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Productlon and“Decay Propertxes

of the K* (892) Produced in the React1on
K p - pR% " at 2.1, 2.45, and 2.64 BeV/c
Jerome H. Frledman and Ronald R. Ross :

_ Lawrence Radlatlon Laboratory :

University of California
Berkeleyj {California

. P January 14, 1966
We have measured the total cross section, differential cross section and

i‘K*(892) decay'correlations for the reaction

K'p - K*; (892);p' | _ D Do
e L}_{O;ﬁ_ ST
_Experlmental decay dlstributlons are c‘o‘nsivsten_t with the production and decay of
‘a K* r_elatively var.ee from interference with other process'es. The 4.300 K* ev.e.nts
vin the 'sample allowed us to determine the decay correlations as a:'funct.ion of
productiOn angle. Compari'son of these correlations with simple meson-exchange
- .models 1mply that pseudoscalar -meson exchange dominates the extreme forward
dlrectlon, whlle vector meson exchange seems to be responsible for the decay
vcorrelatlons atlarger angles ' - o
| The data analyzed came from a sample of 100 000 events of’ the two prong
+' A% topology obtamed in an exposure of the Lawrence Rad1at10n Laboratory 72- 1nx o
H2 bubble chamber to a separated K~ beam of 2.1, 2.45, 2. 58, 2.62, and 2. 68
, BeV/c 1 Events of the type in reaction (1) are four tlmes overconstramed by the
- requirements of energy and momentum conservatlon. Less than 1% of. these
"events' were ambiguous with other physical hypotheses. In all 7500 events of the
typev K-p '—* pl_(o ‘resulted from the measurements, of Wthh 7000 sat1sf1ed
' fiducial-v‘olume and beam-track criteria and are used in the analys1s.‘
We haye divided the events ,i:nt.o. three beam-momentum intervals with =
| mean momenta 2.1, 2.-.45,‘ and 2.64 BeV/c. | Table I give_s the number of:eve'nts-,‘

:vm



R R

_c2- o' UCRL-16604

t_h*e frac.tion of the .e'x‘/ents_ﬂin..w»hich*-a K= v(892) 1svproduced and the cross sectlons

for each :rnome’ntumbinterval More than 60% of the events in. the two lowest beam
momenta" and almost 60% in the upper result from K productlon. Pr'o‘ductlon_ of :
N"‘(1238),v (1688), N (1512), _ (1660), and Y (1765) are also observed -but'at
rates amountmg to 1ess than 16’70 in the most copxous case, ‘and of order 2 to 3% -
on the average.’ ‘ | ' | |

In fanaleing the K*b producti‘iion and 'decay': fproperties .i'\t has been cust’omary‘
to use kev;e'nts Within a given (I_{O-rr")“ mass interual around the K mass. The mass: 2

interval 1s chosen as a compromise between minimiz_ing contamination from.
non- K ‘events and m1n1m1zmg stat1st1ca1 errors. Qne is forced to include some
"background events. "1I,‘he assumptron of nomnterference'of backg"roun-d amplitude_s -'
’ ‘with the K production and decay amplitudes' is essential for this analysis, ‘but even -
the :"I.'noninterf-fering background' will cause errors in the»"determination of the K*
.-decay parameters |

We have avoided the arb1trar1ness of hmlts on the mass cut and allowed
for the effect of nonlnterfermg background by\r.usmg the maximum - 11ke11hood
method and a slmple model of nonmterfermg productlon rates to s1multaneously
' determme the amount of all knohvn resonances produced the K decay correlatlonv
coefficients, and the amount of nonresonant background Decay correlatmns of

other resonances produced were not mcluded .prlmarlly because of theJ.r small

rate of p’roduction The frequency function used for each event has the form

£, T, 1 - er . o :
P(x, r,ab c) = 2 N1 BW(E,,I" X)+ —N-p— _ R o
L BW(E K.p,x -)[r % + aYZ»(k) + bReYZ(k) + cR.eY (k)] L(_z)

-K" . . ) -
Here r1 is the relat1ve rate of productlon of“t'he ith: resonance N is the total phase
' space for the. ith resonance; BW is a Breit-Wigner functi_on of the_ mass Ei'and

- width I‘_i‘_of the ith resonance and of the appropriate effective mass combination '

i
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X. of the event; N is the total 3-body phase space for the ev'ent; _'Y.,rln‘(l:) is a

~

spher1cal harmonic whose argument k, is a un1t vector in the d1rect10n of the

2 .
™ and a, b, and c are the decay correlation coeff1c1ents of the K and are

re‘lated to the K spin-?densny matrix elements by the _formulae

(-30)'1/'2 c

12 (4n)1/er* :

In Eq (2) we have neglected the illegal" decay correlations of the K‘*,

1. €., those prohibited by angular momentum and parity conservation. -This
“assumes ithe K* .decays as a free’ part-lcle and. that there is no interference be-

' tween the K production and decay and other processes. M

J
[ ‘.

To determme the production angular distr1but10n and decay correlation ‘

coeffime\nts as.‘a function of production angle, w‘e divided the data at each .

. momentum into6 intervals in the production angle of the ®on" system. The |

intervals were chosen to include approximately’ 100 K events in each, Maximum -

hkelihood sollutions were obtalned for each of these intervals. Figure 1 and

Tab]_e II give the results of these solutions for 2.1, 2, 45 and 2.64 BeV/c._'

Si-nce the max1mum-11ke11hood solutions are based on a model not

' necessanly representatlve of the data, we compare the solutions to the data in

Figs. 2 and 3. i Events selected for these plots were required’ to have: aneft- .
fectlve R m mass in the range 0.816 to 0.976 BeV, in addition to the KOF pro- |
duction angular interval indicated.- This mass. cut has introduced an e'stimated
fraction of background events amounting to 5% at the most forvs.z,ard cosf inte_rval's
and 25% at the most backward The distributions shown refer only to the'decay |

of the K™ s but these distributions should be quiteé sensitive to the effects of’

int_erferenc_e b'etw_een the K production and deca’y amplitude, and other amplitudes.-
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‘Spec1flcally, any asymmetrles w1th respect to reflect1on about ¢ = O,and A, el e

. : :
180° or, after averaglng over ¢, about cos a = :0. are not account_ed for in our - .

'

model., !

| Flgure 2 contains plots of the decay dlstrlbutmn of the K w1th respect
to the cos1ne of the polar angle a and to the az1muthal angle ¢ for the 1nd1cated
productlon angle 1ntervals and 1nc1dent K- beam momenta. The solid curves are. k

pred1ct1ons of the likelihood solut1ons which take the form '

F- |l
f:Ij_(cos;q) =N 3/2 [po 0 cosza + 1_/2 (1 —pojo) smza]
and SR - B

1(4)) N [1 -2py _ cosé@], ._ i

where N normallzes to the number of e'vents in the plot. The ‘overall agreement‘
between the solutions and the data is quite:good. The data at 2.64 andv‘2.45“B.eV-/c N

show no significant asymmetries. ‘O-nlv the plot for -1:<€ &6s0 ¥ 0.2 at 2.1 'BeV/c

shows a marked asymmetry, It is not clear whether this.asymmetry in the -events .~

is attrlbutable to a fallure of the model or: due to a symmetric K* dlstnbutlon
plus an asymmetrlc nonmterfermg background
) . i o
F1gure 3 contains scatter plots of cosa versus ¢ for three Jud1c1ously

.chosen samples of events. The parameter of the model bemg tested here is

' pr1mar11y Re p1 0 through its contr1but1on to the 1ntens1ty of the K decay

2 2 -
I(cosa ¢) 4“ [pO o €Oos a + 1/2(1 Py 0) sin“a
i -pi 1 ' sin’a cosZ¢ '\/-é Re p1 0 s1n2a cos¢]
| The plots of Flg 2 are mdependent of thlS parameter, smce the average values : )

of cos¢ over 4) and of sin 2a over a are both zero. Since Re p,1 0 is small the
vden51ty of events is primarily determ1ned by the po 0 and p1 A ,ter'ms" however;
the shift of contours of equal 1ntens1ty as a function of ¢ is apparent in all three

plots,v and_ the events follow these shifts. Flgure 3a contains events at all
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momenta and all production angles, serving as an overall check on the solutions,

Events on Fig. 3 b and ¢ were chosen to illustrate regions where cos a and sin’a

terms were dominant, respectively.

The:consistency between the data-and the likelihood solution based on our

simple model suggest that the K" produced in the reaction studied here is essen-

tially free from interference, and can be used to test theoretical models of pro-
duction and decay which assume production of a free K"
Qualitative features of the decay distributions of Fig. 2 for the 2.64-BeV/c.

data sho.w the following: {(a) In the extrenﬁe forward direction (0.95 < cosa < 1),

there is a stroﬁg cos?a polar distribution and a somewhat flat azimuth distribution.
This is characteristic of pseudoscalar exchange in the production process. (b) In
the intermediate (0.7 < cosa < 0.875) and backward (-1 < cosd S 0.7) directions
there are strong sinza polar distributions and 1 - a cos2¢ azimuth distributions,
characteristic of vector exchange. (c) In the plot for 0.875 < cos@ < 0.95, there
is a relatively flat polar distribution and a modevrate 1 - a cosd azimuth distri-
bution, w}lich may result from a combination of pseudoscalar‘and. vector exchange.
Although somewhat most limifed in statistics, the data at 2.1 and 2.45 BeV/c exhibit
the same gene-‘ral features. These qualitative features of the data have been pre-
dicted by Jac‘kson et al. 3 using a meson-exchange model with corrections for
initial- and final-state absorptions. | |

In. fifting the K**'L prodﬁction aifferential cross section in the reaction
K+p - K*+p, 4 Jackson et al. .found two po'ssible solutions that fit the data equally

well. Solution I gave destructive interference in the forward direction between

the pion and vector~exchangeﬁ amplitudes and Solution Il gave constructive inter-

ference. Using the vector coupling constants determined from the k' data and

: , < LA
absorption pararmeters appropriate to the reaction K p ~ K p, they compared

their result to Kq‘%;producti.on and decay at 3 BeV/c. > Both solutions prediéted
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= t};ej' s'pin—density.'ma.ntri"xvc‘ele‘rrie'ri.t;s.'withiﬁ:erfors, buf-pre_dicted a d0 /a9 that
_ was about 50%.too small. . iv.lI“acks.on and Donohue6 have detérmihed a new set
v.c‘»f pba‘:c.'ambe't'ers in the vregiorl_l of their old solution II7. by fitting to fhe differential
- été'ss section at 2.64 BeV/c shown in F:ig.. 1. No acceptable values of £ and 1
;-.coul:d befound for parameters in the region of solution I. Using thé new set
” 0£ pararﬁété,rs‘ they h,aQ_e calculated al_i the solid curves drawn o’ver the data
- of Fig. 1. Thé o._verall agreement is remarkably good considering the small
'  -_ _nuﬁber of parameters enterivn‘vg into the theory and the fact that the only infor -
mation fed in is the.differential-scattering cross section. At 2;64 BeV/c., the
- fit to the differential cross ’sectvion.vis very good and the piedictions are Falso
‘.‘quite accvepta.ble for PO 0 and Re\ﬁ1 0 The theoretical curve seems to sys-
tematically overestimvatevpi -i by avsta‘ndard deviation or so. bThe éame seems
vto be true for 2.45 BeV/c except that the theoretical curve underestimates the |
differential cross section slightly although giving good agreement to its shape.
At 2.1 BeV/c the agreement of fhe theoretical curves with the spin-density
rﬁatrix elements is acceptable; hbwever, the underestimation of the differential
cross section is rﬁuch more exaggerated. This diffic{zlty in pfedicting abhso-
lute cross sections for K* production as a function of energy, where vector
exchange is involved, has already beén found by Jack_s.on*et al. 3 in.comparing
K+p'data at 3 and 5 BeV/c. Reasons have been advanced to explain why the
absorption model should not work for vector e#change, 3"8 but as yet no satis-
factory model has been advanced to take its piace. |
In summary, Fig. 1 and Table II contain our measurements of the
production and decéy properties of the K’*- in K p interactions at 2.1, 2.45,
and 2.64 BeV/c. B{écause of the ag.reemeht in Figs., 2'and 3 between the data
. and the :1ike1ihoobc_i§-01ut;i‘ohs b:é;sed ona frée K*'model,. we believe the K* is

produced and decays without significant interference with other processes.

i . . H
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The absorpfion model is capable of represeh’qing the qualitative features of
the decay of the K but fails, again, to predict energy dependence of the total

production cross section.

We aéknowle_:dge: the support and coope.:rati.ori of many 1ﬁembers of the
Alvarez group. We thank Professor Luis Alvarez for his cohtinued encourage-
ment and support. We are indebted to J. D. Jackson and J. T. Donohue for
useful discussions and for the theoretical curves of Fig. 1. We acknowledge
with thanks the efforts of the people who helped with the scanning and measuring,

and of the 72-in. bubble chamber and Bevatron operating crews,

!



-8- ' ' . UCRL-16604

\"

FOOTNOTES AND REFERENCES

Work sponsored by the ,U S Atornlc Energy Commlssmn

'1_.

J. J Murray, J Button Shafer, F. T. Shively, G. H. Trllllng. J. A. Kadyk,

A, thtenberg, D. M. Slegel J. s. Lmdsey, and D. Merrill, ASeparated

‘2-’5 to 2.8 GeV/c K~ Beam at the Bevatron, presented at the 1964 Internat1onal

Conference on High Energy Phys1cs, Dubna, August 5-15, 1964, Lawrence '

"»Radlatlon Laboratory. Report UCRL 11426 July 1964 (unpublished).

Th_e coordinate system in the rest frame of the K™ for its decay is chosen

'so that the polar axis is in the direction of the incident K~, and the y axis

is the normal to the production plane defined by A = (p' XK/ [pXK"]. Here
p' is' a unit vector in the direction of the final-state proton, and K- is a unit
vector in the direction of the K. ~ The X-axis is then chosen so as to make
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communication, # These calculations differ from those of Ref. 3 in that exact

 partial-wave surhis are used instead of the Bessel-function approximations.
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i

In the notation of Ref, 3, the'vaiues’ of the parameters that were used to

-construct the distribution ih.Fig. 1 are § = -1,8 andn = -1.1. Choosing

values of £ and n along the line 2.2 £ - n = -2.9. changes the fit to do /dQ

very little but does change the curves forvpo. 0’ etc. The values chosen
are those giving the best representation of the spin-density-matrix elements,

J. S. Ball and W. R, Fraser, Phys. Rev. Letters 14, 746 (19'65),‘
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' Table'I. - Number of events and cross sections as a function of

momentum., Cross-section determinations include corrections

-épplied to the observed numbers of events for neutral decay. o

‘modes of Ko (3.0) as well as .the ﬁduc'ialz-vv.olume escape and short

.‘ length ®° (1.06).

% K" (892)

Total cross section

Number (mb)
Momentum of _ in 0 - : -—-Om v o
(Bev/c) events .. K'p>pK'n . Kp—-pKnm Kp—=K p
v K'.'p;»pKofr' . :
2.1 2340  65.3+1.8 2.05%,10 1.34%.,08 -
| 12.45 926 61.2%2.6 1.79+.10 1.10%,08
2.64 3727 57.6%1.2 1.45+.09  0.83%.05
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Ta.ble II. Number of events, differential cross section and sp1n density matrix elements of
K*(892) as a function of production angle.

Cosh Number do/daQ

p p Re p.
interval of K*(892) (mb/sterad) 00 : 1-1 10
A, 2.1 BeV/c
0.975to 1 96+13 0.53+.07 - 0.53 +.10 0.03+.08 -0.11+.05
0.95 to 0.975 8412 0.46%.07 0.37 £.10 0.11+.08 -0.04+.05
0.9 to 0.95 20316 0.56+.04 0.42 .06 0.06+£,05 0.00+.03
0.85 to 0.9 17245 0.47+.04 0.29 =06 0.20%,05 -0.04+.04
0.8 to 0.85 o 124#13 0.34+.04 0.35 +08 0.17+.06 -0,14+,04
0.7 to 0.8 21417 0.30+.03 0.34 +.05 0.29+.04 -0.01%.03
0.6 to 0.7 142+14 0.20+.03 0.17 =06 0.24+,05 -0.03+.03
0.4 to 0.6 17215 0.12+.02 0.15 £.05 0.30+.05 0.06+.03
0.2 to 0.4 91%12 0.06+.01 0.18 +.08 0.20£,09 -0.01.06
-0.2  to 0.2 124+15 0.04£.01 0.00 .06 0.00+.08 0.02+£.05
-1 to-0.2 124%16 0.03+.01 0.20 .09 0.141#,08 -0.14%.05
-1 to 1 15284532 0.106+.006 0.255+.020 0.155+,018 -0.03+, 011
B. 2.45 BeV/c
0.9 to 1 - 199+16 0.60+.05 0.48+.06 0.22+,04 -0.06.03
0.8 to 0.9 120£13 0.36+.03 0.25+.08 0.22+,06 -0.04%.04
0.6 to 0.8 10312 0.16+,02 0.32+.08 0.15+.07 0.00+.05
0.2 to 0.6 8611 0.06+.01 0.14+.09 0.19+.08 -0.03+.04
-0.2 to 0.2 45%9 0.01+.01 . 0.04+.12 0.26%,11 0.06%.06
-1 to-0.2 28£9 0.005+.01 0.00+.147 0.09+,20 -0.22%.10
-1 to 1 596&32 0.087+.006 0.280+.033 0.230+.029 -0.039+.018
C. 2.64 BeV/c
0.9875 to 1 113+14 0.55+.06 0.74+.08 0.09+.05 -0.05+.05
0.975 to 0.9875 C41T7+13 0.57+.06 0.68+.08 0.09+.05 -0.09+.04
0.95 to 0.975 21447 0.52+.04 0.55.06 0.16,04 -0.06+.03
0.925 to 0.95 17915 0.43%,03 0.38+.06 0.18%.05 -0.08+.03
0.9 to 0.925 16615 0.40+.03 0.34%,07 0.27+£.05 0.00+.03
0.875 to 0.9 © 45014 0.36+.03 0.26%,06 0.28+.05 -0.04+.03
0.85 to 0.875 148+14 0.36+.03 0.25+.06 0.30+.05 -0.01+.04
0.825 to 0.85 11912 0.28%.03 0.25+,07 0.33+.05 -0.03+.04
0.8 to 0.825 88+11 0.21+.03 0.23+.08 0.29+.09 -0.03+.05
0.75 to 0.8 144%14 0.17+£.02 0.18+.06 0.30+.05 -0.03+.04
0.7 to 0.75 12412 0.15%,02 0.26£,07 0.25%. 06 -0.05+.04
0.6 to 0.7 16115 0.11£.01 0.16£.05 0.24+.06 0.00%.03
0.5 to 0.6 108x12 - 0.06+.01 0.14%.07 0.20+.09 -0.03+.04
0.2 to 0.5 18316 0.03+.01 0.08+.05 0.35+.05 0.01+£.03
-0.2 to 0.2 124413 0.02%,01 0.00+,05 0.31%.07 -0.03+,02
-1 to -0.2 61+12 0.01+.01 0.00+.15 0.31£.13 -0.04+.07
-1 to 1 2147+£57°¢ 0.0664.003 0.259+.017 0.252+.014 -0.035+.009
a'Surn of column 2 = 1543
Sum of column 2 = 581

2196

Sum of column 2
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| _“'ﬁ'_ on | FIGURE LEG.E'N']xJSY
Flg. 1, l‘Different.ial cross s.ection ana spin-density matrix '.elemehts asa
) fuhctlon of productlon angle for the three momentum 1ntervals The.
sohd curves are pred1ct10ns of the ab sor-pt1on model based on.a fit te'. L
the d1fferent1a1 scatterlng cross sectlon at 2 64 BeV/c.6 7 ‘
Flig.' 2. Polar cosine and azimuth decay-angle drstnbutmns of'the i{*(892)
‘at:2.1, 2.45, and 2.64 BeV/c for various intervals in production angie;
" The coordinate system is de‘finea in the text? The events plotted have o
a Kow effectlve mass between 0. 816 and 0. 976 BeV. \ The solid curves
~are the distributions predlcted by the maximum- 11ke11hood solutlon
employlng only "legal' moments. N
F1g 3 ‘Scatter plots of polar cosine vs azimuth angle (a) for»all events
summeé over all production ang\bles and beam momenta, .(b) f'or 2.64
BeV/c, with 0.95 < cosh < 1.0, illuj.str'atingva region most deminated‘
by a large cos®a term, and (c) for 2.64 BeV/c, with 0.7 < ‘cos.G. S‘(.).'875,'
illustrating a regien dominated by a large sihzu term. The s’oliti lines
are lines of equal relative intensity predicted by the solutions given in

Table II for (b) and (c). For (a) the parameters are the approprlate

average of the parameters in the last row of Table IL.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or -
implied, with respect to the accuracy, completeness,
.or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that’
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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