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Shift—symmetric Symmetry breaking

Quarkonia states
J/\If — My/w ~ 3 GeV

T(nS) — my ~ 10 GeV
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Shift-symmetric Symmetry breaking

Quarkonia states
J/\If — My/w ~ 3 GeV

T(nS) — my ~ 10 GeV

J/U(T) = a~y
€ [100 MeV, 10 GeV]

Studied previously in Pobbe, Merlo, Rigolin, Sumensari, JHEP 06 (2019) 091
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New Experimental Results: Belle-Il, BESII!

Invisible Searches

Exp. Mass range |GeV] | Type of search | Resonance | ALP Decay
BaBar 0— 7.8 Mixed T(35) Invisible
BaBar 0 — 9.2 Resonant T(15) Invisible
~Belle 0 —8.97 Resonant |  T(15) Invisible 4/@
Belle 11 0.2 —9.7 Non-resonant T(45) v (recast)
BESIII 0— 1.2 Resonant J /1 Invisible
ILBESIZ: 0.165 — 2.84 Resonant J /) v (recast)
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Shift-symmetric Symmetry breaking
Quarkonia states
J/W — myy ~ 3GeV J/W(Y) = ay
T(nS) = my ~ 10GeV € [100 MeV, 10 GeV]
Studied previously in Pobbe, Merlo, Rigolin, Sumensari, JHEP 06 (2019) 091
New Experimental Results: Belle-Il, BESII!
Invisible Searches
Exp. Mass range |GeV] | Type of search | Resonance | ALP Decay
BaBar 0— 7.8 Mixed T(35) Invisible
BaBar 0 — 9.2 Resonant T(15) Invisible
~ Belle 0 —8.97 Resonant |  T(15) Invisible 4/@
Belle II 0.2 —9.7 Non-resonant T (4S5) vy (recast)
'BESIII 0— 1.2 Resonant J /1 Invisible
l@ESIZ: 0.165 — 2.84 Resonant J /1 v (recast)
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Include different visible channels

Visible Searches

Exp. | Mass range [GeV] | Type of search Resonance Decay
BaBar 0.3 — 7 Mixed T(25), T(3S5) Hadrons
BaBar 0.212 — 9.2 Resonant T(15) wtp
BaBar 4 — 9.25 Resonant T(15) cc
Belle 2my — 9.2 Resonant T(1S) Tt ut T
Belle 11 0.2 —9.7 Non-Resonant T (45) 0%
BESIII 0.212 — 3 Mixed J /1 utp
BESIII 0.165 — 2.84 Resonant J /1 0%
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Production and decays

Resonant production
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Production and decays

Resonant production
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Non-resonant production
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Production and decays
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Non-resonant production

3 2 2\ °
05y Cayry m:
ONR(5) = 2472 f2 (1 S )

Mixed production

(Tmix(5)) & ONR(S) + (OR(5)) exp
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Production and decays

b i b A, bl a The ALP is long-lived/stable and it is detected as missing energy
TW TO Yb TO Yo J/W = v+ Enpis. T =5+ Engs
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Production and decays

, A b S a The ALP is long-lived/stable and it is detected as missing energy
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Invisible Searches

Using the following definitions:
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Invisible Searches

Using the following definitions:

Caff e L
aff = £ Javy = Cavyy iy Jagg = Cagyg iy
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One Coupling

Two independent couplings

: m, = 0.2GeV m, = 2GeV
|
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J —— 3y Belle II
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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

Universal fermion coupling

] T (3S) — v hadrons (BaBar)
1 —— J/V — vyuu (BESII)
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Muon decays set the
best bound for lower
masses.

Hadrons and tau channels best for
larger masses.
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Visible Searches

Universal fermion coupling Two Independent couplings

101 — mg = 0.25 GeV mq, = 5 GeV
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I —— J/U — 3y (BESIII) [ 1 T(1S) — ~yec (BaBar)
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Muon decayé set the
best bound for lower
masses.

Again, the combination of searches is important to
Hadrons and tau channels best for constrain all parameter space!
larger masses.
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Conclusions

 We have explored the ALP parameter space bounded by quarkonia radiative decays

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

* Invisible scenario Cayy, cago S O(1) X 107 GeV ™"

Capp S 3 X 1074 GeV ™! for m, <1GeV

Y

carr SO(1) x 1073 GeV ™! for mg > 2GeV

Y

e Visible scenario {

* If you are interested in more details come to the poster!
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Production Detalls

Resonant production

127B(V — ete™)
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When proc;lucmg the resonance there is o ~ 2 — 5MeV
an uncertainty in the beam energy

1 or(q°) |
<O-R(S)>exp — \/—27 /dq o CXP 20.2
L W

(g —/s)?

V(nS) my |GeV] Ty [keV] Opeak |Nb] P <O-R>6XP/O-NR‘S:m%/
J/W(1S) 3.096 92.6 91.2(5) x 10° 31 x 1072 0.92(1)

T(1S) 9.460 54.02 3.9(2) x 10° 6.1 x 1072 0.53(5)

T(25) 10.023 31.98 2.8(2) x 10° 3.7 x 1077 0.21(3)

T(35) 10.355 20.32 3.0(3) x 10° 2.3 x 1073 0.16(3)

T (49) 10.580  20.5 x 10° 2.1(1) 0.83 3.0(3) x 107
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Details on ALP Decays
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Benchmark Models

DFSZ-like ALP KSVZ-like ALP

Y(1S) — ~v77 (Belle)
Y (3S) — ~vhad. (BaBar)

—— J/4 — 3y (BESIII)

] Y (1S) — ~ce (BaBar) [ 10_3 i
{1 —— J/¥ — 3+ (BESIII) - ] T(1S) — cc¢ (BaBar)
1 — 1(1S) = yuu(Belle) ' : Y(3S) — ~had. (BaBar)
J/V — ypup (BESIII) I 1 —— 7Y(35) — 37 (BaBar)
105 T(LST)*WL(B‘C’FM)I - - 10_4' T(45) — 3y (Belle TT)
107! 109 101 10~L 10V 102
mq |GeV] mg |GeV]
‘1r _ _ 2 _ 2 _ _ : _ _ _ _ _
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