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" TOTAL AND DIFFERENTIAL wow caoss SECTIONS
IN w-p INTERACTIONS AT 1,25 Bev/c*

- D, Duane Cs,rmozxyf and Romy 'r. Van de Wallo§
Lawrence R/adiation Laboratory
University of California
 Berkeley, California

dctobor 28, 1961

* The important role played by q-f interactions in -?*‘P collisions has

becomo moxe‘and more apparent u a consequence of a series of experimental

rosults reported since early 1960,

" The most lmportant tool in ntudytng theeo intoractione has been the
Chew—Low conjectura, 1 which resulted in a relation between the total w-w
croos soction. - and the differential croes aection, 8 (r/ 0p 8w2, for the
procesa ntpewtptw (u is the total energy of the two ﬁnabotate piona

in their own c,m, framo- p "ie the four-momentum tranm‘er o£ the proton. )

_This relation ie givon by:

» | _
5 7 "RZ'/‘L‘Z‘E "Sil Tuuld s (1)
8p 8w p ~-p? 3* (p™ + ") | - .
in which p is the plon rest mass, q; ie the ).abomtory momentum of the

!ncido:_xi plon, fz is the mnorma}imod plon-nucleon coupling ‘constant, aﬁd

Flw) = w(mz/ 4 - “2)1/ 2‘ a kim}_matical factor.

*Work aﬁonaomd by U, 8, Atomic Energy Commission.

t'Basm:l on work subrnitted to the Graduate Division of the Uriivowity of California

in partial fulfillment of the requirements for the degree of Doctor of Phllomophy.

On leavs of absence from the Inter~University Institute for Nuclear Sclences,

Brussels, Belglum,
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The Chew-«low conj@cture has baen applied in two difforent ways:
a. By performing tha xequired ontrapol&tion to the pole at pz = —p ’
thus dotermining the wanted o, g CYOR8 qectiqn_by meanns of a rosidue
evaluationzz | | _

' b. By assuming Fhat the right-hand side of expression (1) dominates
the tri;ge.-..-?matisix element of thé single~pion prc;ductton process over the
"beginning' of the physical regidn. |

This latter assumption can then be exploited in two different ways.
Firetly, it can be uged to predict the momentum abecfrum of the. recoil ;Srotoqa
| {by performing a.uix.xtegration over wz. ‘assuming an average 0 _ );3 iocondly. |
‘ it can be used to make so~called "physical-region cross-aection plots' of

'm(w ) versus wz. In the latter procadure one actually plote.

o 2 .2, 22 2 “
ey = 2X q /et pw) 8¢ :
(14 (w)ﬂ - . - y P . (z)
W Z Tn AT ) ,

Tli_d-syiﬁboln used hore have the same meaning as in relation (1).. The hexagonal
brackets indicate an average of the enclosed expreséion over the 'region

anin K3 p2 s 8;; » pz min being a kinematical lower ltmit for pz in the wz

region under consideration, and Bp.z being/:\g;er Anmlt for 1;:2 dictated by the
."phynical ideas underlylng the derivation of expression (1),

Tha idea of the necessity of & wew resonance in aT=J= l state wae
‘ ﬁtroduced by Frazer and Fuléo -in their affort to expl.ain the electromagnetic '.
isowector form factors effactive in electron-nucleon scattering., 5 'l'heh; .
calculations suggested the existence of such a resonance at.wzz 11.4 p.z‘.

Lateyx ,aaalyee96

showed, however, that the Frazer-l?‘ulco resonance could
have a lqc_:ati,dn as high as uz = 22,4 p2~
Recently a new model f’o:_r the nucleon was suggested by Bergia,

stgngwllini, Fubini, and Villi, in which they identify (in analogy with Frazer
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and Fulco) the v’gctor—m'eéon clovdwitha T=J=1 two-pion resonant state,
while they consgider the extended acala’r-meeon' cloud to be due to a three-

plon resonant state. |
Ueing this model, Littauer, Schopper, and 'Wil.aona ahowed""'tl;x'at the

Cornell data on electron-nucleon scattering would imply a resonant two-plon

9

otate at wz = 16 p. . An ldentical analysis of the Stanford data’ suggests

that resonance to be at “z e 19.6 p .

The experimental results referred to above have indeed indicated the

existence of such & w-v resonance, >* ¥ The location of the resonance has been
different from experiment to expariment, snd ranges from uz_'m 20 u..z to

2

| = 31 ‘P»Ze' The qx'xantu:m'nuinb'erscof'the resonance have been i_xzfex‘red" '

principally from either the height of the resonance or from branching-ratio
considerations, |

In this letter we preaéﬁt_new evidéhée for the existence of & w-w
resonance at- uz s 29 mzwo.- We ainopresent diiec; evidei;ce that th«upin'
of thnt tdadix&x&cé'iﬁ ;qg_g. "I‘he‘data are prasentad’: here in the form of

"pﬁy’éiéaldegldxi plots. " However, successful emthpdiatidna were also

| performed, and their rasults, together with more dataila about the oxparimont

and the analyaia, will form the eubject of a forthcoming paper. 10 |

| _'rhe experimental results were obtained by analysing pictures made from
an éxﬁbdufe of the 72-inch hydrogeh bubﬁlé v'éhambevr to 1.25 Bév/c w and v
beams, which were designed by Dr. Frank Crawford of this laboratory. For
our scan, we selected a gample of w-p interactions with two viasible prongs,
one of which wWas & stopping proton., All the events Qere ﬁneaaured on the .
Franckenstein, a precision measuring device. and then processed by means

of the chain of computer programe currently used at Lawrence Radiation
Laboratory. In thio way we isolated a subsaraple of low-momentum-~transfer

-

events (proton momentwmn < 400 Mev/c or pz < 8.0 g..ua). We collected
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1684 eventsg of the type
| 1r+‘+ P"’“{_*ZP* "0
and 411 events of the type
w 4+ p}*ﬂ‘+p+wo..
- The physical-region plots for both the w and‘ w. .data are shown in Fig. 1.
The wfwd‘ata show a marked resonance behavior at Wi 29 mio {or w725 Mev).
The resonance peak has a height }}of roughly 70% of the one expected on the
baeis of & J = 1 resonance. -Takin_g- luto‘ account the fact that all these cross
- seéctions were dete;rmined off the energy shell (with a complete neglect of all-
qthei',pooaiblé contributions), oné is not too surprlqed by this difference,
T_he, ‘halfgwi,dth is %: 4.5 mz"o oﬁ the high side of the resonance and = .7 mzwd '
on the low side. (In the w scale, these numbers become = 55 Mev and |
95 Mev, reapectively,) |
For the w data. the ahape of the o curve. and éven mor‘e the bmallheai
of the cron-section values themaelvea. show strong devlatlonn {rom the
results one would expect on the basis of a dominagir}g T = J =1 resonance at
the energy indicated by the ing data, | | .
These diatortiona can be attributed to final-state interactions: This -
explanatien is strongly supported by the resulte of our extrapolationa. 7 ’ﬁxey
ohow that although the actually obsarved single -productlon cross soctions _
are ‘much smaller for the w~ than for the " data, both scts of data do extrapolate
in the vicinity of. the resonance to values of O o compatible both with each
other (within the errox limits) and with the values expocted fora T = J =1
regonance at the location indicated above.  They also show‘that thé curves .
fitted to the v data invariably cut the pz—axes near the origin (indicating that
 the final-state interactions are not too important in that caee). On the other |

hand, the v curves do intersect the pz-axea in points much more distant

from the origin (thus underlining the nonnegligibility of the final-state

dmtavartianal

-



i

-5- . UCRL.-9932

On the » data we performed a further analysis analogous to that
implied by expression (3). but with the data divided according to coe 0
G is the angle between the incident pion and the outcoming charged pion.
both measured in the dipion Co M, frame)

In Fig. 2 are shown the w-w differential-croaa—aection values obtained
in that way for three different regions of wz, The smooth curyeg represent
least-equarw fitsto the axperimental pointu. |

The curve obtained at the maonance region (27 m2 o0 & wzv 33 mz o)

‘ﬂ'

(Fig. - 2b) is very cloae to a pure con 9 curve, and i@ therefore direct evidence

_ior the prawnce of a J = ] resonance. “ The curves obtained below and above

-the resonance show the absence of this effect and are suggestive of an inter-

mesdiary occurrcmce of a phaae -shift diffemnce going through 90 deg. ’l'he
strikingly diffamnt behavior of the w-w differential cross section at &nd away
from the raaonance providea a convincing dumonstration of tha important role |
pla.yed by the w-n interaction in the single—pion production proceus.

It m a pleamure to thank Professor L\ua W. Alvaresz for his great

| intercet in this experime-nt. We aro indebted to E”rofesaor Fraunk 8, Chra.wf«mrd0 Jx.s

who dealgned the beam, as well as to Professor Arthur H. Roaenfeld, :
D, Phillip G. Burke, and other. mambara of the Alvarez Group for intaresting

and stimulating discusaions.
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Fig., 2. Histograms showing the differential m-w cross sections below the
resonance, at the resonance, and above the resonance. The smooth
curves are least-squares fits to the data.
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