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I. GENERAL REMARKS 

Quark pair creation as part of the internal dynamics of me­

son decay amplitudes rigorously must be treated relativisti ­

_cally including a relativistic quark model 111. But in the case 
of heavy quarks it should be reasonable, to use nonrelativistic 
approximations correcting radiative transition amplitudes bet­
ween meson bound states by pair creation terms. Such a proce­
dure also is justified by the necessary phenomenological treat­
ment of the soft gluorr which induces the pair creation. 

Working in configuration space we clar~fy the limits of "au 
approximate, local description sandwiching the pair creation 
part of the diagram (Fig.lb) between nonrelativistic quark mo­ "'/ " 
del wav~ functio~$ (see ref. / 2 / ) which allow a cut off in the 
quark momentUm distribution and thus restrict the propagation 
velocity of the antiquark to a nonrelativistic region if its 
~static) mass is sufficient high. Retaining only the time-de­

-pendence of .the antiquark propagator, we gain an approximate 
local description and the correction can be evaluated using 
,time-dependent perturbation theory. Th~ resulting expression 
contains the two wave functions, the soft gl~on 'potential and 
a factor coming f~om the antiquark propagator which modulates 
the integrand of the overlap integral. At this point we go 
beyond the more qualitative investigation of ref. 111. 

As example we study ~he spin flip decay ~(3685) ~ YA~3415) )l 

between two oscillator ground states with meson radius around 
R =0.5 fm. The obtained pair creation correction is r~lati­
vely small (12%), but the general expression shows that it can 
vary essentialiy in s~~ila; decays because of its sensitive 
dependence on quark masses and .photon energies. 

In sectiqns 2 and 3 we study' the analytic expressions of
 
the no-pair and the pair creatio~ part of the ove~lap integ­

ral, respectively. hIe discuss the limits of the quasilocal
 
approximation -and rewrite it in a su i'tab l e form for numer i ca s
 
evaluation. Discussion of the result follows in s~ction 4.
 

2. EVALUATION OF THE NO-PAIR TEmt 

Using the rest system of the initial meson, here and in
 
the following section we only deal with the internal dynamics
 
contained in the 9verlap infegrals. Some kinem~tical questions
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will be discussed in section 4. The no-pair term as a function 
of photon momentum q. may be written as 

-+ .~ 3 -+ i({? --- -" - -7 -+ 

F'(q) = f d r t/J ~ (r )e' t/J 2 (r) = Jd k t/J; (k) t/J 2(k - q) (I) 

with obvious notation (see Fig.)a). Using oscillator ground, 
states for the initial and final meson, we have 

-> -> 2 -3/4 2 2 ­
'f 

1
( r) = t/J2(r) = (rrR) exp(-r /2R), R 1 ::: R 2 = R F 0.5fm (2) 

and evaluation of (I) gives immediately 
-> 1 2->2 

F (q) = exp (- 16- R q , ),	 (3) 

where, F(q.) =F(O)=l at photon energies in the region 
o < Iqj s 300 HeV. For co~parison with the pair creation con­
tribution it will be sufficient to use F (if) :: 1. 

3.	 EVALUATION OF THE PAIR CREATION TERH 

Quark pair creation in lowest order of perturbation theory 
is described by the time-ordered diagram of Fig.lb where the 
time-ordering of the antiquark propagator prevents inclusion 
of the soft gluon into the final bound state. 

'x 
( a) . (b) 

Fig.l. No-pair diagram (a) and lowest order pair« creation correction (b) to radiative meson decay. 

The potential part V sandwiched between th~ wave funct~ohs 

now cop~ains, in addition to the radiation opyrator, the anti ­
quark and the soft gluon. Depending/on three space~time points 
x , y and z it appears as non local potential and thus leads 
to a double-loop expression for diagram (b). Denoting it by c 
,t.F(ii) we obtain in t ime-dependent; perturbation theory 
2	 ! 

3	 3 -to ..... -+ --to .... , 

t.F(q) = fd te 
icv 

t W12(t), ~12(t) =fd rid r2,!,~(rl)V(r2' r1 -r2;t)t/J2(r2).\ 4 ) 

where 71 =;-;';2 =;- i, t1 -72 ='y -:z: and t = Yo_z °<0 acco rd-i.ng 
to Fig.lb. The ~ubstitution 

-> -+ -,-+ -+ 
Pl=r 1 +r2, 

P
2=r1-,r 2 

transforms (4) into 

1 3 3 J.. -+ -+ -+'1 

WI 2(t ) = - g- f d Pld P2t/J~(2 (PI +p2»V ex(t(PI-P2»S , .....1 -+ -+ 
x	 t/J2 ("2 (p I - P2 », V 

(5) 

-> 
....9.. -+ ->. 

(+) 12(PI+~)
cP2,t ) e 

.....---­
(6) 

,	 where Vex is a p,henomenological soft gluon .p~tential which will 
be discussed below, and 

(+) ,'" '. a . -+ (+) -> 
S	 (p 2' t) = (1 YO -a- - l'y V -+ + rn) D (p2' t) (7) 

t P
2 

describes the antiquark propagator (notatton of Bogolubov, 
Shirkov/ 3/ ) . After the substitution (5) S +) depends only on 
one of the variables of integration which is needed for split ­
ting (4) -in t o two terms one of which can be approx imat.ed by 
a local de sc r i'p t i.on , This term covers regi'ons of integration 
satisfying 

p 2 « 1; 2	 ,(8 ) y	 = z P~ « P~ 2 

(note that time-ordering already requires the weaker condition 
P~< t 2 ) and after introduction of polar coordinates it reads* 

00 i (J.! t
f d t e W12 (t)
 
o
 

• DO 

X.	 Vex (p I) r dote 
, " P 

I 

where the dots 
(9) corresponds 

3 1 00 

- .£ rr
2 
a_ f dp p4~in(..! PI)tf~(PI)t/J2(Plh 

3 Q 0 I I 2 

(9)
i (,I t (+ ) 

S' (0, t) + ... 

. 

indicate the nonlocal rest of (4). ~he structur~ 
to the first integral of the~deco~position 

DO	 DO~I _ ' 2	 2 
(0	 < a -S< 1) (I~»JdP2 · • .. - JdP 2P2 + f dP2· .. •· 

o 0 a PI 

in which the weak depen4ence of the integrand on P2 (seerfor­
mula (6» may be negYected. 

*From now we work with t> 0, i.e., t-+.-t ~n (7).,. Note that 
(+ ) • ". .,


D ~s symmetr~c ~n t.
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Up to now this splitting is formal. ' Froro physical poiqt 
of view it becomes interesting only in such cases where the 
quasilocal term (9) represents a reasonable approximation of 
llF(q). Investigation of this point needs physical interpreta­
tion of the dimensionless parameter a. Looking at the light­
cone picture of Fig.2, we 'notice that the parameter a deter­
~ines the angle of the narrow cone which limits the propaga­
tion velocity of the antiquark in agreement with (8) and (9). 
Such a limIt corresponds to a cut-off in the inter~al. relative 
momentum distribution governed by the bound state wave func­
tions. In the oscillatot model these are Gaussian distributions 
and Itherefore admit a reasonable cut-off. For R =0.5 fm they 
give an expect a t i.oq value <lk!>:::800 HeV, so that a cu t-ro f f 
near 1500 l-IeV for Ik1 -q.[ should be sufficient. Relating the 
parameter a to the maximum of Ikt-ql,one obtains 

-> -> 

max Ik 1 - q,1 'fJ rnax 'a 
------ = a = ------- a. (11 ) fJrnax
 

q 2 2

m-· 

y1 - fJ /1 + arnax 

Fig. 2. Illustration of 
the parameter a as maxi­.A _ aP11.t 

J"max-~:<a mal propagation velocity.r1· 
of the antiquark in the' 
qua13ilocal term. 

It can be seen from 
Fig. 3, how T3rnax= a depends']3=1
.P, on the maximum momentum 
of the antiquark and on 
-Lt s static mass m-. It q . 
shows that, the quasilocal 
approximation fails if 
mq=,mu,d' and that it 
works for rn q <: me' In 
the case of the ~har~ed 

( a'p, .9, - -;--p quark mq = me which we' 
~ study below, a rough eva­

luation with a ~ 0.5 
, should be possible. 

For further evaiuation of (9) the time integral m~lst be cal­
cul gted, Its Li.ghtz-cone singularity 'when' P1 -> 0 brings no prob­
lem because of the high power of p in the integrand. Using

1 

" II: f: 
..). 

\/.
l~ 

ffr-," 
~, Fig. 3 r a ,f f3itJax as function 0 r' 
~f
 ... -t .. 1'""
 

max] k 1 - q1 with m-'as purve 
'-I parameter (m ' d = 8. 3 GeV~ me z: , u 

z: 1.5 GeV~mb' z: 5.8 GeV). 

1
I 
~,. 

1 
J~)., / \ 

,. 
0.5 1.0j 

maxlk-ql [GeVl" ir,'1 

Ii\. we obtain by partial integration (K.= mt)
 
"
.' 

\"'t oc i6Jt (+) (+) (+)J d t e S (0 , t) = - y D (0. P ) sin (w P ) + i Yo D (0, P'1 )cqs (w P )+ ~~ pOl 1 1
t,l 1 
I..... .t m -'I'" w co i(w/rn)K (+) (I2) 

+ ---'<..- J dK e D (K) .1.
ill mp:1 1 

1'1' r 
~ Yo as rest of the Dirac structure in our approach acts on
 

1'. a Pauli spinor of the nonrelativistic 'final meson state and
. 
can be replaced 9Y unity. The final 'expression for (12) 'may De 

f written as .. i 
eo iwt (+) ..."I , I J d t e S ( 0 • t) = 1> (m p ) + i ¢ (m P ), cd)1 1 2 1

I~ P1j.;\ where ill =ffi_ from now. With mp =x one obtains 
2'lJ, '" 

q 1 

~ , ¢ (X) = ~- [COS(~X)N1(X) - sin(!£.x)J (x)] + 
1 8/TX m m. 1 

~r: (l3a) 

j.• 
+ (1 _!£.) j.E..!!:.,[COS(~ K)J (K) + sin(~~)N (K)] 

illXK m 1 m 1 . " 

~; 2 ;,¢ (x ) =, _!!L (sin{..w. x)N ex) + cos (3-x) J (x)] + 
Z 8/TX m 1 m 1

~t·~ .. (l3b)I w oc dK .. W W 
. , + (1 - -) I-_- [sm(--K)J {K) -COS(-K)N (Ko)]. 

m K m 1 m l'

! x 

(+) a (+) 
S (O,t)=(iYo---,+m)D (D,t)

at 
4 

pa) 

. 

~\,'I,'.~ , 
I,' ... 

, 

~.~ 
~~ 

The appe4ring integrals nee~ numericai evaluation 
:N1~} are Bessel func t i ons in usual no t at i on) . 

(J;~) and 
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The last factor in the integrand of the expression (9) .to , ~
 

/'4l rfl I n 
• Ibe discussed is the q4 potential Vex(Pl)' Fcrilo,wing Richardson , \t tbe relative internal momentum distribution of the quarks. In­we use 

sertion of eqs. '(2), (13) and (14) into eq.(9) leads to the 
l \ 

numerical result817 feAr) (" ( ) Vex r = ----- A(Ar - ----), (14 ) • ,,: . -2 -233 - 2n Arr ... Re(~F) = 2.9· 10 1m(L';,F) = 0.3,10 , (20)
l~ "
 

where '" J •
 
I~". '. • • ' • •1't,1 . where the error due to the approxa.ma t i.on s should r ema i n wi.t h i.n 

00 1 00 - pt' (15) " .+50~. Insertion into the transition probability then gives4 r sin {ntL 1 d p ef( t ) = -' dp _~w.,",_ .[------ - -- 1 = 1 - 4 f- ' . . or; 
17 0 P -ln (1 + p 2 ) . P 2 1 P [ In( p 2_ 1 )] 2+ 17 2 '~i'l J' [ F '+ L';, F [2

I .--------- = 1.12 ± 0.06. (21 ) This structure is obtqined. by Fourier transformat~on from 
;~. IFI 2 

- -> 2 _4 12::_ 1 1 
I .\ 

----------'- \ II 'This correction is transferred to the decay width since eachV ( p ) = -"3 33 _ 2 n r (16)-> 2 . ->2' 2 
P In(l+p/A) ,,~ -t e rm of the kinematical decompositio.n lcontains the same over­

• - 15 .I.. ,,,,lap integral (see, for example, ref.' ). The correction (21) 
which appears as interpolating £ormof· , is relatively small, but as can be seen from the expressions

," .(13a) and (13b), it depends sensitively on quark masses and 
-'- 1 _ 

_ p2 » A,2: - 2 4 (2) 1 .!!i_~_ ..l (..photon energies and thus cannot be ignored in quantitative in­(I 7,)V(p )=3"G s p ;"2- 33-2n p2 
In c- p 2/A2) ., : ve s t i ga t i ons of similar processes.r ,"j ~~ 

, Concluding, we note tha.t the pair creation effect a I so should 
and u -be iIl~ortant in the case of electroweak radiative decays 

.~; 1see 7,81) especially if two- and three-quark weak interactions2 2 1 _ P «A 2: V (p ) -> canst-- (18) ~ .n a r e taken into account. Then the c.:llculations depenq on the in­
_ (p2) 2 f·> te rna I quark dynamics via overlap integrals which are more' in­

," ".;volved than in the above example. Our investigation indicatesafter droppi~g the retardation. The notation is obvious from 
" ,:.:that also in such cases one cannot expect quantitative resultsQCD. Thi~ choice of potential has the advantage'to be free of 

I if quark pair creation is ignored.parameters except the dependence on the energy scale A, It has l' i
 

been.used with success in eharmonium spectroscopy where the
 
'<, The author would like to thank S.B.Gerasimov for valuable',scqle was f i t t ed to De A= 400 MeV 14/, For sufficient small r 
~discussions. Useful remarks by D.Ebert, W.Kallies and C.B.Motzone obtains from (14) and (15) 

"I ;at the first stage of this work should be mentioned gratefully.
1 

'11 ..." 

Vex(r -> 0) - -----. (19)

Ar In ( AI')
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8 06~eAHHeHHOM HHCTHTyTe RAePH~X HCCneAOBaHHH Ha4an 
B~XOAHTb c6opHHK "KpamKue coo6UJeHUR OJ1.f!J1". B HeM 
6YAYT noMe~aTbCR CTaTbH, COAep~a~He OpHrHHanbH~e Hay4H~e, 
Hay4HO-TeXHH4eCKHe, MeTOAH4eCKHe H npHKnaAH~e peaynbTaT~, 
Tpe6y10111He cpo4HOH ny6nHKa~HH. 6YAY4H 4aCTbiO 11Coo~eHHH 
011.RI111

, CTaTbH, BOWeAWHe B c6opHHK, HMeiOT, KaK H APYrHe 
H3AaHHR 011.RI1, CTaTyC O~H~HanbH~X ny6nHKa~HH, 

C6opHHK 11KpaTKHe coo6~eHHR 011.RI1 11 6yAeT B~XOAHTb 
perynRpHO, 

The Joint Institute for Nuclear Research begins publi­
shing a collection of papers entitled JINR Rapid Communi­
cations which is a section of the JINR Communications 
and is intended for the accelerated publication of impor­
tant results on the following subjects~ 

Physics of elementary particles and atomic nuclei. 
Theoretical physics. 
Experimental techniques and methods. 
Accelerators. 
Cryogenics . 
Computing mathematics and methods. 
Solid state physics. Liquids. 
Theory pf condensed matter . . 
Applied researches. 

Being a part of the JINR Communications, the articles 
of new collection like all other publications of 
the Joint Institute for Nuclear Research have the status 
of official publications. · 

JINR Rapid Communications will be issued regularly. 
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flesHH K. E2-35-320 
06 ~eKTe po*AeHHA nap 
B paAHa~HOHHWX nepeXOAaX 4apMOHHeB 

HccneAyeTCA BKnaA B aMnnHTYAY paAHa~HOHHOrO pacnaAa 4apMOHHA 1 C&A-
3aHHWH C AHarpaMMaMH ~eHHMaHa, Y4HTW&a~HMH pQ*AeHHe BHyTpeHHeH napw 
KsapKos cc. Uenb~ pa6oTw ABnAeTcA &W4HcneHHe nonpasKH, o6ycnosneHHOH 3THM 
PO*AeHHeM nap, K HHTerpany nepeKpWTHA BOnHOBWX ~YHK~HH AnA aMnnHTYAW 
nepeXOAa 8 KBa3HnOKanbHOM, nonypenATHBHCTCKOM npH6nH~eHHH, KOTOpoe 3aKOHHO 
AnA 04apoaaHHWX H 6onee TA~enwx KBapKOB. npHMeHeHHe K WHPHHe pacnaAa 
nepexoAa ~/3685/~ rx/3415/ c nepeaopoToM cnHHa AaeT nonpasKy a i2% K pe­
aynbTaTy pac4eTa, nposeAeHHoro 6ea y4eTa PO*AeHHA. nap npH ycno&HH, 4TO 
Me30HHWH PaAHYC 6epeTCA pa&HWM npHMepHo 0,5 ~M, a AnA napaMeTpa A npH­
HHMaeTcA 3Ha4eHHe 400 H38, H3Bne4eHHOe H3 AaHHWX no cneKTPOCKOnHH 4ap­
MOHHA. 0WH6Ka npH6nH~eHHA O~eHHBaeTCA Ha ypO&He HH~e +50%. HccneAOBaHHA 
noKaawsa~T, 4TO H a cny4ae 3neKTpocna6wx pacnaAOB Me30HOB AnA BW4HCneHHH 
6e3 y4eTa PO*AeHHA nap Henb3A O~HAaTb HaAe~HWX KOnH4eCTBeHHWX peaynbTaTOB. 

Pa6oTa awnonHeHa a fla6opaTopHH TeopeTH4ecKoH ~H3HKH OHRH. 

COOISIIleHHe 0&1.eAHHeHHOI'O HHCTHTYT8 RAep-.nt HCcneA088HHA, .ll}'ISHa 1985 

Lewin K. 
On the Pair Creation Effect in Radiative 
Charmonium Transitions 

E2-85-320 

The paper deals with the contributions to radiative charmonium decay 
ampl~tudes which come from Feynman diagrams containing creation of inter­
nal cc quark pairs. The aim of the work is calculation of this pair crea­
tion correction to the wave function overlap integral of the transition 
amplitude in a quasi local semi relativistic approximation which works for 
charmed and heavier quark pairs. The application to the decay width of the 
spin flip transition ~(3685) 4 rx(3415) gives ali% correction to the 
no-pair term using a meson radius near 0.5 fm and a scale parameter A= 
= 400 HeV taken from fits in charmonium spectroscopy. The error of the 
approximations is estimated to be smaller than 50%; The investigation 
indicates that also in the case of ele~troweak meson decays quantitative 
results cannot be expected from the no-pair contribution alone. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 

Co..unication of the Joint Institute for Nuclear Research. Dubna 1985 


