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In an SU3 supermultiplet the difference in mass between the varioue .

o s

: splitting is believed due to the violation of SU3 symmetry by part of the

' "formula.i
‘ ‘_The ma.ss splitting within an isotopnic—spin. multiplet is detefmined by :
B the electromagnetic in';e‘ractipn e,nd is of the order of 10 MeV.. By asvsunr.xin‘g. a
"‘l,‘S_U3 symmetry and neglecting th'_e effects of the violation due to the strong’
B interactions, ene can relate the mass splitting .in different isotopic-spin
' multiplets of the eame supermultiplet with the formula m=my +aQ+bQ". In
the baryon octet, for example, the pre_diction2 that m(E") - m(Eo) =m(Z") +
| m(2+) +m(p) - m(n) = 6,7+0.5 MeV has been experimentally confirmed. 3.
' In the 3/2+ decuplet, whose members are N*(I-3/2 Y=1), Y*(I-i ‘Y-O),
:E* (1= 1/2 Y=-1), and @ (I 0, Y=2), the following relatmnshlps are predlcted 4

L 3[m(N°+) - m(N ’) )
JEGE " (N % - m(N*‘) m(Y*) - m(Y*") |
SO m™) - me®) m(Y*H) - m(YF)
T Recently a group at CERN?® has reported a mass dlfference Am(Y ) m(Y* )

(i

m(N *“‘) - m(N™")

il

[}

R (Y**) =1727 MeV while a Berkeley group® has measured Ami(Y*):4.422.2. MeV'

o 'In the "Ta.dpole" theory of Coleman and Glashow, 8 b=0 (equal sphttmg), and, ,

"mass spli_tfings; the Y* measurements implying mass differences Am(N*) =

L 'm(N*') -m(N*t%) = 25210 MeV and 6.623.3 MeV, respectively However,

L".".Lj{;f:,‘ ‘these pred:ctxons. 8,9

.;is,otbpic spin multiplets is typically of the order of 100 MeV. This mass B /

P

‘strong interaction, and is accurately described by the Gell-Mann-Okubo mass - .

: _-::the N* becomes the member of the decuplet most sensitive to Elect‘r‘omagnetic'. .

"nontadpole" contnbutmns to the mass splittings cannot be negle cted and alter .o
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.'Okubo has recentlypomted out that, ) because of electromagnetlc ma‘ss splitting, |

the Gell-Mann- Okubo mass formula la vallcl only for partlclee with the same
g charge £rom each mulltplet 7 ‘In particular the mass of N*" is requlred for
‘the comparison m{@") -m(E"%) = m(E"*) - m(Y™?) = m(Y"*) - m(N"*).

We report here a measurement of am(N*¥), using the two react}.one -

‘ o 'l"n,+ n-n+ plv "~ o {907 events) ,‘ : - (4) SRS
pi and . e ‘ p tpen+p+t nt, (791 events) B (2)
whlch are known to procede almoat entlrely via N*° and N"‘H' production i:‘f’};:

T’j"reepectlvely ln our energy region. In general. for theee three ~body flnal

states the peak in the w-nucleon effective mass dletrlbutlon does not colnclde I
-'with the mase of the resonance (deﬁned as the energy at which the phaee | |
. ~shift goes through 90 deg in w-nucleon acatterlng): the apparent shift ln the .
\‘ resonance energy depends upon the reaction mechanism (e.g., eingle-ﬁlon
, exchange), and on the interaction energy.ln reactions (1) and (2). In cogee- .
quence, a valid comparison of N* masses requlree that thé different chi;fge
.etatea' be produced in charge synirnetrlc_.reactione at the same energy, \Tﬁder ‘
;. 'ﬁv'identlcal experimental conrlitione. The reactions were slmnltaneo'usly L

achieved at the same energy by the lnteractlone of 3. 68 «GeV/c deuterdne

s with deuterium in the Brookhaven National Laboratory‘e 20-inch bubble chamber. K
' Reaction (1) was selected from events with three outgoing charged Partide"'i’
. . PsPs". The apparent charge unbalance indicates that a proton of less than e
o ' 90 MeV/ ¢ emerged, and this was, clearly the spectator nucleon in the target

" deuteron. _These events were constrained to the reaction
Cda=ppra, T e o
assuming that the targe’t neutron was at rest. Events with xz € 3, for which

the neutron wae not a spectator from the beam deuteron were called n-n

lnteractiona. The (7~n) effective mass was computed frOm the unconetralned
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_Vnrinbles in Eq (35 -l ';l‘lhie'.xne-ana that the' neutron"rnornenturn ie: uncertalnﬁ
,by £90 MeV/ C, in addition to the usual measurement errors. 'I‘he average |
shift in the (v=n) effective mass due to this effect is 0.6 MeV. o |
3 Reaction (2) was selected by looking fordd = pr*nnn -interactions

. with two emergent charged particlee. p'rr*" ~ Events in which the proton il

momentum was conaistent with its being a h!gh-energy or low -energy specta |
| tor were excluded. 'I‘he remaining eventa were constrained to the hypotheeis }
P p - pn+ B, with an incident 3 68/ Z-GeV/ c proton and a target proton at
.‘a:v“rest. Because of the Fermi momenta of the interacting protons, the a.ccept- :

2 g 10, - However the (v" p) .

ance crlterion on these evcnts was raised to %
C v-f:‘eﬁ.'ective maps was computed from the unconstralned. meaeured parametere.‘ ¥
o and hence is not lnﬂuenced by- the u.ncertainty in the interaction energy. ~‘

o Figure 1 shows the invariant mass plots M -n and M + for the two
; reactions. To determine the positions of the peaks we first subtracted the

3 2 reflection from N*0 and N*+ in the ratio 1:9, and then fit the curves with an v"

P S-wave Breit-Wigner (B. W. ) formula multiplied into phaee-epacev(‘PS). +For
= ;,comparison with the usual wp scattering parameters. we also fit them with 'E‘A:

RS a p..wa.ve Breit-Wigner formula

errors in magnetic. field and beam momentum. For group (a). to teat if
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e‘.k'ivi:'dthé. and mass diffe‘r\e}iceavfor'N"f.,

able I. Maa'éé

L R .~ Sewave S P-wave
- i Be W formulat . o - By W, formula

,4218.6#3.5, . 1226,443.6 -

g

1 1249.243.5 - 4227.424.0
2

S

ety

S Tad24t 0 yP=17s8

S Tad27#42

via 17210
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plotted the pion- and nucleon-momentum epectra for each reaction. Theee
piote. Fige. 2 and 3. respectively, show no obviona differencee. Becauee

[ we use only 3-prong evente in reaction (1), and hence exclude low-energy

_target neutrons with moxnentum greater than about 90 MeV/ c, W, euow a ;
e.mnner range of ccnter-of-mase energiee than in reaction (2). However -
the requirement of a fit to reaction (z) has the effect of excluding high Fermi
momenta. This and the coincidence of the momentum epectra lead us to

'b_elieve that there is no bias here.

neutron. while thnt measured in reaction (2) ie determined with two charged
pronga. eyetematic errors of type (b) can eimulate a mass difference. As

& check, we m““““ed the missing mass in reaction (3) and obtained 940,93 MeV.» R

. The mean measured momentum of protons that met our high-energy spectator - *

criteria _'v;vne 18365 MeV, in good agreement with half the beam momentum L
. of 3.68 GeV/c as determined from magnet-current settings. These condidere-# -

'~ tions together with the weilknown magnetic-field distribution in the chamber i

givee us confidence in our result. e e R

v o~
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Nd?mgliz'ed invia'xig'mt ‘mass distributions for ,'r-.‘n’ and wt p in the -
_ reactions nn -fi_x’pv‘ and pp = npnt réspecdvély; S
: Nor'ma;li‘z‘éd Hmom'e'nﬂtu'in ‘distributions for neutrons and prqtbhd

' in the rca._ction‘s'“.nn ~npw* and pp~ néw*_, respeéti'\rel.)".“{

i 'f \5‘ Fig. 3, Normal_izeé'_inqmentnm'di-‘stributions for 1r" and n*‘n'in'fh'e reacttvétvuf- .‘
- nn - npr- and pp ~nprt r_e'ébecﬂvely.~ e e e
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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.








