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PHOTOPRODUCTION OF SCALAR AND
PSEUDOSCALAR MESONS ON A LEPTON WITHIN

THE LOCAL NAMBU-JONA-LASINIO MODEL
E. Bartos!, M. Secansky >

Institute of Physics, Slovak Academy of Sciences, Bratislava

Yu. M. Bystritskiy 3. E. A. Kuraev*, M. K. Volkov?
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Using the description of the subprocess yy* — S(P) in terms of local Nambu-Jona-Lasinio model,
we calculate the cross sections of photoproduction of scalar and pseudoscalar mesons in high-energy
photon-lepton collision processes. The dependence on the transversal momentum and the total cross
sections in Weizsidcker—Williams approximation are presented.

Hcnonme3ys omuc Hue mommpomece Yy — S(P) B p MK X 1ok abHOi momemn H m6y-How -
JI 3uHUO, MBI BBIUHUCIIIEM cedeHHs (POTOPOXAEHUS CK JIIPHBIX U IICEBIOCK JIIPHBIX ME30HOB B IIPOLECC X
CTOJIKHOBEHHS (POTOHOB C JIENITOH MH IPH BBICOKHUX 3HEPrHsx. IIpeacT BIEHHI 3 BUCHMOCTH CEYEHHH OT
[IOIIEPEYHOro Nepe]] HHOrO UMITYJIbC , T KKe J Hbl 3H YEHUS IOJHBIX CeYeHHH (hOTOPOXKIEHUs B IIPU-
O6mxennu B iizekkep —Bubamc .

PACS: 14.40.-n

INTRODUCTION

Photoproduction of mesons on a lepton is the cross channel for the processes of the radia-
tive production of a single meson (scalar or pseudoscalar) in electron—positron annihilation [1].
Production of the pseudoscalar mesons in photon—lepton collisions can be considered as an
experiment of kind of Primakoff one: photoproduction of the neutral pion in the Coulomb
field of a heavy nuclei. It is a rather difficult problem to measure the Primakoff effect using
as a target the field of proton. The reason is huge background effects connected with the
hadron structure of proton [2]. When one considers the lepton as a target, the background is
absent. We note that using as a target the electrons of a matter implies using very energetic
photons since the threshold photon energy is £ > M2/(2m,.) ~ 20 GeV. Using the muon
as a target permits one to use the photons with energy of several GeV when producing such
heavy mesons as ao(980), f0(980), ¢(600), 7'.
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1. THE LOCAL NAMBU-JONA-LASINIO MODEL
The local Nambu-Jona-Lasinio (NJL) model describes the interaction of quarks with
mesons by the Lagrangian [3,4]:
Ling =q [6@21 + Yo, Au0u + go, AsOs + go, A3ao+
+iv50r (Aes T+ A 4+ A7) +ivsgr A+ KT+ Ax-K7) +
+ 15 (gr Aullu + Gn. AsTs) } g, (D

where § = (ﬂ,J, 5), and u, d, s are the quark fields; Q = diag(2/3,—1/3,—1/3) is the
quark electric charge matrix; e is the elementary electric charge (e? J4m = a =1/137), A, =
(V2X0 + As) /V3, As = (=0 + V2Xs) /V3, Mgt = (A1 £i02)/V2, A+ = (Aa£ids)/V2,
where \; are the well-known Gell-Mann matrices and \g = \/% diag (1,1,1). The coupling
constants from the Lagrangian (1) are defined in the following way [3]:

o = (AT (myymy)) " = 2.43,

0o, = (41 (me,my)) " = 2.99,
n

= =2.84,
g F.
My + Mg
= —— =301
9K 2FK ’
ms
= — =3.37
gns Fs )

where m,, = mgq = 263 MeV, m, = 406 MeV are the constituent quark masses, for g, and
gx constants we used the Goldberger—Treiman relation, F; = 92.5 MeV, F; = 1.3 F; and
Fg = 1.2 F,, and I* (m,m) is the logarithmically divergent integral which has the form

0 (A2 — k2 2 2
I(m,m) = Ne /d4k; ( )— Ne (hl(A +1> A ), N, = 3.

T (2n)] (k2 +m2)°  (47) m2 ") AT+ m?

This integral is written in the Euclidean space. The cut-off parameter A = 1.27 GeV and
constituent quark masses were taken from [1,3].

The scalar isoscalar mesons fy, o are the mixtures of pure u-, d-quarks scalar state o,
and pure s-quark scalar state o:

fo=oysina+ oscosa,
2)

0 = 0, Co0sSa — 04 sin a,

where mixing angle is a = 11.3° [4-6]. The pseudoscalar mesons 7, i’ are the mixtures of
pure u-, d-quarks scalar state 7,, and pure s-quark scalar state 7):
1N = —ny sin @ + ns cos b,
/ : 3)
7 = 1ny cosl + 1ssin b,

where mixing angle is § = 51.3° [3,7].
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2. GENERAL CONSIDERATION OF PHOTOPRODUCTION PROCESSES

We will consider the processes of photoproduction of scalar and pseudoscalar mesons on
lepton target

V(k)—’_,u’(P)_}S(ps)"f'M(P,)v S:ao,fo,O',
v (k) +p(P) — P(pp) +p(P), P =mo,n,1, 4)
K2=0, P2=P%=m? p?=M2 p>=Mp, s=2(kP)=2mE,

where E is the energy of incident photon. Within the local NJL model, matrix elements of
these processes have the form

_ Amre)3/2 Rl
anst = B (PP 2 1) g (k) — ) ©)
dmre)3/2 e
M= Pr - %Ja (P, P") gq—Qe”(k) (v, k, 1, q) pF, (6)

where we use the notation (a,b,c,d) = £*%a,bsc,ds, ¢ = P — P’ is the transferred
momentum, and J* (P, P') = u (P’) y*u (P) is the electromagnetic current of lepton target.
The quantities p°* encode the contributions of Feynman diagrams with both the quark loops
and meson loops and will be considered in Sec. 3.

We consider these processes in the peripheral kinematics (s > ¢?), which gives the main
contribution to the total cross section. For this aim we introduce the light-like auxiliary

4-vector
~ 2
p=pP-
s

P?2=0, 2PP=m? 2Pk=s,

@)

and use the Sudakov decomposition of transferred momentum 4-vector q:
g=aP+pk+q1, ¢1=-q"<0, (8)

where q is the Euclidean two-dimensional vector perpendicular to two light-like vectors k, P
(g k=q P =0). The square of the 4-vector of the transfer momentum ¢, using the on-mass
shell conditions of the target lepton, and the scalar (pseudoscalar) mesons can be written in
the form ) ) s 24
m-o m
T e C ) B ©)
The phase volume of final particles then reads as

Bpsp, PP 1

dl' = Y (k+P—psp—P)=
28, , 2B (21)2 (k+ P =psp—F)
1
— W(S‘* (P4+k—psp—P)6* (P —q— P)d*ps,d* P'd*qx
i

x 8 ((kh+a?=MEp)o ((P—a) —m?) =
1

2
= @) %d(sa) d(sB)d(sB(1—a)+q*+m*a)d(¢® +sa—MZp). (10)
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After integration over the Sudakov parameters «, 3 we obtain
d*q

8m2s’

The next standard step is to use the Gribov representation for the Green function of the virtual
photon, omitting terms which are not enhanced by s:

dl' =

(1)

92 .
~ PR, (12)

The other components of the metric tensor contribution vanish in the limit s > M, 82, which is
implied in peripheral kinematics. Then the square of matrix element modulus is

2 3203s%q? 2
MYP—= (S P = S,P1e 13
Z ’ m(q2)? 7] (13)
The differential cross section then has the form
dorh— (S, P)u _ Oé3q2 |pS’P|2 . (14)

3. DEFINITE CHANNELS

Now we can calculate quantities p** for different channels of photoproduction of different
mesons. The quantities p° have the contributions from the quark and the meson loops and
p¥ have only the contributions from quark loops. Let us consider first the process of ag
meson production 7y + p — ao(980) + . Charge-color factor associated with the w, d quarks

3(4/9+4 1/9) = 5/3. The result is

59, JagK+ K-
ag — u Iao 0 Iao 15
3m, ¢ Mz K a5

p

where integrals corresponding to quark and meson loops are [9]

1 11—z
—-1+4
IqS /dm/ + z2) = | y=1—x—2z,
q
0 0 1—zx—+a: Y—
mq my

(16)

1—x

1
IJ%I :/dl‘/ xZ) q2 )
0 0

1—zmm+xyM2

where m, and M are the masses of quarks and mesons circulating in the loop.
For the process 7 + 1 — fo(980) 4+ 1 we obtain

590u m gﬂ, g + e — f .
pfo — |:3mu [1]:0 —4— 2 [71:0 aoK 2K [0 sin o+
1.90' 90' K K-
+ [ blfo Jo, KTK~ ]fKO COSs & (17)

3mg ° M2
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doldg?, nb/GeV?
=

o2 o+ =

14 15

dgh— (S, P)p
dq?

The dependence of cross sections (14) for different channels on transfer momentum

square q>
and finally for v+ pu — ¢(600) 4+ 1 we obtain

2
o (600) _ 29% I~ 4% g_ﬂLJ:o + gao;}#j%)} cos a—
mey, g K

T IOy

1 g, Jo K+ K- .
— ——5[f0+67[}1(‘) sina. (18)
[3 ms ° M%

The defined channels of the photoproduction of pseudoscalars P = ¥, 7, 7’ have the form

o 51 0
L 19
PT3E 1)
51 11
pl = —sin0§F—J£’ +COS@§FJ2, (20)
’ 5 ]_ / ]. ]. ’
pl = cosﬂgF—Jg +sin9§FJs", (21
™ S
where loop integrals J(f have the form
1 1—x d
JP =Re /dx/ - |, y=1-2-=2 22)
1= 2 Mp d
0 0 —2r— +TY—
mg mg

The dependence of cross sections for different channels on transfer momentum square g2
is shown in the figure.
The total cross section in the Weizsicker—Williams approximation has the form

3L 2
o= (8P —(;772 ‘pS’P (0)‘2 , L=2In <—qg‘ax> =2In (—mjw) ~10, s~5 GeV?,
(23)

min
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where L is the big logarithm which enhances the cross section in peripheric kinematics. The
matrix element square p* (0) in this approximation for different channels has the form

o™ (0) = —9.22 GeV ™, p™ (0) = —10.6 GeV ™!,
p"(0) = 14.4 GeV ™, p° (0) = —=12.5 GeV !, (24)
p" (0) = —3.52 GeV ™!, o’ (0) = —5.14 GeV~ L.

4. RESULTS AND DISCUSSION

The total cross sections of processes yu — (.5, P)u in the Weizsécker—Williams approxi-
mation for /s > 3 GeV are

o=l = 5.6 nb, G VP = 13.8 nb, o= = 0.8 nb,
(25)
gVHT a0k — 7 6 nb, o F " =10.4 nb, o= for — 1.7 nb,

Similar estimations will be valid for proton or nuclei instead of muon. The question about
the background events is important in this case. The background will be mainly provided
by other mechanisms of meson production when the initial photon interacts directly with the
target. Kinematics of the processes considered above is quite different — really the energy of
produced mesons is large (of order of the initial photon) and the cross sections practically do
not depend on +/s. These features of these events can be used to suppress the background.

We note that our results do not agree with the asymptotic behavior of transition form
factor obtained in [8]. Really in [8] the modification of loop integrals was done; i.e., the
cut was introduced to avoid large logarithm In (q2 /M 2) type contribution. In our case the
characteristic momenta of loop integral are of order |I<;2‘ ~ ‘qQ‘ and we do not put any cut.
For q? — 0 our results are in agreement with current algebra ones.

REFERENCES

1. Bystritskiy Yu.M. et al. The Decay ¢ — fo(980)y and the Process ete™ — ¢£0(980) // Phys.
Rev. D. 2008. V.77. P.054008; arXiv: 0712.0304.

2. Primakoff H. Photoproduction of Neutral Mesons in Nuclear Electric Fields and the Mean Life of
the Neutral Meson // Phys. Rev. 1951. V.81. P.899.

3. Volkov M. K. Low-Energy Meson Physics in the Quark Model of Superconductivity Type // Fiz.
Elem. Chast. At. Yadra. 1986. V.17. P.433.

4. Volkov M. K., Radzhabov A. E. The Nambu—-Jona-Lasinio Model and Its Development // Phys. Usp.
2006. V.49. P.551.

5. Volkov M. K., Yudichev V. L., Nagy M. Decays of Excited Pseudoscalar and Vector Mesons in the
Chiral U(3) x U(3) Model // Nuovo Cim. A. 1999. V.112. P.955.

6. Volkov M. K., Yudichev V. L. Scalar Mesons in a Chiral Quark Model with ’t Hooft Interaction //
Phys. At. Nucl. 1999. V.62. P. 1567.



744 Bartos E. et al.

7. Volkov M.K., Nagy M., Yudichev V. L. Scalar Mesons in the Nambu-Jona-Lasinio Model with
’t Hooft Interaction // Nuovo Cim. A. 1999. V. 112. P.225; hep-ph/9804347.

8. Dorokhov A. E., Volkov M. K., Yudichev V. L. Transition Form Factors and Light Cone Distribution
Amplitudes of Pseudoscalar Mesons in the Chiral Quark Model // Phys. At. Nucl. 2003. V. 66.

P.941; hep-ph/0203136.

9. Volkov M. K., Bystritskiy Y. M., Kuraev E.A. 2y-Decays of Scalar Mesons (o(600), fo(980) and
a0(980)) in the Nambu-Jona-Lasinio Model. arXiv: 0901.1981.

Received on February 6, 2009.



