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The primary goal of this study is to find any qualitative or quantitative links

between single positron-molecule collisions quantified by cross sections

measured in a gas phase and annihilation rates measured in condensed
phase of matter for large molecules.




Positron direct annihilation vs elastic scattering cross-section

low-pressure noble gases at room temperature
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Positron direct annihilation vs scattering cross-section

Two-body interaction with noble gases and simple molecules
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Z (k) =F Rt2 + Z“(r ) +?sm[2no (k)]

G. F. Gribakin, Phys. Rev. A61, 022720 (2000)
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Subjects of present investigation

Benzene CH, Cyclohexane C4H,, Aniline C4H;NH,

Dipole polarizabilities:

a=70.9 [a,’] a = 73.8[a,]] a = 81.7[a,]]
Permanent dipole moments:
M = 0 [D] M = 0 [D] M = 1.13 [D]

CRC Handbook of chemistry and physics, ed. 86 (2005)



Trento low-energy gas-phase positron beam experiments

SOURCE
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G. P. Karwasz, R.S. Brusa, M.Barozzi and A.Zecca, Nuclear Instr. and Methods in Physics B 171, 178 (2000)



Total cross-section for positron scattering from benzene,
cyclohexane and aniline in a gas phase
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Total cross-sections in the literature for C.H,, C.H,, and C_H.NH,
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Extrapolation of total cross-section down to thermal energies by

10007

Modified Effective Range Theory (MERT)
(K. Fedus, G. Karwasz, Z. ldziaszek, Phys. Rev. A. 88, 012704 (2013))
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Anomalous annihilation rates for large molecules in a gas phase

TABLE VI. Measured values of Z.g for ring molecules, aromatics, and other organic molecules.

Molecule Formula Z Zeg Zeg/Z DM (D)*
Ring hydrocarbons
Benzene CeHs 42 150007 | 360 0.00
180007 430 0.00
Cyclohexane CeHia 48 200007 | 420 0.00
Cyclodecane CioHzo 80 369000 4600 0.00
Naphthalene CioHs 68 4940007 7300 0.00
Decahydronaphthalene Ci0H1s 78 3890007 5000 0.00
Anthracene C14Hio 94 4330000 46000 0.00
K. lwata, R. G. Greaves, T. J. Murphy, M. D. Tinkle, and C. M. 1 .
Surko "Measurements of positron-annihilation rates on 9- ° ® benzene
molecules” Phys. Rev. A 51 (1995), pp. 473-87. o SO e © cyclohexane
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Positron Annihilation Lifetime (PALS) Measurements

in liquid phase at room temperature
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PALS results for liquid C.H,, C.H,, and CHNH,

MELT and LT10 analysis
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PALS results for liquid C.H,, C.H,, and CHNH,
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Complex behaviour of annihilation rates in condensed matter
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New advanced positron chemistry models are needed in order to describe how the
multi-body interaction in condesned matter distorts the character of single
positron — molecule interaction.
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Extrapolation of total cross-section down to thermal energies by
Modified Effective Range Theory (MERT)
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Scattering on polarization potential
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Mathieu differential equation:

w2
4> 1(i1+1) (R
drz_ 2 T 4 +k° ¢z(r)zo

R = \/E - characteristic range of r# interaction

T. F. O'Malley et al. J. Math. Phys. 2, 491 (1961)

Behavior of the solution at large r

D (r) ~ sin(kr—%l?t+nl)

yr—>o0

total phase shift: n,

Behavior of the solution at small r

ch(r) ~ rsin(R*/r-l—(/bZ)

r—0

short-range phase: ¢,
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Z. 1dziaszek and G. Karwasz, Phys. Rev. A 73, 064701 (2006) /R



Scattering phase shift

m’ —tan’d, + tan((pl + I7t/2)tan5l (ml2 — 1)
tano, (1— mlz)+ tan(q)l + ln/Z)(l - ml2 tan’ 51)

tan7), =

ny = n (E ) 0() : : : : ]
determined from analytical properties of Mathieu functions (tabulated)
6,=6,(E.a)

Z. Idziaszek and G. Karwasz, Phys. Rev. A 73, 064701 (2006)
K. Fedus et al., Phys. Rev A 88, 012704 (2013)

Short-range contribution:

short-range effects

tan(¢, +/7/2)= B+ RRK* [2+..

the effective range expansions

\p\olarization effects
oe’

Vir)~-

B, —the zero energy contribution of short-range effects r

R; — the effective range of short-range effects
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Extrapolation of total cross-section down to thermal energies by

Modified Effective Range Theory (MERT)
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Fit to Z;; data
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Positron direct annihilation vs elastic scattering cross-section

Simple molecular target: N,
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P.A. Fraser, Adv. atom. molec. Phys. (New York Academic Press) 4 63-107 (1968)
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FIG. 1. (a) Z 4 spectrum [5]; and (b) infrared absorption spec-
trum (log scale, arbitrary units) [ 12] for hexane. Note that, when the
80 meV downshift of the Z ¢ spectrum due to the positron-hexane
binding energy is taken into account, the strong peaks in the two
spectra occur at the same energy.



