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SUMMARY

Diffractive coherent production of Q and L. Diffractive
* *
production of N (1470) and N (1700). Quasi two-body reactions;
Reconance hunting; inclusive reactions; search for =, Q and exotic

states.
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A

Introduction

1) We have been already involved in a 3 GeV/c K d experiment as part of
the SABRE Collaboration, and this could be an extension of the previous experiment
to higher energy with eventually more statistics and the analysis performed by
two groups on one measuring machine and with identical set of programs and com-
puters.

2) As far as we know, there is only one K d exposure in the momentum range
of 6 - 12 GeV/c with moderate statistics(l), while many high statistics exposures
have been taken and proposed at‘this momentum region with K'p, K'p and K*a. (2,

In particular there is a large K p exposure at 8.25 CeV/c taken at the CERN 2 m
buﬁble chamber.cs) A high statistics K d exposure at 8.25 GeV/c Qill be a natural

complementary experiment.

3) The choice of 8.25 GeV/c is further motivated by the following argument:
This energy is high enough compared to thé ldwvmomentum (3 - 5.5 GeV/c) exposures(l),
so that phase-space will generally peak above the interesting resonance structures.
Moreover, diffractive channels will be relg;ively more important at thié energy
than at lower energies, yielding important information on the nature of the diff-
ractively produced Q, L and N*(1470) effects. (See next chapter for further
details). On the other hand, non-diffractive reactions are still expected té be
seen at this region in a high-statistics experiments.(4)

4) Energy dependence of various reactions can be found by comparison with
exiﬁ;ing datacl) and with a recently propose& high-statistics K d exposure of the

JHU Group at around 12 GeV/c.(s)

II. Specific Points of Interest.

1) Diffractive Coherent Production: In recent results from a 12.6 GeV/c

K'd experiment(G), Q and L production are reported in the coherent final state
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K'd + K nhnd. | - ()
The signal to background ratio is much hiéher'in this pure I =‘1/2 Krm
system than in similar KN reactions, allowing a ﬁeaningful spin-parity analysis.
This analysis is easier in coherent channels .at -high energy because of the

+ - . - ~
, 3-...) and due to the smallness of

6)

suppressionc7) of natural'JP'series (17, 2
'd*(2200) overlap which goeS‘doWn'fast'with'inﬁreéSing energy. In particuliar

we shall try to solve the puzzle .of the L-meson, which has been seen in coherent
K-d(6) but not in coherenthfd'experiﬁents.cs’g) The structure within the Q-region
claimed b ‘o K+d(9) and K+p(10) data but not by  other: coherent states
(Kid at 12 GeV/c‘U’d)) will also be looked for. -We shall also test the assump-
tioncll) that JPC = 2°7 mesons can be produced via Pomeron exchange by searching
for a K*(1420) shoulder next to the Q peak and by separate spin-parity analyses

on both sides of the Q-bump. |

Estimated cross-sections and number of visible events above background are

given in table 1.

2) Diffractive Non-Coherent Production: a) The nature of the Q and L

~ structures will be further checked in the non-coherent final states:

"Kn -+ (K1 )n (2)
(Kn"1%)p (3)
(R°n " )p | (4)

In particular we shall try to find whether the Q effect is consistent
with one or several of the following hypotheses: resonance interpretation; non-
resonant kinematic effect; dual Regge parametrization(lz) in the region of small
M(K*n) or M(Kp). Reactionsi(s-d) are a decisive test for the kinematical hypothesis

(See Ferbel, ref. 11). We shall measure the Q and L density matrix elements as
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function of momentum transfer in the helicity and Jackson frames in order to test

s- and t-channel helicity conservation.
b) The existence of a higher_(diffractivéiy produced?) Kw{ZZOO), suggest-

ed by reference 13, will be also checked in the final states
K'n » (K(M™MN; n=1,2,3... (5)
K'n + (Ap)n , (6)
¢) The diffractive isobar produc#ion will be searched fbr in the 7N and

7N systems in the final states:

Kn > K (7 p) (75
- K-(ﬁ+1r—n) (8)
+ K (n°n p) ©

and will be compared to the non-diffractive channel:
K'n -+ Ko(n D). (10)
THe main interest in this study is in the N*(147C} since there are contra-
dictory results(l4) concerning its width, elasticity, Slope of diffraction peak
and spin-parity, indicating that the enhancement in production experiments may
be different from the Pli Roper iesonance found in phase-shift analyses. In
particular, theré are some hints that the diffractively pioduced low-mass object

in production experiments may have spin J > %f,(ls)

The K'n system is a good
Aplace to study isobars since there is only one combinati&n per event contrary to
NN or ﬂiN, and since many éharge combinations are detectable (reactions 7-10).

The 3-body final state (7) has further the advantage that there are no overlapping
‘meson resonances.

*
" Similarly, the nature of the N (1700) will be studied, with particular

emphasis on the unresolved questions of the spin-parity (there are at least five
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N and A states in this mass region from phase-shift analyses), Arn/Nwwm Iraction
. 14-16
. and w1dth.( )

Estimated cross-sections and number of visible events above background are
given in table ..

3) Coherent Non-Diffractive Production: The production mechanism of the

reactions

[
[y
—

K'd ~ K ~(890)d | (1
> K T(1420)d (12)

will be studied as well as the energy dependence of the cross-sections and of
the density matrix elements. The advantage of these reactions is that they
are produced with pure I=0 exchange mechanism (most probably w exchange);

therefore this is a good tool to study this kind of mechanisn.

* *
4) Kz Spectrum: In addition to the well-known K (890) and X (1420) reson-

. . . 7
ances, some Krm structures have been reported by various experiments at 1080(1 ),

11604418 1260017 | 1370019 | 17500200 4ng 1850071 Mev. We shall search

for such effects in the final state:

Kn + (K% )n (13)

as well as in reaction (7): The asymmetry in the decay distribution of the
*
Km system in the K (890) region and above will also be studied. At our energy

we expect to have low background underneath the resonances and little over-

lap of resonance bands.

5) Quasi-two-body Reactions: The K n system provides many quasi-two-body

. : . (22 . .
reactions at medium energles( ) which are produced via normal Regge exchange
mechanisms {contrary to diffractive processes produced via Pomeron exchange)

and consequently their cross-sections go down with the incoming energy. We
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sti” eoxpect to detect at our energy region the more copicusly produced
reactions with reasonable statistics (Table 2). Most of the numbers in

Table 2 are lower limits since they are obtained by assuming an energy
2
(22) of

*
dependence for the forward (cos® > 0) cross-sections

o = c¢pP? (14)

with n=2 (usually the exponent varies between 1 and 2) and by neglecting

* . (22) .
the backward (cos® < 0) cross-sections. We shall study the cross-sections,
angular distributions, energy dependence and production mechanism of the quasi-
two-body reactions and parametrize the results according to various theoret-
ical and phenomenological models (single particle and Regge exchange, cuark
model, etc.). We shall also compare the cross-sections (total anc differcntial)
and density matrix elements with similar KN reactions available at similar

. (2,3) . o . c e o

energies. In particular we shall check the deviation from exchange de-

generacy in the reactions K'p + K°A™" and.K'n - KOA-.(ZS)
g y in p

6) Resonance Hunting: a) Search for 3w struttures,(Al, AZ’ AS’ etc.) in

the 4c reaction:

Kn > A nn). (15)

: e
A narrow A2 and traces of the A1 were found in reaction {(15) at 3.9 GéV/c.k24)

The non-diffractive nature of the 3w system may provide a unique proof for the

resonance interpretation of the Al as well as a clean A2 signal with small

background which will enable a meaningful spin-parity analysis, a study of the

*
A2 production mechanism and a search for the unknownvAzKK vertex by isolating

the K* exchange contribution.
b) Search for Am structures above the I£(1385) in reaction (15) (£(1620),
£(1768), £(1915) etc.). The I(1620) was originally seen in reaction (15) at

3.9 GeV/cczs) and also at 4.5 GeV/c(26), but not at 3 Gev/c.(27)
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(28)

¢) Search for the B meson in the reaction
. - : + -0 N
Kn->Amrw); w=>7mT777 (16)

¢) ~ Examination of non-strange structures in the 1 GeV region, e.g.:
m,(980) in the reaction(zg'zl):
- - + - 0
Kn~>A(mn); n>mmm (y) (17)
-+ neutrals
) + - 0 - : o . . . (32,33)
and 7 7 w (or y) effects (M(9Sa), n'(958), H(990)) in the reactions :

Kn - Aw-(n+w~wo) ' (18)

- + -
+~ 2z (r ﬂo)

7) Inclusive Reactions: We shall study single particle distrioutions

(pL, Prs t, M(X) etc.) in various inclusive:reactions, such as:

Kn &% +x° (15a)
- A + X {19b)

%
-+ K + X (39¢)
>+ X (194d)

(34)

in order to check the limiting behaviour theoreis of Feynman and Yang

(35)

while comparing the results with other experiments.

8) Search for T , Q and Exotic States: In a large statistics X

* .
experiment one can look for higher Z resonances as well as for Q states,
although cross sections are expected to be quite low.

a) For each microbarn of the reaction

K'n > Q + anything (20a)
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- . - o . .
we expect to have a sample of V10 @ with a visible A~ in one of the main

decay modes

(20b)

New S=-3 I=0 states can be detected at ~8 GeV/c up to a mass of ~2.5 GeV.

b) A search will be done for possible exotic @  and g/, states in

the final states

7 - /o +‘ AN
Kn->Q =+ ... (e.g.: KK (21ia]

K- - ¥
n-> =z, + ... (e.g. X 2:ib)
32 (e.g.: X)) (210)

in the mass range from threshold up to ~v2.5 and V3.0 GeV respectively.
. * . . 5y . .
c) Higher 51/2 states will be looked for in the reactions
- *®
Kn~+% + ... (e.g.: K or K) (22)
d) Exotic states of strange and non-strange mesons and S=-1 and S=-2

, .
hyperons will be looked for up to higher mass ranges than beforet“°6)

III. Experimental Details.

We request at the first stage 300,000 pictures to be taken in the CERN 2
meter deuterium bubble-chamber. For a flux of 10 K mesons per picture we
expect to get ~16 events/ub/nucleon which will yield a total of ~300,000 K n
events. The measurements will be performed on our Spiral Reader, which is
already in full operation and measures 24 hours per day, 50 events per hour

o finish

ct

(this number will soon be improved by ~50%). We shall thus be able

H,y

all measurements in ~12-18 months. At a later stage we plan to ask for an
extension up to a total of one million pictures, provided preliminary results

will justify it.
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computing power includes 2 IBM 370/165 machires, one at the Weizmann

Our
Institute and one at the Technion, so we do not anticipate any computer tinme
problems.

manpower includes in both groups 8 physicists, 4-5 Ph.D. students,

d

5-6 programmers and more than 20 scanning and measuring staff.

Cur
About haif the

manpower will be working on this proposed experiment.
b S
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Table 1. Diffractive Reactions

Estimated cross-sections and number of visible events above background for 16 events/ub.

Reaction Estimated cross section Estimated no. of visible events
neatv bl > . R
ub
Kd+Qd~Krnrd 100 1600
> L7d»Knnd . 20 320
"Kn>Qn-=Knrrn 250 4000
+1n>X17n 40 640
- - % - 4 - .
XKn-=> KN {(1470) > K nv =« 30 ‘ 480
- % - - '
+ KN (1.2-1.6) K wp 100 1600

* - . . . x .
) The diffractive cross-sections are estimated from K~ results of adjacent

regions, assuming no energy dependence.



1 .CERN/TCC 72-9

Table 2. Non-Diffractive Reactions*

snd number of visible events above background for 1§ events/ub

Fstimated cross-sections

Re?ciion - Estimated cross section Estimated no. of visible events
ub
- * o -0 - -
Xn-=+=K (80)n~+Kmn 70 370
> K 7142000 » o 30 | 160
> %% (1236) >~ K% n 55 290
5¥0 - - .- . g
+~ K (890)4 (1236) - K m mn 110 1760
=*0 -feon oot ’
-+ K 7(1420)A (i236) » K w mn 48 770
+ 7 A(1405) 11 170
+-= A(1520) 20 250
- 7 A(1813) 14 150
- pOZ- - n+u—z- 10 160
> 0%+ o 01" 7 110
B A>urA>aanln A 13 140
> Anm T 10 110
> 3% 7 14 150
- 0+t
> I T 14 220
- - * - - To ot
Kd > Krtd™ s xrtea 7T 17 270
*_ - - oot
+ K" (890y¢ » Kor7a 11T . 23 120
- - *
‘Lower limits obtained by assuming a o ~ plab dependence for the forward (cos6 > 0)

w

cross-sections and neglecting the backward (cos6é < 0) cross-sections.

e i . PO v . L ;
Obtained by extrapolation from ref. 37. In the § cases, pure I=1/2 K or K exchange
is assumed.

Tt . -n 5 . . s . ;
f"Derlved from o ~ plab dependence, where n is estimated in each reaction separately

“t

- 1)
from results of two K d existing experiments at different incoming energies.k‘)
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