COMITATO NAZIONALE PER LENERGIA N,U'CLE’AR.E‘

Labora!on Nazuonah di Frascali

LNF - 64/7

24. 3. 1964.

R DelFabbro M dePretls R Jones, G. Marlm, -A. Odian, G
- Stoppini and L. Tau: TWO-BODY EFFECTIVE MASS SPECTRA
IN THE PRODU CTS OF 'THE R,EACTION 7+ p —>p+a +.’"

(Nota interna n. 235)

Servizio Documentoz«one —
dei Leboratori Nozioneli di Frascali del CNEN
B "Cosella Postale 70 - Frasceli (Romo)




boretori Nazionali di Pragecati del CNEN
f 1o Document321one

Lal
Ut

Note interna: no 235
24 Marzo- 1964

R. % gabbro, M De . %r tls; nz Jon §§ ), G. Marlnl( ), A,
Odian G, Stopplql ’ and L. Tau' /. TWO~-BODY ?FF“GTIVEL
MASS DPE&TQA IN, THW PPODUCTa OF THE RFACTION 7+ —>p +
S | | S
(:vﬂ11+ted to Phys. R;;. Letters)

o We 'report'here the preliminary results of on expe-
riment on .the reaction - '

(1. Gepeedter

in which we havc Tes .1ﬂed the (w ) invariant moss. spec~
trum, in the interval from 280 to 600 MeV, at a fixed pro-
ton lahoratory angls © £°35°, Our data may be interpreted

as indicating 'a resonance of the' (r*,, ) system ot a total
center—~of-mass energy of - 379+4 MeV w1th a full w1uth ﬂt h
msxwmum.of 139+13 M V. .

(})-—'Jow at the Br@c fhaven Natlonal Laboratory, Uptéﬁi New
York. - e . SR

(4 ) - Istltuto di rl vica deilyﬁniversiua‘ai Roma and Isti-
" tuto Naszionale di Fisica Nucleare, Sezione di Roma.

(x) = Now at the Stanford Linear Accelnrator, atun¢oro, Ca-
llfornla.
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The experimentel apparatus is shown in fig.1. The
photon beam of the Frascati electronsynchrotron operated
at 1000 MeV, was collimated into a 1 cm diameter spot to
strike a liquid-hydrogen target 1 cm in length. Protons e-
mitted at 35+3° in the momentum interval from 346 tc 455
MeV/c are detected by a thin plate spark chamber followed
by a Y“range" spar%»ghamber made up of 25 aluminum plates
1 mm in thickness

In addition to this we determine the direc¥ion of .=
the two pions by letting each traverse a system of two spark
chambers. The positione of these were chosen so 28 to se-
lect, with reasonably flat geometrical efficiency, total
centre of mass energies of the 7 -7 . system within the in
tervael from roughly 280 to 600 MeV. As a consequence of
this, the accepted productlon angles of the: 7T - I system.
in the c.m. of the reaction ranged from 45°"tc 900, Fig.1
also &hows 8 scintillators (viewed by 56 AVP phototubes)
which establish a fast time coincidence of the thred¢ parti-
cles and also reject some of the spurious events by means
of a final anticoincidence on the proton side, A further
eype¢1mental check to filter out the background was the mez
surement of the proton pulse height in counter 3P.  Another
was the measurement of the proton time of flight, obtained
by displaying pulses firom counters 1P and 3P on & fast o~
scilloscope. A marked separatlon in time and pulse height
was feund between protone and other wmarticles.

- Multiple scattering of the. three final portlcles i
and ¥ -ray conversion were. kept to & minimum. i) by maXing
the outher jacket walll of the- hydrogen target w1tn alumi-
‘num 0.5 mm thicky ii) b P51ng 2.mm thick 501ntl71quor for
counters 1,2,3,4 and 1P and 111) by constructlng the flrst
spark chamber in each branch with flve 0.07 mm aluminum foil
plates. The spark chambers, filled with commercial He, we
re operated with a clearing field of 75 volts/cm and trig-
gered by pressurized nitrogen .spark gaps. The total delay
time was about 200 nsec. Under these conditions the. mea-
sured efficiency per gap was more than 85% for tracks with
angles up 1o 30°'w1th respect to the electrlc fleld direc=
tion. : :

The coordinates of the three pdrtlcles in the gix
spark chambers constitute the 1nput data for an analysis
made on an IBM 1620 comp&ter The first operation of the
program is a least square fit to find the reaction point

within our target. The ﬁesults of thisg analysis are shown
|
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in fig. 2a. Most of the points cluster very well within
the known target dimensions and a criterion for getting rid
of background was introduced on this basis,.

The spatlal dlrectlons of the partlcles, together

Wltﬁ the proton momentum, overdetermlne by one the kinema-
tlchl _parameters of the reactlon,, We chose this additional
pcrcaeter t6. Be the .Ty and 7o npasses, assumed equal,
ise. the known va lue of the pion mass A is not used in the
data analysis, but ig left as a free parameter to be cal-
culated by the computer: Fig. 2b shows the spectrum of va-
lues’ obtained for 4 . Another criterion for selecting:
events was decided on this basms, taking into account the
calculated resolutlon function, The low amount of backe
ground outside.the peak assures us that the contemination
due o three pion phdétoproduction is less than 2%. We
flnu that most of the events. with wrong massee have alsgo -

rratic source points,. Of a - total of- 1315 events in which
theve was at least .one. trace in each spark chamber, 1037
paSSpd our selectlon criteria.

i

The (ut,77) effective. wass spectrum is shown in fi-
gure 3a; in fig. 4 we show the (/,p) effective mass specs
trumg which is actually 4he. sum of the (7t p) and (7 5p)
spectra, as we are uncble to distinguish the ch?r ¢ of the
pioms. As.a starting point for a discussion of our data,
we . compared these spectra with the invariant phase space
fector normalized ‘to +he same . number of events., To obtain
this factor we made o Montecarlo calculation which takes
into account the bremssitrahlung, spectrum. Folded into
the calculation was the resolution rurve of our detection

syetem, which we had obtained by another %ontecgrlo(ﬁ). The
dasa are not is agrﬂement with: the curves,

Ais seen . in Tig. 4, we are investigating. aﬁkinematif5~
cel region of "our process whers the contribution of the 3/2,
3/2 plon—nucleon s 000“ ig. not negligible, This contribu-
tion 1is t% %n ‘into dcdount by the Cutkowsky and Zacharia-
sen modell3 \abb“ﬂv1z ed CZ). Thistmodel, predlct°(4l cor
rectly thé total cross, sections for the reaction (1) as mea
sured by Chasan et °‘;a5,. The next step of our ana ¢y815 ,‘
was therefore the COMpuTlSOH of our data with this mode e1(6),
Vhile it is in reasonsble agreement in the case of the (T,p)
sepctrum, it fails in the case of the (7%, F7) spectrum, ..
Fig. 52 shows thé Dalle—derl plot of all the. evorts. The
dist 1but10n of the p01nts 1s another COHLlT%&thﬂ of the



fact that “the 1non£ y CuHﬂOU be‘ scrlbed +o the c”*ect of
the “3/2, 3/2 nucleon 1sobar.“ '

The 1nvarxant nctrlx element squared, as a function
of the (7*,77) mass, 13 ehown 1n flg. 3b. There is 2 broadh
but clear peak ¢ rouno m” =380 MeV. To our knowle dge the-
re is no obviows 1nteroretat10n of this’ fact, even from, a .
qualitative staqdp01nu. There seem %o be two possible ex—
pla nutlons' the'ilrst whlch we cannot exclude with the prc‘
sent set of da’ja, is connected w1th the fact ‘ehown in fi-
gure 5b, that tnere ex1et 1n ouf experlment a narrow cor-
relation between “the m value and the eherﬂv, X, of the
ph0u0n~1n1t3a .Ing the reﬁctlon(7> The explanation would
then be that )l.otons with ‘energies around 610 MeV ex ccite
the nucleon to an isobar Wthh then decays’ emitting th '
pions. The {.sobar moss Would be 1420 MeVs; some ing 1ocmon’
for this hag" probablj oeen “Found by Cocconl et al, 8) and
by Bureyre et al;wg % The SeCOnd p0551ole interpy ct“blon

is that oF SDuming'ﬁ gtrong I = 1 flnal state interac
tion. Folluwing this line, we concliide that the N
invariant scatvering amplitude shows:a maximum,. probably
connected with a resonance of which however this experiment
does not a.low. a spin and, Asospin assignment. On’ the other
hand, ;as the dipion energy is fairly low, it is mnot unrea-
sona ble to assume that -the resonant state has J=0.' Assu~
ming Uhls to be the case, we tried to fit the data ‘dntrodu
cing, &g an. enhancement faector, an invariant pion-pion: scat
terlng_anplltude.uqu.ned given by the following S-wave re-—
sonance formulas: -, - = : ST

(W2~W2)2+ﬁ5 /w IR A -

Thie‘correeponde to the effectlvo—range equatio

s

<q/v\f>cot<f (/8 (W-w?y

. 1/2 - .
Wnccc W=m , -, q=( (w* /4 ﬁ.) , and /b and W, are twe adju-. .

able. parameters.' The flttlng procedure takes into accounw
the finite resolutlon of our detectlon eyetem and determi-
net also the unknown faction ™o due to the contrloutlnn of
other processes, as descrlbed by the CZ model.. We LTHQ that
in 23p bf the cases the reuctlon goes, through thcee PI roces—
ses ung in 77% of the cases through t e‘reSOnan+ sta te. We
find X i, = 20 where 23 is eXpected "The fit, shovm in



fl?- 3{'giveé'f S

,;,;,;,:37’9% MoV

@ e D@ /2139213 wev,
o .‘i“&=0-23:0-\04.f._‘ o

WhéfQ jﬁ is'fhe full width at half maX1mum.ﬁ;

In the above procedure we have dssutied’ thcﬁ when thc
=0 gtate is produced the amplitude for, process (1) ffers
‘from a const nt only pruUS ﬂf the fln 1 state LNLGTLO— :
tion between the fwo pﬂuns., A more rigorous procédure’ ne—f
cessitates the prop r symmetrization of the two p1un Tlnal
atate WuV@ functlon ).‘ This oyrmwtrlzatlon effect: can:
be “pp¢0X1mutelJ taﬁﬂp into account by 1ntrod1c1nb ?n ﬁhé
phese space the faosof 1+exp[ q2(R/2 15)2J where R 1s '
the radius of the 1n#"”%ub¢0u vulume.i‘ e, hdve'ren@at >d. the
sbove calenlations for’R/Cﬁ/ﬁc) =0.5, 0.75 and 1.0 bHut the
values (2) de.not chonge appre01ab1y R %

F

Tigf‘é uhQWS the experlmcntal ilstrlbutlon of cos
Gx; whcrc % is: the anz 1@ in the gdipion rest syszem between
one picn znd the dﬂp on flight dlrection. The dats are in
egrecment with the' 23%5-T7% rixture of CZ model and S-wave
regonance, in accordance with our hypothesis of J=0.

oy e
ot oa

Ls stated above, the recoil proton is emitbed
l&bO“”tOTJ angle of 350 in the momentum interval from 346
to . 455 leV/C. ~An average over thig interval gives ¢ photo-
production cross-section for the resonent state whi h, in
the cem. of reaction (1), has® the’ values ~ 2x10730 cn?/ster.

Analy51ng the pr ducts of (ﬂ\,p) COlllSlOﬂuaub 4.7
GeV/c, Samios et al. found some evidence for (47,r")
egonances with I=0 or 1 and with masses 395 and 520 MeV.

Purther anomalies near m,; =400 MeV have been found in the

I=0 cor 2 states by Richardson et al. (12 in (7%,d) colli=
sions at 1.23 GeV/c. On the contrary no onances in this
mass region were observed by ALff et al, ( in the products

of (n',p) collisions for incident pion momenta of 2.34,
2.62 and 2.90 GeV/c.

Kirz, Schwarz on lTlpp14)h’Ve measured spectra of
(*‘,ﬁ?) masses Ly using secondary pions of the procesgs
+p»7 +77 +n, They were able to prove that a pesk exist

O]



in the case of the I=0 pion-pion state. Unfortunziely,. the
position of the peak changes with the kinetic energy of the
incident pions in the interval 360-780 MeV. In this energy
interval the effect of the lowest pion-nucleon isobar is
predominant, but an snflyals due to.Clason and Yodh 15)
shows that thé observed anomaly is not completely ascriba—
ble to the isobar effect. It may sbe worth notlcing that,
while Kirz et al., observe for each (#*,7) mass the total
cross—section of the production process, the detected di-
pions in our experlmont are em1tted between 450 knd 900 in
'the e R of the reactlon. ‘ - ' R

A plon—plon reaonanoe with I*J—O and mass Lround

400 M (O'resonance) hes been assumed by. Brown and Jlnger<16)
to explaln the energy spectra and denmay branching rabios
o;,? e, % and K mesons. ‘Following this line, Cra WLOTd et
al, 17>.1re able to fit the 7 ° energy speotrum frﬂm the fe

S Yo+ decay with m6—381 MeV and e =48 MeV. More re-
ceptly lenlglm’*(1 wa.s. able to evuludte the K1~D2 ness
dﬁlierence by 1ntrodU01ng the same resonance.

In conclusion, the interpretation of our data in
terms of a -~ f’_fesoqunce with I=J=0 is the simplest
and ig. con31stent with theoretlcal calculations- end other §
'QXperlmental_ev1denqe,,but more experimental work has. to
be done. to clarify the picture completely.

vl

: We Wohld'like Es) thunk Dr. R. Vlsentln for his col-
leboration in the eaiﬁy'stages of " the eXpﬁrlmento e . .

~oshould also: Like $0 express!ourtappreciation €5 Mr..:G. Uba 1
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FIG. 1 - A drawing of the experimental apparatus.
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FIG. 2 - (a) shows the distribution of the reaction points; .
(b) shows the spectrum of the measured pion masses.
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