Cerm

«A-UR -82-3466 | [;”7 KL)O8C - -2

[./\-Uf!--82—3 466
DE®3 003540

Los Alamos National Laboralory 13 operalad by the University of Calitornia for the United States Depariment ot Energy under contract W-7405-ENG 36

TITLE: Future Prospects in N-Nucleus Interactions

DISCLAIMIA — — — ————"

AUTHOR(S) E 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.

NOTION
PORTIORS OF THIS_REPORT A
=52 JMAS_REPORT ARE 1L
haB boen roproduond from 1y, !...__I-!GI_B_L& Iv

‘1t available
OpY 10 permit the I - 0
AD ity the broadons nangihy, avnila

By accoptines of I artcln the publaher racogmigas that the U 5 Government retainy & nonesclusive toyallyfrae hcenap to publish ur taprodgurs
the published torm of ths contibuhon o (o allow others (0 do so. for US Qovernmant purposes

The Low Alamos Natimnal Latoralory reqoests that the pubtisher dantily this article as work perfarmaed under the auspiss of tha U) 5 Departmaent ot § nargy

MASTER
LOS AlamnOS LoshamosNaton Laboratory

FORM NO 038 R4

AT NO 2878 5.0 .é‘r {.)
DISTRBUTMIN O 1HIS v tav v 1 v emiaam


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 1n detail 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 gpeculative future exper-—
iments employing cooled beams, double spectrometer systems, and
large Q-value low momentum-transfer reactions arce 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 basls of observation, experlence, or sclentific reason.” I
can assure you that the last 1tem has the least to do with what I
will say. It 1s, of course, sgier not to Jlook 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 and involve a heavy dose of ideas that I have
gleaned frou various proposals for researchi»2 to be performed or
mackines to be built.3 Although I will mention possibilitics for
ohserving exotic states of nuclear matter, once subject that I will
specifically omit Ls hypernuclel. Not that this subject 1s out of
pliace here, but 1t has been covercd in dopth at other conferences.
Antiprotor—nucleus 1intceractlions will, however, be discussed siunce
this s»'ject has dircet bearing on many aspects of N-nucleus physics.
Interspersed through these discusslons and Ln the final sections, 1
will brielfly deseribe some more speculative arcvas where the machines
of the future may have some impactl.

POLARIZATION OBSERVABLES IN (p,p') REACTIONS

Interneditte protons offer a distinct advantage ver lowver
energy beams In that very efficient proton pelarimeter:s may be
butle. At the high resoluvtlon spectrometor (GIRS) at LAMPE, the
focal=-planc p()lnlfluh‘lt'rh has o seattering efficiency of about 10.0
and an effective analyaing power ot VOLA at Ey = 500 MoVe Tn etteel
Lhis means that nearly every reaction Yor which o c¢ross sectlon Is
neasurableo can be made to ylold polarizacion transter (PT1)
ables with a bit more effort.

Spin corrcelation (5¢) experimeats are also on the near horizon
when the HUCF Cooler? comes op=l1ine.  The hiph

nbtiorv-

luntnonlty ot the
clrenlatiug polarized boams In the cooler will make feasible for the

fitrat cline the une of Jot tarpgets of polartaed qaelels Jet tarsets
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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 ifor future doubtle-spectrometer experiments.

What might a new generation of PT and SC cxperiments tell us
about nuclel that is difficult or impossible to get by other means?
To my knowledge there has not been any general analysis of what
physics S5C experiments would yileld. Polarization_transfer, on the
other hand, has been examined in detail recently5‘7 and experimental
evidence suggests that thesc new observables may be exceptionally
interesting. Without delving into the theor,, I will discuss two
examples that should have significant future application.

In the excitation of unnatural parity states, two spi.-dependent
form factors enter in the inelastic scattering (or charge exchange)
process, the transverse Xp(q) and longitudinal Xy (q). The former is
similar to that measured 1n magnetic electron scattering. The latter
1s not present in (e,e'). 1In the eikonal single-scattering approx-

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

) - e T~ Lywe. “ P
2 - _ | .

X (@) = 07487 (1 - Dy Dy, "DLL')\._I' ()

X%(q) = O/4F2( 1 - DNN \— DSSt } DLL')} , (2)

where E and F are coefficients of the nu~leon nucleon (N-N) scacter-
Impg amplitude (as delined in Refs 8), and T 1s the diftereatial cross
section. The I'T parameters are in the Ann Arbor Convention.?  The
sehgeripts N, S, and L denote normal, sideways, and loopgltudinal
canents of polarization referred to the incoming (unprimed) aad

a P (primed) monentum directions. Measurcment of the PT observ-

of speclal Interest not only because they may provide new
1.1 tfon, bul becituse of the particular sensitivities of  he
above form factors Lo questions of pgreat current Interest in nuclear

physics.
Specttfically ¥ emphastzes those aspects of the nuclear response
sensitive to the plon field, whereas Xe {5 related to transverse
flelds as ylelded for example by @-moson eovchange.  These sensivive
Itles are clearly tndicated T Flg. 1, which shows calculations of
the longltudinal and  transverse nueclear  regponse  funedlons by
Albereto ot alJdU e precvise physies Input into juch caluclation
can have o dramatte affect on the predicted values of Xy oand X
For oxample tn Flyo 1y specitis assaaptions were made about  the
mature ot short range N=M, Ad, and A=A correlat toan.

Such tusues
are hardly regolved at o present asn the debate

comtinues on the
intluence of Ach contipurations 1n pueled and the proximley oi
rormal e lear matter to the eritleal value for pion condensat fon,

1t Is Interestingy Yo note that  the contfnuum  response as
caleulated To Flge ¥ may actuallv be peasureds There jg no contrefbu-
Lion feom natural partty exeitat fons (within the qpproximat fous b
dicated previousty) to Egse (1) and (7). The most fatervest Ing appll-
catfop of Lgue (1) and (Y might be in the (n,p) or {p,n) reactioas,
where tTrodpin tvanster, A1 o= 1,y fnnureds Additfonally, f
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Fig. 1. Fermi gas (dot-dash), axial lonpltudinal (dash),
and transverse response functlons from Ref. 10.
an cexperiment mipht

sufficient precision could be attained, such
shed light on the questiouns of misstng Gamow-Teller strength in che

continuum.
Another recent application of polarizatlon analysls, which 1 am
confident will have sipgnificant future application, concerns the
difference between the polarization (P) and analysing power (A) In
fnelastic geattering (and charge exehange) s For slastic seasttering
P = A of course due to time reversal (TR) Lovarimeoe.
scattering TR does not loply PP = Ay however. It {5 easy to
denonstrate that nonsero P-\ ardse from an Interterence d r
betwern TR odd and even terns o the Nenunelows geaqttoerin auplitude. 1o disaaa e
The TR odd anplitides, whiech are ultiaately related to the nonstat te
partys of the N=N futeraction, azain offer the opportanity to measure
fn other eoxper-

For {nelastic

valuers of

aspects of mnclear structure not easily obraiued
At Ly w 15) MoV Carey ot al LY have shown that peA tor
‘ explataed guly bw o treanuitvion
sphin, and total
The GCohen

cin he
that inelwles a0 Tavse tera with orbleal,
anceular momentum La ) o P transfered to the pgoelous.
Kurat bl wave functfong, whiech contain an faportant
type, are very nuccesstul o din o reprotocian the dara (S
L) = LN term Uy removed, (P-0)% peaadios ner geva at o all anetles
stf{ll be larse at dittraction mlntoea oy 1s seen in
I ters tor P exetratton s determined ..‘{
Sy -~ - r

vy - b
. Il

fmonts. \
the 1V 7 = 1 state tn "¢

density
term ol this

2. Uhen the

I'(

(P=A Ttselr may
Flaow 2) The La) ol g
lea

cat frely by the conbination of degedityomatr b e lement, s )
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T T to which (e,e', is conpletely

- 2 o insensitive. [t 1is 1likely
a (1q(3 % (p.0"'%C that studies of P-A for other
S .} S 15U Mev 1, T=1 : Ml states may provide unique

. Epﬂsoﬂev' ; experimental evidence concer-
T A ing the effects of one par-
ticle, one hole ground-state
correlations in reducing the
strength of Ml transitions.

Without pretending that

all the theoretical problems
associated with nucleon-
nucleus scattering have been
solved, 1t 1s clear that much
new nuclear structure physics
should result in the coming
years from polarization-
transfer and spin-correlation
experinments. To be even mortu
spreulative, there may well
be an annlogous application
of spln observables in the
excitation of nurleons when
(and {if) a new generation of
higher enersy polarized beams
becones available. As  an
example constder the exeita-
tion  of the AYY by the
redact fon

B 1 1 S T v 4 op o A4
0O 1) AP ) S0 H) l l

0 ey

Com

What alphl ore learn by
measuring  the  Lonvitudinal
anag Lransverse form fagtors
or P=\ tor sueh g oreactlon?

Fige 20 PoA asd (Ao /dil. "he
solid curve {5 0 VLA calealalinn

with the Colen=tarath wave fupe- Clearlw one poeds theoretical

foput duto thts probleas The
e lear steucture viow that

tion.  The dashed eneve s the
2::" LD term romovet.

thie reaction fs pp,ATY a0 conra fncompletes Phe probe and
tarset are not diatines ont it in
ables fu the eweltatfon ol
vround tor extension ot onr
technbiguer,

nue leoni would seen 1ile a0 peafitable
preseat and near fatare experioent al

A A f inal note  oan polarteatfon
fut et oot anplica fony o pry

obarpvablen, thee  monst

and HC peehntgques will require a deeyn
understand fne g the conpectbons betyeon the hasie aperators entere
oy I e Toon seatterin,, ana theso
dud cemileptanie weal  proce:
sade b Lavtns ont o thesrr conmect fons! ™ dn perms ot oa
Foceal o oawever, moaeh remalye

encoun? s o o elect ramasnet f e
RTEIN Consfderabte propgress has heen
" comiion
to be dome. It may i out  that

e Nevertheleds g polariaation obsery.
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guidance in the interpretation of exotic processes such as neutrino

inelastic scattering could be provided by nucleon polarization
observables.

ANTIPROTON NUCLEUS INTERACTIONS

Antiproton nucleus interactions promise numerous possibilities
for new and excitiung 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
aid of a few ideas gleaned from the theoretical literature and two
experimental proposals to LEAR, 1 will speculate about what the
future might hold. -

One feature of N~N system, which has a profound impact on N-
nucleus interactions, 1s 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 apprepriate
for the 833 resonance. That means that the pions themselves should
have a short mean free path inside . nucleus. Thus {f one could
implant such a catastrophlc event (releasing nearly 2 GeV ol rest-
mass energy) inside a nucleus, conditions favorable for the
productlon of nonnormal phases of nuclear matter mipht well be
achleved. But how does one implant a probe that itseltf has an
extremely hiph probabillty of Interacting even in the low-density
matter in the nuclear surface? A group at Los Alamos has recently
sugpested that the propertics of the N-N interaction at moderate
encrples couspire to give antiprotons a better chance of depositing
thele enerpgy in the nuclear [nterfor than might be uxpcc:od.znls
Extensive calculations using the intravuclear cascade model (INC)
reveal that 175-MeVv antiprotons have a hipgh probability for deposit-
Ing in excess of 1 GeV Lo a ZJdU nucleus (Fiy 3). A key Teature in
these caleunlations s a transparency conterred oa the N-nuceleus
system  hy the comblinarcrlion ot a strongiy enerpgy=deendent
annihilatton eross scetion and an attract ive §-nucleus potential.

The Los Alamoes National Lahoratory group fatend:s 1o use 0 very
Targe, solld-angle spectrometer at LEAR in search for possible
exotle effects Induced by rvhe explosfon ol antiprotons  {nside
nuclets  Plon multipliclties and correlatioms will be cemployed (n
the Inttial phase ot this effort. It the exam'pation ot nuelear
matter under extreme concdftions, the hope {y that the
small moment um--t ransfoer S-nue loas react ions will
relativist{e heavy-ion collltons.

relat fvely
conplement

From the quieter gide of V-nuelcus fnteraction, what nmizsht
clastte or fnelast o) seattering toll us abont nuelef?  The Saclay-
Strasbonrp = Tel Aviv ('nll.'lhnr.nlnnl pronases toouse the GpES T
pHpectrometer at LEAR to carry ont such studica,  What
mipht be strongly excited In (p,n')? AU present one can only sipoe—
uwlate slnce tew of the experiments necessary to construct the N-M

acattoering amplitade have been performed.s e are not totally in the

types of states
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dark, hovever. T-channe!l meson exchance models ot the N=L Intera -

tioa way be aned in conjunction with the G-parvity tranafoarmatfon to

conctruct  the lorn:=raase real part ol the =0 intevaction. An
fuacionry tern s opormally added Lo the real part to take annihila-
tion into aceosunr phenomenolotealis. Soveral  ea Z_.-Iul.u.i-m'; dion;

. Viye-
these  Tines  lave  pecont 1y been publlaieel, 00 Ao the
stronn fuoscalar tensor Iateraction, which
profounsdly tptloences the apia ohaervables {o the P .-;:.'-;l.-':'n.l !

fnteresiine resalis i on

Hura
strons spln=depesdonees ave supsestive of fatervesting phesics Tor e
N-ne leas et em.

Given o free N=-D tuteraction one b ostill oa

Jon way fromn
Lnowing what the eftoctive

fnteraetion will be qnside o nueleus.
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Medium effects, to use recent parlance, may turn out to be enormous.
To some extent, however, what happens to the NN interaction may
be irrelevant since Ns will most probably never make 1t to the
nuclear interior. 1In the surface reglon "tPp" may not be a bad
approximation-19 -

In a recent talk on N-nuclcus physics, Garreta?l speculates that
one-plon exchange (OPE) may dominate (p,p') spectra at small momentum
transfer. Such states as the 15.11-MeV, 17,T7=1 of '2¢ would be
prominent. This speculation is very plausivle 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-XN
system may be wiitten as

V37 (0) = Vopg (W) * 5,

where gg is independent of q. At q = 0, Vgpg * O and the cross sec-
tion to pion-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 Lus Alamos Meson Facility (Fig. 4). The effect of short range
Interactions that determine gg may be completely different in the
N-N system. Finally the SPES Il collaboration proposes to exanine
antiprotonic nuclei by using the recoilless (p,p)
nuclei might exhibit relatively long-lived states if a suificiently
strong attractive potentlial existed?l for a high-spin state whose

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

teaction. Such

NEV SPUCTROMETER TECHNIQUES

As  future accclerators are constructed (at  least In our
dreams) Lt {s important to ask what instrunentation is required to
put the beam to maximal uses  Mapnetic spectrometers have been
vital In medium~encrygy cltarsed=particle work and will undoubtedly
continue to be so In the future.  They are essential not only in

providing very precise motentun resolntion and particle
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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 TUCF 22
should provide much of the capability needed to use the unique
properties of the electron-cooled beams. One spectrometer will have
exceptiounal resolving pover, with the promise of V10-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-spectrometer cooled-
beam coincidence experiment consider the excitation of a1 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
0¢ 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 enhance the giant resonance signal. Many other
possibilities undoubtodly 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 yields momentum transfers
that are extremely small (limited ouly by the reaction Q- value) and
arce hence ideal for the study of low spin states sucl. as 0t and
1+,

Zero~-degree scatterirg is not only promising from the
experimental point of view for maximizing the signal for 8% = O
transitions, it also offers relative theoretical
Distortion effects are minimal and transition densities
to the "photon point”.

simplicity.
arc closest

Such studies have been in progress for about a year at the HRS
at LAMPF using a specially preparcd beaw of 500-'eV protons. Defini-
tion of the beam is accomplished by using foil strippers instead of
collimitors while the iong are nencative. The hicghly tailored I
beam is then stripped of its electrons and transported to the target
with no further collimation. This beam then passes through the spec-
trometer and misses all of tne focal plane detectors. Inelastic
scattering is detected for enerpy losses as small as 3 Mev. A
typical 07 spectrum from 500-eV proton: on “C is shoun in Fig. 4.
Thiy techinique Is much more ditficult fer heavy targets due to
rescattering ot Coulomb-seattered particles. Active collimators
show promise of alleviating this problem for heavier systems.

HIGH-Q, LOW~q REACTIONS

Zovo=dogree scattoering even of Fermi-Lab protons will not yield
zero—nomentum transfor in the rogion of caeitation of A-isobar-hole
contfourattons.  Recall that it is the low q aspects of the A-h
adnixtures that are of interest in the Gamow-Teller/MI problum.zw

Thus it we are able to examine this ene Hf the A-h gpectrum whose
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influence 1is 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 the produc-
tion of recoilless deltas in the residual nucleus. Such an
experiment was recently performed at LAMPF?Z&’ Deuterons with energy
loss corresponding to A production in the 19¢(p,d)t2C* reaction were
observed in ccincidence with decay protons from the excited nucleus.
The constant excitation energy observed in the coincidence spectrum
is very suggestive of the kinematics of a state in ‘c decaving
rather than of a quasi-free p+p+d+17+ 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 1tor
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 gpeculates that high-Q-value, low-q
reactions may be appropriate for excitling exotic configurations, or

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

What reactlon mechanism could ever lead to the formation of
sucli exotiza? That 1s of course the proverbial "fly in the
cintment;” indeed even foi such "conventlonal” reactions as o
(p,d)l?qﬂ;the mechanism is most appropriately desciibed by a black

- - \ 1. e « .
box. On the positive side, in hadron-hadron interactions, no

proposed reaction mechanism, however absurd, can be completecly
eliminated fro»m consideration. In other words 1if fundamental
conservation laws don't forbid it, it will prebably occur with

cross section that is not ridiculous by weak-interactlon standards.

Q

SUMMARY

I have enmphasized polarization observables in nucleon-nucleus
physic:  and cross scctions and correlation experinents in
ontinuclon-nucleus physics as the most promising arcas tor the near
future. The more disctant future is largely a matter of guess wvork.
Aside from describing what mipht be accomplished with new machines
and devices it is difficult to be specific. If we have learned
anvthing relevent to the future from the near past in irtermediate
cucrgy physics, It Is that nuclear physicists can no lonjer be
parochial. HMuch more, for example, can be Tearaed about a piven
state by doing (p,p'),y (e,e'), and GE,A') experinetts than can be
gotten from one reactlen in isolation. In the future thiy tread
needs to cont inue with attention given to the possible coaplenentary
aspects  of  hadron-scattering and  wveali-interaction  experlucuts.
Additionally, one of the most obvious challenses of medium—eneryy
physics, determivnation of the necessitly or lack therevof of  quark
degrees of [reedom, s a central theme o high-cnerpy heavy-ion
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physics. We will learn more if we understand the na
approaches to the same subject.

1.
2.
3.
4.
Se

10.
11.
1-2.
13.
la.

15.
16.

17.

18.
19.
20.

22,
21.
24,
29,

REFERENCES

LEAR Experiment 184, Saclay, Strasbourg, Tel Aviv Collaboration.

ture of other

LEAR Experiment 187, Los Alamos, Grenoble collaboration.
The IUCF Cooler-Tripler Proposal to the NSF (Dec 193C).

J. B. McClelland et al., Nucl. Instr. and Meth. to be published.
J. M. Moss, Phys. Rev. C26, 72, (1982). J. M. Moss,

Proc. of

the International Conference on Spin Excitations in Nuclei.

Proceedings to be published.
E. Bleszinski et al., Phys. Rev. C. (in press).
W. G. Love, Ref. 5 1Ibid.

A. K. Kerman, H. McManus, and R. 4. Thaler; Ann.
(1259).

Phys. 8,

551

R. Fernow and A. Krish; Ann. Rev. Nucl. and Part. Scicuce 31,

107 (1981).

W. M. Albercio et ail., Nucl. Phys. a379, 429 (198
W. G. Love and J. R. Comfort, to be published.

T. A. Carey et al., Phys. Rev. Lett. 49 260 (1982
S. Cohwen and D. Kurath, Nucl. Phvs. AlOl, 1 (1%7

).

).
).

F. Detrovich and W. G. Love, Proceddings ol the International
Converence on Nuclear Physics, North lHlolland Publishing Co. New
York. Eds. R. M. Diamond and J. 0. Rasmussen, p. 499c¢.

M. R. Clover et al., Phys. Xev. Ge=(in-Press) 7
W. Y. Buck, C. B. Dover, and J. M. Richard, Ann.
(1979).

C. B. Dover and J. M. Richard, Phys. Rev. C 25,
Phys. Rev. D 17, 1770 (1978).

R. Vinh Mau, Nucel. Phvs. AY75, 3e (19832).

C. Dover, prlivate communications.

D. Gorrcta, Invited Talk at the School oen Phys
Atoms; BLrice, Ttaly, May 1982,

- . ~ 1 vy
. A pnd
—

Phys. 121, 47

1952 (1982);

ics of Fx

E. 0. Aucvbach, . B. Dover, and S. H. Kiahana, Phvs.

Lett.s a6, 702 (1923).

TUCF — Maryland proposal to the N5 (Auyp. 1930),
Wo Weise, Nuel. Phys. A4, 505¢ (19R2).

C. Morris ¢t al., to be published.

A. Goidhaber, Iavited talk at  the LAYPE LUl
Alaros, June 1932 (Proceedings teo be publishoed).

Workshop,

otlc

Ruv.

Lo

-10-



