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ABSTRACT.

Duality ideas are applied to estimate the upsilon production in eTe~
annihilation, hadronic collisions and photo-production. Simple scal-
ing rules for the cross sections are obtained and compared with expe
riments., Our results suggest the charge of the new constituent quark
is likely to be -1/3.

The recent discovery(l) of at least two narrow states  with mas-
ses of ~10 GeV, produced in photon-nucleus collisions and decaying
into muon pairs, is very suggestive of the existence of bound states
of at least a new quark and its an antiquark. There is a fast
growing litera‘ture(z— %) based on this quite natural hypothesis, which
relates the properties of the new 2’ states to heavy t(Q=2/3) or b(Q=
=-1/3) quarks. The various estimates based on gluon cascademodels
and/or direct production, analogous to the Drell-Yan mechanism(G)of
leptonic pair production, seem to prefer Q=-1/3 to Q=2/ 3. However,

no definite conclusion has been reached so far.



In the present letter we discuss the same problem from a different
point of view, namely we apply duality ideas in efe annihilation and
dilepton production in hadronic collisions, along the lines of previous

(7,8

works ) of some years ago. In that approach to scaling phenomena,
the central idea was that the current induced processes were mediat-

ed by hadronic states with increasing mass. An appealing features whi
ch emerged in this simple scheme was that the scaling properties of the
cross sections in deep inelastic phenomena would be sharedby the strong

interactions of the high mass states.

It is by now clear that a strict correspondence (duality) exists bet-
ween the above phenomenological approach and the scaling predictions
of the quark parton model. It is then natural to insert the new hadronic
mass scale introduced with the observation of the )" states within the
model in order to estimate the production cross sections of the new par

ticles.

In the following we will first test our ideas for J/% and ' produc-
tion in e+e‘and hadronic collisions, We will then consider the case of
the new )" states and estimate the corresponding crosgs sections, Our

results favor the charge Q=-1/3 of the new constituent quark.

Let us consider first e"e” annihilation into hadrons. The average

contribution to R = o(e*e” —>hadrons)/s(e~e™—> u' ) from a single
vector meson is -
€T
om Ti'i
(R, = = ~ (1)
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where Amizis the spacing between two near resonances of the type -i.

Duality in ete” annihilation' & %) gives
ml® . mr*®  mr®®,  mre
( 5~) o 5 )a):(“ 5 590:( : ,>J/w=9:1:2:83 (2)
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where the r, h, s. reflects the charges of the constituent quarks, and

R = 3j {R;y . (3)
Both eqs. (2) and (3) are satisfied at the level of (10 £ 20)% obtaining
ee ‘ 2 2 2 2.
— ~ 9 5 + = : ~ e -
Fw A 4.6 keVand R=2. 5+ 1.7 =4, 2 ( Amg Amw Amq) ZmQ and

Am;‘;: 4 GeVz)., Furthermore local duality works rather well for the

higher members of the ¥-family, In fact, from the equality

(mFee ) _(mFee) _,(ml’ee) ”

s (= (It -y

, Ame p(3.1) & 2 (3. 7) A2 W(3.7T)

one gets 'ee_:. 5I$e and l;p"‘ae =, BI;p,ee, in good agreement with ex

periments( 0). We have used Amw, ==(m§p,,+ m?p)/z ~ 2,32 GeV? and
) [

Am'w,, ¥.8GeV>,

The success of this analysis gives us good confidence in applying the
same ideas to the " 's production. We note first that the observed spa-
cing M(Y'")-M(Y ), whichis remarkably close to M(')-M(¥), leads to

satisfy the relation

~ .~ const, (5)

indepedent of the sequence. The approximate validity of (”5)‘for Q;co,gJ
and J/¥ mesons was observed by Close et al(.ll.) An example of non relativi
stic potentials describing the interaction of heavy quarks,which leads to QEQ
level spacings independet of the quark mass is provided by V(r)~c ln(r/ro),
as noticed by Quigg and Rosner(4).
A simple consequence of eq. (5), implemented by duality (eq. (2) is
J[’é?ei F;e: F;e:: F,:Ze: I";’? =9:1:2:8:2(8), (6)
where the last factor 2(8) in the r, h. s. of (6) refers to the case Q=
* -1/3(Q=2/3). The approximate validity of (6) for o, " ‘, mesons
(12)

was noted empirically by Yennie . We would therefore predict

I (;f” —>ece) > 1, 2 keV, (7)



for the case 1 = (b_k;). For comparison the coryesponding estimate by
Eichten and Gottfried(z), based on the application of the charmonium
model to heavier quarks, is I'( 2”——%- e.é_) > 0,7 keV, A similar value
is predicted by Quigg and Rosner(4) in the case of the logarithmic po-

tential mentioned above,

3
From eq. (7) and using QCD to estima‘ce( ) the direct hadronic de-

cay we obtain

a1
()} — dir. had. )= 24 keV

N7 > o= — — — a7 3 X 3.
I (Y—=all)=L—+Tyg+T z+r (' —>v had) + (8)
+ (Y —> dir. had) 2 32 keV
The expected hadronic peak cross section, including radiative cor
13
rections, is given by( ) (I'/o << 1)
w 6% 1 Iee Thad T )5 1+ a1n V20 1,
6 (M) TJI:GMZ T (M [ Bn[’ -5] X
' 9 ' (9)
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where y=0. 5772 is Buler's constant, B:-% [ln (21\/[/me)—1/2j]’ = 0,093
and ¢ is the machine dispersion. Using ¢=1.5 MeV and eqgs. (7) and (8
we finally obtain (M) = 38 nb, (10)
‘which corresponds to about 40 units of R (GW-; (9. 4) ~ 98 nb)
The leptonic widths for the Y''(10.0) and Y"(10. 4) can be estimated

in analogy to eq. (4). We obtain I' (" — ee)s. 65 keV and I' (¥ "—ee)
=~ .55 keV, having assumed a level splitting of 50-100 MeV of the two S-
-states with the two lowest and almost degenerate D-states, coupled to
e~et via 381-3D1 mixing., Then, by appropriate rescaling, we slightly
modify the estimates of ref, (3), obtainingl‘(ﬂ!.’" — dir. had)=~ 14 keV,
['(f'" — all)= 26 keV, (7Y " — dir. had) > 11 keV and rey" —all)

~28 keV, In the case 1'% (t.’E-), starting from ry — eg) =4, 8 keV



(eq. (6)) a similar procedure could be used to estimate the various

widths.

We now turn to fZﬂ's production in hadronic collisions and, more
generally, consider first dilepton production. An explicit scaling mo
del for this process was presented”’ 14) some years ago based on
the idea of generalized vector dominance, The model

showed scaling for e, m, as well strong interactions and an increase of

the average transverse momentum with the mass. This latter fea
. . . . e s 15
ture is now constistent with the experimental 1ndlcat10ns( ), and sup-
16)

ported by explicit calculations( in QCD.

A simple scaling law for the hadronic production cross sections fol

lows directly from the correspondence (duality) between the two mecha-

nism of lepton pairs production, namely the vector meson formatior1(7’14)
- ; i 2
and direct qq annihilation(ej). Denoting by ¢V(s) and do **/dQ" the cor-

responding production cross sections, then

_ { Uit
B(V—> i) 0'(5)6(Q2-m2)% B(V —> dir. had) \I;V” d°2 -
Q5 (11
' 1
= B(V —— dir. had)—<‘}-_{—v2— — F(QZ/S),
R 4
Q
for any species V(V=g,0 , ¢, J,* * ). Integrating over 4 m\zf and using
2
(1), one gets ( s » mv)
. 3
ael m
v v 3 dg MW 2 ,
e 3 o e T F 12
my 0 (8% Q T F@e), (12)

.
where Izifis the direct hadronic width of the state V. Eq. (12) then leads

to relate the production cross sections of different vector mesons as (s »»

€

2 2
»m_, s8'>ym’ )
\ A%



e 3 3

. ! v! V! ;
— o'(s) = =5 o (s'=s —5). (13)
I r m.

d d Vv

This simple scaling law was also suggested by Gaisser et al. (17 on
dimensional grounds, with 1:’(;1’ . They showed the agreement of (13)
with data for P,J and ¥' production. In this latter case the direct ha-
dronic width (1‘?:’ 20 keV) instead of the total width is important to
fix the right scale. The scaling behaviour of the cross sections is sum
marized in Fig. 1(17_) Furthermore, the comparis on with the scaling be-
haviour of Q3 doW/ dQ for pp —> Ul 4 X shown in Fig. 2, indicates
clearly the existence of the ‘same universal curve for both resonance and

dilepton pairs production, in agreement with eq. (12).

On the basis of (13) we now turn to estimate the Q’aproduction Cross

section. We have

3
. m J _
rig - B ¥ — %
B(Y' m) = ()] g —3) (Y dir) 45 =
5 (14)
—  ad g
{B(J — UH) — (s'=g—— )] )
dy "y=0 2 f
My
and using egs. (7-8) for the case Y =(bb),
R " : J
— do —SJ = da
J B(Y —— MUH) —— (s)}:G. 5x10 B(J > Wi (s'=
| Y dy "y=0 l "4y Ty=0
m2 (15)
= s-—-—J-)}
. m2 )
!
The | production at 400 GeV/c (Vs =27.4 GeV) is therefor(e r)elat»ed
to J/y production at {s'~ 9 GeV, WheredUJ/dy/y___(;—‘f 10 33 cm . The

strong energy dependence of daJ in region, and possible thresholds ef-
ects, which have been neglected in eqgs. (14-15) are both sources of so-

me uncertainty. At ISR energies the situation should be much cleaner



*1 *814 ur Sutaeadde swes oy} SI

sjutod 8yl YSnoJayj} UMBJID 9AJND 9YJ, ‘WNIUIWIOW JBU
-1pn3ISuoT jo suoidad 2[geAJIISqOUN 03Ul 91eT0dRIIXS 0]
[opowr uojaed-xJaenb e Sursn Aq ejep [en}de WOJIJ paulel
-qO0 U9dq aaey UMOUS sjurtod ,Teiuswilgadxa, oy ‘(61)
‘J9J woJy udse} ST 9andiy oYL (X1 T <« Nd) uorjonpoad
ared uoids] aaTsnyour ut SUITEDS JOJ 90ULPIAT - g “DLI

(Ot 0L oL
T _:_:_ 7 _::__ | ] TZ:__ |
B NE\Au.
- 1
= i ]
- % i % [mnnOP
) AN
ﬂf«
- ,,T -
= | w ? 3,0t
e
. YR -
- . /1 =
- w\w ] 3,
S oy ER-1
[ _mm eeOt S
W 5,
y 1 ¢
5 M,w M_v 1 3
. £ ﬁ\\ m e
= | 7/ - o
.:_ " P: ze’ "
- i T_QW
\\%\ D

Iullf! .|

JarTT T

) s } R I .
i TS & T eyl g f {74 1 A O T |

*Z 81,4 utl Sutaeadde swes 9] ST

sjutod oyl ySnodayl ureap sAInd 9y °‘A[earioads
-ox uonponpodd ,h (@) * M/r (©) ‘& ( @) O 49]
9d (g1)EIEp TelUSWITISUXD Y], "),-0IXZ XY anfea
9} SBY VY JUBISUOD 3, ‘A 91€1S JO UIPIM DTUOJIP
®Y 10941p 213 ST ww ‘(X A< dd) uvorjonpoad uossw
JOJ02A DATISNIOUT UL SUITEDS JO0J 9OUIPIAH - [ "HIJI

0t oL
LILLE SUBRARE| | LLLLN R —:_:_ T
l A /e -
e/
3 T
4 i -
sE-
- / =
=t / -
t— / — . .01
M ve-~ >
k 1
. ~_. -1 pJ_ 3
= ! ] << @
L. i - a
L / — ~<
o 7/ - =
7 ec Ot 3,
3 o
- . — (¢
[ E
L / - )
» / -
n / =
- / _
Wl v ri .W p ~e
oS ¢ L
i Pt ;
P L
5 \%\\ ]
- ——
il g | S
LILE1 1 I A1 e X i 1 i i [ IR O S 1 L




-8-

and eq. (15) predicts (at Js =50 GeV) a production rate t wo orders of

magnitude larger.

We obtain

y .
B({ ——> ) 42 (s %750)= 4. 5x10 3T em?, (16)

dy 'y

1
which agrees, within a factor of two, with the experimental valtve( )

-37 -

B wit do /dy/yroi-y 2x10 "', Inthe case Y =(t t) we would have found
-36 2

B i da/dy/y___O ~ 10 cm”. We therefore conclude that the charge

of the new constituent quark is likely to be -1/3.

The ratios of the cross sections for 7', ¥'' and Y™ are estimated to
be (s=750 GeV2)

B —da'

B —del B —do' > 1 - 9 . 5
B, do' :B,zdol > 1:0 32:0.15

Bup uit : (17)
The coincide with those found by Ellis et al. (3), in spite of the dif-
ferences in the various partial widths, as given above. Experimental-
ly they are observed tobe 1 :(0.3710.04):(0.08% 0. 04). In the case of
Ts (t _t-) we would have found the ratios 1 : 0, 21 : 0, 09, about fifty per
cent larger than those in ref. (3). Then the observed ratio (Y'/} ")

again favors the choice 7= bg.

We now turn briefly to estimate the photo production cross sections
for Y (9.4). As in the previous case, we will make use of a simple sca

ling law for the hadronic cross sections. From the dual picture of deep

(8)

inelastic scattering °, we have

2

m cVN(s) = f(s/m2

) 18
V) (18)
where the r. h. s. reduces to a constant (s> m? } for the diffractive com

ponent of o Then the simple scaling law follows in photo production

VN’
\4 ;
do_ S S 2
o (s‘)/t:t eé :f(s/m,v) 7 (19)

min m



*
Eq. (19) is displayed in Fig. 3 for varions vector mesons( ). The con-
sistency of the scaled exitation curves of g, 0,JApand @' with a univer

sal curve is quite remarkable.

2
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- o :
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FIG. 3 - Evidence for scaling in photo-production of vector me

sons. The constant A has the value A% 1,68x10-8, The experi
mental data(29) refer to (0)o, (&)@, (e)J/v and (a)y'
production respectively.

On the basis of (19) the rhotoproduction cross section for 7'(9. 4) at
high energies, e. g. k?), = 150 GeV is estimated'to be ()'s bg)

do N o 2

and four times higher if V= tt.

To summarize, we have estimated the ?"production cross sections

in e’e " annihilation, hadronic collisions and photo production on the ba

(%) For consistency we have taken into account only the diffractive com

ponent of the g cross section.
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sis of simple scaling laws which follow directly from duality arguments,
and agree with experimental data for lower mass vector mesons. Our
results suggest the charge of the new constituent quark is likely to be
-1/3.

(21)

After this work was completed, an interesting paper appeared |
where the same duality ideas were applied to Y production in ete” an-

nihilation, and in particular our eq. (17) was also derived.
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