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OCUS OF THIS TALK

" Motivation

" Modelling: Kinetic Theory

" From dilute gases to dense gases/liquids: The effect of density
= Electrons

= Positrons

" lonization: electrons vs positrons



MOTIVATION

Study of e- and e+ in gas and liquid systems is of both fundamental interest and for
technological applications:

Program at |CU



OWARDS A TRANSPORT MODEL IN DENSE GASES/LIQUIDS

MODELING
e+/e-
TRANSPORT

.

INPUTS
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3.) Other density effects
Coefficients -trapping/localised states

-Multiple collision effects

-Polar liquids




KINETIC THEORY

The branch of statistical mechanics that describes systems through a phase-space distribution f (7, v,t)

Boltzmann’s equation:
REPUBLIKOSTERREICH

%+v-\7f+a-£=—](f)

" 7,v = space and velocity coordinates

" a = acceleration from external forces (e.g.Applied Electric Field)

= J(f) = collision operator = Je105(f) + Jann(f) + Jexc(f) + Jion (f) ...

= f(r,v,t) is generally Non-Maxwellian k 5 Todest: ag de ‘-.] hy Hll\(l';
ll D\\ IG ]x()] TZM: \N\

Macroscopic quantities from microscopic information

= Require averages, e.g. W= i [vfdv
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) STRUCTURE EFFECTS: COHERENT SCATTERING
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2.) MODIFICATION OF SCATTERING POTENTIAL

Single Ar

. / ‘
Lekner 1967 formalism Induced Dipole

\

» Updated with modern techniques

Screening of polarization potential

» Screening function f(R)
Average potential

" Ugrr = Us + U3

Cross sections from Uy

= Region “owned” by an atom (r <1,) |
U




RESULTS: ELECTRONS IN LIQUID ARGON
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Need to define the 7, differently
= Static potential sign change

— no stationary point (Lekner theory e-)

= Match incoming wave packet (Vsp;fe) -
i o i
Alternative approaches =09 1 F(R)A o [ i

= Wigner-Setiz radius, features of the potential e.g. zeros

Two contributions to annihilation in a scattering event - Shlft Choice
= Annihilation with target atom Uess
ws =-l

RL

® Annihilation with surrounding atoms

= Define an “ensemble Average Charge Density” {p(1))
= {p(r)) =p1 +p:

SZ

Chign




RESULTS: POSITRONS IN LIQUID HELIUM
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RANSPORT MODEL INCLUDING IONIZATION

MODELING
etle- [ —
TRANSPORT R Bttt pecira |
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Coefficients

lonization Collision Operator

-e- Vs et

-Energy sharing




ONIZATION COLLISION OPERATOR

7

Q~ v.U=QU -Uy)
v, U’

Ell QO— .

Jt = novat©® (v) f (r,v,t) — 2?10/1’010“ (V") B (v, V") f(r. v’ t)dv'

7

® +vuU=0QuU-U
‘ O VH‘.LITH _ (1*@) (U"ij)
\

JOB — nova'©®® (v) f (r,v.t) — ng / ' (VY B (v, V) f(r. v t) dv’

v U = (1= Q) (U —Uy)

v, U’

S )




OSITRON-IMPACT IONIZATION IN H,

y-partitioning function, P(U,U’)

High impact energies: e+ gets most of the energy

Near-threshold impact energies: e+ and e- share energy evenly T

Model can be fit to experimental data (e.g. H,)
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OSITRON-IMPACT IONIZATION IN H,
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OSITRON-IMPACT IONIZATION IN H,O
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SENSITIVITY TO IONIZATION ENERGY SHARING

. Energy distribution vs. distance

Energy distribution vs. distance
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UTURE WORK

Transport in Gases # Transport in Liquids
lonization Energy Sharing: e+ more sensitive than e-

Electrons and Positrons in other Noble gas liquids — Ar, Kr, Xe
Positronium formation in liquids
Bubbles, clusters, and other density effects

Polar liquids, Biological Matter
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OSITRONS IN LIQUID HELIUM
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RESULTS: ELECTRONS IN LIQUID XENON

i
- -
-1

-----
--------
...........

nop (1/msV)

10! *
2
s 0|
P 10
-
--§§-‘x_ s 10-1
1077] T Ry,
‘!u ™
x =
ik\* 10-2 &g - ;
1026 e, 10 107 107 10"
E/ny (Td)
1025
1024] R
1077 103 1072 107 100

G. J. Boyle et al. (2



ELIUM PAIR-CORRELATION AND SCREENING
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===fEnergy-sharing model
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Green’s function

(Pulsed Townsend)

\ Pulsed Townsend

Swarm Experiments

Steady-Stat
Townsend




Neutrino detection
— lonized electrons drift through liquid Ar
— Low field, low-energy regime

/ng =25 x1073Td
mg = 39.948 amu
To=85K

stribution function and transport properties:

C 1
f(U:Z.t)=Zf¢(U.Z,t)P¢(cosx) — n(z, t) < de Uz2fy(U,z¢t)
= n(z, )Wz, t) =< f dU Uf, (U, z, t
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