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ABSTRACT
‘The differential cross section of the chemical reaction

u* +(HD); > (uH2) + (HD)Y

has been investigted using the distorted wave approximation. The
wave function describing the complete system has been expressed in
terms of six wave functions comesponding to the internal,

viberational and-the relative motion wave functions of both the initial
and final states. The calculated results have been compared with the

maximum theoretical cross section (1t / k2 ), where k is the initial

wave number for the relative motion of | .

INTRODUCTION

The problems including mesons are interested for scientists, the possibility
of simultaneous desciption of light and heavy mesons in a potential model was
discussed 1] and the probability of capture of mesons (7~ )by nuclei was

calculated [2].

~ The scattering of pf' mesons with molecules is also very interesting for
scientists [4], [3]. With the presence of matted, u+ mesons will undergo chemical
reactions that may depolarize it and the extent of these depolarizations may be
determined by the change in the angular correlation with the positron and tritium

nucleus emissions in decay respectively.

The aim of this paper is to study theoretically the rate of chemical
reactions of u+ mesons with deuterium molecular ions. For this purpose the

differential cross section is derived in the framework of the distorted wave
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differential cross section is derived in the framework of the distorted wave
. . 2
approximation for a collision in which p* mesons are incident on (H ); anda

. . . 2N+ .
rearrangement occurs in which u"’meson is captured and (Hl) is emitted

leaving (|.LH12 )
FORMULATION OF THE PROBLEM

The wave equation for the complete system may be written either in terms
of the initial or final state [4], [5], i.e.,

N
[HEP)————V2+v,—-E]¥ =0 (1)
2™, ° !

or

Pt — hz
[H'(F.P)- v

Vi+v,~E]¥ =0 | 0

2

where H,H' are the Hameltonians for the internal motion of (le); and

( ].LHI2 }* respectively, E is the energy of the system and v jare v, the interaction
energies dealin{ with the reduced masses M ,M, of p* with (H?)? and
(HI2 )* with (”le )" respectively.

The wave function ¥ describing the complete system has been expressed

in terms of six wave functions, i.e.,

¥ = y(r, R)X(RIF(p) +6(p_,r )Qp_ )G(p") (3)
where y(r,R)} and o(p,, r’)[6] are the two internal wave functions dealing
with the clectron motion in the field of the (H] )} and in the p* , (H2)* field
resprectively, the viberational wave functions ) and €2 [3] describe the ground
state of (Hf );' and ( qu Y" molecules. Finally the rewlative motion wave

functions Fand G deal with u* in the field of (H?)7 and deuteron in the field
24+
of (UH 1 ).
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Now, we are going to calculate the differential cross section for the
transition from initial to final states.

From (1), (2) and (3) we get,
2M -
[ —?(Vfﬁkf)—vl |F=
vyl v+t il oo @R @
X
2 p R ¢

b T

and

(= I _ (V2 +k2)-V,|G(p) =

= Q[V -V F dt 5)
joQv, l]wx Sy
Treating the right hand side of (5) as a known function we have the
asymptotic form

2M e -1 S -
(2 foao. vy xReransp)

G(p’

where F and G are the solutions of the differential equations

vieii- 20 ]F 0, ®
and
V2+k"’ 2;:4 ]G =, Q)

Where k1 .k, arethe wave numbers of the relative motion of |.L+ and (Hf )+
respectively, V, and V,are the mean interaction energies and are taken as Morse
potential {3}, i.e.,

~2B(p-p,) . ~2B(p-p,)
V=D(e Bp-p, —7e Bp Po)

where D =1.0154 e.v, =12 a:l and p,=2.0a,
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The differential cross section of transition from initial state to final state is

defined as
M k
Q=172 i ®
R m
where i
62 .32 e2
I:I(;)XFO —+—-'~'"—_—'T c])QGodf’dﬁdﬁ, (9)
b pa |p_rl

CALCULATIONS AND RESULTS

The integration in {9) has been simplified by substituting the definitions of
the functions ¥, ¢, x and . By using Numerov, Rapits-Allison and the

Fourth order Runge-Kutta methods we solve the differential equations in (6) and
(7) to obtain F and G_ numerically.The energy difference between ground

vibrational states is found equals 0.36426 e.v.. The functions F, and G_ have
been normalized and have been illustrated graphically in figures (1), (2), (3), (4),
(5) and (6). The differential cross section in equation (8) has been calculated at

different energies numerically by using Simpson Rule and the results have been
shown in the table:

kz (3:2 ) Qcal, Qmax.
Runge-Kuita Numerov Rapt-Allison

8.365123 0.3742712 0.36753 0.369404 0.3755474

12.81261 0.245186 0.2451163 0.2451376 0.2451883

15.77759 0.199108 0.199102 0.199105 0.1991115

(The unit of the differential cross section is a o)

From the table, it can be seen that the calculated cross sections Qn,1 may
be compared with the corresponding maximum ones Qmay -
In the mean time, it is shown that fourth-order Runge-Kutta method is the most

suitable one in our work.

12



Delta J. Sci. 20 (1) 1996
Sabbah and Tantawy

REFERENCES

1- EFROSININ, V. P.:ZAIKIN D. A, Sovit physics-Lebedev Institute Reports,
n. 2 (1987) P. 24-27.

2. RADUTSKIL 3. M., Sovit phyysics journal, V 29-11-(1986)p 903-908.
3- AYOUB F., EL-SHAHAWY A, Jornal de chimie physique., (1986), 83, n. 2.
4- AYOUB F., Proc. of Math. Soc., U. A R, {1969).

5- MOTT, N. and MASSEY, H. S. "The theory of atomic collisions”. 3rd ed.,
Oxford (1971).

6- JOHN P. LOWE, Quantum Chemistry, (2nd edition, Boston, New York),
1993). A

(Definition of the coordinate system used in the calculations where A, B, C and D
indicate ¢ ,e ", 1" and e respectively).



Delta J. Sci. 20 (1) 1996

Collision p+

0.10

0.05

E 0.00

-0.0%

—-0.10

0.0015
0.0010
0.0005

(G, —0.0000

-0.0005
-0.0010

-0.0015

..1“”qu..:;nnulnnnul!l«lltrlul“l['uil[lll"ul

- Mesons

Runge~Kutta method

EENEEENENNI

-e---- £= Q.56426 ev
------ £= (Q,B6426 eav
— = 1.06426 e.v

I EEEEEEES NN E NN ENE RN NN

ll'lllll|l'IIIlIIlI'[l]llllIIIII|IIIII|I|IIIIIITI‘

0 1 2 3 4 .5

Fig.(1) P
F

-

------ E= 0.7 ev
~=-=-E= 05 ev
— b= 0.2 ev

Illllll|l|l|rllllil|Il!lll\il]Illll"llll|illlllll|

0 1 2: 3 4

Fiﬂ.(Z\ P

5



Delta J. Sci. 20 (1) 1996

Sabbah and Tantawy
U.lU 7 _ T
il. Numerov method
0.05 3 A
[ 000 3
~-0.05 -
4 - E= 0.56426 ewv
2 ~~- E= 0.86426 ev
4 —— E= 1.06426 ewv
—O-]D -. |I‘1!ll]|lll!}llllélllll'{ilIil‘iillllllllllllllls
O .
. F
) Fig.(3)
0.002 ;
] . Numerov method .
0.001 3
~0.000 3
G. 3
-~0.001 -:
_0.002 34 TTTEZOLEN
1 — = 0.2 ev
-0003 :T||llllll|l||ll'llll'|lllIl'llll_‘l.lllllll‘]”l_‘Tr'Tr_
0 | 2, 3 >
P

Fig (1)



Delta J. Sci. 20 (1) 1996
Collision u* - Mesons

0.10

0.05

F 0.00

-0.05

-0.10

0.002

0.001

—-0.000

—-0.001

-0.002

-0.003

E Raplis—Allison melhod

.

=

4 e E= 0.56426 e.v

3 --- E= 0.B6426 e.v

] ———— E= 1.06426 ev
“I_rl1lllll|llililllill|llll|li|I|l|li|ll|]lll11

0 1 2 -3 4 S
Fig.(5) P |

] Raplis—Allison melhod

E

] - E= 07 ev

4 ---E= 05 ev

J—— E= 02 ev
-NIll!llIll]llllli'li|]l'lllllll'l'[l|III1[1||IIIII|T
0] 1 2 3 4 5

!

Fig.(6) P



{relta J. Sci. 20 (1) 199
(H} )} &l godt p g el S o Toor gt goall D g oo 30

¢ sladal) o Olias ) — Lol dlt s
GG dralr —a gl LIS — Lol J gurd
eI Joliel) Aolidh o acaall ahidall Sl o3 B pall B galt 4y B aldinaly
W+ (H}); - (UHD® + (H)
A S ol 8 B o g JF g0 B Y YOS ahdl Cis (Y o gall 1) 8 ol 45 Lo
el A5l o7 A Aoty 1Y ol o IS Tl oyl 35l Bl g a1 Sl

T s gt st Jon K e g8 Bt (07 K ) calant ol gl
J S

14



