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1. What is an ALP?

ALP (axion-like particle):

spin-0 particle with an approximate shift symmetry a — a + const

» Ubiquitous: remnant of spontaneously broken global symmetries
* Possible solution to Strong CP problem (QCD axion)

e Can account for the dark matter in our universe (misalignment)

* Can drive inflation

* Generic prediction of String Theory models (N > 1)
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1. What i1s an ALP?

SM+a EFT:

|
gSMm = gSM T 5(861)2
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1. What i1s an ALP?

SM+a EFT:
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2. Froggatt-Nielsen ALP

Very general. Focus on concrete popular flavor scenario.

Froggatt-Nielsen

» New discrete/continuous global symmetry+ SSB —— ALP *
f,(vg) = scale of
new physics!

* If gauged no ALP — see heavy vector bosons pheno
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2. Froggatt-Nielsen ALP

Very general. Focus on concrete popular flavor scenario.

Froggatt-Nielsen

» New discrete/continuous global symmetry+ SSB —— ALP *

. Predictive: c;; fixed by SM flavor parameters 1, (vp) = scale of
new physics!

m m
1 _¢
Uyr my,
m m
d <1 : d

Example: Z, model ¢ ~ |7

* If gauged no ALP — see heavy vector bosons pheno
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ALP phenomenology
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3. ALP pheno

MESON DECAYS

ALP phenomenology
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3. ALP pheno
MESON DECAYS T _

Invisible a &
Br(K* > 7t +a) <95x 107" @E7874E9492007 4/ 4 L. o O
Br(By = K +a) <1.0X 1074 @ BaBar 2013 \ % : decays
Br(B* — K*ow) = (23 0.7)x 1075 @Belle 1 2023 P | Pz
: . T g
v ?Q%'U 7.4, model
10_105 1 e 3 4
1 10 10 10 10

mg |GeV]
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3. ALP pheno

MESON DECAYS T

Invisible a o <4

Br(K* — 7t +a) <9.5x 107" @E787+E9492007 4/ g R
Br(By = K¥ +a) < 1.0x 107 @ BaBar 2013 \ % l decay's

Br(B* — K*w) = (2.3£0.7)x 105 @ Belle 112023 P | ) Pzl

Visible - purely leptonic 10} E@

Br(K, — pup) = (6.8 +0.1) x 10~11 @ E871 2000 L £4 model
8i(K, — pe) < 6.3 x 10712 @ E871 1998 e S EE——
: mg |GeV]
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3. ALP pheno

M ESO N D ECAYS _2 j1 — e conversion e

Invisible a B =

Br(K* - 2t +a) <9.5x 107! @E787+E9492007 ¢/ g .-
Br(By — K* +a) < 1.0 x 107 @ BaBar 2013 \ S

Br(B* — K*ow) = (2.3+£0.7)x 1075 @Belle 112023 P | ) P s

Visible - purely leptonic 0f 2 S
Br(K, — up) = (6.8 £0.1) x 10~!! @ E871 2000 = '

Br(K, — pe) < 6.3 x 10712 @ E871 1998 S T T /- T/ ST
mg |GeV]

Visible - prompt

Br(BT — KTzu) < 7.7x 107® @ Belle 2022, ... L

Br(By — K¥tu) < 9.8 x 107 @ LHCb 2022 l/ 2

Ry, Ry @ LHCb 2022 a0 j

. ql ‘/ q]

Visible - displaced —— ) decays? p "'. p

Br(By = Kiup) S 107'°f(m,,7,) @ LHCb 2015
Br(B* — KTup) < 1071%0m,,t) @ LHCb 2016
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3. ALP pheno

LEPTON DECAYS

Invisible

Br(t = p+a) < 107* = 107 @ Belle Il 2022
Br(t > e+a) < 107" = 107 @ Belie Il 2022

Br(p > e+a) $107° @ TRIUMF 1986, 2014
: (TWIST) |
Visible - prompt 0]
Br(t — Ku) <3x107° @ Belle 2010, BaBar 20009, ...

Br(t — 3u) < 2.5x 107° @ Belle Il 2024, LHCb 2015, ... ool R e}
Br(t — ppe) < 2.2x107° @ Belle 2010, BaBar 2010, ... m, [GeV]
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Visible - displaced

Br(u — 3e) S 1071%f(m,, ct,) @ SINDRUM 1986 p

Br(i — eyy) S 107Hfm , cr,) @ CrystalBox 1988, MEG 2020 p | k ,
k

Need searches for displaced . ¢,
Heeck, 7 decays! (t — 3u. uue, ...) | \ /

Rodejohann (2017)
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3. ALP pheno
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3. ALP pheno

Lepton dipoles 07 |
3r(t — uy) < 5.7 x 1078 @ BaBar 2009, Belle 2008, ... S s s
3r(7 — ey) < 4.3 x 1078 @ BaBar 2009, Belle 2008, ... 3 Py
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U — e in nuclei
Br( — ) < 9x 1071° @ SINDRUM Il 2006 (Au) W e e e

Lepton EDMs o
|d,|/e < 5.4%x 107" cm @ Cornell et al. 2022 i

107°F

Neutron EDM S AL faver

|d |/e <2.6x107*°cm @ Abel et al. 2020
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4. Conclusion

® ALPs: very popular,

theoretically motivated particles

® Concrete models (FN) able to provide
guidelines and correlations in observables
other experiments delivered

o | HCD
key observations for

constraining/discovering ALPs

® \/\/ould be nice:

1/?}@ [Ge\/_l]

displaced 7, D (and more) decays searches!
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Thank you for your attention!
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Backup

Some observables (not exhaustive)

flavio observables

flav-io.qgithub.io/docs/observables

Process Exp. limit  Ref. Process Exp. limit Ref. Process Exp. limit Ref.

™ — eu 4.8 x 1071 [30] T — em’ 1.1 x 1077  [30] T — um’ 1.5x 1077 [30]

n— ey 8.1x107% [30] T — en 1.2 x 1077 [30] T — un 8.7x107%  [30]

n — eu 6.3 x 107%  [30] T — en 2.1 x 1077 [30] T — pn 1.8 x 1077  [30]

T — ep’ 2.4 x107%  [30] T — up° 1.6 x 107®  [30]

Ki—eu |63x1072 [30]| 7—eKs |35x10® [30] | 7—puKs |31x10°8 [30]

Kt —satp et | 1.1x1071° [30] || 7 2 eK*® |[43x107® [30] | 7— puK* |79x10°% [30]
Kp — 7lep | 1.0 x 10710 [30]
D° — ep 1.7x107%  [30] T — eDY -
Dt s wtey | 45x 1077 [38]
Dy — Ktey | 1.5x107¢  [38]

B° — eu 1.3x 1072 [30] B wser |21x107° [30] B s pur | 1.4x107°  [30]
Bt —wwten | 1.2x1077  [39] | Bt > nter | 1.0x 107 [30] | BT - wfur | 9.7x107° [30]
B® — plep . B® — pler - B® — pur -~
B, — K'pu = B, = Klr - B, — K'ur -

Bs — e 72x107°  [30] Bs—er | 1.9x107% [10] By —ur | 42x107° [30]
Bt > K*tey | 1.8x107% [9] | Bt > KTer | 41x10°® [10] || Bt - Ktpur | 4.1 x107°  [10]
B K*eu | 12x10°% [9] | B® — K*er - BY = K*ur | 22x 10 [9]

B, — deu 20x107%  [9] B, — et - B, — our —~

b — eu 2.7x107%  [30] T — ep 5.5 x 107 [30] T — o 1.1 x 1077 [30]
T —ep | 61x10° [40] | J/p—er |1.0x10-7 [40] | J/b = pr | 27x 1076 [30]

T seu | 52x107 [30]| Toer |36x10° [30]| Topur |36x10° [30]

Decay mode Exp. limit Future prospects  Ref.

w— ey 4.2 x 1071 ~ 6 x 1071 43

1 3e 1.0 x 1012 ~ 10716 43]

L= eyy 7.2 x 10711 -~ 43

p— e+ inv ~ 107° -~ 44]

p~Ti—e Ti | 4.3 x 10712 - 45

p~Au—e Au| 7x 1071 ~ 10717 42]
p~ Al — e Al —~ ~ 10717 (17,19]

T — ey 3.3x 1078 ~ 3 x 107° 43]

T — 3e 2.7 x 1078 ~ 5 x 10710 43]

T — eput 1.7 x 1078 ~ 6 x 10710 43

T—e+inv | ~5x1073 - 46)]

T =y 4.4 x 1078 ~ 107° 43]

T — 3u 2.1 x 107® ~ 4 x 10710 43

T — pete” 1.8 x 1078 ~ 3 x 10710 43]

T pu+inv | &5x 1073 — 46]

Plakias, Sumensari (2023)
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http://flav-io.github.io/docs/observables

Backup
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