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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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~ : Wre.rooort on the analynlo of 503 nn- B p v eventn in. tho momentnm |
region | 1 7 to Z 3 GeV/c. , In addition to providlng a detailed test of charge -
_gji'.’vsymmetry, thla atudy also ohowa the feaaibiuty of observing n-n reactiona at a »
.. well deflned energy in the GeV region. | : o

} The Brookhaven Nationa.l Labora.tory Zo-inch bubble chamber. ﬁlled with
deuterlum, was exposed to a 3.68 GeV/c separated deuteron beam at the alternating
‘ gradient nynchrotron.v We acannecl for fnteractions with three viaible emergent
"singly charged particles, Zp 4, Most of these are examples of the reaction .
| d d - ppp nv,in which the proton from the target deuteron lo too short to be |

',{,_-vislble (<90 MaV/c). and hence ic identified as a npactator. Theae events were -

. constrained to the reaction

“ ) da=ppwa.
w :.'iA’I‘he nsaumptlon that the neutron wag at reot made posalble & one constraint f.it.
, The nen reactiono were ldcntlﬁed by ‘having x 24 3, and by the presence ofa

proton of momentum lese than 120 MeV/e in the reot fratne of the beam deuteron. |

,‘We called thio proton a "high-energy upectator" Figure { shows the transveroe-:-:__'

e

momentum diatrlbution of the hlghoenergy epectator proton: it follows cloaely
the Hulthén form of the deuteron wave tunction. | |

Work done under the auspicoa of the U. 8 Atomic Energy Commiulon. S

ore
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’.""from energy-momcntum coneerva.tion in reaction (i) The assumption that the

"~ target neutron waa at rest introduced an uncertainty of 0 to 90 MeV/c in the
|

neutron momentum. in addition to the usual meanurement errors. For each N
. event, the energy in the n-n c.m, system was calculated from the momenta of

i the three outgoing particles. We restricted our study of the ¢.m, total-energy

?" mentum ia i 9 GeV/c. x _
: Figure 2 ohows the proton and neutron angula.r diatributiona in the n-n .
<. m. nystem.v These are atrongly peaked £orward and backward. indicating

: »- that the reaction is predominantly poripheral This peaking is expected if the .

reaction goes ma.inly through the exchange of a aingie virtual pion. There are ~

then two possible diagrams for the reaction (Fig. 3) Chew and Low have

B of AZ. the square of the 4~momentum of the virtual x:»iox'.i.1 in the nonphyeicai
limit Az- -;.\ (p. ia the pion masns), the cross pection goes as A /(t).2 2)2.
~ The predominance of small 4-momentum transfers is reflected in the angular

i .(\)

distributions. DTSR
; reaction is clearly dominated by N*” production-othat il. by dia.gram (a.) This

g dominance followc from aimple'isotopic-opin coneideratione and is further |

: ',. auumption that the reaction goes entireiy via N production in the proport.ion

; 9,..1-, £or dia_graxne (a) and (b).  When the data ia fitted with the usual invariant

.

ohown that the one—pion—exchange (OPE) reaction occurs primarily at low valuea‘

'~ evidenced by the iact that the proton anguiar distribution is more pea.ked than -
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interval 2, 317 to Z 517 GeVo the cotreaponding neutron mean laboratory mo-

Figure 4 showe the (w n) and (ﬂ P) eifcctive.maue dietributiona. _ Thc g

"~ that of the neutron (Fig. 2).. 'I'he distributions in Fig. 4are conaietent with the
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three-body phaee epace and an S-wave Breit-Wigner form, the N pa.rametere |

N whlch give the best fi.t are M u 1219 MeV. I‘ = 125 MeV These vnlues are pre-

_ sented as a para.meterlzatlon of the data. and not as an estimate of tho N

pa.rametero. ‘since the ansumption of a phase-opace dlstributlon ie not valid
- for ,peripheral lnteractions. o o ‘ : S ,

‘ . As a test oi charge aymmetry we compare our data with a rel:ent etudy '
"'v".‘of 1414 p p - p n w" evente at l 12 Ge‘V/c.f The charge symmetric 1p--p angular | ]
: ff‘dletributions are shown ns the dotted llnee in Flg. Z Here the n-n data shows 1
a. possible depletlon ot the two extrerne boxee. Th.ie le probably becauee we may ;
mlee n-n eventa a.t A - 0. At Az near zero. the recoil of a target nucleon may |
be invisible. and a recolllng beam nucleon is lndietingnlohable from a high-energy

Trar

apectator proton. Lo

DECEE et

Figure 5 ehowe the proton klnetlc energy in the labora.tory. This is
- also ln agreement wlth one-plon exclmnge according to diagram (a)., The sharp

' peak a.t low energy correoponds to pion emlselon by. the target neutron, a.nd tlﬂe "_,q

: "" broader peak at hlgh energy is due to pion emieelon by the beam neutron. The

' broadening io a coneeqneneo of the transformation from the beam neutron rest

eyetem to the laboratory. The OPE model of Ferrari and Seilazy CLC%S the

3,4 They neeume that mn Chew- low formula for a

: -_form of this diotribution.
_nucleon scatterlng ona vlrtual pion is ;valid in the phyoical reglon. and eleo that
dlagr,am (b) can be neglected By introducing a single emplrlonl pionic form R

L fac’or for the nucleon. they ach‘leve agreement with p-p datn over the entire

'range of proton laboratory energieo from l 0 to 3. 0 GeV. The smooth curve

ﬁ Flg. 5 le tho distribution predicted by the Ferrarl nnd Selleri model nsing

- the /eame emplrlcal form factor which fits the p-p datn. Agreement of oﬁr' t

_ 'dlstribution with thls emplrlcal fit to the p-p date conilrme charge eymmetry.
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/E. Ferrariand F. Selleri, Phys.
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Rev, .Le.t'ters.:?_."387 (1"961),1
| E. Ferrart and F. Selleri, Nuovo Cimento 27, 1450 (1963).
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Hulthén wave f\mction. iolded into the trancverae planc.

.
¢, . . Pr—

Fig. Z Center-of-maas Angular distributionl of (a) protons, and (b) neutrons

in nn - np ‘n ‘. : The dotted lines are (a) neutrons md (b) protons in |

+

produced in the ratio 9 i.
e 5 Proton kinetic-energy spectrum in the laboratory. The cmooth curve
ia the &imtmbukign pmdicmd by the Ferrari and Sellari OPE model.

uaing the form factor which givea a beat ﬁt to the p p data.
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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. 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

B. 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.
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