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ABSTRACT

If yet unobserved vector meson existed, it can be seen most
easily by diffractive -photoproduction on nuclei using photon beam at
the National Accelerator Laboratory. We have considered the problem
of coherent production of such a particle on nuclei, taking into account
the mixing between p and the new vector meson to arbitrary order.
The method used here can be generalized to describe coherent scattering
of hadrons and nuclei. It will be shown that the interference effect
reduces the production of the new vector meson considerably and that

A dependence of the production cross section plays an important role.
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INTRODUCTION

In order to formulate the concept of vector meson dominance, it is
crucial to know whether or not there are other vector mesons besides p,
w, and ¢ through which photon interacts with hadrons. Since p, w, and
¢ are produced diffractively when a high-energy photon beam strikes a
nucleus, we expect such mesons to be also photoproduced diffractively.
The diffractive production has the advantage that the produced particle
must have similar quantum numbers as the photon and, furthermore,
nondiffractive background is orders of magnitude smaller in the forward
direction. We shall call the new vector meson v. An attempt to photo-
produce v was made and no such meson was found with its mass
mv £ 2 GeV. 1.2 At presently available energies, 2 GeV is an upper
limit on the mass for diffractive production.

Since a photon beam with energy as high as 300 GeV will be available at
National Accelerator Laboratory, questions on the existence of v with
mV < 7 GeV will be settled soon. Some theoretical investigations must
be made befare such an experiment to look for v is planned since there
are effects which may greatly reduce chances of detecting v even if it
existed. For example,

(1) Absorption effect. Since v is a strong-interacting particle,

the final -state interaction will decrease probability of observing v.
Such an effect is seen in p photoproduction.

(2) Interference effect. Since p and v have the same quantum
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numbers, these two states will mix with each other.4 This effect may
be such that probability for observing v is greatly reduced.

Since the dynamics of v is unknown, we shall not be able to give
an absolute statement on these possibilities. We are able, however, to
express the cross section for

v + nucleus -~ v + nucleus

in terms of four unknown parameters s fv’

Q
n

v + p total cross section, and

ik 5
41

v +p—~p +p forward scattering amplitude,

where p stands for a proton and k is the incident momentum of the
photon. We expect I to be real constants at high energy. Result

of the calculation indicates that for any value of £ ,the interference effect
reduces the diffractive production of v considerably and, depending on
the value of o the absorption effect will be appreciable. It also indi-
cates, however, that if v existed with m < 7 GeV, we should be able to

5
observe them at the National Accelerator Laboratory.

FORMULATION
The theory of photoproduction on nucleus is a many -body body
problem and is very complex depending on the detail required to de-
scribe the theory. Therefore, the main problem is to reatize the

limitation placed on the experimental measurement which is to be
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compared with the theory and reduce the complexity of the problem
by well chosen series of approximations. The general treatment of the
scattering theory at high energy is given by Crlat.me:f'6 and subsequent
application to photo -p production on nuclei neglecting all correlation of
nucleons has been shown to be quite adequate for explaining present
experimental data. The basic set of assumptions successfully used in
p production, therefore, should also be applicable in photo -v production,

Let us consider the process of photo-p production in absence of
v and compare the problem with that of photo-v production. In Fig. 1
we have drawn diagrams for p production. The time runs from left to
right. The solid line corresponds to various nucleons in the nucleus.
Note the diffractive production implies that a majority of scattering is
forward, € ~1/ka being the width of the forward peak, where a is the
effective radius of a nucleon, k is the momentum of the photon beam.
Taking k to be 200 GeV/c, a to be 1 fermi, 1/ka ~1/40, So, to a good
approximation, we can take each scattering of p on nucleon to be for-
ward. Thus, for each impact parameter of the photon, we have a one-
dimensional problem. To show this, nucleons are drawn in a straight
line. Since the backward direction is negligible, each nucleon partici-
pates in the gcattering once. The break in the solid line indicates that
they are different nucleons.

Now consider the v-photo production. The photon creates either

p or v (we denote it by «) at ﬁ = (t—;, z) by scattering diffractively with



o i THY-14

one of the nuclecons, where 15_; denotes the impact parameter and the z
axis is in the direction of the beam. To lowest order in e2/4n-, the
photon no longer enters into the problem. Then o scatters diffractively
with each of the other nucleons in the nucleus, but we must consider the
possibility that v and p are mixed arbitrarily many times. The processes
mentioned here are shown in Fig. 2.

For simplicity let us consider a problem in which the photon
scatters diffractively with the nucleon j at rj, « is created at ﬁ = (t—;, z)
and in turn scatters with nucleon i at r, and turns into B, where o and
B again stand for either p or v. This process is shown in Fig. 3. Let
faﬁ(g) denote the scattering amplitude for o + p -~ B + p with momentum

transfer a’and I‘a (r)to be its Fourier transform.

B
r (5= — Ty (5% (1)
ap (21r)3?21k B
~ ik iq- 1 - 3
faB(Q) = W‘/‘ e Faﬁ(r)d r. (2)

The scattering amplitude for the event is

o) - —= fd%? TG
op (2m >/ k=t K
i y
= L L ixagbza gy
xelQ RU(ri,...,rA)"l"ya(R-rj)e P aSU(r, ,rA), {3)

where (3 is the momentum transfer between y and (3, x;ﬁ(b’ z,q::ﬂ) is
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the phase function describing « + ith nucleon —~ B + ith nucleon scat-

tering. q::B is the longitudinal momentum transfer
2 2
(4, T Ta
o forward direction 2k
The state of the nucleus is U(r1 , . ,rA). To obtain Eq. (3), first note

— — i ty
that " (R-r.)e i b,z, ) describes the double scatterin
v J) Xp Xaﬁ( qaﬁ g
v +p-+a+panda+p—>[3+pasafunctionof;j, Fi’ and R. We then
sandwich the above expression by the state of the nucleus, integrate
over all the internal nuclear coordinates ;k and finally take the Fourier

transform to obtain the scattering amplitude. To find x;B(b, z,q;ﬁ), we

write the ¢ + ith nucleon - 3 + i th nucleon scattering amplitude

i - ik iq.b 2>
f;B(Q) ) Tr)3/2/.‘9 d’b X

. N (2 A
iq BZI T
o3 ®
X e Ulry ..o oxp) Tl =by, 2t~z )UCry ,r‘A)dz'lLlid r, (4)
In terms of the phase x;ﬁ(b - bi’ q;’ﬁ), the same amplitude can be
written as
i - ik 2> iq-b
faﬁ(q) 5 dbe X
i i
- A
x U ¥ s - Xap'® P lap) U(r r,) dr, (5)
TyaveaTp B e 10 Ta ‘ ry
k=1
Comparing Eqs. (4) and (5), we obtain
i b - b " ) @ .qll .
154 -D.,Q 1 z
a3 i’ taB’ _ 1 apf T - T '
e = 60!5 \f_ﬁ—/‘ e aﬁ(b bi’ zZ zi) dz'. (6)

Y. )
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The xlﬁ(b, d,q) Of Eq. (6) is the phase for the process in which a is

present at the entire range of 2", -® < z! < @. But, infact, in our

— —
process o is created at R =(b,z), so z' runs for z < z' < @ and we must

cut oif the z' integration at z. Then Eq. (3) becomes

1 = 1—Q)"§ S - -—“‘
fJ 5 Q@ W Ury,....7,) T (R £ x
[+ fr
iq BZ' el
- - | I d_ !
x 60!5 e e Taﬁ(b bi’ Z zi) Z U(ri,.. ,rA)kll1 d rk {7)
Using the fact that
A
iy - — 3—»
f U(ri’. l A) U(ri,. ,I‘A) k.‘-lidrkzi

where pi(ri) is the distribution function for the ith nucleon and pij(ri’rj)

is the distribution function for jth and ith nucleon, we can rewrite

Eqg. (7)

i3 ik 3.3 iQ-R - -
P] ——ﬂz—f d'RA’T e T (R -r )%

(2m)

1 ® iqaﬁzl 3
> ) - I - 1
6ozl3pj(rj) U?ﬁr/ [*aﬁ(b bi’ z zi)e dz pij(rirj)d ri
7
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where we have integrated over the spectator nucleons, k = 1,

..,A k # 1i,j. We now make an approximation that pj

for all j. We have neglected all correlation effect between

(rj) = p(rj)

nucleons. The correlation effect may not be negligible.

The accuracy of the experimental measurement, however, does
not seem to require nuclear physics considerations at least
for low energy photo-p production and therefore, we will
adopt this approximation. The p(ri) is equal to the average

density of the nucleus and

A
*
U(rl,...JrA) U(rl,...,rA) i p(rk). Since
k=1
Fus(g—giz'—zi) # 0 only in the immediate neighborhood of i th

nucleon, for large A, p(ri) varies little over the same region.

Then we may wmake an approximation
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Using this, we can rewrite Eq. (9)

(l

. = o ® ig =z
im0 3 > iQ'R _ 2m . ap .
faﬁ (Q) = fYa(O}fd R e p(R) [6 op” Ik faﬁ(o)[ dz* e p(b, 2 ﬂ (10}

So far we have beenconsidering a hypothetical problem in which we have
turned off interaction of « with all nucleons except the i th nucleon. The

2 X 2 matrix

2 27 f © iqp z* I
T v

- ——— T Y ' Ad - — f 0 b, - i-j‘
1 v pp(O)‘/z‘ pl{b,z"¥dz", : 0 (0) e p(b,z%) iz

I,
o -ig z w
2 PV 21 ’ -
_ 2T 2ydzot- 50 ¢ 0 b, z%)d
= fpV(O)-/Z. e p(b, 2" )dzt- 7 £ )/ p(b, z*)dz

Z

(11)
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describes the scattering between « and the i th nucleon. Note that

T (R) does not depend on "i'"'. That is, it does not depend on which

off

nucleon o scatters from once the nuclear correlation is neglected. The

time ordering for interaction with different nucleons does not occur since

interaction operations all commutes with each other. We have f (0) = f (0) using
pv vp

()

time reversal invariance. Furthermore, if we assume that all f
[24

p

become purely imaginary at high energy, T _(R) is Hermitian. Then,

i

of

when we include the effect of @ scattering with all other nucleons, Taﬁ(R)
- A-1 + =

is replaced by [ T(R) ]aﬁ . Let x (R)be the eigen vector for T(R)

+
with eigen value x (R). Denoting

a.b

T(R): b::: d ,

No=af2ta +dx Nﬂa—d)2+4|b]2

. . x .
and interms of eigen vectors IX >, p and v can be written as

1 p> = (a=-A) «/J b]2+(a—7\+}2 ‘X+ > 4 (a—h+) N/Jb|2+(a-)f)2

Z x>
o) b A\ -2) b
/ - / ' (12)
2 +.2 2 -2
v = lb|++(a—k) Ixts lb|++(a~x) x>

A= N No-
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+
When the state ¥y (R) interacts with a nucleon it becomes ?L:E(R) xi(R).
: . + A-1 &
The infiuence of A-1 nucleons will be (A (R)) x (R). Thus effects of
all the nucleons can be treated in a trivial way when the nuclear correla-
effect is neglected.

The amplitude for photo production of p on a nucleus with the

momentum transfer 6 can be obtained by generalizing Eq. (10).

DYDY fW(O)chﬁ R [f(R)A'i] ”

f —
YA=BA(Q) a=p,v j=1

(13)
ol
1Qﬁz Aot
= 2mA Z f (0) | e J (kb®)p(bz) [T(R) ] bdbdz
Y Yo o of3
a=p,v
2
T
where Qﬁ = % , ©is the angle p makes with respect to the incident

photon beam. The second expression is obtained by integrating over the
azimuthal angle taking advantage of the cylindrical symmetry. 7

Denoting

o> = B|x™> + Blx >

1]

C|x+> + D|x > (14)

1

lv>

where the coefficients stand for those given in Eq. (12), we obtain

expressions for photo production of p and v on a nucleus from Eq. (13).
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iql‘lrz
= = 1
L pya(® ZnAfbdbdz e p(b,2) J_(kb©) (15)

]
¢ ) ig pz
yA=pA'’ = 21A | bdbdz e p(b,z) J_(kb®) x

(16)
{ [( + A=1 2 (?\—)A 1 | B| ZJ s fw(o) [( +)A 1%, o A-1D>:=B]}

A similar technique can be used to derive the expression,

k S AR
fAva(© 1fbde xeb) (4 EC + B D). (17)

where E, B, C, D are calculated in the similar way as E, B, C, D respectively
with an exception that the lower limit of the integral in the mairix element

of Eq.(11), z, is replaced by (-},

II. PARAMETERS

Egs. (15) and (16) contains parameters, pr(O), fYV(O), fPV(O) = fvp(O),

fpp(0), fW(O) where f ﬂ(O) is @ + p =~ B + p scatiering amplitude at zero
o

(0) is an un-physical amplitude which

_mz
q |z | Hb

momentum transfer. For e ¢ B, f

ap

is obtained by extrapolation from the physical region where

0) can be written in terms of f (0) f (0}, f (0) using
fYP(O) and fW( ) n op )’ - ov

vector -dominance model as shown in Fig. 4.
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e e
f (0)= = f (0)+ — f (0
@ T Gl T G,
(18)
- & £
fW(O) = 7 fpv(0)+ —1 (0

P v

Since existence of v is not required by the usual vector-dominance model
at present energies we expect 1/fp>> 1/fv.
The simplest kind of diffraction theory (scattering from a black

disk or simple Pomeranchuck Regge pole exchange) predicts that fa

(0)
p
is purely imaginary at high energy. Photo-p production data seems to

require Re pr(O)/Im fYP(O) = .2at k<15 GeV/c. If we were interested

only in order of magnitude prediction for the v production, we can set

the amplitude to be purely imaginary. Thus using the optical theorem,

4w 4 41
—_— — f{0)= 1 = =
i pr(O) crp, = V(V) o, and define K fp oy==. (19

where o and o, arepp and v p total cross sections respectively. We
P

take crp, o, and = to be independent of energy. This is consistent with

the approximation of settting the amplitude to be purely imaginary. From

8
photo-p production, we have crp ~ 26 mb. Therefore, we have s =,

fV(O) and mv as unknown parameters.
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III Small = and Large k Limit

Although we can not apriori restrict ourselves to small 3 and large
k, by studying these limits, we gain insights into our general result.
In this section we intend to show that, (a) if the absorption of the vector
mesons due to scattering with nucleons is very small, i.e., Gp and Gv
is small, the A dependence of the cross section for photoproduction of
both p and v goes as Az, (b} if the absorption is large, with p dominance
1/fv = 0, the A dependence of the cross section for the p production is

4/3

A while A dependence of v-production cross section may be quite

different depending on the value for o . On the other hand, if 1/fVr £0,
v-production cross section will have a term which behaves as A4/3.
We expect therefore that study of A dependence of v-production will be

a very sensitive way to measure the parameters fV and =,

AsZ -0, b~ 0, To first order in b, we have, from Eq. (12),

+ - - -
A=a, A =4d,
w b ¥ b 2~ 2 + Aot
EC-= a-d,BD: a_d,'CI =0,lDI =1, Then (\) =
g A [+
y @ = .
-1~ p(b,z')az".
(1“-2.EE / P(b,Z)dZ)A1= e 2 2 ’
Z

Substituting these into Eq. {(15), we obtain
L

ig .z
£ asva (€)= 2ma [ bdb dz e pb,z)J, (kb0)



-16- THY - 14

L
o ig z!
-z £ e Vv p(b,z')dz"

be £ (0} = p
Ye (cvwcp)i plb,z")dz"

g A Im o A Im
-—— ) otb,zNaz'  -—— , plb,z")dz (20)
X e - e
5 A ®
- p(b,z')dz"
+ fyv(o) e z

In the limit as k-, q, = 0 and Eg.(20) simplifies considerably.

2z integration can be performed and obtain

fYD(O)E
fYA*VA(e) = 47 j bdb Jo(kb@) E—:E——— X
p v
g a [” 0 A ©

_ —*%— plb,z')dz" -5 plb,z')d=z"
l~e —c0 - 1—-e — (15"
x _ . )

o v

Similarly in this limit, Eg.(16) becomes

g _A

1
Nln
See———
8
=]
o
.
i ]
o)
]

4T

£ = — £ (0) deb J. {kb0) (l—e —co ) (16')
A+l 0

YaAFD Gp Yp



-17- THY - 14

and Eq. (17) becomes

(177)
-4nf_(0) i [mp (b,2t)dz" L ;mp (b,z')dz"
- pv Ty ’ 5 -4 Z
pr-vA e fbdeO(kb(B) € —cc -—a —o
v P

Eg. {17') is the result obtained previously by other authors.9

In Eg. (17'), replace p by v and v by p then setting

GT = 0(az)<<2, cp, we obtain Eg. (16'). By comparing the
second term of Eg. (15') with Eg. (16') we see that this
term is direct photoproduction cof v. Diagramatically, it
is shown in Fig. (2a). It can alsc be shown that the first
term of Eg. (15') corresponds to the diagram shown in Fig.

{2b). Therefore, £+0 limit given in Eg. (15') corresponds

to the first order perturbation expansion in I. Finally

under p dominance assumption %— = 0, we expect
v
1 .o
fYA+vA(9) = fppr+vA(9) to hold.  This is indeed satisfied as

shown below.

(a) Consider the limit of small o, and o, This limit
corresponds to the nucleus keing transparent to p and v.
Taking © = 0, expanding the exponentials and performing the

integration over b, we cbtain

fopsya (00 = AL {0)
£ aspa(0) = AL (0) (21)
£ (0) = Af__{0)

PA+VA pv
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The cross section, therefore, goes as .Az as expected from the coherent
scattering.

(b} Consider large op and Oy This limit corresponds to the nucleus
being black. Since the exponential is negligible compared to 1 in Eqgs. (16”)

it becomes

1 2 e ik 2
0)» — £ 2nR”= & X 2
awpal® ™ g £y 2R = g oo 2eR (22)

to the zeroth order in Z.

Since Zsz is the total cross section for diffractive scattering from
a black disc, using optical theorem, it is consistent with pA—pA diffraction
scattering from a black disc. In order to understand these result interms

of well known diffraction concepts consider

. S ix B
fap-pal® = —:;%li“felq ° (%s e )dzb (23)

Then the phase function in this limit is

ix
e

PP (®)

H

1 forb> R (24)

0 forb< R.

The limit for Eq. (177} is f (0} » 0. In terms of Eq. (23), the

pA—=vA

phase function in this limit is
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ix pv(b)

H

e 0 for all b.
This is because for b> R, there are no mechanism which transforms
p to v and for b<R, all v created is absorbed in the nucleus and is

never detected.

The behavior of Eq. (157) is our main interest. In this limit, the

1 2
first term of Eq. (157) »-2=f (0) L - 1 R
Yp c-a |C o
p VIV p
_ ike 1 =
2 f a
o] v
£ V(O) 2
the second term of Eq. (157) = 2 z R
v
i 1
= ike {1 2 RB; assuming - =0
2 f o f :
p Vv v

1 .
If we assume p dominance, — = 0, the first and second terms cancel

' f
v
with each other. That is, in the lowest order in ¥, the diagrams shown
in Fig. 2a and 2b interfere destractively to cancel out the A4/3 behavior.
Substituting Eq. (18) into Eq. (15°) we obtain
= 25
fyA-*vA(@) (25)
f @ O'V A )
o 4 f V(0) 4 p (b, z° "—2" /s plb, 27)dz”
T T bdb J_(kb®) |e -e
p v P

e 4”fw(°’jbdb 3, (Kb®) \i~e

o
fV v
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If % = 0, comparing Eq. (25) with Eq. (17 '} we cobtain
v

e

0) = = f§
(©) fp pA—-vA

f'yA-*VA

which is consistent with p dominance.
Let us examine the A dependence of Eq. (25} in some detail. For

this purpose, it is convenient to take a cylindrical model for the density

function p(rj.

p(r) = for - R<z<R, b<R (26)

R = CA1/3 where C =1,14 fermi.

oA oA
then ~-_P _ ¥
4
; 0 = + A r2| . 27R% 2R
vA-vA f o - 0‘p 2
oA
v
e 4Trfvv(o) 1 2 - ZTTRZ
+ - R 1-e

f o 2

v v
The most extreme case if ¢ >> o then we obtain
v p 1/3
g A
- P
0) = + =& wapv(O) CZA2/3 o 2nC?
vA—-vA £ o -0
P v P
(27)

2nf ()

+ C2A2/3
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3
23 -_(0' Ail ZwCZ)
A e \P increases by factor of 7 while A varies from

A =1to A =240. Therefore, study of A dependence of the cross section
in v-photoproduction is a very sensitive measurement of relative

strength of the two terms in Eq. (25).

10
IV SMALL COUPLING MODEL
Let us suppose that v is not seen in the experimental search.
In such a case we can only place an upperlimit on the coupling of

v and p with v. Let us introduce the coupling F and define the

m2 - m2
coupling between p and v to be Y 5 P where we take
2 2 2
m, " W m
= P << fp . Then interms of F, we have
p
f m2
_p -1 { - —P
f F m2
v v
g _~0
E = £

. . .1
where we have considered the process only to the first order in F

as shown in Fig, 5. Furthermore, since O‘v is agsociated with the area
of proton as seen by v, we expect it to be of same order of magnitude
as that of qp. The small coupling model is a special case

of £ » 0 limit. In this model, Eg. (25) becomes
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Lo __‘2{_ J e, 2%)de -%— J_ pb,z%)dz”
= — = kb® 1-2 + bdb
fyA—-vA(O) F f Jo( be) < €

where we have also assumed mi << mi and mi R << k.

Note that A dependence is very sensitive to (}'V/ op . In fact if o= 10 mb,
the destructive interference occurs and there is a dip near A = 65,
Therefore, it is quite important to vary the target nucleus to cover the

wide range of A,
V. RESULTS

We now summarize the predictions of Eg. (15). Since we are only
interested in the order of magnitude predictions, we will use the
cylindrical model with uniform density for the nucleus. This is given in
Eq. (26). This model is highly unrealistic and the results deviates from
more realistic medel when qH R becomes sufficiently large. We restrict
ourselves to the kinematical region such that the deviation from more
realistic model is small. Also, if there is any deviation, this model

will tend to under estimate the v production.

(1} To answer the questions of absorption effect raised in the

introduction we have plotted % gf (yA—~ vA) /_gtz {(yp—~vp) as

function of A in Fig, 6. We have set T = 20 mb, fp/fV = 0 and considered
various m.v and a,- The behavior shown in Fig. 6 also holds for other

values of the parameters. Therefore, the absorption effect similar to
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that of p production occurs for v-production.

(2) The question on interference effect was answered in Section IO
in the small % limit. The fact that v and p can be transformed to each
other by diffractive scattering will decrease the cross section consider-
ably. To show this we have plotted % —g—g— (yA—pA)/ —g-?—— {vyp—~pp) as
function of A in Fig. 7. This is to be compared with those of Fig, 6.
Note that the interference effect also changes the A dependence.

{3) Let us now be pessimistic and assume that no evidence for v
meson were found. Then the small coupling model of Sec, IV is applicable,
In Fig. 8 we have plotted %- STU (yA—-vA) as function of F for various
(A, Mv' O'V). The upper limit on F can be read off considering the
experimental limitations. Although we expect q, = O'P and therefore the
variation of O‘V in Fig. 8 should be sufficient, we have shown

1 —c-i-g-(yA—»vA) as function of A for crv = 10 mb in Fig. 9 in order to

A dt
illustrate the effect due to interference between various diagrams shown
in Fig. 4. The F dependence is similar to those shown in Fig. 8. The
origin of the dip is discussed in Section IV. If is, therefore, quite
important to consider the photoproduction from various nucleus in case
of a null result.

(4) For reference purposes, we have presented the result for
various values of the parameters. They are shown in Fig, 10,

Examination of these results show that, if v is found, A dependence of

do

—  {yA~vA) can be used to obtain the parameters f /f and o .
dt p v v
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On the other hand, the A dependence is quite insensitive to Z.
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NOTE ADDED IN PROOF
Recently JPC = 1-- particle has been claimed to be observed in
KLKS resonance in PP reaction. (A. Benvenuti, et.al. Phys. Rev.
Letters 27 , 283, (1971).
It will be quite interesting to look for this resonance in the photo

preduction,
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FIGURE CAPTIONS

The diagram for p production. The solid line
corresponds to various nucleons.

A diagram for the v production corresponding to the

o production of Fig. 1. The checked blob corresponds
to elastic diffractive scattering.

A diagrams for the v production including one pmv
transition. The black blob corresponds to diffractive
ppZvp scattering.

Set of diagrams for the v including arbitrary number of
p - v transitions.

Photon enters a nucleus scatters diffractively with j th
nucleon at ;j to create a at ﬁ. o intern scatters
diffractively with ith nucleon at ;i and create R at

R. The ladder corresponds to interaction.

Diagrams for va and pr.

Diagramg relevant in the weak coupling model.

g% (yA»vd) / %% {(yp>vp) as function of A.
do
dt
do
dat
do
dt
do
dt

{yA»pA) / %% {(yp>op) as function of A.
(yA+vA) as function of F, m in GeV, and qvin mb.

{(yA+vA) see text.
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