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ANALYSIS OF 1347 v~ DECAYS®
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Lawrence Radiation Laboratory

University of California
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Reaulta are preaented concerning the 7 decay mode of a homogeneoua

oample of 1347 K decaying in flight in the 15-inch Lawrence Radiation Laboratory

Hydrogen bubble chamber.

Iﬁ' weak interactiona are invaria.nt under ti.me revermal. tha apectra for
the c.m. kinetic energies of the piona omitted in v decay will be identical for
both charged otates of tho K meson. A comparicon of our data with the total

available statictice on Py decay indicates good agreement between the two. .Fo'r

this reason, the data for 'r+ and 7 have been combined, and the be@t' fito to

sér'aight lincs for the relevant spectra are'givén. Using the equations qﬁ Khuri
and Treim&n-l to relate the combined data to tﬁé difference between the = 2 and
'I‘.= ¢ 'f‘}sv.;ave ww ccattering lengthb‘.- we find _éz 8= (O.?&.i) (’h/mwc),

The events studied are the decays of K~ ma;;onﬂ that varied in laboratory
momentum Pj, between 300 and 850 Mov/c. 2 Over thio momentum raﬁga 0o
apprec'i&ble sémmﬁng bicoes were observed. For relliat;le Vmea'murememm,'
ho',\#'e\.rer. decay events wore accepied only _M‘thay o_c'cur'x'ed withih a premelécwd
ﬁdgci&l volume. -

The moasured track variables for 1440 "candidates" were fitted by our

) c'om'pu_ﬁ_er"program,' KICK, to conserve 4-momentum. The —'x'z'die%ribution.

differs from that éxpect@d in two respects:
(a). There io a flat tail of 93 cvents (~6%). Mogt of these events are

probably not 7 decayé at all, but events such as sz with a Dalit= pair.
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The remainder represent poof Vfits due to unnoticec_l ;?lura} ac'a\.tterings or
mi@m@asuréments. - M

(b) Apart from this background, the xz distribution has the expected
shape but is still too wide by a scale factor of‘ébout 1.8, implying that our :
input errors (computed to allow for Coulomb scattering and estim‘inted meaéﬁre-
ment accuracy) are too small by about N1.8, because of eiuch factors as
optical distortion and turbulence. We used 1347 events whoase values of X 2/1.8
corresponded to better than the 1% pbrobability level for a 4-constraint fit. The
,calculatéd errors 6'1‘“ in the fitted c. m. kinetic en;argiem are an increasing |

function of Py Tvpical values of & T" (increased by N1.8 ) vary from

% 3 Mev for the lower momenturn K decays, up to = 6 Mev for the higher ones.
Figure 1 is a Dalitz plot of the 1347 events. |
We first examine the x-dependence of the density of these events,

3 AN (1)

Wl mom A ¢

where N is 1347, p(x) is the Lorentz-invariant phage space, and AN/ Ax
is the vertical projection of the events in the interval Ax. If the matrix element
then the spectrum - , ,
for 7 decay is called M (% y),/ W (x) representa |M| 2 averaged over the allowed
values of y. The symmetry of the two like pions forces W (x) ‘to be of the
form 1 + bxz + s+ , Figure 2a gives t;m data for W (x). Within statistics,
we see no evidence for a quadratic dependence, i.e.,
W-(x) =} . (2) |

gives a XZ probability of & 60%. Therefore |M({x, y)l 2 depends only on
y {i. e., on the energy of the unlike pion). |

To examine the.y-dependence of IM(: v)! Z. we form the anfiiloguc to
Eq. (1), W {y). Parametrizing it to the form I + ay + by2 + +es, we find

W {y) =1+ (0.28%.045)y, - | (3).

with no evidence for quadratic terms.

~
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Theﬁ results of Eqs. (2) and (3) can be su.mmarized by the atatement that
IMx, y) 1 i well déacribed by the plane ' o

| IM(x,y)l = 1 + (0,28 +,045)y. | " .(4)

Although the variablea ¥ and y seem appropria‘\te. it has ﬁécome con-
ventmnal} in the cage of pomtive T decays (with which we must compare our
data) to use different variables, namely ¢ (eﬂ), given by the c. m. kinetic
energy of the u.nlike (hke) pion divxded by the maximum allowed kinetic energy,
.' 48.3 Mev. dere €, amd Y diﬁer only by a scale factor of 2
{1y = 1), (0< e, < 1)] . but ¢ g s quite different from x. Figure 2b
shows our data for W~ (es ) and the b«am; straight line fit [Eq. (3)] in thua
.varmbleo A .

o w «e)zw(osw 09) (e, -1/2) , (5)
To the extent that lM |2 i@ just the plane ag in Eq. (3), it is easily shovm3 that
our dmtribution in ¢, must have -1/2 the slope of L‘q. (4). We find
Wie,) =1 - {e. 26 .09} (e, -1/2). - (6)
Equation (6) is written mainly for comparicon with r' data, b\zti algo constitutes
a check on the form [Eq {3)] of lMlZ
Our results, Eqe. (5) and (b), may be compared with the equivalent
fits to 899 published v’ decays, 4
we ) = 1+ (0.485.11) (¢, - 1/2) )
and |
(€£)=A - (0. zsw.u) (eﬁ -1/2). - {8)
We see that the slopes of wt (e: ) and w* (eﬂ) are again related by the factor
| -1/2, as required by Eq. {3). v

The previous data indlcate that, within a‘catmﬁcs, the epoctrwm
for 'r+ and T ﬁecay@ are identical as predicted by time-reversal invariance.
Therefore, in _F;g. 3 we present the combined ‘YJ'- -7 gpectrum. A straight

line fit gives . :
‘ W“”,(csu) 1+ (0.53%.07) (e - E/Z) (%)
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Khuri and Treiman! have used disper;sio.n' \‘t.h'eore'ticlmvethlod's in an
attempt to relate thé T-decay matrix element to the S-wave 1 scattering
amplifudes. With approxim#tions suitable to small scattering lengths, they

“find
2 p2

(1 +5p°

[

FIMIZ=1 2 o)

77T (@ - agle, -

where p-2 is a kinematical factor equal to 0.64, and a, - ao is the différence

inthe I =2 and I = 0 S-wave mmw scattering lengths. Comparison with Eq. (9)

indicates | | | |
a, -ag = (0.9:t.l)(‘h/m"c). (11)

Apart from final state interact:io-ns. another-perhaps more reasonable-
interpretation of the observed structure in 7 decay is thé possibility of introducing
a small admixture of I = 1 states of intermediate sfmmetry. thereby producing
a dependence of fhe matrix element on y. |

The fit to the combined data, Eq. (9), may also be compared with the
equivalent fit for 7' ¥ decays. From the total available statistics of 119 7' i
decays summarized by Bdggild et al., 6 we compute

we ' (€,) = 1 - (1.0£.4) (¢ - % ). (12)
Weinbefg'z has pointed out that the |AIl = 1/2 rule requires that the coefficients
of the linear terms in Egs. (9) and (12) be in the ratio 1 to -2. This has aiready .
been checked by Bjorklund et al. ! on the basis of 899 'r+ and 72 7' events. We
see that with slightly improved statistics |AI| = 1/2 is still well satisfiéd. 8

The decay of a 7 in ité center of mass can be completely specified by
two independent kinematical quantities. In addition to the variables €, and
€4, W has frequently been expressed in terms of two angles, which for 7~

and 6__. To discuss 8 we assume that

decays we will call 8 neutral

neutral

the K~ decays into a 7 and a neutral dipion. In the rest frame of the dipion,

Qneutral is the angle between its direction of motion and the relative momentum
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of the -rr+ and v (see sketch beside Fig. 4). The'squa_re"of the matrix element

;" (cos Oneutral) is normalized by the deﬁmtiqn
W (cos 8 o)) F 1/N (dn/d cos eneuxral)
Tigure 4 displays the W (cos eneutral) data and a stralght line fitted
thereto:
. W {cos eneutra.l)oc 1 + (0.2%.04) cos eneutral’ (13)

Each 77 decay yields two possible neutral dipions. but the two values of
Gneutral are correlated, so the errors have been calculated on the basis of 1347 events..f

In the case of 6 . there is a unique (--) dipion. whose decay must be

symmetnr arox.nd cos 6__ =0, The folded data give
W {cos 0 _) 1+ (0 03: l) cose - : | (14)
Inaufﬁcxent data are published te calculate W' for these angles.

In contrast to Xhuri and Treiman, 1 Thomaa and Holla.day9 have used the
final etate interac.tion- formalism to estmlate the effects of wm scattering on
the T- -decay spectrum, asauming that only the 1 = 2 S-wave scattering is
important. ' Their curve for W (coa 6), calculated for a, = 1.0 ﬁ/m c, is
~ given in Fig4b as a dashed line. It fits well.

V‘It is a pleaéure to acknowledge the collaboration of all the others who are
working on this K" expe_l"iment: P. Bastien, J. P. Be.r.ge. O. Dahl, J. Kirz,
and M. Watson., We thank 13r6f¢3§or L. W, Alvarez and all his group for

their ‘interést and support, and Professor Treiman for theoretical advice.
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FIGURE CAFTIONS

Dalitz plot of the distribution of pion energies for 1347 v~

‘decays. The coordinates are those of Dalitz (Ref.lO):v Tye Ty

a;;d T,

« and 7' and Q = 75.11 Mev.

are respectively the c, m. kinetic energies of the w

L

Energy dependence of the matrix element for 1347 7~ decays on:

(a) the like pion energy [through the coordin.a.te x = -%-— (T -'I.‘z

(b) the unlike pion energy (e = T3/Tma$:
Energy dependence of the matrix element for 2246 combined

r' and v~ decays on the unlike pion. -

~ Angular dependence of the matrix elenient‘fer 1347 v~ decays:

(a) angle with respect to the vr-w-’ rest frame;
(b) angle with respect to the v w” rest frame,

The dashed line is from Ref. 9.



-8-

.o
0.9 :
08, :

- | | | | | | |
O Ol 02 03 04 05 06 07 08 09 10

X?%(-ﬂ -Tz)

. MUB-756

Fig. 1



1.5

W™ (x)

L4 T Ll
- 1347 'r‘decoyJ

1O

it

|

Al

| L1 1 1 1 1 |
03 05 0
x= 3 (T,-Tp)
1.5 | 1347 v-decays : l-
. (b) |
W (e,)
ol ||
! { [ 1
0.5
¢ 05 10
€, o
MU-24208

Fig. 2



-10-

1.5 1T A T T T
I y
1.0 L | JI
IR i
Wieu) | * | | -
* 1347 - + 899 T+
0.5 | decays
0.2 | | l | | L. | |
0 05 . 1.O
€y
MU=-24207

Fig. 3



. dn
d cos Bpeutral

L
N

-11-

0.12 T T 1

o

tin { Ly

8-

=@ "= Rest frame of
5|8 009 (-=) dipion .
Al
“Zo0st | .
0.07 —t—ri—1 1
0 02040608 1O
Cos 6.
0070111 | S S m—

A\

o\

0,060 |—— ] > LY
) I 1 | l ! | —/%' eneutrol .
0.050 =T -
1 e =Rest frame of

O.Q4O l l neutral dipion

0.030 ol | 1 1 1 'l 1 |
-10-08-06-04 0.2 0 020406 08 1O

Cos neutral »
. MU=-24206

Fig, 4‘



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.

-~





