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“We have studied the interactions
™ +p-T 4+ +n o » (a)

‘and” - _ ‘
wm tp=w 3w’ p ' ‘ {b)

' in the Lawrence Radiation Laborétory 72-in, Hydrogen Bubble _hamber exposed
toa 3 .3 0.1 BeV/c m  beam from the Eevatron. The beam momentum and un-
__ certamty were determined by the measured momentum dxstribution of incommg
‘tracks of ,length_ greater than 6{0 cm and proper entrance angles.
~ Data reduction was performed with the FOG CLOUDY FAIR system. With
' !the abc_.v_e be_arg momentum’ and,unc_ex:taihty. ‘two-prong evem;a were fitteci’ .t'o re-
.aCtigfx types (a) and (b). Events with prﬁpei beam acé'eptance angles, converging
__;'.terations. and X 2 values 5,5 for eithe,i‘ reaction were examined. Separation
”in'to reaction (a) or (b) was done by determining the ionization and rangé of the
poaitwely charged tracks. up to 1.0 BeV/c momenta. The niissing neutral
masses were computed for .both types by using measured parameter values. For
the separated events, _y;{h,e_dl.g;tnbu,tmn of missing mass squares of (a) gave a peak
at thé_ne_u.trop mass and another near the (n.+ n%) mass, For (b), we obtained a
'pea_l; at the Tfo mass, and _enha..nc-ement at the 7 mas.s. - The .missing‘ mass squares
i 8 2 2

Tr_+MP-E?_‘_-E-+ )e - (Pl -Pr-P o, ).

S
were computed by MO = (E v, p - wt, p
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Cuts were théh_ mposed to define the desired neutral masses for thg gnfire
sa;mple.» Furt':herr. a "gocf;d meé#surement"\c‘riwrim;s was applizd to the entire
data, Including 1700.e1a§tic' intvé’f'z.a.ctions'. a tota)‘, of 5000 twé«pmng events
were measured. Thus, 532 evenw ware xdentu"ed as reaction {a} and 365 . o
events as reaction (b); these mclude 30 hali-w«xghﬁ:@é ambiguous events whic’h'
had high momentum transfers to the nucieon, |
Experimental ‘Resulta. We have covuputed the "dipic;n“ effecti“fe mags, w, the

invariant momentum tranafer to the nuclecm. te Az/ guz’, and the angle between

the mcommg and outgomg» n" in the_barycentric system of the final pions, G'aw

" The beam moméntum uncertainty contributed ?ppréximately 15 MeV to the exror
in w and other errors brought this to about 35 MeV; accordingly we chose to,
histogram w in 50 MeV intervals, libures 1(a) and l(b) ahow the instogram
"of the "dipion" masd’sfor the (w:'vr*') and (w:'w°) states, reape_ctively; The (n”, n%)
spectrum is atrongly p‘eaked at wr = 775 Mé-?; which accounts for the H o meson,
" The dashed curve in Fxg. l(b) represents the sum of 500 1nvariant phase space |
- and 50% invariant- phase space thh a normahzed Bren-Wxgner reaonance term
'.of the form N/[ (N ) 1 ('17/‘2) ] -The*resonance ;‘erm used 'haa‘avvaluev of full
wxclth at half maximum I =125 MeV. This cﬁrv"e")_ie normalized t; ,the_:p' ‘p'_eak..
 The (w ,n%) spectrum is also strongly _pe:itIFe,d"at_a central value ‘of“qir'e‘ 175 'Mev; |
‘whiéh accounts for the o méson; however, here the resonance w"idth appeqra
to be broader than the wxdth of the p~ meson. With the mixture ot’ mvariani
phase space and pha.se space thh rcsonam.e. determmed by the P spectrum.

the. da.shed curve in Fig. 1{(a) is computed by using a value of I''= 175 MaV,

Thw curve ﬁta _best around the p®'region and is normahzed to the’ p'°_;5e'a"k'.'
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A second peak in the (7w, 174') spectrum is observed with a central value
W = 1250 MeV and a width of I' = 200 MeV, ~ Similar peaks have been seen in

12,3 The shoulder seen around -':1050 MeV which ap-

two recent expenments.
peared to be resolved at an earlier stage of this expenment has lost its reso-~
lution in this final analysis,

To study the resonant behavior of these peaks we have constructed distri-
Butions in ooe ’.’)““ for seveiol segments of the w apectrum. Due to the wz/pL2
vs AZ/MZ ohaee-aoace limitati_one. the angular di.stributiona are presented with

lower limits of t chosen as tmnzO for 275< w <1000 MeV, and tm' = 4,0 p.z

in
for 1000 < w < 1450 MeV, Distributions were made in t for various segments
of w in both reactions. All of these disi.ribut;ions showed a characteristic de-
pendence t/(t + 1)2. Most of the events were confined to values below t = 25 p.z.

the rest being dispersed in a tail extending to t =.275 pz. Accordingly, the

max
Ia.ngular distributions are 'prese'n‘ted with the upper limit of' t=20 p_tz. Figure 2(a)
is the angular dietributioxi at the p~ resonance showiog a characteristic cos’ 9
dependence over a constant baekg_zfoond, 700 s w(n", n%) < 850)MeV. Figure 2(b)

is the angu.lar .distribu.tior':.above the p~ resonance, 8505 w(n”,n)< 1'006 Me'\f.__ The
forwaf;l - peak indie_ates that the p-w'avel phase shift 6y hae crossed over 90°,
Figure :Z(c) shoove that fhe engular distribution at the p? resonance is strongly ‘
peaked in the forward direction.' 700 & w( ﬁ' v+) < 850 MeV, "'I‘his behz’wior con- ;
tinues after the p? resonance as seen in Fxg. Z(d). 850<w(n » W )< 1000 MeV

This mdxcatea tha.t an s-wave or a d-wave phase shift from the isotopic spm

T=0 component of the: ('n » ) state is sufﬁciently strong to interfere’ wlth the
p-wave bhaae shift of the T = 1 component §,, such that it px"events” the effective

phase shift from reaching 90° at the p° resonance. The T = 2 component is

ruled out for such a behavior since it would have appeared in both reactions.
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MNgures 2(e), (f), and (gg) show the angx,ular dmtributxon before the peak
1000 € w{n", '’ )< 1150 MeV, at thc 1250 MeV peak 1150 'aw('nr T )< 1300 MeV
and after the peak 13004:0.)('« , T )< 1450 MeV, reepectwely, Fig. 2(f) is a non- -
isotropic sytnmetrx-c distribution. The 1250 MeV peak is_,aeerg in the (n~ ,,u _) :
state and not in the (r~, w%), so that this resonance has iaotopic spin T = 0;
jwherebw.,'. it is confined to even énédlar momenta. Alltlf’xo_uéh. Fig, 2(f) doea ,not"
.show the charac'tefistic d-wave hur_np at .9-,”# 90°, the J = 0 vatkue is x‘uleé . :
out by nonieotropy.‘ Dalitz élota were conetiuCted for reeetions (a) and (b).
Figure 3 represents the,.'p:ojecti'ons of thoee plots in terms of the final oion
reaction center of mass kinetic epergies; 'I’," . The ‘curves ethh are the |
inve.riant'phase-,spae'e integrais normalized to the total area of each histogram,
The position of possible pion-nucleon reson'ances are tndicated accordingly. |
Figg-re 3- (al) and (a?-) are the T..,,+ and ’I‘"_ projections, which e.r‘e equivalent
to the (ﬂ',n) and (w+,n) effective mass e'pectra. respectively; No_appreciabjle '

dewatxon from phase space is seen. in either state. Figdre 3(b ) an‘d (b ) are the

T ‘and T projections, givxng the (v~ ,p) and (=%, p) effective mass ape¢tra.,
n’ , n

respectively, Deviations from phase space are evident in both states. The T

. ) . - . . . ‘}1 @

distribution has a 4-standard-deviation péak corresponding to 2400_ MeV( v, p)

' effective mass. The T dzstribution ha.e a3, 5-standard-deviatxon peak at the

n
'N3/z(1238) position. "If the peak in the T d.tstributxon is assumed to be due to.

3/2(1238) resonance. then the 2400 MeV peak in the T _6 distributxon must |
n

be coneidered as spurxous. An exammatxon of the Dalitz plot of reactxon (b) shows

the N

that 40% of the events at the 2400 MeV region of T co_me-_from the.-~-.N3/2(1_Z38)_

of T o and 25% from the P resonance.

' - n _ ' : .

In reaction (a) the final state mew redonance_s dominate over (m,n) inter-

actions'. vtrhereas in reaction (b), with the presence of a single v~ resonance, the .

remaining phase space is available to the pions for any (w, p) interactions.
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.‘Conciusion. The striking difference in the angular distribution Between'the

on. and 9~ needs further explanation This difference seems to be inde-

| pen_dent of energy. 3 if the apparent enlarged wxdth of the p" is due to an ad-
jecent w productxon which decays elec:tromatg,metica.ily6 into Zw’e. then the |
same process cannot explain the i'orward peaking of the p°® angular distribution
for the iollowing reason, In reaction (a), virtua.l «? production would be through
a p exchange, whereas a p° production proceede through a nt exchange; it has

been indicated  that the w-w angular distribution combined from both proceeeee ;

Wm_ild still be symmetric end of the form a+ b coezem'.

Recent experiments of high energy p-p elastic scattering indicate that the

2

first Pomeranchuk trajectory may have a elope4 of o.P (0) = 1/80 ", Ifthe
1

B Regge singularities are confined to simple polee and if a conetant siope of Regge
A trajectoriee is a.nmm'necl8 over a wide energy range, then the 1250 MeV 'I‘ = Ow-n

resonance can be interpreted as the phyeical manifeetation of Pl Recently.

12 g (0) = 0.5, has _

- P,
been postulated. 9-12 Under the above assumptions this should manifest itself

eecond Pomeranchuk trajectory PZ. with the intercept value

as a T‘ £ 0 m-7 resonance .at 1800 MeV, ‘wi'_iich is above the pnaee-epacel limitations’
of this experiment.. o

I am grateful'to Prof. Wileon M. Pow‘ell for his support and encourage-
ment and to Dr,. Robert W. Birge for numeroue discuesione and guida.nce. This
experiment would not have been poaeible without the efforts of many in the
‘ Powell Birge reeearch group. I would like to thank Prof. Luis W, Alvarex nnd
hie group for the bubble chamber exposure.v and 'the data analysis group of Howard

~

White for the date redttction.'-
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Figure Captions

Fig. 1(a) Spectrum of w(w", 17+) from 532 events of reaction ¥ + p - 4+ ‘n+ 4+ n,

Dashed curve: 50% invariant phase space and 50% invariant phase space

with Breit- Wigner resonant terrn using I"r = 175 MeV, w, = 775 MeV,

(b) Spectrum of (v, 1% from 365 events of reaction n  + p—-1n_ + n° 1 P

Dashed curve: sarne as in (a) with I‘z._ s 125 MeV, W, = 775 MeV,

Fig. 2. Distributions in cose @w'n" the angle between the incoming and outgoing

and

Fig. 3.

-
(a)
(b)
(c)
(@)
(e)
(f)

(g)

in the barycentric system of the final pions, for

- 0y agn n. ~ 2
700 sw{n ,7n") < 850 MeV, and toin <F <20,

- 0 ' 2
850 = w(w ,w" )< 1000 MeV, afxd t.min <t€20p ,

700 € w{n~, 7)< 850 MeV, and t_ . <t <20p°,
min

850 < w(n',n+)< 1000 MeV, and t ., <t 20 uz,
min :

1000 s w(n™, 7)< 1150 MeV, and 4.0 u° <t < 20 p?,

1150 € w(n™, n7)< 1300 MeV, and 4.0p° <t <20 p?,

2 2

1300 sw{n”, 1) <1450 MeV, and 4.0 p° <5 <20 p°.

Projections of Dalitz plots in terrns of final pion c. m. kinetic energies.

(a;) and (a,) are projections from 7" +p-=Tn + W +n; {b,) and (b,) are

from w +p-=7n" 4+ %4+ p. Solid curves are phase-space integrals,

w . :
Position of possible N 'resonances are indicated by arrows.
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