Lawrence Berkeley National Laboratory
LBL Publications

Title
BRANCHING RATIOS OF THE Ap MESON OBSERVED IN J GeV/c Jt+p INTERACTIONS

Permalink
https://escholarship.org/uc/item/81r8x3sd

Authors

Alstori-Garnjost, M.
Barbaro-Galtieri, A.
Buhl, W.F.

Publication Date
1970-12-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/81r8x3sd
https://escholarship.org/uc/item/81r8x3sd#author
https://escholarship.org
http://www.cdlib.org/

To be published in UCRL-20222
Physics Letters B Preprint

: I BRANCHING RATIOS OF THE A MESON
' OBSERVED IN 7 GeV/c = p INTERACTIONS

M. Alston-Garnjost, A, Barbaro-Galtieri,” W. F. Buhl,
S. E. Derenzo, L. D, Epperson, S. M. Flatte]; J. H. Friedman,
G. R. Lynch, R. L. Ott, S. D, Protopoescu, M. S. Rabin,
and F. T. Solmitz

December 1970

AEC Contract No, W-7405-eng-48

4 )
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

ILAWRENCE RADIATION ILABORATORY
UNIVERSITY of CALIFORNIA BERKELEY

g
22202-T1¥90N

X



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.



- _UCRL-20222

- BRANCHING RATIOS OF THE A.|2: MESON
OBSERVED IN 7 GeV/c ntp INTERACTIONS®
M. Alston-Garnjost, A. Barbaro-Galtieri,

W. F. Buhl, S. E. Derenzo, L. D. Epperson,

S. M. Flatté, J. H. Friedman, G. R. Lynch,

R. L. Ott, S. D. Protopopescu, M. S. Rabin,

. and F. T. Solmitz
Lawrence Radiation Laboratory
' University of California
Berkeley, California 94720

‘ Decembe_r 1970 -

ABSTRACT
The observed bi‘anchin'g fractions of the A; producéd in the reaction
1r+p - Aerp at 7 GeV/g and decaying to pw, nw, KK, and 'rw are pre-
.sented. ""I‘he data show no convincing evidence for thc deccay A; - 7 7:+,'
the branching fraction being less than 3%. For the other decay modes

the values obtained for pm, nm, and KK are 0.744 £ 0.029, 0.183+0.026,

a,‘ndJ 0.072+ 0.012 respeétively.
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- The A2 meson has been an object of intense ir.lte”r\est becaﬁ.se struc-
ture has been reported in 1ts ma_svs' d>is-tri1.)ution. [1], ‘suvgges‘tin‘g the pos;.
sibility that the AZ region may cor.1ta.in more than one re sonance. If |
this is the case the obs‘e'r‘ved'branch‘ing ratios into various decay modes
may'depeﬁd upon fhe p'rodurct'ion' mechanisms of the fe sonances. Measure-
ments of the apparent _brar.lchingb ratios of the A2 produced under different-
experiméhtal conditions may th(_e»réfo;e help in und.erstanding' the natﬁfe of
the observed structure. |

Using the SLAC 82v-inch‘i>ubb1e chamber, we have studie.d the pro-
duction of the A-?t in 1r+p interactions at-‘.7~.i GeV/e and its decay inté all
reported decay modes (K+K°, 3w or pm, mrf, and n'1T+). The mass
spectra obtained in this experiment [2] do not show the particular struc-

s : /

ture reported in previous experiments. The AZ was produced in the re-

-action 'rr+p - A;p, followed by the decays:
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Events of reaction (1) appear in the chamber as V-2 prongs; reactions

(2)-(4) are 4-prongs.
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The acvcve'p_ta.nce criteri_affér the :reac'tions (1)-(3) aré described in"
r’eference_:[Z];v For reaction k4f,'we tried the tWoFCons’traint. hypothesis
1r+p - "_-pn' r»folilo'wed‘ by n' - ﬁ+n7n and used acceptance criteria [3] |
similar tc_o.those fof réact_ion»(a3). Fig. 1a shows M'(1r+if-fl) obtained
from the ‘o.oine-’-consAtr'aint fit -ﬁ'+‘p - Tl’+p ir+1f-ﬁ with the events accepted into
the 7' .'—>'1r+1'r'n sample sh'ade'd.'_

. We improved the A‘2 éignal-foénoisé ratio in reactions (2) to (4) by
" making tWo cuts on the data from Fhe 44prongs: 1) _Qe removied. eve‘nts
with M(1r+p) "< 1,38 GeV to ‘rel.'r’xove'pOtential ‘A-H;" 2) for reaction (2)
we rémov_e_d 'alL ev‘ents‘bwith_ fourgmoméntﬁm'transfér to the' pfofon, ltpp I
less tha;i 0.2 (GeV/c)Z;. this cut removes most of the 'Ai‘signall.

In :;a.dditibn, in all decéy, channels we have 'r'emoved events with Itp*pi '
greater than ‘0.8. (deV/c’)Z._' This cut was made because we only measured
4-prongs in which the _scari_néf ha(i recorded a dark track [4].

After these cuts were made we o_bt_a‘ined the mass distribdf_:ions shown
in fig. 2 »’_:Alclveair. A;s‘ig.".nal'is séen in thé first three decay modes buf
not in, the rj_'-n'+ 'ma.ss'cjlils_tributi_én._: - |

_ To. oBtai__n the nuf#iber, éf /év.e.nvt's in each ’A;. decé_iy cf;ha;nneliwe fit a' »
Breit.-‘Wigx;exj with a_ﬁ_rie,jar bact:kgfou_nd‘ t_o_oﬁf rh..a.ss distriBufidhs. " See
table 1 aﬁd' fi-g;. 2, If more tlﬁa’n one resonance c’ont_ributes fo."the' A2 '
‘region, this'_proc'ed‘x‘lrre would be open to question, However, the Breit-

' Wigner. gi?eé-.aﬁ.adéqu#te fi'i:.to our data [2] .- We estimated the errors.
by hand—drawing va-ri'ous backg_l"ounds aﬁd counting the variatioﬁ of the
number qf events in the A; signal. qu the K+I_§° and 111r+ channels the

background is quite small whereas it is large for the 3w decay mode. In

addition, the shape of the background is complicated by the presence of



-3

some Ai éig'nél-in the 3w mode and by a peak between 1.6 and 1.7 GeV in

tllle 3w and K—K channels. Both these effects increase the ur_lcerfainty in
t};e measurement of the A;signal. Siqce there is no peak at the A_ mass
‘in fhe' 11':11'. mass distribution, we’ give only an upper limit in this channel.

Cofrections were made for the foliowing detection efficiencies and
losses caused by the selections'. made on the Vdaté (seé table‘>2).

1) A correction was mai.ie for scanning efficiency.

2) We mad'eb a correction for the éfficiency of the measurement and
analyéis system. We find that the slightly different acceptance criteria 7
‘used for different topologiés has negligible effe’_ct on the branching ratios.

3) F'i'om' the measurements of 4-prongs with no dark fraék wé find
that the loss from 6(1r dark track 4-prongs due to the scanniﬁg error in
. identifying dark tracks is 6% 1% for the mm and 't and 8+ 1% for the
3w sample. | |

" 4) A correction is ‘requ’i_li'e'd' for the lower Itppl cut in the 3w events.

To estimate this loss we i)lotted the ltpp | distributi'ons‘ from the nw
(no~A++) and KK events (fig. 1b and 1c). >We find that they are the same
within statistics so we combine therﬁ. | Using this aistribution, we find
111 events below 'tppl = '0..2 and 193 events above, giving a fraction of
64+ 3% above Itppl = 0.2. (_GeV/c)Z.v If more than one resonance contrib-

utes to the A, region, then the t-distribution in the three channels may

2

be different. In that case, our branching ratios involving the 37 mode

|

should be interpreted as being valid only for the momentum transfer -

‘ . . - ] A2
0.2< 1t | <0.8 Gev
.region "op e /.C) |

5) By examining the Dalitz plots and mass plots for events with

and without A++ we find that the A+Jr cut has removed 8+2%, 12+ 3%



. érrors given in reference [6]

and 13:*: 6‘7; frorn the 3m, nv, and n'r samples respecti\.rel'y.
‘ 6)The events in the "11T+ .cha:nnel 'evontain m event's .‘thlch' decay via
‘r] - 1r+1r y but fit 1'] - Tr+1r—11'° within our acceptance‘_ cr.ite\ria. 'We gen-. -
erated events by uS1ng the computer code PHONY (5] :for A;—* "W+ ,
followed by n-— 'n'+1r T_l‘o "~ or 'r] -~ 1r+1r y.'\ ‘We find ‘that‘ 8% of the gveneralted
n— 1r+'n'—y eVenté are accepted as n .—>>1T+1T-"TT0 , "g_;ix'/v'ing' a 2%‘ contamination
in our n - atn sample:.‘ | | ’
| 7) The K K° events were corrected for the Ko decay1ng very close .
to the productlon vertex or outside the f1duc1al volume. The'K‘i proper
t1me d1etr}but10n was cons1ste'nt with that expected from the .,_knoWn K‘i‘ .
hfet1me [6] - ’l‘he a'veurage dé‘tecitionl’effic‘iency in the A, reg‘i:on»‘ wa's
95.3#0.5%”. e ' ' o
Uo‘ing the 'detect_‘i'on;evff'iciencie"s in t"avble»'Z, w’e obtalnthe " corrected”
' ”nu"rn‘ber of A; 'events in table 1. A further correetio'n 1smade for the.‘un—.
seen d“ee:ay' .modes of the 7, vn' , and K° by using the branching ratios and
We cannot observe the decay A2 > TP, If we assume that all A'Z'
decay1ng into the 3w channel contain a p then the number of TI' b 1r de
cays is equal to the number of Tr+1r+1r (7. Then we obte,1n -bra»nchmg
'fractlons for the pw, mnm, and KK channels of 0.744%0. 029, 0. 183:1:0 026
and 0. 072:!: 0.012 reSpectwely, For n'm we obtain an upper 11m1t of 3% .
The branchlng ratios tha.t we obtam for KK/pm and T]Tr/p'n' agree w1th
those reported by some prev1ous experune_nts_, but are srgnlf‘loa,;ntly.- .
' large_r than values reported by Oth',erﬁe;;pevriments [8]. Since the experi-'

" ments were performed under various conditions (for. example, identity,

charge or momentum of the incident particle, momentum transfer region,

. @~
L
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- or decay fnédé svtudie_d)-the‘é_e disa.greemé.nt's could bb_e »intei‘preted as
evidgn_cg thia't thé'AZ mass rveg;mn co_ritains mo.rei tflan one resonance;

It is _als'_obpo.ssible thét Ithey. are the relsul_t of sysfeﬁatic errors in esti-
mating Ba'ckg"rouh'ds.'

We thank 'J_oséph J. Mtir_ray.‘for‘.his work in bcfanﬁ design and construc-
tion. We gratefully écknowiedge the assistance _Of the staff of the Stanford
Linear Acc_eiérator and the 8,2—in¢h.bubb1e: chamber vin obtaining the data
for this.exp‘e.riment. We also thank Lawrence Radiation Laboratory Group

A Scanning and Measuring Group for their help in data reduction.
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recorded as having no dark track. From these measurements we

find that the correction to our sample should be 10% at ltppl = 0,5, /

25% at ’ltppt: 0.7, and 40% ltppl = 08 In our nﬁ+' s‘arn'-p_le with

A-H- removed (fig. 1c) for Itpp > 0.8 (G_eV/c)-Z_ the-correctic,n’ is .~

1

 large, the number of events small, and the estimation of this cor-

rection is inaccurate.
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Table 1. A} Branching ratios

Decay mode atates pT nvl . KR R wl
All ev‘ehts‘ observed . a) ' e

1.0 - 1.6 GeV 4084 288 183 66
A, events. in B-'Wm 945+ 902 | i 167;20' 113216 <30

1.0 - 1.6 Gev -~ EI0T | |
A, events corrected = 2023%231 0 230£30  131%19 <43

for experimental '

detection effi-

ciency. - See

table 2
A2 events corrected c) _ :

for unseen de- = 2023+£231 4046+462 996+137 393457 <136

cays

Branching frac-
tion (% )

a) ltppfl > 0.2 (Gev/;)z.

74.4+2.9%) 18.3:2.6 7.2¢1.2 < 3

b) The errors on these numbers obtained from the fit of a B-W resonance
above a linear background are %48, +*14, and *12 for the =« wte,
nm", and KTR® channels. These errors were increased because of the
uncertainty in estimating the shape of the background.

c) Assuming that in the A+-> 37 decay mode all events contain a p.
Branching ratios are:

.. KR/pw = 9.741.8% , nn/pw = 24.6x4.2% , ' m/pw < 4% , KR/nm=39.5:7.9%




210~

' .Table 2. Dete tiqn-vefb‘fi:c:x,enci_é‘s, 'i_‘n percent

D mate e at k® et
Scannmg _ - 98:1:1‘ o 98+1 o 94£30 98:E1
 Measuring - 88%3 88+3 963 88s3
Dark- proton 921 94r1 -'v ;éd - §4¥1'
Bplowe e 0 a0 w0
att cut o2k 88&3 - g6
ne Ty IR 102£0.5 -- --

contamination

vK-:g,v{éSca_pe o "' o T » 95.3%0.5 f -
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Figure 'I._,egends
Fig. 1. a) M(nw ' w") in thé'ni r_égibn for events fitting >1T+p - Tr+p.1r+. T 7 |
and withv-M_('q atn” 'n+)—‘<‘ 1.75 GeV. The shadéa events _vvere‘acce_pted
into the 7' sa.mpl-e.‘ Wﬁen events chtaiﬁih_g a: A++[M(1T+p) < 1.38
GeV] -IWér‘e removed, a similar n"" ‘signa'zl-to-b'ackground ratio was
fbuhd for the ,remainiﬁg events.
b) Momentum tfansfer ltppl for reaction (1).
cv) ltppl for reaction (3).' The shaded areas show the correction
for dark track scanning '_efficiency (see tvevxt_).
Fig. 2. Mass distr_ibutioné fér the decay modes a)- A; - K+f(° ,
+ 4+ + +

At
b)A2—>Tr1r 2 >

KTRO y n‘n’+; and 'q',1r+ samples 'tppl < 0.8 (GeV/c)z; for the 3w

T, c) A - 'q1r+, d) A 'q"rr+. For the

sample,_O.Z < 'tpva < 0.8 (CveV/C)Z. ‘The dashed lines indicate the fitted
background. The arrow on the M(n' 1r+) histogram is at M = 1307 MeV,

the central value of the A, obtained from the other decay channels [2].

2
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