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FUTURE PROSPECTS IN N-NUCLEUS INTERACTIONS

I examine
observable and
near-term future

J. M- MOSS

Los Alamos National Lsboracory

Los Alamos, New Mexico 87545

ABSTRACT

in detail tWo research areas, polarization

antiproton-nucleus reactions~ uhich should have
impact on our understanding of the interaction of

❑edium-energy nucleons in nuclei. More speculat~ve future exper-
iments employing cooled beams, double spectrometer systems, and
large Q-value low momentum-transfer reactions aie also discussed-

INTRODUCTION

I have been asked tn tell you about future possibilities, in
other words, to predict what we will be or should be doing a few
years from now. Webster’s definition of “’predict” is, “to foretell
on the basis of observation, experience, or scientific reason.”’ I

can assure you that the last item has the least. to do with what I
will say. It is, of course, s~ier not to look too far inLo the
future so I will concentrate partly on extensions of experiments
that can be done now or will soon be feasible. The remainder will
be more speculative and involve a heavy dos(’ of ide;ls Ehat I have
gleaned frou var~ous proposals for resc,nrch1~2 to be performed or
machines to be built.s A.lthou~l~I will mcnLion pos.;~ltil.lticsfor
observjnfl exotic sLtltc5 of nuclvar m~ltt~~r,one subj~’ct LllilL I will
spccific;llly omit is !lypcrnuclet, Not t]l~t ~ll~S SllbjCC~ iS OUL Of

pliicchur[’, bllt.it has hvcn covered in d~ptl] aL ot}wr conf(*rcnces.
Antfpr~]tor*-l~\lclcll:;intcrilctlctnswill, however, IN’ rllscusscd since
t]l{sS~’l.JCC,t lld~ dlrL)C!t brl;lrinl;on mllnyn~pocts of F!-nucleus pllys{r:;.
lntcrsperscd Lllr(JU[,llLliP:;C! clj,scusu[onsand .lntilef{llillSUC.L101)S,I
w1ll bri(’flyde%crlbc sorermore apucul,:,II:i,vcIil ru:lswhore’ tII(*m:lcl)IIIU:+
Of Lk fUtUrC Itlily II:IVU f+otlll” j~I)iltQ,L.

P(~l,,\RIZA’r]ON OI)SEl{V,\l\I,I{S IN (p,p’) I{I{,\cTIONS

Tlll:~lrl:l(~(ll.lt.~}proL()!~sofl’ttr:1 ~!jH[,[llctlldv.lllL~l~;l!{ 41’1” I OWL! 1“

un~”rfiyI)(”ilmfi I.11 tlllll vury et’flrl(Inl.protl)lll)f~l:I I.IIIIIILL1r:c m;ly II(J
hll!ltm AI t.1)~’IIi);llL’USl)lllt Loll SIILICLWIIIULIIU (:[1:S)(IL I,A}lI’[:l ftll’

foL”;I1-l)]:lIILI llf)l.;lImlll!IIILIl”l 11:1s il !/(’illLl)r[l))\ I~f”fl(’11.IllI!Y [)!” :IhO1lt ] ():

1111(! :1[1 L!l’1”l, i.1 iv(~iIII:I1. y;:i. IIH pl]wt’r01 ~[).4 :11 !{ , - ‘101) }lIIV.
I

Ill (’[! (1(”1 ,

1111!+Illr’illl!l Lllill Ilv;lrly(’Vl’~~ rl~;lrl1o11!“[))’Will(’11.1(’rl):~:t:;vrlion 1:~
1,1(.;lf;ur;ll)ll~(m.lllI)(*lll;l(l~t10 yl Ild I)f)l;lrlxlllIon LI.~III:;L(’r (1)’1’) ol)siIrv-
/1111(’sWl(,ll:1III(Inl)r(’ L’rforl .

Spl II (Sorr(il;ll11111 (SC) ~!xp(mrlm~’111.;ilr(’ :Il!:(l 011 Llll’ 1111:11’ 1]1)1’1 ;:011

Will’l!IIll’IIJ(:IJ(:ollll~r’~1’ 0111{’!; 1) 1)-1 1111!. ‘i’11(’ 111};11 llllilllll)!.11~ 01 [Ill’
(!1 I“rll lilt !!l,~ polilrlzt,[l lll~ill:l!l Ill 1111-(’l)oll~rWI II lllilhl’ Il,,l!;ll)ll’I’orIII(’
fil’01t[lll-’LIIII II!i II III ],~1 1.:11”! ;!11,: of” p{ll.lt”l;’,1>11 1111,’ 1(. i , ,It’1 1;11”,!;1’1 !;
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should also allow analysis of final nuclear polarization in manY

cases where more conventional targetry would not. This is an excit-
ing area ior future double-spectrometer experiments.

What ❑ight a nzw generation of PT and SC cxperirnents tell US

about nuclei that is difficult or impossible to get by ocher means?

To my knowledge there has not been any general analysis of what
phye.:cs SC experiments would yield. polarizati~n, transfer, on the
oLher hand, has been examined iIIdetail recently-- and experimental
evidence suggests that these new observable may be exceptionally

interesting. Without delving into the theor, , I will discuss t~~
examples that should have significant future ~pplication.

In the excitation of unnatural parity states, two spiti-dep~ndcnt

form factors enter in the inela~tic scattering (or charge exchange)

process, the transverse XT(q) and longitud~nal XL(q)” The former is
similar to that measured in magnctlc electron scattering. The latter
is not present in (e,e’). In the eiiional sfnglc-scatterlnfj approx--
imation, the PT observable may be used to separate these two form
factors. Specifically,

_. .——---
----—------..~---

-----~M= q p

“’ -ID )+q) ‘V4~2 (1 - DN1q~DSS, \\ LL’ ,‘
(1)

I II

Wll(t L.(? E ilIICi F
ln~{ ;lmpllL(lti\’

sectinn. TIIII
sl”l~scriptsN,

:’“llll~llt’!;or
,1 ‘ I;;(j)rlm~yd)II:OCIL~IILIIIII (iir~,c.rjolls. ~i(!il SUrc’llll!llt ni” Lht! PT ObSIJl”V-

,, oi: si)t)cl;~l illtcrclsL II[)L OIIJ y 1)()( ’:111 :;1’ tilu~ m.ly proviliu n12”J
i,14 I1011, hll!. bLIc;I~Is[! of LIIC p;lrL;(’u];lr S~lns{LiviLi~l:) 0[ : )1{!

ahovc! l’orrn t“ac t. or!+ lo qIIL*!+t’iI)II:~ Oi }:l-L’:IL CIIrmIIL itlt~’r~’!;t i 11 ‘Ill(!]l’ilr

I)llysl (’s.
,,,, 11111[!1;1::17,1.!!;sjlL~c i I“ic,lliv ~’ t’lll):i(’:I:;I)L’,’l!;()[till!ull(:ll’llr~1.’::i)l)ll:+l’

stIIl:;i I IVCI L() LIIII iIiI)II 1 i(~](j, WiILII”LI:IS ~t[ i!; rl.~;lL~,d Lo Lr;lll!;vt!r!;ll

I“[l, I(i!; ,’1!: yil’l(il’(i [01” l!x,llllpll~ by p-lll(~!il)ll ~fl*(:ll;lll};fJ o 7’111’’;1.’ S1’llsitiv-
1[i~>:;iJrl.l cl[I)Irly IIllli!:;ll(’(1 Ill I’i};. !, Wl)i(’il :;]IOWS c:Ii(:tIl~Il ion!; l)t”

t.ll(!lI)II;;IfIIIli Il:l I dlIIi Lr:ll)::v(’r:;lt nuf.1,’ar r,’:;l),)ll:;llfIIIII.:, iIIII!: I)y

Ai I)(}r,’ i ~) (It :11,](] ‘!-III! l)rlt~.i:;t~ j)l)y!;it”!; 11111111. iI)t.{> .;III’11 {:,1111(’ l,ILi,)II

(’:111 ll,l\~(! ;1 (Iril:q,lt {1” ;Il”f”(, (’1 011 l.11(~ pl’[, dlrl 11(1 V:llllli:i oi” x 1, illlli Xri. t

F{) 1“ 1’LII’1111 1’ iII Fi v.. I , ::pII(* i i’i :S :I::::IIInl)l iIIII:; ul’rl’ 111.11111 ;II)OIII I.ltf ’

11!11 Ill”l’ 01 ~;l,,)l.[ I,,lll:;l, }!-!!, A-.):, ;IIIti A--A{:01.r(II/11to,i::. Sll(’11i!;:;1111!;

111’1’ ll,ll’[! 1:.’ rl’!;t)ivt’(1 :11 jll’1’!il’llf il!i f Ill’ ~11’11.111’ f“ )111 illll,’!. 1)[1 I 11(’

till illl~lll”t’ (Ii A ’11 I- OIIi”i J: III’dl i~)t~:: iII 1111(’ I{ii ;III~l 111.’ II I”IIXII’11 1 Y t~l

Iif)r:ll:li 1111(’ il’.lr IllIll I l’r I II 1“111’ t’1’i 1 il”.11 Vrlilll’ 1’1)1 1)1,)11 (.1)11111111 !;,11 ion.

II l!; 1111 (’1’1’!;1 Ill)’, II) 111~11’ 1)1111 I Ill’ {.0111 illlltlln l“l~!; lll)ll!:l’ ;, ,;

(’,11 (’1:1,111’(1 ill l~l);. I Inily ,ll’1 11,11 I\’ Ill, I;ll.;l:;llrllll, “[’111,1,, i :: III) (’11111 I’i tJll-

I.illll 1’1”111:1 I)!llllr.11 l):ll”ilv Ilxl’llqll illll!i (willlill fill’ ,Ijllllllxllll:ll 1(111:~ ii:”

111(.,ltl.,1 jll’llvlllll!ily) 10 1;11!;, ( 1 ) ,Illli (?). ‘1’11{’ Illll:il i,l!l!l”l’!;l 111)~ ;Il)lli i-,

I’,lt [1)11 (1 I 1:([’:. (1) ~111{1(1’) mi!;ll[ iMI ill till’ (Il,j}) ,)1” (11,11) l’1’il~’ti~),l!;t
\tlIIItIS i!;(I,;lIi II I Iolll!iltlt”, A-II~ I, j:; jIl:tIII,Itl. All!lil il)ll!lily, ii’

—-—
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Fig. 1. Fermi ga:~(dot-ddsll),axi:ll l.onx[ tlldill;ll (ci:lsll) ,
aml trunsversc rcspnnsc f’Jnct~ons from Ref. LO.

sufficient precision could hc att:linl’d, sIIcl! ~~n cxpl!rim~”nl
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. . I. . .

1,2[ I I I I to which (e,e’j iS completely
insensitive. it is likely

that studies oi P-A for other
ill states may provide unique
experimental evidence concer-
ing the effects of one par-

ticle, one hole ground-state

correlations in reducing the
strength of Ml transitions.

Nithout pretending that
all the theoretical problems
associated with nucleon-
nuclcus scattering have been
solved, it is clear that much
new nuclear structure physics
should result In the comin;i
yeurs from polarizatioa-
transfur and spin-correlation

expcrlmunts. To he even moru
sp’ocul.ltivc,there may WCI1

bu an analosous application

of spill oh:+t>rva!]~vsin thu

excit:lti.o[~of: nuclcons wll~’n
(;ln{lif) n ,lIIw~,cn,:r:]~i(,n(J[
Iliflllvru[ltjr~~’:po]urlzrd Ix,,]M:;
h,~c(,l;li’:; :lv:J. i 1.1171!?. As a r,

L’Xill!ll)ll! con:,i~!l?r t] II’ r:.:(”i L. I-”
LiI)II of” ,]1,, A’~+” b:? L~l(I
r(~.1(’t 1!)11

,, + ,, .> A+ 1“+11.

Kl,.11’ 1111 };!1: 01’!” l(,,lrll I)y

mt!;l:;llrill:; Lll{’ I.1)1111i I II(I lII;I1
~IIld LI’,III:+t’II l”:;!’ ffII.1:1 ~,l~:!~)r’;

or n-.\ 101. !;111’11 ,1 rl,,l(,[ 101)’!

(:l,,,ll” 1”.’ 1111*’ 111)1’t!:i 1.11( !,)l’1, ( [( ’.’11

fl)[)ll[ 111111 111 {:; lIl” Il!)]II;:l. ‘1’111’

:1111 ,11..11’ :;1 -I I,.! \, ),,! !~[,)~ 1.1,.1 I

I r= 9.
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1,11”’:111 ,! I.,* 11,1! IIi:,:j:l(,; 1~111 !1 !l, :;. S,.,,.llll,.l ,1,,.; 111)1 11’1;: If toll l)l)’; II I”lJ.
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guldance in the interpretation of exotic prccesses such as neutrino
inelastic scattering could be provided by nucleon polarization
observable .

ANTIPROTON NUCLEUS INTERACTIONS

Antiproton nucleus interactions promise numerous possibilities
for new and excitiug physics in the near future when the LEAR
facility at CERN comes on-ljne. Describing with any accuracy the
na*ure of this new physics is another matter -- considerable uncer-

tainty exists concerning even the basic featur~s of the R-N system.
Imbet+ding various possible scenarios for the N-N interaction into

nuclear matter is also not straightforward= Nevertheless with the
aid of a few ideas gleaned from the theoretical literature and two
experimental proposals to LEAR, I will speculate about what the
future night hold.

One feature of fi-N system, which has a profound impact on fi-
nuclcus interactions, is the large cross section for annihilation.
The dominant annihilation channel resultS in the production of
roughly five pions. The mean pion energy is near that .~pprepriiltc
for tl~cA33 reson~~nce. Thnt means that tlw pi.ons th~mselves should
have a short mean free path inside _ nllclcus. Thus if one could
implant such a catastrophic event (rcleusing nearly 2 CcV of rest-
mass energy) lnsidc a nucleus, conditions favor:~ble for tIlu

productlnn of nonnormal phases of nucleur matter mluht well be

achlcvcd. Ilut hOiJ dOCS one lm~jlont a probe t]lilt it~cll’ has aIl
extrumcly hi~!l ]lrolmbillty of l.ntcractinL even in the .lvw-drnsjty
m:ltLcr in Lhu nllclu.qrsurf;lcc? A group aL Los hlarnos has recently

Sug};cstcd LI1:IL L!IP prOpC!rtiL’S Of tllc N-N [nt~r:lction nt m,oderntt’
cllrrElcs conspire to };ivc antlprotoils :1huLl:er ci~,ll~(!eof dclJf~slLin(:
tllclf onvr!:y in Lhc! nti~],~ilr [ntvrjor tllilll mi}!]lL I,c ~!xpcc:+2,1\

l~Xr.ensivc)c;Ilc[IlatirIIIs ustIIi~ tllll inLr;ll,uc!r.ar ~~ils~il(ll? II1OALI1 (].NC)

r{!vu.11 t]l~lt 17S-NL!V :llltfprut;~j hiIvlI i~ hfj’.ll p?”ohnbi LILY fOr {lcpnsiL-
~nfi I.n t::<c(~;s or 1 (:u\r 111 ,1 u n(lcl.uus (Fi}: 1). t\ key ~c:lLIJr~!Ill

Ll)l’:ic’ c:III’111:1({011:: is il tr:lnsp;lrcjllcy conf”crrcd n.1 LII1! ~-IIut”L(I!I::

sy!; tl?lll l,y tilt’ Corll)ll):ll’lf)ll ()( il S[ rolu;i:: l.n(!r;;’:-(1(, )t~Il(lI~IIL

;Illllill[ ]:IL [1)11 CrUS.S SL’u”Lj~)Il ,Infl illl iltLl”ilCI [V!! K-11111: 1(!(1!; I;ot.(,nt [;ll, .

Tilt’1A):;Al:Imns N:II ioIliIt l,:ll~llr:l[.ory )lr(lllp iIl[IIIId:,If)11::11:1 v(’ry
1III-}{(!,:i{jl[11-:111!;11} spii(”trOlnt!Lllr ilL I,I;A!{ 1[1 sf’tlrt’11 for po%!+ibl{’

rxot 1(: crt”t~l’L!i [Illlllt’1’[1 hy 1“1:(’ UXplIJsifJll ut” ;In[[prntnll!; Ill!ildt’

1111[’1(![. Pi[)Il Inllll. ll)lirfl ills ;Ind currl~ I ill I .JII!~ will I>L, l~mi)if)y~~[l [ n
tlII’ In’1 1:11 I)II:I!;II 01 till:: t,I[ fort . 11: till! (~x:lm’lllt{t)ll01 Illlrlf’llr
m:ll.t~~r lllllitlu (I>hl rl~l!ll, (’(111(!11 1o11:: , llIiI lII)[II! [!, l!I, IL 11111 r(,l,ll lVIIiy

!3111:II I Illllmltlll 11111-I 1“.111!:! [’1” :(--1111(’ 11>11!; I.l,,ll. I i!)ll:i Will corlpll’I’lt’ 111

rlil:ll IvIsI it’ lIIJ.IVy-i( III ~*~11li,:l[)II:;.

1“1’(~1:1 t.111’ (i(lli~l~,r !; 1(1(1 (11” T-1111(’ I !,11s 1111~’1-,1(’.l il)l!, !.41),11 Iii:; llt

(11;1!;1 1(’ .)1’ 1111’1;1!411,.’-; S(’,ltlilll l;; 1( I I 11:; illl[)lll 1111(’lf’i ! 1’11(’ s;l(’l:ly-
Slr.1::11(,111”}:- ‘1’~’li\V[V [’Ijll;lll,,r,ll[,)1)] ill-, )!) II:i I.:; r,, II!:!* I 11{’ :;l’1 ;!; I I

H l)(~cl rl)m[~l 1$1. ;11 I,l{,il( t.() [’;irr}” 0111. :; II,, II ::[ 11(1 i I,:: , 1111.11 I.yllt,ji ill f;[,ll (’:;

IIIII;III 111’ :+lrollj:ly I!:.:1111’(1 III (~,~’)’! Al prll!; !~lll 1)111’ i-,lll t)lll ‘/ !iljl,,’–

111111(’ !;1111’1’ tl’W ~)t [Ill’ l~Y.111~1’ll:lL’111 :; Ill!{ t’~~!i,ll”~ lo l’oll~il 1111’1 [ Ill’ X’:

.1(’:11.1 (Jl”i II}( ilrlpl I I 11(1(1 11.lyll 1)1~1.111)1.1”101.[!11111. I!(I ,Irl’ 1)!)1 Il!l,lllv Ill till’
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Medium effects, to use recent parlance, may turn out to be enormous.
To some extent, however, what happens to the fiN interaction may

be irrelevant since Ns w?.11 most probably never make it to the
nuclear interior. In the surface region “tP” may not be a bad
approximation. 19

In a recent talk on fi-nucleus physics, Garreta20 speculates that
one-pion exchange (OPE) may dominate (p,pf) s ectra at small mouentum

transfer. fSuch states as the 15.11-MeV, 1 ,T=l of ~aC wauld be
prominent. This speculation is very plausiule but it would be a
mistake to conclude that the excitation of one-pion-like states is
therefore uninteresting. The spin-isospin interaction for the N-:!
system may be written as

~pE(q) + &; ,V,T(q) = v

where g: is independent of q. At q = O, VOpE+ O and the cross sec-
tion to pion-like states is governed by g;. This quantity is

large as can bc seen in a recent 0° (P,P’) spectr~m from the HRS at
the Lus Alamos Meson Fncility (FiS. 4). The effect of short ranee
~nternctions that determine g~ may be completclj’ different in t!lc
N-N system. Fi,lally the SPES II collahorati.on proposes to exaninu
antiprotonic nuclei by using tile rccoillcss (fi,p) react:on. Suc!l
nuclei might exhibit relatively ]on:\-lived st:ltcs if a suiiicien:ly
strong attractive potential existed21 for a high-spin state whose
wave functinn was largely outside the range of tile annihilation
potential.

provi,[!il~;;

::
.

500 ~r

I
—,—r-?------ ..- ; ---.-T-y--r-

! .—
II ‘- ~ ‘// I

I

“!
I
-/

“. . -,. . . . . , - . .

%1)(} 1,1 110 15 (10 ;’[! ,),1 .~,, (’. )

, h,,. /1. :,1)1 ,1,1 1111:1 ,)1 (Ill, .-(, (1’)P’) “AC LII, II. I i~jl)

,11 ill) . ‘1’)/ !ll,~,’ 1.1! 1,11 ,11 ,:1,1{) ,l,.:;r,,[, .
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identification, but also in the spa~ial separation of high–cross-

section and low-cross-section reactions allowing the low background
observation of the latter. The dual spectrometer system for IUCF22
should provide much of the capability needed to use the unique

properties of the electron-cooled beams. One spectrometer will have
exceptional resolving po~;er, with the promise of “~10-keV resolution
at 200 MeV. The other spectrometer, to be useil in coincidence, will

detect a much broader range of momenta with a sizable solid anEle.
It is plausible to fores e that dual spectrometer coincidence studies

will assume an increasing importance in future investigations using
medium-ener~y nucleons.

As a very speculative example of a two-spectromel er cooled-

beam coincidence experiment consider the excitation of a ~ important

but weakly excited giant resonance. It is unobservable in a single
experiment because of the large continuum. Once excited, however,
it remembers its strong connection with the ground state and decays

by gamma emission ~~ith perh,aps a 10-+ brarrchinc ratio. Excitation
0= the contimuum, on tl~e other hand does not produce the original

tilr~et nucleus . In the A(p,p’)A* reaction, one measures p’-ti
coincidences to enilance the giant resonance sign;ll, }lan:f other

possibilities undoubted]:) exist for recoil coincidence detection.

Another interestin~ ilppliCatiOn of spectrometers that should

see even more future action is inelastic scattering at OO. Zero-
de~ree sc:ltterin~ of medium-er.ergy protons yields momentum transfers

that are extremely Srir:Y.ll (limited oiily by the reaction Q- value) and

arc hence ideal for the study of low spin states SUCI1 as 0+ :~11(1
1+.

Zero-dcflre(! scattering is not orrLy promising f rom tile

expc~rimental point of view for maximizing th~~ signal for 6L = O
Transitions, it .?.1.s0 offers rclativ~’ theoretical simplicity.
D’storrion (’fft’cts are minin:ll and tr:]nsi Li(~n densities are clos(Is:
t o tile “[)ll Ot.Otl [Joint”.

Stlcl~ stu(lic’s l~ave been in pro:;ress for abQut a year <at tllc 11’RS

a t l.~l!!l’l’ us in:: a :;p~~rially pr[’p:lrcd bc(l~ of 500-:[e~ prntol)s. l_)ciini–
t io:~ of t I)c bc:lm is nc[:OmpliSliL2d by uSillJ fofl 9Lrippcrs instca(l {Ii

c(I1I in, it[)rs Whi 1 L’ tile iorls ,]re ne<::lt+’vc. Tlic hi:; llly tai lored !l-
h[’,]:~ is Lll(’n stri~,~,cf. i of its electrons and t~:li]:ipurLed to tile tar}:ct

witl~ no furtll~’r C(J1 lim~tion. ‘~his he:lr, tllon p,isses tl]roll:;h LI]C spI_Jc–
t ]“[)mL!~[l r ~~nd mi..,-l,r-.,,, .,, all Oi LIIC f(oc:ll. pl:~nc dctcccor~. Inclc3stic

sctLLL~’rillj; iS c\rLccLcJd for ~’rlt!rj;y 10SSCS as :srntlll :~:j ~ NeV. A

ty;]ir(ll 0“ 12
s ;)~~CtrL1:2 fr(>[~ 5(]0–![L!~’ prOLL)ll I on

?’Iiis

c is SIIOIJII in Fifl. 4.
c~,rlIIIi(l(Ic is :11(1(’ 11 C1OI di[iicult f~’r ht>:ttrj’ t:lr:;cts d~le to

rc:;~..llt(,rin.{ (u!“ C,j!~l(’,l:l \!-:;(,:lttlTr,>(i p:lrticlcs. J.c t ive CC)ll in<lLot’!;
SI1OW []r~~l:li :+L_Io f oll~?vi:ltill:; this prol>Lc:n for l]~>lvi~r :;yst,’r)s.

IIIGII-Q, l,oh’-q l:E,\(;’rI():;s
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influence is so strongly exerted on the central theme of this
conference, we must find another way to do it.

One method is to use the (p,d) reaction at 800 MeV. 24 The q

for such conditions is near zero resulting hopefully in Lhe produc-

tion of recoilless deltas in the residual nucleus. Such an
experiment was recently performed at LAMPF~24” Deuterons with energy

loss corresponding to A ?roduction in the ‘%(p,d) ‘AC* reactio9 were
observed in coincidence with decay protons from the excited nucleus.

The constant excitation energy observed in the coincidelnfe spectrum
is very suggestive of the kinematics of a state in C decaying

rather than of a quasi-free p+p+d+ll+mechanism. Continued investiga-
tion is required befOre definitive statements can be made, however.

This reaction is an example of a general cla$s of high Q-value ,
low-momenturtransfer reactions that are possible avenues ior
producing nuclear states ranging from slightly exotic (e.g., the

previous example) to profoundly different. A. Goldhaber has recently

su~gested,25 that colorless (in the quark sense) nuclear matter may0

exist in exotic configurations not at all resembling A-nucleons, hut
with excitation energies perhaps only a few hundred MeV above

standard nucleonic matter. l!e speculates th.~t hiEh-Q-value, low-q
reactions may be appropriate for exciting exotic configuriltions, or

perhaps more likely, for producing identifiable precursors of SUC!)
States.

What reaction mechanism could ever lead to the fo”matioll of
Suc;l exotica? That is of course the provcrbidl “fly in f~c
cintm~:t;.”’indeed even foc such “conwnt.lonnl” reactiuns as C

(P,d) @,,tllc mechanism is most appropriately’ desc~ibed by a block
-box. On the positive side, in hadron-hadron interactions, no
proposed reaction mecllilnism, however absurd, can be completely

eliminated f;om consideration. In other words if f~lndamental

conservation la{Js don’t forbid it, it will probtlbly occur with a
cross section that is not ridiculous by weak-inLer.~ction standards.
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physics . h’e will learn ❑ore if we understand the nature of other
approaches to the same shbject.
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