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A brief look at axions

The strong CP-problem and it's natural solution

Interactions

Good candidate for CDM

A summary version of axions — ALPs, predicted in several BSM models

The decay constant and ALP mass are two independent parameters



Axion model

Focusing on axion-electron coupling scenario

Simplified model to generate the events
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Lagrangian term implemented in CalcHEP

Parameters: mass M, and coupling G__
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Mean free path [cm]

First calculations

Looking at axion lifetime, assuming it only decays: X — e*e
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Axion production cross-section
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At G__ = 10° axions decay close to the production (inside the target)
Seem to scale as 1/M?,, as expected



Event kinematics

tg of Gamma angle 2 MeV

h_th_g_tg2
Entries 100000
Mean 0.3022
Std Dev___ 0.8132
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Axion longitudinal momentum for MX = 2 MeV
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still catching the dominant fraction of the gammas

At low masses axions are either taking all or close to zero momentum (symmetric events)
Towards higher masses (MX — 20 MeV) the axion takes almost all the momentum



Constraints on the detector

Only geometry considered, no pile-up of events, timing, etc...
Optimistic acceptance estimation
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Recoll gamma energy distribution

E,... =550 MeV Mx =2 MeV
eam
Energy of the gamma if in CALO 2 MeV
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= Entries 18698
30— Mean 0.2862
C Std Dev 010687
300 —
250/
200
150 E—
100 f—
sof-
ﬂu_ 1 1 1 u!j 1 1 1 Iﬂll-2 1 1 1 Iuls 1 1 1 Iﬂl4 1 1 1 Iu]E 1

E [GeV]

The calorimeter geometry naturally selects photons with energy
in the sensitive detector range!



Energy dependence on the axion
Mass |
Axion mass: 2 — 20 MeV

Energy of the gamma if in CALO
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Geometrical acceptance
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The last calculations — for now!

@target, G___ =107

Number of produced evenis
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75 MeV cut [C5[pb] M X[MeV] For 100 events Ga / Me [GeV -1]
0.18697 2.09E+00 2 4.94E-04 9.87E-001
0.18686 2.11E+00 3 4 .92E-04 9.84E-001
0.18823 2.13E+00 4 4 88BE-04 9.76E-001
0.18806 2.16E+00 4] 4 85E-04 9.69E-001
0.19081 2.19E+00 G 4.7TE-04 9.54E-001
0.18976 2.31E+00 8 4. 66E-04 9.33E-001
0.19147 2 A9E+00 10 4 ATE-04 8.94E-001
0.19736 2. 79E+00 12 4.16E-04 8.32E-001
0.19751 3.29E+00 14 3.83E-04 7.66E-001
0.18969) 4.15E+00 16 3.48E-04 6.96E-001
0.16686 5. 79E+00 18 3.14E-04 6.28E-001

0.1212 9.49E+00 20 2 BBE-04 5.75E-001

50 MeV cut_|CS [ph] M iy [MeV] For 100 events Ga / Me [GeV -1]
0.18F/98 2 DQE+00 2 4 94E-004 9.87E-001
0.18F86 2 11E+00 2 4 92E-004 9.84E-001
0.18824 2 13E+00 4 4 88E-004 9. 76E-001
0.18806 2 16E+00 5 4 85E-004 9.69E-001
0.19081 2 19E+00 A 4. 7TE-004 9 54E-001
0.18977 2 31 E+00 a 4 66E-004 8 33E-001
0.19154) 2.49E+00 10 4 47E-004 8.93E-001
0.19767[ 2.79E+00 12 4.15E-004 8.31E-001
0.20096( 3.29E+00 14 3.80E-004 7.59E-001

0.206] 4.15E+00 16 3.34E-004 6.67E-001
0.2053 5 79E+00 18 2.83E-004 5.66E-001
0.17151] 9.49E+00 20 242E-004 4.84E-001




PADME axion-electron coupling sensitivity

Rescaled with Me

Dimensionless coupling
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Assumption: 10*2 positrons on target
100 events of e*e- — X A detectable (i.e. background of the level of 10%)
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Comparing to the theory

PADME axion-electron coupling sensitivity
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Conclusions!

An initial study of the PADME sensitivity to axions coupling to electrons started

Getting experience with toy MC and event generation

Implemented simplified (but realistic) model in CalcHEP

Preliminary results seem promising

PADME may turn also to a Any-Light-Particle (ALP again :) ) searching machine
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