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We study the production of spin-one mesons in high-energy heavy-ion collisions with peripheral
kinematics in the framework of QED. The cross sections of the production of a single vector meson
and of two different ones are presented. The explicit dependence on the virtuality of the intermediate
vector meson is obtained within a quark model. The effect of reggeization of the intermediate vector
meson state in the case of the production of two vector mesons is taken into account.

PACS numbers: 12.20.Ds, 13.85.Dz, 25.75.-q, 25.75.Dw

I. INTRODUCTION

The CERN Large Hadron Collider (LHC) provides the opportunity to study experimentally the production of scalar,
pseudo-scalar, and vector mesons in peripheral collision of heavy ions. Peripheral kinematics implies the detection of
particles produced in directions close to the axis of the colliding beams [1]. The main feature of these processes is the
non-decreasing total and differential cross sections. The invariant mass of the created particles is assumed to be small
in the fragmentation and central regions in comparison with the total energy in the center of mass of the colliding
beams /s = 2E. The application of the known theoretical approaches, such as the Nambu-Iona-Lasinio model as well
as chiral perturbation theory, seems to be legitimate. We shall consider, in pure quantum electrodynamics (QED), the
processes of the production of a single vector meson and of two vector mesons separated by a rapidity gap. It is known
that the main contributions to the amplitudes of peripheral processes arise from the interaction mechanism of ions,
mediated by the exchange of spin-one particles, such as virtual photons, vector mesons, and gluons. For sufficiently
large electric charges of the ions, virtual-photon exchanges will eventually play the dominant role. Actually, the effect
of the replacement ac — Za for the case of charged heavy ions, e.g. for Pb-Pb collisions, exceeds the corresponding
QCD contribution for typical regions of momentum transfer, where as ~ 0.1 — 0.2, which seems to be essential in the
experimental set-up. We shall consider processes of the creation of one and two vector mesons, such as w, J/v, p, or
ortho-positronium:

Y1(217P1)+)[2(Z2;P2> — V(evr)+Y1<Z17P1/>+Y2<Z27P2/)7
Yi(Z1,P1) + Ya(Z2, Py) — Ver, 1)+ Vea,r2) + Y1(Z1, P)) + Ya(Zs, Py). (1)

Here, P;, P/ are the four-momenta of the incoming and scattered ions, and e, e; and r, 7; are the polarization four-vectors
and four-momenta and of the created vector mesons, which obey the transversality conditions e(r)r = e;(r;)r; = 0. To
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describe the peripheral kinematics, it is convenient to introduce the light-cone four-momenta p; as linear combinations
of the incoming-ion four-momenta P;:

pr=P —AP,, pp=Pr—nP, pi=p3=0, Pl=mi, P;i=mj,  2PP,~2ppr=s>m?, (2)

where m,; are the masses of the ions. In the calculation of the differential cross section, the effects of the off-mass-
shell-ness of the exchanged photons and vector meson must be taken into account. Our approach is based on taking
the constituent quarks to be QED fermions. The additional factors for the QED amplitudes associated with the color
and charge of the quarks will be discussed later.

The details of the wave function of the bound state were discussed in Ref. [2]. For our approach, only one structure
R is relevant. The virtual-photon polarization effects in the process v*gg — 1) were considered in Ref. [3]. The analysis
of the inclusive annihilation of heavy quarkonium beyond the Born approximation of QCD was presented in Ref. [4].
In our work, we shall obtain the differential cross sections for the creation of omé or two vector mesons considered as
bound states of the relevant quarks.

II. MATRIX ELEMENTS OF THE 2 — 3 PROCESSES

To lowest order in perturbation theory, there are two sets of Feynman diagrams involving three virtual-photon
exchanges (see Fig. 1). The contribution of each of them to the total cross section has the form o ~ o¢(aL? 4+ bL +c),
with L = In(s/M?) being the “large” logarithm. The interference of the relevant amplitudes only contributes terms
devoid of the “large” logarithm. Below, we restrict ourselves to the consideration of just one of the amplitudes, which
corresponds to exchanges of one virtual photon with one ion Y;(Z1, P;) and of two virtual photons with the other ion
Y5(Zs, P2). Using the prescriptions proposed in Ref. [1] for evaluating the matrix element of the peripheral process of
single vector meson production, we obtain

v, (4raZy)(draZs)? [2)° d'q
MYV q% - sNy WSQNQSFCV’ (3)

)% g3

where the factor C" accounts for the color and charge of the quarks and Ny, Ny, and F are given by the following
expressions:

1 .
Ny = gﬂ(P{)PW(Pl),

I . P2—qt+ma . pa—qzt+m }
Ny = — (P, { u(Ps), 4
2 = gatR) o7 —m" Py — ) - m3” () @
1MA1 . .
F = ETZTYOW/\(]?-I-Ml)epmpzypz)\- (5)

Here, M is the mass of the created vector meson, and g3 = ¢o — ¢. The coupling constant A, which we shall
specify below, measures the strength of the interaction of the vector meson with incoming photons. The quantity
(q)O"*v(qy) is the matrix element of the subprocess 37 — ¢ depicted in Fig. 1. So, we have
=@ tm| 1
O™ Ap1pavpar = p17{

—pa(—Gs + 43 +m)p2 + —pa(—Gs + G2 + m)p2
D1 D3

D,
=G+t a+m

1 .. R N 1 .. .
+ {D—Qm(q —q+m)pa + D—3P2(Q— - g3+ m)Pz] D, D1
1

D5 D5

+ [P2(G— — G+ m)pr(=a4 + 3 +m)p2 + P2(G— — 3 +m)p1(—=G+ + G2 +m)pa],  (6)

where g4 are the four-momenta of the created quarks and the denominators are given by the expressions D; =
(- —q1)? = m?+1i0, Dy = (—q_ +q)? —m? and D3 = (—q+ + g3)® — m?. Following the rules for the construction of
the matrix element of the quark-antiquark bound state [5] we must put ¢+ = ¢— = p/2 in this expression. Let us now
introduce the Sudakov parametrization of the loop momenta and the momenta of the quarks and virtual photons:

@ = Bpi+aqiL, q3 = o3P + B3p1 + g3, qg=ap2+Pp1+q1,
S o
gx = oxpr+fep+ger,  dg=Sdadfd’q (7)



From four-momentum conservation and the on-mass-shell conditions of the quarks, we have

By =

|
b
s

a+asz = ao;

Q+E = qa+7+ 3 =0p, say = —(p% +4m?).

251

The expressions for the denominators can now be rewritten as:

. 1 1 1
Dy = —‘ﬁ‘FPth—5(]72"'47”2):—§(§%+§§+M2>:—§R,
1
Dy = =@ + 54— spra+10,
1
D3 = —q; + pis — =s(a — ag)By + 0.

2

Performing the integration over the component 5 of the loop momentum, we obtain for Ny

s [y = Zueppuucry [ sas { R ZO} (~2mi) Sa(Pi(By) = ~2ridg. (10
Summing the squared moduli of N; and N} over the spin states, we obtain
YoINP=2 Y NP =2 (11)
In a similar way, the integral over the Sudakov variable « gives us
/ sdoz(Di2 + Di3> = (—27ri)%. (12)
As a result for the contribution of these terms to the matrix element, we have
)2
8(47raZ1;§47raZ2) N1N2i2m i Dl1 M A / o i (13)
with the trace
1 1 ..., 1. NS B N .
1 rQ = 1 Tl"[pz(*ip + ¢ +m)pr — p1(§p —G1 +m)pa](p+ M)é
= > Trlpaiui + prinp Mé = sM (). (14)
The contribution of the last two terms may be found using the relation
/ sdaD2 N (—QWZ)E—, (15)
where D = R — 44g3. The calculation of the relevant trace leads to
i Trpo[(d-1 — Gor + m)(=d41 +dsr —m) + (G- — Gsr +m)(=qsL — Gor —m)|(p + M)é
= —om Te i = 35 (@) (16)
Here, the expression contained within the square brackets is 2m(ds + ¢2 — ¢+ — ¢—) = —2mgi, the replacement
(p+ M) — pis due to the relation pe = 0, and pap = %sﬂl. Furthermore, we have
L1 Ad@-d) )

D R RD



We thus obtain

/ doF = (2“)21;’)3(%) M2A. (18)

It is worth noting that the right-hand side of this equation vanishes in the the limit where the transverse momenta
of each of the three virtual photons vanish, which is a consequence of gauge invariance.
The final result for matrix element corresponding to the Feynman diagram in Fig. la is

27 2Z Z2 3 1
o e TAZ i Lt (19
with
*7  (§3)
J(G,R —/ —, 20
@R = | oz 7 i) (20)

where R=¢? + @+ M? and @3 = ¢ — q.
As shown in Appendix A, the function J has the form

1 R R— @? 1
J@Q,R =———— [2In— —1In = L(x1), 21
(2 ) 2q_2»2_R 2@% q32 @%‘FMQ (1) ( )
where
1 (1+2)? G4
L(z) = 1 =" 22
(I) 1 n Az ; T1,2 Cj%2+M2 ( )

III. DIFFERENTIAL CROSS SECTION OF SINGLE VECTOR MESON PRODUCTION

The Feynman diagrams contributing to the process of single vector meson production are shown in Fig. 1. The
phase space volume has the form

(2m)! P P &P

dTy =
° 7 (2r)9 2E] 2E| 2E|

(PL+P— P =P —p). (23)

We introduce the factor d*q104(p1 — q1 — p}) d*q20*(p2 — g2 — ph) in terms of Sudakov variables and use the standard
Sudakov parametrization of Eq. (7) [1]. Allowing for the vector meson to be unstable, the three-particle phase space
volume then becomes 0

PN CL G T Y

4_8 (271')9 71_2 61 dPZR(p2)a (24)

where p? = sas81 — (§1 + ¢2)? and we replace the delta function by a Breit-Wigner resonance,

1 I'M
T (p2 _ M2)2 + M212°

3(p* — M?) = R(p*) = (25)

where M ~ 2m, and I are the mass and the total decay width of the vector meson resonance and m, is the mass of
the bound quarks. The quantity p* = (P; + P> — P{ — P3)? may be associated with the missing mass in the process
of single vector meson production.

With the matrix element of Eq. (19), we now have

7.27112,3
MY1Y2—)Y1Y2V _ 82 s M (67 Z1Z2N1N2

- AZ, (26)

where

Za(qi€) o) + Z1(q2€)

D2 L A2\ S5 5 5 LT v,
L‘%@% +2) 2@+t © (27)



The relevant differential cross section is

doV) _ 267T(Z1Z2)2O£6A2M4Z2d2q1d2 dﬁl R(p). (28)
dp? R? m B

The interference term in Z2 is canceled by the average over the azimuthal angle. For the case of extremely small
transverse momentum |g;| of ion Y7, a modification of this formula is necessary, which consists in replacing

1 dp . 1-p1  db
(q1)?* b (@ +m3B3)? By

and a similar replacement for small values of |g;|. This leads to the so-called Weizsécker-Wiliams enhancement factor
in the total cross section:

(29)

do™ m2 m2
T = ORGAIZLE L) + ZH(13 — L)+ o2+ 20) + O T2 (30)
where
327T(Z1Z2043)2A2
s
Lis = In——,
1,2
1d 5 5 142 1
T +z + 2z
=2 —|-——+ = ——— —1|In—| ~ 10.4565. 31
=2 [Tt s ()] &)
0

IV. DIFFERENTIAL CROSS SECTION OF TWO VECTOR MESON PRODUCTION

In the case of two vector mesons in the final state, we must consider the two mechanisms due to the sets of Feynman
diagrams indicated Figs. 2a and 2b.
The phase space volume of the four-particle final state is

(@)t dpy df PG q PG,
@em2" B B m

where 77 = sa/f1 — (¢1 — ¢')? and r3 = saaf8' — (G2 + ¢')?. Also here, we assume that mig/s < '« 1 < 1. Let us
introduce another auxiliary four-vector: ¢’ = o/ps + 'p1 + ¢ -

The matrix element of the process of two vector meson production mediated by a virtual vector meson (see Fig. 2a)
has the form

dl'y =

1
Zdridr3R(T)R(3) o

8s’ (32)

717502)? Ny Ny A Ay (My, My, )% g?m%2° .
MZleHY1Y2V1V2: ( 142 ) 1 2_215\;2 Vi V2) T(qel)( e )C C y (33)

where T' is given by the expression

J(Q%aRl)J(Q§aR2) J(Q%le)J(qngZ)

T = ——
RlRQ RlRQ ,

(34)

with Ry = > + ¢+ M2, Ro = > + @3 + M2, Ry = ¢* + ¢? + M2, and Ry = ¢*> + ¢2 + M2. Here, My is the mass of
the virtual vector meson, g is its coupling constant, and M 2 are the masses of the created vector mesons.
The cross section of the process of two vector meson production is

dog) 2608 (M1 My Z1 Z5)* Vo
s = T CIIBATL P RO RO e )

2 PG Hd*q by df
w3 B B

(35)

After integration over d?q, we obtain:

dU‘(IQ) 8Z4Z§1940‘8 2 dp: dp 2 MX2/1M‘2/2 ’ Va d‘hdfh Q1 QQ
pRpR: = (14 2cos 912)ﬁ?(«41/42) <M—f}> R(r JR(r )(C 1C, ) M4 P(M2’M2) (36)



where cos 019 = cos €1€5 and

(h QQ ) 2
P M2 ) M2 / _l_MQ M2 |TMV| (37)
0

is evaluated in Appendix B yielding the numerical values presented in Table I.
For the case of two-gluon exchange (see Fig. 2b), the matrix element has the form

a2 2ot My My NN o oo, (3)
Q1QQ
where
I(R\,R2) ,_ ... .. I(Ri,Rs) .. .. ..
Q=B ooy ey + TR o e (39)

R Ry

The quantity I(Ry, Ry) is given in the Appendix A. For the cross section, we may write

Aol 221(Zy Zya2a?)t(My, My,)* 261 dB 2 d? qu 7 v
= - ——2R(r{)R Ay Ag) P ———L(C) Y22, 40
e an (DRODQ S T (A1 o) ey ety (40)
Performing the integration over d?¢, we obtain
Aol 297(z290202) ey day 2 dB1 dB Y P
= ! ® + &+ 2cos” 012G | W, 41
dr%dr% xleMVI MV2 R({r )R( ) 51 /8 (A1A2) (CQ CZ ) + + Cos 12G ) ( )

where the functions ®, ®, and G are evaluated in Appendix B yielding the numerical values presented in Table II,

dgi dgs
W=——= 42
is the Weizsdcker-Williams enhancement factor, and
2
5
M = (43)

In the region of small values of ¢} 5, we must replace ¢} — ¢} + im3, & — ¢ + azmi.
We note that the interference term of the two amplitudes is absent, so that |Mb(2) + ]\/./152)|2 = |Ml§2)\2 + |M,£2)\2.

V. CONCLUSION

We studied the production of one or two vector mesons in peripheral heavy-ion collisions at high energies. In the
case of Za > «, a simplified version of a general theory [4] can be used to lowest order of QED and QCD that is
based on the subprocesses v*y*g — V and v*gg — V. In ourstudy of two vector meson production, a vector meson
can also appear virtually as an intermediate state. In this case, it is important to replace it by the relevant vector
reggeon state, with the Regge trajectory

av((7)*) = av(0) + i, (0)(¢)* = av(0) = 1/2. (44)

This results in an additional factor

p_2 2(av (0)—1) s 45)
S0 p27

where sy ~ 1 GeV and p? is the missing mass square, in the cross section daC(LZ).

When constructing the invariant mass square of the decay products of one vector meson, p? = (P, + P, — P{ — P§)* =
sBraz—(31+q2)?, we take into account that the part sf3;as is the combination (Y- E;)?— (3" pi.)?, with E; and p;, being
the energies and z components of the three-momenta of the decay products, while the part —(g;+¢)? is the contribution
from the transverse components —(_ p;1 )?. Here, it is understood that the z direction is taken along the beam axis



in the center-of-mass frame. Such is the case for two jet production with r? = (P, — P{ — ¢')? = sa/B1 — (¢1 — 7)*

and 1§ = (P, — Py +¢')* = saaf8' — (@2 + 7)*.

The coupling constant 4 of the meson-photon interaction in the case of single vector meson production, appearing
in Eq. (5), is given by A = a3/2/(2y/7) for ortho-positronium and by A; = 2fy, /My,, with f, = f, = 0.21 GeV and
fy = 0.38 GeV, for the w, p, and J/1) mesons, respectively (see Ref. [6] for details).

In the case of single vector meson production, the color and charge factors are CV =3} QZ = % for the p and w

u, d

mesons, and CV = % for the J/1 meson. In the case of two vector meson production through the mechanism shown
in Fig. 2a, we have Cy* = 3y,Q7 = g for the p and w mesons, and Cy* = % for the J/1¢ meson. In the case of the

mechanism shown in Fig. 2b, we have C}* = 3) Q4 =1 for the p and w mesons, and ol = 3% = 2 for the J/¢
meson.

Note that the mechanism involving single v* exchange (see Fig. 2b) yields a L* enhancement, whereas double ~*
exchange (see Fig 2a) only produces a L? enhancement. For pp collisions at the LHC, the “large” logarithm is as
large as L =1n 25 = 7.

We do not con51der gluon exchange between heavy ions and vector mesons to avoid channels with ion exitation.

Appendix A

In this section, we shall explain how to calculate the two-dimensional Euclidean integrals appearing in Egs. (19)
and (39),

2 Tio T2 1
———, I(Ri,R) —4/d kM, (A1)

2 —
D J(Q27R)_/ T kQ((j— k)2D1D2

2 Di=R;— 4E((j’— E), and R; = ¢? + ¢*> + M?. For the first one, we have

@1
51
=
Il
58
+
S
+

where D = R — 4k({—

M
)
—/dk—jLEL—:mnhh—%} (A2)
T k2@ —k)2D A0

with

%k 1 42k 1
h_/77@—mummﬁmad %_/?]m+ymw_y+vy (A3)

Using Feynman’s trick of joining the denominators,

1

/ (za + :z:b (A4)

0

with = 1 — z, we obtain for Jy:

- 1

d2]€ 1 d 9 2
%:/m/__ﬂ 320)? + @ =/ﬂx2:qm%, (A5)

/ T [(k— @ x)2 + ¢ oz + 22 / Grz+ A @A

For Ji, we have
1 1 d
_/m/ y > : (AG)
0 0 2 a?xy —I— —Yq 2) +y)\2]2

where y = 1 — y. Introducing the variable t = 1 — 2x, we may cast this into the form:

1 1
=4/ww/)A )2 (A7)
0 0



where
A=y +5(R-&'9) + 9N, B=ay" (A8)
Performing the integration over ¢, we obtain

1

h= / AB%dgl/Q {2(;141_3);/2 +In jﬁg fﬁfz} = (L + Iz)(q%)z, (A9)
0
where
1 ydy / dy = T2 4y
h= 2/ [i(p — ) + 4yo]T” I = /m In y (A10)
0 0
with

(A11)

SR

o R
T=y*+iylp—17) p=m 0=

The first integral I; contains an infrared singularity. Introducing the small parameters o and ¢, with ¢ < € < 1,
we rewrite it as

1—e 1
dy
L =2 +2
' O/ —1+y(2 ) 1/ Gp+ 4o
p 2
= ln—— [(p—1)In(p— 1)+ Inp]. (A12)

p 4o plp-1)

For the second integral I, which is infrared finite, the substitutions T = ¢, y = =p—1,and a+b =1 yield

1 1
I 2/dt1 th+t2 —a Q/dt(l—t){ b+2t b— 2t }
= - —ln————— = - _
T b e - —a) b t lb+2—a th—12+a
va Va
1
2 +a 2 a+1
=4 | dt—————— =-[lna—2In2 1 1)]. A13
/ H1+1)(82 — a?) plme =22+ ——n(a+1)] (A13)
7
The total answer for J; is
1) 2<1>2{111+ 2 (2np—2m2—In(p—1)) (A14)
p)=2(= —-ln—4+——2Inp—-2In2—In(p— .
' @) lp o p2=p)
For the sum J = RJ; — Jy, we obtain
1 R? 1 1 (z+1)2
J(R,35) = 1 = 1 Al5
(R, &) %E-R 4R-QE T+Maz-1 4z (A15)
where x = ¢ /(q} + M?).
For the integral I, we have
@2k 1 (R —Dy)(Ry— D) R? R}
4= | —5 = =J J R J1(Ry), A16
/ T k2(7— k)2 DD, 0+R1 1(R2) - Ri— Ry 1(F) (A16)

where J; given in Eq. (1&] and Ri2 = q_%g +@+ M 12,2. The infrared singularity is canceled using

| Rs R2 R R?
1= In - In . A17
Rl—Rz{ 7Pl R P A




For the case of R1 = Ry :Rz(ﬁ-l-(jg—l—MQ,we have

1 243 R? ]
— In . Al8
R— (j% 2‘11 R 4q1 (R ‘]1) ( )

o [dkk(@-k)(R-D) 9
I(R.R) = aR/WW—%ﬁRJ(R &) = 4[

For the cross section of single vector meson production, integrated over g7 and ¢Z, we have

oo 1 oo
do™ 167 Z1Z2a )2 A2 o (z+1)? e /3 dt t
dp*R(p?) x+1 (z—1)2 4z i )3(t+ B2p?)
0 m 0
v w R
+(51—>a2,Z1<—>Z2701:W—>P2=W) . (A19)
Using
T (z+1)?
2(1=In2 A20
| == ) =a0-m2), (A20)
0
we obtain the expression given in Eq. (31).
Appendix B

In this section, we shall explain how to evaluate the integrals appearing in Eqs. (36) and (41) relevant for the
mechanisms based on vector meson (see Fig. 2a) and two-gluon (see Fig. 2b) exchange, respectively.

In the first case, we have - -
T dz - 22
P ; = B1
(1’1,$2,p1,p2) /(l’+1 2 ( )
0
with
p = Heum)i@s,ra) | ilen, )iz, 7o) (B2)
rire r1T2
where
1 2
i(z,r) = In —— , (B3)

20 —r  dx(r—=x)
and ry =x+z1+p, 12 =2+ 22+ p2, T =T+ T+ p2, T2 =2+ T2+ p1, o1 IM\2/1/M\2/; and po :M12/2/M\2/-

Numerical values of P(x1,22;1,1), appropriate for the important case p; = pa = 1, are listed in Table 1.
On the other hand, we have 0

/dm <j7(7"1, ra) > 2;
r1r2

0

= i (71, 7)\°

‘I’($17$2;P17P2) = dr| —— | ,
0

‘I)(wl, T25 P15 P2)

T1T2
7"1 7"2 7"1 Ty
G($1,582;P1,02) = / 7:17”2741 7“27 )» (B4)
?
0

where

, 1 To 3 ! ri
_ | _ 1 ) B5
UREY =Ty {2951"2 "Ll —2) 2-n da(r—a) .
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z1\ 22| 0.1 0.5 1 1.5 2 3 4 5
0.1 0.076 | 0.0047 0.00049 | 0.000082 | 0.00004 | 0.000046 | 0.000045 | 0.000038
0.5 | 0.0047 | 0.00036 | 0.000049 | 0.00001 [3.66-10"°[2.51-107°]2.48-10"° [2.23-10°°
1 0.00049 | 0.000049 [9.0049 - 107°]2.34 - 107°[7.85-107"[2.52- 10~ "[2.136 - 107" [2.03 - 10"
1.5 [0.000082| 0.00001 | 2.34-107° [7.39-1077[2.78-1077[6.46-10°|3.357-10"°]2.85-10"°

0.00004 [3.66-107°| 7.85-1077 [2.78-1077{1.29-10"7|4.59 - 10~%| 2.52 - 10~% [1.76 - 1073

0.000046 [2.51 - 10=°] 2.52-107" [6.46 - 1078]4.59 - 1075[4.02-107%] 3.21-10~% |2.45-107°

0.000045(2.48 - 107°] 2.14-1077 [3.36-10°%]2.52-107°[3.21-107°] 2.91-10"° |2.35-10°

0.00003812.23-107°] 2.029- 1077 [2.85-107®]1.76 - 107%[2.45-107°] 2.35- 10~ |1.96 - 10~°

QY | W Do

Table I: Values of the function P(z1,z2;1,1), defined in Eq. (B1), for different values of 1 and z».

1\ 73] 01 | 05 1 15 2 3 1 5
0.1 | 1.67 | 1.006 | 0.623 | 0.428 | 0.314 | 0to9 | 0.129 | 0.094
05 | 1.006 | 0.6142 | 0.386 | 0.268 | 0.198 | 0.123 |0.08399] 0.0615
1 | 0.623] 0.386 | 0.246 | 0.173 | 0.129 | 0.0803 | 0.0559 | 0.0414
15 |0.428 ] 0.268 | 0.173 | 0.1221 |0.0918] 0.0583 |0.04078| 0.0304

0.314 | 0.198 | 0.129 | 0.0918 |0.0695| 0.0446 | 0.0314 | 0.0235

0.191 | 0.123 [0.0808] 0.0583 [0.0446] 0.029 |0.02073] 0.0157

0.1297[0.08399]0.05590.04078 | 0.0314]0.02073| 0.149 |0.01142

0.094 [ 0.0615 [0.0414] 0.0304 |0.0235] 0.0157 |0.01142] 0.0088

QY = W N

Table II: Values of the function ®(x1,22;1,1) = ®(21,22;1,1) = G(z1,22;1,1), defined in Eq. (B4), for different values of x1
and .

(-
In the case r; = rq, we have (see Eq. (A18))

2 2
j(ri,m) £ (z 8_361)2 ln<(w+1) >: T = q-g_(iﬁ (B6)

For p; = pa, we have ® (21, 12; p1, p1) = ®(21,29; p1, p1) = G(x1,22; p1, p1). Numerical values for the important choice
p1 = p2 = 1 are listed in Table II.
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Figure 1: Feynman diagrams pertinent to single vector meson production in peripheral heavy-ion collisions.
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Figure 2: Feynman diagrams pertinent to two vector meson production in peripheral heavy-ion collisions via intermediate a)

vector meson and b) two-gluon states.
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