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POSSIBILITIES FOR EXPERIMENTS
WITH DEUTERON AND LIGHT~ION BEAMS AT 4 < Epean/ A < 10 GeV

Shoji Nagamiya®

Nuclear Science Division, Lawrence Berkeley Laboratory,
University of California, Berkeley, California 94720.

1. INTRODUCTION

In this note I would like to describe possibilities for experiments with deuterons
and light ions at beam energies greater than a few GeV per nucleon. Currently the
accelerators that supply high energy light ions with Epe,,./ A < a few GeV are available
in Berkeley. Saclay, and Dubna. However, we have nc accelerators that can cover beam
energies higher than a few GeV per nucleon. 1t is highly desirable to have in the future
an accelerator which can provide these high energy nuciear beams.

In the low energy region {below a few GeV per nucleon) dominant secondaries
created in nuclear collisions are A's and pions. Therefore, pion spectroscopy has so far
played a major role in this energy domain. On the other hand, in the high energy
region (4 < Epeam” A < 10 GeV), other types of secondary particles are created. The
production of strange particles is especially important there, since the threshold
energies for the production of K, A, I, and £ in nucleon-nucleon (hereafter called NN)
collisions are clustered at 2 - £ GeV. The first interesting possibility at higher bearn
energies is therefore the study of strange particle spectroscopy.

The second possibility is related to the creation of high density. In the low energy
region the creation of a high density phase is expected through a massive compression
of nuclear matter. However, a completely different mechanism might piay a role in the
creation of high density at higher bearn energies. Here 1 will describe how high density
is created at higher beam energies and suggest several experimental possibilities for
both high energy density and high particle density.

The third possibility is the study of multi baryonic excited states using nuclear
beams. So far, this subject has not been studied seriously even with low energy nuclear
bearns. However, I believe that in the future the study of multi-baryonic excited states
will be one of the most interesting and important aspects of both low and higher beam
energies. The simplest limit of multi-baryonic excited states is dibaryon. The search
for dibaryon with nuclear beams is discussed separately as the fourth possibility.

As an extension of the study of muiti-baryonic excited states, the importance of
studying unusual nuclei which includes double hypernucleus, negatively charged
nucleus, etc. will be discussed as the fifth possibility.

The organization of this note is as follows: Before discussion of the main subject,
very general features that characterize the nucleus beams and nuclear collisions at
high energies are briefly described in Sec. 2. In Sec. 3 a few pieces of data that have
been obtained in Berkeley are introduced. In Sec. 4 our main topic, possible new
experiments, is discussed. The present proposal is then briefly summarized in Sec. 5.

2. WHAT CHARACTERIZES HIGH ENERGY NUCLEAR BEAMS
AND HIGH ENERGY NUCLEAR COLLISJONS?

As an introduction the de Broglie wave length of incident nucleons inside the
projectile nuclzus (in the NN c.m. frame) is plotted in Fig. 1 as a function of the beam
energy per nucleon (in the laboratory [ramef At about 1 GeV per nucleon the de
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Broglie wave length is about 0.3 fm which is much shorter than the typical internucleon
distance {(d =~ 1.8 fm). This fact implies that incident nucleons inside the projectile can
recoghize the individuaiity of target nucleons. Therefore, it is likely that individual NN
collisions determine the basic dynamiecs of nuclzus-nucleus collisions at high energies.
Nuclear collisions at beam energies above a few 100 MeV per nucleon are thus very
different from very low energy nuclear collisions (£pem” A) for which the de Broglie
wave length is comparable to the whole nuclear radius. There the mean field
approximation is more or less justified.

At beam energies above 10 GeV per nucleon the de Broglie wavelength is less than
1/10 of the nucleon size. Therefore, at these energies the internal structure of the
nucleon might show up, and perhaps the role of quark-quark or quark-gluon
interactions becomes more important there. However, in the beam energy region of 4
< Epaam/ A <10 GeV, which is the main focus of the present workshop. the nucleus-
nucleus collision is, to a first order approximation, regarded as an ensemble of NN
collisions.

Then, what is the diflerence between the NN collision and the nucleus-nucleus
collision at high energies? One obvious feature of the nucleus bearn is, as seen in Fig. 2
(upper), that nucleons are packed closely within a small radius of a few frm.
Consequently, the local nucleon flux density is about 10*® nucleons/cm?®/sec, which of
course cannot be obtained by any proton accelerator. This “packing” feature of
nucleons introduces, in fact, a great advantage of using nucleus beams instead of
nucleon beams, as we will see later.

1f NN collisions determine the basic dynamics. then what do we expect after the
collision? As shown in Fig. 2 (lower), some nucleon groups which are located in the
non-overlapped regions between the projectile and target will just pass through,
keeping their initia] velocities. These nucieon groups are called spectator. On the
other hand, in the overlap region, nucleons interact violently with each other and
scattered over a wide range of angles and momenta. These nucleons are called
participant, and such a picture is called the participant-spectator model.’

Let us look at the data. Shown in Fig. 3 are the proton momentumn spectra
measured at 0° (Ref. 2) and 180° {Ref. 3) in 1.05 GeV per nucleon C + C collisions. Two
peaks are clearly observed, one at pp, = pc/12, namely at the beam velocity, and the
otheratpp, =0 ét the target velocity). They are most likely from spectator nucleons.

How about the data at large angles? Shown in Fig. 4 are the proton spectra in B0D
MeV per nucleon Ar + KCl collisions measured at angles from 10° to 145° (Ref. 4). The
spectra are very smooth as a function of the proton momentum and extend up to fairly
high momenta. If these cross sections are integrated over angles and momenta, then
the total cross section is about 15 barns which is very close to the expected total cross
secéioln“"" (18 barns) of participant protons from the simple participant-spectator
moaqQel.

Two macroscopic quantities, the mean free path (A) and the collision radius (#),
play an important role in collision dynamics. At Lpaem/ 4 = 1 GeV, these two values
have recently been determined to be A ~ 2.4 fm® and R =~ 2-4 tm?~194_ }f A » R, then
the nucleus is almost transparent and each nucleon experiences at most one NN
collision, and consequently the nuclear collision is described as a simple superposition
of single NN collisions without any rescattering. This is called the direct limit. The
hard-collision model*! is applicable in this limit. Cn the other hand, if A « R, then
each nucleon experiences successive rmultiple collisions, and the available kinetic
energy tends to be shared among all participating nucleons. This is cailed the thermal
limit. Most of the macroscopic models, such as the thermal® or the hydrodynamical'?
models, are based on this assumption. The actual situation is, however, between these
two limits, since A ~ /. This is one of the complexities of the reaction mechanism of
high energy nuclear collisions.
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Now, we have the following general observations. Individual NN collisions seem to
determine the basic dynamics of the nucleus-nucleus collision. Geornetrically, the high
energy nucleus beam is characterized by a high local nucleon flux density.
Kinematically, data at large angles tend to reflect more features of the participant
region, whereas the data at around the prejectile and target velocities reflect more
features of the spectator region. With regard to the collision dynamics, the fact of A ~
K tells us that both direct and thermal limits are unrealistic. Keeping these general
features in mind, we will look over the data in the next section.

3. TYPICAL SPECTRA OF LIGHT PARTICLES

3.1. Spectra of Protons, Composite Fragments and Pions

We first quickly review the spectra of protons, composite fragments and pions
obtained at the Berkeley Bevalac. In Fig. 5 (upper) the proton spectra measured at
c.m. 80° frori almost equal-mass collisions, C + C, Ne + NaF, and Ar + KCl, at Epeem/ A
= BOO MeV are plotted. The spectra are not purely exponential, but resemble each
other. This implies that the beam energy per nucleon determines the major dynamics,
rather than the total beam energy. We also observe copious production of high energy
protons in the region far beyond the free NN kinematical limit (in this case 182 MeV).
Even if a proper Fermmi motion is included, the production of these high energy protons
cannot be explained as a superposition of singie NN collisions (the broken solid curve
in Fig. 5 (upper)). How are these protons created? In order to study it we
parameterize the same data as a power of the projectile (or target) mass number, A,
as £(¢%/ d%) = A% and plot this a in Fig. 5 (lower). For low energy protons the value
of a is very close to the geometrical limit of §/3; in this limit the cross section is
proportional to the product of the participating nucleon number {= 4} times the
geometrical cross section {x 4%/)*> However, in the high energy region a > 5/3 and
reaches the value of 2.6 or 2.7 at the highest energy. Such a large value of a suggests
that multiple NN collision processes are important for the creation of high energy {in
this case high pr) protons.

In the presence of multiple collisions, there is a certain chance that these
nucleons stick together to form a composite fragment. Accordiag to simple phase
space considerations, we expect that the probability of forming a deuteron at a
velocity ¥4 is proportional to the product of the probabilities of finding a proton and a
neutron at the same velocity:

Pd(i’=i’d)“Pp('D =ﬂd)'-Pr:(77 =ﬂd)- (1)
If the neutron spectra can be replaced by the proton spectra,'* we have
E4(@%04/ d%pa) = Cy [ G (d%y/ 2% )4 forpy = A'pp. ()

The above power law is called the coalescence model and is tested in Fig. 6 with the
data.* With one normalization constant, C,, this power law holds extremaly well.

How about pion production? 1examine only two examples here. The first is the
energy spectra. As shown in Fig. 7, the spectra at c.m. 90° are almost exponential at
any bombarding energy. This exponential behavior is a feature generally observed for
pions with any projectile and target (with 4 > 4) and at any c.m. angle. We notice,
however, that the inverse slope, Eq, for the exponential fall-off is consistently smaller
for pions than for protens, as seen in Fig. B. Several theoretical explanations exist to
explain this. One suggestion by Siemens and Rasmussen’ is a radially expanding flow
model. At a fixed Kinetic energy the veloeity of a proton is much smaller than that of a
pion. Therefore, if there is an explosive flow, there will be a greater enhancement of
kinetic energy for protons than for pions. Consequently, the proton spectra become
broader than the pion spectra. This idea explained reasonably well the difference in £
as well as the spectrum shapes of both pions and protons.!?



( mb/srAGev)2 ¢

Pis

E
P dpd

Proton energy distributions

Ar+

Ne+ NoF
Eg~T5Mev

«-=Hord-~Scottering \
Mode! [

Eg~T79 MeV

4 et B, =90°

Y
& Epgom=0-8 GaV/ik
\\ ‘ °

R N

KC!t

200 4C0 600 800

Ep™(Mev)

m 77515704

T T T T T
a determined from

C+C, Ne+NoF, 8 Ar+KCl

6.=90°
o= A®

f
1H+

T T

4*'

I N\ Geometrical fimit  _

I 1
100 2(I)0 300 400 500
{ ]
EK(MeV)

] I
600 700 800

XBL 90N2-2525A

Fig. 5



= (a)  C+C—= 04X 0BGeVA
%’ 10%, T T T T
o
< | ,.: Moc :: ;'zﬂh E
= s, ©y, f
= ok © -
3 s % e .,
Yl . . I5°
S RN N op i
Lo [
E vl ® ‘% %, o ]
c o 45" [
- - ° e
i ° ° ° °
T oY o o o o |
k3 A °
-]
a L L 1
I:' 0°S ! s L Il
[ Z 3 4
Py (GeVre)
T (b}  CeC~3Hex 0BGevA
(3
3 o T T T T
S
> 3 "Haﬂala o
e o(p}
S o ]
D
] | ”oo J
Lo 5. -]
E o' o_l
[
o
o r E
3 o
L w0 i
h=d
n | 4
a
w
3] 1
10 L é 3 =
Py, (Gevrc)
T (€} C+C—=3He+x OBGeva
S 03 T T T T
s | oYHedato |
\; ofpl?
et | >, -
3 o b..'pw‘ ‘m"""ﬂu%
= "%, COR
g " bn 6,' 9,
E ot LY 15* o
= ORI
T Of % f o 1
? 03 % °
b r ] ° 7
® 70 %
o~ o -
o
w o3 1 ] 1 I
0 ) Z 3 3 Fig. 6

Py, e (GEV/C)



Eof Mev)

T T T
L Ne + NoF —=1r-

104L- CM Energy distribution
e (Bem.r907

wl eop

103
Eygp * 2.1GeV/A

& g~ 102 MeV

ad s vonal

102

o' =

3 Ejqp™08GewA

ioof- 4

£ Ejgp*0.4Gev/a ]

ol \ Ey~ 39 Mev 1

olg 0 F Pionic instability E

E {Gyulossy) E

wld - 9

L Ejp=0.18Gev/a E

02 Eo~ 25 MeV =

E ~==~Phose-Space 3

o Model ]

1073 —«—~Hord-Scattering _

E Model 3

F | I R

o 200 400 600 800 Fig. 7
E 5™ (MeV)

ABL #N2-13235

180 T T T T T
L Eo vs. E*{beam) _l
a0 { Ne + NoF ; 8,,,=90°) 1
cm Proton

-

100 /¢/ |
s 4 .
cok E| p=2-1 GeV/A i
B Elgp® OB Gev/A 7]
20 -1

IE|°b=Ol.4 GeVIIA | |

o] 100 200 300 400 500 600
Beam energy /nucleon in CM
{Mev Fig. 8
XBL788-1495B ’



{m,>

0.5

0.2

[*X]

IIIII T T Illllll

{m,>vs P
800 MeV/A
+ /+ j/O.WPO'G'

.61
O.MPos ]

L asl

1

(mz?

Ap 8% Ap 23
(AI';3+ Al_f_?: )2

T
201 {mz> vs Py / 7]
800 MeV/A *
10 ﬁ’( ‘
/ 114 5%

4 T A 1' !
2 5 i
/3 0 21320
oz Zp AT +Z71Ap
& T
(Aléa +A'45)2

T VT

ba ool

o

K8L 016 - 2358

Fig.



10 [

The second example is the A dependence of the total cross section. InFig. 9 :
observed multiplicities for pions and nuclear fragments are plotted as a function of the
parlicipant nucieon number, P {or participant proton number, Pz). The data of
nuclear fragments (lower figure) contain mestly the contribution from the participant
region, wince the data at large angles are used to obtain the multiplicities. We observe
<mg> = A¥3 while <mez> « Py. This A% ¥ dependence for pions suggests that pions are
strongly absorbed before they are emitied. In other words. pions are emitted after
several rescatterings with surrounding nucleons, and thereby display features of the
equilibrated stage of the system.

3.2, Multiplicity, Particle Correlations, etc.

Cther than these spectra, a large number of particle correlation data have been
collected in Berkeley. These data have revealed several interesting phenomena of
nuclear collisions, but since investigating the details of nuclear collisions is not the aim
of this workshop, I will not discuss them here. If you are interested in these current
data, see Ref. 1B.

3.3. Spectra of Strange Particles

Recent strange particle production data are described in rather great detail here,
because they are related t= one of the new experimental possibilities at higher beam
energies described in the next section. In Fig. 10 various threshold energies for
particie production in NN collisions are displayed. As the beam energy increases
{above 2 GeV) the production of strange particles becomes more important.

“chnetzer ef al. ' have measured K* spectra with a magnetic spectrometer. The
motivation of this experiment is as follows: Since the cross section of X*+N (~ 10 mb)
1= much smaller than that of N+N (~ 40 mb) or +N {~ 100 mb). once K™ is created. it
is 1ass likely to be rescattered by surrnunding nucleons. In other words, X* may be a
more reliable messenger than m or proton of the violent initial, and perhaps, very
compressed and hotter stage of the nuciear collision. In Fig. 11 &n example of energy
spectra in the c.m. frame is plotted for 2.1 GeV per nucleon Ne + NaF collisions. The
spectrum shape is almost exponential with inverse exponential slope, £g ~ 142 MeV,
This value of Ej is larger than £ for protons or pions (see ¥ig. B). implying that A*'s
seem to be created at a much more violent stage than pions or protons. The
exponential behavior of the spectrum is a general feature for any projectile (even p or
d) on nuclear targets. In addition, the apgular distribution of K* is almost isotropic in
the NN c.m. Irame.

Then, how do we explain the data” So far, no satisfactory explanation has been
available. Recently a linear cascade calculation based on row-on-row straight-line
geometry succeeded in reproducing the shape of the energy spectrum, by including a
slight rescattering of K* by surrounding nucleons.?® However, this calculation fails to
reproduce the angular distribution, especially for the case of proton + nucieus
collisions. Therefore, this point remains an open question.

An interesting aspect of K* data is seen in the 4 dependence. If the cross section
is parameterized as a power of Ay (x Af), then the value of a is consistently larger for
Ne projectiles than for d projectiles. as seen in Fig. 12. From a simple geornetrical
consideration we expect the opposite trend, since with a heavier-mass projectile the
increase of target size must have less eflect on the yield (in fact, we expect « 4#3 for
beavy-mass projectiles and = Ar for light-mass projectiles). Perhaps this experiment
indicates that, with heavier-mass projectiles the compressed and hot region is ereated
more copiously than with lighter-mass projectiles. Such a feature is not {or is only
slightly) observed for pion preduction, as seen in Fig. 12.

The A production has teen studied recently by Harris ef al.?! with a streamer
chamrber in 1.8 GeV per nucl=on Ar + KCl collisions. In this measurement the decay of
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A
A-+p + n (64 7% branching), (3)

was used for the identification of A. as shown in Fig. 13. Clearly, Ais observed.
Although statistics of the data are low, a large number of A's which have momenta
larger than expected from free NN collisions are observed. This is consistent with the
previous data of X*.

It is well known that the decay of A shown in Eq. (3) is through weak interactions.
Therefore, if A has a polarization, P, the angular distribution of the decay products
have angular anisotropy expressed as

¥(¥) =1 + aPcos?, (%)

where ¥ is the emission angle of p with respect to the polarization axis and « = -0.64 in
this case. By defining the reaction plane such that the beamn and the emitted A form
this plane, the value of P has been determined to P =-0.10 + 0.05. In terms of the
quark model, A is described as (uds) in which spins of u and d are coupled to zero.
Therefore, the polarization of A readily measures the polarization of s-quark.
Measurements of A polamzation are thus interesting and perhaps useful for studying
the role of quarks in high energy nuclcar collisions.

K~ has recently been measured with a magnetic spectrometer.? In this case, the
yield is extramely low, since the Bevalac maximum energy is 2.1 GeV per nucleon while
the threshold energy of X~ in NN collision is 2.6 GeV. Taerefore, the data only tell us
the integrated yield of X~. Although these data were compared with various model
calculations, 1 would say that meaningful physics can be extracted only when we have
more data at higher statistics.

-* POSSIBLE EXPERIMENTS
Frorn now on I would like to discuss possible experiments with light ions at beam
energies from 4 to 10 GeV per nucleon, keeping in mind the general features which
have been described in the previous *wo sections.

4.1. Comparison between K* and K~ Spectra

First. I continue the discussion of the X* and A~ spectra described in Sec. 3.3.
Since a(X~N) ~ 40-50 mb is about 4 times larger than ¢(X*N), the mean free path of
the X~ inside nuclear matter {A = 1.4 fm) is much shorter than that of X* (A = € tm).
The size of the interaction region, R, is typi«ally about 3 fm. Thus we have

A(KT) < R = ALkH). (5)

This relation implies that the X* spectrum tends to display features of the initial “hot”
stage while the A~ spectrum tends to display that of the final "cold” stage. Therefore,
measurements of both X* and K~ are important to study and compare typical features
of these two stages.

At beam ensrgies below 2 GeV per nucleons, an attempt to separate the initial
stage from the final stage has been carried out by comparing X with pions and
protons. However, several ambiguities remain here, because masses and spins of these
particles are different from each other. The spectrum of fermions can be different
from that of bosons becaase of different statistics. In addition. as mentioned in Sec.
3.1.. if a radially expanding flow exists, then this flow can distort the heavier-particle
spectrumn rmore than the lighter-particle one. With measurements of X* and £~ such
difficulties can be avoided. The present Berkeley machine does not allow us to study
both K+ and X~ because the yield of X~ is too small. Higher beam energies are thus
very desirable.
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4.2 High Density?

Next, we ask if a high density phase can be created. On this subject I will
intrecduce an idea by Goldhabel‘! Although this idea was proposed to encourage Leavy
ion studies at much higher beam energies with U beams, 1t is still worthwhile to
mention it here. My interpretation of his idea is shown in Fig. 14. At iow energies the
angular distribution of NN collisions Is almost isotropic in the ¢.m. frame. Therefore,
in the first NN collision the scattered nucleon tends to be emitted at a large angle and
thus easily escapes out of the interaction region. However, at high energies the
angular distribution is sharply forward peaked. Therefore, the scattered nucleon is
forced to dive into the opponent nucleus, and will exparience succeeding NN collisions.
Through these successive NN collisions the energy carried by each nucleon might be
accurnulated in a small region, and conszyuently a local hot spot may be created. This
local hot spot carries a high energy density. Thrrefore, high energy density might be
more easily created at higher bearn energie:.

How about high particle density? At high beam energies both the projectile and
target nuclei are Lorentz contracted in the c.m. frame (in our present case ¥, n goes
up to 2.5 at Epem/ A = 10 GeV). Therefore, even temporarily the density might reach 2
x 2.5 = 5 pp. At beam energies below i GeV per nuclcoa, for which 7. » = 1, a high
particle density can be reached through a macroscopic compression of nuclear matter.
The mechanism discussed here is a microscopic one and is completely different from
this macroscopic compression. Perhaps, the physics of high density may thus be
studied more easily at higher beam energies, if macroscopic compression does r.ot
take place.

Obviously experiments involving high energy and particle densities are interesting.
With regard to the high enzrgy density, 9@ pairs might be created in the local hot spot,
where g indicates quark. These pairs will then decay by emitting ¥'s or lepton pars.
Or they may form g—g jets which eventually introducr a strong 180° correlation
between high-p pions. Or perhaps they create an abundance of stre:ge particles. e.g.
K*, as suggested by T. D. Lee.® Such measurements are interesting. With regard to
high particle density, no straightforward experiinental methods have yet been thought
out. However, I will polnt out a few possibilities. With high energy groton beams a
broad sideward peaking of heavy composite fragments is reported. as shown in Fig.
15. Authors in Rels. 25 and 26 claimed that such a peaking may p.rhaps be due to
nuclear shockwaves. It is certainly interesting to measure angular distribution of
heavy fragments with nuclear beams. A search for the Lee-Wick type nucleus® has
been carried out at beam energies of about 2 GeV per nucleon. In this case, a search
was done for a fragment with mass number larger than the target mass. Of course,
even if such a fragment was discovered, additional measurements are required to
prove that this fragment actually carries higher density than pg, e.g.. the
measurements of radius and mass. Nevertheless, a hunt of super-heavy fragments with
mass number larger than the target mass is interesting.

4.3. Multi Baryonic Excited States

As mentioned in Sec. 2, the nucleus-nucleus collision at high encrgies is, to a first
order approximation, a superposition of NN collisions. In each N¥ collision a baryonic
excited state, such as 4, N*, A, etc., will be created. For example, 4 will be created at a
probability greater than 50 %. In each nucleus-nucleus collision, therefore, several
baryonic excited states might be created at the same time. The nucleus beam is also
characterized by its “packing” of nucleons (see Sec. 2). Therefore, these A, A, etc. are
again closely packed in a small region within a radius of a few fm. It means that there
is a great chance that these excited bargn ns interact with each other to form an
excited baryon soup (such as the A-soup*®) before each excited baryon decays into a
nucleon and pions, as shown in Fig. 16. In the nucleon soup a composite fragment is
created out of a few nucleonns, as we have studied in Sec. 3.1. Similarly, in the excited
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baryon soup, a new type of composite fragment such as the *A nucleus might be
formed.

Currently ] am very much interested in the possible creation of a **A-nucleus by
the Bevalac, since about 30-40 A’s are created at once in eack U + U collision at
EBe,n/ A =~ 700 MeV. Since A carries spin (S) and isospin {7) quantum numbers of § =
T =3/2, 4 x 4 = 16 sublevels exist in the 15 orbit. These sublevels are occupied if 16 A
are available. In the nucleon soup the a particle is much more stable than the
deuteron. Therefore, °A could be much more stable than 2A (which is one of the
possible dibaryon candidates, as we will discuss later).

The possibility of studying the excited baryon soup will grow as the beam energy
‘nereases, since a larger number of baryonic excited states can be created. Strange
baryons are especially interesting at Epegam/ A = 4 - 10 GeV. We car ask if AAis
metastable.® Or, we can ask if 3% forms a metastable particle.

Possible experiments will be as follows: The rapidity of such an excited baryon
soup will be centered at y =~ (yp+y1)/ 2, but broadly distributed over a region between
yp and y1, where yp and y¢ are the projactile and target rapidities, respectively. If a
metastable charged fragment was created in this soup with lifetime = 10 ns, then the
experiment would be relatively easy; a mass spectrometer could be prepared to detect
such a fragment in the mid-rapidity region. If the lifetime is less than { ns, thena
more complicated detector system would have to be prepared. Of course, it is more
realistic to start with a simpler experiment.

4.4, Dibaryon Search

The simplest system of the multi-baryonic excited state is the dibaryon. So far,
the dibaryon search has been done mostly with elementary beams such as ¥, 7, &%, and
2.2 Bul, uuclear beams may offer a unique opportunity to study it.

There are two possibilities for creating dibaryons in nuclear collisions. The first
one is through the coalescence between two excited baryons that are created in the
excited baryon soup, as we have described it in the preceding subsection. There it is
necessary to detect al! final states in order to construct the invariant mass of the
dibaryon of interest. Since relatively few {up to 4 or 5) final particles are involved
here, the measurement is not very complex. The second possibility is to excite
coherently two projectile nucleons into their excited states in a peripheral collision; for
example, the excitation of a deuteron projectile into a 2A state in a d + 4 collision, as
illustrated in Fig. 17. This process includes relatively simpler Kinematic< than the first
one. Since the S = 3, T = 024 state (hereafter called D) is interesting, because it
may be bound with a large binding energy up to 100 MeV.¥-% we discuss this g in
whiat follows.

The Dgp state most likely decays into p, nn, n* and #~. In the first case of the
above two possibilities this Dy, is created out of the A-soup in the participant region,
and thus cavries a certain momentum in this soup. Therefore, we must detect all four
particles to measure the mass of Dgy. On the other hand, in the second case, the total
energy of Dy, (mass + kinetic energy) must be equal to the total energy of the
projectile deuteron {here, the recoil energy of the target in a d + A collision is
negligibly small if A > 4). Therefore, if we detect three particles out of p, n, n* and =™,
then we can evaluate the mass of Dy. Since the development of high resolution
neutron detector is not feasible, the second method has greater merit than the first.
Rosina and Pirner™ recently calculated the cross section of this second process, as
shown in Fig. 18.

It is of course possible to excite a target deuteron into Dgp via the second process.
In fact, such a possibility has been investigated with 7 bearns™ or 7 and X beams®.
However, an experimental difficulty exists in identifying a two-A state out of the
background N *N state because of the existence of the low energy cut of the detector,
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as pointed out in Ref. 39. If a projectile deuteron is used to detect a 2-A state, a much
wider kinematic domain can be covered, since we can practically measure energies and
momenta dewn to zero values in the projectile rest frame. In other words, the
identification of a 2-A state is much easier for projectile excitation than for target
excitation. Another merit of using projectile excitation at high beam energies is seen
in Lthe simplicity of the experimental device. As the beam energy increases, most of
the particles emitted from the excited projectile are sharply bunched at forward
angies. Therefore, a relatively small solid angle device can detect these particles.

In addition to the 2-A excitation of a projectile deuteron, it is of course worthwhile
to consider the possibility of exciting the projectile to a AA state,

4.5. Production of Double Hypzrnucleus, Negatively Charged Nucleus, etc.

Two other subjects will be discussed here in connection with projectile excitation.
The first one is the creation of a double hypernucleus. For example, the following
processes would be possible:

8li+ A > gfHe + 4,

N+ A JC+ A (6)

These processes, although no calculations for cross sections are available, would be
interesting, since so far very little evidence of double hypernuclei has been reported.
Lifetimes of these states might be short, but the;’ could be long because AA may carry
a much longer lifetime than single A inside the nucleus because of the strangeness
constraint. The creation of a double-Z hypernucleus is interesting as well.

The second possibility is the creation of a negatively charged nucleus. From
systematic studies of projectile fragments at the Bevalac we have learned that several
neutron-rich isotopes are created. For example, from C beams the He fragments were
created with a production cross section of about 35 ubarns. In this case four protons
were scraped out by the target. If three neutrons formed a projectile spectator, and if
one 71~ was absorved in this spectator, then we would have a negatively charged
nucleus. Such a nucleus could also be created via a single excitation of a projectile
nucleon into A~ followed by lts decay ton + n~. There is a suggestion that the 3n + n~
system might be bound.*% If a bound negative nucleus is discovered, it is certcinly
striking.

These measurements require a magnetic spectrometer at forward angles,
especially at 0°. Although these ideas are still highly speculative, it is worthwhile to
pursue these possibilities.

5. CONCLUSION

In this note 1 have presented five possible experiments with light ions with beam
energies of 4 - 10 GeV per nucleon. Of course, these ideas came from my very limited
knowledge of nuclear collisions at lower beam energies available at the Bevalac.
Obviously other ideas must exist. For example, the study of nucleus-nucleus elastic
and inclastic scatterings is a very interesting subject. Also, high-pt physies has to be
investigated in more detail. Nevertheless, the main issue that [ hoped to stress in this
note is that this new energy domain contains fairly rich possibilities that are not
accessible with the current Eerkeley Bevalac.
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