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Abstract

We rederive here in a simple and transparent way the master for-
mula for the dominant part of large relativistic corrections to the
positronium decay rate.
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1. The strong disagreement between the experimental value of the
orthopositronium decay rate [1]

IooFs = 7.0482(16) ps™! (1)

and its theoretical value which includes the order a and o?log(l/a)
corrections [2-6]
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= 7.038236(10) ps~* (2)

is a real challenge to the modern QED. For the disagreement to be resolved
within the QED framework, the correction ~ (a/7)2?, which has not been
calculated completely up to now, should enter the theoretical result (2) with
a numerical factor 250(40), which may look unreasonably large.

Though the result of more recent experiment [7]

F2.7? = 7.0398 + 0.0025(stat) + 0.0015(syst) us~ (3)

does not demand by itself such a large second-order correction, the problem
of evaluating ~ (a/7)? terms certainly exists. ;
One class of large second-order corrections arises as follows [8]. The large,
~ =10, factor at the a/w correction to the decay rate (see (2)) means
that the factor at the a/7 correction to the decay amplitude is roughly
—5. Correspondingly, this ‘correction squared contributes about 25(a/n)?
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So, expression (10) can be used as a regulator, and in the now rapidly
converging integral

%SME [(p2u21+ Gk p“tf‘] M)~ ML0)) (12)

we can safely expand M(p) up to (p/m)? included. In this way we obtain

dp 4 1 1 A
(2?1.)3 8ma I:(p2ﬂ|2+1)2 i p4ﬂ4] (m) £4 "_4& . (13)

This is an alternative derivation of the master formula (5) used in our article
[12]. In our opinion, it leaves no doubts in the correctness of this prescription.

We are grateful to P. Labelle for discussions, and to T. Kinoshita, R. Ley
and G. Werth for remarks on the initial text of this note.

References

[1] J.S. Nico, D.W. Gidley, A. Rich and P.W. Zitzewitz, Phys.Rev.Lett. 63,
1344 (1990)

[2] A. Ore and J.L. Powell, Phys.Rev. 75, 1696 (1949)

(3] W.E. Caswell, G.P. Lepage and J.R. Sapirstein, Phys.Rev Lett. 38, 488
(1977)

[4] W.E. Caswell and G.P. Lepage, Phys.Rev. A 20, 36 (1977)
[5] G.S. Adkins, Ann.Phys. (N.Y.) 146, 78 (1979)

[6] G.S. Adkins, A.A. Salahuddin and K.E. Schalm, Phys.Rev. A 45, 7774
(1992)

[7] S. Asai, S. Orito and N. Shinohara, Phys.Lett. B 357, 475 (1995)
[8] I.B. Khriplovich and A.S. Yelkhovsky, Phys.Lett. B 246, 520 (1990)

[9] A.P. Burichenko, Yad.Fiz. 56, 123 (1993) [Sov.J.Nucl.Phys. 56, 640
(1993)]

[10] G.S. Adkins, Phys.Rev.Lett. 76, 4943 (1996)
[11] P. Labelle, G.P. Lepage and U. Magnea, Phys.Rev.Lett. 72, 2006 (1994)

[12] 1.B. Khriplovich and A.l. Milstein, Zh.Eksp.Teor.Fiz. 106, 689 (1994)
[Sov.Phys. JETP 79, 379 (1994)]

[13] R.N. Faustov, A.P. Martynenko and V.A. Saleev, Phys.Rev. A 51, 4520
(1995)



I.B. Khriplovich, A.I. Milstein

Relativistic Corrections to the Positronium Decay Rate Revisited

A A. Musbuwmeidin, H.b. Xpunaosuvy

K BONIPOCY O PENIATHBHCTCKHNX IIOonNpapkax x
BEPOATHOCTH pacana mosuTpOHHNA

AP 96-49

OtBeTcTBennniil 3a Buinyck A.M. Kynpsasnes
Pabora nocrynuna 17.07.1996 r.

Cnano B nabop 17.07.1996 r.
[loanncaro B mevats 10.07.1996 r.

PopmaT Gymaru 60x90 1/16 O6nem 0.6 nev.a., 0.4 ya.-usn.a.
Tupax 170 sx3. Becnnmatao. 3akasz N° 49
O6paborano na IBM PC u ornedarano Ha

poranpunre 'HI[ PP "HAP um..I'.U. Bynkepa CO PAH”,
Hosocubupcx, 630090, np. axademuxa JTaspenmoesa, 11.




