UCRL 9810

UNIVERSITY OF
CALIFORNIA

Ernest O awrence
Radiation
oaabm‘ Ao

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

BERKELEY, CALIFORNIA



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
- University of California. ‘ '

L Rt S




T e

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545

- UNIVERSIT -



.

For pub;llcaﬁibn_?hy@ica’l Review Letféra .

UNIVERSITY OF CALIFORNIA

Lawrence Radiation Libo'ra’to‘i’y
Berkeley, California

Contract No. W-7405-0eng-48

 EVIDENCE FOR A T = 0 THREE-PION RESONANGE

- B. C. Magli¢, L. W. Alvarez, A. H. Roaenfeld.
andM L. Stevcxwon

August 11, 1951

UCRL-9810




-1- | ~ UCRL-9810

EVIDENCE FOR A T 0 THREE- PION RESONANCE

B. C. Magli¢, L. W, Alvarez, A. H. Rosenfeld,
and M. L. Stevenson ' '

Lawrence Radiation Laboratory and Department of Physics
Univeraity of California
Berkeley, California

August 11, 1961

The @xi@temce of a. heavy neutral r'newonv with T=0and J=1" ﬁmﬁ pire-q
dicted by Nambul in an attempt to m:plain the electromagnetic form factors of
the proton and neutron. ClhewZ has pointed out that such a vector meson should
' J«im on 'dynamlcal grounds a& a threo- pion resonance or a bound state. Such
a poaticle is alao expocted in the vector megon theory of Sakurn13 and, as a

member of an octot of megcona, t.ccordina to the unitary aymmetry th:ecory.4
and {for other reacons. 3 Ve will refer to it as w.

Pravious anarc}mab for w have primar;xly been confined to the maas regimi
n';nw < 3p, with p = the picn masas, whers only the following radiﬁive decay modes
are allowed: w - _y Yo = 2n0 | y» and n @t y. The w cannot decay into two
pione.

The presant pearch was made assuming m >' Srhw. where the decay

T wO o | (1)
is possible. " We have aéarched for such a 3-pion decay mode by studying
¢the effective mass distribution of triplets of pions in the reaction |

f’)“;p"ﬂ-"*’ﬂ‘?‘ fwovow ¥w | , (2)

We have rs:x;:aéu.red 2500 4-~prong ev'enm produced by antiprotons of
1.61 Bav/c in the 72-inch hydrogen bubble chamber.a The . m. m'mavrgy ‘ia
2.29 Bav. Upon fitting these 2500 .-‘)ronga by uaing our kinematics pzmﬂx‘amn
HICIK, 700 4-pronge had a x < 6. E‘S for hypothesis (2) and would not fit the

hypothasie that no WO wao produced (ém of thess 800 had a ¥ 2 < 2.8).
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The 800 4-prongs must have some crﬁall contamination of events in which
2170' ] ivere produced, but inspection of the "inisaing méa'a" dm»tribution con-
vtnceu us t h&t it s < 7%. Otheg tests confirm thia low contamination. vFor
ox&mple. the angular diatribution of the vo is symmetric within statistics,
and the momentum of the #° resembles the momentum distribution of the charged
pions, | |
| We have evaluated the 3-body eifecglva magso

2

(B, + B, + By) 2y1/2 h 3

-] -2
for each pion triplet in Reaction (2). - Each of the 800 4-'prongs ylelds ten such

M3=[(ii‘.l tE,+ E3,)

quantxtics corresponding to the following charge states:

Q] = 0: woa w (800><4 combinations), _ ’ | (4)

Q| = 1: v rtw® (800X 4 combinations), | C(4)
- and . | , | |

[Qf =2: ﬂkw’hwo (800)(2 cdmbinatiom.a)_.v {4

For each value of M3 as given by Eq. (4) we can calculaw an u.m.erminty
65\13. by ueing the varlance covariance matrix of the ﬁtted track variables,
which is eva.luated by KICK. By using theee 61»13 wg have formed the rosolution
function of M3‘ and find that it has a half-width at half-maximum, rrémol. /Z. '
equal to 8.7 Mev., However, our input errors to KICK allow only for Coulomb
scattering and estimated measurement accuracy, and do not account for optical
distortion and unknown systernatic errors. f‘or example, our distributions have
the correct shape but are too wide by a scale factor of about 2. This suggeasts
that our average input error is too small by about V2. Hence, our estimate of

/2 to 12 Mev. We chose

8M 5 must be incvreased by about ¥2, and of L esol ,

20-Mev histogram intarvals for plotting our M, distribution.
In Fig. 1 we have plotted the M , distributions for the 800 Roactions (2).
Distributions 1A and 1B are for charge combinations Q| = 1 and 2, respectively.

The solid curves are an approximation to ph&mé space.



-3. . UCRL-9810
The neutral M, distribution, IC, shows a peak centered at 78v1" Mev that
contains 93 pion triplets ahove the phase-space eatlmate of 98. To contrast.
the difference between the neutral 1\43 distribution and that for |Q] > 1, we
have replotted at the bottorn of Fig. 1 both the neutral-diatribution and 2/3
the sum of the {Q] =1 and | Q| = 2 distributions. |
Figure 2 shows the M3 gpectra \ﬁth 'pha.sé space subtracted. The
absence of the peak in the | Q) > 0 distributions determines the isotopic spin
of the te-aonarkce - |
| T, =0
"The *2 distribution of _the'events in the “peakvregion” wag compared
wifh the x 2 d.iutribuiionvoi the events in the adjacent. ""control region, '' ranging’
from M3 > 820 to M < 900 Mev. T.heee distributions agree with eachvé.ther.
which indicates that the events in the p&s‘ak are genuine, rather than being
caueed by some unknown background react_ion which was miainterpi’et;ed as
Reaction (2). The missingAmaas dietributioiﬁé in the two regions also agree
with each other, thus supportirm the above conclusion.
The peak in Fig. 2b appears to have a half-width I‘/Z < 15 Mev. This

is so close to our resolution, I’ /2, of 12 Mev that we cannot unfold it

resol.
without further study and at prasent can ¢anly conclude that
M= 187 Mev
L :
. and | | C
: (5)
I'/2 <15 Mav.
By using the uncertainty principle, we aee that this half-width implies
a mean life 7 > 4 X 10723 gec. Ou‘r w'®e are produced with a typical c.m.
momentum of 800 Mev/c, 8o that in 8 mean life they travel >13f.
We now assume that the w peak is real, and want to estimate how many

w mesons it contains. As shown in Fig. 1C, 191 triplets have M, values between

7406 2nd 820 Mev. (We call this the "pezk region.') However, these 191
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'fripleté come from only 170 dtﬂer‘eﬁt 4-§ror;ga I(i. ey ZIAReéct-io"nm (2) have
two values of >M3 in the peak ragion). We uée the ;l;arged M, digtribution
to estimate tixe background in the interval as 98 tri;ﬁletn. and tﬁén calculats
a production of 83z 16 w mesons out of 800 Reactions (Z) f.e., 10x2% of
Reactions (2) proceed via | )
pfp*w*tu’ + . » o : : - (5)
‘ vAmong the same 800 5-pion events. we have s»arched for-—and fou.nd—the
T=J=1 pion«-pion resonance {p me aon). ? We found that approx 30% of them
proceed via o
o P“'P“’z"ﬁ‘V'P o e)
We have chec zed whether there is any uorrelation between the chaerved
P meaonm and the w mewona, For each trzglet inside the peak rugmn.
740 < M, < 820 udev. we have evaluated the effective mase of the remaining
Y doublet, M2 The M distribution iﬁ éonsietent with a continuum, starting
fx'am about 300 Mev, that has 104 2% of the doub‘ets with valu@s of M in &he
region of p, which we took to be 7504 50 Mev. I‘heze ie no evidence that the
w and the p are produced in asgociation. |
Although the masaey of w and P differ by only 3% Mev, we beheve that
thuy cannot be the same particle, becausa of their different widtha Q&he IL"/Z
for p being 40 Mev), wotopu spin, and G- congug;ntion parity-wmch iorbids
20 = 3. ) |
In referring té the T =0 3w regonance as w 'we‘ have tacitly supposed that
- it {s in mct..a véctor state with .}'= 1-. However, the spin and parity must be
‘cbiecid‘ecl by experirment. Even:_iﬁ we agsume tha apin ‘ia- < 2, thero are le&
three posaibilities which are iisted in Table I. A T =0 state of three plons
nﬁuﬂ& be antisymmetric in all pairs, hence all three pionsz must have different
charges, t.e., vwovrojue is forbidden. The matrix element of the w+1r'1r0 ptate

is _conveni@ntly analyzed in terms of a single pion plus a dipion. The pions
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of 'tixe dipion are aseigned momentum P and angular momentum L (ixi tha
dipion rest frame). Then another pair of variables, P ‘. aridﬁ describe the
remaining pion in the 3w rest frame. Becausé the utatx;‘ iz antigsymmetric
in any pair L. must be odd; henceforth, we assume L=l 'I'hén if 2420 we

have a J=1" (i. .. Vector) matrix element, as listad on the bottom lina of

Table 1. Since three piong are {nvelved there i¢ an i_ntrixmié parity of (-l)s.
80 that the correaponding “"meson" iz not V, but A. -
if £= 1; '_the inatrix element can be 1+ (Axial) df 0+ {Scalar) corresponding
respective}.y to a Vectof meson (w)or a Pmeudoscala?f (FPS) meson, '
Do we have enough data to distinguish between totally antisymmaetric A

ve S va V matrix elémemﬂ?;.- It iz convenient to mé&ka a Dalitz ‘plotlo (Fig; 3D
f§r ths peak raogion events, 3A for the control region evants) that displays the
threefold symmetry of thres pions in an antiéﬁnmetz’ic statae, Unit area on a
Dalitz plot is proporticnnl to ihe _coz"x’egponding Lorentz-invarianﬁ phase space,
go that the density of plotted points i{s proportional to the square of the matxixn
eloment. It is casily shown thét'the gize of the figure is proportional to
Tl 4 .TZ + T3 =2 Q= m - (med,&- mwo); 11 Decauae of the finite width of the paak‘ |
and the control regions, Q varies from event to event, 60 we uae nor"malizad' |
variables, Ti/ Q. The antigymmetry allows the plot to. be folded about any
median, so that in Figs. 3C and 3B a_il the data have baazn COnéenQrated iato
1/6 of the' plot arean; the statistical dimtnibuﬁion of the events i3 then more eﬂd@ni’.

| All three competing matrix elements, being antisymmstric, ‘mu@t'vanimh
where any two ;ﬁ.ona “touch" in mornentum c;pac'e.: If two plons touch, the
third must have ite maximum kinetic energy (regions (d), {f)y and (b) on the plet).
The regonance rvegiog points (Figs. 3C and 3D) seem to show the roquired de-
population at points (d), (f). and (b). |

" More evident, however, on the plot i{s the fact that neax p = 0 (pointe (a),

{c), and (2)) the densily of peak-region points is only one-half of that on the -
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cont':ol plot. Thién is all the more suggestive when it is remembered that
even the peak-region data contain only 43&7. %.- ﬁeaomnce events. This
depbpulation at p = 0 suggeste an angular momentum barrier (4 > 0) and.
constitutes mild evidence against a V matrix element (A meson).

| The two stronger remaining candidates have A va 8 matrix'elemeptc.’

The dashed lines in Fig. 3D, as well as the two straight lines of the folded
‘distribution in Fig. 3C, correspond to equal energiés of two pions. The

scalar matri.i element (S) of Table I vanishes when any two pions have the same
euergy, and therefore would require depopulation along these nneé., This is
‘not observed. An A matrix element has terms in &X Bj which vanish for
collinear pions. The boundary of the plot represents collinearity, and seems '
indeed to be depopulated; although clearly more statistice and more detailed
analyeis such as invesﬁgation of polarization and alignment are needed.

We conclude that the data fi& the qualitative criteria for an axial vector
matrix element {w meson) there is reasonable evidence against both an A meson
and a PS meson. |

The film used in this meagurement was obtained in collaboration with
J. Button, P. Eberhard, G. Kalbfleiech, J. Lannuiti, G. Lynch, and
N. H, Xuong; and this experiment would not have been pessible without their
help. It iz a pleasure to thank Professor Murray Gell-Mann for his theoretical
discussions. We wish to acknowledge the active participation of C. Tate,

L. Champomier, A, Hussain, C. Rinfleisch, and F. Richards in the final

stages of this experiment.
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Table I. Possible three-pion resonances with T = 0, Js1

"Meson'! ; Matrix Element
Type,i 1, 1_: ! Type, J ’ _' Sirmple éx:-unple ’Vaniahea at:
v,1- ; 1,1 ! AL+ %:‘E-‘.E’o".?ﬂ Eg(p,xp) ¢ 'Eﬁﬁ’-"fé)ﬁ{m‘“‘ boundary
ps_.()- SRR ! §,04 é(.vE_ -‘Ed) (i:b - E)(EF, ."vg._) Ea'c’e +b,d,{
A Ly ! ;001 V. 1- _EE_(_go-&)ﬁ* ¢I.3'0(;>+~p_)? E,(p_- R ;b,d.fonly |
& ! . : !
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LEGENDS

Flg. 1. Number of f)ion:tr_ipleta versus effective ma»ubn (MB) of the triplets -
for reaction p ‘4 p- zn? + 2w° A . (A) isbthe distribution for the
combination (4) , IQ' = 1; (B) is for the combmation (4”). |Q| 2; and
(C) for (4), Q =0, Av'vith 3200, 1600, and 3200 t»ripleta,» respectxvelly.
ull width of one interval is 20 Mev. .In (D), the combined distributions
{A) and (3) (shaded area) are contrasted mth distr{bution (C) (heavy _{ine).

Fig. 2. (A) M, epectrum of the pioh triplets in the combined distributions
8 : P :

3
lvA and >lB. with the amodfh curve subtracted. (B) M, apecfrum of
the neutral pion triplets in dintributlon 1C, again wzth the smooth back-
‘ground uubtracted. a resonance curve is drawn through the pemn at
787 Mev with T/2 =15 Mev. The error ﬂags are o/ N, where N is
the total number of triplets per 20-Mev i_nter.val before duﬁtraction of
the smooth background curve.

Fig. 3. (A): Dalitz plot of 171 triplets from the cqn_trol region (820 < M3<900);
(B8): folded co.ntr.ol region plot; (D): ‘Dalitz plot for 191 triplets in the
peak 'ré,gion. 43;'&7% of which are éué to ¥ mesons; '(C): folded peak 'region

plot. T ., T . and ’}’0 are kinetic energies of the nt, n”, and n‘o, reapectively,
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