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ABSTRACT

This presented study is to make comparison of csestions to producgAs, "?As, *As and’“As via different
reactions with particle incident energy up to 60\MVif alpha 100 MeV of proton as a part of sysaémstudies on
particle-induced activations on enriched Ge, Ga, dld Nb targets and neutron capture. Theoretiaklutation of
production yield, and suggestion of optimum reactio produce’As, "“As, *As and*As, based on the main published

and approved experimental results of excitatiorctions were calculated.

KEYWORDS: "As, ?As, "As, Excitation Functions, Longer Lived PET Isotopecelerator Isotope Production, Half-

Life, Radiopharmaceuticals
INTRODUCTION

Isotopes provide tools to do certain jobs bettasiar, quicker, more simply, or more cheaply thay ather
method. In some cases the job could not be doak aithout the use of isotopes. Both radioisotoped enriched stable
isotopes are essential to a wide variety of apfitina in medicine, where they are used in the diagnand treatment of
illnesses. In addition, extensive application ajtépes in biomedical research finds wide paralkdsuin research in

chemistry, physics, biology, and geosciences.

Elemental arsenic consists exclusively’%s. The element finds application in the form ofnyametal alloys
and agents for pest control. Arsenic is, furthemnassential for organisms, as it is involved iffedent metabolic
processes, and nonradioactive arsenic compounds areerest as anticancer agents. Due to the toigicity of arsenic in
its three-valent form, studies concerning behaaiwd distribution of arsenic compounds are also iy for ecological
systemd®. For tracer studies in those two areas the radi@es’*As (T = 17.77 d) have been suggestedalthough
the former is rather short-lived, the therapy um®enic-74, a radioactive isotope that is one shall number of positron
emitters with a half-life suitable for medical iniag. When arsenic-74 decays, a positron (the amtigmaquivalent of an
electron) is produced that instantly annihilatethve nearby electron, releasing tell-tale gamma thwgt give away its
location. In addition several other radioisotopkargenic are very promising with regard to appiares in different fields
of pharmacology, diagnostics, and cancer treatfhént. Especially?As (T% = 26.01 h) is a very promising radionuclide
for Positron Emission Tomography (PET), as it isiensef* emitter with a suitable half-life and positron emeand
The diagnostig@*emitters antfAs (T%2 = 65.28 h), are potential analytical toaisnuclear medicine. Furthermore the

radionuclide”™As(T%2 = 80.30 d) appears to be more suitable feirenmental researét’ studies tharf*As, firstly, its
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half-life is longer and secondly, the emitted réidiais rather soft, thus causing less radiaticrahg.
METHODS

The feasibility of the production of As’> ™ via various nuclear reactions was investigafeditation functions
of As™" " “production by the reactions 8" 'Ga+A, "Ge+p," Pb+p,** Np+p, and A& * % "¢n

were calculated using the available data in theriwtional libraries up to 100 MeV. According to IBR
(Stopping Range of lons in Matter) code, the thick target integral yields were deduceagshe calculated evaluated

cross sections. A Matlab sub programs was used

to solve the following yield equati€h

v=NPa(E).1073%(1 — e=# W

Whereas,J(E) (mb) is the average cross section at a specifieggn(E); N is the number of target atoms/cm2,
A is the decay constant of the produced isotopes, ti® number of incident protons/sec fon@) and t is the irradiation

time (t= 1 h). The integral target yield is caldathby summing up the differential yields.

RESULTS AND DISCUSSIONS
Production by Alpha Particles

A: Theinduced alpha on th¥Gatarget can produce the reacti&a (a,2n)*As. According to Levkovskij”,
M.Ismail *% and.A.Rizvi et al*, this reactiormakes a maximum cross-section8@5 mb in the 27 MeV figure (1, 2), in
the energy range of 15-60 MeV. Thus, the theorktiedd of this reaction in the mentioned range is 2500 &Bdjgure

3.This reaction appears very good to produce.
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Figure 1: Cross Sections of'As of the Reaction®™Ga (a, 2n)"*As
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Figure 2: Cross Sections of*"*"as of the Three Reaction§°Ga (A,2n) " *Ga (A, N) and®*Ga (A, N)
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Figure 3: Yield of the Three Reaction$°Ga (a, 2n)” **Ga (a, n) and®*Ga (a, n)

The induced alpha on tiéGa target can produce the reactfé®a (a, n)"?As. According to |.A.Rizvi etaf",
M.Ismail ™ and Levkovskif”, this reaction makes a maximum cross-section 6fréB in the 18 MeV figure (4,2), in the
energy range of 10-35 MeV. Thus, the theoreticalldyof this reaction in the mentioned range is Tb@Bq/C. Figure (3),

this reaction appears to be excellent for the petdn.
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Figure 4: Cross Sections of’As of the Reaction®Ga (a, n)"?As

The induced alpha on tH&Ga target can produce the reactidBa (a, n)’“As. According to M. Ismail*” and
Levkovskij, this reaction makes a maximum cross-section @frélh in the 14 MeV figure (5, 2), in the energygarof
10-35 MeV. Thus, the theoretical yield of this ré@t in the mentioned range is 1500. GBq/C. FigBrehis reaction
appears to be very suitable for the purpose ofymetfAs.
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Figure 5: Cross Section of “As of the Reaction’'Ga (a, n)*As

Production by Proton Particles

¢« "Rb (p,x)4"*"™"As reaction is high energy range of proton prodgdf,”>*"As from a"Rb target is 0
t03000 MeV,the maximum cross-section obtained atingrto E.Gialabert et & as shown in figure(6,7,8,9,10).
The obtained production yield 6f>"*"As using SRIM code and eq.(1) in the chosenggneange is 12x10

GBqg/C as shown in figure 1These reactions appears are not useful to As-/73772 production, because need
to high-energies.
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Figure 6: Cross Section of *As of the Reaction™Rb (p,x) *
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Figure 7: Cross Section of?As of the Reaction™Rb (p,x) "
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Figure 8: Cross Section of*As of the Reaction™Rb (p,x)"
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Figure 9: Cross Section of“As of the Reaction™Rb (p,x) ™
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Figure 10: Cross Sections of""#"*"As of the four Reactions™Rb (p,x) ,">"*"As
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Figure 11: Yield of the Four Reactions®Rb (p,x) "%,"*"*"As

o %Nb (p,x),"*"™"As reaction is high energy range of proton prodgét,’>"*"As from a>**Nb target is 0 to3000

MeV,the maximum cross-section obtained accordingut&. Titarenko et df*and R.Michel et &" as shown in
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figure 12. The obtained production yield'df*"*"As using SRIM code and eq.(1) in the chosen enemge is
12x1¢ GBg/C as shown in figure 13. These reactions appeat to be suitable for the purpose of Arsenic -
71,72,73,74 production.
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Figure 12: Cross Sections of""#"*"As of the four Reactions*Nb (p,x) "%,"*"*"As
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Figure 13: Yield of the four Reactions™Nb (p,x) "*,"#"*"As

« C: The™Ge (p,x)"%,"*"™"As reaction is an important proton incident paetiébr producing’"*"*'As from
enriched™®Ge,Several authors |.Spahn étal, T.Horiguchi et 4 and D.Basile et &I in the energy range from
0 to 100 MeV,the reaction for producify’?’*’As as shown in figures (14,15,16,17,18). The réical thick-
target yield obtained using SRIM as shown in figli2 These reactions appears to be good for theoparof
Arsenic -71,72,73,74 production.
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Figure 14: Cross Section of'As of the Reaction™Ge (p,x)™*
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Figure 15: Cross Section of°As of the Reaction™Ge (p,x)"?
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Figure 16: Cross Section of*As of the Reaction™Ge (p,x)"*
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Figure 17: Cross Section of“As of the Reaction™Ge (p,x) "
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Figure 18: Cross Sections of"">"*"/As of the four Reactions®Ge (p,x)"*"*"*"As
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Production by Neutron Capture

The excitation functions of the neutron inducecttiem on’®"""*"As to produce ™"%"*"As with neutron flux :
1 x 10? n/cnf/s, and the cross section as shown in  figura@®rdingA.J. Koning and D. Rochm#&f'*?°?! These

reactions appears to be good for the purpose @mes71,72,73,74 production.
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Figure 20: Cross Sections of"">"*"As of the®™"2"As (N,G) """ "As

CONCLUSIONS

The production of%"#"3"As can be obtained using different nuclear reactiortable 1, for low alpha energies
(10— 35 MeV) the reactio?Ga (a, n)'?As gives the large yield (15000 GBg/C), while fhetother possible reactions as
the®Ga (a,2n) reaction to produ€®s in energies (15-60MeV), aridGa (a, n) reaction to produé#s, which occurs in
an energy range greater than 60 Mev,we found the tEactions to producé’®"*"As in reaction"Ge (p,x) because the

proton easier in terms of availability of alpha dhe natural target cheaper in terms of price,réglp.

The neutron capture reactions in reactor play an important role tod'iff”*"As production, for low energies,

but to provide the nuclear reactor is a difficuitlaexpensive, figure 20.

Table 1: Nuclear Data of'*"2""4s Production via Various Nuclear Reactions

Reaction Range of energy (Mev)

1 | ®°Ga (a,2n)"As 10 - 35

2 | ®Ga(a, n)°As 15 - 60

3 | "Ga(a, n)*As 10 - 35
4 | "™Ge (p,x) "As 10 - 100
5 | ™Ge (p,x) “As 10 - 100
6 | "Ge (p,x) “As 10 - 100
7 | ™Ge (p,x) “As 10 - 100
8 | ™Rb (p,x)'As 100- 3000
9 | ™Rb (p,x)°As 100 - 1400
10 | "™Rb (p,x)"*As 100- 3000
11 | "™Rb (p,x)"*As 100- 3000
12 | Nb (p,x)"'As 250 - 3000
13 | Nb (p,x)"“As 250 - 3000
14 | Nb (p,x)"“As 280 - 800
15 | Nb (p,x)"“As 150- 3000
16 70,71,72,7AS (N,G)7l'72'73’7AS 10—10 _ 102
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