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Γ ~ 4 · 10-14 s
BR = 3 · 10-8 – 4 · 10-6

(for decay 𝜂 → 𝜋+𝜋−𝑒+𝑒−(no X17) - BRPDG = 2.68 · 10-4)
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➢ Axion-Like Particle couples 
predominantly to the first generation of 
SM fermions

➢ Suppressed mixing-angle results in the 
isoscalar couplings of the axion

➢ Hadronic decay channels of η and η’ 
could be coupled to ALP’s: 

η(η’) → π+π- a (→ e+ e-) 
”axio-hadronic decay”

ALP search in η decay
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BESIII: η→π+π- e+e- Upper limit for η→π+π-X17 branching ratio for 
different assumed X17 masses (2025)

Ref.: M. Ablikim et al., arXiv:2501.10130

For mX17 = 15 MeV:

𝐵𝑅𝑋17

𝐵𝑅𝜂→𝜋+𝜋−𝑒+𝑒−
< 5.3 · 10-2

𝐵𝑅𝑋17 < 1.5 · 10-5

BESIII results



Main selection criteria: π+ π- e+ e-

Following particles have to be 
selected: π+ π- e+ e-

➢ leptons selected by correlation
windows in RICH and MDC

➢ pions selected by cuts on beta 
vs momentum distribution

➢ 3σ cut for gen4
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Procedure for identification of pions
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➢ draw Δβ vs momentum distribution

(Δ𝛽 = 𝛽𝑒𝑥𝑝 − 𝛽𝑡ℎ𝑒𝑜𝑟 , 𝛽𝑡ℎ𝑒𝑜𝑟 =
𝑝

𝑝2+𝑚𝜋
2
)

➢ divide it into slices covering different
momentum range

➢ make projection to Y axis for each slice

➢ fit gaussian + polynomial + gaussian
distribution

➢ get μ and σ values from fits



Lepton identification: Correlation
windows Δθ vs p·q, sin(θ)Δφ vs p·q
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➢ correlation windows for Δθ vs p·q and sin(θ)Δφ vs p·q (where Δθ = θRICH – θMDC, Δφ = φRICH – φMDC)

➢ different windows for positive and negative particles, different windows for both systems



π+π-e+e- inveriant mass after consecutive cuts
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Final set of cuts:

➢ vertezReco z > -500 mm

➢ (π+π-)(e+e-) opening angle < 50°

➢ π+π- invariant mass < 460 MeV

➢ (π+π-)(e+e-) opening angle in C.o.M. > 140°

Two potential cuts tested, but rejected:

➢ π+π-e+e- missing mass vs invariant mass 
(graphical cut)

➢ e+e- opening angle < 6°



Graphical cut
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experimental

η → π+ π- e+ e- in simulations

artificial peak created
by graphical cut

η peak

Graphical cut
finally rejected:

➢ produces
artificial peak

➢ mainly works
for high π+ π- e+ e-

invariant masses, 
above studied
region



/lustre/hades/dstsim/feb22/p4500p/gen4/smash/ 
smash_standard/root/

SMASH → Geant → DST

1010 events simulated in SMASH (105 files, each
with 105 events)

present η decay channels:

➢ η → π+ π- π0(e+ e- γ)

➢ η → π+ π- π0(γ γ)

➢ η → π+ π- γ(e+ e-) 

SMASH simulations
/lustre/hades/dstsim/feb22/p4500p/gen4/smash/ 
smash_eta/root/

SMASH → Geant → DST

1010 events simulated in SMASH (105 files, each
with 105 events)

added η decay channels:

➢ η → π+ π- e+ e-

➢ η → π+ π- X17(e+ e-) 
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π+π-e+e- invariant mass
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➢ three η decay channels can be extracted
from standard SMASH simulations by 
setting conditions on HGeantKine ID of 
particles, they parents and grandparents

➢ example: η → π+ π- π0(e+ e- γ) decay:

ID
Parent

ID
Gparent

ID

π+ 8 17 ---

π- 9 17 ---

e+ 2 7 17

e- 3 7 17



Simulations without selected decays
➢ extracted three η decay channels
were added:

η → π+ π- π0(e+ e- γ)

η → π+ π- π0(γ γ)

η → π+ π- γ(e+ e-) 

➢ then the sum was subtracted from 
SMASH results

➢ final distribution is SMASH simulation
without η decay channels
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Sideband analysis
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Signal+background
for Dalitz peak:
43 105

Background for 
Dalitz peak:
30 352

Signal for Dalitz
peak:
12 753

Right background:
19 158

Background for η
peak:
33 704

Left background:
15 223



Different method to calculate events: fit
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Fitted function:

𝐴 ∙ 𝑥 − 𝑥0
𝑎 ∙ 𝑒𝑥𝑝 −𝐵 ∙ 𝑥 − 𝑥0

𝑏

Background for Dalitz peak:
30 352 → 29 620

Signal for Dalitz peak:
12 753 → 13 564

Background for η peak:
33 704 → 35 248



Sideband analysis: e+e- invariant mass

14

From ππee distribution:
right background: 19 158
background for Dalitz peak:
33 704
left background: 15 223

For e+e- distribution:
background scaled by 

35248

19158 + 15223



➢ Final distribution of e+e- invariant mass 
after background subtraction

➢ No clear peak indicating ALP existence is
visible
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Extraction of number of expected X17 events
Nsignal = Nsignal with background - Nbackground



Method developed by Wolfgang A. Rolke (Nuclear Instruments and Methods in Physics Research 
Section A, Volume 551, Issue 2-3, p. 493-503.)

Parameters for Poisson background and known efficiency:

➢ x – events in the signal region (IMπ+π-e+e- around η peak)

➢ y – events in the background region (IMπ+π-e+e- in background region)

➢ Bx – number of side band background events in the signal region

(IMπ+π-e+e- around η peak)

➢ By – number of sinde band background events in the background region 

(IMπ+π-e+e- in background region)

➢ τ = (
𝐵𝑦

𝐵𝑥
)

Assumed confidence level: 0.9
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Determination of Bx and By values.

Determination of x and y values.

x
y

y

Bx By

By

IMe+e-

IMe+e-

Upper limit extraction



Trolke method
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Signal+background
distribution:
left region 10 061
central region 8 079
right region 1 819

Background distribution:
left region 8 658
central region 7 076
right region 1 622

TRolke upper limit: 94



Scaling of branching ratio

18

➢ to calculate upper limit of branching ratio for η→π+π-X17 decay we need some reference

➢ such reference can be Dalitz cecay η→π+π-π0, where number of observed events is equal
number of events in the left peak

𝐵𝑅𝑋17 = 𝐵𝑅𝐷𝑎𝑙𝑖𝑡𝑧
𝜀𝐷𝑎𝑙𝑖𝑡𝑧
𝜀𝑋17

∙
𝑁𝑋17
𝑁𝐷𝑎𝑙𝑖𝑡𝑧

➢ BR – branching ratio = 23.02 · 10-2

➢ ε – efficiency · acceptance

➢ N – number of events



Finding ε factors: Dalitz decays
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Scaling to luminosity required

𝜂 → 𝜋+ 𝜋− 𝜋0 𝑒+ 𝑒− γ
12 073 events observed
9 447 332 events in simulations in 4π

𝜂 → 𝜋+ 𝜋− 𝜋0 γγ
9 811 events observed
790 350 214 events in simulations in 4π

𝜀 =
12073 + 9811

9447332 + 790350214

ε = 0.00003097



Finding ε factors: decay with X17
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11 777 273 events in analysed
simulations

58 253 events observed after all cuts

ε = 0.004946



➢ Final distribution of e+e- invariant mass after
background subtraction

➢ Prediction of upper limit for X17 events
according to W. Rolke et al., Nucl. Phys. A, 
551, 493-503 (2005)
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NX17 < 94 (CL=90%)

NDalitz = 13 564

BRDalitz = 23.02 · 10-2

BRη->π+π-X17 <  8.9 · 10-6

Extraction of number of expected X17 events
Nsignal = Nsignal with background - Nbackground
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