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ZYPIRON-NUCLION TIMAL STATE INTERACTION I
A »p =~ X*X ZXPEZRIMEINT AND THE 52(2130) S = = 1 STRANGE DIBARYLY

R. Frascaria’, X, Siedert’, J.P. Di delez*, G. Blanpied®, M. 3oivin'*
S. Bovet***, J. ?. Sgger'**, g, uznst‘, J.¥. Grossiord™™¥, T. Xayer~ <":ku{'

Ch. Perdrisat”, 2. ?reedom"', T. Reposeur®, 3, Saghai’", I. warde’,
J. Yonnet**

* IPN, Orsay (Framce)/ *'i¥s, Saclay (Ffrancel/ '*'U. Heuchatel (Suisse)

*y. Bonn (RFA)/ "IPN Lyon (Francel)/ . South Caroiina (USi)
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1 - SHORT REPORT ON THE H:

It bas been xnown for a long time from the study of the ra2aciion
K"d » & Ap that a structure exists in the Hp missing zass spectra near the
Z*n threshoid (H = 2129 ¥eV). Some spectra from the main {4 experizents
arz shown in g 1. All these experiments yisld a siructure Zor which
position and axdth are very similar. They are presentsd in Tablz 1 with the
zain experizental conditions. This was che 2xperizental situation around
1380. Such a sigral, called 5: (2130), needed 22w studies to clar
nature as a “kipematical" or “"dypamical” effact. Two new experiments then
came cut both bringing confirmations cf such a structure

its

The first one (Ref. 7) performed at CERN produced the strange
dibarvonic 5; system in the reaction X°d ~ ﬁ“H;, aad  the line-raversad
reaction n*d » % H: between 0.9 and 1.4 GeV/C. The two reactions were <one
at three diffareat Dpeam setting 1.4, 1.36 and 0.92 GeV/c for the {X"4)
experizent and 1.4, 1.2 ard 1.06 Ge¥/¢ for :h {r" 1) experizent. The
apalysis of thase data, on whish we will come Z

the
Sack lzzer la2ad Tsoa I), tas
characteristizs of whisa ara : :
(1) ¥ = 2129.8 %
7 ¢

r.=1s.

X

£ 2 MaV/c® and
2 MeV/c?

s
4.

vy
g
W

A typical spectrum for tie ' 4 - X' X rsaction is shewa iz Fig.
dotted curva corresronds o : 3reit Wigner rasonancs.



T axpers

zonentuxn for picn
correspending to the suz of %wo peaXs, one located at
centerad at 2139 MeV. We will 2ot discuss here this seccnd
as a shoulder in tas naiaz pearz centared at 2129 MeY ; one can only

?

that these two peaks were already dresent in the bubblie chazber exper
perfsormed by Tan et al. (Ref, 1). This second peak at 2133.3 = 3.7 Ye¥
T = 3.1 % 2.4 MeV has been presented in Ref. 8 as 3 good candidate for tas
Q* 2 Q* six quark triplet state named Df pradicted by ierzs ot 21.(Rel.9)

The differential cross section for the peak centered at 2129 eV £ollows

the =xpectad slope for a § state production.

To sum up the prasent experizental situation a clear signal Ior a two
baryon state (§ = - 1) is observad ina dAp~iavariant nass of these X7d or
n* 4 reactions at 2,129 t+ 9.03 The origine of this structure
unfortunasaly less clear : this is dve to the fact that the opening of
I'n at 2.129 and Z°p at 2.131 GeV channels producs cusps at chese iavariapt
@asses. Thus a3 detailed amalysis of the reaction has to De done to
disentangle the Xinematical cusp effscts from dynamical effects. Many
studies hava been done on this subject and a complete review up to 1330 can
be <Zound in a report by Dalitz (Ref, 19}.

Dosh and Stamatescu (Ref. 25) have calculated the coaversicn drocess
IN - A1 ia the X°d - APT reaction (Fig. 3, graph b) with also a nuclzon
exchange term (Fig. 3 graph a). The ¥ - &p aaplitudes ars cbtzined by 2
X-matrix forzalism with a further copstraint given by the aszasurad cres
sections of the processes Zp -~ An, I'p = 2°n, I"p = ¥'p and Z'2 =+ I°p. The
results of this calcuiatior are shown in TFig. 4a in comparisca with the
experizental results of Ref. 3 and Ref, &, In Fig 2, the cal=mlation has
been perforzed with constant hyperon-nucl2on scattaring ampli
that tie agreement can only be achieved HY introducing a sirucwure into the

Y

ig. 4

des, showing
nyperon-nuclecn scattering amplitudes.

denming azd Norris (Ref. 16) in an OBE =zcde
= OpR cross sactions Zor XU in 3light aad 3
2

7itzin th2 I and i a2ultiple
interaction for coupiad and 7 9,
calculated with bwoth 8DI-1 and 3CI~2 poten
agreement with the data of Rei. ! and Ref. 3 is obtain
Sh

5. Thers

Lo

o

. As showa

potential which has a2 AN resonance just pelow the IV thr
17) have yielded the saze zgrasment with

fig. 5, Dalitz and Delcif (Raf.
the MRS-F potential of RaZ., i, wkish also predizts z &\p resonance.



Pigot % al. (Ref. 7) a2nalysiag their own CERN rasulis oo
X"d - X ané " d -+ X'X reactions following the precadurs cf Dosx
reach the same conclusion : iZ che triplst 7N scattering amglicu
conversion ZIZH =~ &N process is taXen constant the calculation
sufficient =o Zully account for the experinentel data. It iIs particu
true for the 7~ d - X' X reaction at 1.4-1.2 GeV/c. They iatroduc
dibaryon represented Dy a Breit-Wigner shape and obtained tie =ass a3
width mentioned above. With a resonance centerad at 2130 MeV, they are abls
to reproduce the energy dependence of the producticn rate at 180° c.m.s.
for both reactions at the same tize.

Kerbikov et al. (Ref. 13) have performed a P-matrix 3analysis of tha
low energy YM interactions within the Jaffe-Low forazalism (Rei. 1i}.
Analysing the enhancement of the Ap invarianc mass near the I°n ctareshsid
they conclude that it should be identified as a P-matrix pariner of the
deuteron. The poie lies at M’° = {2,127 - i 0.00153) GeV and may >e
called a IZ¥ Dbound state and a Ap resonance. 3akker et al, (Ref. 13} Isuad
in a two~channel approximation i similar result.

Prasently the result of all these investigaticns is that
anpiitude of the reaction X "d - ANT does bnave a pole closa to the
thrashold, the origin of which is in the ¥N¥ intzractions and then appeariag
in =211 the amplitudes of the reactions ¥Y¥ - YH. The analysis of the daca,
zainly those of Ref. 1 and Ref. 3, favors the ¥YS 3DI-1 and ¥23-F potential
which both have a AN resonance just below the 2*n threshold.

the
'n

II - THE pp - X*X EXPERIMENT

As discussed before, the use of diffs
conditions can help to clarify the nature of

caz
22 ¥, In this sense, the

1

rent reactions or xizemari

niclzon

pp = K* X reaction is a sizple system in which the hyper
interaction car be studisd through <final state interaction (TSI ) hetusen
the

ypar

YN systam

the two baryons in the cutput chapnel, and thus any =fZze¢t in
can be chserved.

"1 axperizent was perforzed at
was iccurats Jut suile
and bad absolute momentum detarzinatica.
TSI just above the #p (2054 MeV) threshold
taken at g =0 for uwo diifsrent inciden: proton energias (T? =12
2.4 GeV).In these poor axpe ental conditions no anhancement ¥3s o
in tie didaryon aissing mass around the (IN)* thrashold.

t 3
aissing zass spectrz
5 and

[T



A asv zp = K'% axgeriaent has been perforne
ladberatory (LNS) 2igh resolutien to study
range cf memeniyn ansfer and a13sing mass . The
8P284 Dbeza line. axperizental set up has
(Ref. 19}). The SPISd bean line is a 32 metar long spectrenelsr w

o

allows tae jomentum analysis of particle up to 4 &2¥/c ; the solid 2agle o
the spectrometer is 20 = 2.3.107% with azomentum acceptance £&p/p = £ 1.3 %
and Tomentum resolution 10°*. The protons and pions are partly rejectsd by

neans of total reflection Cerenkov detectors. The discrizinatien between
particles (protons, pions and kaons) is obtained by velocity measurexzents
over a 16 meter flight path.

Using multidrift chambers, reconstruction of jpartizle trajectorias
are done at the focal plane and 3 2issing mass spectrua is ghtaized, Tha
results of this iavestcigation include cross sectiops for X° emission av
8!= 0, §, B, 10 and 12°, X' for protons of 2.} GaV. The 3, =5, 3, 13 ad
12" aissing mass spectra arz shown in Fig. 5. The error bars ares only
statistical. The spatial rescluticn in the dispersive plane is of the order
of 0.5 am, leading to a momentum resolution for the ratraging of about
0.25 YeV/c. at 1200 ¥eV/c. The energy lesses ia the target and iz th2
scintillaters at the intermediate focal slame amé the aultiplz scattaring
yialds an energy straggling of 1.5 ¥eV (FWHM). This has been checked on
22¢(p,p'} low level axcitations. The presentad 1issiag mass  specira,
shown, are the result of a coavolution of the data by 2.5 MeV bins.

The three spectra for 5 = 8°, 10", 12° shewing the same shape and
absolute cross sections have besn added anéd ars shown in Fig. 7 . Ths
dashed curve represents the 3-hody phase spaces (3-3PS) of the raacticns
(1), {2) and (3). The 2rror bars are only statistical. The enargy bin width
i5 1.5 MeV correspondiang to the experizental resolution. One observss twa
different ragions as conpared to the 3-BrS :

- the #p zass
FEI. The fu
the »p = X*
t3e one Xaon 2ange 1@
sroductisn ¢
the s~wave by a separabla
scattering length 2 and anm
singlat and triplat s-stafe {3 = - 1.3 ¢

lise in figure 7 shows prelimi
rential cross

- the {ZN)* mass rzgion where
appears at ths threshold. This



7 as a rasult of the subtracticn of

data. It is the first tiae that such 2 siructurs
op + X*X reaction,
.

Tts position and width can de daduced from 2 3rei
€it, The result is : W = 2131 % 1.5 Mev and T =
integrated cross section for its production i is
axperinment at 2 p" 2.3 GeV and for 3, = 10 £ 2" is of ths
500 ab/sr. Tais production rate is comparablz %o the cne Zcund ia
th r*'d - K'H: reaction and one order of magnitude smaller than in
the R°d + ®H} reaction studied in the experizent of Ref. 7. This
production rate is cliosely related to the nomentem transfer whic:
is low in the {(Z,®} experiment but rather nigh in tha(w,X) and
(p,X*) experiments.

In order to separate the diffaremt contridbutisns £iat cculid
participate in the forzation of this structurs a calcul

mechanisz of the reaction has to Dbe performed. In the Dbasic zesen
production process traditionally a meson exchange aodal is employad ané
fair agreement w#ith experiments 3aas been achieved in the case of
production where extensive data can be found. In the case
producticn early calculations done in the 1960's (Ref. 27) shewed that the
Xaon exchanga mechanisn dominates the 3p —+ X* fp. The sksletor of chis
aechanisa is shown in Fig. 8 graph a. The dozinance of tha K® exchanga tarx
over the ®* exchange term (Fig. 3, graph b) can be sizply understood i

comparison setween the praduccs & R x o{X*'p - X*p) and ¢ L, =
A pm N

-+ AK* ) is done. The two coupling constants GINN/J4f = 3.3 znd GHRY/ 4
ars npear the same dut o{K'p - X*p) (% 10 =b) deminates over c{R'p~
(€1 ab) by a faetor of tap in the Xa2on Dozentum range
6.1 < pK < 1 Ga¥/c. Thae ¥¥ final state interaction (FSI) ieads to triangle
diagrams ¢) and d) of Fig, 8 respectivaly in X*and %° zescn exchangs, ¥whars
Y 1is eitier the-Z or & hyperon. An interesting point is that in graph e,
the coupling ceastant ¥ - YX is naeeded, 1its walue Deeing - 1.07 for
N°X and 9.28 for NIX  (Ref. 12) : in the case of X meson exchangs a &
maiply preduced and the FSI is predominantly a & srocass. This
dynamical situaticn is very different i3 the case of the X~
vhers the triaagla CPF

tara. Morsover, cthe
Fermi nomentum distri
d(x,%) or 4(m,X) experiments. The
by ifagels et al. (Raf. 131) in a gemerzl baryon-baryen dascriziien ia taras

S e

ia
-]

1
£

i}

H

i3

]

. 2} is demina

ower part o the H|(2130)

ution of tke nucleons iz
5

(5}

~agran

<

o

+ p cross saction 2as besn calculated

of one-boson-excaange potentials wasre SU(3) ralactions arz 2ssumed for tie
coupliag of the different mesons. The resule of this calculation for ths <p
elastic cross sections is shown in Fig. for two céiffsrant potentials

3F




¥35-D and YRS~F. The NRS-T is censtraiat by aore Rhysical iagusl

ta a pole in the ’S‘ axpiitude which can be ralatad to the dzut

the 25 NV aaplitude. The real part of tle pole pecsizi

the ZI°p threshold energy. As one can see in the figure, tae
experizental data are very scarce in th
and cannot help to make a choice Dbetween the two potentials. i ce
calculation of graphs a} and ¢} of Fig. 8§ are in prcgress {Ref. 24).

To conclude, as mentioned by Dalitz (Ref. 10} the difficulty to
explain this cusp effect is <related to the large SU(3) breaking. This is
clearly shown for instance ian the baryon—baryon potential studias perfcrzed
by iagels et al. {(Ref. l1) where following a OBE model, the physical nesca
and baryon masses are usad in local potentials due to exchange of nempers
of the pseudosealir, vector and scalar-meson moaets. This 2nalysis lzads :o
the prediction of a pole in the ’SL Y aaplitude near the IV tarssholi
the strong cusp observed in the S = - 1 channel should corraspond to the
§ =0 deuteron. This does not allow to conclude that tinere is a &Y
resonance. The aore recent and more complete potsatiel (¥RS-T) from agels
et al. predicts such 2 resonance. Its existence of course strongly derends
on the pols position. The only way o go further is to get aora /A4
scattaring data. The #Ap -+ :p data are very scarce in the vicinity of thae
Z¥ threshold. The pp = K'X experiment provides a gcod =zean o gat these
informations. This kind of reaction iavolves large momentua transier but
yields production rate of the same order than in the d(w,X) rsaction. The
different kinematical conditicns ia the iacomiag chasnel {X aesom exchange
dominarnce, no deuteron Fermi  momentum) should suppress the
ZN - AN conversion process and help to diseataaglz the kinematical frem the
dynamical =2ffects. A detailed analysis of tie process is aeeéded and is in
progress. From a pure experizental point of view, morz sxclusive pp ~ 37X
experizents suchk as pp ~ X*%p and pp ~ X'Z'n reactions have to be studied.
Transfer polarisation to the hyperon can also te studizé in polarizad
proton scattering. 3All these experiments can 2e done it LNS wherz 2
strangeness production prograxz is schedulad,
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fig. 3

Fig. 4

Fig. 3

figure caption

Missing mass spectra obtained ip different K74 - pT7
experinents {(Ref. 1-8)

¥issing mass spectrum of the reaction w'd = "X at 1.4 GeV/c.
The dotted curve is for the H; contribution. MT is the
aultiplicity cut (from Ref. 7}

Skeleton diagrams for the reaction §°d -+ % /p taken into
account in the calculation of Ref. 25

Calculated missing mass spectra in the reaction X°& - 7°#p in
comparison with the data of Ref. 3 and 6 {respectively up and
down figures)

Fig. da : Set (I) of K-matrix sleuments

Fig. 4b : constant hyperon-nucleon amplitudes (from Ref. 25}

Result of the calculation of Dalitz and Deloff with two
different hyperon nucleon potentials (WRS-T : Ref. 11, BDI-1 :
Ref. 18) in comparison of the at rest X4 = Apx” data af 22f. 1
(from Ref. 17)

The LNS aissing zass spectra of the reaction pp ~ ¥*X at I, = 2.3 GeV,
for BK = 6, 8, 10 and 12°.

The summed missing mass spectrum between 3 and 12° from Tig. 6.
The data in the lower part of the figure are the result of the
subtraction of the 3 8PS to the ezperimental data Ia the (Z)
aissing mass region. The full line in the #p nass region is the
calculation of the Ap FSI in the iapulse anproxizatisn from
Ref. 26

Diagrams for the pp = X*X reaction in
Tig. 82 and b : respectively X-meson and7-neson exchinge
without baryon sarvon rascaitering

Tig, 3z and & : Ragsacsi-
Fig. 2ad € : Raspecii

TA3LE I

Zxperizental obsarvations of the H:(ZlJD) £ill 1830.



0

40

RUAR OF EVENTS

2c0

1€0
Tal HoTan
ico
50 0. Cilne at al
[} P

3 Q. Braun ot al

a

s:%%\
1:L WLu el L}

M\J&MM G.Alexander et al
e,

20, l]

10 hﬂi)‘\"fx Di. Eastwood st al

Ret{1]

rer{2]

Ret 3 ]

Ref {4}

Ref [ 5}

2.0 2.2 2.4 26
M (Gev/e2)

3

-
[
w

MM (Sevic?)

Fig. 2



-
w
— p——— o
o T Ao
oo ———— ~ .
—— .k
——— ]
——— — 3
—_— ., —_— = . . -
—_ A —_—
.« — —lZ
ey
—| e 1 bt £ >
L. 1 =) -~
M... m 0 © "7 .
.A%9) o k]
N
T =
— n @
= — \fo
——— e —— o~
== T —— _W
- — ———e o L3
——— —— n N
—— . y——— - i
— =
— T e
= —|8
, s ———— . (3 o~
g 5 3 8
[LA?9] o
< a
:;
E~,
Y
Z n
v Z
h\ o

= RRS<F polenticl

=~ =] 2ateatic]

A0

z050°

2130
m{Ap)HeY)

2050



=12

@ -

dg/ddM {nb/srxMeV)

VO YR T T WO T W T O VAT O T Y O O W O I O N O S W ) U0 U 00 T 00 VA U 6 QO Oy Y ) |




(ASWxIS/QUINPTIP/OP

R EE T B I e e e B g L v
I W e
=
e
N —
—= o P
— —FTo <
L T BT b
=N —=r]. bt
=g, s P L
. - ——
e Y .
=t ~ ———
) == R T e
B B oy
_ -t 1.
puret, - -
llwm vi.f-m ~
- -+ Il WS by >
8 =\ = of
. Fo RN i - Sz
S ErEa ..'...».r/ -8
at o -4 by
Shh 3 NE
- + & e /
e £
111 e
" aoaa 3\ b
a Ao -
- ‘ AN N
e
5 A= N\
- + s ~
P Tl o
vs 1 ~e=td 0
o IR
T (-9
S S S S U S P T ]
o ]
@ 8 ? 2



afl)

pUES

02

L

4 a
Fig. 8
o+ tehena-tideitey Aty ] 4 et n
L Reus i - Seareley

L . .
i) e [ERTS u 15 o 1 2
a

u
(e



Treddent | Rwiolu-| Number Jbservation in o
Wierencys Teaation Tlon 24 o LETh
aomenCn . il 2he alssing mass (VY1
Jet yrst
Gevie | Mevie* | ..., eir/e! (U2
Subble chamber t
.0 Jal € .48 - 200 230 -
et al, - - i
X - 20
e, 20
Subble chember
3. Cline % - 1400 226, <10,
et al, - -
Kd - 1)
Ret. 2
G. Alexaudar | Pubble chasder 9 M::o
o€ al. e 3. {moweatum 2130, -
- - cut oa
2t 3 Kd = 7 (ap) 1.406 i
7. 24
3 . .
Tai %o Tan | Subbla chamber | SCoPRnd| 1. W70 | 21287 2 25208 2T 19 g5y
. £d - T acos 2.6 | nn iten iden
Bubble chambar from 2127, 2 1.
_ . .67 B 1500
e « 7 co @ (p) et (&)
(AN} 925
D. Eastwood | 3ubble chambar 1.45 4600
ot al. (uick
and 3. momencua 2129, 10,
e, 6 "4 . 5 euc on
£d w {Ap) 1.65
0. 3raun 3ubble chamber .68 2129, = 4.
oo ai. . s s] 2 9600 | a shoulder £ill 5.3 2 1.5
4 - T a1
ef..3 L_ ™ 2180,
3.3. Coyal Jubble chamber 1.45 2130,
ec al. : un etfec 3 -
. e a ~ 500, 5 un etfec !
zef. 21 (a - T 220 |
1.68 2220, i
T
3.7, Goyal 3uible chamber 1.45 1560 |
ot al.
nd - and 01, 3 5.
T - T
Ref, 22 (R T VTTAD | 2400 i
|
M May ec al{X4 - T - X" | Zvenz axces
.a i 3200 .

ef, 23

(a§, L]

N zhreshold




