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In an SU3 supermultiplet the difference in mass between the various 

. isotopic spin multiplets is typically of the order of 100 MeV. This mass 

splitting is believed due to the violation of SU3 sym~etry by part of ·the 

strong interaction, and is accurately described by the Gell-Mann-Okubo mass· 
·. 1 
formula. 

. .t. The mass splitting within an isotopic-spin multiplet is determined by 

· · ·the electromagnetic interactis.m and is of the order of 10 MeV. By assuming 

. ···, · SU3 symmetry and neglecting th,e effects of the violation due to the strong 

.. ~ . 

interactions, one can relate the mass splitting in different isotopic-.spin 

multiplets of the same supermultiplet with the for.mula m = m 0 + aQ + bQ2 . In 

2 -- .... o -the baryon octet, for example, the prediction that m(.=. ) - m(:=. ) =, m(~ ) + 

. m(~+) + m(p) - m(n) = 6.7:1:0.5 MeV has been experimentally confirmed. 3 

In the 3/2+ decuplet, whose members are N*(I=3/2, Y=1), Y*{I=1, Y=O), 

;=:>'-< (1=1/2, Y=-1), and 0-(1=0, Y=2), the following relationships are predicted: 4 

. 0 
m(N*++) - m(N,:<-) - 3[m(N*+) - m(N* )] 

m(N*0
) - m(N* -) = m{ y,:<o) ·- m( y*·-) 

m(N*+) - m(N*
0

) = m( y*+) - ~( y*
0

) 

' ·'...' 

/ 

Recently a group at CERN5 has:r·ephrted a mass differen~e Am(Y*)=m(Y*-) .... 

/ . 

··.:·.-.' ... 

~{y,!<+) = 17:1:7 MeV while a Berkeley group6 has measured Airi(Y*)=4.4:1:2.2.~Me,'V.~ 

·In the "Ta.dpole" theory of Coleman and Glashow, 8 b=O (equal .splitting), and. 

· the N* becomes the member of the decuplet most sensitive to Electromagnetic. 
. . . ~ . 

mass splittings; the Y* measurements implying mass differences Am(N*) = 
· m(N*"")- m(N,!<++) = 25:1:10 MeV and 6.6:1:3.3 MeV, respectively. However, 

.. 
l.'.' 

' " 
"nontadpole" contributions to the mass splittings cannot be neglected and alter ' 

. :,>·~these predictic1ns. 8, 9 

.. ; : 
' . .. 

-~ ... 
:" ··' 

•.;.:. ,• '. 

~ . . 
·-·, ''" 

. ~ ' ... f ·~I 
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·;\;·~.·:·;:.. · .. :':~kub9.:.11~"~~~~:~.~-~~t"~Y}:i?.in!~_<:f2_~t~:~~i~) because of electromagnetic ~ss spllttin8,· 

·· '; · · the Gell-Mann- Okubo mass formula is valid only for particles with the aa~e · 

' ,. '. ~ 

" . ' .:i~ '. ' ' < • - 7 . - . ' . 
·' · .. '~ '.- . Charge from each mulitplet. In particular the mass of N*- is required for 

·":-· . the comparison m(O·) -m<:=:-*) = m(:g-*)- m(Y-*) :a m(Y-*) • m(N-*), ··. 
- ..... 

.... 
. . . . . ( ~- :. ' We report here a measurement of Am(N*),· using the two reactions· ·' · ·> 

-~ .... n + n - n + p + w· 
·~. ' . . ·. ·· . f.: . < · and · p + p - n + p + w+, .· · 

•". . . • 

· (907 events) 

(79i events) ... 

(i) 

(2) :· 
.. .... ·:· .. . ~ -~·' -·' 

.· ·;: ~ 

.;: .. · 
·. · .:·::;.:.·which are known to proc:ede almost entirely via N*- and N*++ production 

.... ' ·~, ·.• . . . ' . . . 
~ .-~ .;;·,':: • -~: > ,r •' 

. ·: .. ·· ~;.. .-<·- ·:re spec:tively in our energy region. In general, for these three -body final.' . ·,· >. :·' ;~ < :. <.: 

. , .. ~~ : ... ~ :. :. ' . . . ' . . ' ·. :- . . . > ·: ~.~· ··> . ""·./ 
; ·· · . states the peak in the w-nucleon effective mass diStribution does not coincide . ~ ·· · · ·, 

··_·.:: .' ' 

1 .. 

with the ma~s of the reao~nce (defined as the energy at which the phase 
: . . f 

~ 
shift goes through 90 deg ln w-nucleon scattering); the apparent shift ln the 

. . ' ~ 

resonance energy depends upon the reaction mechanism (e. g., single-~ion 
. ·:· 

. exchange), and on the interaction energy in reactions (t) and (2). In co-~e-
. . . \ ~ ' 

quence, a valid comparison of N* masses ;equires that th6 different clufrfge .·. 

states be produced ln charge symmetric.reactlons at the same energy, ~der 
identical experimental condit~ons. The reactions were simultaneously :'-

. . \ t. 

achieved at the same energy by the interactions of 3.68 -GeV/ c deuterdns 

.. :··.' 

.· i with deuterium in the Brookhaven National Laboratoryfs 20-lnch bubble;~ chamber. 
\. 

. ,· 

'•J •• 

.. -.. 

. · · Reaction (1.) was selected from events with three outgoing charged ·particles-• 

p,p,w·. The apparent charge unbalance indicates that a proton of less than 
' . ~ 

't.': -:1 

90 MeV/ c emerged, and this was .. clearly the spectator nucleon in the target ... 

· ' : deuteron. These events were constrained to the reaction 
: .. · .. ·' J. 

: ~ . . 
dn- pp,·n, (3) ·., '. -··· 

f . ' 2 . . . : ', >'-. ·. ~~ i; 
assuming tha;t the target neutron was at rest. Events with x. " 3. fo~ whlc'h ·.·~' · ... : ~. · ;,: 

' :~ -·' -< ::1-·.-. I -. .. 
· · '\ ... ;:. • .: the neutron ~as not a spectator from the beam deuteron ~ere called n-n· · : .· . ': · ~ ' 

• q 1 • ~ , • ·,: • ~ .~ .~ :' ·: 

·· :. interactions. The (w-n) effective mass was computed from· the unconstrained <·-> .~ .' 
. : . •_-, , : ·,I ' ~ ' 

. ' ·. ~ '• · ... 
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·· ~variables in F?<l· (3). ·,This 'means that the neutron 'momentum is uncertain' . . ~, 
.. ': 

·by :1:90 MeV/c, ln addition to the usual mea~urement errors. The average 
... :.· 

' shift in the (1r•n) effective mass due to this effect is 0.6 MeV. 
··~ 

· Reaction (Z) was selected by looking !or·:dd- p1T+nnn interactions. 

with two emergent charged particles, p,.+. · Events in which the proton 

·~ .... t'·\:"':/ 

·~. . 

momentum was consistent with. its ·being a high-energy or low-energy spec~~/;·.··\' , 
.,•, . ' .. ·. 

·:. tor were excluded. The remaining events were constrained to the hypothesis 
. : . ' .. ,' . . . . . . · .. : 

p p - p ,.+ n, with an incident· 3.68/Z-GeV / c proton and a target proton at : 
.. · 

.rest. Because of the Fermi momenta of the interacting protons, the accept~ ,/.; 
. ' ' ' . . . z . . 

ance criterion on these events was raised to x .; 1.0. · However the (,.+ p) . 

·' '.· . effective ma.s s wa·s compu~ed from the. unconstrained, measured parameters, · · 

· · ' .. : . ·and hence is not influenced by'. the uncertainty in the interaction energy. 

.. ·,,.;'. Figure i shows the invariant mass plots M _ and M + for the two 

. ~. 

. .. 11'D 1Tp 

.·.·. reactions. To determine the positions o! the peaks we first subtracted the 

refiection from N* 0 and N*+ in the ratio 1.:9, and then fit the curves with an 

·· .. S-wave Breit-Wigner {B. W.) formula multiplied into phase space (PS). , For 

. comparison with the usual 1Tp scattering parameters, we also fit them with 

a P-wave Breit .. Wigner formula 

' .. ~ 

'. " 

' (PS), ' I 

'·~ .. 

' . 

....... 

·. ·,£', 
,, . 

~. :,- \ 

; '~ -~ ~- . 
.. '· .· ..... 
; .... ~ ·/ !" 

' ~ ". " ., . 
N «..!. . z q 

< .. ':·.\ ···.'. " 
. ~ . . . 

' .... 

·'::. ·' .;_ ... , ·-:~,.···/ _;'' ~·. ~·-

~' .,, { ·'· ·· .where . ' .. , 
' . ' 

• ~ • I 

..... ·ill' 
[ . . ' .. , .'' 

i- '-· 

. ' .'. ,, '_.:_, : .. , 
.: . ! ;-_~, J· ~·.-,_.: ,-

:,_ 
! .... _.;'. 

r= 

;, _,.·. ·, ., 

"'. _!·.,' 
,,, .. , 

..,, 

· .. •' •t .·: .. •. . : ~, -~ ( ,_. ~ .~ ....... · 

The results, shown in Table 1, give·a ~ea dlfierence ~m.(N*)~ -0.611115.0 MeV/ 

: ,' .•·.,_· 

. . .·. .- . ' ' ·' 

·. } '-.~ ;;' ErrorQ::may possibly arlee !rom (a) selection criteria or (b) ayste~tlc .:' 
. . . . l . . . ... 

' ~ . . 

errors ln magnetic field and bea'ln momentum, For group (a), to test l! •. .'~·· 
·' i ••• ,. 

. ~ : 

·, . 
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Masses. wldths, and mass dilfere~cee lor N~. 

s-wave 
B. W. lormul& B. 

. '·' 

. ' ~ ;- . ·. P-wave · 
W. formula · ~ t-..o•-· 

,J.,'· 

-,_,_-------------------------~:--~--~-t ' . 
.. , . 

•.. , /''" ~. 

.-. 

~--·. --~ ~·;·~~ : ._~;··.·!~~~ 
f.. q ... ~ 4'r:.J't;'.(_···.-: ~ 

'. 
j I 121.8.6. 3.5_,- 1.226.4• 3.6 .. - \, '·'• _________________________________ ....,.. ·- .. '. ~~:;,. 

:. - . ~ . 
' 

Mass 
1.21.9.2. 3.5 

N*~ ··'· r =· t24 :1:: 11.1 . 
'·,, 
. ; .... r 

., .. Wldth 
·.- N*++ 

1.227.4. 4.0 

2 

~;. 

P' ~'~ 
(. '\{· 

f. '•, 

j ' 

' -y • 77 lidO ~;_ . 
·r •:• _____________________________ ....,._ .. ,. 
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.. '. i .f 
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reactions (i) ancl (2) as selected. sampled the same configurations, we '. _·· 
' ' I ' ~ .,· 

plotted the pion-_ and nuc!eon~momentum spectra for each reaction. These 

Because · >'.' plots, Figs. 2 and 3, resp•ctlv~ly, show no obvlou_s dlflerences. .. _,; 

~- i :we use only 3-prong events in rea~tlon (t), and hence exclude low-energy .. 

: target neutrons with momentum greater than about 90 MeV /c, we allow a 
. . ··-

, smaller range of" center-of-mass energies than in reaction (2). However 

-:\;<:' . . (. ~-:, the requirement of a flt to reaction (Z) has the effect of. excluding high FerMi:·:,.~;·:,;· 
., ' .... . ' . . ...., . '. '· . '.·: 

.~~:··,.-;:>_,·~i<F ~· ·~ -
· \ ::· · . ·- momenta. This and the coincidence of the momentum spectra lead us to 

' ' 

': ·''··believe that there 'la no bias here • . . .,.. -:·:: .. ·.·· .. . ' ' 

. Since theN* mass measured~ reaction(!) 1~ determined with a missing·· 

:. neutron, while that measured in rea'ctlon (2) is determined with two charged 

· ·.,\" : prongs, systematic errore _of type (b) can simulate a mass difference. As 

' .. ~ . a check, we measured the missing mass in reaction (3) and obtained 940.9 :11 3 MeV. ·. ~. · 

. , The mean measured 'momentum of protons that met our high-energy spectator . "'. _;. ; .. 
criteria was t836 :t 5 MeV, in good agreement wlth hall the,beam ~omentum 

• :·1/' 

-~ .. of 3.68 CeV/c as determined from magnet-current settings. These c;onelldera• '; · · .. ·. · 
·.:· ~· >· .:. · .. 

· .. , · tlons together with th.e wellknown magnetic-field distribution in the chamber !)..->=··" .,-.""\_'_ ·.· 
.. ; 

:·:,F:~ f.-·./:· glyea us confidence ln our result. 
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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 . 






