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" ANALYSIS OF mp ENHANCEMENTS IN ™™ 4+ d
INTERACTIONS AT 3.2 BeV/c

" Leo Seidlitz,T Orin I. Dahl, and Donald'H. Miller

Department of Physics and Lawrence Radijation La.boratory
University of California, Berkeley, Ca.hforma. '

June 16, 1965

In a study of multipion final states produced.ih 'rr+piintera.ctions at

3.65 BeV/c, Goldhaber et al. demonstrated that a.lnqoét all m ol events

- bt s .
proceed through either the p°N * or p°'n'+p intermediate s_‘ca.tes.i .They found

4

‘ i i
that the 'rr+p° effective-mass distribution, M(1T+p°), for the 17+pr events contains

a broad enhaﬁcement (A+_‘)” in the interval 1.0 to i.4 BeV, S‘ubsequent analyses by -

otl"xer‘,,g_roups have shown that the enhancement in the 'n:kpo system consists of two
_ peaks:z’ 3 “the Ai(1080) with I''= 80 to 140 MeV and the A2(1310) with
I' = 80 to 400 MeV. The observation by Chung et ‘a.l. of what may reasonably be

v‘;iriter.preted as the decays A,+K K, and A, =K K sﬁgge‘sts that the A,

1 171
- enhancement represents a state with well-defined quanturn numbers;3 they con-
'clude tha.t the most likely a.531gnment is IGJP 1'_'2+. In contrast, the structure

of the A1 pea.k has remained obscure. -No related decays have been established;

- in addition, several possible kinematic origins for the enhancement have been

suggested 46 ‘ i

?

To compare the product1on and; decay propert1es of the A and A, 5ystems

1

in a va.rlety of final states under similar kmematlc condltlons, we have ana.lyzed

. i
m7d interactions at 3.2 BeV/c. Thus far, the final states

<3
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rTtd = () nt AT (2881 events) .  (ta)

- (n) p + T4+ T+ at ( 669 events) ~ (1b) |
and T T |
' ~(p)p+ T +T + “of ~+ (4577 events)  (tc)

have been studied. Direct 'eomparison of correlations with those observed in

. 'ﬂ’ip experlments is s1gn1f1ca.nt only for events representmg interactions on a -
single nucleon. Consequently, all events with an unobserved proton (i, e., only o
vthree visible prongs).were measured; 7 four prong events were measured only
when a clearly identified proton was present. With' these criteria, the detection
efficie'ncyl for (1b) ‘decreases rapidly for events involving protons with laboratory

!

' : . ‘ SR x . .
momenta > 800 MeV/c. Since the A enhancements in T p interactions

P
occur predominantly atllow rhomenturr‘l;tr'a.nsfer-squared, Az.(p), this bias does |
: not affect the pres-ent conclusions. After fitting, events were assigned to (1a,
b, or c¢) when the nucleon in pa.rentheses had Py, < <220 MeV/c..8

The combmed M(N7) and M(wm) dlstrlbutlons for the two Nm and 7T

™

>

\A!paizjings are shown by the dashed curves 1n,F1gt 1. To distinguish the two ™
pairs, we calculated 'AZ for each, We designate the pair with lower (higher) AZ
by wni.(vnz);‘"the associated AN'rr pair is: then: N'rr‘2 .(N'rril).'. Distributions for the
NTr2 and v, pairs are shown separately in the solid curves, The M(Nv
distributions for events in which the Ty pair lies in the P 1nterval (600 to 850
MeV) are represented by the shaded areas 1n1 a, c, a.nd e; the N peaks in these
dlstrlbutlons correspond predomlnantly to the N P fma.l sta.te.‘ The M(‘mri ‘

_dlstnbutlons associated with the N‘rr2 pairs outside the N intervals are'Shovrn

by the shaded areas in 1b,d, and f. Events in the p 1ntervals in these dlstrlbutlons to:

gether with those in the wm, combina.tlons are used in the final ana.lys1s,



b provides a remarkably clean separation of the Nikfp" events, Some N*" and

-3 o0 T 0 UCRL-16194

© The structure in the {p)nn w v final state is similar to that observed
) . ot f . N L (x| ! : ' . .
-4 2

“in the charge-syrnmetric' state p1r+1r+ir . The A" selection in Figs, 1a and
i . . : S ' : .

p® production occurs in the nr”, and 1-r+1r72 pairs; however, the scatter plot -

: e ‘ L
- shows no additional enhancement in the overlapping N "p° bands for these pairs,

+
Correlations in the (n)pr 7 w events are similar to those reported for the

'analogous final state produced in 7 p interactions at 3,2 BeV/c. 3 Although the

N*o 0 final'state is observed, the inset in 1¢ 1nd1cates that N Fht is stronger.'

. + ' - _
Most v !'s associated with the N ‘H-'. interval combine with m oy, to form p°!

“x

bp events is possible, Some

consequently, no unamluguous separation mto N
p° production occurs in both the -rr+1r 4 and 1!"+1r 2 pairs outside the N ¥ interval.’

Stru'ctufeiobserved in the (p)pw w w° final state consists predominantly of

R - L e - ' ' -
N % formation in the pm , and o 4 Pairs; negligible p production

N * : ' L - .
. occurs outside the N % interval,” Some uncorrelated N*® and p formationis

present in the pw , and 1r°1r—2 pairs,

"‘.[ ©  To compare the structure in mp systems pi‘oduced in reactions {1a, b, and

c), we plot Az('lrp) against Mz(wp) in Fig, 2 for eaeh final st'ate.- ‘Events with

either nmw~ pair (1a), the p-rr+ pair (1 b), or either pr_ pair (1c) in the N* interval

(1120 to 1320 MeV)luave been rejected. The Mz(wp) distribution for reaction (1a)

.agrees qualitatively with that observed by Goldhaber et al,; 1 although a broad

enhancement occurs in the region 1, 0to 2,0 (BeV) + DO clear separation of the A‘1

- and A2 peaks is ach1eved Alternatwely, for rea.ctmn (1b), a well-defined peak

is observed at M (wp) ~ 1.72 (BeV) for events w1th 0.15 < A (p)< 0.7 (BeV/c) ;

-ment is amblguous (pL <220 MeV/c for both nucleons) fall in the A1 reglon, when

this is consistent with the results of Chung et al, ? Almost all e%rents whoge as aign—
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"a.ddltxona.l nucleon in the final state.
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" ‘the prOJectxons in Flgs. Zd and e are added and amblguous events used only .

i

once, the relatwe:mtenmtxes in the ‘A and A enh_ancements tend toward those
- observed in the T p experiments. : ‘ L - -

enhancements in both- ;"-po

It is 1mportant to note that the strong Ai Sl

p]ots are confmed to events w1th A (“P)<O 15 (BeV/c) In contrast. no analogous o
10

. effect is observed when s:.m11ar cntena are used to select T p combmat:.ons,

i vw;.thm statlstxcs the ™o plot suggests a umform den51ty for A ('rrp) < 1 (BeV/c)

' Smce the 'n' -8 data reproduce the essent:.al features of the correspondmg = P
L - experxments thls difference probably cannot be attrlbuted to the- presence of the
. . ,.’ . R
. Three dlagrams whxch may eontnbute 51gn1f1ca.nt1y to N7mw fmal states -

- al’re ,shown in Flg. 3. In (3 a), exchange ofa G==1 system is allowed' when

the exchanged pa.rt:.cle is a plon (OPE) th1s dlagram contrlbutes strongly to pN
, events._ii'-% The presence of the plon propaoator 1mp11es that W1th 1ncreasmg c. m,
",energy, .the OPE contr1but1on tends to concentrate in tne Nm, and "n'w‘1 pazrs;
‘Eth‘iﬂs et'fect is particularly clear.in the (p) n1r'"1r"-rr+ ﬁnal state. In (3 b), the ex-

. \
-,changed system must ha.ve G + 1, at low A (N) this dlagram domznates in the

4

'productlon of resonant Systems whose decay into 31r is strong. D1agram (3¢) xayescy

vrepresents & mechamsm Suggested by Nauenberg and Paxs for generat1on of peaks

S ' 4 ;
o in 3w systems. For real partxcles, ,"‘ch scattering would show a peak in the

- f mass regxon where the decay pion from Y can combine with' the incident w to

form . Y '; enhancements a.ssocxated with thlS mechamsm would result from the
.‘se‘ouenc-e"rr+p-'rr+'n'+1r—wp'+1r1l 12; . |
- :
) 'I‘he observed ‘ﬂ'p structure may be compared thh predzctxons for the .
vdlagrams in Flg. 3. We note ﬁrst tihat a low masgs 'rrp enhancement corresponds
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- to 'a;strongly peaked angular distribution_in the 1N c.m, ‘Dec‘k has pointed out
that diagram 3 a leads to this configuration if the AZ dependence for virtual mN
‘scattering at vertex Ia is 31m11ar to that for the free TN system 5,13 This
mechanism also accounts naturally for the observed concentration of A1 events )

at A (1r p%) <0.15 (BeV/c) . Since vertex Ja represents w4+ n -7+ P _for the .
(p)vp-rr'-n‘rro final state, the absence of a significant ,AZ.— enhancement may be -
attributed to the small charge-exchange cross section for energies ahove the N*
-region. | |

In diagram 3b, we assume that the‘ Tp enhancements resnit from decay of

resonant states with I=1 or 2, I_f we neglect absorptive.e':gfe'cts,' the_ reiative,
production rates of the observed decay modes for reactions ’(1 a,b, and c) are

1: 1 :0;,,and 41 :1:8 for I=1 and 2, respectively. The dist‘ribi‘itions.in JE"‘ig. 2 |
~are consistent with the I= .1 assignment for the Ai or ‘AZ there is no possibility
. for interpretation of either enhancement asan I= 2 resonant state. However, it
'.Iis important to note,that the concentration of . Ai events at A (rp) <0.15 (BeV/c)2
i not expected for production of a resonant state through p exchange. For ex-
‘ample, in a study of the reaction ,1r+.+ n(o) - @+ p (p) at 3.25 BeV/c, Cohn et al. 14
~ find significant prodnction of w in the G interval 0 to:0.6 (Be'v'/c)z. In contrast

to the distribution.of A (rp) for the A1 events, that for AZ is similar to the

distributlon observed 1n w produ.ction1 -3

| If we assume that Yc and YC‘ are p's;. relative production rates through
diagram 3c are 1 a1 : 2. Since no A-i- | enhancernent is observed, and the A,
is almost certainly a sta.te with IGJP = 1."2+, this mechanism may be rejected,
~An alternative klnematic origin for the A enha.ncement has be.en 'prol.)osed .

' by Chang 6 Smce each final state contains‘two 1dent1ca.1 pions, symmetrization

results in a produt‘:tron amplitude of the a.pproxlmate form MP M (D + D23j
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whefe \Dij is the p propagator lleading. to &rivj*._ He’;hotes that constructive -
interference can occur only for both DiZ #0 ‘and D,, # 0, i, e , in the c.m.
 energy region where both' ™ combinations may form p's. Since the dominant
! p production émplitudes ‘for interference pres.urha.bly result from dié.grarh 3a, no
‘direct test fo: distinguishing the two kinematic mec_ha.nisxhs is av‘a‘ila;ble. |

We conclude that the absence of any significant w p~ ehhaneements pre-
cludes the mterpretatmn of either the Ai or A‘2 asan I=2 resonant state.
The observed Tp enhancements in the Ai ‘region are in qu’al’itative agreement
with predictions for the kinematic mechanism proposed by beck; Alternatively,
the A,
I= 1 assignment for the A,.

may represent a broad resonance .with‘ I=1. The data'agree with the

' 15 - E L
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Professor Luis Alvarez throughout the course of the experimvent are appreciated,



v 1 *

of the p (140 MeV)andofthep (180 MeV)

T \\ . UCRL-16194
FOOTNOTES AND REFERENCES
. , ENCES

*'Work done under the a_v.uspices of the U. S. Atomio ,.Erixergy Commission.,

T

V1$1t1ng scientist from Prmceton Un1ver51ty.

N

G. Goldhaber,v.]' L. Brown, S Goldhaber, J. A, Ka.dyk B. C. Shen, and
G. H. Trilling, Phys. Rev. Letters 12, 336 (1964),

' ‘Aachen-Birmingham- Bonn-Hamburg- London-Minchen Collaboration,

”

Phys. Letters 6, 62 (1963).

S-U. Chung, O.I. Dahl, L.M. Ha.rdy, R. 1. Hess, G R Kalbﬂelsch

J. Kirz, D, H. Miller, and G, A.. Smith, Phys. Rev. Letters_i_Z_, 621 (1964).

M. Nauenberg and A. Pais, Phys. Rev, Letters 8, 82 (1962).. :
'R.T. Deck, Phys. Rev. Letters 13, 169 (1964).
N.P. Chang, Phys. Rev. Letters 14, 806 (1965).

Approximately 65% of the events measured had only three.visible prongs; these

correspond to a projected length less than 1.5 mm for the low momentum

recoil. The fitting program treated the unseen proton as a measured track

‘with momentum components equal to zero but having appropriate errors. in the

'X,y, and z directions. For the four-constraint final state, pp‘n'.-ﬂ-, the,

resulting momentum distribution for the lower-momentum proton is con-

sistent with the Hulthén distribution. With the weaker constraints in

reactions 1, the momentum distribution for unmeasured protons tends to -

peak at zero; the distribution for measured protons (p'L;, 80 MeV/c) is

consistent with the Hulthén distribution.
This distortion has no significant effect on M(ﬂ"n"rﬂ because the three
pions are measured. It is difficult to estimate the -effect on M(ﬁ'ﬁ T );

#

a.lthough the poorer resolution is probably reflected in the observed \#La h

f

N
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t. Bu An additional 700 events contained no nucleon with p; < 220 Mev/ ¢; in

J 9.

10,

44,

42..

. 13,

167 events both the neutron and proton had pLs 220 MeV/ . " Since the

‘uaignment of events is obscured when both aucleons have low mamentum.

. Aalternata selections were tried. For the preacnt‘ analysie. 30 Ydouble«

specta.tor” events are used in Fig. 24 only. 46 in 2¢ only, and 23 in
both. The second selection in which each ovent in assigned only to the '
ﬁnal state corresponding to tha lowcr-momentmn nucleon. led to similar

i conclusions. ‘

Although Chung et nl. observed the A, and AZ peaka £°r A (p)< 0.65 (BeV/c) .

- they find that, ai‘ter deletion of events with A (p)< 0.15. there is a aimilar
emphaeis of the Az peak with respect to the Ai’ Private communicmion.

When events with M(sz) in the N"' iaterval are not rexnoved. all final otates

contain a strong ¥p enhancement thtoughout the A 4 Teglon a.t
(wp)< 0.15 (BeV/c) .

M. Aboling, R. L. Lander, W. A. Mehlthop, Ng. h. Xuong, and P. M. Yager,
- Phye. Rev. Letters 11, 381 (1963), | ,_ |
Séo C. Goebel, Phys. Rev. Letters 13, 143 (1964) in which a'fu:ther analysis

of this mechanlsm demonstrates that it cannot produce an enhancement in

© the wp ayatem by virtual p exchange.

Alterna;ively. a genuine wp enhancgmcnt at low méa_e inay erroncously leéd-,

. _ " to the conclusion that virtual wN scaltering is similar to that for the free

™ ljrotem. Abolins et al. (Proc. Secdnd Athens Topical Conference on

' Resonant Particles, 4965, to be publighed) have described o test for the

mechén_inm proposed by Deck. In the #N ¢.m., events are divided into
those in which the x;ucleon goeo forwaxd ox; backward with respect to the
incident beam direction. Th&y find that the low-mass wp enhancemen't'

accurs &xly in the forévard evexiss. Howevcr, this is no more than a-

rentatement a( the fact that the A 4 enhancement occurs at low A" £

|
{
1
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"FIGURE LEGENDS
| Fig.' 1, Distributions of the mvana.nt mass of Nr a.nd m pa.n's° The dotted

. lines represent two comb1nat10ns per evento The one combination per.

event for wh1ch A {(rw) is the lower is represented by the sohd lmes.

Figs 2. (a), (b), and {(c) Chew- Low plots of the wp systems in. reactlons 1a, b, -

and c, respectively. (d): (e), (£)» (B), (h), and (i) ProJectmns of mass-

/
squared (wp) for the same reactions, In_all plots,’ events were excluded
if neither 1r+’ ° n pair was in the p interval (600 to 850 MeV). Events
with either mr_' pair (a), the p;n’+ pair (b), or either pw pair (c) in

" the N* interval (1120 to 1320 MeV) were excluded.’ '|

Fig, 3. Diagrams considered in the production of wp enhancements.’
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