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Abstract:
A method of simultaneous evaluation of the shell and pairing corrections to
the nuclear deformation energy, recently proposed for the even-even nuclei,
is generalized to the case of odd systems.
By means of the blocked-level technique, a level density with explicit
dependence on pairing correlations is defined. The microscopic corrections
to the deformation energy are then determined by a procedure which is
analogous to that of Strutinsky.
The method is applied to the ground state of Europium isotopes using the
single-particle energies of a deformed Woods-Saxon mean-field. The
obtained results are in good agreement with the experimental values.
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I-INTRODUCTION

The nuclear deformation energy is generally evaluated by means of the Myers-
Swiatecki-Strutinsky macroscopic-microscopic model [1], The macroscopic part of the
energy is calculated within the liquid drop model (LDM) which is able to reproduce
the smooth trends of the potential energy. The microscopic corrections are then added
in two steps:

i) The shell effects are taken into account by means of the Strutinsky
method . The shell correction is defined as the difference between the
total energy and its smooth part. The latter is deduced from an expansion
of the level density into a series of Hermite polynomials,

ii) The pairing effects that are generally described using the BCS theory, in
which the pairing correction is defined as the difference between the
pairing correlation energy Ep of the considered nucleus and its averaged
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equivalent Ep. The basic principle of the correction definition is

therefore the same as for the shell correction.
In fact, the shell and pairing effects are closely related and must be taken into account
at the same time. The foundations of such an approach have already been developed in
a previous work [2,3]. The method of simultaneous evaluation of the shell and pairing
effects is based on a level density that explicitly depends on the pairing correlations.
However, the method have only been introduced for even systems. The aim of the
present work is to extend the method to odd systems by means of the blocked-level
technique.

The level density is defined in Sec. II. Its smoothed part is extracted after an
expansion into a series of Hermite polynomials and the total microscopic correction to
the deformation energy is deduced in Sec. III. The method is then applied to the
ground states of several Europium isotopes. The results are given and discussed in Sec.
IV and summarized in Sec. V.

II-LEVEL DENSITY

ILl-Defmition

Let us consider a system of (2P+1) particles (neutrons or protons). The level density
that includes the pairing correlations will be deduced from the particle-number
conservation condition in the BCS theory:

( S - ^ | (1)

where the ev are the single-particle energies, X is the Fermi level, k refers to the blocked-
level and Ak is the half-width of the gap given by:

uv and vv being the un-occupation and occupation probability amplitudes of the v) state
respectively, such as:

, v * k (3)

The level-density is then given by:

ds
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The averaging parameter y is introduced to make the arguments dimensionless such
that:

l
where

,3/2

ak=Ak/y and xv=(e-ev) /y (6)

11,2-Smoothed level density:

In order to define the smoothed level density in a way which is analogous to the
Strutinsky method, g^(e) must be expanded into a series of Hermite polynomials. For

this aim, g^(s) must be considered as a generalized function. It is then expressed in
terms of the Dirac 5 -function and its derivatives:

where :

KM=

Since the expansion o

to (n-2k)!22
a:nLog— - mj/(k • ,2n

2n(2n)'

into a series of Hermite polynomials is well known:

V

that of g^(s) is finally given by:

(7)

(8)

(9)

with:

(j-2k)!22k(k!)2
a,JLog-^--jv);(k-

(10)

(11)

Since the' expansion (10) is formally identical to that of the Strutinsky method, the
smoothed level density g£(s) will be defined in a similar way, by limiting the sum
over m to a given order p:
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n=o

where ak = Ak/y (13)

III- ENERGY CORRECTION

The smoothed Fermi level X and pairing gap Ak are determined on one hand, from
the particle-number conservation condition:

with:

N; t l K J d l f l x J L i C j H i J ^ (15)

(16)

n=l

and on the other hand from the smoothed BCS gap equation:

n + 2J)H2|WI,2(XV)1 e* (17)
J

The total energy correction that simultaneously includes the shell and pairing effects is
defined by the difference between the usual BCS energy:

and its smoothed homologue:

that is:

5E = EB C S-E (20)
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With this definition of E, it is no longer useful to introduce the cut-off. The latter was
introduced, somewhat arbitrarily in the BCS calculations. Indeed, to reproduce the
phenomenological A"!/2 dependence of even-odd mass differences, the number of
levels included in the BCS calculations are taken as Vl5N levels above and below the
Fermi level for neutrons and Vl5Z for protons [4].

IV- RESULTS AND DISCUSSION

The previously described method is applied to the total microscopic correction
6E to the liquid drop energy of some Europium isotopes in their ground state. The
single-particle energies used in the present work are those of a Woods-Saxon
deformed mean-field. The deformation is described using the dimensionless elongation
and necking coordinates c and h respectively [5].

Table I: Variation of the averaged pairing gap Ak (MeV) as a function of the pairing strength
parameter G(MeV) according to the truncature order of the expansion (7) for the ground state of the
155Eu. The columns (1), (2), (3) refer to the values obtained by limiting the expansion (7) to the term in
8(2), 5(4) and 5(6) respectively.
The experimental pairing gap is 0.947 for the protons and 0.978 for the neutrons. The corresponding
values for G are 0.1522 for the protons and 0.1207 for the neutrons respectively.

Neutrons
G

0.12000
0.12010
0.12020
0.12030
0.12040
0.12050
0.12060
0.12070
0.12080
0.12090
0.12100
0.12110
0.12120
0.12130
0.12140
0.12150

(1) (2) (3)
0.96136 0.95826 0.95826
0.96409 0.96097 0.96096
0.96682 0.96368 0.96367
0.96956 0.96640 0.96639
0.97230 0.96911 0.96911
0.97504 0.97183 0.97183
0.97779 0.97456 0.97455
0.98053 0.97728 0.97727
0.98329 0.98001 0.98001
0.98604 0.98274 0.98273
0.98880 0.98548 0.98547
0.99156 0.98822 0.98821
0.99432 0.99096 0.99095
0.99709 0.99370 0.99369
0.99986 0.99645 0.99644
1.00263 0.99920 0.99919

Protons
G

0.15100
0.15110
0.15120
0.15130
0.15140
0.15150
0.15160
0.15170
0.15180
0.15190
0.15200
0.15210
0.15220
0.15230
0.15240
0.15250

(1) (2) (3)
1.01664 0.92079 0.92084
1.01891 0.92290 0.92295
1.02117 0.92505 0.92506
1.02343 0.92717 0.92717
1.02570 0.92928 0.92929
1.02797 0.93140 0.93140
1.03024 0.93352 0.93353
1.03251 0.93564 0.93565
1.03479 0.93776 0.93777
1.03706 0.93988 0.93989
1.03934 0.94201 0.94202
1.04162 0.94414 0.94415
1.04390 0.94627 0.94628
1.04619 0.94840 0.94841
1.04847 0.95054 0.95055
1.05076 0.95268 0.95268
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IV.l- Choice of the parameters -The plateau condition:

The pairing strength parameter is chosen such as to suitably reproduce the
experimental odd-even mass differences [6].For this aim, we studied the variation of
the smoothed gap parameter Ak as a function of the pairing strength parameter G and
according to the truncature order in the expansion (7), for fixed values of y and p
(y = 1.2h(o0 , ftcoo = 41A"1/3, p=5). Table I shows this variation for I55Eu chosen as an
example. The columns (1), (2), (3) refer to the values obtained by limiting the
expansion (7) to the term in 8(2) , 5 W and 8(6) respectively.
The stability of the results is reached from the second column. It is therefore no use
carrying the expansion beyond the term in 8(4). This will be done in what follows.
We obtain in this way a smoothed half-width of the gap that depends simultaneously
on the nucleon type (neutron or proton) and on the nuclear deformation. This was not
the case with the commonly used form:

On the other hand, the y and p parameters introduced in the previous section are not
physical quantities. When suitably chosen, these quantities would therefore have no
influence on the energy correction. This latter must then satisfy to the so-called plateau
condition. It is illustrated in fig. 1 for the proton systems of I53Eu and 155Eu. The
corresponding optimum values are y = (1. -1.4)7zco0 and p=4,5.

IV.2- Total microscopic correction;

We have evaluated the ground state total microscopic correction to the deformation
energy for several Europium isotopes. For this aim, we minimized the deformation
energy in the (c,h) plane, with 1.0 < c < 1.3 and -0.300 <h < 0.300. For each
nucleus, the ground state deformation parameters c and h are given together with the
calculated microscopic correction 5E and the corresponding experimental value (see
Table II) .The results are also reported in fig. 2 as a function of the neutron number N.
They are compared to the values evaluated by Myers [7] as well as the experimental
values of the same author obtained by subtracting the droplet mass from the
experimental one.
It is clearly shown that in most cases, the results of the present work are closest to the
experimental data. This is particularly the case in the neutron-rich side where they
sensibly differ from the Myers results. In the proton-rich side, where the experimental
data are not available, the present work predictions rejoin those of Myers.
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Figure 1: Variation of 8E (MeV) as a function of Y(/ZCOO) for various
truncature orders p for the proton systems of 153Eu (a) and 155Eu (b) in
their ground state.
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Table II: Ground state deformations and calculated ( 5 E ) and
experimental (5E , ) total microscopic corrections (in MeV).

Nucleus
iJ7Eu
138Eu
139Eu
140Eu
141Eu
142Eu
143Eu
144Eu
145Eu
146Eu
I47Eu
148Eu
149Eu
150Eu
151Eu
152Eu
153Eu
154Eu
155Eu
156Eu
157Eu
158Eu
159Eu
160Eu
]61Eu

c

1.164
1.100
1.094
1.071
0.892
1.
1.
1.
1.
1.
1.
1.206
1.191
1.245
1.236
1.288
1.274
1.338
1.351
1.351
1.351
1.364
1.304
1.280
1.257

h

0.057
0.103
0.105
0.116
0.157
0.248
0.
0.042
0.
-0.027
0.
-0.230
-0.186
-0.235
-0.192
-0.242
-0.198
-0.252
-0.254
-0.254
-0.254
-0.257
-0.203
-0.169
-0.134

5E
1.73
1.71
1.41
1.08
0.38
-0.23
-0.72
-1.71
-2.29
-1.89
-1.01
-0.38
0.37
0.81
1.49
1.74
1.38
1.17
0.76
0.34
0.29
0.14
0.23
0.14
0.25

SEexp,
-
-
-

•
-
-
-0.71
-1.72
-2.36
-1.83
-1.0
-0.40
0.3
0.88
1.42
1.76
1.34
1.19
0.78
0.39
0.36
0.09
0.43
0.02
-
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Figure 2: Variation of the total microscopic correction 8E (MeV) as a
function of the neutron number N for some Europium isotopes in their
ground state. Squares refer to 5E of the present work, circles to that of
Myers [7] and triangles to the experimental data when available.

V- CONCLUSION

A recently developed method of simultaneous evaluation of the shell and
pairing effects in the case of even-even nuclei has been generalized to the case of odd
systems.
A level density which is explicitly dependent upon the half-width of the gap has been
defined by means of the blocked-level technique. Considered as a generalized
function, the density has been expressed in terms of the Dirac 8 -function and then
expanded into a series of Hermite polynomials. The smoothed quantities (i.e. density,
energy and pairing gap) have been easily deduced.
The method have been applied to the evaluation of the total microscopic correction to
the ground state of the Europium isotopes. The obtained results are in good agreement
with the experimental data .
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It appears that from the beginning, the combination within
one project between Mouseion and Library under the dynamic
direction of Demetrius of Phalerum was most advantageous.

In so far as the Library was required to satisfy the needs of
scholars at the Mouseion, this association helped the Library
to develop into a proper research centre.

Furthermore, their
location within the
grounds of the royal
palaces, placed them
under the direct
supervision of the
kings (Letter of
Aristeas) and this
situation was
favourably reflected
in the rapid growth of
the collection of
books. Haifa century
had hardly passed
after its foundation in
c. 295 BC, when it .
was felt that the
premises of the 'Royal
Library1 was not large
enough to contain all
the books that had
been acquired, and
that it was found necessary to establish an offshoot that could
house the surplus volumes.

This branch library was incorporated into the newly built
Serapium by Ptolemy III, Euergetes (246-221 BC.) which was
situated at a distance from the royal quarter in the Egyptian
district, south of the city.10

As regards the total number of books in the Library various
figures were reported at different times:

The earliest surviving figure under the first two Ptolemies is
reported as "more than 200,000 books" (Aristeas, 9-10)
whereas the medieval text of Tzetzes, derived from an ancient
source, mentions "42,000 books in the outer library; in the
inner (i.e. Royal Library) 400,000 mixed books, plus 90,000



A still higher estimate of 700,000 was reported between the
second and fourth centuries AD. (Aulus Gellius, Attic Nights
7.17.3; Amm. Marcellinus 22.16.13).

An interesting passage in Galen, reveals the existence of an
intricate system of registration and classification. The
information recorded on each book revealed not only the title
of the work and the names, of its author and editor of the text,
but also the place of its origin, the length of the text (i.e.
number of lines) and whether the manuscript was mixed
(containing more than one work) or unmixed (one single text
only) (Galen, Comm. Hipp. Epidem. III.4-11).

An early example of the title and number of lines at the end of
a text has been found in a papyrus roll of Menander's
Sicyonius of the third century BC.11

It is worth noting that a scribe's pay was rated according to
the quality of writing and the number of lines. A papyrus of
the second century AD. gives the rates "for 10,000 lines, 28
drachmae.... For 6,300 lines, 13 drachmae."

In an attempt to standardise costs and wages throughout the
Empire, Diocletian rated a scribe's pay as follows : "to a
scribe for the best writing, 100 lines, 25 denarii; for second
quality writing 100 lines 20 denarii; to a notary for writing a

petition or legal document, 100 lines, 10 denarii." 12

Photo: Sappho reading her book (From an Athenian vase 5th c. BC



Among the major acquisitions was the collection which our
sources call "Aristotle's books", concerning which we have
two conflicting accounts.

According to one version, Athenaeus (1.10) asserts that
Philadelphus purchased the books for a large sum of money;
whereas Strabo (12.1.54), following another tradition, reports
that Aristotle's books passed on in succession to Neleus, and
were subsequently sold by his family to the great book
collector, Apellicon in Athens, whence they were later
confiscated by Sulla in 86 BC. who carried them away to
Rome.

Should there be any veracity in these accounts, a solution to
their conflicting contents is perhaps to suggest that they deal
with two different things.

The one reported by
Athenaeus, could be
concerned with the
collection of books
from 'Aristotle's
library' amassed at his
school in Athens
which Philadelphus
was able to purchase
during the time when
his former tutor,
Straton was head of
the Lyseum. This
suggestion may find
support in Strabo's
statement that .
Aristotle ranked "first
as a book collector
and taught the kings
of Egypt the
institution of a library" (13.1.54).

Strabo's account, on the other hand, is apparently concerned
with the personal writings of Aristotle and Theophrastus,
which were bequeathed to Neleus and eventually confiscated
by Sulla. Plutarch's remark gives weight to this understanding
when he says that the Peripatetics did not possess the original
texts of Aristotle and Theophrastus, because the legacy of
Neleus had "fallen into idle and base hands" (Plu., Sulla 29).
The wide-spread belief that Aristotle's library was deposited
in Alexandria, gave rise in the Middle Ages to the credence
that Aristotle himself may even have taught at that city.3

Photo: Mummy portrait of Hermione, grammatike (woman of letters)



There were fabulous stories that circulated concerning the
lengths to which the Ptolemies would go in their avid hunt for
books.

One of the methods was to search every ship sailing into the
harbour of Alexandria, if a book was found, it would be taken
to the library where the decision would be taken whether to
return it, or confiscate it and replace it by a copy made on the
spot, with an adequate compensation, to the owner.

Books acquired in this manner were designated, according to
Galen "from the ships" for identification of the origin (Galen,
Comm. in Hippocr. Epidem. III.pp.4-11).

Another notorious story that reveals the unscrupulous means
to which the Ptolemies would go in order to acquire original
texts, is the one told whereby the original manuscripts of the
works of the great dramatic poets, Aeschylus, Sophocles and
Euripides were obtained:

The precious texts were safe-guarded in the Athenian state
archives and were not allowed to be lent out. Ptolemy III
however was able to persuade the governors of Athens to
permit him to borrow them in order to have them copied. The
enormous sum of fifteen talents of silver was deposited in
Athens as a pledge for their safe restitution. The King
thereupon kept the originals and sent back copies, willingly
forfeiting his pledge (Galen, In Hippocr. De Nat.Hominis, I.
pp.44 ff, = Corpus Medis. Graec. V.9.1, p.55).

Beside these irregular methods, books were usually purchased
from different places, especially from Athens and Rhodes, the
largest book marts at the time (Athen. I, 10). Different
versions of the same work would occasionally be bought as,
for example, those of the Homeric text which came "from
Chios", "from Sinope" and "from Massalia".4



Library7 Page 1 of3

As already stated, the Library was intended to be universal,
comprising the writings of all nations. Foremost among non-
Greek works, was no doubt the Egyptian section.

The founder of the Dynasty must have realised that a
thorough knowledge of the country and its inhabitants was
necessary for'the establishment of his monarchy on a sound
basis. He therefore encouraged Egyptian priests to accumulate
records of their past tradition and heritage and to render them
available for use by Greek scholars and men of letters whom
he invited to reside in the country.

Diodorus provides a description of what took place at that
early stage in the life of the Library: "Not only," he reports,
"did the priests of Egypt render accounts of their records, but
many also of the Greeks who went up as far as Thebes, under
Ptolemy son of Lagos, composed histories of Egypt, one of
whom was Hecataeus (of Abdera)" (Diod. I. 46.8=F.Jacoby,
FGH, 3a, 264 F 25, p.33)

In confirmation of this statement, two names immediately
occur to the mind, Manethon and Hecataeus of Abdera.

Manethon is the well-known Egyptian high priest of
Heliopolis, well versed in the lore of his native land, whom
Ptolemy I consulted on the adoption of Sarapis as the official
deity for the new dynasty. His other, more lasting task was to
collect information from the 'sacred records' and compile a
complete Egyptian history in Greek (Aegyptiaca), which he
dedicated to Ptolemy II (Diod.I.87.1-5 ; 88.4).

Due to his command of the Egyptian language and knowledge
of the history of Egypt, his complete work would have been
of unique value; unfortunately it has only survived in
excerpts. Although his long recital on the episode of the
Hysksos and Moses, is believed to have been much interfered
with, yet his long chronological lists of the Egyptian dynasties
and kings is of great value as is his division of the Pharaohs
into thirty dynasties and three major periods which is still

adopted by modern Egyptologists.5



As for Hecataeus, he was one of the Greek writers invited by
Ptolemy I to reside in the country and write its history. His
"Aegyptiaca" has not survived in its entirety but long excerpts
from it were incorporated into 'Histories' of Diodorus.

In describing his own method of writing history, Hecataeus
makes the following claim, "As for the stories invented by
Herodotus and certain writers in Egyptian affairs, who
deliberately preferred to the truth the telling of marvellous
tales and the invention of myths for the amusement of their
readers, these I shall omit, and we shall set forth what appears
in the written records of the priests of Egypt and had passed
our careful scrutiny" (ap. Diod. I. 69. 7).

We need not take this criticism too literally since Hecataeus
adopted much of Heridotus1 account in its main outline while
making his own contributions only in certain matters of detail
which were probably derived from the sacred records, as well
as from his own personal observations.

Recent studies have revealed certain points in which
Hecataeus differed from or even corrected Herodotus.6 In
dealing with the aspect of the Egyptian scientific activity, he
highly praised the efforts of the Egyptian scientists in
particular in the field of astronomy where he asserts that, "to
this day, they have preserved records concerning each of the
stars over an incredible number of years..... and as a result of
their long observations they have prior knowledge of
earthquakes and floods, of the rising of comets.. ..etc." (ap.
Diod. I. 81.4-5).

Admiration for Egyptian astronomy by the Greeks was not
limited to Hecataeus alone; mention has been made of
Eudoxus of Cnidus, who studied astronomy in Egypt shortly
before Alexander's conquest.

Photo: A papyrus roll of Homer's Iliad



The papyri provide us with evidence that this aspect of
interchange still continued after Alexander and coincided with
the founding of the Library.

The Greek Hibeh papyrus
no.27 which dates from 301-
298 BC, has as its main
subject, a detailed calendar
from the Saite nome in the
Delta; and it is prefaced by an
introduction, presumably in
the epistolary form, in which
the compiler informs us that
he "spent five years in the
Saite as disciple to a wise
man from whom he learned a
great deal."

He goes on to say that the
wise man explained and
indicated all the facts in
practice, with the use of a
cylindrical stone instrument
which Hellenes call
"gnomon ". Furthermore, the
wise man expounded that the sun had two courses, one
dividing night and day and the other winter and summer.

At this point the compiler adds a remark on the method with
which astronomers and sacred scribes (Hierogrammateis)
could fix the setting and rising of the stars and thereby could
keep most of the festivals annually on the same day without
alteration.

There is little doubt but that the wise man referred to was an
Egyptian priest versed in astronomy. Furthermore, the
identification in the text of the Greek word 'gnomon' with the
Egyptian stone instrument for the measuring of time, is an
indication that translation into Greek was active at the time of
the founding of the Library.7

One might add that similarities between parts of the Hibeh
papyrus and an astronomical treatise known as "Ars Eudoxi"
which has survived in Papyrus de Paris no.l (of the 2nd
century BC), suggest that both were derived from a much
older prototype.



In addition, we know of a Ramesside calendar8 that has
survived in a hieratic papyrus which employs the same system
for measuring time on the basis of an equinoctial hour (of a
constant duration), there is reason, therefore, to believe that
the Ars Eudoxi and the Saite calendar were following an old
Egyptian tradition.

Photo: A private letter from Oxyrhynchus



In addition to the acquisition of the bulk of Greek literature
and a full corpus of Egyptian records, there is' evidence that
the new Library also incorporated the written works of other
nations.

Almost simultaneously, at the beginning of the third century
BC, similar work was taking place in the Seleucid kingdom,
where a Chaldaean priest named Berossos wrote a history of
Babylonia in Greek. His book immediately became known in
Egypt and was probably used by Manethon (Maneth.fr.3,ed.
Waddell).

Oriental religions seem to have had a great attraction and
according to Pliny (H.N.30. 3-4) a voluminous book - in two
million lines - on Zoroastrianism was written by Hermippus, a
pupil of Callimachus (Diog. Laert., Proem. 8 speaks of a book
"On the Magi" hy Hermippus). Such an ambitious
undertaking would imply that detailed material on the Persian
Mazidan faith was available in the Alexandria Library.

Buddhist writings would also be available as a consequence
of the exchange of embassies between Asoka and
Philadelphus (Corpus Inscript. Indie. I. P.48, ed. E. Hultzsch).
Intellectual curiosity as well as academic interest no doubt
motivated scholars to study and write about oriental and
ancient religions, but more crucial reasons lay behind the
translation of the Pentateuch of the Old Testament. Such a
translation from the Hebrew into Greek, was a practical
necessity for the large Jewish community in Alexandria,
already Hellenised by the end of the third century BC. The
obviously fictitious presentation of the translation of the
Septuagint as related in the Letter of Aristeas is no longer
accredited, in actual fact, the translation was executed

piecemeal during the third and second centuries BC.9 But the
important point here, is that such an achievement was
rendered possible in Alexandria owing to the abundance of
research material available in the Library.

The Septuagint has survived as the most valuable work in the
history of all translations and it continues to be indispensable
to all biblical studies.





NEUTRON AND REACTOR
PHYSICS

The articles included in this section were refereed according to rules for
publication in scientific journals and were accepted for publication




