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ABSTRACT

Evidence is t)res(.'llted for two JP = 2- stra)lge nu.'so_s; o_e a,t ,-_ 1.77 and tile otl_er at

,,_ 1.82 GeV/c 2. Tl_ese st,ates lucre been oi)served in a I)artial wave analysis of tl_e l(-w

system in the rea(:tio_ K-p --_ l(-rc+rc-rr°p wlmre, tile strallge _)_('.s()t)s decay itlto K-co and

the co then decays to rr+rr-rr °. The data set contains ,-- 10s K-wp events at 11 GeV/c taken
with the LASS spectrometer at SLAC.

which is the best understood of any qO sys-
INTRODUCTION tern. Figure 1 shows the strange meson spec-

Even though evidence for the quark model trum from the I,ASS/SLAC KI) I)rogram be-
is very strong, the correct qq quark model h)re tlm a_alysis l)res(:_l.ed here today. Pven

assignments of ali the known mesons are far tl_ough tlle _u_nt)er of s(,range states oi)served

from clear. There are a number of states that is quite large, with orbit, ally excit(,.(t states u I)

are experimentally "_issi_g," e.v(:x_for tl_e low to 5- and with a significa_t nuinl)er of triplet

st)in i_mltit)lets , and tlmre is (:Ol_si(h'.rable con- and radially excited candidates, the (.'xi)acted
troversy in the assig)_m(.')_t of several of tlm level structure is only comph;te for the L = 0

light non-strange mesons. This is particularly a_(t L = 1 grou_ld states. (.?o_l)h:ti_lg the l-l-
true for the 0++ multiplet where there are "to() wave (L - 2) si_lgl('.t a)_d tril)h:t levels would

many" candidate states. Table_ 1 rel)roduces sharpen (:o_t)ariso_ of tl_e ('.Xl)eri_e_tal data
,- the suggest(.'(t assigiil_le_ts of (lie |)article 1)ata with the _nodels " 2co_s_deral)ly, loarticula-rly for

Group (Pl)G).' Tt_c _l_ost obvious "l_ole" is the spin-del>e_cte_t forces.

•" in the D-wave 2- sc{:t{)r, wlm're tll{'.re is _{) In this t)aper, we 1)l'ese_lt evidence for

specific q_ combinatio_ with good candidates two strange 2- states in the h'2(1770) re-

for both singlet and triplet 2- states. This gion. Tlw.se results are take_ fro_ a l_igl_-
is true even for the strange n_eson spectrum, statistics study of (,l_,'./fw syste_ t)roduced

i_ the reac(.ion
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Table 1. From PDC, Phys. Rev. D III. 69 1 June (1992)
, , , , , --

ud, uf_, dd uft, dd, s_ c_, bb _u, _d eft, cd c,_ _u, bd

N2S+tLj jPc I = 1 I = O I = 0 I = 0 I = 1/2 I = 1/2 I -}- 0 I + 1/2

il So 0 -+ x '1, _1' '1_ K D D, B
........

lzS1 1-- p w,¢ J/¢(1S) T(1S) K*(892) D*(2010) D,(2110) B_(5330)
r,.

llPa 1+- b, (1235) ha(llTO),hl(1380) Klo? D1 (2420) D.1 (2536)...........

laPo 0++ ao(980) fo(1400),fo(975) X_o(1P) Xbo(aP) Kg'(1430)
............

I3p1 1++ as(1260) fl(1285),fa(1510) Xcl(1P) Xbl(1P) KlAn _'
.......... , .........

lZP2 2++ a2(1320) f2(1270),f_(1525) X_2(1P) Xb2(1P) K_(14a0) D_'(2460)........

11 D2 2 -+ r2 (1670)
..................

13D1 1-- p(1700) w(1600) ¢(3770) K*(1680)

13D_ 2-- K2 (1770)
.....

1_0_ 3-- p_(1690) _(1670),¢_(1850) K*(1780)
..............

13/'4 4 ++ a4(2040) f4 (2050), f4 (2220) K_(2045)
....

21So 0-+ r(1300) r1(1295) r/c(2S) /((1460)

2aS, 1-- p(1450) w(1390), 0(1680) 0(2.5') T(2S) K*(1410)

2ZP2 2++ /2(1810), /2(2010) Xta(2P) K{'(1980)
............

3'So Oa- x(1770) 0(1760) K(1830)

...., The K_a and K_u sre nearly 45 ° mixed states of the K1(1270) and K_(1400).

Table 1. The qq quark ,nodel assig,l,nents suggested by the PDG' for most of the experi-

mentally known low st)ill meson systems.

(LASS) spectrometer at SI,AC, which is eliminated. The K-Tr+rr-rr ° effective mass

described in detail elsewhere. 3 Since the I,ASS distribution in the w region [Fig. 3(a)] shows

spectrolaeter was not equil)ped with a photon peaks in the K-w threshold region and in the

detector, the 7ro in the final state is not seen region around 1.75 GeV/c 2. The shaded his-

directly, but is reconstructed in the missing 7r° togram shows tlm events with the bary<m reso-

channel. The K--wp salnple of _ 105 events nance region relnoved. Most of the higll nlass

obtained iii tllis ext)erlment is at least 25 l,ixlms K-w events lie ii', the overlap region and are
larger than that obtained in any i)revious ex- removed by this cut.

periment. The analysis, more details of which can be

found elsewhere_ is performed using joint de-

DATA AND ANALYSIS cay spherical-harmonic molneilts iii tl,e /(-w

The 7r+Tr x ° mass sI)ectruzr,, of Figure 2 Gottfi'ied-Jackson frame and tl,e a2 rest frame, "

shows a cleaL ,, sigllal, witll signal to l)ack- usi_g the normal to the (h:(:ay i)lalte as tlm an- .

ground ratio about one to one in the signal alyzer. The 7r+Tr-Tr° mass spectrum shown in .

region (0.72-0.84 GeV/c 2 ). It is clear from Fig. 2 contains a significant background un-

the Dalitz plot, (not shown) that the high-mass der the co peak region (6.72 to 0.84 GeV/c2).

Kco region overlaps wi_h substa,_tial I)roduc- Each moment is background subtracted us-
tion of sew:ral l)aryo_ resona_(:es, so events ing the co si(hd)and regions in(ti(:at(_,(1(0.64 to

0.70 CleV/c 2 and 0.86 to 0.92 GeV/c e) andwith Mp,,, < 2.28 or MpK < 2.0 GeV/c 2 are
acceptance corrected, after which the partial
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waves for JP of tile K-oa system up to 3- are 10,000 -- _ I J I _ I '_
determined.

The background and acceptance cor- '_ 7500-
lD

rected K-co mass distribution obtained is

shown i,l Fig. 3(1_). Tl,e ,,_ai,_ features are slm- _ _ __,--'

o 5000 -
ilar to ttlosc observed for tlle ullcorrected dat_L o6

There is ast, ro ng peak at thresl_old, allot a large _ _'""

bump ill the 1.7 to 1.8 (]e.\,'/c 2 r¢'gioll, with ElD 2500- . _ -
, some evidence for a snlaller structure around u_

1.5 GeV/c e. 0 I ,600 700 800 900 1000

"1 _-.2 M_+_,-_°(GeV/c2) ,2s3,_
(qc_Level Scheme)

distribution" the signal region is diago-s=0 S=1
k l 0 '1'1 "--2 3 0 i 1 i 2---']-3 4 sally lined while the background region

d=(-1)L_s] + I +--:'---- i +- _', + _ is shaded.
I ...... I_

: _ 4"
--- e2"_3-

-_ I_ c.;':_'._. TIlE PARTIAL WAVE STRUCTURE
: _' The low llla.ss K-co region is domii_ate.d

l __ __ __

..... _am .... "=:-_" by 1+ waw',s (IIot showIl), while, the lnass
2- :::,:;; buin t) around 1.75 Ge.V/c 2 is do_tlinalltly 2-.

I:::_',_,, Figure 4 sttows the incoherently summed in-

.........i i_':_ :",!_0' tensity of ali the 2- waves. There is a large
! _"-:_ and rather broad bump centered around 71.75

1

....:'_::_' GeV/c 2. The :_mch s_naller K-_ ch'.cavs of0- ]

,=,_,,k,_ ,s:j ,P ,K 3-T_PI35i _F aG- the leading K:_(14:_0)(,_ot show,,) a,,(t tl,e
" ' K:_(1780) are also observed wiLh |)raz,cl,i,,g ra-

Figure 1. Level diagra_n (Grotrian tios which are consistent with predictions from

plot) for the strange meson states SU(3). Figure 5 shows the real and imaginary

know_ bob)re tills a_a.lysis. Ali of parts of the PWA anll)litudes for the JP = 2-
these states have been ol)serw_.d in tile and 3- waves that are sigMficant in the 1.75

LASS/SLAC group B program. The GeV/c 2 rcgio_, l_l addition to tl_e l)u_q_ iii

dashed lilies indicate tl_e lowest lyi_g the 3- m_t)litude correslxmdi_g to K_(1780)

states expected in the quark model, productions, there is a substantial and rather

The mass levels are illustrative only. complicated structure in the different 2- am-

The states indicated by cross-hatching plitudes.

,, are clearly oi)served, al_(t }lave ge_mrally However, this structure can be explained

been c:oufir_ne(t; i_ _. few cases there iii a straigt_tforward manner as follows: First,

are t)ossible c:lassifi(:aticm a_l)iguities, tile 3- amplitudes are fit to a single Breit-

Only one strange 2- meson t_as been Wigner (B-W) resonance lnodel to defi_m a

confirmed. It could be either the S=0 phase reference in the 1750 MeV/c 2 mass re-

or the S=I state, or perhaps a mixture, gion. Then tile 2- and 3- amplitudes are fit

as show_ by tlm" vertically lilmd boxes, simultaneously with their relative phases and

The states i_dicated by diago_lal li_tes magnitudes as free parameters. Two different

are _nore sf)cculative a l_d require coil- models are co_nt)ared: (1) t,t_at tlm 2- waves

fir_nation, observed ill the 1750 n lass regio_ co_ne from a
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Figure 4. The summed intensities of
4ooo - - the 2- waves.

2000- #' --
tile (tip at ,_ 1.84 GeV/c 2 irl tile Re(2-0+P)>

w _ - and the tail of Re(2-0+F) are not well repre-

0 ) I I I ! sented by the fit.
1 2 3 On the other hand, the fit results of hy-

,-02 MK-.%-." (GeV/c2) ,_,a^a pothesis (2) represented by the solid curves in

Fig. 5 reproduce ali of the amplitudes very
Figure 3. The K- Tr+Tr-Tr ° invari-

well and t)I'ovide a significald, ly t)(_tter fit to theant mass distribution for events with
data witll a X 2 of 70.6 for II0 (h%r(:es of free-

0.1 < It'l < 2.0 (CeV/c)2; (a) the un- dora. Tile fitt(.'d mass(:s of IIi(: two r('.s(ma)l(:es
shaded curve contains ail events that

satisfy 0.72 < Ma,r < 0.8,t CeV/c 2 are i773+8 and 1.816:i:1a MeV/c 2 an(t the fit-

while the shad('.d t)o)'tioll (:ontahls ted widths are 186 :k: 1,1 and 276 :i: 35 MeV/c 2,
respectively. In this model, the '2-1 + F wave is

events with Mp,,, > 2.28 and M_,K > almost entirely the higher mass resonance, but

2.0 GeV/c2; (t)) the t)a(:kground- the other amplitudes contain ratll('.r large (:()li-
subtracted and acceptance-corrected

tributions ft'ore l)oth resonances, alld ow'.rall,
mass distribution; the points with er-

each resonance is oi)served witll nearly equaltor bars are the measured values and
strength into P and F waves. The .y2 ditrerence

the other points are the values obtaiqed is almost 60 units between the one and two res-in the PWA fit discussed ill the text.
onance models, which is a nominal "Gaussian"

41)

signiflcailce, level for (.li(: s(:co)ld r(!soIlalx:e of

single resonance, and (2)that tlmy come from more thall 7c,. In fact, siil(:e til(: I)\VA typ-

tw() reson;,nces. The dotted curves in Fig. 5 ically has ;4 llUlllber of nc.arl)y solutiollS, tlm
show the fit results of hypothesis (1). The fit- error bars shown and used in the fit tend to

ted mass and width of the 2- resonance are be overestimated COlnl)ared to Normal errors.

1728 ± 7 MeV/c 2 and 221 i 22 MeV/c 2, re- Thus, the absolute value._; of the X e fo_ these

spectively. The k'_ is 128.9 for 116 degrees of fits, the difference between the models, and

free(h>_. The o_m-r(:so_a_(:e fit does not repro- the signifi(:a_(:e of tile s(_(:()_(l r(:s(x_a_tce, i,_.tlm

duce the 2-1 + F wave at all well. Moreover, fit, will all tend to be u_der(:sti_nated. Ch:arly,
4
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Figure 5. The real and imaginary parts of the K-w 2- aI_(l 3- alnt)litudes; Lhe lilies show
tile results of tile fits described in the text.

the data strongly prefer the model with two 2- matters, but the 2-1+F wave is explained as

resonances, mostly the higher mass state, as predicted.
SUMMARY On the other hand, both resonances c(mtribute

A partial wave analysis of a high-statistics significaIltly to the otller P a_td Ia`wave ro,lt)li-
sample of -._ 105K-cop events provides very tudes and, overall, tlm resoltallces apt)ear with
good evidence for two 2- strange resonances roughly equal total strengtlis in the P aii(t F
with masses around 1773 and 1816 MeV/c 2. wave amplitudes.

This is the only q_ D-wave spectrum with REFERENCES
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