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DETERMINATION OF w-w CROSS SECTIONS
. BY THE CHEW-LOW EXTRAPOLATION METHOD

D. Duane Carmony and Remy T. Van de Walle
Lawrence Radiation Laboratory
. University of California

Berkeley, California

February 18, 1962 -

ABSTRACT

A discusbsion of thé Chew-Low conjecture applied to Vreactions of

. the.type ™+ p—= ‘+ p+t nq is given. The‘ extrapolation technique and the

. so-called 'fphysical-ré_gion-plot method" are discussed. These methods
-are then applied to a sample of 1684 interactions of the type 1r+ +p > -rr-.‘— +p+ 'rro
and A411 interactions of.the typenm +p—=m +p+ '170. at. 1,25-=Bev/c» incident
pion momentum. - In Section II, §ve present details of the VWay: in which this
sample was obtained and processed. The 0Tr+“o physical-region p10fs~ for

the ﬁ+, data. confirm the existence of the now well-established T = J = 1 7-w

resonance at 725+ 25 Mev. - On the other hand, .the physical-region plot of
the n~ data shows strong deviations from the results expected on the basis \
of this same resonance.

- Extrapolation results are presented in detail for seven different
m-m energy regions. . The w  and 1r+ data (although very different in the phys-
ical region) extr;apolatev to the same w-m cross-section values for energy
regions around the resonance.. This fact and.,the: ‘general character of the
™ extrapolations indicate that the =~ physical-region distortions should. be
attributed to final-state interactions. Although the errofs are large, the
. m-m Cross-section curve obtained. by extrapolation on the. combinedefnm

sample, is in full agreement with the existence of a m-7 P-wave resonance

at 725 £+ 2.5‘ Mev.
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. DETERMINATION OF -1 CROSS SECTIONS .
- BY THE CHEW LOW EXTRAPOLATION METHOD

D Duane Carmonyfand Remy T Van de Wallet
Lawrence Radiation. Laboratory o
. University of California
Berkeley, ,_(;ahfoxfnla :

1. THE CHEW-LOW CONJECTURE
During the past few years-— mainly 'under the.impulse of the di_s- -
: perS‘i‘o‘h~—r_e1ation,develoi)ment—a» eo'nsiderable amount of study has been
- devoted to: detecting the presence and the location of sin"gu(larities' in S-
matrices.  In most ‘cases -thefexi'ste‘nce and.Athe location of these singular--
ities Qaé‘ actually conjectured on:the basis of plausibility arguments sup-
plied by “pefturbation_'.cal;c‘:_ulations‘ using eonventional fieldf,theof‘y; in some
speci‘a.'l.-iiristance‘s,,: vp.roofsfv&er:e given. -

SR Siﬁgularit‘iestin the mbr’hentum’f-transfer variabl_es' have been
utilized for practical purposes.following a proposal by G. __Chei;v}'.to'deter-
mine the i:)i(')n'—nu_cl‘eoh coupling constant from either hucleon-nuc.leon
. scattering data2 or‘ pl‘v'loto.produétion'data’ 3 Using the same pr1nc1p1es
(actually, genera11z1ng them), Chew and Low made a con_]ecture opening
“the pos s1b111ty of determining cross sections o_n targets not available in the
laboratory. 4 .- The c.enj'ecture' states that: - | |

.+ a,- Each S-matrix element c\orlf"e'sponding._.to a definite number of

particles (when considered as a function of the independeht invariant s. of the
problem) has poles at points related te;the <n'1aeses-.of,;the singleépaf.ticle.
. states which-can occur as 'inte'rme‘diate’ states b_etwee’h;th subgroups of
particles formed from the total group. |

“:*b./:The residue of such an S-matrix pole is given by the piodu_ct

of two (dimensionally smaller) S-matrix elements, each of which connhects
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a subgroup to the intermediate particle. These submatrix elements can
.correspond to p.i"o‘c‘e s‘s.‘e's- nc;;:: ‘f.éavl‘.iz.é.ﬁl'e 'ih',th; ia'l;)oratéry. : ‘,They‘now become
- "measurable" by m"eén;é‘ovf a reslid;e"évalﬁatio‘ﬁ of the overall S-matrix
element at the pole in qﬁésfic).n,::; /"Siri;;é_.tﬂe i)ole's dAiAscu.s\sed here lie in re-
gions 6f_‘1.:};e variaibles that alLr.e.';ot‘.I;hfsica.lly allol\vecl.,._this residue evaluation
' is connected with extrapolation procedures. :

. The Chew-Low conjecture, stated specifically with respect to the |

poles.in the momentum-transfer variable, has been used in an "'orthodox"
way, (i.e. s by actually ?erf_orming»t;he extrapolations implied by it) by a
number. of physicis‘__cs‘.., Swanéon,-_ Gates, Jenkins, and Kenney used it to
detérmiﬁe total qrbss sections for the process y+n = m 4+ p from their
y+d—=p+p+ . data. > Smith, Courant, Fowler, Kraybill, and Taft, in -
~an effort to test the validity of the Chew-Low conje'ctu;re, “analyzed their |
ptp—-pi+n+t ‘n‘f data and were able_.té f.eprdduce. Iavervage 1r_+-p cross
sections in agreement with the 3/2., 3/2'resonan'ce‘.6, Anderson, Bang,
Burke,. Carfnony, and._Schmitz used the Chevvv-Lowv method to determine the
T cvros.s sections from uth'e.if .bs'ingle--no-=productvion.data'.. -9

Ailythe_se analyses ge'nerally agree with the predictions of the
Chew-Low génjecture but do not éllow d_étailed conclusions .fér reasons 'fhat .
can.always be attribgted.to.the large amount of statistics needed to make . |
the required extrapolations in.a meani‘ngful _way. |

Specifically, ‘when applied.to the reaction
mAp=mtpal, - )

the Chew-Low conjecture refers to the diagram shown in Fig. 1, where p
is the four-momenturﬁ transfer to the proton, and w is the total energy of
the two final-state pions inr_thei.r own cm frame. - In terms of l'aboraf:ory

. quantities, these two .invariants .are defined as

o
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ol = 2 MT = pPZ ) [M VIR p‘pZ)I/Z] |

and . N 03
I ) B ) . 5_2 ) I :
. + P "),
© P.°)

(q ‘+"H -T) - (q' - 2q I.DP ,CO:S. _e.lab

. where' T and.Pp are respectively the kinétic.eneré’y‘.and. momentum of the

recoviling, proton. in. the laboratory system, M is the_ prot.on,mé.ss, q-is the

beam mormentum, }.L is the pion mass, and elab is the laboratory angle

“between the incidént pion and the .recoilihg proton.

~According to the Chew-Low conjecture, the matrix element for

process (1) has a pole at pZ. = -_!’J.Z, with:a residue givenbby f- Aﬂ«ﬁ(mz);

" where f is' the r‘ené'i‘fnalizéd pion-nucleon coupling constant (f2 =~ 0.08) and

AL is the'pion-pion scattering amplitude.  More precisely, and in terms

of cross sections, the statement says that:

%0 BN R
/ 2 . @

. . o (t‘l)‘ ) (3)
_ 7 22 ;
8p%0n” | pt - -pf 2w (pT+ ul)f q R

-in which - 820'/8p2 S’ and._o;”’r'.r'e‘spect'ively répresent the differential

cross section for procéés (1) and the .total'crbss section for the .proce.ss
R e A - @
and F(usz) is a kinematical factor given by __[az(m;/4"‘- pz] 1/2; the other
symbols have the siame meaning as above.
A straightforward procedure for obtaining information.about the

residue ‘consists of fitting the distribution -

2 2
2., 2 2, 2.2 8" . q A
: op _aw_,_‘ Flw) f :
‘with a polynomial of the forrn_8 ‘ ‘
o 2 2 2, 22 , S
Ag T AL (P )+ A, (P pT)T 4 8

2 . e . .
- for each @ region under consideration.
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Then we have : _ ‘ .
| hH=-a, )
It follows from relat1on (3) that if only the pole term 1nf1uences the physical
.reg1on, expressmn (6) should reduce to - ' _‘ ‘ A A

B T R
In other words, under these circumstances, distribution (5) considered as - -
a function of pz WOgld be fitted by a straight line going through the origin.

: In..gen_era},. hp,yvever,. :contr}ibutions due to three- o-r.rn_ore— pion intermediate
states vgill_tend to destroy this behavior. |

In th_erir;r_'nost.g‘_eneral form, the three-pion contributions can be
. .repr.eee_nted by the dia,gram'sh'o_wn in Fig. 2a. This is termed.e: '_'_branch-v-
cut" contribution because it corresponds to a branch-cut singularity of the
S- matrlx 1y1ng on the real p2 ax1s, extendlng from -9 p.z to -,

: A spec1a.1 example of these branch-cut contributions. is the final-
state intera:ci;iqn‘s,, s_‘cheme.tli_.cally represented in F1g 2b. - “Data“influenced
.byvthe ."fb_rar}ch_:—cut",’ require higher-order pol,yrlomial fits.

To obtain data that a priori rhay be dorrlinantly.influenced by the
pole cpn’t‘ributiori*,-r. one should limit the analysis to eventspthvat are near that .
- pole, i.e., events characterized by a low-momentum transfer .te the proton.
'I‘his';“lirnvitat‘ior_ﬂr is also evident on direct physical grounds, as low-momentum-
transfer events are interactions where the inc_ominvg pion has collided with
a large- impact parameter, i.e., has most likely interacted with pions of
. the nucleon cloud, ahd not (fi'ir.eléftly wit.h'tﬁe ’nuc.lveon core. Furthermore,
within the framework of pion-cloud.collisions, irnI.;act I)‘er.emeters -lar‘ger rhen
the Yukawa range of the,three—pion e.xcha.n_"g.e.'.preces.ses will minimize con-

tributions from the branch cut.
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. The-Chew=-Low_.conjercltmlce.- -applie_;dufto .,r,eactior_i- (1) has. alse been
- frequently used without actuallx perfo rf_r;,ing' the ve:,;'t;apqlatio'n‘s__:.izjnplied. by it.
- In tﬁis case, one assumes. that relation (3) is a .correct.,re_pre.sentatio.n,of,;the
smgle- fr0=product1on matrix element, not only at.the pole p = ~=p.2, but
: also over. the beg1nn1ng of. the phy51ca1 p reglon. 10 The-latter,assqmpti.en
v ca_n,vtl}en ‘vbe“ explo;ted._.ln:’two different ways: It can be. “Séd'to, derive. the
: r‘no‘me.ntcm ‘specty;rur'n of the recoil ipr-otons-‘by. performing an integ.ration
over;.mzl (assumlng a certam o (m ) versus. mz dependence), or else it can
2

.be used to make so- called “'physical regmn cross section" plots. of o (m )

versus @2‘.“ - Inthe latter procedure one a.ctua.lly ‘plots,: _

2 z

0 wl) = 2™ L o’ ©° +u%)? _ 820 y ey
Tt Feh) O\ e RPTCI% | |

_ The hexagonal brackets 1nd1cate an average over the reglon pZ nS p2 s"pfnax’

-przni be1ng a lower k1nemat1ca1 11m1t for p2 in.the mZ region under considera-
tion, and p‘Z -the value, of pz. whlch 11m.1ts the.loﬁv=rnomentum transfevf

regmn under 1nvest1gat10n The "phys1ca1 region plots" as descr1bed above
. are actually nothmg more. than spec1a1 Q=va1ue plots.- The Chew-_Lew con-
-,Jectg;:e now . serves. only_'to re_late. t-he ordinate of.these _Q-value plots:.to a
T clrcss ‘sectio‘n,' In this. paper we will discuss the app11cat1on of the Che';v-
Low method to a sample of 51ng1e 170 productlon events obta1ned by means

.of a w beam of momentum 1.25 Bev/c,
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II. - EXPERIMENTAL DETAILS
The "pi'on"-ipionlirilt.é’r'a’c:ltion was investigated by‘me.ans: of theffea‘c -
_tions
E o Lo +'vp‘+‘w.0- S e L : 10} :
_at th.e~ Lawrence Radiation Lébof.a;tory by using the 72-in. hydrogén bubble
chamber and 2 1.25-Bev/c P b.e:am'designed,by'. Professor F. Cr‘awfor:d, Jr.
The experiment consisted of looking fof twc;é-prohg ’é.vent‘s- v.vith‘ a .sto.-pti:)ing' .
seéondé,ry proton of < 60-cm 'range and an interaction point lying within a
fiducial volunie. | |

As diséussed.in. Section I, the restriction to low-momentum
transfer events is ihdiqated by 'thé physical ideas underlying the experiment.
It fqrther has the very useful feature that for these eventé a very large
fraction.'of the more fréquent elastic events ‘n’i +p—~> 'rri + p can be eliminated
from the sample by means of relatively crude scan-table méas_uremenf of
the range (R) of the r'ec’oilingv proton and the space angle (elab)' - Figure 3,
showing kinem'at;ical relations between Olab-and Pp for >both,thje elastic aﬁd
the single’-vo _prdduéfionﬂ events, .illuétré.tes.,this état‘ement.

To avoid biases, we did not "accept_ interactions associated.with
protons of less than 2.5 mm fan_ge' (€95 Mev/c; momentum).  The singie; '
scan efficiency was 85%. The m film was scanned. orice; the ir+ film twice.
Path lengths were determined by track counfing,on e‘vevry’-twentievth .fréme.

: Both the. '17+ and 7~ path léngthsvwere corrected for a 3% lepton contamination;
. the 1r+ pathlength was also co;rected_for a 2% proton. contamination.

- The beam momentum was calibrated by comparing radii meas-
urements both of our beam tracks and also of previously obtained 1.03-Bev/c
wi film and by using the Z-K threshold as a standard. 11 The mean beam

momentum in the middle of the chamber was found to be 1255+ 6 Mev/c.
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- The kinematically allowed 'p%f—‘dz' regi-c-)nafor';this .incident beam momentum

.. is shown:'in Fig. 4.

- All'-candidate events were measured on.the Franckenstein, a :

- high-precision, bubble —:ch'ai'nberifilmﬁ-measufing deﬁvice;u." They were geo-

met riéallyé réconstructed with the help.of the PANG:computer. program. and -~

- kinematically interpreted with'-._the..‘-a.id of the KICK program.. The KICK ' - -

. eutput was then processed by a series. of programs. of -the so-called -

EXAMIN type. -Among other'thingé,,. these p.rog-ra’,ms,' make the following

- tests:

a.: They test whether the errors on the various important quan-

tities are within demanded tolerances, e.g., the error on:the missing mass

.. as, computed by KICK: is. for a normal event of the order of mw/l 0.. An

event with a computed error in the missing mass several times-larger than

‘;.rn:--/10.. was considered.to be mismeasured and therefore:wasvremeasured.

- This allowed us to keep a meaningful separation between the- reactmns

Ttp=>w+p;s 1r+p—’1r+p+1ro, and1r+p—>1r+p+1r0+1roonthebas1sof

= the- mis s1ng. mass.

b The EXAMIN programs test whether the measured beam -

. momentum is.within 50 Mev/c .of the nominal beam momentum. Although

. the calculation of the histogram quantities mZ‘ and ‘pz» isactually performed

.Withjthe,:individually'.fitted,beam mome.nta,‘. some restriction on the accepted
.beam momenta‘is required for several reasons. First, both the pole and

-the branch-cut distribution depend on.the beam momentum q, and when

performing extrapolations, one.tacitly assume s that this q is identical for

- all events. . Second; one has to keep negligible any variations in corrections,

- which were calculated with the nominal beam momentum. |
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-c.. The EXAMIN programs.test whether or not the reaction is . -
an event of type (10) by using the missing mass and both the a_bs'ol_utem.a.nd
the relative: magnitudes of the x 2 values for the elastic and the single —"Tro-
production hypothesis. The,x'z distribution of 1915 of our interactions
identified as single-'Tr0=pr6duction‘ev.ents is shown -in. Fig., 5. This_.xfz- o
distribution is too wide, with respect to that expected for one degree of
freedom, by a scale factor of about 1.5.: This implies that our input errors

‘are too. small by a factor of NI1.5. We rejected all events for which
X 2'/};.5 was below the 1% pfobability’ level,

. In Fig. 6. we.- show a =represéntative missing-mass: distribution
based on 1500 of our inelastic interactions. About 15% of these inelastic . -
events are —mu1ti:-TT0 productions. . (As can be seen from Fig.. 6, ‘only a"
small fraction of the inelastic events are ambiguous,;)

-+~ For the accepted single—productioh_, events, the EXAMIN programs:
-a. calculate the invariants wZ and p'z
b.: assign é’;n e.scape—correction'- factor (see below)
c.. collect the events iﬁto two-dimensional G(QZ, pz) histograms
+ o fefo Eqe (5)).
By éscape corrections we mean a weighing factor given to' each.event be-
longing to a specific-wzspzz box, to compensate for the fact that a certain
.fraction. of the events belonging to that same box Will‘not be ‘'robserved, -
as they are so-oriented in the.-chamber that the recoiling proton leaves the N
fiducial volume. - These correction factors were computed by means of a
computer program (COR) in the following manner:

.-For each hist'ogram box‘mz-'pz, or equiva'lentlyvfor each.corre- -

sponding pair of values R, elab of.-the recoiling proton, an ensemble of :-

potential interaction points was chosen.. These interaction points were
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distributed-over. the-fiducial volume -acco_rdihg ‘to the experimentally de-:

termined beam distribution.’ - At each of these.interaction points, and in . -

the known beam direction, a cone was constructed of side R and opening-

v angle:’.’Giab., .- - For R > 20:cm wéiookinto account.the proton curvature.. The

program:then calculated what fraction of the cone base. circumference lies: -

outside the fiducial volume and, averaging over the ensemble of interaction

points, deduced from this the total fraction of events of this category.which.

must have -''escaped" from our sampling.. Table I shows a set of correction

factors used for. our- 'rrf film. :Finally, a correcztion.,'waS;rhade‘tQ those.

pz—wz histogram boxes that are notwentirely.a,llo_we-d on. kinematical grounds

- {i.e., those intersected by.the curve shown in Fig. 4).

. IIl.. RESULTS AND CONCLUSIONS
-+ . Using the methods described above, we obtained a finé.i »'sampl'e
of .low-';morhentum—transfer events. with.a proton momentum SI4QO'Mev/c o
i.e.R <60 cm). - We collected 1684 events of the type.
ol +p - +p +."0' :

and 411 events of the - type -

- L - 0
com o tpowm o +tptw.

- In Fig. 7 we show the physical-region plots for these two groups

.of data.- Then-+ data confirm the existence of:the previdusly observed m-w

\

- resonance (or p meson) at. w~2_ = 2.9..,m2ﬂ‘0...(or w = 725%25 Mev). 10 In a fore-

. . 1 + 0 ettt L '
going article, .~ we gave 7 =7 angular distributions deduced from this same

"w sample, which forms direct evidence that the 725-Mev resonance is a

~J =1 (and hence T = 1) resonance. . The .,totalf.cross-section resonance peak.’’

has a height of roughly . 70% of the one expected on the basis.of an ela.-s'tic

- J =.1 resonance. This difference can be considered as normal if one -
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- realizes that these cross sections are actually-determined:off the energy » *

shell arnd.that there could very well be some inelastic contributions at these-.

venergie»s..

. :Although suggestive in their 'st'ifuct-ure,the-‘,,jr_». data.-‘.;,show,,. 1n the .
smallness of the observed éross section, strong dev‘igtions from the.results
that one would .expect on the: basis of a J = 1 resonance at ‘the energy in-

dicated by the. 1'r+ data.

- Recently an analogous experiment was done at this Laboratory at.

an incident pion momentum of 1.03 Bev/c, resulting in a-sample of mainly -

T+ p=>m-+p rl-wro data., .7’ 8:.- The physical-region plots of this experiment.
showed a quasi-flat O‘Tm(;bz) curve of the order iof 30 mb, i.e.,.gave also

cross-section. values smaller than the ones predicted for a J = 1 resonance.

- In Fig. 8 we show the G(wz,'_p;)'- histograms of the combined ﬁ+7r_ '

data -and the linear. extrapolations performed on them for-six différent wZ

regions..In Table II we show the extr.apolation-resulﬁs and the. 'x-z;.f,value s T

for both linear and quadratic fits. . From this table,.it can be seen that a- -

linear fit is adequate for all histograms. The end of the physically allowed "

region is marked on each graph as an extended heavy»line'onfthe p‘Z.axis. .

None of the linear fits was constrained to stay positive .in the physical |

region. .

.- The ‘rrm-a.nd.'n'." data were also extrapolated sepa.rately. ~In the "=

resonance -region. (i. e.; for wz = ZO'tm'zno), the ﬁ+ and’ . ~data gave ex-

trapolated __Oﬁﬁ'valueS'in agreement with-each other within th_e' error:limits:

This is illustrated in Fig. 9, which shows the A1T+ and 7w extrapolations for

. 2 , .
the region 22 m WO_S w; < 26 mzﬂo. - Below the resonance region {(outside’

the influence of the p,ole), the extrapolated TT--1T0,"C'I'OSS ‘sections kept. more--.-

the character of the physical region, i.e., tended.to be somewhat -smaller -

9%
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. make: ‘the detectlon of small quadratlc terms 1mp0351b1e.
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than the correspondmg 1'r+-110 values.. F1gure 9 also shows another general )

feature of. the 'rr+, and T extrapolat1on curves: The 1r 11near f1t cuts the pz
axis near the or1g1n, 1nd1cat1ng a. dommance of the pole term in. the phys1ca1
region, while the n fitted line has a much larger pz 1ntercept, thus 1n-‘

dicating a much stronger contr1but1on of the branch cut.in the physical

. region.. The se conclus1ons agree w1th the expenmental results ment1oned

?

They also support the 1nterpretat10n that our data d1stortlons

.are due to. f1na1 state 1nteract10ns In splte of th1s stronger ba'anch cut

T

contr1butlon, the ™ data remain f1tted by a stralght hne Thls can be under—
stood in terms of the fact that the branch cut contr1butes mamly through 1ts
1nterference w1th the pole term. On. the other hand stat1st1ca1 11m1tat10ns ‘

P K

. Th_e o (w ) curve obta1ned through extrapolatmn of the.comb1ned ‘
-rr " data is shown in F1g 10 As for the physxcal reg1on plots. a. 12 1r kz o
curve is g1ven to show the compat1b111ty with the ex1stence of a J = 1 res—k ”
onance.. The cross sections obtained, .although .they-*have::l:ange;legron's, L
are in complete agreement with the'}ahysicals.re_gion plots obtained by other
authors10 as well as our own (F1g 7a)

The results given here support the general va11d1ty of the Chew-

Low technique. They illustrate the strong statistical .requn-ementstto which

- a meaningful application of this tec‘hn}‘i'que.,is subjected; they also show that

. pole effects seen in the physical .region-.are confirmed_-by extrapolation, as
required. The reverse, however, is not necessarily true: pole contributions
_obtained corvrectly 'through-extrapol-ations. can be washed out in the physical

. region by contributions other than those of poles. Extrapolation results are

therefore to be used. in parallel with physical-’r.e’gion plots.. Physical-

.region plots, which require less statistics than do extrapolations in order
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to be mean1ngfu1 are more. useful therefore in detectlng the locatlon, w1dth
etc_.- of the eventual resonance. - Extrapolatmn re sults then g1ve add1t1ona1
‘ welght to these conclusmns and prov1de the u1t1mate proof that the pro-

-ductlon process was 1ndeed a per1phera1 one.
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Table 1. Escape -correc;tio,n,ffactiors"“(w*).
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om0 _ P m’0) -
12 3 4. 5 6 7 s
7 1.003 . 1.018 1,043 1.127 1.361 - - -
11 |-1.001. 1.013..1.040 . 1.109 1.430 . - - -
15 1.000 1011 1.038 L.114 1311 1616 - -
21 ~ . 1.007 1.032 1.089 L.171 1.509 - -
25 - 1.004 1.003 1.069 1.138 1.284 1.781 -
29 - - 1055 1.097 1.191 1.385 -
31 - - - - 1.100 1.154 1,287 = 1.677
35 - - - L1150 1.232 - 1.343
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Table IL . Extrapolation results - A
w Tegion Type of » o . o Degrees of Probability.
(mZ,.O) . fit B o Ag ‘X,Z, .. freedom -- level (%)
T ) _ . R » . :

61010 | linear | 21 8 a6 4 . g
quadratic 19 28 4.5 3 _ 21,
10 to 14 linear L, 38 T 6.2 5 .. 29
quadratic B8 23 5.3 4 26
14 to 18 linear | = . =39 -8 3.2 .. 5 67
quadratic . 42 26 3.2 4 ‘ 52
18 to 22. | linear 51 13 13,9 9 13
| quadratic 129 46 10.8 8 22
22 to 26 “ o Hhear: S 192 - 3% 22,6 6 86
: quadratic 313 188 1.2 5 95
26 to 30 linear 161 57 3.0 6 80
quadratic 616 336 1.3 5 93
30 to 34 linear -153 181 0.9 4 92
quadratic -2000 2000 1.0 3 80
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Figure Legends

' Fig. 1. Pole diagram for the single-pion production process.

: F.ig.‘ 2. {a) General branch-cut diagvr‘am and (b) final-state interaction

. diagram fo_r.j:he single-piqn production process.
Figv; 3. Kinefnaticsat 1255 Mevv/c. - _C'u’rve (a) showls lthe relationship
_vbetween the laboratory space ;an_g'le and: fnbmeﬁtum of the pfoto_n
in the elasfi_c reaction w+ p > 7 + p.- Curve: (B) bounds the
allowed region for the reactiont+p = p+ w+ V‘IT‘O. - Curve (c)
shows the relationship bétween Glab and Pp for the reaction
™+ pvr-r> p + p, where the mass/‘of,the p is . 725 Mev.
Fig. 4.. _Kiner.naticall'y, allovwe_d region,‘ pz‘vs wz, for an incident beam
momentum of 1255 Mev/c.
Fig. 5. The x 2 distribution for‘ 1915 single-wo—prod;uction events.

Fig. 6. Missing-mass distribution for 1500 inelastic events.

- Fig. 7. (a) The total pion-pién cross section. detei’mined\ in the physical

region from thgé reaction 1r+ +p>p+t 'rr+ + '-rro as a function of
,thé square of the di—pion total energy [Eq. .(9)].
- (b) The total pi.'on-;pion cross section determined in the physical
| region from the reactién n tp>p+m + TI'O as a function of |
the square of the di-pion total energy [ Eq. (9)]
Fig. 8. Ext'rapolation.pio'ts..and lleast—,s,qUarers ﬁttec% curves for the combined
data, ﬁ+ +p—~ p + 1r+ + 1r0 and 7~ + P —>p+ T +>1r0.
Fig. 9. Comparison of the. 1r+- and m  extrapolation plots and fitted curves
in the region wZ = (22 to 26) mzwo. /
Fig.. | 10.  The ’qotai ‘elaétic pion-pion cross section determined by
| extfé.polation as a funCtién of the square of the di-pion tota;l

energy.
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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.

BE.

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

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.





