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M
otivation of the experim

ent

Long standing  5
s discrepancy between m

easured and
predicted  decay rate of ortho-positronium

 (e
+e

- bound
system

 in triplet spin state (o-Ps)).

M
ight be explained by an exotic decay of o-Ps if the

BR ª 10
-3 .

Exotic decay of o-Ps in gX
 ,ggX

, invisible (but not in
vacuum

), 2
g, 4

g has been extensively searched and
definitely they are not the source of this
discrepancy.

Recently confirm
ed by A

dkins et al. calculations up
to a

2.



Search for the exotic decay of ortho-
Positronium

 (o-Ps)

2
1

X
X

)
P

s
o(

e
e

+
+

g
Æ

-
-

+

This three-body decay m
ode could be the origin of the

discrepancy.

A
strophysics gives a strong constraint, but we wanted

to excluded it directly.

Two weak interacting
m

assive particles

The signature of such an event will be a single photon
detected in a  herm

etic calorim
eter accom

panied by no
other energy deposition.



Photograph of the calorim
eter



Front and top view of the calorim
eter

Region of
positronium
form

ation



D
escription of the source
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Tagged through
scintillating
fiber.

This gam
m

a is em
itted

3 ps after the positron.



Positrons tagging

The positrons
are tagged when the

signals from
 the

2PM
T’s are in

 coincidence, then
the gate opens.

22N
a source

3.6kBq

 



Target
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A
fter the fiber the positrons enter

the A
erogel

In A
erogel pores filled with nitrogen: tª132ns
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It can m
igrates in the inter granular

space where it decay alm
ost freely

(in vacuum
)

(in vacuum
)

Collisional quenching



Tim
e spectra between tagged positron and photon
detected in the calorim

eter (with aerogel)

Peak from
 2

g
annihilation

 

 

Exponential
decay from

 3
g

Constant
background



5,2 cm
 

thickness 24 x BGO

Calorim
eter

 

Energy
spectra

20 cm
 length

The resolution of the crystals 
determ

ined with a fit is about  
16%

 at 1.27M
ev (FW

H
M

)



A
nalysis

W
e collected 2x10

7 data during one week running, after the
filtering and the cuts we get 3.5x10

5 good events.
For the filtering the stability of the calorim

eter is checked:
1)

The peak position of each counter
2)

The m
easured decay constant of the positronium



Exam
ple of signal signature

1.27M
eV g

g from
the o-Ps
decay

X
2

X
1



Events selection
• O

ne of the photons with energy  between 40 and 700 keV
from

 the decay is asked to be in the trigger BGO
.

• For the sam
e event the 1.27M

eV (not m
ore then one)

should be present in one of the other crystals. W
e excluded

the end-cap in front of the trigger BGO
, in order to avoid

that the photons from
 the decay are “absorbed” in the 1.27

peak.Selection of the 1.27 M
eV



o-Ps decays selection

In order to decrease the background from
 the 2 photons, we

select the 3 photons from
 the o-Ps applying a cut on the tim

e.

The lower lim
it has been set at 160ns, which suppress the 2 g 

strongly enough, but it doesn’t decrease too m
uch statistic. 

The upper lim
it is set at 800ns, because then the  background

from
 accidentals becom

es
dom

inant.



Results
A

fter selection, the sum
is calculated.

The sum
 E

VETO  + E
TriggerBGO  = 1M

eV (M
ass of Positronium

)
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O
ne event has been observed

Signal region:

For the 511 keV photons from
 the 2 photons

decay the unherm
eticity of the calorim

eter is
in the order of 10

-3.

The single
photon m

axim
al

energy depends
on the m

ass of
the two exotic
particles.

 

 
Sensivity of
the calorim
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The expected background is extrapolated assum
ing a

linear fit   (in log scale) of the projected energy in the
VETO

.

Background estim
ation

For E
VETO

 £ 20keV, 1.6 event (± 0.8) is
expected, which is consistent with the
m

easurem
ents.

 



Calculation of the upper lim
it 
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                              has been calculated with Poisson
statistic for 1 event observed and 0-background expected
(conservatively).

The num
ber of o-Ps decays in the target is m

easured
from

 the decay curve, the m
easured lifetim

e is 6.6%
less than in vacuum

, it follows that
5
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U
sing a M

onte-Carlo sim
ulation (assum

ing phase space) we
estim

ate the different detection efficiencies for a photon
from

 the three photon and from
 the single photon decay: 
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Conclusions 

It follows that this decay m
ode can not explain

the discrepancy (the lim
it is 20 tim

es sm
aller)!
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