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Max-Planck-Institut fiir Plasmaphysik W
Abteilung Oberflachenphysik

Cross sections for partial electron
impact ionization of CH4 and H»

V. Dose, P. Pecher and R. Preuss
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FIG. 5-3-11. The pmlbnwlh!ty of tomization of N,, CO, O, NO, H; and C,H,. The
ordimate represents the number of positive charges per electron per cm path at I mm
Hg pressure and 6°C. J. T. Tate and P. T. Smith, Phys. Rev. 39, 270 (1932).
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The data

p(5,A17,X,55,1) =p (812, X, 881) p (A15,2,X,%5, I)

The model
Gi—cop(zX) =0 (of) =4
70— (X, X) =8,  (BH =57

p(&1X,¢,%,71) =T S'\}f;re)(p {_% (“!Aj _sjpj (A)) }
] 1]

define:
CP(a:i,X) [si = f; 7, Xj,X) /SJ = F;
6i/8i = d, AJ/SJ = D]



The likelihood

P(Cizﬁlf,f,c,x,'y,l) =
(2m)~"2 exp {--;- (@~ ef)" (@-ef)}-
(2m)M2N exp{ 2 (v5 ~ cF)T (35 - oF) }

model functions (Born-Bethe)

1. o(E) ~ Inz/a, z = E/Ep> 1
o(B) = T LI o(B) =c-p(B)
2. o(E) ~ 1/z
o(E) = T a(B)=c-p(E)

Which model applies ? What are the nume-
rical values of c and \ ?



Bayes’ Theorem
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p(cz: #|:E',)-(’,I) = p(ci: D,c,~, X|:’v’,ff,[) dedyd) =
f p (¢, XI) - p(d, B|Z, X, c,v,X,I) dedydX

Priors (5: = (a, e))

p (&1, AlT) = p(elD)p(v1)p(a|I)p(e|D)
1. ¢> 0, p(c|I) = 1/cmax
2. g=(7), pQII)=-exp{-7/9}/9

3.a>0, p(a|l) = 1/amax

} 4. € >0, p(e|lI) = Texp{ (%)2}



The problem with the global likelihood

p(H|D, 1) = ZHID

p(D|I)

-p(D|H, I)

/p(HII) dH =1, /p(D|H,I) dfD =1
but
/p(DIH, I) dH = unknown

and may not even be finite.

= ' H,I) dH
p(DI) dH = [ p(H|I) p(DIH,I) d
sampling
density




Parameters

("=

p(e, 0,6l p (4D
Je{re

9-1

|")? a,'y,e,I)

1)

Dt
><1 $

z } dcdydade

Covariances

Cir = (€ikx) — (E)Ex)

G(¢, ) = Goexn {3 (€- (&) c71 (£~ &)
Global likelihood

p(ci:l-)'ﬁ:’,)-(.,I) =
/P(C, v,a,€lI)p (ai: 5|:i", )-(', c,a, 7, €, I) dcdydade =

. p(c,v,a,¢ll)p(d,D|Z X,c,v,a,¢1
/G* (é’c, 1) J{ G*((g", C—l) )}

>

dcdvydade

v ]
Sampling density integrand, slowly varying



Channel M(25a)/M(25b) c a e Eg/eV
CHs + ¢ — CH{ +... 2.10%:1 9.7 4.4 0.14 12.6
CHs + € — CH;' +... 10°:1 6.7 35 0.20 143
CHi+ ¢ - CH) +.. 101 0.93 4.0 1.0 15.1
CHy+ ¢ - CH' +.. 26:1 0.31 0.67 1.7 222
CHi+ ¢ —» C° + 022 8.7 1.2 25.0
CHs+ ¢ > H + 1.3 22 1.2 18.1
H, +e¢ » H' + 3.9 1.8 0.18 15.43
H +¢ - H + 0.91 34 1.5 18.06

TABLE 1. Posterior estimates for the model parameters in Eqﬁ. (25a,b).
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Posterior cross sections

D (alz, d
/rp (0', c,v,a,€lz,d, D, Z, X, I ) dcdydade =

/p (c,'y, a,eW, ci: 13,5:',)-("

~
~—"

(alz c,,a,¢d,D,T XI)
dcdvydade
p(c,'y,a eldD XI)

p(c,v,0,¢ll)p (d, DI, X, c,7,0,¢,1)
p(d, DIz X,1)

sampling density as for parameter estimati-
on

p (orlz, c,7’, a, €, %ﬁ,;‘,ﬂ, I) =p(o|z,c,a,c€)
p (o|z, c,/, a,e) =6 (0 — cp(z,a,¢))

(ak(z)) = / {cp(z,a, e)}kp (c, v,a,¢ld, D, %, X, I) dzxdvydade

(0(2)), (Ad?(2))
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