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Threshold law for ionization of atomic hydrogen by positron impact
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The cross sectionr for the positron-impact ionization of the hydrogen atom near threshold has been
evaluated analytically with the final-state wave function involving three Coulomb functions. Contrary to the
earlier result thatr vanishes exponentially, we find the threshold lawsasE®?. [S1050-294{@6)08007-9

PACS numbd(s): 34.80.Dp, 32.80.Fb

In a quantum-mechanical calculation the energy depenhydrogen near threshold with the above three Coulomb final-
dence of the cross sectien for the positron-impact ioniza- state wave functions to show how the exponentially vanish-
tion of hydrogen atoms near threshold is determined to @ng normalization factor due to the repulsive positron-proton
large extent, only by the form of the final-state wave functioninteraction is appropriately compensated for and a physical
used to calculate the transition matrix element. With onethreshold law,c~E®? is obtained. For electron-impact ion-
attractive Coulomb function corresponding to full screeningization near threshold the Wannier model based on the
of the target nuclear charge, one gets identical results foclassical theory, which gives a threshold law-E?7 for
electron and positron impact in which varies asE¥2 For  atomic hydrogen is, in general, considered to be more or less
positron-impact ionization with two Coulomb functions, one satisfactory. A quantum-mechanical extension of this model
attractive and the other repulsive, Geltmidr gets a very was attempted by Peterk@®], Rau[9], and others. Klaf10]
unphysical result; the cross section is almost insignificanhas extended the Wannier model to positron-impact ioniza-
over a considerable portion of the energy interval near théion and obtained analytically a threshold law- E2°° for
threshold due to the normalization constant vanishing expathe hydrogen atom. Modification of the Wannier threshold
nentially. The phase conditiof2] of the final-state wave law for small but finite energy excess above the threshold
function in the asymptotic region, where both the positronhas been considered by Kazansky, Ostrovsky, and Sergeeva
and the electron are far from the nucleus as well as from eadi 1]. For positron impact the Wannier threshold law is rather
other, is satisfied in neither of these two cases of full screeneontroversial. Dimitrijevicand Grujic[12] have obtained a
ing and no screening. On the basis of Coulomb dipolethreshold lawo~ EY54for positron-impact ionization of the
theory, Temkin[3] obtained a modulated linear law for hydrogen atom by their classical trajectory study. The clas-
threshold ionization cross section by positron impact. sical trajectory Monte Carlo calculations of Wetmore and

In recent years a final-state wave function with three CouOlson [13], on the other hand, agree with the power law
lomb functions that is asymptotically correct has been exteng~ E30%
sively used to calculate electron- and positron-impact ioniza- The total cross section in atomic units for positron impact
tion of atoms[4,5], and the results thus obtained are in goodionization of the hydrogen atom may be written as
agreement with the experimental data at intermediate and
high energies. Here, one of these three Coulomb functions is
always repulsive and therefore according to Brawtex.[6]
the use of the three Coulomb function final state for the
calculation of the ionization cross section near thresholdvhereM, the matrix element at threshold, is given by
would lead to unphysical results due to the exponential van-
ishing of the normalization constant. M = (473K kokyp) ~Y2exp( — maq)l, 2

In the present work we present the detailed evaluation of
the matrix element for positron-impact ionization of atomic with

a=(1/k)ff|M|2d121d|225(E—k§/2—k§/2), (1)

|=f expliKo- 1= Nro) (1l — 1/ ) exp( —iKy-r1—iKp-To) F(—iaq;Lii(Ker i+ Ky rp))

X 1F1(i@p;1;i (Kof g+ Ko T2))1F 1 (i g5 151 (Qryp+q-r1p))dridry, 3)
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r, (r,) andk; (k,) are, respectively, the position vector and = lim ( 3 i)[( B i) +(i”
momentum of the positrofelectron, kg is the incident mo- a0l  ON ou on
mentum, ko=1 at threshold}\=1, a;=1/k,, a,=1/k,, 70
as= 1/, q=(k;—K,)/2. Making use of the contour inte- ,
grsal replr?asentatig)hléﬁ X[12mi)%] dt,dt,dtsp(— ay,ty)
Xplaz,tz)plas,ts)d, (4)
lFl(ioz;l;z)=(1/27ri)f exp(zt)p(a,t)dt, where

| J=8J B (B Gits)2+ (7 iqts) [P+ Ko—Ka(1—t)
wherein

+(p—ikqty) ZH[P+Ka(1—to) 12+ (A —ikatr)2) L.
p(a,t)=t 1Ho(t—1)"'e, (5

On carrying out the contour integrations with respecttp
and the Fourier transformation technique we can write t,, t3 and differentiating with respect to, u, 7 we get

| =64f dP(P2+iP Ko+ P-Ky)[(P+Kp) 2+ N2] 219 P24 (N —ik,)2] L7102 (P+Ky— Kp)2] 211 P]~ 113 apky)
X[(P+ko)? k=10, ]"H1[(P~0)?~q?=i0,] 7"+ (agq)[(P+ko)? ~ki=i0, ]

X[(P=0a)*=g°=i0,] 1. ©®

Let n=P+ko—Ky, th 2 . .
et us now pup 0™ K, TN lim 1pflf'al(Zkl—p)'“ldeB(—iozl,l—l—ial),

g9—0, 782

(P+Kko)2—ki—=i0, =p(p—X~i0,),

N which is proportional to exp{m«;), we have
whereX=—2Kk;-p.

In the very small region wherp<X, on account of the
negative imaginary infinitesimal phaseiO, , we have ~ 2
| :(8’77/(11)(1_ |ko kz)exq’ﬂal)

[(P+Ko)2—kj—i0 ] "o X[(e1/2ky) 1= (e1/e5) 1], ®

=(—1 neX —n+iag X — —r‘l+ia1.
(—1)exp(may)p (X=p) The matrix elemeni is now obtained by the substitution of

) o ) ) Eq. (8) into Eq.(2) and finally after carrying out the integra-
Evidently the contribution from this region only to the tjons in Eq.(1) we get
integral in Eq.(6) is significant since the effect of the van-
ishingly small normalization factor exp(ma;) in Eq. (2) is

compensated for. Over this very small regiBA~kj3 and o=3" 172 %expy — 2) (22— 1)E%2 9

P-Kk,~—Koy-Ko, etc. Thus considering only the dominant

contribution we get after integration over the azimuthal angle )
The experimental valugl5] of o at E=1.4 eV, the lowest

. energy known to us, is 1:810° 1" cm? (from graph, while
| =(87/Ky)(1—iKo-Ko)exp — 1—iC + ma) our calculation gives 7810 " cm?. No other theoretical
value is available at such a low energy to our knowledge. It
> f2kldpp—l—ialf2kl (X—p)~LHiegx,  (7) should be noted that the Wannier law does not give the ab-
pte; ' solute magnitude of the cross section, which is required for a
quantitative comparison with experiment. Precise measure-
AA A o~ ment of the ionization cross section very close to the thresh-
where C=K,-k,+Kko-G. We next perform the integration old is urgently required for a comparison with the theoretical
with respect taX. In view of the fact that prediction.
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