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ABSTRACT

We roview the theoretical justification awd results from revent
experimental searches for backwards=produced ¢xotic mesons including
tuo experirente carried out by our cellaboration at SLAC. Our first
experiment put upper limits of about )-2ub for ™. Qe any v o"

- 4
and pp~ " in the reaction LA P x“ + Porvard *t 8.4 GeV/e wtudied

with the SLAC 14 Inch vapld cycling bubble chamber triggered by 4 downs
Stream neutron detector. We alsu dincuns the important features of the

recently completed mecond experiment vith the SLAC streamer chamber to

study the reaction v~ # p « X"~ 4 Prorvarg 9% 14 GeVic,

" lavited talk presented by R. Parvic| at Argonne Sympoatum en New

directions In Hadron Spectroscop . “.lv 710, 1978,
*4 Work supported by Cnergy Fi:4. and beveloprent Adninlstrat fon,
*askork aupported by Natlonal Science Foundation.

1. INTRODUCTION

A sigrilicant lvature of hadvon spectroscopy is the fact that all
mesan states (excluding higher symmatries inferred from the existence
of the %=J particles) can be assigned to SU(3) familium of | or 8 wee-
bers and all baryons can be fit into |, B or 10 wember families. Like-
wise, in thr conventional quatk sodel, all known wesons can be compused
of 3 stngle qq pair and all known baryons can be formed from quq com-
binationa. There is no convincing wvidence for particles that would
require vlassification outside of the conventional scheme but further
wapefimentation 1o Tind wuch "exotic” states or put uppet limits on
thelr cross sectjon for production (w ciearly isportant.

Ve discuss below two experisents carvied cut by our collaboration
to wearch for exotic mesons having twe units of charge which would re-

quire no less than two quark-antiquark pairs, i.e., iqq‘q. The :irst of

theae wxperisents (9 completed with published resulte on the upper lim=

it of the . tions for backwards=production of exogic ™ states
in the reaction

Fap e e )
at 8.4 GoeVic, The only final states that could be anaiyaed In this ex-
perisont were those vhere the X'° comststed of n'x®, -%a%%.0,
l".ﬂ’!-!‘!.. ot p w:’v.. This experimant involved the SLAC 15«fnch
Raptd Cycling Subble Chamhor vhich was triggered to take plctures by o
downstream neution detector. The statistical level ol thiwm experiment
wap about 10 events/ub and the upper Limit of the creas-arction for i
tesonances of mass  } GeV and vidth 100 MeV tu J-2 (b for the (inel
wtaten analveed, Curreativ we are caveving cut the analyais of data
from the S1AC streamer chamber to search (or backwards-preduced ewotic

memons With much higher atatistic | The roaction being studied i3
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at 14 GeV/c, vheee the ~7n {nteractfons oecur in a liquid deuteriom

target {nside the streamer chamber. In this cxperioent we witl he

ablu to reach close to the 1000 event/ub tevel and we will analvze aore

final states.
Before discussing these two experiments, we give some mot fvatfon

for searching for backwards-produced exotic mewona in barvonwexchange

reactions and other experiments of the same¢ tvpe are discunsed am wejl.

[1. SURVEY OF EXOTIC MESON SEARCHES AND THE IMPORTANCE OF BACKWARDS

PRODUCTION PROCESSES

A.  The Experimental Situatijon

Since there {8 nn practical method for performing scattering ex-
periments with pairs of particles such as """. nTeT K"‘. Twn ote,
to acarch fur esotfc aenons, It |8 necesmary to ntudy theme westemn in
product ion experiments where Atates with three or morc particles are
also acceasible. The manifestly exotic strangences ~ 41 baryonic wys-
tom can he {nveatigatad {n formation vxperiments, and the status of
these 7.. Ataten if revivwed hy Stelnherg at thir confrrence,

There are three categories of production experiments by which one
afght choome to suarch far uwxelic meronn, The three possibilities are
illustrated Ly the following mpecific examploest
1} Two=body forward=production .48 In the merod exchange Teaction

+ -+
moep o4 .
LI xh\r\mm

il The lnclunlve productlon of exotit wennnr ax in the react jon

+ -+
T4 p X ¢ anything.

1) Tweebdy bacSwards=production in the barvetees, hange reactfon
Ear .
e "torward”

Mest of the weatdve ot cntrwvandal oviten 0 YY enoli meRer

tion

pre s Trom ptudick of soactions of tvpes §) and {1) {nvelv-
ing pten, kaon, and ant (eproton beams (o bubble «hambwe? cxperiments.
These data are summarized (o recent reviews by (‘--hm! and Hr.n--wn:
where typleal upper §izdte ot 2«10 b were reported. Alse, aigh
MEALERE fen counter data denigned to atady virtuat 0% acattering from
reactivn type 4) with XH Lt reveal ne sechanhel resonant he-
havior. 3

To push dowmvardm the upper limite on exotic seson product lon it
will he necenmary to perforns more countet or hybrid experimenta that
can Inventfgate the charge = ) gyatomr with mich Jafger numbere o
vvent s per ub of crosr=-section, Reactionn tvpen 1) and 11} abeve are
renerally hard to trigger, except for the threcehody final ntates to
Atudy T meattering where no ovidence for ow  fea were found,  The third
porstbility, Pedction tepe 114), 8 relatively @any to trigper and §s
thersefafe A very interowting possdbility trem o purely experimental
point of view, Furthermore, there are theoretical arguments based on
twerer mponent duality that suppest that backward-prodquction is wiere
exotie meaonn ave to he found, Fstimates can be made of the croses
nectjone at which there vXxota atats . ghould be produced 1€ the theoary
in meaningful aa demeribed in the followine sectlon.

B,  Theoretioal Mot ivation for xperiments o Kackwatds=Praduction

of Exotle Meaons
Three vxamples of harkwards=product jon Feact ions are diacunacd as

plrturad helow,
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The first two of theme are reactions (1) aud {2) respectively, that our
collaboration has been investigatiug. These twe rvactions are dynamice
ally identical since they are 180° reflections of each other in {soupin

L]
space. The third pictare is that of a Y weschange reaction, {.e.
+

-

+p- K” + ":orvnrd‘ to gearch for hackwarde=produced stranguness
= + 1 exotic mesons, for which recent data also exists.

The interest {n these reactions from a theoretical viewpoint is
based on the fact that a virtual barvon-antibaryon intavaction occurs
glving rime to doubly charged states. Clearly, no real heam of the
reqired antibaryons is experimentally possible; thersforo, thase
baryon-exchange processes provide a means fol producing virtual baryon-
antibacyon interactions in manifearly exotic, chatge = ¢ 2 final utates,
According to arguments by Rosner, Jacoh and Weyers, and by Llpkln‘. two-
component dudllty conetraints suggest that exotic mesona stould couple
to these baryon-antibaryon vertices. An important prediction (ros these
theoretical {deas s that the croms=sections for hackwards-praoduced es=
otic mesonn should be of the same order as the cramx wectionk for backs
warda-produced non-exotic mesons. More sperifically, conatder the non=

exotic production reactions pictured bolow:

Comparing these with the exotic production diagraws shown above, the
predictivn is that

- - -
Cexorict® 0T XY O orie ()

and o % (ks)

© n
exvt {c non-exot e

111, EXOTIC MESON SEARCHES IN BACKWARDS-PRODUCTION LXPERIMENTS

A Study of the heaction ** 4 p o K N0

Tvo experisents have been comploted recently to search for back-
wardu=produced strangeness = +1 sxotic wesons. A Coluwbia-Ringhamton
r'\hmuum\s analyred 866,000 photographs from the SLAC B2-inch
bubhle chamber with 15 Ge¥/e incidemt . This enposute had a statis-
tical 1avel of about 10 svents/ub vhen cotrections (ot untean fotwvard
A%%g are teken intn account, The K™ waes i computed as a olesing
mans of f of the forvard l\“. Upper ilmite on l“ productjon with 952
conf ldence tuvel are given as follows:

tor €™ mass * 1.8 Gov, ¢ 1.7 ub

exot e

and tor K mine betueen 2.8 and &8 GV, @ RN N

exntic
Thexe values ate to be compared with a value of abour 0.0) b for backs
ward non=exot i¢ x production at the seme snc{dent momentul in the g«

action » 4 p o ke In 1hi% expes dment the upper Limtts on

torwatd
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the exoric meson production are not low cnough to vivlate the dualfty
Tequiremernt,

The second recent experiment to search for bsckwards e produc-
tion was carried out by a CERN-Frieburg-Saclay cellaboration with the
CERN Omega Specuo-eter.b The beam momentum wan 12 CeVie. This wvan
also carricd out as a missing mass cxperiment although plots were
given showing the Rl for various charged particle wultiplicitiva, Up=
per limits on backwar: . -\” exotic productio ranged between 0.060 and
0.150 ub from the low masa to the high mass part of the KH Dans Apecs
trum for X' nass squared leas than 1% Gnv’. This upper limit raoge
is to be conpared with the backward non-exotic K* prodyction at 12
GeV/e of approximately 0.07 ub, Since the non-exotic and exotic croma
section values orc essentially the same, this is 4 result which, hased
oh thu absence of exotics, is barely significant for weakening the twos

duality

B. SLAC Experiaments to Search for Backwards-Produced bxotjc
Venons

1) Seudy of the reaction n* 4 p > X 4 N HA eV

Pforuard
This waa the first experim-.t carried out by vur vollabore
atlon (Indiana-Purdue-SLAC=Vanderblit} and wam alav the firse
experiment {nvolving the SLAC 13 inch Rapid Cyvling Bubhie
Chamber, Results from this oxperiment have already heen pub-
Lished and wo summarize the main reanlts hore.) The omperi=
mental aetup fe stown in Figure 1, Forward newtronm wicnin

9% of the heam ditection were detected with a dmnatroam

neutron detector conmiating of {roneplated apark chambora tn=

teraperscd with sodntiiiation counter<, A pamra vete o sage

Nas alse plaved downstresn of the bubble hasber an

toupaterean
ptothe mutren detecfer, e Looation of the vantr e antete
artion (0 the apafy Chanbefa was detetmined by ohotepraphing
the spark locatiens, S the forwatd nedtFon =efentue can-
W he Bramuted, the only s hannels that an b osnaives oy

- ve e s e -
this experinent afe those In which X0 o @ e oom ey

SRttt PRttt The average mtatistioal level tor
thene channels §0 our experiment was <30 svents pet b, Upper
Timtts for an oxotle X*0 atate fn cach of thesy . batmels fot
4 rewonanee width 100 NeV wan =2 Wb fof manmes ) GeV,
vonpare theae with the non=cxot |, X" product tos (e the
reactaon *7 ¢ p 2 X" 4

P X e
'h\nmm 4t B GeV/v from a BhleCarnegie

Metlon .~u|-erm-m" where (") s 1.B6 v 0.2 Lb and wn;) .

_'2": by ur wpper Limkta for tie channels wtudied are

0.3
comparable with Zhe nonsexot i mesen o ress mmt fons and the
absenie ot eaetfe weaons in thte experinent, Hie thors from
thae meps Spoctreoneter, ave bately nigntiffcant for quest fone
Ing the vatidity of the 1w omponent duafity bypothesis,
Clearly, e smalvate of the entire x“ spectrur ine Tnting
the tnvestigati + of additional final atates at & highey at=
intical level in desirable,
Dot geaerion 2T v 3 2T e I'"‘“ 4 l".‘_"___“.l LN P el

The #veemd o aperiment perbormed B ooar oo Haberat fon aade

uRe nf the SLAC stroamey chanbey,  The sperimental sevup shown
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in Figure 2 illustrates the salient featuree of the system
with a downstreanm magnetic spectrometer lucluding counter
hodoscopes, wire spark chambers, and a Cerenkov counter for
triggering on forward protons. An internal liquid deuterium
target 60 cm long and 2.5 cm wide extends into the screamer
chamber with the deuterium entirely within the visible region
of the chamber. Data taking waer completed on July l&, 1975
and the analysis of the data is now under way. We project
what we expect to obtaln in this experiment.

This experiment was designed ro measure the X spectrum
as a miseing mass of f of the forward proton as well as to an~
alyze specific channels by measuring the X decays in the
srreamer chamber. The estinsted missing mase error versus
the miasing mass is shown in Figure 3. This is from a Monte
Carlc calculation incorporating all expected measuring errors
including the beam momentum ervor QPZ ~ 1/2%, and angulir dive
ergence 48 N 1 mrad, the 1 wm vrror in the locetion of sparks
in the wire spaTk chambers, and multiple scattering etfects.
We alao ahov in Figure 3 what wouly be expected if the target
were hydrogen tather then deuterium revesling the spread in
the misasing mass error aue to the Ferml momentum.

While the missing mase resolution with a deuterium target
is not ideal, it is seen that over the mtssing mass range ox-
pectead to be most interesting, i.e., from sbout 1,5 to 2.5

GeV/c, the misaing mass error ia abiut 80 MaV which is coa-

parable with the half width for typical hadronic decays. Kine-
matic fits to events in the stresmer chamber have been shown
to be of about the same quality as fits to similar final states
with a large bubble chamber such as the SLAC 82-inch bubble
chamber. The 7'n"n® mass spectrum from the 14 GeVic e -
u+pn*1|'n° of the Santa Cruz-~SLAC collaboration is shown in
Figure 4. A sharp W peak is seen with a full width «t half
maximum of about 35 MeV which ia consistent with the resolu~
tion obtained from 1C fits in the 82~inch bubble chamber,

The SLAC streamer chambsr equipped with a narrew internal
target werves well for nearly 4m detaction of slow charged

tracke. This is seen from past exparience with the SLAC

hamh

dats with prelininary results from
scanning of our own data. Avereged over all interactions, we
expect that not more than 10X of the events will have one or
more tracks that cannot be reconstructed for any of a variety
of reasons. Two typical pictures are shown in Figure 5 ve-
vealing the similarity in the quelity of these photographs

with bubble p Low %100 Mev/c)

large angle tracks ara easily maasured and high multiplicities
poae no particular problem. Howevar, since the SLAC duty
cycle im such that an average beam burst is spread over only
~1.3 psec, the intaraction that triggers the streaner chamber
vill often be accompanied by one or more tntersctions by other
beam particles ontering within the 1.5 usec time slot, We av-

eraged about five particles per bean burst and 120 bursts per

-hsz-



second, The fact that the interactlon vertex is not seen is
a source of possible confusion since accompanying interac-
tions, interactions of secondarfes tracke, snd knock-on elec-
trons can all emerge fiom nearby locations within the rarget.
To simplify the analymis, we electronically tag all the pic~
tures where more than one beam crack interacts. Furthermore,
by extrapolating tracks to a common vertex in the target,
tracke not associated with the primary interaction can be
eliminated. Referring again to Figure 3, the closely spaced
parallel tzacks with high momentum curving toward the left at
the top of the picture are the negative beam particles. The
highest momentun positive particle is likely to be the one
that triggerad the event.

The completed experiment coucista of about 130,000 pie-
tures of backvards-produced X~ and X"~ considering both proton
and neutron interactions in deuterfum. From these pictures
there will not be more than "50,000 events of single inter-
actions as deecribed above. Thia sample amounts to "800
avents per pb-nucleon for forward protons with momentum '{9
GeV/c or, equivalently, for X or X masses ranging from
threshold to about 3.2 GeV.

A valuable feature of having s deuterjum target is that

in the same data we have both the xotic back d

P

%~ from +p interactions along with the desired exotic X

system resulting from the needed +7n interactions. The various

exclusive channels to be most

cleanly analyzed include the

followiny:
_ X .
(™", um™, , . . even M~ 5m)7, . . . odd
C-parity G-parity
KK, RO, L L KK, RO, L L

PR, PR, . . .

;v”-\}-n. e

The baryon=antibaryon decays will be of special interest since
it has been argued that exotics should be coupled to baryon-
antibaryon channels to preserve tuwo-cavponent duality, We
can cross~check our 1C fits to final states involving a sirgle
2° since the singly charged X~ system complements the mani-
festly exotic X system by providing clean fita to multiplis
cities not accessible to the latter. Structure not seen in
fitted channels may appear in the missing mass off of the for-
wird proten,
C. A Complemantary Reaction to Understand the Role of A-Exchange
In addition to the o d Jata meantioned above, a smaller mampie of
data from the reaction
"+ td - B“‘H- * pnpec * ';t'\\r\mrd
was taken at 14 GeV/c, As auggeated by l.lpkinf‘ this provides a meanm
for comparing virtual Z;-nunlenn interact {ons with .\H-nucletm inter=
actions, This is casily seen by comparing the diagram below (neglect-
ing the spectator proton) with the previoua diagrama {nvolving forward

protons and backward wesons.
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The process Fn + X" can be made up of
1) A diffractive component,
14)  Direct channel exotic reswonances,
11() A third non-resonant component specifically asso-
ciated with the annihilation mechanism.

However, the process AH'n - BB'H' is presumed to consist only of a
diffractive component.

It is hoped that even Lf obvioue X"~ resonances do not appest, by
comparing the T7d with the 1°d data, dramatic differances in the vir-
tual A'H'n and Aﬂn cross sections may give twportant clues for further
understanding of the problem of exotics.

We gratefully acknowledge the assistance given ua by K. Bunnell,
S. Flatte and T. Schalk in providing information from pravious stresmer

chamber experimants.
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Figure 1 - Experimental setup of SLAC 15-inch rapid cyeling

bubble chamber with downstresm neutron detector.
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Figure 2 - Experimcntal setup of SLAC 2-meter strcameT chamher

and downstream spectrometer.
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Figure 3 = Error on miasing mass off of forward proton versus

missing wass for the deuterium target veaction
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