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Statistical simultaneous multifragmentation model for heavy ion collisions
with entrance channel characteristics
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Based on the fireball model and the spectator-participant picture, a statistical simultaneous multifragme
tion model is developed for heavy ion induced reactions, with the entrance channel characteristics taken
account. This model has the density as the only parameter and it predicts the excitation energy, the tempera
and the frgmentation cross section, etc., once the incident energy, the projectile, and the target nuclei
specified. As a first application, it has been applied to the central collision data taken at National Superc
ducting Cyclotron Laboratory on the40Ar145Sc reaction at incident energies ranging from 35 to 115 MeV/
A. The study brings out the similarity in the characteristics of high energy proton induced and medium ene
heavy ion induced reactions. It is observed that with rise of bombarding energy, the onset of simultane
multifragmentation occurs at some energy between 50 and 60 MeV/A.

PACS number~s!: 25.70.Pq, 24.10.Pa
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I. INTRODUCTION

A heavy nucleus undergoes binary decay in the w
known fission process, when a thermal neutron of alm
negligible energy strikes it. However, when a very high
ergy proton or a mediun energy heavy ion collides with
target nucleus imparting several hundred MeV of energ
decays into many fragments. Whether this process is a s
of sequential binary decays or a simultaneus decay to m
fragments, which is a completely new mode of decay of
nucleus, has been an important question in recent yea
has not yet been possible to satisfactorily resolve it at
experimental level. In the scenario emerging from ma
model studies@1–3#, there has been indication that at low
bombarding energy, the former mechanism prevails, an
higher bombarding energies, the latter dominates. Howe
the true nature of the mechanism, excitation energy, temp
ture, etc. of this decay are yet to be ascertained fully.

Another major interest in the phenomena of multifra
mentation has been the possibility of observation of a liqu
gas phase transition in nuclear systems. The liquidlike
havior of finite nuclei in the ground state has be
recognized since the early days of nuclear physics. Since
advent of heavy ion collision, it has been possible to heat
nucleus and study the extent of temperature up to which
property persists to see if eventually one could find
liquid-gas phase transition. It is expected that a process
multifragmentation, through which a hot nucleus decays
likely to carry this signature. The earliest effort in this rega
has been the Fermilab-Purdue experiment onp1Kr and
p1Xe reactions in which the mass yield was fitted with t
power lawAt prescribed by the Fisher droplet model@4#.
However, an alternative description of the same data thro
models which do not explicitly have a liquid-gas phase tr
sition mechanism@5–8# rendered this matter inconclusiv
Since then, other investigations have been carried out, b
has not been possible to arrive at a definite conclusion.
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It must be emphasized that multifragmentation phenom
ena offer the possibility of production and study of low den
sity nuclear matter in the laboratory, which is of equally
great astrophysical importance as high density nuclear m
ter.

In heavy ion collisions, the excitation energy imparted t
the composite system before the fragments are emitted is
key variable which governs the nature of the decay proce
To identify various processes operative at different regime
of energy, it is worthwhile to develope good and precis
models based on definite mechanisms. In this regard, w
have attempted to build a simultaneous multifragmentatio
model appropriate for collision of two heavy ions at interme
diate energies with the specific aim of finding the bombard
ing energy, excitation energy, temperature, and density
which this process is favored. In the past, we have develop
a statistical simultaneous multifragmentation model for hig
energy proton induced heavy ion collisions using the gran
canonical picture, taking into account both the nuclear an
Coulomb fragment-fragment interactions@9# through the re-
spective mean fields calculated using a well defined statis
cal procedure. The success of this improved statistical mod
has been amply demonstrated@9–11# through the enhance-
ment of neutron and other charge particle multiplicities, re
duction of temperature, and simultaneous description
mass yield, isotopic yield, and kinetic energy spectra. Th
was an extension of our earlier model proposed in collab
ration with Grosset al. in which only Coulomb interaction
was taken into account, treating the Coulomb radius as
extra parameter@12#. One major deficiency of such models is
that the incident energy did not specifically enter into th
calculation and the excitation energy could not be specifie
It could be estimated from the temperature, which wa
treated as a parameter in the model, determined from the
to mass yield and other data. In the present work, we attem
to develop a statistical simultaneous multifragmentatio
model in which this drawback is removed and the entranc
channel characteristics are taken into account. The model h
1833 © 1996 The American Physical Society
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only one parameter, namely, the density of the decaying s
tem, and it gives an estimate of the excitation energy, m
yield, and temperature, etc., once the bombarding ene
projectile, and target nuclei are specified.

The general features of collisions between two comp
nuclei for bombarding energy below 10 MeV/A show strong
collective behavior of matter in bulk, which is manifested
phenomena like deep inelastic collision, fusion, fissio
quasielastic processes etc. At high relativistic energies,
collision process is dominated by the interaction of the in
vidual nucleons in the projectile with their counterparts
the target. For such an energy regime, the fireball model
the spectator-participant picture@13#, in which the tripartition
of the total system takes place, have been quite succes
For the intermediate energy range of 20 to 200 MeV o
expects a drastic change of the mechanism in the nuc
collision, as it includes the landmark Fermi energy of
MeV for the nuclear matter, which determines the nature
the response of the nucleus to external perturbation. For
ergies around and above the Fermi energy, the nucleus
longer responds as a whole to the collision. Thus the fire
model has been found very useful for the description of
termediate energy heavy ion collisions. Such a picture
been used to describe data obtained with energy 20 M
A, even as low as 13 MeV/A @14,15#. Hence we adopt such
a framework in developing our statistical simultaneous m
tifragmentation model.

An outline of the model is presented in Sec. II. In Sec.
we apply this model to the specific case of the central co
sion data taken at Michigan State University on the40Ar
induced45Sc reaction with incident energy varying from 3
to 115 MeV per nucleon. The results and discussion are
sented in Sec. IV. Finally in Sec. V we conclude.

II. THE MODEL

Consider a heavy nucleus with mass numberAT at rest in
the laboratory undergoing collision at a given impact para
eter with a projectile nucleus having mass numberAP and
energyElab

P . Assuming the fireball model and the spectato
participant picture@13# for the collision process, one would
expect contributions to the fragmentation yield from thr
sources, namely the fireball formed by the participant pa
and the projectilelike and targetlike spectator parts. The p
jectilelike spectator moves in the laboratory with a longit
dinal velocity the same as the velocity of the projectile, wh
the targetlike part remains at rest. For calculation of the fr
mentation cross section we have to know the excitation
ergies and the constitution of each part. In this model
number of nucleons constituting each part is determin
from the geometry.

A. Determination of constitution and the excitation energy

1. Fireball part

For a given impact parameterb, say,AP8 andAT8 nucle-
ons are severed from the projectile and the target resp
tively and form the fireball. For the calculation of these num
bers, the prescription given in Ref.@13# is followed. We
adopt relativistic kinematics for the calculation of excitatio
energy.
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The lab energy of the projectile and the target part whic
forms the fireball are given by

Elab
P 5AP83~e1m8!, ~1!

Elab
T 5AT83m8, ~2!

wheree is the lab energy per nucleon of the projectile,m8 is
the effective nucleon mass in the nuclei, i.e., 931 MeV, an
AP8 andAT8 are the number of nucleons from the projectil
and the target, respectively, that form the fireball. Then w
have the momentum of the projectile in the laboratory fram

Plab
P 5A~Elab

P !22~m8AP8!
2. ~3!

So the center of mass energies of the two parts are giv
by

Ec.m.
P 5g3~Elab

P 2bPlab
P ! ~4!

Ec.m.
T 5g3Elab

T , ~5!

whereg51/A12b2, andb is given by

b5
Plab
P

~Elab
P 1Elab

T !
~6!

So the excitation energy in the c.m. frame is

E!5Ec.m.2m3~AP81AT8!, ~7!

m being the free nucleon mass~5939 MeV! andEc.m. the
total center of mass energy,Ec.m.

P 1Ec.m.
T

2. Projectilelike spectator part

The projectilelike spectator~PS! part will be moving with
the same velocity as that of the projectile before the collisio
in the laboratory. Being severed, this part will hav
(AP2AP8) number of nucleons, and due to distortion, wil
be in an excited state of the corresponding nucleus with t
same nucleon number. The excitation energy can be e
mated by calculating the change in the surface energyDEs
and the Coulomb energyDEc from that of the spherical
shape appropriate for the ground state. The calculation
DEs andDEc is done following the prescription described in
the Appendix. Then the excitation energy for the projectile
like spectator part in its frame is given by

EP*5DEs1DEc . ~8!

3. Targetlike spectator part

The excitation energy of the targetlike spectator~TS! part,
ET* , will be determined exactly like the projectilelike spec
tator part. However, this energy will be in the rest frame o
the target.

After determining the number of constituent nucleons an
the excitation energy of all the three parts, we study the
fragmentation following the mechanism described below.
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B. Statistical decay of the excited system

The three parts described above have specified amoun
excitation energy, due to which each will undergo decay in
various fragments, which in a statistical model will be go
erned by the available phase space. For the decay of e
part, we follow the basis of the grand canonical model d
veloped earlier@9–12#. The important difference here is tha
we describe the collision between two heavy ions with t
energy being specifieda priori in the present case, while it
was an unknown quantity in the former case.

We consider an assembly of fragments at statistical eq
librium with temperatureT, interacting through both the
nuclear and Coulomb interactions. In this model, the log
rithm of the grand partition functionj, in terms of neutron
and proton chemical potentialsmn andmp and the inverse
temperatureb51/kT, is obtained as

lnj~mn ,mp ,b!5(
i
wi~mn ,mp ,b!, ~9!

wherewi is the multiplicity of a particular fragment of type
i .

The expression forwi(mn ,mp ,b) is given by

wi~mn ,mp ,b!5S MAi

2p\2b D 3/2Vf i~b!3exp$2b@2Bi1C̄i

1V̄i2mn~Ai2Zi !2mpZi #%. ~10!

Here V54pr 0
3A/3 is the volume of the expanded fireba

with r 0 being the radius constant, related to the freeze-o
density.Bi is the binding energy, andf i (b) is the internal
partition function of the excited but particle-stable states
fragment i. C̄i and V̄i are the mean Coulomb and nuclea
interaction of the fragmenti with the rest of the system.

Knowing the excitation energyE!, the charge number
Z, and the baryon numberA of the decaying system, one ha
to solve the following three conservation equations, to g
consistent values for the three unknown quantitiesmn , mp ,
andT:

A5(
i
Aiwi~mn ,mp ,b!, ~11!

Z5(
i
Ziwi~mn ,mp ,b!, ~12!

E!52
]

]b
lnj~mnmp ,b!, ~13!

whereAi and Zi are the mass and charge number of th
fragment of typei .

Getting all three quantitiesmn , mp , andT, we have the
mean multiplicity ^ni(b)& of a fragment of typei, for par-
ticular impact parameterb, given as

^ni~b!&5wi~mn ,mp ,b!. ~14!

Hence the cross sections i for the production of fragmenti at
someb in a nucleus-nucleus collision is given by
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wheres in is the total inelastic cross section.
To get the cross section for all impact parameters one ha

to integrate it over allb’s:

s i5E ni~b!2pbdb. ~16!

Finally one has to take the contributions to the cross sec
tion from all the three parts, converted to the c.m. frame, and
add them up to get the total yield:

s total5sFB1sPS1s TS. ~17!

III. APPLICATION TO CENTRAL COLLISION PROCESS

As a first application, we apply the model to the case of
central collision of two nuclei having nearly equal numbers
of nucleons. In particular, we attempt to explain the central
collision data of the40Ar induced reaction on45Sc taken at
the National Superconducting Cyclotron Laboratory of
Michigan State University~MSU!, with incident energy
varying from 35 MeV/A to 115 MeV/A @16#. Since we have
collision between two systems having almost equal numbers
of nucleons, we restrict our calculation to the fireball part
only, which hasA580 andZ536. The contribution from the
targetlike spectator part to the total yield is very small, and
can be neglected.

DeterminimgA, Z, andE!, we solve the three conserva-
tion Eqs.~11!–~13! to getmn , mp , andT consistently. Using
those values we obtainwi and hencê ni(0)&. For s in we
take the empirical parametrization

s in5pR0
23@~Ap

1/31AT
1/3!2b0~Ap

21/31AT
21/3!#2 ~18!

used by Heckmanet al., @17# whereR0 5 1.36,b0 5 0.75,
andAp andAT are the mass numbers of projectile and target
nuclei.

In our calculation of the mean nuclear interactionV̄i , we
have followed the statistical prescription developed earlier
@9,10#. We have used the proximity potential for the heavy
fragments and the actual optical potentials for the lighter
ones. We have taken the value ofr 0 to be 1.85 fm which
corresponds to a freeze-out density 0.22r0 for which we got

TABLE I. Excitation energy per nucleon and temperature of the
excited system at different bombarding energies~all quantities are
in MeV!.

Bombarding energy Excitation energy
per nucleon per nucleon Temperature

35 0.7091 2.3358
45 3.1828 4.5755
65 8.1105 6.5895
75 10.5648 7.7300
85 13.0129 8.8301
95 15.4545 9.8861
105 17.8899 10.9036
115 20.3194 11.8872



m-
ns.
ts
as

gs
o-
ate
nce
n

he
el
ean
ar-
ed

-
. It
in
na
ion
as a
red

ac-
d of
en-
er

r of

1836 53C. B. DAS, A. DAS, L. SATPATHY, AND M. SATPATHY
the best fit with the experimental data, wher
r050.17 fm23 is the nuclear matter ground state density.

First we would like to make a model study to see if th
general features of mass yield, like theU shape, and expo-
nentially falling shape, etc., seen in high energy proton
duced nucleus collision which could be described in our p
vious model, are also reproduced in the present case wh
temperature is no longer a parameter. TakingElab535, 40,
and 65 MeV/A for the present reaction40Ar 1 45Sc we ob-
tained T52.33, 3.90, and 6.59 MeV, for which the mas
yields are shown in Fig. 1. We find that the shoulderlike,U
shape, and exponentially falling shape of distributions f

FIG. 1. Mass distributions for central collision of40Ar145Sc at
different lab energies. The solid, dashed, and dotted lines are for
energies 35, 40, and 65 MeV/A, which correspond to temperature
2.33, 3.90, and 6.59 MeV, respectively.
e
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low T52.33 MeV, medium T53.90 MeV, and high
T56.59 MeV, respectively, are reproduced in the same te
perature regimes as in the case of proton induced reactio
So it is satisfying to find that introduction of new elemen
like the bombarding energy dependence and heavy ions
projectiles yields similar general features. This further brin
out the similarity between the dynamics of high energy pr
ton induced multifragmentation processes and intermedi
energy heavy ion reactions. This enhances our confide
about the suitability of the present model for the descriptio
of the MSU data.

IV. RESULTS AND DISCUSSIONS

We would like to emphasize at this stage that except t
value of r 0 which determines the density, the present mod
has no other parameter. The Coulomb and nuclear m
fields are also totally fixed by this parameter. We have c
ried out calculations for all the eight sets of data obtain
with bombarding energy ranging between 35 MeV/A and
115 MeV/A. The corresponding excitation energies and tem
peratures obtained in our study are summarized in Table I
is interesting to note that the values of the temperatures lie
the appropriate range where multifragmentation phenome
have been observed in high energy proton induced heavy
reactions. In Fig. 2, we have presented the cross sections
function of fragment charge as open circles, and compa
with the experimental data@16#, given as filled circles and
the histogram, which are corrected and uncorrected for
ceptance, respectively. It can be seen that the general tren
the steepness of the charge distribution with increasing
ergy is quite well reproduced for all the beam energies high
than 45 MeV/A, where as for 35 MeV/A it is quite poor. In
Figs. 3 and 4, we have presented the average numbe

lab
s

-

c-
FIG. 2. Charge distribution for central colli-
sion of 40Ar145Sc. The open circles are the re-
sults obtained in the present model. The histo
gram and the solid circles represent the
uncorrected and the corrected data for the rea
tion 40Ar145Sc taken from Ref.@13#.
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53 1837STATISTICAL SIMULTANEOUS MULTIFRAGMENTATION . . .
charge multiplicity^Nc&, and the average number of inter
mediate mass fragments^Nimf&, by squares. We have con
fined theZ value to lie in the range 1<Z<12 for calculation
of ^Nc&, and 3<Z<12 for ^Nimf&, to compare with the data
measured with such restrictions@16#. The filled and open
circles are, respectively, the corrected and uncorrected d
for acceptance. It can be seen that our charge multiplic
increases and thêNimf& decreases with increasing beam e
ergy, in agreement with the experimental trend. However,
both these cases, our result is rather poor for the beam e
gies 35 and 45 MeV/A. Thus the comparison of our result
for these three sets of data clearly points out that the mode
quite successful for all the higher bombarding energies co
mencing from 65 MeV/A.

To get a comprehensive understanding of the observ
data, we have calculated the cross section for fragments w

FIG. 3. The average number of charge particles^Nc& plotted
against incident beam energy. The open and the solid circles re
sent the uncorrected and the corrected data for the reaction40Ar1
45Sc taken from Ref.@13# and the squares represent the results
the present study.

FIG. 4. The average number of intermediate mass fragme
^NIMF& plotted against incident beam energy. The symbols have
same meaning as in Fig. 3.
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all possibleZ values extending up to 36 for three differen
beam energies and plotted them in Fig. 5. The solid, dash
and dotted lines represent the cross sections for beam e
gies 35, 45, and 65 MeV/A, respectively. For the case o
Elab565 MeV/A the yield for fragments with charge numbe
greater than 12 falls very sharply and beyond charge num
25 it is less than 0.1 mb. For the case ofElab545 MeV/A our
calculation shows a flat distribution of charge covering up
Z536 although somewhat lower in magnitude compared
the observed ones up toZ512. Extending the observations
for intermediate charge fragments, one would find a siza
yield as per this calculation. However, in the experiment on
a part of it has been observed. This case is reminiscent of
U shape of mass yield. Thus 45 MeV/A corresponding to
temperature 4.57 MeV marks a transition point, above whi
exponential-like decay of charge distribution is favored. F
beam energy 35 MeV/A, we have two branches in the charg
yield with Z less than 5 and more than 25. This distributio
has no resemblance to the observed yield. This seems
point to the fact that with such a low excitation energy th
system does not decay through the mechanism of simu
neous multifragmentation but rather by some other mech
nism. To arrive at a general picture, we have plotted t
temperature versus the beam energy in Fig. 6. We find t
the curve shows strong linear behavior for higher energi
commencing around beam energies 50 to 60 MeV/A. Thus,
taking this fact into account, together with the quality of ou
results shown in Figs. 2, 3 and 4, it is reasonable to interp
that the system decays by simultaneous multifragmentat
processes above the beam energy;60 MeV/A, and below it
by some other process, maybe that of binary sequential
cay. The present result does not change appreciably when
take a fully fused system havingA580 andZ539 as the
fireball. It is gratifying to find that Cebraet al. @1# and Barz
et al. @2# have also observed from their event-shape analy
of central collision data of40Ar 1 51V that at 35 MeV/A the
decay is sequential in nature and the onset of simultane
multifragmentation decay occurs between 45 and 65 Me
A. This is also in accord with Trockelet al. @3#, who have

re-

of

nts
he

FIG. 5. Total charge distribution for central collision of40Ar1
45Sc at different lab energies. The solid, dashed, and dotted lines
for lab energies 35, 45, and 65 MeV/A, which correspond to tem-
peratures 2.33, 4.57, and 6.59 MeV.



rip-
s-
al
gh
gy
st
U

ar-
g-

at-
int
-
re
in
r,
in
of
t

d
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also observed from their analysis of reactions of12C, 18O,
20Ne, and40Ar on natAg and 197Au, that the onset of multi-
fragmentation occurs at excitation energy 300 MeV, wh
corresponds to lab energy of 48 MeV/A for our system. The
present study clearly shows that the three sets of d
namely, the charge yield, the average number of char
particles and average number of intermediate mass fragm
as a function of incident energy, can be described for
energies at and above 65 MeV/A. Thus it is reasonable to
conclude that onset of simultaneous multifragmentat
might take place in the energy range 45 to 65 MeV/A.

The above MSU data have also been fitted by Liet al.
@16# to a power lawAf

t predicted in the Fisher droplet mode
Combining with previous results, they find a minimum in t
value of t as a function of bombarding energy at 35 to
MeV/A beam energy regime. They suggest that this m
mum might be related to a liquid-gas phase transition occ
ring around that energy. As shown above, we find in t
energy regime that theU shape occurs in the mass yiel
which evolves to an exponential-like fall when the bomba
ing energy is increased. Since below this energy regime,
mechanism of simultaneous multifragmentation cannot
scribe the data, while that of sequential binary can acco
for them, it is very likely that this energy region marks
transition at which the mechanism of decay changes fr
sequential to a simultaneous multifragmentation process.
cently Pan and Das Gupta@18# have also found the signatur
of a phase transition in a similar energy regime in a latt
gas model. Whether all these transitions are related at a
damental level is an important question which needs furt
work for a clear answer.

V. CONCLUSIONS

In summary, we have developed a statistical simultane
multifragmentation model for the collision of two heav
ions, based on the fireball model and spectator-particip
picture, taking into account the entrance channel charact
tics. Given the incident energy and the projectile and tar
nuclei, the model predicts the excitation energy, temperat
and fragmentation cross section without any adjustable
parameter except the density. The drawback of treating t

FIG. 6. The variation of temperature of the excited system w
incident beam energy.
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perature as a parameter, previously resorted to in the desc
tion of proton induced heavy ion collisions has been succes
fully removed. The present study shows that the gener
features of multifragmentation processes encountered in hi
energy proton induced reactions and intermediate ener
heavy ion induced reactions are similar in nature. As a fir
application we have attempted to describe the recent MS
data on40Ar145Sc for central collision at incident energies
ranging from 35 to 115 MeV/A. The model can satisfactorily
describe the charge yield, the average number of charge p
ticles, and the average number of intermediate mass fra
ments for incident energies 65 MeV/A and above. The study
gives the freeze-out density to be 0.22 times the nuclear m
ter density. The present study suggests that the critical po
at which the onset of simultaneous multifragmentation oc
curs lies somewhere in the range 50 to 60 MeV/A. Also the
have been speculations that the liquid-gas phase transition
nuclear matter may occur in this energy range. Howeve
more work is necessary to establish this phase transition
nuclear systems and to see if it is related to the onset
multifragmentation processes. Application of this presen

FIG. 7. Schematic diagram showing the geometry during an
after the collision process in~a! and ~b! respectively.
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model to a more general case of noncentral collisions wi
appear elsewhere.
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APPENDIX

To calculate the change in the surface and Coulomb ene
gies,DEs andDEc respectively, of the projectilelike and the
targetlike spectators, we consider the general case of impa
parameterb in the rangeRT2RP,b,RT1RP , whereRT
andRP are the radii of the target and the projectile nuclei
respectively. The schematic picture showing the geomet
during the collision and after collision for a given impact
parameter is shown in Figs. 7~a! and 7~b!. The projectilelike
spectator PS and the targetlike spectator TS will have ma
numbers (AP2AP8) and (AT2AT8), whereAP8 andAT8 are
the severed parts forming the fireball. The values ofAP8 and
AT8 are determined following Appendix 4 of Ref.@13#.

From simple geometrical analysis we have the surfac
area of the projectilelike and the targetlike spectators (SPS
andSTS, respectively! as given by

SPS52pr 0
2AP

2/3~11cosaP!1pr 0
2AP

2/3~12cos2aP!, ~A1!

STS52pr 0
2AT

2/3~11cosaT!1pr 0
2AT

2/3~12cos2aT!, ~A2!

whereaP andaT are defined in the figure. In terms of the
impact parameterb these two angles are given as

cosaP5
b21r 0

2~AP
2/32AT

2/3!

2br0AP
1/3 ~A3!
ll

r-

ct

,
ry

ss

e

cosaT5
b21r 0

2~AT
2/32AP

2/3!

2br0AT
1/3 . ~A4!

The corresponding surface area of the projectilelike p
in its spherical ground state, denoted bySPS

0 , is given as

SPS
0 54pr 0

2~AP2AP8!
2/3. ~A5!

So we have the change in the surface energy for the pro
tilelike part,

DEs5~SPS
0 2SPS!s ~A6!

wheres is the surface energy coefficient.
The Coulomb energy of the projectilelike partEcPS in its

distorted shape is given by

EcPS5
1

2E E r~r !r~r 8!

ur2r 8u
d3rd3r 8 ~A7!

where r(r ) and r(r 8) are the charge distributions in tw
different infinitesimal volume elementsd3r and d3r 8, re-
spectively, and the integration is carried over the entire
torted volume, which has to be calculated numerically.

The Coulomb energy of this part in its spherical grou
state (EcPS

0 ) is

EcPS
0 5

3Z2e2

5r 0~AP2AP8!
1/3. ~A8!

So the change in the Coulomb energy for the project
like part is given by

DEc5EcPS
0 2EcPS. ~A9!

For the targetlike part bothDEs and DEc have similar
expressions.
G
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