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Higgs current
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Exotic Higgs decays cannot be mediated by this operator,
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Due to the shift symmetry, h -> aa is mediated at dimension ©
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-Xxotic Higgs Decays:

Due to the shift symmetry, h -> aa is mediated at dimension ©
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Can give sizable contributions
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Exotic Higgs Decays: h — Za

Turning to h -> Za
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-Xxotic HIggs Decays:

Turning to h -> Za
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The Puzzle of the top contribution

The dimension five contribution does, in fact, vanish
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The Puzzle of the top contribution

The top quark gets its mass from the electroweak scale.
Integrating it out therefore induces a non-polynomial operator
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This is not new. Integrating out New Physics leads to
the operators
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The Puzzle of the top contribution

Vectorlike Quarks
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-Xxotic Higgs Decays:

What makes h -> Za special, Is that the non-polynomial
operator is the only dimension 5 operator that mediates that
Process.

(5) t
Lo ™ 3 Cih (0"a) (¢'iD, ¢ +h.c.)In @ |
(12

Non-electroweak scale contributions only contribute at
dimension 7.

This can be confirmed in the non-linear language
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This gives a non-trivial handle on the UV completion.



-Xxotic HIggs Decays:

Turning to h -> Za
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Exotic Higgs Decays: h — Za
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Exotic Higgs Decays

Searches for h -> aa and h -> Za are strongly motivated in
various final states. Current constraints:

From h -> BSM decays
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Exotic Higgs Decays

Searches for h -> aa and h -> Za are strongly motivated in
various final states. Current constraints:

Froma a — vy decays
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Exotic Higgs Decays

Searches for h -> aa and h -> Za are strongly motivated in
various final states. Current constraints:

Froma a— ff decays
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Future Searches h — aa

The reach for future searches tfor h -> Za and h -> aa decays
IS Immense
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Future Searches h — aa

The reach for future searches tfor h -> Za and h -> aa decays
IS Immense
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Future Searches

h — aa

The reach for future searches tfor h -> Za and h -> aa decays

IS Immense
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Future Searches

h — Za

The reach for future searches tfor h -> Za and h -> aa decays

IS Immense
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Future Searches

h — Za

The reach for future searches tfor h -> Za and h -> aa decays
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Future Searches h — Za

The reach for future searches tfor h -> Za and h -> aa decays
IS Immense
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Future Searches

The reach for future searches tfor h -> Za and h -> aa decays
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Sidenote: What aboutS ->/Zh 7

If there is a new heavy singlet pseudoscalar S, the process
S -> /Z his a cut-and-count CP analyzer.
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Conclusions

The reach for future searches tfor h -> Za and h -> aa decays
IS Immense.

They should be done!”

*We have a group in ATLAS actively pursuing this analysis.



Macroscopic Lifetime ECAL

Perpendicular decay length
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Macroscopic Lifetime ECAL

Perpendicular decay length
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Macroscopic Lifetime ECAL

Perpendicular decay length
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Exotic Higgs Decays

Searches for h -> aa and h -> Za are strongly motivated in
various final states. Current constraints:

Froma a — vy decays
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Bounds from Precision Observables
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Bounds from Precision Observables
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