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Bu er-gas accumulator: a cold e’ source

Our research: low-energy positron-atom interactions

*?Na decay! 'hot' positrons, want E, < 500(25) meV

C. M. Surko etal J.Phys.B 38 (2005) R57



How can a positron bind to an atom?
Static = repulsive

Polarisation = attractive

attractive

Polarisation
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Few-Body Computational Methods

Mixed e" /e systems di cult for:
Hartree-Fock Many-Body Perturb Theory Cl

e+
Successful approaches:

Stochastic variational method

Adiabatic hyperspherical

Di usion Monte Carlo.

Atom+

We use parallelised CI with a basis-set extrapolation

Cl allows us to 'freeze' the HF-core electrons (+pols)
build up ro r, via angular couplingN¢, =1;000 000

j(1S%)i=cy 15 1si + Co 15 o5l + C3 on 2pl T 100



Probability of e"Atom Binding
Red = 100%. Yellow > 90%. Green 50%. Gray = 0 %.
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An Excited Positronic State e* Ca (*P°)

Clcalcs L!1 ) show excitede® Ca bound state
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Extrapolation: Young/Rollin's Friday Poster R1.059
' Bromley and Mitroy Phys.Rev.Lett. 97 183402 (2006)



Next target was: € + Mg ( °P9)
variational principle hold when system is unbound?
dissociates intoe* + Mg with r!'1  separation?
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Don't fence me In ( rp)
Positive energy state contains scattering information...

nite range of the radial Laguerre basis = soft-sided box
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Pseudostate Energy Shift Method

New Quantum scattering method, uses bound state calc!

(a) Having done large calc ther{b) Do small reference calc

E Reference calculation
Yo=F gsf 0 H=H

exact

ImproveY Add Vi,

Yi=Fgdot+S; G Fifj| Tune| Yo=Fydo

H=H Vool |H = Hexact™ Vool

exact exact

\J

(c) Add a model potential to ensure small calc gives energy
shift Vopt(r) = Vair (r) 7% (1 exp( r°= ©))

Method nicely validated against simple systeme* +H



Scattering Cross Section ( €" + MQ)

LT =1 unbound, but prominent shape resonance:
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Annihilation rate at resonance goes up t&. = 1500

Such lowe* energies/widths accessible at UCSD/ANU.

I Mitroy and Bromley Phys.Rev.Lett. 98 173001 (2007)



Unnatural Parity States

1929:H 1s? (1S°®) calcs (Bethe / Hylleraas).

1970:H 2p? (°P®) 2nd state calc (Drake).

E=0

E=-3.4 eV

E=-13.6eV

E=-20.4 eV,

H H- PsH
States
H 2p (2Po) H-2p2p 3Pe) -~ H(2p) + Ps(2p)
PsH 2p2p2p (2,4 So)
His(2Se) ——————

H- 1sls (1Se)

__________ H(1s) + Ps(1s)

PsH 1s1sls (2Se)




Second PsH Bound State
Cl (and then SVM) calcs showed 2nd PsH bound state
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Mitroy and Bromley Phys.Rev.Lett. 98 063401 (2007)



2nd Bound States of LIPs, NaPs, KPs
1974: 2nd Na,Rb ,Cs (Norcross)

LiPs is Borromean: ie. unstable Li, €' Li, Ps (°P®)
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Exit Stage Left

Positron-atom bound states
Theory of excited states of positronic atoms
(Experimental Detection of Bound States)

Positron-atom scattering states
New method: scattering using pseudostate energy shifts
Seen a strong positron shape resonance

New class of Ps-Atom bound states
unnatural parity, annihilation suppressed states



