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Abstract

We-have-investigated AK system, produced in the
g\l"P interaction at incident pior momentum 40 GeV/c.
The bump with M( AA ) = 3430 Mev/e2, [ % 40 Mev/c3, 1s
observed in the mass spectrum of AR system, The aungular
distribution of AA - in this region does not contradict

I o 2™, The spin state and spherical hermonic momenta
analysis in mass range 2.23 0 3.0 Ge"T/c:2 gi\;es strong indi-
cations on the existence three pomé gtatea with the maszes
of 2400 & 40 MeV/c>, 2510 & 25 MeV/cZ, 2820 4 40 Mev/c2
and the widths of 65 & 50 MeV/c, 124 + 53 MeV/cZ, 132 + 80
IeV/cZ. The prefered quantum numbers of these states (J'Pc )
are 3%, 2** and 4**, respectively.
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We have alreadj published /1’2/ the preliminary results

of investigation of the reaction
T~p~—» AAn 1)

which has been pertormed by means of 6~m ITEP spectrometer

/ 3l (established at Serpukbov IHEP PS). We have advanced
this investigation with the same beam momentum 40 GeV/c. In
last runs we used H2 and polyethelene target, which was pla-
ced somewhat nearer to the spectrometer in order to increase
the detection efficiency for large masses, M > 3 GeV/ 02. Be-
sldes, the coincldence between beam telescope and large area
g.intillation counter placed downstream the spectrometer was
introduced in trigger.

Fig. 1 presents the missing mass squered (llax ) distri-
bution of observed events. We select the reaction (1) by the
condition -0.2 < M2 < 2,0 (GeV/c)a. We have already paid
attention 1142/ to the exlstemce of isolated group of events
in mass interval 3.3 = 3,5 GeV/ c2. Our new data prove the
existence of resomance in this mass region. There is signsal
constituted of 14 events on the etfective mass spectrum of
the /\7\ ~-system (fig.2). The background, determined by
the power function approximation of the neighbouring bins,
amounts 3 events. The probability of observation these 14
events is therefore r < ’IO"5 , which corresponds to more than
5 standard deviations. Mass of this resonance is 3430 & 20
MeV/ cz,width (uncorrected by experimental resolution) is



£65 IleV/cz. Mgin feavures of these 14 events are presented
in Table 1. To extract quantum numbers of this resonance, we
analysed 6(;_3 and :P T-Y distributions, and sngu-
lar correlations between directicns of P from A decay
and P from /T decay (these directions are taken in /]
and K rest trames regpectively). The computed distridbution
18 (1+pewsOpp ), vith p=okl for 520, g F
@~ o3 tor Sm 1, where of = 0.647 is the A decay
asymnetry parsmeter. Mean values cos Gpgs are + 0.140
and -O;O_az_respectively. For events 1n the 3.43 (‘erc2 re=
gion cos efﬁ = =0.,18 # 0.15, which agrees with spin va-
lue 5 = ‘e

Fig. 3 illustrates the ccs 6@-3 distribution. Best

of all it agrees with assumption JFC, o (L = 2), eeqe
T@®-= 2% IY,‘UZ . ¥ig. 4 presepts the t distribu-

tion for this resonance, It corresponds to the natural spin-

~parity exchange ruther well, We anave estimated the produc- V

tion cross-section for AA (3430) to be (6 + 3) nb for

runs with liquid bgd:;ogen target only.

Let us now turn to the analysis of angular distributions
in mass interval 2.22 <H . < 3.02 GeV/c. There are se-
rious resscns to suppose, that production of /\7\ system goesg
predominantely through the ome~plon exchange; in the paper
/4 which deals with the analogous reaction oF P> pPpr
convincing arguments in favour of such dominance were presen~-
ted. In this case (‘97".‘77’-‘3’/1[/ the parity comservation
demands 8z1, J = L £ 1, ana as the system of two identical
bosons can exist in even orbital stvates only, so the rollo-



wing quantum states are possible:

.rpcao"".z“,4” and 80 on, (2)

To make the amnalysis of angular distributions in mass inter-
val 2,22 < Max < 5.02 Ge\r/c2 we have refused from sz cut,
s0 our statistics increased approximately by 40% without chan-~
ging our distributions ‘visibiy. On tige. 5 the distribution of
all events via AK transverse momentum squared is showne.
This quaatity is spproximately equal to -(t;tm), because
the overwhelning majority of events has total AA  —momen-
tum near to incident beam momentium. In the region below
O (GeV/c)2 the data are tritted well to the exponential cur
ve with the slope b = -7.9 (GeV/c)a, which agrees well with
the value =6.7 tor the reaction -(/770 - /0,0-"-' /4/ » The
following apalysis is restrlcted by the condition &2(0.4
(Ge‘f/c)z. ¥ige © d1llustrates the approximate isotropy of the
Treiman~fang angle distribution. On the same figure the dist-
ribution on correlation angle between directions of p <from

A decay and '5 trom 7\- decay is shown. One may see,
that this distribution agrees well with the assumption that
S = 1; the mean value c;:o::»p z ~0.052 ¢ 0,029 is close to
-0.,047 tor S5=1 . This testiries to the one-pion exchange do-
minance ia the region P;?' < 0.4 (GeV/e)2,

Now, the mass scale of the AR system rrom thre-

shold 2.22 GeV/ 2 £0 5,02 GeV/ ¢ was dlvided ianto 80 lleV/c2

bins, end unnormalized moments were computed for each binm



N<Y'>=5 Rel VI[85
¢ C E(0,% Ma] )
Here 1 - the event number, 9,-, 5‘: ~ polar and azimuthal
angles in Gottiried-Jackson trame (A4 c.n. trame, Z di-
rection is parallel to incident beam, and Y  direction is
perpendicular to production plane, as usual), and S is
the spectrometer erticiency, computed by Lionte~Carlo tecani-
que. On fig. 7 the momenta with 1 § 6 and m. < 2 are shown.
The momenta with m=2 are compatible with zero within error
lirits, wilch presents additional argument n favour of one-
-pion exchange. In the behaviour of moment N < Y;) the
structure is clearly scen: two bumps, the first ore (with
minor mass) being near in position witn bthe mexdmum in the
masg spectrum, and the other one correspozding to the shoul-
der in the wass spectrum. ln the l.e:rt bump region vie umoments
N< Y,,’; and A< y;) are equal to zero, so that he-
re we have the orbital state I=1. Frobable J values are
hence O or 2, put J=0 leads to N Y;) = 0, 50 we at -
ribute to this state J¥C = 2**, In the right bump region
N< Y,’) and N ¢ V;? show visible dewviations from
zero: the bigher moments are equal to zero within error 1li-
mits, This implies the existence of the L=3 state in the
right bump. rrom two possible < valuess: 2 and 4 iT is to
be chosen the last one, because in the case J=” the moment
R < Y“) would be egual to zero. So we attribuve J¥ls=

= 4** o this state. The computed relations between



< Y°°> <L Y;,°> . < Y¢,°> :<Y6°> for 4% are 11 0,53 3
t 035 1 0,21, which agrees well with the experimental.ones: -
1,00 $ 0,158 0476 4 0,22 t 0,55 4 0.23 3 0.35 # 0,23,

The shape of ¥ ' is well fitted to the uncuhe-
rent sum of two Breit-Wigner curves with masses 2510 # 25
MeV/c2, 2820 + 40 MeV/c2 and widths 132 4 80 MeV/c2, 124 s
53 lleV/cz (corrected for experimental resolutior). On fig, 8
the folded angular distributions are presented, together with
computed curves for 2** and 4**, using the formula

Tte) = ,w.,zé | C;o,:,. \;’f'f“
. Ju=-1

(%he one-pion exchange gives M=0 <for projections of J on 2

direction), The above curves are normalized on total erea un-

der the hystograms quite satisfacfiory agreement may be seen.

Por proving of resonance nature of observed structures,
one should assure that the phase goes through JU /2 &t the
point of maximum, but our statistics doean't allow us to do
such analysis.

As concernes to the region p.\.z D> O (GeV/o)a, here
we have only 68 events, but it may be seen (£fig.9), that the
structure in the N < Y; > is completely absent, but the
bump in mass spectrum corresponds to the enhancement in the
N < Yg> , that indicates on the existence of I=3 state.
In this region cos Gpp = + 0.074% & 0,066, that is cloee

to the computed value +0.140 for S=0. If i%’s =0, then it fol=
lows directlys JPG = 3""’. ‘the mass of this structure is 26004
+ 40 Mev/c2, width is 65 & 50 MeV/cZ.



This mass velue is close to the half-established reso-
e/

nance EﬁI:O (2375) / 5/ « Recent work presents evidence

of & resonance in channel pp - J*T with I° = o*,

TC & 4**, with mass 2310 MeV/c® and width 210 MeV/c2, This
laetter estimation of quantum numbers does not coincide with
our one.

A8 concermes $0 our structures in the region P .1.2'<0.4
(Gev/e)2 : AA (2510) and AA (2820), there was publi-
shed some eviderce of resonances in annihjlation channel
5+ Gt 7! with mass 2480 Mew/c? and wiath 264 HeV/c?

(J = 5), and in reaction %_P—?Pﬁ n i , that we bhave al-
ready cited, with masses 2460 and 2550 MeV/cZ and widths 390
and 480 MeV/c?‘ (J=4 and 5 respectively).

To conclude, we present the summary of observed ‘struc~

tures in the Table 2,
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Max Pa Pz T 2
MeV  GeV Gey 056y  0sOps  (GeV/e)

3371 30,32 9.27 0.7972  =0.374 “0:191
3374  22.93 1.0 0.567 ~0.511 <0171
3381  28.80 - .28 ©  0.524  -0.964 -0.026
3398 9409 29,93  =0.677 04584 ~0.121
3402 5.87  33.99 -0,942  -0.855 ~0.131
3404 212 32,64  =0.939 0.778 ~0.168
3416 672 34400 0,840 =0.701 ~0.452
3420 3244 7425 0,967  =0.278 ~0.351
3433 28.%8 13443 0.826 -De4931 ~0.645
845 25.27 16.77 0.273 0.515 ~0,200
3456 32,17 7462 0.797  -0.03 ~0.082
3465  30.99 8406 0.626 0,998 1,248
3496  33.56 4,62 0.672  ~0.879 ~14783
3498 8.10  33.44  ~0.798 0.100 ~0,125 \

Here MaRk - ofrective mass of AA -syste , P
ana P - A ema A nomenta in the iab Prame,
8:.-3 - Gottfried=-Jackson angle in AR c 1.t e,
GP? - angle between p and p directio 1 A end
7\. cem, frame respectively, ¢t - momentum tra te: . ok inci-

dent - to AK -gysten.
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