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Motivation for this work

In order to maximise the rate of production
of measurable positronium (Ps) within the

RF cavity
RF cavity we must optimise the design of
v - r the cavity and the positron time-tagging
—  — system:
j — The design of the plastic scintillator
— T~ (PS) tagging system which time-tags
/‘T the incoming positrons and its
_ 22 instalment in the cavity.
Na
plastic

— Cavity dimensions: r & z.
— N, density

scintillator Source



Outline

» Discussion of the parameters which affect the
Ps production rate in the RF cavity and of an
MC simulation created to decide the
cavity/tagging system design.

* Description of a practical plastic scintillator
tagging system being implemented.

* Results of an experiment to measure the Ps
creation efficiency in N, gas using this plastic
scintillator tagging system



Factors affecting Ps Production Rate

RF Cavity B Fjeld

To increase measurable Ps production we want to
maximise the population of tagged AND stopped
positrons in the RF cavity.

1. The positrons entering the chamber must be
time-tagged by thin plastic scintillator. Energy loss
in the plastic will affect tagged Ps production rate:

«  PS too thin=small light yield=no tag
PS too thick = positrons will stop in the PS
and thus won’t form Positronium

2. N, gas pressure

«  High pressure =high energy loss=-high
stopping efficiency BUT

*  Applicable pressure within cavity is limited
by the thin 2mm Cu gamma window of the
cavity (~2atm). High pressure will also
increase 0-Ps pick-off.

3. Cavity dimensions are limited by our need for
good separation of the 2856MHz TM, ,,

Scintillation light Thin plastic resonance: ¢=12.8cm fixed, z=10cm required.

collected by 2  scintillator 4. Once the positrons have stopped, the ratio which

PMTs actually form Ps.




Positron Tagging and Stopping
Efficiency Simulation

B Field

(Energy Deposit in PS > 60keV) & (Stop in Cavity)l
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Positronium
Confinement

MC simulation for 200um thick plastic
scintillator and 2.0atm N, gas.
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field help to confine Ps
radially, and also to increase
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positron energy loss and thus
overall stopping efficiency
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The uniformity of the magnetic field
at the position of the formed Ps is an
important factor for our precision
measurement of the Ps HFS. With a
0.8T B field applied 96% of the
tagged & stopped positrons are
confined to within r<2cm in the cavity
(cf. 40% for the case of no field).

3.6% of tagged positrons hit the top
of the cavity
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Ps creation efficiency ! -\w
test setup L
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Timing Spectrum
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Fitted o-Ps decay curve is integrated to
calculate Ps creation efficiency in N2 gas
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Simulation of Experiment

Measured o-Ps rate
O-Psy | Njgas = Positron tag rate
Nal '\\ | x gas stop fraction
~-\ X Ps creation eff.
Pb x 3/4 (o-Ps fraction)
X Nal y detection eff.
X energy cut factor
source &plastic scintillator
To calculate the Ps Of the tagged positrons:
creation efficiency it is Stop in N, 3.49%,

necessary to estimate the -
blue factors from MC &y — Nal 0.12%

simulation & 300keV<E,,<480keV |4.7x102 %

Combining the measured o-Ps and scintillator trigger rates with
simulation data we arrive at a Ps creation efficiency in 1atm N, gas of
50% (preliminary). Some systematics are to be resolved.




Conclusion

Ps production efficiency has been studied and
cavity/positron tagging system design has been
optimised for maximum Ps production.

1. Cavity dimension are $128mm & height 100mm

2. Plastic Scintillator thickness is 200um

3. N, pressure < 2.0atm

Positrons entering and stopping within the RF chamber
are radially well confined due to the strong 0.8T B-field
used in the experiment

1. 96% of tagged and stopped positrons stop in r<6.4cm.

2. 3.6% of tagged positron hit the top of the cavity.
A positron tagging system using plastic scintillator fibre is
expected to be implemented in the final experiment

An preliminary result of 50% has been obtained for the

creation efficiency of Ps in N, gas. .



Backup (1)
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Drop in fibre light yield from being glued into place.

Single photoelectron level is 43 channels.
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Backup (2)
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0.2mm thick stopper




Backup (3)
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A significant number of positrons passing through thick part of

the fibre are tagged but don’t enter chamber. This number is

difficult to determine from MC simulation due to the geometry of 15
the fibre. Plans are to use a collimator to resolve this.
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Backup(4)

22Na Ec Decay, E{ave)=194.9 keV, Elmax)=1820.2 keV

—Betas per Tagged positrons | 38% of all
ﬁgﬁays per pOSItrOnS
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1o~ Stopped by plastic | 67%
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Hit the top of the | 3.6%
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22Na beta energy spectrum
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