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1 Introduction 

One of the predictions of quark models is the existence of bound states of 
the diquark-antidiquark type. From the point of view of the colour struc­
ture a baryon differs from a meson by substitution of an antiquark by a 
diquark, which is a pair of quarks in the antitriplet colour state. It is nat­
ural to expect the existence of diquark-anticliquark bound states :vhere 
another quark in a baryon is substituted by antidiquark. These states 
can decay like mesons by means of production of a quark-antiquark pair 
from the vacuum, but in this case a baryon-antibaryon pair is produced 
rather than two mesons. It is obvious, however, that it is allmved only 
if the mass of the 4-quark state exceeds the mass of two baryons, but is 
forbidden below the baryon production threshold. Such light 4-quarks 
can decay only to mesons by the quark rearrangement. 

Theoretical predictions [1] concerning the properties of these states 
are rather uncertain both (or the masses of 4-quark states and their 
widths. However, the lightest states seem to have a mass around 1 GeV. 
Recent reviews of the experimental situation with the searches for exotic 
states may be found in [2]. A candidate for the 4-quark state with hidden 
strangeness, C(l480)-meson was claimed in [3] and discussed in [4]. 

The anti proton-proton interaction is a natural source of 4-quark states 
because diquarks and anticliquarks are already stored in the colliding 
particles. However, in spite of a number of experiments on searching for 
exotic states in the [ip annihilation at low energies practically no non­
conventional resonances were discovered (the only exception is may be 
the AX/ h(1515) state, for reviews of experimental situation, see [5]). 

One may try to explain this failure by the following reasons: 

• low energies (E< 1 GeV) are not quite suitable for searches for 
exotic states because annihilation channels practically saturate the 
unitarity limit and shadow any exclusive channels ·within the im­
pact parameter region of a few fermies [6]. For this reason it would 
be desirable to have energy of at least a few GeV to suppress the 
annihilation cross section; 

• the exotic states X are searched usually in the production channels 
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Figure 1: Diagram of Drell-Yan annihilation process. 

like 
p + p - X + m-;r, m = 1, 2 ... (1) 

where a considerable combinatorial background is unavoidable; 

• the signal from decays of X is masked by decays of numerous ordi­
nary resonances which produce the accompanying pions. 

We propose to look for 4-quark systems formed in the Drell-Yan pro­
cesses 

p+p-e++e-+X (2) 

The ma.in idea. is to use the lepton pair as a. tag for 4-qua.rk system 
formation, because the Drell-Yan mechanism guarantees that a pair of a. 
valence quark and anti quark annihilates ( see, Fig. I). 

We have investigated the possibilities of registration of reaction (2) in 
the detector planned for the internal target on the SuperLEAR facility. 

2 SuperLEAR internal beam detector 

The SuperLEAR is an antiproton storage ring with variable energy be­
tween 2 and 12 GeV /c, capable of providing a luminosity at the level of 
1032cm-2 s-1 • This storage ring is proposed to be construct at CERN as a. 
development of the existing antiproton complex. The physics motivations 
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of the SuperLEAR have been extensively discussed at the SuperLEAR 
\Vorkshop in Zurich [7] and in a recent report [8]. · 

One of the main physical goals of the SuperLEAR is to search for 
exotic channonium states containing a valence gluon ( ccg) or four-quark 
states ( ccqij) using the advantage of pp annihilation to populate directly 
all charmonium states. (Remember that in e+e- annihilation only states 
with JPC = 1-- are formed directly). The R704 experiment at CERN 
[9] and E760 experiment at FNAL [10] successfully demonstrated that 
pp annihilation provides precise measurements of the charmonium masses 
and widths which elude the e+ e- experiments. 

At least two big universal detectors are under discussion today. One 
is for the external beam and the other for the experiments on the Su­
perLEAR internal target. The later [11] is focused on measuring the 
excitation function for the resonance formation as a function of p mo­
mentum, e.g. 

p+p-R-J/¢+f, JN1 - e+e- (3) 

or 
p + p - R - 17c + f, 17c - 'Y'Y (4) 

where R is a resonance state under investigation ( ccg, ccqij or cc) and 
f is an exclusive mesonic final state containing one or several neutrals. 

A momentum scanning of the e+e- (or,,) yield in reactions (3),(4) 
could be done with a beam resolution CT ~ 300 KeV, i.e. narrow reso­
nances with r ~ 1 MeV could be detected directly. 

Fig. 2 shows a sketch of the apparatus. The detector will cover angles 
from 5° up to 153° with respect to the incident beam direction. The main 
part is a barrel of fast and radiation resistant scintillating crystals of an 
electromagnetic calorimeter. In the forward direction a finely granulated 
calorimeter, possibly with liquid krypton or xenon, is foreseen. 

Electron-positron identification will be provided by i) a CO2 gas 
Cherenkov counter at atmospheric pressure which will cover the polar 
angles beyond 27° and ii) a transition radiation detector (TRD) which 
will cover forward angles up to 27°. It is assumed that the detection of 
the e± from J/¢ or¢' decay can be achieved offiine with a total rejec­
tion power for charged pions at the level of 108

• In that case the e± cross 
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Figure 2: Schematic view of the detector. The a.ppa.ratus is symmetrical 
around the beam axis. 
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sections as low as 1 pb can hf' measmwl with a good signal/background 
ratio. 

3 Drell-Yan process simulation 

We have investigated the possibilities of the registration of the Drell-Yan 
reaction (2) in the internal beam detector (Fig.2). 

To be sure that the process under inn'stigation is the Drell-Yan pro­
cess one should select the <'nergy where it dominates. It is known that 
the Drell-Yan mechanism is dominant in the dilepton production at high 
energies (starting from s 112 > 4 GeV) and large lepton pair masses. 

Because of the steep decrease of thf' cross section as a function of the 
dilepton mass :i\I, one should select pairs with the mas~ beyo,nd the light 
meson resonance region, but smaller than the mass of J /~•, 

1.5 < M < 3 Gd. ( 5 )· 

We have simulatPd the Drell-)'an pair characteristics in tilt' react ion 
(2) under the following assumptions: 

1) the ;rp and PT distributions were usf'd from the parametrizations of 
the experimental results on Drell-Yau pair formation in j1f\ intPractions 
at 125 GeV /c [12]. 

2) the PT distributions WPre srnlcd to our energy interval using in­
variant values 2py/(s) 112

• 

3) the differential cross section of the dilepton formation with mass 
M was written in the invariant form: 

JJ\/a/dJJ = f(r) (G) 

where T = M 2 /s. 
Then it was checked that at low (8)112 (0.25 < T < 0.5) one may 

parametrize (6) by the following formula 

da/dM = 0.21 * c.rp(-11.7 * r)/M3 (pb) ( 7) 

here Mis in GeV. 
\Ve have simulated an effective mass distribution for reaction (2) ac­

cording to t.l!f' prescriptions ( 5 )-( 7). The following trigger con di t.ions were 
used: 
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1) the azimuthaJ.angle between leptons should he great<•r than 90°; 
2) the polar angle of a lepton is within 2° - 15:3°: 
3) the energy of leptons should be greater than :j00 :\leV. 
These trigger conditions are similar to those used in the E7GO exper­

iment [10]. 
In Fig.3 the effective mass oft he X system for diffen'ttl rnNgies of I lw 

antiproton is shown. The limit (5) 011 the dilepto11 mass was assumed. 
One can see that the spectrum of X is steeply falling down to the light 
X masses (mx ~ 1 -1.5 GeV) and the production of X with masses 2-:1 
GeV is more favorable for the antiprotou momentum> G-8 GcV /c. 

In Fig.4 the acceptances of the detector for the dilf'ptou mass .'.'vI and 
the mass of X are shown for tht:' antiproton monwntum G GeV/c and 
mx > 0.9 GeV. The acceptance was determined as the ratio between 
events passed the trigger to the simulated ones. It is seen that approx­
imately 70-80% of generated events passed the trigger conditions and 
the X mass acceptance behador is flat. The bcha\·ior of the acceptance 
weakly depends on the antiproton energy. 

In Fig.5 the product of the dilepton cross section with the acceptance 
is shown. This value is proportional to the expected dilcpton yield. The 
dashed line corresponds to the total dilepton p,:oduction with masses 
mx > 0.9 GeV whereas the solid line corresponds to the production of 
light X with masses 0.9 < mx < 2 GeV. One can see that for searching of 
light X the energy of the antiproton about 6 GeV /c is optimaL whf'reas 
for searching for heavy X the energy of antiprotons should lw maximal. 

4 Expected rates 

Assuming the luminosity 10:32 cm-2c-1 , the overall dficiency c = 0.5, the 
trigger efficiency c1 = 0.7 and the cross section from (7) oue can obtaill 
at antiproton momentum 12 GeV /c the following rate: 

N = L * c * c1 *a= 1032 * 0.5 * 0. 7 * 0.-H 10-:n = 0.01 I ,- 1 

~ 1200 ev /<lay 
If we are interested in looking for light X, then tlw optimal anti proton 

momentum is around 6 GeV /c and the ex1wcted rate will be: 
N = L * c * c1 *a= 1032 * 0.5 * 0.7 * 0.1 10-33 = 0.oo:n c- 1 

~ 288 ev/day 

6 

" 

l 

} j 
' 

l 

i0.00& Wl4GeV ~::::· C D . 

._.-o.om ':0.012. . ~ 
b0.004 t 0.01. 

0.0Q] 0.00& 
0.006 

0.002 

0.001 

00 

C 

g0.02• 
C -j 0.02 

1:>0.D11 

0.012 

0.008 

0.004 

0 0 

2 3 4 
X mass, GeV 

Z 3 4 
X mass. GeV 

0.004 

0.002 

00 

C 

.& o.~ ~ 12 GeV 

~ 0.04 

b o.03 

0.02 

0.DI 

00 

6GeV 

2 3 4 
X mass, GeV 

2 J 4 
Xmass, GeV 

Figure 3: The effective mass of the X system for different energies of the 
antiproton. 
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Figure 4: The acceptances of the detector for the dilepton mass M and 
the.mass of X for the antiproton momentum 6 GeV/c and mx > 0.9 
GeV. 
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Figure 5: The product of the dilepton cross section with the acceptance. 

These yields are small but comparable with those expected for pro­
duction of different charmonium states. For instance, it is expected [2,11] 
that it will be possible to produce 480 17;, 250000 J /1J,, 120 \o, 1700 he, 
2 3 D1 , 200 1 D2 - states per day at the SuperLEAR. detector. 

5 Demands to the detector 

To estimate the demands to the detector we have evaluated the resolution 
in the X mass assuming, that 

1) the energy resolution of the calorimeter is a( E) / E = 2%/ ( E) 112 ; 

2) the angular resolution is 3 mrad 
The characteristics of the lepton tracks were smeared by gaussians 

according to these resolutions and the mass of X was reconstructed tak­
ing into account these biases. It occurs that the overall missing mass 
resolution (for all masses of X) is ax = ,58 MeV. 

If one assumes more realistically that a(E)/ E = 4%/(E) 112 , then 
ax= 83 MeV. 

From these considerations it is clear that demands to the detector 
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should be rather high. A really good calorimeter and tracking system 
are needed. The magndic field for analysis of X decay products is also 
desirable. 

In conclusion, the first analysis shows that the proposed experiment 
is not simple due to low cross sections and high demands to the detector. 
However, its main advantage is quite clean physical interpretation. The 
absence of the combinatorial background and the background from the 
ordina.ry resonance decays is also beneficial. It is possible to acquire 
statistics on the Drell-\'an pairs working in a parasitic mode wit}1 the 
searches for charmonium exotic. 

This communicatiom is a part of common Letter of lntmt [11] on 
heavy and light meson spectroscopy with an internal target at Supcr­
LEAR. We express our gratitude to Prof. C.Amslt'I' for fruitful discus­
s10ns. 
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· .. 6aHHHKOB A.8. 11 ,d,p. 

Po>t<A.eH11e Apenn•AHOBCKHX nenroHHblX nap 

.._ s aHHHrHflAUHH aHTHnpOTOHOB KaK cnoco6 

AflA noHCKa '!eTblpexKsapKOBblX COCTOAHHH 

E1-92-344 

npeAnaraeTCA nposeCTH 'no~CK 4-KBapKOBblX COCTOAHHH B Apenn-. • . . '. . - . + .. 
AHOBCKHX npoueccax aHHHrHflAUHH aHTHnpOTOHOB rnna p + p. e +.e + X. 
noci<onbKY Apenn•AHOBCKHH. MexaHHJM no onpeAeneH1110 rapaHrnpyer 
aHHHrHflAUHIO napbl KBapK-aHT11KBapK, TO ne_nTOHHaA napa cny>KHT 

. MeTKOH o6pa3oBaHHA 4-KBapKOBOro 'COCTOAHHA. . .. . . 

· Mbl 11ccneAOBan11 803MO>KHOCTl1 per11crpau1111 Apenn•A.HOBCKHX hap 

B AeTeKTOpe, KOTOpblH nnaH11pyerCA COJAaTb Ha BHyTpeHHeM ny'IKe HaKO· 
n11renA SuperLEAR. np11 csernMocrn 1032 CM- 2 c- 1 0>1<11AaeMblH BblXoA 

Apenn-AHOBCKHX . nap C 3cpcpeKTl1BHOH MaCCOH 1,5 < M < 3 r3B COCTaBHT 

OKono 288 co6blT11H/AeHb npl1 HMnynbCe aHrnnpoTOHO~ ~ 6 r3B/c. 

Pa6ora sbinonHeHa s na6oparop1111 AAepHblX npo6neM Olr1Fllr1. 

Coo6U1en11e Qfu,e;im1en11oro 1111crnryrn 11;iepllblX ucc.1e;ioaam1ii. ,Uy611a 1992 
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pair is a tag for.4-quark system formation, because the Drell-Yan mechanism 

guarantees that a pair of a valence quark and antiquark annihilates.: . · 
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