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The probability W of nuclear 7~ capture on bound
hydrogen atoms

77 + <p> >n +nw° )
! m n
is strongly suppressed as compared to that of the capture
on free hydrogen '

77 +p->n+ 7° )

1
and depends upon the chemical bond Z——H/ ./This fact has
been explained by the model of large mesic molecules
according to which the probability W has been determined
by the following expression
aZ =2

w:wmodel - mZ +n ®
where a is an empirical coefficient describing the pecu-
liarities of the chemical coupling Z—H in the ZmHn mo-
lecule.

The effect of the chemical bond properties of hydrogen
on the nuclear capture rate (1) in various hydrogen com-
pounds has been observed, e.g., in refs./3-5/ where the
experimental dependence of the coefficient upon acid
strength 3/, induction constants”* and autoprotolysis
constants /5/ have bee%?btained.

Our previous work has established the mechanism
of the suppression of nuclear capture (1), i.e., that of
negative pion transfer to Z atoms in hydrogeneous che-
mical substances Z H and Z'H +Z mixtures

<pr=>+Z > Za~ +p. 4)
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This mechanism is an additional one to the scheme of
processes considered in the model of large mesic mole-
cules. )

According to ref. /6/ the probability of negative pion
transfer to hydrogen atoms in binary compounds Z_H, is
determined by the following expression

1
V=V oder’d> 4 = ——, 5)
l+<A > ¢
7z Z

where q is the suppression of nuclear capture (1) due

to transfer (4), ¢z = ;:n— is the “concentration” of the
atomsZ in the substance Z H,,<Az> is the transfer
constant for reaction (4). This means that for reliable
separation of the ‘“chemical”’ effects in nuclear negative
pion capture on bound hydrogen, it is necessary to take
into consideration quantitatively the transfer in the sup-
pression of the probability W . At present the transfer
of negative pions in the mixtures of free hydrogen with
other atoms, in mechanical mixtures Hy+Z *°' is suffi-
ciently well studied. However, the results of experi-
ments /7/  are not to be used directly for taking into
consideration the negative pion transfer in hydrogen com-
pounds since according to ref./6/ the transfer intensity
in Hy +Z mixtures and in the systems Z' H_ +Z differs
considerably.

The present investigation has been performed to study
process (4) observed in our previous experiment for
clearing out the nature of its difference from the pro-
cess prn~ +Z » Zns +pFor this purpose the negative pion
transfer to carbon atoms has been compared in pure
methane, ethane, ethylene and in their mixtures with
hydrogen. Since in the mixtures H, +C H  the basic
fraction of hydrogen mesic atoms is produced on free
hydrogen it appears possible to separate the transfer
channel

pr™ +<C> n»Cﬂ_+p (6)

and compare its intensity with that of the process

<prm > +<C> -C _+p, 7
pr n, P ()
which takes place in chemical compounds of type C_ H,
The experiment was performed by using the 80 MeV nega-
tive pion beam from the Dubna synchrocyclotron. The
experi}nental procedure is similar to that described ear-
lier /8/,

Negative Pion Transfer in the Series
of Saturated Hydrocarbons

In the series of similar compounds, e.g., saturated
hydrocarbons C H, the character of chemical bond
C-H is not changed when passing from one compound to
the other. Therefore, the coefficients a calculated by
the experimental values of the probability W according
to formula (3) should have equal values for all C _H mo-
lecules. The presence of negative pion transfer to carbon
creates the dependence of the coefficients a wupon the
concentration of carbon atoms on these molecules. This
dependence shows the intensity of process (7).

Gaseous hydrocarbons CH, , CyHg and CyH, were
frozen in hermetically sealed vessels of stainless steel
and were exposed to the negative pion beam in styrofoam
cryostat filled with liquid nitrogen. Measurements with
a vessel filled with gaseous hydrogen were performedin the
same conditions and with a polyethylene , (CHZ)n target
of the same dimensions.

The W probability for the organic compounds were
normalized to the yield of reaction (2) from H, . Table I
presents the values of the probabilities W, the coef-
ficients a and the atomic concentrations of hydrogen
for all the compounds used in our experiment.

As is seen from Table I, the coefficient a within the
measurement error is monotonously decreased with
increasing carbon concentration in the C_ H, molecules
of both series. At the same time when passing from
polyethylene and cyclohexane to ethylene having another
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type of chemical bounds with the same ¢ -value. the
coefficient a similarly to previous observations / 1/ is
changed by a jump. Turning from the saturated hydro-
carbons to the unsaturated ones means changing the sp3

orbitals establishing the C—H bond into sp? ones. This
transition results in a more electronegative carbon atom
and thus in the suppression of the probability W, as well.

Table 1
Compounds w,1o°3 &E= m/n a
Com H
cH, 27.80+0.60 0.25 ' 2.50 + 0.05
c Hq 21.1040. 60 0.33 2.28 + 0.06
/9/
Cghy, 15.90+0. 55 0.42
ceHy, 16. 60+0. 5479 0.43 2.06 + 0.05
/9/
¢, H 15.2040.70 0.46
C12726 Gy ° ‘7} 1.98 + 0.06
17%36 .00+40. .
(ch,)_ 14. 50+0. 40 0.5
Cehy, 14. 3040. 55”9/ 0.5 2.07 t 0.05
c,1, 9.87+0. 30 0.5 1.42 + 0.04
RN 3.90+0. 30/ %/ 0.98 + 0.08
€980 2.761-0.31;9/ 0.82 + 0.09
C 8%, 2.76+0.31/%/ 0.8840.09
€103 2.00+0.15" %/ 0.61 + 0.05

After renormalizing the coefficient a for the compounds
of the unsaturated series, the dependence a(¢) was
approximated by formula (7)

A
a-= , 8
1+<A\>l ()
c n

where A is a renormalized value of the coefficient a ,
free of the transfer effect, <A_> is the constant of the
negative pion transfer to carbonm <C-> . The following
results have been obtained Cm

<Ag,> =16%0.2, ©)

A =354+0.17.

The constant <A _>=16 + 0.2 obtained by studying the
transfer effect in the simplest case in the series CnHa
coincides within errors with <A >= 1.0+ 0.4 obtained by
studying that in the gaseous mixtures CH, + Ar | CoH, rAr
and the liquids CjgHy, +CCl and C,H +CCl’® By the
phenomenological model the constant <A > is equal to
the proportion ratio of transfer (7) and de-excitation
resulting in transfer (1) in mesic atom collisions with
bound hydrogen. The closeness of <A _ > to unity means that
the processes transfer (7) and de-excitation resulting in
transfer (7) for the mesic atoms produced in the. 7z H
molecule dissociation have equal rates. L

Negative Pion Transfer in Gaseous
Mixtures H, +C_H_

In the H +CmH mixtures two types of hydrogen mesic
atoms are producecf: pr~ are produced on free hydrogen
and <p7=> on bound hydrogen. As has been shown ear-
lier /7/, the transfer is due to the hydrogen mesic atom
collisions with heavy atoms. It is necessary in Hy +C_H,
mixtures along with the above transfer processes (6) and
(7) to take into consideration de-excitation of hydrogen
mesic atoms in collisions both with Hy molecules and
with C,H, molecules due to the hydrogen present in
the latter. In a general form for the H, +C H mixture

Wx By
WH, +eX)=q+ e —2 <q> —=, (10)
<qyx> By
where By and B | are the stopping powers of the hydro-
gen atom and the X molecules, ¢ is the molecular
concentration of hydrocarbon in the mixture, W,/ <4 ,>is
the probability of <p7~ > mesic atom production in the
mixture, q and <q> are suppressions of nuclear capture
(2) to (1) in the H2+C o1 ,mixture caused by processes
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a
(6) and (7), respectively. The values of <qi>=_A_x for

methane, ethane and ethylene were determined according
to the data of Table I by using formula (9) and were found
to be:

=0.72+0. >= + 0. = 4.
<qCHZ 72 003,<qc2 >=0.65% 0.03,< qC2H: 0.56+0.04

In the presentations of the phenomenological model
for the H, +C H mixtures ‘

v

=_LLL_, <g> =
1+ (A+k)e

1+<K>E s (11)
1 + (Kek>+<A> e

where A and « are the constants of transfer (6) and
de-excitation of the pr~ atom in its collision with
C.H, molecules resulting in nuclear pion capture by
the proton <A> <k > and the same for the <pr~  mesic atom.
In the experiments the probability W was determined
for all organic gases C_H, and W(H, +¢X) for the mixtures
H2 +CH4 s H2 +Cz H 6of various concentrations.The obtained

results are presented in Table 2. Here the values of the
constants are given for one proper atom of the C_ _H_
molecules. The constants <A > and <«x> are poorly deter-
mined by our data, therefore Table 2 presents only their
sums. Within measurement errirs the constants of nega-
tive pion transfer from free hydrogen to carbon of
C,H, molecules is similar for the carbon atom being
on methane and ethylene: <Ay> =4.6%0.3 and
coincides with the value A = 5.0+ 0.5 which can be
obtained by interpolating the data for Hy+Z mixtures
( where Z: He , Ne , Ar , Kr , Xe )/!%/ within the
same range of carbon concentration. This means in parti-
cular that with respect to pr~ -mesic atoms carbon
atoms in the C_H, molecules behave as free, and
hence, the size of P7~ -mesic atom is cons1derably
smaller than that of the carbon atom.

By our estimation the de-excitation constant for all

the three types of hydrocarbons studied is similar, ~0.3.

<P>

Table 2
Mixture Ran £ iati £
ge of variation o AC &(P)

molecular concentration
R 4C K of hydrocarbon in the AenHn | Kemtn <A°>"<)ﬁ~>

mixture ™m rn
H,+C H4 0.1-1.6 6.0+0.8 0.3+0.2 | 1.3+5.0
H2+C2H6 0.04-2.2 4.510.4 0.410.1 0.640.4
H2+C2H4 0.03-0.6 4.410.4 0.240.1 0.140.3
Mean values 4.64+0,3 0.3+0.1

This means that bound hydrogen about three times less
effectively takes part in pr~ -mesic atom de-excitation
than the free one. The considerable decrease of the
constant of transfer to carbon (<A > =161t 0.2) for
ps~ -mesic atoms produced on bound hydrogen comparing
to the constant A, = 4.6+ 0.3 for ps~ -mesi¢ atoms,
apeears to be due to the excitation of pr ™~ -mesic atoms
at the moment of their production. In this case both the
transfer cross section and its lifetime are decreased
since the size of the mesic atom is proportional to
~n2 /1 apd the rate of nuclear negative pion transfer to
proton in the mesic atom is about I, ~1,1. 10'%n3. Pre-
sent results contradict the conceptions developed in
ref. /11/ according to which the production of <pz—> -
mesic atoms in hydrogen compounds is assumed to take
place in the highly excited states with the basic quantum
number n ~ 30 - 70.
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