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Interaction and Its Energies of the Strange Exotic Atoms

KA e B
Zhang Xuelong You Yangming

( 200093)
( Shanghai Medical Instrumentation College, Shanghai, 200093, China)

K 2

Klein-Gordon Dirac s K 2 s s
- 0.05% 0.03%% ,

Klein-Gordon Dirac
0572. 33

Abstract The interaction and energies of mesic atom and hyperon atom of both the strange ex—
otic atoms are further studied. The energy levels of mesic atom and hyperon atom are obtained
by solving of the Klein— Gordon equation and Dirac equation numerically. The results coincide
with the experimental date well. The maximum fractional errors are — 0. 058% and 0. 035%
respectively. The optical model is applied to the calculation of energy levels of the strange ex—
otic atoms can increase the correctness of the theoretical results. It is validity that the strong—
interaction between the mesic or hyperon and nucleons is described by the optical model poten—
tial in the strange exotic atoms, and itis an attraction between the nucleons.
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Table 1 The transition energies of K Pb atom (2= 1)
a (&) o () o« ()° tel
Transition 'H eoretical calculating Scr ee ning Result
(keV) (eV) (eV) (eV) (eV) (keV)
13> 12 91. 995 - 51.8 284.0 2.0 - 7.7 90. 929t 0. 015
12> 11 119. 926 - 4.9 419. 5 2.9 - 10. 6 116. 952 0. 010
1> 10 155. 726 - 38.2 632. 8 4.3 - 14.7 153. 892+ 0. 011
16~ 9 210. 762 - 31.9 980. 0 6.7 - 20.7 208. 256 0. 008
9> 8 295. 106 - 25.9 1569. 5 10. 9 - 29.8 291. 577 0. 013
8> 7 431. 255 - 20.4 2625.5 18. 6 - 4.5 426. 18H- 0. 012
zz_pb E_W ANp= 1)
Table 2  The transition energies ofz Pb atom andz W atom (On= 1)
Theoretical calculating /keV 78]
T . Screening Result Fractional
t
ranston j= L+ 12 j= k- 112 (keV) (keV) error (% )
20 Pb (14 13) 174. 614 174. 759 0.092 174. 736+ 0. 028 + 0.028
> pp (13~ 12) 220. 322 220. 546 0.079 220. 315 0. 018 - 0.054
20 Ph (120 1) 283. 308 283. 682 0. 050 283. 280+ 0. 044 - 0.076
2w (14 13) 142. 107 142. 236 0. 067 142. 09LE 0. 047 - 0.057
20 W (13 12) 179. 205 179. 368 0. 055 179. 183+ 0. 019 - 0.058
2w (12- 11) 230. 462 230. 713 0. 043 230. 454£ 0. 021 - 0.050
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Table 3 The optical potential parameters of K mesic atom
Reb (fm) ReB (fm) Imb (fm) mB (fm) U 12 /F
0. 69+ 0. 06 0 0. 94+ 0. 05 0 0 L 60
0. 75+ 0. 07 0 0.37 0. 17 0 0 261
0. 48+ 0. 07 - 0.26E 017 0. 98 0. 08 - 0.63 0. 14 1.0 .48
0. 60+ 0. 06 1.0t 0. 72 0. 67 0. 44 - 0.62£ 0. 65 1.0 205
1. 53 0. 08 - 0.13£ 002 0. 74 0. 07 - 0.09t 0. 02 -0.4 131
0. 54 0. 38 0. 30t 0 28 0. 68 0. 34 - 0. 135 0.08 -0.4 219
-0.15 1. 63 0.07 0. 62 - 0.0H 0. 08 0.2t 0.03 L 39
4 2
Table 4 The optical potential parameters of2 hyperon atom
M AC MAC M AC MAC SP SP SP Sp Sp
Rebho 0. 31 0.38 1.5 1.3 0.33 0. 31 1.1 2.4 L2
+0.04 +0.09 +0.6 + 0.7 + 0.05 + 0. 09 +0.5 + 1.2 -
Im by 0. 21 0.20 0. 37 0 35 0.24 0.24 0. 43 0. 49 0. 45
+0.03 +0.03 + 0. 07 4 0 08 +0.04 + 0. 05 +0.11 +0.12 -
-0.3 -0.2 0. 03 - 10
- 0.4
Rebr +0.3 +0.3 +0.25 o5 —O®
ReR, -25 -20 - 17 -43 -15
¢ + 15 +2.2 +1.2 +34 +0.1
-0.13
mb +0.07
p 0.4 0.4 0.4 04 04
X2 /F 47.17 45. 4 21.9 21. 8 47.9 47.9 29.2 16. 7 20. 4
The measures with underline keep no changing in the fitting course.
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r/| ) — Lo(Kz‘ 7+ r/| ) ] (9) Table 5 The circular transition energies of K Pb atom (A n
(6)~ (9) , = 1) on reckoning in the optical potential
(e= h="1), Klein-Gordon Dirac Transi— Lheoretical Screening Result Fractional
tion calculating error
I - . (keV)  (eV) (keV) % )
VA(r)y + [E = Veu(r) = Va(r) - 13> 12 90.982 - 51.8 90.929t 0.015 - 0.058
Vo (#) Pi(r) = _x3(r), (10) 12> 11 116,998 - 44.9 116 952F 0.010 - 0. 039
[T' D+ U + Viu( ) + Vie(7) + 1+ 10 153.909 - 38.2 153892 0.011 - 0.011
~ L L 10~ 9 208.291 - 31.9 208 256= 0.008 - 0.017
Vou(r) 13(r) = EX(r), (11) 9> 8 291.643 - 25.9 29157 0.013 - 0.023
K ( 10) 8> 7 426.342 - 20.4 426 181+ 0.012 - 0.038
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Table 6 The Transition energies ofz 7 Pb andz 7 W atom (A n= 1) on reckoning in the optical potential
Theoretical calculating (keV) Screening Result Fractional
Transition ] ]
Ji= L+ 1/2 Ji= - 1/2 (keV) (keV) error (% )
20 P (14 13) 174. 652 174.723 0. 092 174. 736+ 0. 028 + 0.027
> Ph (13 12) 220. 288 220. 249 0. 079 220. 315+ 0. 018 + 0.021
20 Ph (120 11 283. 269 283. 424 0. 050 283. 280t 0. 044 - 0.024
D w (14 13) 142. 104 142. 175 0. 067 142. 091+ 0. 047 - 0.035
20 W (13 12) 179. 139 179.313 0. 055 179. 183+ 0. 019 - 0.024
Z W (12- 11) 230. 409 230. 587 0. 043 230. 454+ 0. 021 -0.019
* mx 1197. 53MeV, mx 493 715MeV; * *

* Them is 1197. 53 MeV, andmk is 493. 715 MeV while calculating. * * From experiment value to theory value.
(F#% 204 Continue on page 204)
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