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Dispersions of composite parameters for Mokre angular
distribution due to difference of particles and scatterers

Takao Nakatsuka
Okayama Shoka University, Tsushima-Kyomachi, Okayama 700-8601, Japan

Abstract. For relativistic electrons of fixed energy, depth the theory. One of the most superior aspects of the Kamata-
variation of the two parameter3 andfy; characterizing the  Nishimura formulation is that we can describe the Modi

Molieére angular distribution has been represented by a unitheory in far simple way by introducing the constafitand

versal function described in the composite variables. Un-K specific to substance (Kamata and Nishimura, 1958; Nishimura,
der the moderate relativistic conditions with ionization, small 1967; Nakatsuka, 2001). It will be valuable for our simula-
dispersions from the universal function arise due to the contion works (Messel and Crawford, 1970; Nelson et al., 1985;
figuration of Moliere screening model. We have investigated Heck et al., 1998) where the theory is referred to vast times

the magnitude of dispersion on the figure plotted in the com-in tracing charged particles and for our designings and anal-
posite variables, for various energies of charged particles angises of experiments where rapid and frequent derivations of

for various substances to traverse through with ionization.the distribution are required (Yamashita et al., 1996).

We have found dispersion of the depth-variation curve aris-
ing from the difference of scattering substances from light . : 4
to heavy ones is negligibly small on the figure, although thePar@meters, the expansion paramétand the unit of Molere

dispersion due to the difference of rest-mass has been founﬁngleaM' In case of ‘relativistic e"?CtFO“S. with fixed ener-
not negligible. The results will bring us simple and rapid gies, B and#y; of Moliére angular distribution are described

derivations of Molere angular distribution for charged parti- by composite variables in universal functions irrespective of
cles traversing through pure substances substances. Under the moderate relativistic conditions with

ionization, there still remains a term in the characteristic pa-
rameters which depends on substances explicitly even after
we introduced the above composite variables, in case we
1 Introduction adopt the Molere screening model (Ma@ie, 1947, 1948;
Bethe, 1953). If we assume the Born-type screening angle
Although various types of theory have been proposed to prewhere the characteristic screening angleis proportional
dict the multiple Coulomb scattering process, Motitheory  to the Born screening angle, (Scott, 1963) or under the
(Moliere, 1947, 1948; Bethe, 1953) still keeps the highestMoliére screening angle with the small enough Born param-
quality among all. The solution is highly accurate reflect- eter,27/(1378) < 1, it satisfiesd’ ~ . In this case, dis-
ing single, double, and plural scatterings other than multiplepersions of the characteristic parameters from the universal
scattering; the distribution is described in series expansion ofunction described in the composite variable disappear.
rapid convergence (Bielajew, 1994), by the expansion param- . ) , ,
eter B of order of ten: the series expansion is composed of Satisfaction off’” =~ /3, so that the acceptance of the uni-
universal functions of plain expressions with two character-Versal _fynchon, IS |m_portan_t for rapid and pla|r_1 derivations
istic parameters. Moreover the Mete theory is further im- pf Moliere angular distribution of pharged part.|cles travers-
proved to take account ionization loss (Nakatsuka, 1999a)l,ng through pure substances. It will be further important for

by using the Kamata-Nishimura formulation of the theory derivations of the distribution in mixed or compound sub-
(Kamata and Nishimura, 1958: Nishimura, 1967). stances, the stochastic mean among the composing substances

becomes far easy to obtain in this situation (Nakatsuka, 2001).
So we have investigated the feasibility to accept the univer-
O§al function on the figure of the characteristic parameters ex-
pressed by the composite variables, for various substances
Correspondence tofakao Nakatsuka (nakatuka@osu.ac.jp) around us from light to heavy substances.

The Moliere angular distribution is characterized by two

Reconstruction of the Madre theory by Kamata-Nishimura
formulation is improving the traditional theory by Mete
and Bethe in contents, applications, and understandings
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2 Characteristic Parameters B and 6y, of Moliere An- wherefs denotes the gaussian root-mean-square angle tak-
gular Distribution ing account rest mass (Nakatsuka, 1999a), derived from

The Moliére angular distributiorf (9)279dd is represented 02 = /t %dt
by the series o
K% mc¢*> me® 1 1 (Eo—mc?)/(E—mc?)

F9) = f(O)(ﬁ) + Bilf(l)w) + Bizf@)(ﬂ) ton o (@ - 2emc? p—v - M 2 " (Eo+mc?)/(E+mc?) ;
where the Molere angles) is defined by 9)
9 =0/ ) and the scale factaris determined from
The functionsf*) are the universal functions defined in M In— =1n 06 4 /t LI B—/th. (10)
382 42t 63 w2 w?

(1947, 1948), except the factor of.
We find the Molere angular distributions are characterized Applying the translation formula indicated in Nakatsuka (1999b),

by two parameters, the expansion paraméend the unit  the solution (8) is reduced to the Meiie form,

of Moliere anglédy;. So we want to discuss the dispersions

2 2 -2
of Moliére angular distribution due to various conditions, by f= i exp{f MC (1- 1 In O )} (11)
these parameters. B 4
with the expansion parametBrand the unit of Molére angle
O
3 Moliere Theory Described in Kamata-Nishimura For- 0. )
mulation B—-InB=Q—-InQ+In(vzt/0"), (12)
Om = 0/ B/ (13)

According to the Kamata-Nishimura formulation of Male
theory (Kamata and Nishimura, 1958; Nishimura, 1967), theThus we get the Moire angular distributions indicated in
diffusion equation of the angular distribution for charged par-the previous section.

ticles of chargez, rest-massnc?, and velocity3, traversing
through substance of atomic numbg&rwith ionization, is
represented by

af 8f ables

——f{l 3)
220t OE’ For singly charged particles with extreme relativistic ener-
in the Fourier space, where the traversed thicknéssnea-  gies, it satisfies
sured in the radiation length (Particle Data Group, 2000). We

4 Characteristic Parameters Under The Extreme Rela-
tivistic Condition and Introduction of Composite Vari-

6/2 <2

t+e

2
have defined B> me. (4)
o me2 Then we have
w=2p/K = {1 — (——)? 4
po/K = —={1 - (=)} @ v 2K 15
and B~1 (16)
g2 - 1.13 + 3.7602 7. ) from Eqg. (4), so that the two parametdssanddy; are deter-
1.13 + 3.7603 mined by
with B—InB=Q-InQ+Invz’t, (17)
27 Z O = 06\/B/Q, (18)
= and ¢ = —. (6)
1374 137 where
K and(} denote Kamata-Nishimura constants specific tothe ~ , _ 2(E/Ey)EotE)/(Eo~E) (19)

substance (Kamata and Nishimura, 1958; Nishimura, 1967,
Nakatsuka, 2001). We assume the ionization loss of a conand

stant rate, dissipating?e in unit radiation length, so that we ,  K22%
have 0g = FoE (20)
E = Ey — 2%¢t. (7) As it holds
The solution of Eq. (3) can be expressed as B—-InB= 1n(yﬁ), (21)
e
B 2 2 +2 K29 B
[ ST ‘ t 22)

; d-gh 41/22t/ﬁ/2)}’ ® GM/ T E/Ey Qe 2’
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Fig. 1. Discrepancies of3 due to the different rest masses. Fig. 2. Discrepancies of\ due to the different rest masses.
Incident energied /= correspond to 10, £010°, and 10 i Incident energies, /= correspond to 10, £0 10°, and 10 in
unit of Qe~*, from left to right. unit of Qe=%, from left to right.

for singly charged particles, we find the characteristic param-6 Dispersion of Moliere Angular Distribution Arising
eters are described universally irrespective of substances, by From The Moli ére Screening Angle
using the composite variableg Qe =?) andfy; / (Ke= /2 /Ey).
The unitQe—* for the traversed thickness is almost the sameUnder the extreme relativistic condition, we could represent
as the mean free path of the single scattering larger than ththe characteristic parametefisandé,; from Egs. (17), (18)
screening angle, measured in the radiation length. It shouldiniversally irrespective of substances, by describing the tra-
be noted that the characteristic parameters represented in ttversed thickness and the unit of Male angle in composite
composite variableB andfy /(Ke /2 /Ey), are functions  variablest/(Qe~%) andby/(Ke~¥/?/E,) respectively.
of fractional energy, in case of the extreme relativistic condi- Under the Molere screening model with moderate rela-
tion. tivistic energies, the characteristic parametgrandfy; de-
rived from Egs. (12), (13) still require the explicit Z in the
term 3’ even if we use the above composite variables. Dif-
5 Discrepancy of Moliere Angular Distribution Arising ference of’ from 3 arises from energy dependence of the
from The Difference of Rest Mass ratio, Moliere screening angle to Born screening angle. In
this case, we cannot describe the characteristic parameters
We investigate dispersions of the characteristic parametergniversally by the composite variables, in the definite sense.
B and6,, due to the difference of rest-mass:?, for singly But in case it satisfie§’ ~ [, which is realized in case of
charged particles with moderate relativistic energies. We asBorn parameter to be small enough,and6fy; could be de-
sume the Born parameter be small enough/1378 < 1, termined from Egs. (23), (24), and be described in universal
which is realized at e.g. the penetration through light sub-expressions by the composite variables.
stances. Then it satisfigb ~ 3, and we can determine the ~ We examine whether the relatigh ~ 3 satisfies or not,

characteristic parameters as so that the universal relations satisfy or not, on the practical
substances around us. TBeandé); derived from3’ by Egs.
B-InB=Q—-InQ+In(wt/5?), (23)  (12), (13) and those from by Egs. (23), (24) are compared
On = 0/ B/Q, (24) on substances C, Fe, and Pb in Figs. 3 and 4. We cannot find
any visible differences more than 1 percent between them
with 6 from Eq. (9), and is derived from within passage of energy loss less than 80 percent.

2 2t 2
lnL:l bG 1z /ilnﬁ
0 w

— - —dt. 25
32 RPN 02, 27 w2 (25)

7 Conclusions and Discussions

The scale factor, so thatB anddy;, are functions ofzy /m.c? We have investigated the dispersions of characteristic param-

andE/mc? in this case. etersB andfdy; due to the differences of rest mass and sub-
We compare the results @ andfy; for variousEy /mc? stance, on the figures plotted in composite variahiéQe*?)

of 10, 20, 50, andwo, in Figs. 1 and 2. A slight differences andéy;/(Ke */2/E}).

appear with increase of the fractional thickne&s, /<) es- Dispersions of the characteristic paramet@msndd,; due

pecially for curves of lower values df, /mc?. to the difference of rest mass are found not negligible among
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Fig. 3. Discrepancies oB due to the different Modire screen-  Fig. 4. Discrepancies afy due to the different Motire screen-

ing angles from Born ones by substance. Incident energiesng angles from Born ones by substance. Incident energies
Eq /e correspond to 10, £0 10°, and 10 in unit of Qe~%, Ey /e correspond to 10, £0 10°, and 16 in unit of Qe~%,
from left to right. from left to right.
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