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УДК 539.172.5 - M-I6

A b s t r a c t

Фе-aave-investigated ЛЛ system» produced In the

31 ~ D interaction at incident pios. momentum 40 G©V/c.

Иге bump with 1J( Л Л )
 а
 3450 MeV/c

2
, Г <н 40 MeV/e

2
, ie

observed in the mass spectrum of Л Л eyeten. The angular

distribution of ЛA in this region does not contradict

j*
0
 • 2*~~. She spin state and spherical harmonic momenta

analysis in mass range 2.2? • 5.0 GeV/c gives strong indi-

cations on the existence three ̂ кмя1 states with the masses

of 2100 • 40 Ие7/с
2
, 2J?1O jk 25 UeV/c

2
, 2820 ± 40 BeV/c

2

and the widths of 65 • 50 He7/c, 124- + 53 MeV/c
2
, 132 + 80

HeV/c . The prefered quantum numbers of these states

are 3*", 2** and 4**, respectively.
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We hare already published *c/ the preliminary results

of investigation of the reaction

which has been performed by means of 6-m 1TEP spectrometer

/'' (established at S&rpukiiov IHEP PS). We have advanced

this investigation with the same beam momentum 40 GeV/c. In

last runs we used Ho end polyethelene target, which was pla-

ced somewhat nearer to the spectrometer in order to increase

the detection efficiency for large masses, M > 3 GeV/c. Be-

sides, the coincidence between beam telescope and large area

£ :intillation counter placed downstream the spectrometer was

introduced in trigger.

Fig* 1 presents the missing mass squared (11 д ) distri-

bution of observed events* We select the reaction (1) by the

condition -0.2 < M
2
 < 2,0 (GeV/cJ

2
. We have already paid

attention I'*
2
' to the existence of isolated group of events

in mass interval 3*5 - 3*5 GeV/c . Our new data prove the

existence of resonance in this mass region. There is signal

constituted of 14 events on the effective mass spectrum of

the Л Л -system (fig.2). The background, determined by

the power function approximation of the neighbouring bine,

amounts 3 events. The probability of observation these 14-

events is therefore t ^10"^, which corresponds to more than

5 standard deviations. Mass of this resonance is 34-30 ± 20

UeV/c ,width (uncorrected by experimental resolution) is



<65 MeV/c
2
. Main features of these 14 events are presented

In Table 1.To extract quantum numbers of this resonance, we

analysed ^G!-J and J «р_у distributions, and angu-

lar correlations between directions of P from Л decay

and p froa A decay (these directions are taken in A

and Л rest trainee respectively;. Tne computed distribution

ie (1 + $tf>sBf>f> ), rith $- at
1
 for S з 0, f *

^ - о^/З for S • 1, where o(, ш 0.64-7 is the Л decay

asymmetry parameter. Mean values cos 6pp are + 0.140

and -0.047 respectively. For events in the 3.43 GeV/c re-

gion cos врр s -0.18 + 0.15, which agrees with spin va-

lue S s 1.

fig. 3 illustrates the cos QQ-У distribution. Best

of all it agrees with assumption .P= 2 (L = Z), e.q.

IY6)= Z% | Yg,| • *ig« * presents the t distribu-

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

-parity exchange ruther well. We aave estimated the produc-

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

rune with liquid hydrogen target only*

Let us now turn to the analysis of angular distributions

in mass interval 2.22 < H. £ < 3.02 GeV/c . T!here are se-

rious reaecns to suppose, that production of ЛЛ system goes

predooinantely through the one-pion exchange; in the paper

' ' which deals with the analogous reaction <Sf~p-*-Pptv

convincing arguments in favour of such dominance were presen-

ted. In this case (5i*9i~-**AKJ the parity conservation

demands й=1, J s L + 1, ana as the system of two identical

bosons can exist in even orbital states only, so the folio-



wing quantum states are possible]

3
s0
 * 0** , 2** , 4+* and во on. (2)

To make Che analysis of angular distributions in mass inter-

val 2.22 < И.т < 3.02 GeV/c
2
 «e have refused from M

2
^ cut,

so our statistics increased approximately by 40% without chan-

ging our distributions visibly. On rig. 5 the distribution of

all events via ЛЛ transverse momentum squared is shown,

'l'his quantity is approximately equal to -(t-t^^), because

the overwhelning majority of events has total ЛЛ -momen-

tum near to incident beam momentum. In the region below
о

0.4 (GeV/e) the data are fitted veil to the exponential cur-
о

ve with the slope b я -7.9 (GeV/c) , which agrees well with

the value -6.7 tor the reaction р ^

following analysis ie restricted by the condition Fj. <T0.4

(GsV/cJ . Kig. о illustrates the approximate isotropy of the

Treiman-Yang angle distribution. On the same figure the dist-

ribution on correlation angle between directions of p from

Л decay and p rrom A decay is shown. One may see,.

that this distribution agrees well with the assumption that

S и 1; the mean value cos Opp
 s

 -0.0^2 ± 0.029 is close to

-0.04-7 for Ss1 . This testifies to the one-pion exchange do-

minance in the region *j. *> 0.4 (GeV/c) .

Now, the mass scale of the Л A system rrom thre-

shold 2.22 GeT/c
2
 to £.02 GeV/c2 was divided into 80 MeV/c2

bins, and tmnormalized moments were computed for each bin



i ,J(

Неге 1 - the event number, 67, j- - polar and aziimthal

angles in liottfried-Jackson frame (Л/1 c m . i:rame, Z di-

rection is parallel to incident beam, and Y direction is

perpendicular to production plane, as usual), and £ is

the spectrometer efficiency, computed by Monte-Carlo techni-

que. On fig. 7 the momenta with 1 ^ 6 ana m ;<c 2 are shown.

The momenta with m=<± are compatible with zero within error

limits, which presents additional argument in favour or one-

-pion exchange» In the behaviour of moment Д/< Yz/' *^
e

structure is clearly seen: two bumps, the rirst one (with

minor massj being near in position witn the mfjd.mum in the

mass spectrum, aad the other one corresponding to the shoul-

der in the mass spectrum, in the left bump region xriie moments

/V< )̂ /> and A/< Yl? are equal to zero, so that he-

re we have the orbital state L=1. Probable J values are

hence О or 2, out J=0 leads to И < Y
z
 ? = 0, so we at -

ribute to this state J s 2
+ +
. In the right bump region

Я < Y^> and N < Yl? show visible deviations from

zero» the higher moments are equal to aero within error li-

mits. This implies the existence of the L=5 state in the

right bump. JJTOBi two possible J values: 2 and 4 it is to

be chosen the last one, because in the case J-° the moment

& < Y(,* ? would be equal to zero. So we attribute

ш 4
+ +
 to this state. Фпе computed relations between



Y 't> V"* ч/° х/°
o
 > Г < U, > . < Ŷ  > ; < \

o
 > Г < U, > . < Y^ > ; < \ > f or *++ are 11 0.53 J

t 0.55 t 0.21, which agrees well with the experimental ones:

1.00 ± 0.15» 0.76 + 0,22 t 0,5> ± 0.23 * 0.35 ± 0»23.

The shape of Sf is well fitted to the imcohe-

rent sum of two Breit-Wigner curves with masses 2510 + 25

MeV/c
2
, 2620 ± 40 MeV/c

2
 and widths 132 + 80 KeV/c

2
, 124 ±

53 MeV/c (corrected for experimental resolution). On fig. 8

the folded angular distributions are presented, together with

eoKputed curves for 2** and Ц-**, using the formula

(the one-pion exchange gives U=0 for projections of J on Z

direction). Xhe above curves are normalized on total srea un-

der the hystogramf quite satisfactory agreement may be seen.

Por proving of resonance nature of observed structures,

one should assure that the phase goes through Ob /2 at the

point of maximum, but our aftatjsties doesn't allow us to do

such analysis•

P Z 2

A > 0.4 (GeV/o) , 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

H < Y
4
> , that indicates on the existence of L=5 state.

In this region cos ©pp = + 0.0?4 + 0.066, that is cloee

to the computed value +0.140 for S=O. If it's so, then it fol

lows directlyt J
5 0
 a 3

+
~. JJhe mass of this structure is 2400+

± 40 MeV/c
2
, width is 65 ± 50 MeV/o

2
.



'£h±s mass value is close to the half-established reso-

nance НИ^д (2375) • Recent work presents evidence

of a resonance in channel pp -»~ %+%~ with I = 0

: 4
+
*, with mass 2310 MeV/c

2
 and width 210 MeV/c

2
.

latter estimation of quantum numbers does not coincide with

our one*

As concernee to our structures in the region Jj. <0»4

(GeV/c)
2
 ; ЛЛ (2510) and Л Л (2820), there vas publi-

shed some evidence of resonances in annihilation channel

pp -»- %+%- '
7
' with mass 2480 MeV/c

2
 and width 264- MeV/c

2

(J s 5) > and in reaction 7</~p -*• pp rv ' *' , that we have al-

ready cited, with masses 2460 and 2550 MeV/r
2
 and widths 390

and 460 MeV/c
2
 (J=4 and 5 respectively).

To conclude, we present the summary of observed struc-

tures in the Sable 2.
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T a b l e

МлЯ

5371

5574

5581

5598

5402

5404

5416

5420

5*55

5445

5456

5465

5496

54У8

Рл

50.52

27.95
28.80

9.09

5.87
7.12

6.72

52.44

28.58

25.27

52.17

50.99

55.56
8.10

Р/С

9.27
'410

-28

*Э.95

55.99
52.64

54.00

7.25

13.45

16.77
7.62

8.06

4.62

55-44

С И * *

0.772

0.567

0.524

-0.677
-0.942

-0.939
-0.840

0.967
0.826

0.275

0.797
0.626

0.672

-0.798

-0.574

-0.511
-0.964

0.584

-0.855
0.778

-0.701

-0.278

-0.951

0.515
-0.031

О.99«

-0.879

0.100

(GeV/ef

-0.191

-0.171
-0.026

-0.121

-О.151
-0.168

-0.152

-0.551

-0,645

-0.200

-0.082

-1.248

-1.769

-0.125

Eere МлХ - effective mass at AA -syste , P/\

and * Л - Л аил Л momenta In the Х&Ь "rame,

8^-J - Gottfried-Jackson angle in M с i.f. лв,

Opp - angle between p and p* directio i Л and

A cm. frame respectively, t - momentum tra re: . ?ota Inci-

dent 9i~* to Л Л -Bjrste*.
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fig. 1* Hissing mass squared distribution of «rents

to ЛЛ •

JO'

го-

£0-

и
•

32Q en a &s

XV
«3 A/ J.4"

Tig. 2» Effective мае distribution for the



п
J 1_Г

Fig* 5. Gottfried-Jackson angle distribution for the

region near 3«*3

п п л

fig. 4. « disteibution for the region near 5.43 GeT
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j . 5. ft distributionPie. 5
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Pig. 6* Angular distributions tor Sx < 0*4 (GeV/e)2

i «



2.a 1» g.7 a» at ' зз as яя

M.g. 7» Unnormalijsed momenta for Px < 0.4 (GeV/c)
2



Pi <• 0.4 (GeV/сУ

to

60

Но

го

/
/

1

60

ко

20

j~7

0.5 0.5

Pig» 8» Angular distributions for structure ЛЛ

end ЛК (2820)



Pi >O

Pig. 9*UanoraaJJLzed monente for *l->0.4- (GeV/o)2.
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