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Y* SEARCH
T. A. Lasinski
Lawrence Berkeley Laboratory

University of California.
Berkeley, California 94720

September 1972

In this talk I shall attempt to summarize thev Y* situation in
the ~1600 to ~1900 MéV mass region. I shall concentrate on the lower
partial waves (S, Pi’ P3, D3),' where we seem to be still a long way
from having any sort of quantitative agreement among various partial
wave analyses.
I. Data: Old and New

The " first generation'' experiments which were nearly completed
or well under way at the time of the Duke Conference on hyperons
(April 1970) are summarized in Fig. 1. (1) The vast majority of KN
formation experiments have utilized the bubble chamber. Such ex-
periments have the advantage of seeing all relevant final states (in
particular, K°n, Am, =n) at once. On the other hand, they suffer from
low statistics as compared to "N counter experiments at similar mo-
menta. Even the find polarization measurements of the CERN-Holland
group(z) come out on the short end when compared to similar N ex-
periments. The hard experimental reality of this situation is that K
beams are simply much less intense than m beams atthese low mo-
menta. This fact mustbe borne in mind when we contrast our under- .
standing of KN partial waves with those of wN.

The " second generation'" experiments in progress are sum-~
marized in Fig. 2. (1) These new experiments should be qﬁite useful
in provi&ing a more precise determination of the lower partial waves

in the 1600 to 1900 MeV mass region.
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The only new data relevant to the Y™ search presented to this
conference is that of the Chicago-LBL (Ch-LBL) collaboration. 3)
They report on some 90 000 events from the reactions K p -K’n,

A and =*rT. The data came from an exposure at nine momenta
between 860 and 1000 MeV/c in the LBL 25" HBC. The quality of
their data is shown in Figs. 3-5. The Am statistics at nine momenta
are nearly as good as the K p statistics of the CHS experiment at
some 20 momenta. It should be mentioned that the curves shown are
not Legendre polynomial fits but rather the results of single-channel,
partial wave analyses performed by Ch-LBL. ' In addition to their
new data, they also used in their analysis, data between 780 and'
1220 MeV/c (1690-1900 MeV in mass) from the literature, including
K p polarization data. (4) The overall fit is quite good, with XZ/DF
varying from 1.15 in the KN channel to 1.06 in the Am. This should be
kept in mind when we compare their solutions with others in the same

mass region.

_II. Methods of Partial Wave Analyses

Below I shall compare six analyses which cover the 1690 to
1900 MeV mass region. First, however, I must summarize the various
amplitude parametrizations used in these analyses.

1. Energy-dependent single-channel analyses

Each partial wave is assumed to be of the form

Xei¢
Tye =2t Dbl-py) + ZELE)
—r !

Here a and b are complex parameters and the background has been

.. given some energy dependence (p is often taken as the laboratory mo-

mentum). These parameters and those of the resonance



1/2 N
- x = Fel/F [or(l"el Pin) /T']1, E_, T — are detecrmined by fits to

R
the data. The additional phase parameter (eid')) expresses the well-
known fact‘s) that the resonance can be rotated relative to the back-
ground.
Comments:

a) In this approach, one channel is fit at a time

b) “The range of energy in the fit must be restricted since the ''linear"
background eventually breaks unitarity.

c) The 811(1750) and P03(1860) which all analyses claim to see were
first suggested(é) through the use of this approach.

d) The majority of the CHS collaboration (~1540 to ~1900 MeV),

analyses and the Ch-LBL analysis use this method.

2. Energy dependent, coupled channel K-matrix
In this approach the K-matrix formalism is used

_ -1
th'I—K[i-lQK] ,

where the channels are KN, Aw, =n and usually an additional " junk"

channel to account for three {or more) body final stateé.- In the anal-

ysis of Kim(7) {(~1430 to 1900 MeV) K is essentially giveh by an effective

range expansio.h,- . o v
@'k, - M9+ M E-E)+- - -

where the free parameters are the (symmetric) Mij's. In a new, pre-

liminary analysis submitted to this conference, Lea, Oades, Martin

and Moorhouse (©) (LOMM, ~1540 to 1900 MeV) have used"

, L @)
(Q“KQ")ij=z —EF— tviyE-Ey
T r .

2
: . 2£+1
where the channel widths are given essentially by I‘i(r) =q; (yi(r)) .

Comments:

a) In this approach unitarity is insured so long as K is real sym-
metric. If three body final stateé are not too significant the ' junk"
channel approximation should be adequate.

b) In practice Kim fitted over energy intervals, M(o) for the
(nt1)-interval being given by M for the nth interval.

c) For one resonance the expression of LOMM gives é facl_:orizable.'_
Breit-Wigner in T. Unlike that of Kim, the LOMM parameterization
permits them to introduce resonances one at a t.ime. This particular
approach may in fact be the most economic parameterization of more
or less general applicability.

3. Ene;gy-indepéndent analyses — almost

Two energy-independent analyses have been attempted over the
energy interval ~1540 to ~1900 MeV: that of the CERN-Heidelberg
(CH) collaboration(g) and a more recent are by Langbein and

Wagner(i'o)(LW). Both of these analyses impose some sort of multi-

"channel unitarity constraint. In addition they both are not strictly

energy independent in that the higher partial wave resonances (D15
and F15~) are -included as Breit-Wigner resonances, acting in some
sense as analysers for,thé lower partiai waves.
III. Comparison of the Solutions
We may now compare the various solutions. Many of the dis-

crepancies we see are due to the following factors:

1) Use of somewhat different data sets,

2) Different approaches to the partial wave analysis as discussed
above. |

While these differences may suggest that a comparison is unfair, it

should be remembered that if the data were really good, minor.
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differences in the analyses ought still in principle to prodﬁ.ce similar
quantitative conclusions as to the behavior of the partial w‘ave arﬁpli-
tudes.

The S,, waves for the KN, I, and Am channels are shown in
Figs. 6-8. The CHS:ED ahalysis is a summary from Ref. 11; it
should be copsidéred as only a rough guide, since it repfesents the
earliest attempt at determining ‘t‘hve 1ow§f waves. While optimistically
we might say there is some qualitative agreement among these solu-
tions; it seems clear that we are still far from‘a good understanding
of this wave.

Notice that thfe’Ch-LBL analysis actually suggésfs two S“

resonances iri the 1740 MeV mass region. The evidence for this

cornes primarily from their new data in the Zv and Aw channels. In

‘particular they find—when only one 511 is included —two different

solutions of similar XZ but with distinct resonance parameters. When
they include both resonances, they find in fact that their fit becomes
somewhat better. Although such evidence cannot be considered con-

clusive, it is clear that future analysis should examine this pos-

- sibility. This is especially important in view of the fact that the

(70, 17) re‘preséﬁfation of the quark model requires two S11 res-
onances in this mass region.
A similar situation exists in the D13 waves shown in Figs. 9-11.

Again there is at best qualitative agreement among the solutions.

' Here, as before, the Ch-LBL analysis indicates the data could be

quite consistent with the existence of two D13 states in the 1730 MeV
region, provided they had very weak couplings to fhe KN channel.

In this case, howev‘er, the improvement in xz is nof as impressive

for_.:eiihgr Dy, Th_ey." m,entipn“t,his ;%o}ssibility only to provide limits

‘likely at ~1860 MeV. This resonance was once thoughf to be F
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as to size of the resonant.amplitudes which are consistent with the -
data at this encrgy.

In Tablel, I have summmarized the current situation with respect
to Y*'s in the lower partial waves. It should be noted that widths and
couplings of these states often strongly (iisagree among these solutions
even when the masses are comparable. The.states in squvar.e brackets
are generally acéepted‘ as well known. .

Comménts: | ‘ »

SOi:' The Ch-LBL analysis seems unable tovfind evidence for tﬁis—
state. The analys;as whi;h do see it are not unanimoﬁs about the ‘
elasticity, Which.ranges frorr; ~0.2 to ~0.8!

P01: There may be something near ~ 1750 MeV. ‘The Ch-LBL analysis,
ho;ver, oﬁly fin&s this effect in Zn. Note that the other analysgs are
coupled channel.

Po3: Everyone agr.ees that there is an effect in this wave, most
cely but

07’

seems to have definitely ruled out this spin.

{2)

K p polarization data

D03: The (70, 17) representation of the quark mo.del needs anothef

D03 near 1809 MeV..

Sii _Everyone finds ‘at least one resonance at ~ 1750 MeV. LW and’

Kim find a second effect at ~1620 MeV. The Ch-LBL data are consistent

with the existence of two resonances at ~ 1750 MeV.

P“v: '""Second generation'' data in this region should determine whether
the P“(1600) exists.

Pyt Seems unlikély?

43¢ This wave should be studied carefully. Again the new data

W

should be qui,te‘useful here.



IV. The Y"(1405) |
Dalitz has suggested that the low-energy 501 wave be fit with a
K-matrix of the form )
cc’

K=K.b+ E_—EO,

where Kb is alreal, constant matrix,. C a real, constant vector,
and EO = 1405. With the presently available data it is possible to fit
S01 witﬁ only the Kb term if one does not go too far above threshold.
In this case, the Y*(1405) would be interpreted as a bound state of the
KN system. A fit with the above parametrization (C#O), however,
would suggest that the Y*(1405) actually arises from forces in some
higher-mass closed channel.
In a contribution to this _éonference, Dobson and McElhaney(-iz)

argue that this issue cannot really be deci&ed with available data. To
' determihe better mass and width parameters for Y*(1405), Chao,

(

Kraemer, Martin and Thomas 13) have included Iw production data
in their K-matrix fit to low-energy KN data. They conclude that this
must be done to constrain the 1Z — nZ channel and thereby really

.
determine the position of ¥ (1405). The point I wish to make with

regard to these analyses is'that the low-energy KN formation data is .

not sufficiently precisé to answer thé qu‘estion raised by Dalitz.
V. Conclusions
The Ch-LBL analysis (1690-1900 MeV) suggests the possibility

of two S11 states in fhe ~ 1740 MeV region. This hypothesis is con-
sistent with their new data (~1730-1794 MeV) for K°n, =, Ar final
states, as well as with all older data available in this region. A

€ similar possibility exists for the D13 partial wave. It is obvioﬁs that
these. states cannot be co_nsid;efed established until they are seen by

_ other partial wave analysés ﬁhich incude the new Ch-LBL data. On
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the other hand, it is clear that future analyses shoula investigate the.
possibility of two resorances close in mass in the same partial wave.
Reliable theoretical estimates of where such states are to be found
cduld be useful in this difficult search, though they should not bias it.
The lower KN partial waves in the 1600-1900 MeV region are

at best only qua’litaiively understood. Hopefully the 'l"second genera-
tion" experiments may give us 5 more reliable quantative meAasu.'re
of them. In this region, the Qaves which neéd the closest objeétivé
scrutiny, in view of SU(3) and quark model(i.‘;) predictions, are Ithe'
S

S D,,and D

11’ P11, 13 03 Of course, surprises.in other waves

01’
should not be missed because of theoretical prejudice.

Even with new data, energy-independent analyses may still -
prove difficult to perform. In this event, an energy-dependent anal.ysis
using an economic parametrizaﬁon—-épplicable over a broad energy
range —such as that advocated by LOMM may be I'I-IOSC reliable. Future
analyses should cover as large an energy intérval as is possible; con-
fiﬁuity over broad energy regions may be our most p;)we rful tool in

ruling out spurious solutions.
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Table I. Lower wave resonant states claimed in recent partial wave
analyses. States in brackets are ' well known."

New PWA
New Data . "O1d" PWA
Ch-LBL LOMM LW KIM CH(S)
s [1670] [1668] [1640] [1670] -~  [1670]
01 "No 1830 - . 18307 1780 1870
EN
1620 1570  1740-1800
Poq 1445, - 1780 1755
P 1885 1863 1850 17107 1880
03 KN rosa00 KN
Dys [ 1690] [1690] {1690] [1690] [1690]
s 1730 8 1750 1630 1620
11 1750 10 1750 1790 1750
P, - 1620 - ~1600- - ~1600
P, - - 1840 - ~17007?
. : [1665] [1670] - [1670] [1670] [1670]
D, 1700\ Ar 1863 !

1752 | Zm

RO

L4}
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