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Quarkonia states 
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New Experimental Results: Belle-II, BESIII
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Exp. Mass range [GeV] Type of search Resonance ALP Decay
BaBar 0 � 7.8 Mixed ⌥(3S) Invisible
BaBar 0 � 9.2 Resonant ⌥(1S) Invisible
Belle 0 � 8.97 Resonant ⌥(1S) Invisible

Belle II 0.2� 9.7 Non-resonant ⌥(4S) �� (recast)
BESIII 0 � 1.2 Resonant J/ Invisible
BESIII 0.165 � 2.84 Resonant J/ �� (recast)

Invisible Searches

New
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Exp. Mass range [GeV] Type of search Resonance Decay

BaBar 0.3 � 7 Mixed ⌥(2S), ⌥(3S) Hadrons

BaBar 0.212 � 9.2 Resonant ⌥(1S) µ+µ�

BaBar 4 � 9.25 Resonant ⌥(1S) cc
Belle 2m` � 9.2 Resonant ⌥(1S) ⌧+⌧�, µ+µ�

Belle II 0.2� 9.7 Non-Resonant ⌥(4S) ��
BESIII 0.212 � 3 Mixed J/ µ+µ�

BESIII 0.165 � 2.84 Resonant J/ ��

Include different visible channels

Visible Searches

Quarkonia states 
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Production and decays
Resonant production

From Pobbe, Merlo, Rigolin, Sumensari, JHEP 06 (2019) 091
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Mixed production
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Production and decays
Invisible Channel

The ALP is long-lived/stable and it is detected as missing energy
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Production and decays

Visible Channels

10°1 100 101

ma [GeV]

10°6

10°5

10°4

10°3

10°2

10°1

100

B(
a

!
SM

)

a
!

ee

a ! µµ

a
!

ø
ø

a
!

cc

a
!

bb

a
!

∞
∞

a ! 3º

a ! light had.

Invisible Channel

The ALP is long-lived/stable and it is detected as missing energy
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Non-resonant production
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Invisible Searches
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Two independent couplings

There may be cancellations in resonant production. Non-resonant 
or mixed searches needed to constrain the full parameter space.
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Visible Searches
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Universal fermion coupling

Muon decays  set the 
best bound for lower 

masses. Hadrons and tau channels best for 
larger masses.
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Two Independent couplings

Again, the combination of searches is important to 
constrain all parameter space!
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• We have explored the ALP parameter space bounded by quarkonia radiative decays


• Different production channels are necessary to constrain possible flat directions.


• Invisible scenario


• Visible scenario


• If you are interested in more details come to the poster!

6

Conclusions
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Production Details
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Details on ALP Decays
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Benchmark Models
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