Dynamics of positronium emission from mesoporous silica
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Introduction

Mesoporousilicais anexcellentmaterialfor efficiently convertingpositrons
to cool (<1000 K) positronium(Ps) [1], with applicationsrangingfrom Ps
gravity measurementf?] to antinydrogenproduction[3]. Time-of-flight
(TOF) Is awell-establishedechniqueoften usedto studythe dynamicsof Ps
andto characterise&eonvertermaterials(e.g. [4]). We reportlaserenhanced
PsTOF (LEPTOF)[5] measurementsf o-Psemittedfrom mesoporou$sio.,.
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A 5 nsbunchof ~10° positronsejectedfrom a two-stageSurkotype positron 3
trap (Fig. 1) [6] areimplantedinto a mesoporoussiO, film to producePs e e e e e 00
atoms Thesecool within the poresbeforebeingemittedto vacuumwith near Time [ns]

thermal energies A UV laserpulse(l =243 nm,E =1 mJ 3t = 6 ns)
Intersectsthe emitted Ps distribution at time z, driving 1S-2P transitions
iInsidea~1 mmwide regionat adistancez from thef 1 | suréase(Fig. 2); a
coincidentgreenlaser pulse 1 = 532 nm, E = 20 mJ) photoionisesthe
excited atoms lonisation typically precipitatesrapid annihilation of the
positron,resultingin an excessof gammarays at a time correlatedwith the
laserdelay(Figs 3 & 4); thesearedetectedvith a PbWQ, scintillator+ PMT
via singleshotpositronannihilationlifetime spectroscopyYSSPALS)| 7].

Fig. 2 T Ps formation region Fig. 31 Positron annihilation lifetime
and laser paths spectrum, V(t). Laser times shaded.
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Fig. 117 Positron beamline and Surko trap. Inset: Trap electric Fig. 41 Background subtracted and o-Ps decay
potential and buffer-gas (N,) pressure. corrected SSPALS specitra.

Results

Time-of-flight Ps Cooling and Emission

Themeanvalue (W) within 4 nswindowscoincidentwith the laserpulses,of Thetargetbiasdetermineghe implantationenergyof thee*, thusthe depthat
the backgroundsubtractedand o-Ps decay correctedspectra (i.e. [V(t) T which Psforms, the meantime for Psto diffuse from the porousnetworkto
Vo (D] exl(t 1), where: =1/ 142 ng), areplottedin Fig. 5. The expectation vacuum,and ultimately the temperatureof the emitted atoms Accordingly,
value of the TOF Is shownin Fig 6; a correctionfunction that takesinto the emissiontime is foundto increasewith the targetbias,whereadhe speed
account the variation In 1onisation probablility with Ps speed and the correspondinglydecrease$4, 8] (Fig. 7. the blue vertical barsrepresentan
correspondingaveragdocationsof ionisationwere found by simulation[5]. estimateof the scopefor systematicuncertainty uncorrectedestimatesare
Linear fits to the datasets are used to find the mean speedof the Ps shownin grey, the RMS speedassociateavith the Dopplerwidth of the 1S

distributions,andby extrapolatiorto zerodistancethe emissionimes 2P transitionis shownin red).
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