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ABSTRACT

We review ttie t h t o r e t U . i l J u s t i f i c a t i o n and r v t u t u from reciint

experimental searches foe backwards-produced « x o t l c mesons including

two experiments carried out by our c o l l a b o r a t i o n at SLAC. Our f i r s t

experiment put upper l i m i t s of about )-2ub for X • (2~t
 i w » (> *

and pp-*''* in th« react ion "* • p • X** • o- a r J at 6.k CeV/c •tudird

with the SLAC U inch rapid c y c l i n g bubble chAMbvr trtgK«r*d by a down-

ttrcan nautrnn dc-tector. W« ,IIH« J I H I U H the important f«atur*s c»f tl>v

recent ly conpleted itcond experiment with the SIM itrMMtr rtutftbvr l»

Htmly th« react inn *" • p - x " • P ( l i r w f l r d *< u fteV/r.

" Invttvd i * l k prvHvnttfd by R. P.irvi-i .n ArKonnt Sywpimlti* *>ti S'r
dlrei-tionn in lUdron .Spvctmsmp , . lv 7-10 , |47S,
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1. lNTKDUKTtON

A •Igrtlic.itii U'aturt' uf h>idron tpectruaeopy is the fact that all

•wsan »i;it«-H (excluding hlghfr •ywwtrles Inferred fro* the existence

of ttw v-J particles) ran be asalRned to SUO> faallivK uf I or 8 **w-

twm and all bsryims can b« fit Into t. • or 10 swaber families. Like-

wise, in the conventt"iutI quark modvl, a l l known mesons can bt computed

ol « stnKlv 1*) pair and all known baryons can be formed fro* qe.a, com-

bination*. There is no convincing evidence for particles thai would

requlrr ilasatf 1< .it Ion outside of the conventional schsvw but further

experimentat ion to find surh "exotlr" states or put upper limits on

their t-roas section for production is clearly Important.

W« discuss below two experiment* carried out by our collaboration

to search for vxotif mesons havInn two units of charge which would re-

quire no less than two quark'antIquarfc patrtt i . e . , qqqq. The t i n t of

these experiments Is completed with pvbllshed results on the upper lim-

i t s of the cross-secttona for bafkwardt-produrlion of •xatlr X** Mates

In the reaction

< • * • • . * • * * • " f o B | M - ( l )

at 1.4 CeV/r, The only flrwl states that could t* analysed In this ex-

periment were those where the X consisted of n » , - - i -",

**o*it4v"*4<i~, or p t".'ip*. This experlswnt involved the SIAC 15-Inch

ItapU Cycllnn Rubble Chamhcr which was trlRitcred to take pictures by a

downstream neutron detector. The siailatlcAt level ol this experliwnt

was about 10 events/ub and the upper limit of the i rc»»»irclIcn for X

of iu»» ' ) CrV and width 100 HeV l« 4-.' ..b for the fln-1

tt*m the S|̂ C »treamer chamber to search for backwards-produced exotic

mrsonn vtt'i iu. I. Mc».or «t)t|otl> , The reaction be in* studied la



tdrge t I n s i d e t h e streamer chamber. In t h j * experiment w w i l l he

able to reach c lose to the 1000 event/lib leve l .m.t we wi l l .in.tlvx.- n.«r.-

final s t a t e s .

Before d i scuss ing these two experiment*, we t 'ivc new raotivjtii.in

for searching for bnckwards-produred exot ic mesons in bnryon-ejtrhnnKc

reac t ions and o the r experiments of the saw* IVpe a re discussed t s well-

I I . SURVEY OF EXOTIC MESON SEARCHES AW) THE IMPORTANCE OF BACKWARDS

PRODUCTION PROCESSES

A. The Experimental S i tua t ion

Since there in no p r ac t i c a l nethnd for performing m*<Uterlii|t ex-

periments with pa i rs of p a r t i c l e s such AS «*«*, " " " " , K*-*, ^ n e t c .

to fltwirch for e>i>tlc ai'Stins, It Is necessary to study these Hvitiews In

production experinentx where Htntvs with th ree or more part li-lt-tt ntv

also a c c e s s i b l e . The nwinUcstly exotic s t rangeness * +1 barynnlc sys-

tem can he Invest laatetl in forrwii ion cxpcrlnenCH, .ind th*' stfltiiH of
*

tusse 7* s t a t e s Is rev 1 uwtw) îv St<'inber^ at t h i s canference.

There a r e thr.n- >Hcm>rit's .tf product Ion exper isents by whli-h one

night choose t o si*nrd> for uxo l l r nenonn, Tho th ree p o s s i b i l i t i e s i r e

t l l u s t r a c t d Ivy the following specifh- exanplesi

1) Two-body forward-production ,i« in ttxc «U<MOI\ i>nohnr>Rf reitctlon

in lln» n*i<-i|i>

p • X *

V,st ••( Ill* ( w . l t l v . i-1 "\t T -V. -11.UI .Vi.!.r, i 1 > H i ' l i ?!«'*.•!'

prftln. t i->n i fffii-v from tit">iU-K .>l i . tv t l»n>t ft tvp ts i t .»nt) i i ) invnlv-

Itic p t t 'n , kiiiMi. -mi) .»nt I*proton twin* in h i W l v < Mmtwt vyyvTlnwrn*.

T1;CK«- .t.it.i .in> nup*>.irU«-<l in r«-'ont rvVlfWH l>v (\ttien" .IH»1 J*r.il"ton*

wh.To iv | i |>. t l uppt-r H i - i t * •-! .*<IO ..b w*-ri' rcp>*rti>d. Also . aif,h

Hi>it l Ht l<-H i ounti-r tini ,i 'li'Hiitnvd t*1 itt ndv v I riu.il • ' «« «t 11 r inn f rots

r c . i r t i on t>p>' 1) with X • - - r c v c i l n<' s-t'tidniii-l rrnnnant bi>-

h n v j o r . 1

Tf push downwardn tlu* tippvr l lBltH >'" oxot it m-non product Lou II

wi l l )»t> n.-.onMrv ID p o r l o r n mor* count or or hybrid cxperlSK'ntit tlmi

can Invest lR.itt> tlu> rhnrKt- • • .' svstcni> wi th mm-h lArgrr numbrrx <M

cventH P»T nb of c r o s H - s r i t Ion. Roflitlonn tvp^ii I) «n>l 11) Abr>vi- -ire

iu>m>r.illy hard to i r l f t c e r , oxrept for tht ihrer-hody fln.il *t.iti*i> ti>

study TT" »r . i t tcr ini t when* no evidence tor ov , ten were ii and. Tlir tt i lr .!

p n R s l b i i f f v , riM> t l<m i v[)f i l l ) , i s rcl-i i l v t l v i-inv t>> i r i cn t - r .mil i s

ttn-ri>i.trv -̂  vi'rv tnU'r>Htli\K |>o«ttlbll i t v I ren t purelv «>xporiim»nl<!

point t'l view. J'urihiTiw»i»', tliori- .ir*- t iworot li'.tl ,irnu»ontii h.»st>d oil

(«.•-.- -mpmu'nt <.tuflUtv t ha t »vinn«iH. thni hAf-kwartl-proituit ton I s wlwrc

e x o t i c Sh-nons a r e t o be found. F . s t lMt«s c m bv nuiile or t h e c r o s s -

HOi*.iot»i* vii which these o x o i u " t a t ' - , should bv i>roi(iicott it d w tlwctN

i s iMMnlit»!fiil tt* ileHiTtbiM in the fol lowing s e i t l o n .

Ii, Thcnrf i i i . i l Moiiv .ulon i«»r Ixpi'i*IntentN t«» Kjt'kw.irUN-rrtnttk'tliMi

•>f KK.M II- Mesons

Tbrer exiimplen of b.ti'kwards-prndurt ion ro . i t i lons ar t ' diHCdSSitl >1>

pfmir i ' i l hrlow.



A x " A"J

The first two of these arc reactions (O "»A <2) respecttvely. that our

collaboration has been Investigating. These two reaction* am dynamic-

• l l y Identical since they are 180° reflections of i«.ich otliur In (so»|iiii

space. The third picture la that of a V exchange rortitlim, i.e.

• + p •• K A? r w i r H » t l ) eearch bnckwards-produced str i

• + 1 exotic mesons,for which recent data slio exists .

The interest in these reactions from <i theoretical viewpoint In

b.ned on the fact that a virtual barvon-atitlbaryon interaction occurs

giving rlae to doubly charged states, Ctearly, no real (team of tii«

rcq-iirad antlbaryona i* experimentally possible; tharaforo, thuae

baryori-exchange proc«»»» provide a mman* for producing virtual baryon-

anttbaryon Interaetlona In manifestly exotic, chtirttc • ! J final attttfs.

According to argum#nt« by Roaner, Jacob and Weyera, and by Llpkln . two-

ropponent duality convtralnti iu|gcat that exotic meson* should couple

to these baryon-anttbaryon vertices- An Important prediction from these

theoretical Ideas la that the cross-sections for hnt'kwardn-produn>tt ex-

otic me ion H should be of thu same order ,i* tho crnmt ncttionit for h.iok*

wurds-proiluced non-exotic nttions. More sperUlcalJv, runHidor the m<n-

exotlc production react IOT.S pictured bo low:

Comparing these with thv wxatlc production dl«Kram« shown above, the

prediction is that

I I I . EXOTIC HESOS SMKCHES IN MCKUAROS-fRODUCTlOK

k> Study of the teacllot. t * • p + K** • , \ ° ,
i or ward

Two expvrlhwnta have been completed recently to starch for back-

iMrda-priKtut'tfd »tc*atcn*vw - +1 vxotir mespns. A Columbia-tinjthamion

rUtboratton5 analyted 866.000 photoSrapha from thv SUC 82-lnch

bubhU chamber with 1} CeV/e Incident r*. Thla •xsosuie had a alatU-

tlcal lavwl of about 10 events/uh vhth corrections for unseen forward

A°*a ar» Uken Intn account. The V.** mass is computed as a visaing

maas off of the forward A°. Upper limits on K** production with •»«

confltlvnre Iw»l 4rr xWen AS follows]

for K**maas ' ?.« CtV. . ' w M f • 1.7 ub

Tlwm> v j l x e n atv to he c.m|>.ir»>tt y^tl, A VAIVK' t'f about 0 .0 ) ,,h lor h*rk-

war<l nnn-vxot ii Xl> produrtion At the same ln<-ldvnt mown turn in the t « -

• K** • .'P i tmt'nt rhi- upper limit* »it



Che exotic meson production arc not low enough to v io la te the dual i ty

requirener.t,

the second recent experiment to tearrh for backwards K produc-

tion vat carried out by a CEKN-Frleburg-Saclay i-oll.ibnr.ition with tin-

CERN Onega Spectroneter. The bvan nonientuB wati 12 CvV/r. Thin vat,

alto carried out at a mlHlnft U I I experiment although plots wer»-

given showing the K for various charged part ic le «u l t lpUci t i t> i . Up-

per l imit ! on backward-. -• exot ic product Io* ranged between O.OfaO «nd

0.150 ub from the low Man to the high nuns part of the K D I M spec-

trum for K** tu*s squared leaa than M5 C»V . This upper U n i t rMORfr

is to be compared with the backward non-exotic K* production at %12

GeV/e of approxlnntelv 0*07 ub. Since the non-exotic and exotic crop*

section values arc e tsent laUy the sano, th i s ! • a rutult which, baaed

on thu abicnce ot exotica. U barely i lgnlftcant for weaken!nit the tvo-

enrnponent dual i ty atguannts.

A. SLAC Experlncnta to Search for BnrkwnrdK-Produced Kxotic
MeRons

I) Study »f the reaction "* + p • X** + n f o n i i r j n l 8 - 4 fi**v/l

ThU wna the f lrat oxpvrln^.t currted out by nur l o l l a b o i -

•ition (tndiAna-Purdue-SU(>V«nricrblU> flnd wan .il«" the Hr»t

pxperlmcnt involvlnK Che SI>C IS Inch Itapld CycllnK Ruhhle

Cl>nmneT. RemiH* frofli t h l i oxperlmnt luivp nlremlv heuti |«ih-

llflhed nnd wo niinmnrjat- the n.iln reiultn hero. 7 Tlit> vxp(>rl-

tnt-nui letup U sttmm In Figure 1. Forward neuirnnii wUnin

•9° of the heJin dircrtton were detcctvd with 4 tlnwnstrvnm

notitmn ilotcrtor ronrtlatlnn of Iron-plntol %\MXV rttnnt>v>rit In-

t »n- "•• M { r -

tin- Hp.irV l.«. it l.'n». Sl«d thv

th»«n.> rhannvlR in our pttperlM'nt wan 10 rvint* pvr ;.t>. Upper

U n i t s fur .in o«t>t t> X *t»lc t̂ i 04cI* o( ttwcv .SAnnrl« Tî t

A rr«.m.in>v wldil. |iM KrV WA* I-.1 ,.b fot rMnt»^ 1 CrV,

' r>mp.iri> ttirav wirh tht- non-ex>*M> X* pivtiuiM l.»r »n IU.

rt>Acn<m •* • p • X" • ' ( o r v M . d •»* " fli'V/t rr«>» A ftM-c*rnv«i«

«c*lon cKprrlBml* whirr "(.*» " I .*!• • 0..' >b .tnJ MAJ) -

0 . } *^'^ t h , Oiif LppiT U » I U f.*r tin i-hAnnrlit t.lti*ito! .ir.-

ct>np.iriilili wllti .'!'•' nonn'Kt't |>' i%*kor • ti'nrt n*i t ion*> tinJ ihr

4hnciiiv "t I'Xft 1. aM'rton** In lh(>> fxpt*rin«-iii, Ilk*- (Wnv from

tin- (*n'f,.i Spi'itrt't^flcr. .He 1'itrdv hlRnl(l«<tni I*T qiirHt i.-n-

Inn the V.1II.HIV ol l In iv.'-.<>»(i.>nt-ht .tunlllv Hvf.nSi- in.

rii-.irlv, v).r *IM1V*!« vt I In- cnt irr X** »p,-*tui(t In. lu.tln,:

thr Inveitl I gilt t 1 t*f a<tJlllt<nAt fln.il ni.iit'n .tt A htfih«>7 Jl'il*

U t l r n l lwi'1 IK >lt'«lr.iMi-.

•mo •*( xhv MAC i , tit* • ̂ i» t tnt'n^.ii m*tit|»



In Figure 2 Illustraces the salient features of the system

with a downstream magnetic spectrometer including counter

liodoscopes, wire spark chambers, and a (Jerenkov counter for

triggering on forward protons. An internal liquid deuterium

target 60 cm long and 2.5 cm wide extends into the screaner

chamber with Che deuterium entirely within the visible region

of the chamber. Data taking wan completed on July 14, 1975

and the analysis of the data Is now under way. We project

what we expect to obtain in this experiment.

This experiment was designed to aeaaure the K~~ spectrum

as a mliting nass off of the forward proton as well as to an-

alyze specific channels by measuring Che X decays in the

streamer charter. The estimated missing mass error versus

the missing nass ia shown in Figure 3. This i s from a Monte

Carle calculation incorporating All expected measuring; errors

including the beam momentum error ~p ^ 1/2X» and angular div-

ergence £.6 % i mrad, chc ±1 MI *rror in Che location of sparks

in the wire spark chambers* and Multiple scattering effects.

We also show in Figure 3 what woulu be expected if the target

were hydrogen racher than deuterium revealing the spread in

Che missing mass error cue to the Fermi momentum.

While the missing mass resolution with a deuterium target

is not ideal, i t la seen that over the mining MISS range ex-

pected to be most interesting, i . e . , from about 1.5 to 2.5

GeV/c, the misslns mass error 1* ab-ut ±80 HaV which is coa-

parable with the halt width for typical harfronic decays. Kine-

matic f i ts to events in the streamer chamber have been shown

to be of about the name quality as f its to similar final scales

with a large bubble chamber surh as the SLAC 82-inch bubble

U PIT ITTI of the Santa Cruz-SLAC collaboration ia shown in

Figure 4. A sharp u° peak Is seen with a full width kt hnlf

maximum of about 35 HeV which ia consistent with Che resolu-

tion obtained from IC fits In the 82-inch bubble chamber.

The SLAC streamer chamber equipped with a narrow internal

target verves well for nearly 4IT detection of slow charged

cracks. This Is seen from past experience with the SLAC

streamer chamber data together with preliminary result* from

scanning of our own data. Averaged over all interactions, we

expect that not more than •vlOX of ths events wi l l have one or

more tracks that cannot be reconstructed for any of s variety

of reasons• Two typical pictures are shown in Figure 5 re-

vealing the similarity in eh* quality of these photographs

with bubble chamber photograph*. Low momentum <£l00 HtV/c)

large angle tracks are eaaily measured and high multiplicities

pose no particular problem. However, since the SLAC duty

cycle ia such that an average beam burst i s spread over only

^1,5 usec, the interaction that triggers the streamer chamber

will often be accompanied by one or more Interactions by other

beam particles entering within the 1.5 uscc time slot. We av-

eraged about five parclclrs pur bean burst and 120 bursts per



second. The fact that the Interaction vertex Is not seen Is

a source of possible confusion since accompanying interac-

tion*. Interactions of secondaries tracks, and knock-on elec-

trons can a l l emerge ffom nearby locations within the target.

To simplify the analysis, we electronically tag a l l the pic-

tures where more than one beam track interacts- Furthermore,

by extrapolating tracks to i common vertex in the target ,

tracks not associated with thn primary interaction can be

ell*lnit«d. Referring "gain to Figure 5, the closely spaced

parallel tracks with high momentum curving toward the left at

Che top of the picture are the negative beam par t ic les . The

highest Domentua positive part icle i s likely to be the one

chat triggered the event.

The completed experiment consists of about 130,000 pic-

cures of backwards-produced X* and X~" considering both proton

and neutron interactions In deuterium. From these pictures

there will not b« •ore than ^50,000 events of single in ter-

actions as described above. This sample amounts to M)00

•vents per ub-nucleon for forward protons with momentum ^9

G*V/c or, equivalently( for X or X naases ranging fro*

threshold to about 3.2 GeV.

A valuable feature of hiving a deuterium target i s that

in the same data we have both the non-exotic backwards-produced

X~ from r"p Interactions along with the desired exotic X~"

system resulting from the needed v n interactions. The wtrioua

exclusive channels to be most cleanly analyzed include the

following:

X " XL

W " , (4fl)~~, , . . even (3^)". (5^)", . . . odd

C-pqrity fi-parity

K°KV, KViTitV, . . . K°K", K V I T V , . . .

pi n, ppir n t , . . pp" , p n( , , .

The baryon-antibaryon decays will be of special interest since

it has been argued that exotics should be coupled to baryon*

antlbiu-yon channels to preserve two-component duality. Ue

can cross-check our 1C f i t s to final states Involving a single

it0 since the singly charged X~ system complements the mani-

festly exotic X~" system by providing clean f i t s to multipli-

c i t ies not accessible to the l a t t e r . Structure not seen in

fitted channels may appear in the missing mass off of the for-

ward proton.

C. A ComplammtRT-y Reaction to Understand the Role of A-Exchango

In addition to the TT d Jatu mentioned iib«vt>, ,i ftnullfr «atrpie of

data from the reaction

"+ + d - BD++ + ' . p « + ^forward

was taken nt H GoV/c. As Buggnntcd by I.ipkin^ tlii« provlilrn a HUMUS

for comparlnR virtual A -nunlcon internctlons with ,\ -nuclcon Inter-

actions. This is cosily seen by compnrinR the ill.inr.im below (neglect-

ins the spectator proton) with the previous di.mr.imn inv^lvin^ forward

protons and backward mesons.



The process flT^n -* X can be made up of

1) A diftractive component,

U ) Direct channel exotic resonances,

ill) A third non-resonant component specifically asso-

ciAted with the annihilation machanln.

However, the process A n -* BB it presumed to consist only of a

diffrsctive component.

It Is hoped that even if obvious X~~ resonances do not appear, by

comparing the TT d with the n~d data, dramatic differences In the vir-

tual A n and A n cross section* nay give important clues for further

understanding of the problem of exotics.

Me gratefully acknowledge the assistance given us by K. Runnel1,

S. Flatte* and T. Schalk in providing information from previous streamer

chamber experiments.
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•ESS

Figure 1 - Experimental setup of SLAC 15-inch nPid cycling

bubble chinber with downstream neutron detector.

Figure 2 - Experimental setup of SLAC 2-neter

and dovnatrein spectrometer.
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