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. .. :We report on the analyaio ol. 503 ··~D.- n p ,-events ln~~he momentUm•· :: .:;.' 
.;_ .. :. 

' ., ' . "~-
\ : : .. ~ .. ~ ::t 

.·.' 
f• I ,. 

region p = i. 7 to i.3 OeV /c. In addition to providing a detailed teat of charge 
.·. . .. , n .·., . . . '·. . . . . 
~ymmet.ry~·. thie study also ohowtJ the feasibility of observing n-·n reactions at a 

' . !_ 

well-defined energy in the OeV region. 
·' · .. ·,_· ... _ 

. . . ', ~ . 
. .... . ·.· 

\,'•.>. 

The Brookhaven National Laboratory ZO-inch bubble chamber, filled with 

· ·;. ' ·• deuterium~ was expoaed to a 3.68 OeV /c separated deuteron beam at the alternating 

· · · gradient oynchrotron.. We scanned for tnteraetiona with .three vlalblat emergent 
\ 

singly charged particles, Zp_ -t ,·. Moat of these are examples o(the reaction 

d d - ppp n 1r •• 1n which the proton from the target deuteron lo too ·short to be 

'::;.·_::.:_,.visible ( < 90 MeV /c), and hence is identified ae a spectator. Theae events were . _, •. 
• ~ • ",1 -~ • 

· y ~: '< ., ' ... '. ~one trained to the reaction 
~ . ~ . . .. ' ... 

. . U) . 

.... ·. · '· .. ·,,:,,.The assumption that the neutron walil at reot made possible a one constraint fit. 

1 , ·.~-~ · .: .. :~The n-n reactiono wer .. identUled by. having X 2c 3, and 'by the presence of a 
"' ~ . . ' 

proton of .momentum lea a than. iZO MeV /c ln the reot frame of the beam deuteron. 

\; ( :. 
·' 
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' '· . •' •I r: ' . In the analysis ,of the n-n .reactions ... the measured values of the proton 
\ .. 

~· .... ·' ... ; . ' . -\>·•.1),. '\ ·~ '~ i .. 
. . ~· '" · . and pion momentum were used, and the outgoing neutron momentum was inferred 

•..• :, ., , • •. -..._·.: r 

; frotn. energy~momentum' conservation in reaction (i). The assumption that the 
. . I . . 

• 1 . , • , •.• " ~· ::.:' r~ .... 

target neutron was at rest introduced an uncertainty of 0 to 90 MeV /c in the . 

,, 
. ·\ 

I . . . . 
neutron mom.entum, in addition to the usual measurement errors. For each 

/ , •• i' 

event. the 'energy in' the n-n· c. m. system ~as calculated 'from the mome~ta ~£. ·. 
·\: 

· ..... 
the three outgoing particles. We restricted our study of the c. m. total-energy :· . 

. · . ... : 

- -; :-·. 

interval Z.317 to Z. 5i7 OeV: the corresponding neutron mean laboratory mo-

mentum is t.9 OeV /c. ',, · . 
. . ~ . ~ ~ 

·.' 

Figure. Z shows the proton ~d neutron angular d.istributiona in the n-n 
. -~· 

':-, .·. 
c.m. system. . These ar~ stt:ongly peaked .fOrward and backward, ·indicating 

'•' •·' .t.: .. 

·· · :·.';':·.~~'·that the reaction is predominantly peripheral. This. peaking is expected if the 
"" · .. 

;; . ' 
reaction goes mainly through the exchange of a aingle virtual pion. There are 

' 
then two possible diagrams for the reaction (Fig. 3). 

·' ' ~ 

Chew and Low have 
• ;. •. ,,. ~~· .~·, •• ,· .. ~· t • ' • I : ~·: 

".·. ·~':::'::;· .. ·::"'~···shown that the one-pion-exchange (OPE) reaction occuJ"a primarily at low'va:lueis1 
' . z t :' 

of .A , the square of the 4-momentum of the virtual pion; in the nonphysical 
. '., . 

·, . ,, 

. : •:'.'' z z . . . . z 2 2. 2. . ; 
limit A - •So\ (So\ is the pion maaa), .the croas oection goes as A /(A· +So\ ) • 

-~ · ... · -.. 
; i ~ • . 

..... <4 
.;.. ~ 

~ ' ~ ~ . . ··~ ... ,, ·. 
. :-'. · .. f ... ~,·· J :· '· •• \. • 

' ~; ;';·; .::/.< I . 

The predominance ot small 4-momentum transfera is reflected-in the angular 

distributions. · -. (· 
. '\ 

. . . . - . . . . 

,:. 

., ..... 

, Figure 4 show~ the (1r n) and (w p) effective-mass distributions •. The 

:)::;~;\:· ·· reaction is clearl; dominate~ by N*• procluction--t~t ie, by diagram (a). This ',: ~.·~·~ 
•' . ·: ;"~· :.!~·;_':. 

• · .. , .: ·: -~· •: . dominance follow& from eimple•isotopic-apln considerations and is further . . ~ .. ' .. 
' ·. r :'·. • ~- ~ •' 

evidenced by the fact that the proton angular distribution is more peaked than · · : -,: 

-;-.··"'· 
·. that of the neutron (Fig. Z). The distributions in Flg. 4· are consistent with the -. 

.. ·~ .. 
. ; .. . . . . . 

assumption that the reaction goeo entirely via N production in the proportion .. , . 
•,\ T ~~ •• ; , ··:oi. ,. '\ •. •.· ••. _.·.·,· .'.,· .•• ':· .•• :.·.··,·,}.c•,·,,~t-•.. ·.·. 

~r.rf:,:;z:·!~~)t:·~~; ~: 1~{>~·).\.,;;•--'~,; .,.r •v ·~ ... 

9;.1: for diagrams (a) and (b). When the data is fitted with the usual invariant'': ·· · · 
.·' 

. ··.: ~ 
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f.' .:", \··~'"\ J., 0 :.·.·,,, \

0

! '> '•'.. 
0 

• , 1 '~ ~~- ~ ,·: ~ ~ I ., ' :

0 

.• ~I ~. . , .. 
.-.····' ~ ,: ? '~ ' ' ' I ~ .... .-

.~ ,.' 

1,··. 

three-body phase space' and an ~-wave Breit- Wigner form, the 'N parameters 
. t· ~ ~~ ~ .) ·. 

,, , ., . w~ch give the best fitare· _M =·1Z19 MeV, I" IJI iZS MeV.· These values are pre-
... 

. ,· . i . ' ' . . . . . .-
Set;lted as a parameterization of the data and not aa an estimate of the N 

. pa~a.mcters, since th~ aas~ption ~~a phase. apace distribution is not valld ·_ 
, I . . . . .. 

·~·: . ·; 

-.~_-,_j 
. • 'I 

I 

, · . for \peripheral ~nteractions·.·. , ,. - . . 1 ·. /- ·• ;-~ J 

· · /· · _ . A.8 a teet o£ charge s~~etry w~ compare our data with a re~ent study :_- .. , ·_' ·- ·1 

-~/1414 p p- p n wi events -~t i.iZ QeV /e. Z The charge symmetric 1>-p angular · :~·J 

... · 

. , I . ·~ 

distributions are shown as. the dotted linea in _Fig. z. Here the n-n c:bita shows .. >.l 
I 

i _,~·· .. :(~1:,~·;;·'·-r.: ~~ . . f 
-. -.· . a possible depletion of the two extreme boxes. This is probably because we may 

'. .·/. z. . . - z . . . . 
· -· mlsa n-n events at A - ().. At· A near zero, the recoil of a ·target nucleon may 

..... ~ ', • ·.' • I '-, ' I I ,· ' ~: 

· .. •j 
:·1 
,·! 

. ·'· 
. ' ,· ; , · be invisible, and a recoiling beam nucleon le indistinguishable from a high-eneray 

. •, \ 
'•! .: ' 

'> ~ /.}; .;_: . . \ '• 
'>' .·v \.,'.·, • spectator proton. ·. : 

,.) . 
. ~ t . ~ 

' .t •• : 

Figure 5 obows the proton kinetic energy ln the laboratory. This is 

also in agreement with one-pion exchange_ ·according to diagram (a)_. The sharp ,. •· . 
. , . .,, '. . . , , , ' I 

·.peak at low. energy correaponds to. plo~ emission by the target neutron, and ~~e '• ~\ ·~ 

/ 
· broader peak at high energy lB. due to pion emission by the beam neu,ron. The - .. ·,.' 

. ' 

broadening is a consequence of the .trana£or~tion from the bea~ neutron rest 

·. ,·;·~ ' 1 :· .::_ ayote,m to the laboratory.·· The OPE model of Ferrari an.d s~tt:'.l.:d. ~:n·~dicts the 

.• 

.. · .. " .. . . ! . . . ·, . 3 . .-.-. f ~,. .. 

-·.-.. form.. of this diatrlbution. ' They aee"ume thil.t the Chew-Low formula for a 

nucleon scattering on a virtual pion is ;valid tn· the physical region, and also that · 
~ . .: . . . . ; . 

·.-.... :-· 

. ' . ' ~ . 

:--: 

By introducing a single empirical pionic form 

. . ' ' . '. . ~ .:. 

.. ___ , 

·f 
. j 

·. , I 

'i 
i. 

., 
... /''•; ! 

,. · .. 

. . . . . . '. ~_,. 
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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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