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: Separatlon of ISOtOplC Sp1n 1/2 and 3/2 nN Systems

in pp +-NﬂN Reactlons at 6.6 GeV/c‘

Eugene Colton

Lawrence_Berkeley Laboratory, Berkeley, Californie 94720

and
'Z. Ming Ma

Department of Physics, Michigan State University, East Lansing, 48823

- Abstract

Data for the reactions pp > pﬂ+ﬁ and pp ppm°® at 6.6 GeV/c are
used to obtain the cross sections for the production of isotopic spin 1/2
and'3/2 N systems as well as their mutual'interference'term. Invariant

mass and momentum transfer prOJectlons are presented Comparisons are

made w1th previous results at 6.92 and 19 GeV/c

In this paper we calculate the cross4sections for the production

of 1sotop1c sp1n 1/2 and 3/2 nN systems ‘in. 51ng1e plon productlon in

proton proton c0111s1ons utlllzlng charge 1ndependence Isospln separa-

1‘.
tions have been: prev1ously reported for « p 1nteract10ns at 5,7 and 8

5
-and 16 GeV/c, and for pp interactions at 6.9_2,3 and 19 GeV/c. 4, The

data for this énalysis were obtained using the Lawrence Berkeley



.2 -

Laboratory 72-in. h?&rogen bubble chambér exposed. to an external'pfpton
bean 6f-6.6 GéV/c incideﬁt mbmentﬁm.'.Wélutilize 6424_events of the fype
pp * p"'n and 2539 events of the type ﬁp:+ ppT°. ‘Thé production cross
sections fprvthe twb‘réacfiohs are 5.73 + 0.351andv2,54 * 0.16 mb ,

respectively.

In order to perform an isotopic-spin separation in pp + NmN reactions

the outgoing pi meson must be associated with one of the outgoing nucleons.

3,4

Following earlier analyses we assign the 7 to a nucleon which is referred

to as Nl,'such that le has the minimum invariant mass (MIM),‘i.e.,

M(Nln) < M(Nzﬂ). The use of this criterion for separation yields

[for c(pp %5N1nN2)]

Q
1

2.94 £ 0.19 mb

1 = (pp > p"+_r1),

Q
H

, = (pp > n"'p)

2.79 £ 0.18uwb (D

3 = (pp » p°p) = 2.54 * 0.16 mb

Q
"

In order to separate the different‘isotopic—spin contributions to
, | , e o =
reactions (1) we define IAZIJ to be the integrated cross section for

producing the N1

n.system with isotopic-spin I. Then from charge indepen-
dence and Bgggild et al, we have

It

|A3|2 (4/3)0) = 3.92 * 0.25 mb
2 _- . ' : .
[Ail =03 %0, - (1/3)61»= 4.35 £.0.38 mb , (2)

 Re(A;A3j.s (1//53[2q3;- o, - (1/3)01] = 0;92i 0;23‘mb_ .
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‘The average phase angle between the two isbtopic—spin amplitudes,
integrated ovey‘all‘variables is given by

_ Re(ATA L \
cos '¢13 = e~ =0.22 % 0.06 . (3)
A 1As]

For the purpose of comparisoﬁ we list in_Table I the above Quahfities
and thdse determined at 19 GeV/c,4 and at 6.92 GeV/c by Rushbrooke:6
The'Ilﬁ S/é'crosé sections decﬁease more rapidiy withfinéreasing beam
momentum than do the I = 1/2 crossisectionS: whereas the ratio 
lAll/lAsl is consistent With i.O'slightly below 7 GeV/c)it has risen to
l.8vat 19 GéV/c. The phase angie cosine [defined by eq. (3)] shows little’>
change with increasing-ﬁeam momentum, however. |

H In order to illustrate the invariant mass and:four—momehtum'transfér
dependencé of the amplifudes defined in Egs. (2) wevshow.first in

2
1|

Figs. ‘1(a)—1(c) the do/dM(N;n) projections of |A3]2,|A ,:énd
RetAIAS); reépectively, as a function Of M(Niﬁ) in 40 MeV biné."
Figure 1(a) indicates copious production of the J¥ = gf A++(1238)
resonance with litfle or no significant structure at higher mass values.
The 1 = 1/2 mass distribﬁtion [Fig. 1(b)] displays an enhanced region-
from threshold to 1.75 GeV: Discernablé peaks are seen near 1.45 and
_1.65 GeV. We have reported on these I = 1/2 resonan¢es,in ah‘earlier
publication.7 Below 1.4 GeV thé structuré,is siﬁilar to the I = 1/2
invariant,mass distfibuﬁions obéervédvby the ABBCC collaborationz‘in_

their study of n+p interactions at 8 and 16 GéV/c; The data show an_

excess_neér 1.3 GeV, which is well below the centrél'mass value of the .
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first I = 1/2 7N resonance [JP =.1/2 N(1470)]." The interference term

[Re(A;AB)] piotted in’Fig 1(c) is'consiStent with zero from 1.12 to 1.28

e

GeV and is positive elsewhere. This observation is opposite to that

reported at 6.92 GeV/c;3 however, this discrepancy may be due in part to the G

values osod for O, in Eq. (2): 2.54 mb at o.o GeV/o and 2.0 mb ot 6.92‘GeV/c.
In any case, structure does ekist in Fig. i(c)‘but-clearly more accuréte
data arejrequired for serious studies. | v |

' The do/dt projectionsoof |A3I2 and lAllzxare»given‘in Figs;_Z(aj-Z(dj, .

2

transfer squared from the appropriate incoming proton to the outgoing Ni.8

The data are plotted vs. both t and t_ where -ty is the four-momentum

The'do/dt-,l projeotions of IAS[Z and |A1|2 (Figs. 2(a) and 2(c), respectively)
are markedlyvdifferent. Figure 2(a) exhibits different behavior in three

clearly defined regions of t_,, where each behavioi_is mainly'due to a

1
different M(pn+)_region.9 Figure 2(a) is simiiar;to the corresponding
distrioution obsorved at'19iGeV/c5 in that a break is seen near 0.7 GeV/c,
however the»break appears as a dip at Q.8IGeV2_at.the highei beam momentum.
The data in Fig. 2(c) decrease smoothly,nith t) to 2.07¢eV2, then fallioff
more rapidiy. The do/dt2 projections of IASlZ and |A1|2-(Figs.'2(b) and
2(d), respectively) both display a smooth drop-off with tz.v The data in
Figs. 2[b)—2(d) have been fit; using the least-squares method,.to the
function ‘ _ | |
;gg—' = AoXt.+ Bt . | _ (4
The resulting confidonce leveis,'as well as the best . fit vaiues.of the
paromeﬁers_are listed in Taole IT. The.small t oonéVior of each distri-

bution'in.Figs{ 2(b)-2(d) appearS;to be different, as evidenced by the

differingivalues of the slope'parameterlx."The y slope parameters are
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‘amplitude.

similar in each.case, however.' This behavior was also observed at 19
5
Gev/c.

Turning now to the questioh of the dominant exchange responsible

for the lA3|2 and |A1|2 cross section, we have shown that one-pion-

exchange E) is dominant in the reaction : n. n work in
hange (OPE) is d ‘ h pp > 071 (1238) I k

. . o 11 AP . . .
~ progress we have verified that significant OPE contributions. exist also

' ' ' o .12 '
at higher M(pﬂ+) values. Thus we conclude that the |A3‘ Cross section

“is dominantly due to OPE, in agreement with Bgggild et al.5 In the case

of the(Ailz, it was shown earlier,4 by means Of‘energy independence
arguments, that Pomeron éxchange appgafs'to be dowinant ét 19 GeV/c.
If the I=1/2 cross section is due.mainly to Pomeron exchange at béth
6.6 and.19.GeV/c, theﬁ the ratio of these croés sections should Closely

approximate the sQuare of the ratio of the pp'tbtal cross sections, 12

fbycsthexapiioatx thenoem) which is roughly (41/39)2 = 1.11. From Table T
we-have.|A1]2'6/!A1|§g = 4.35/2.3 ; 1.89 * 0.30. The two.rétios differ
by roughly 2.5 Standard.deViations, indicating energy non-independence
of!Allz in going from_6.6 to 19 GeV/c.v Therefore Pomeron exchange is
not doﬁinént in producing I = 1/2 Nm systems at 6.6 GeV/c. In fact,
Rushbx_'ooke6 has shown, using the pp and pd data at 6.92 GeV/c, fhat the
PomeronAéxchange contribution amounts to (36111)% of the. total reaction
13A similar calculation using our pp dataf(at 6.6 GeV/c) together
with thev6.92 GeV/c pd data 6 indicates a 33% cqﬁtfibution.v

Wé thank Professors P. E. Schéin‘and G. A. Smithvfor,assistance in
other stages of this experimeﬁt:‘ One_of us tE.C.)'appreciatgs the_ |

comments‘of,Professor F. Muller.
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11.

13,

12.

: Pole-.extrépolation techniques applied to the reaction pp ~ (p"rr+‘)n,

in order to determine the on-mass-shell w+p eiéStic-scattering Cross
section, h'aye yielded correct results up to M(pﬂf); ='2.02 GeV.

If we invoke factorizat_i_on and aséume that the NZ_ .ver_tic'es are of the
samé: type és exist in elastic scattering, then theb totail cr_o'ss sections
can be re’late.d to the I = 1/2: Cross séétions by the optical theorérri. |
The use of reactions (1) along with data for the process pn-» pp'_n—

leads to a dete rminati_oh of the I = 0 exchange amplitude in NN - NN,

See Ref. 6.



Table I. Isot,0pic spin cross section for the reactiqris PP > N11rN2

for different beam momenta.

| L 2 . 2, U
Momenta (Gey/g) |A1| (mb) |A3v| (mb) oS¢, 5 |A1|/|A3|
6.6 ' 4.35%0.38  3.92%0.25 0.22%0.06  1.05%0.06
6.92% 4.3 1.2 2.9 %0.7  0.06£0.16 1.2 £0.2
19b . 2.3%0.3 0.7 £0.1 0.4 %0.3 1.8 0.3

a. Reference 6

b. Reference 4

Table II. Results of least-squares fits_- of the do/dt distributvions in

» t t
Figs. 2(b)-2(d) to the form Aex + Bey .
Dis‘tribution‘ ’
' 2 . : 2. 2
Fit Quantity lasl” [Fig.2(0) ] [a"[Fig.2()]  |A |"[Fig.2(d)]
t range (GeVé) 0.0-3.0 0.05-1.90 0.05-3.0
" confidence level %) 2 89 : 6
A O 18.2t1.4  5.7%0.9 16.4%1.4
B 1.6%0:3  3.3t1.0 1.8%0.4
x (Gév'z)_ ' -7.280.6  -4.4¥1.4 -5.8%0.5

22 . : _ .
y (G(_eVr,) 5 : -1'.2i0j.1‘ o -0.9%0.2 . -1.1%0.1

3]

T"




.,Figure Capfions

172
i ' M(le) < M(Nzﬂ). (a) |A3|2;' (b) |A1] ;0 () Re(AIAS) where these

) 2

» Figurell. dc/dM(Nlﬂ) projections for pp > N.7N, at 6.6 GeV/c where
‘quantities have been calculated using Egs. (2).

Figure 2. do/dtj projections for pp +-NlnN2 at 6.6 GeV/c where

,-M(Nln) < M(Nzn)'and.ati is'the'fbur mdméntum trahsfei squared'from
the‘appropriate'ihcoming proton to the outgoing N;.- (a)-(b) t; and
té projections of |A3|2, respectively; (c)-(d)"tlland t, projettions

l 2

of |A112;'reépective1y. '|A3 and |A1|2-have been_célculated using

‘Eqs. (2).

-
@
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