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Fusing photons into nothing,

a new search for invisible ALPs and DM at Belle Il

THE SETUP

A massive pseudoscalar coupled to photons and the Dark Sector:
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+ Belle II: High intensity to test directly extremely feebly interactions of DM.

« Light DM (in the MeV — GeV range) production in the early Universe through thermal freeze-
out [].

+ Collider searches support (in)direct observations in testing the allowed parameter space of ther-
mal DM freeze-out.

(a) State of the art: ALP-strahlung. (b) Our signal s channel. (c) Our signal t channal.
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Our life looks hard but we can perform a high purity search!

The QED background phase space has a prohibited region

To be invisible, «* and ~ must not satisfy Belle |l acceptance
hin=22°.  Epin=025GeV, ®
Given /arge missing energy, you can not get small missing mass and a small |n};. | (see fig. E left).
+ The most dangerous configuration is the one with two hard photons.
* With Epes lower bound and ;.. = 0 they can only be hard and flying in opposite directions
+ The smallest possible mass is achieved by photons along opposite blind edges

mmiss|oep? = Emiss 05 Omin - ©)

77 kinematics is peculiar

« On shell, back to back rs

« viv make one massless body N

« The simplified process only has 3 dof: E(e*) and one azimuthal angle ¢
« Compute e* invariant mass in this system:

(e g — Vo3 (E} + B2) 422 By(o - 2l imicM- M| . @)

+ Compare it to the real mee. The = lives on a siripe (see fig. @ right).

Event selection

Optimize S/+/B in the cut-and-count scheme while keeping at least 90% of the signal:
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Then, to get rid of the =+, 2d Log-Lokelinood on (rmee, m%):
L(Sij.Bij)

(S+B® _sim
S Phn oy ®

where i and ; run on the bins of the plane (mee, |mg,|)
The sensitivity shown in Fig. g comesponds to 95% C.L. and it is obtained by requiring A < 4.
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Figure 2: Signal (blue) and background (red) onto m, = 1 GeV. Left: distribution of signal and
QED bg with respect to np,iss and Ef;c¢ with uniform binning. Right: distribution with respect to mee
and |mg,| of signal and == bg. The binning is such that SE7 .. /Er.. o = 25, dmee/mee = 25 and

dnhiss = 0.075.
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« State of the art Belle Il sensitivity comes from the ~ + invisible final state [2].

+We derived that the expected sensitivity on an ALP decaying invisibly at Belle Il with 50 ab™*
of data in the channel e*e~ + invisible is a significant improvement over the whole phase space
(Fig. B.

« The signal kinematics is easily distinguishable from the SM background due to the interplay be-
tween low missing mass and large central missing energy.

What next?

« ALP off-shell production [5]; S
« Other experimental setups, i.e. other
high-intensity ete~ colliders as well as
future colliders;

e The \visible case (2406.14614):
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What will ALP decay into?
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— comes from the scale dependence of the partial width
r

V1 — 4r*> — phase space suppression of the invisible channel.
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Angular acceptance controls processes hierarchies

ALP cross section vs Belle 11 coverage
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Angular acceptance controls processes hierarchies

ALP cross section vs Belle 11 coverage
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Effect of selections on QED background

Signal vs QED?
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Signal - 7z separation depends on ALP mass

Signal vs TT
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