e

«A-UR -82-3466 | [’27’ RLJO8C- -2

LA=Ut==(2-3466
DE®3 003549

Los Alamos Nalional Laboralory 13 operalad by the Univarsity of Calltornia for ihe Unlied Siates Deparimeni ol Energy under coniracl W-7405-ENG 36

nree: Future Prospects in N-Nucleus Interactions

UOBCLAIMIRA — — — =

AUTHOR(S} J @ Moss

SUBMITTED TO: To be published in the Proceedings of the IUCF Workshop,
The Interaction Between Medium Energy Nucleons in Nuclei,
Bloomington, IN, Octoher 28-30, 1982.

NoTIOR

,i;nl'__b!ol_vs __()I_J_III_S_BERQRI APE TLLEQIRLE, It
8 boen roproduecd f1om the boat, E\;r{ﬁﬁlo :

¢opV to permit . e
aAb11 “'? the broadon:, N0naihlo nvngla

Ny acemm ice of s aricle the pulihahe s racognizes thal the 15 Governmant 1elaing a nonsaclusive tuyatly -lise uiense 1O pubbist i tarudgur e
the publshed wse ol 1y comuludem v i allow ollisis 10 g0 s0. lor US Qoverrumal yignniges

Thie 1ow Alaenis Nalmvat Lalialey tenuesls Al the pubistim ilanhly 1y astets as work porliimad e the ansjom.ns sl lhn 11 S Degartineng ot nQy

MASTER
LOS AlamnOS LoshiamosNaton Laboratory

FORM NU 038 R4 ) { )
A) NO 2878 3180 '(’ '

DISTRIBUIMIN AF 1HI® v r et s o e nannom


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


FUTURE PROSPECTS IN N-NUCLEUS INTERACTIONS
J. M. Moss

Los Alamos Yational Laboracory
Los Alamos, New Mexico 87545

ABSTRACT

I examine in detall two research areas, polarization
observables and antiproton-nucleus reactions, which should have
near-term future impact on our understanding of the interaction of
medium-energy nucleons in nuclei. More speculative future exper-
iments employing cooled beams, double gpectrometer systems, and
large Q-value low momentum-transfer reactions are also discussed.

INTRODUCTION

I have been asked tn tell you about future possibilities, 1in
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, experieuce, or scientific reason.”™ 1
can assure you that the last {tem has the least to do with what I
will say. It 1is, of course, szier not to look too far into the
future so 1 will concentrate partly on extensions of experiments
that can be done now or will soon be feasible. The remainder will
be more speculative aud involve a heavy dosc¢ of idens that I have
gleaned frow varlous proposals for researchls2 to be performed or
maclines to be built.3 Although I will meution possibilitics for
ohserving exotic states of puclear matter, one subject that I will
specifically omlt 1s bypernuclel. Not that thls subject is out of
plitce here, but 1t has been covered in dipth at other conferences.
Antiprotor-nucleuss interactions wiil, however, bLe dlscussed since
this selject has dlrcet bearing on many aspects of M-nucteun physics
Interspersed throuph these discusslons and In the final sectlons, 1
will briefly deseribe some more speculative arcvas where the machloes
of the future wmny have some ympact.

POLARTZATION OBSERVABLES IN (p,p') REAGTIONS

Intermediate protous ofler a distinct advantage o ver lover
cnerpy beams o that  very elVficlent proton polaviweters may he
bufle. At the high resolution spectrometor CGIES)  at LAMPE, the
focal=plane p()Ln,fluu-t(-r“ has a weatterlny offlceleney ol about 100
and aun el Tective analyslong power ol VOA at B ,o= 500 MeVe o elleet
this meana that nearly overy reactlon Cor whleh o erass sectlon 4
neasnrable can he wide to ylld polarlizacdfon transter (1) observ-
ables with a bhit more effort.

Spla corvelation (56) experiments are also on the gear hovlton
when the 10GE Conlerd comen op=1Tne.s fhe high lualnondty ol the
clrenlat fuy polarized bhoaan T the cooler WD make feasthle for the

Flrat time the nne ol Jet tarpets of polocbae] nuelels Jet tarvseis
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should also allow analysis of final nuclear polarization in many
cases where more conventinnal targetry would not. This is an excit-
ing area for future doubtlu-spectrometer experiments.

What might a new generation of PT and SC cxperiments tell us
about nuclei that is difficult or impossible to get by other means?
To my knowledge there has not been any general analysis of what
paysics SC experiments would yield. Polarization transfer, on the
other hand, has been examined in detail recently5_7 and experimental
evidence suggests that thesec new observables may be exceptionally
interesting. Without delving into the theor,, 1 will discuss two
examples that should have significant future application.

In the excitation of unnatural parity states, two spli.-dependent
form factors enter in the inelastic scattering (or charge exchange)
process, the transverse Xp(q) and longitudinal X;(q). The former is
similar to that measured in magnetic electron scattering. The latter
is not present in (e,e'). In the eikonal singlec-scattering approx-

imation, the PT observables may be used to separate these two form
factors. Specifically,

SINRE = Auve wp
2 - 2 _ 1 ~

X[(@) = 0/4k° (1 = Dyt D, "DI,LJ\.:' (1)

x%(q) - 9 /4¥° ( 1 - Dy, \- Dgs } DLL.)El ' (2)

where E and F are coefflclents of the nu-leou nucleon (N-N) scacter-
Imp amplltuwle (as defined fn Ref. 8), and T is the diflereatial cross
section. The I parameters arce in the Ann Arhor Gonvention.?  The
svhgeripts N, S, and I, denote normal, sgideways, and lospitudinal
caments of polavization referred to the {ucoming (unprimed) aad

" e (primed) wonentum directions.s Measurcment ol the PT obscerv-
ol special [aterest unot only becanse they may provide new
i tlon, bul bhecanse ol the particulay seasitlvitios of  :he

ahove form actors to gquestloan ol preat current Interedt in muelear
physics.

Spectleally ¥ cwphastzes those asoects of the nnelear pesponse
seusltive to the plan Jleld, whereas X s related to transverse
Mlelds an ylelded for oxample by P=meson vvelumpes These sensltlv-
Ttles ave c¢learly Tudlcated In Flge 1y whlceh shows ealenlatlons ol
the lonpltndinal and  transverse puelear  regponse funegfons by
AMlbereto ot al 0 1 precise phvilfes Iopot into gueh caluelation
can lave o dramatle alfect on the predicted values of X and N
For exanple I Fige 1, spectlle acsmaptions were maude about  the
natire ot ahort ranse M=, AN, and A=A coreclat loas.

Such lnsnes
nre hardly regolved at preseat an the debate

ot fane on the
Inlluence of Ah conlipgprations o mneled ol the peaxdmlty o
voraal nnelear matter to the celtlieal yvolue Tov plon condensat Ton.

Mool Inteventlug to nate that  the contloaum vesponse s
caleulated Tu Flge T may actiually be geieoeede There i no conted bi-
tlon Teow watoyal pactey exeltat Do (wlithin the approxtoat tous e
dleated previosly) to Bgss (1) amd () The most Latevest Tigy appll-
catTon of Egse (1) and Y mipght bhe ITo the (u,pr) or £pon) veactloons,
wheve teospln Crawstor e A= 1 T Deoeeds Adittonal by, T
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Fig. 1. Fermi gas (dot-dash), axial lonattudinal (dash),
and transverse response functlou: from Ref. 10.
an experliment might

sufficlent preecision cotld be attained, sucl

shed light on the questions of missing Gamow=Teller strength in the
cont fnnum.
Another recent applicatlion of polarization analyiais, whleh 1 am

coufident will have alpniflceant future applleatlong concerus  the
differonee between the polavisation (1Y) and analysluy power (A) In
For plastic peattering

Inelastle seattering (and chavie oxelinnge).

P = A of courne dur to tlue reversal (TR) favarl weeo For Inelantlc
scattering TR does oot inply o= A, hinwoever. 1t s eany to
deromsteate that nonsero values of P=0 arvlse frew o0 laterterenee

letween TR odd aud ceven terss To tle Benneleus geatioving aapl o

The TR odd anplitides, which are altlaately related to Cthe uouatat te
piartys ol the N=N futervactlion, azalu ofVer the opportnnity to aeasaee

aspects of nnelear structuse aot vaslly obtalned fa other wxper-

fmentse At By o 15) HeV Garey ot al AT have shoun Gt pea far

the 11 T = 1 state fu PY¢ e e oxplalaet only by oo trausition

density that Toelwles o lavse ters wvith orbiteal o ospda, and total
<D transtorsl ta the goelmese The Goben

aeular moaentum S|
Kur.llh” wave  Draet Tons,
Cypne, are voery o
L) = L1 term s
(I'=A Ltesolb may st be
Flae 2)o The L) L1 ters foe O o ED exeltation 1w q!u-ll'l:?lln"'L

cut brely by the coablnat o ol degesttvemato b element sy "y e b

tetw ol this
) Uhen th
ang b

whivh contatn au Taportant

Tu veprotonebny the data (A1
(10" pewain near coro ot all
lavee at Jditiract lan mlabmra an

neceantul
l'l‘::)n\,'l'ql.

AN

y -

11 1tana ‘{r

..‘{ I+
r\,, lve



dx7datP-A) Imb/sr) -

o8l e

DRAFT 1803-R,

s T to which (e,e') is completely
- P . insensitive. it is  1likely

o ’7 (3 2% (o012 that studies of P-A for other
B } - 15.4UMeVv, ', T2t Ml states may provide unique
- Epﬂsoﬂev' ; experimental evidence concer-

e : Jo T ing the effects of one par-
o . . ticle, one hole ground-state
i correlations in reducing the
strength of Ml transitions.
Without pretending that
- all the theoretical problems
assoclated with nucleon-
nucleus scattering have been
solved, it 1is clear that much
. new nuclear structure physics
should result in the coming

e U "_1” : ) ~ years from polarizatioa-
' ook : E' o -{ ) . transfer and spin-correlation

H \ experlments. To be even morc
: ' spreculative, there may well
- be an analogous application
o of spln obscervalhles 1n the
excitation of wucleons when
(and 1f) a new generation of
higher eneryg’ polarized beams
- bhocomes  gvallal:le. As  an
exauple consdder the exeita-

tion  of  the AH b the

b react lon
04 .

.ot t t L.
0 )] 5k M)

e it pr AT 4
a0 L

0, tteg)

What wlpht ove learn by
measuriny the loneitudinal

Flyoo Do A aead (1 NY 0 /e e ana tranitverse forn Facrors

sel Ll cuevee T oa DYVILY ecalealat lon
witlh the Golen=tnreatls wave Tune=-
tlou. The doslual cavese T the
Laj o 11D term pemnnvang,

or "=\ tor sirh o yeartlon?
Cloavhe e poeds theosretteal
Tuput Inte thls problea.s The
aaclear steuctnre glow that

thite vt bon T (G AMYY 1w of courae Tueonpleto,
tareset e wet distines ont fr ey,
ablee fu the wxedtat Ing ol
nretnl tor et lan ot
tec T

e L woa b swev e T a0 et T eabilse
oy preseat ood o aear Ditare exgeersent al

At I lual nete o pnl.ll Lot fan !

ohaepryvadilen the  moea
Tt e L st appd e Lo ot P70 ond BC teetibaue s WD vegqolee a0 deasp
mnderatosk e o the cvaneet o Letsnm the o oqeerators ot
tugy Lo aue Lo et tep g, g tleean

o et I s deet st fe
aml ol Depranie woal o

“a Crotchlerabte pragress Lo

vunu-u'llnn-:l‘ It ot a
Lol Ty foaee ey oeh tomalne Lo

lie
caron
he donss. It omay tatun ont  tlaat

Nevvrthe sy polavba o boan alisery-
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guidance in the interpretation of exotic prccesses such as neutrino

inelastic scattering could be provided by nucleon polarization
observables.

ANTIPROTON NUCLEUS INTERACTIONS

Antiproton nucleus interactions promise numerous possibilities
for new and exciting physics in the near future when the LEAR
facility at CERN comes on-line. Describing with any accuracy the
nature of this new physics is another matter -- considerable uncer-
tainity exists concerning even the basic features of the N-N system.
Imbedding various possible scenarios for the N-N interaction into
nuclear matter is also not straightforward. Nevertheless with the
ald of a few ideas gleaned from the theoretical literature and two
experimental proposals to LEAR, I will gspeculate about what the
future might hold.

One feature of N-N system, which has a profound impact on -
nucleus interactions, 1s the large cross section for annihilation.
The dominant annihilation channel results in the production of
roughly five plons. The mean pion energy 1s near that apprepriate
for the 833 resonance. That means that the pilons themselves should
have a short mean free path inside . nucleus. Thus 1f one could
implant such a catastrophic event (releasing nearly 2 GeV of rest-
mass energy) inside a nucleus, conditions favorable for the
production of nounnormul phases of nuclear matter might well be
achieved. But how dous one implant a probe that jtselt has an
extremely hiph probability of Interacting even in the low-density
matter in the naclear surface? A group at Los Alamos has recently
sugpested that the properties of the N-N Interaction at moderate
ecunerples consplre to glve antiprotons a better chance of depositing
thele enerpy (n the nuclear Interlfor than might be uxpcc:od.znlg
Fxtenslve calculations using the intravaclear cascade wmadel (ING)
reveal that 175-MeV autiprotons have a high peobaldlity for deposit-
Ing fu exeeqss of 1 QeVv In a 2399 hucleus (risyn 3). A key Teaturce n
these ealenlatlons Ls a cransparency conlerred oa the N-nueleus
system )y the comblinarlon ot N strongiy cnergy=decudent
amnihilatlon cross scetlon and an attract Ive J-nuelens putentlal.

The Los Alames Natlonas Laboratory gproap Inteuds To ane o very
Larpe, golld-ungle spectromneter at LEAR In search for possible
exotle effects Indoced by che exploston ol antipretons  (onslde
nuelels Mouw wultlplicltios and corvelations will bhe employed In
the Inttial phase ol this effort.  Ie tle exam'nation ol auelear
watter winler extrome coneltloas, the hope fn that the
small momentnue-t ransl et Seqne lons react ions will
relativigatle heavy-lfon colllitons,

relatilvely
complemont

From the quicter glhde of V-nue leus Tuteract for, ghat nmilaht
elast e or fuelast fes]h seattering toll us aloat uneled? The Saclay=
Strashory = Tel Aviv ('i)ll;lll-ll'.lllnlll prrovoses taoonee the 5Pkt 11
pocetrometer at LEAR Lo corry ot soclh sthidless Wt types of states
wipht he strouply cselted In (p,R')?7 At prosont oue G only spee-
nlate slnee Lew of the experigents pecessary to constroet e N8

acattoriuy ampl tude have heen perlfomacd e e are ant totally o the
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Medium effects, to use recent parlance, may turq_out to ba enormous.
To some evtent, however, what happens to the NN interaction may
be irrelevant since Ns will most probably never make it to the
nuclear interior. 1In the surface reglon "tPp" may not be a bad
approximation-19 -

In a recent talk on N-nuclcus physics, Garret320 speculates that
one-pion exchange (OPE) may dominate (p,p') spectra at small momentum
transfer. Such states as the 15.11-MeVv, 17,T=1 of Y2¢ would be
prominent. This speculation is very plausiole but it would be a
mistake to conclude that the excitation of one-pion-like states 1is

therefore uninteresting. The spin-isospin interaction for the N-X
system may be writter as

V,T(q) = VOPE(q) t 8,

where gg is independent of q. At q = 0, Vgpg * O and the cross sec-
tion to pilon-like states is governed by gl. This quantity is
large as can be seen in a recent 0° (p,p') spectrum from the HRS at
the Los Alamos Meson Facility (Fig. 4). The ecffect of short range
interactions that determine gg may be completely dif{ferent in the
N-N system. Fiunally the SPES II collaboration proposes to exaumine
antiprotonic nuclei by using the recoilless (p,p) reaction.
nuclei might exhibit relatively lonp-lived states if a surficiently
strong attractive potential existed?l for a high-spin state whose

wave fuuctlon was largely outside the range of the annihilation
potential.

Such

NEV' SPUCTIROMETER TECHWIQUES

Asn future accelerators are constructed (at  least in our
dreaas) Lt is important to ask what instrunentation is required to
put the beawm to maxipal wnse. Mapnetic

spectrometers have baen
vital In medlina=encrygy clarseld=-particle

work and will uvadoubtedly
continue to he so In the future.  They are ounscential ant only in

providin: very preclse monentun resolation and particls
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identification, but also in the spatial separation of high-cross-
section and low-cross-section reactions allowing the low background
observation of the latter. The dual spectromcter system for 1UCF 22
should provide much ot the capability needed to use the unique
properties of the electron-cooled beams. One spectrometer will have
exceptional resolving pover, with the promise of “10-keV resolution
at 200 MeV. The other spectrometer, to be used in coincidence, will
detect a much broader range of momenta with a sizable solid angle.
It is plausible to fores e that dual spectrometer coincidence studies
will assume an increasing importance in future investigations using
medium-energy nucleons.

As a very speculative example of a two-spectromei2r cooled-
beam coincidence experiment consider the excitation of ana 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 with perhaps a 10" branching ratio. Excitation
0o° the contimuum, on the other hand does not produce the original
target nucleus. In the A(p,p')A* reaction, one measures p'-A
coincidences to enuance the giant resonance signal. Many other
possibilities undoubtedly exist for recoil coincidence detection.

Another interesting application of spectrometers that should
see even more future action is inelastic scattering at 0°. Zero-
degree scattering of medium-energy protons ylelds momentum transfers
that are extremely small (limited ouly by the reaction Q- value) and
aig hence ideal for the study of low spin states sucl as 0% and
1+,

Zero-degree  geatterirg is  not only promising from the
experitental point of view for maximizing the signal for O = O
transitions, it also offers relative theoretical
Distortion effects are minimal and transition densities
ta the "photon point™,

simplicity.
are cloaust

Such studies have been in progress for about a year at the RS
at LAMPIE using a specially preparcd beaw of 500-ileV protons.
tion af the beam is aceomplished by usiag lofl
collimators while the ions

Defini-
strippers instead of
are petative.s The highly tailored I
bean is then stripped of its electrons and traasported to the target
with no further collimation. This beawm then passes thrqush the spec-
trometer and misses all of tne foecal plane detectors.  Inclastic
scattering 1s detectoed for enerpgy losses as small as 3 Mev. A
typical 07 spectrum from 500-!eV proton. on Y2¢ is shovu in Fig. 4.
This teclimique is mueh more ditficult fer heavy tavgets due to
rescattering ot Coulomb-seattered particles. Active collimators
stiow promise of alleviating this problem for heavier gystens,

HIGIH-0, TLOW-1q REANCTIONS

Zevo=depgroe seattering even of Fermi-Lab protons will not yleld
zero-momentum trausfer in tlee resion ol cseitation of A=isnbhar-tole
contisuratfone.  Recall that it is the low ¢ aspects of  the 8-h
adaixtures that are ol interest in the Ganow-Teller/M] problvm.?‘

Thier 10 we are able to examiue this enc of the A=l spectrum whote
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influence 1is so strongly exerted on the central theme of this
conference, we must find another way to do 1it.

One method is to use the (p,d) reaction at 800 MeV.24 The q
for such conditions is near zero resulting hopefully in the produc-
tion of recoilless deltas 1in the residual nucleus. Such an
experiment was recently performed at LAMPF:Z&* Deuterons with energy
loss corresponding to A production in the 1¥¢(p,d)*2C* reaction were
observed in ccincidence with decay protons from the excited nucleus.
The constant excitation energy observed in the coincidenfe spectrun
is very suggestive of the kinematics of a state in C decaving
rather than of a quasi-free p+prd+Tt mechanism: Continued investiga-
tion is required pefore definitive statements can be made, however.

This reaction is an example of a general class of high Q-value,
low-momentumtransfer reactions that are possible avenues 1Yor
producing nuclear states ranging from slightly exotic (e.g., the
previous example) to profoundly different. A. Goldhaber has recently
suggested,25 that colorless (in the quark sense) nuclear matter may
exist in exotic configurations not at all resembling A-nucleons, but
with excitation energies perhaps only a few hundred MeV above
standard nucleonic matter. He speculates that high-Q-value, low-q
reactions may be appropriate for excitiny exotic configurations, or

perhaps more likely, for producing identifiable precursors of such
States.

What reaction mechanism could ever lead to the formation of
sucii exotiza? That 1s of course the proverbial “fly in the
cintmert;" indeed even foi such “conventlonal” reactions as e
(p,d)l?qﬂ;thu mechanism is most appropriately desciibed by a black
box . On\ the positive side, 1n hadron-hadron interactions, no
proposed reaction mechanism, however absurd, can be completcly
eliminated from consideration. In other words 1if fundamental
conservation laws don't forbid it, it wili prebably occur with
cross section that is not ridiculous by wcak-interaction stuandards.

a

SUMMARY

I have enphasized polarization obscervables in nueleon-nneleus
physics  and «c¢ross secctions and correlation experinents in
ontinuclion-nucleus physics as the most promitsing arcos (or the near
future. The nmore distant future is larpely a matter of guess work.
Aside from deseribing whnt mipht be acconplished with new machines
and devices 1t is difficult to he specifics Tf we have Tearned
anvthing relevent to the future from tle near past in [rtermediate

enerpy physles, It 1ls that npuelear physicists coan no longer  be
parochilal. Much wore, for example, can be dearacd aboat a piven
state by doing (p,p') (oye' ) amd GETYY exporfnetts tin can be

sotten from oune reactlan in isolation. In the luture thiys trond
needs to cont lnve with atteution glven to the possible coaplenentary
aspecta  of  hadron-=scattering  aml  voal—interaction  oxveviscnts.
Additionally, one of the wont obvious challenges ol medium-cneryy
physics, doetermivatlon of the necessity or lack thercol ol quark

degrees of freedow, Us a central theme Ion hifglh-energy heavy-ion
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physics. We will learn more if we understand the nature of other
approaches to the same subject.
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