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1. Introduction(cont.)

B Medical Application
» There are about 7,500 people

dying for cancer every day.

=» Radioactive therapy is a highly
targeted and highly effective

way to destroy cancer cells.

® Much attention has been paid to the radionuclide used in

radiotherapy.

® Rhenium-186 is an important medically radionuclide, and regarded

very suitable for radiotherapy.
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1. Introduction(cont.)
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B Medical Application
» There are about 7,500 people
dying for cancer every day.
=» Radioactive therapy is a highly

targeted and highly effective
way to destroy cancer cells.

® Rhenium-186
» Emission of high-energy B-rays
1.07MeV;
» Low-abundance (9.42%) y

90.64 h half-life.

®) 20x10%a

IT 100%

86
1 ’R(’

EC 7.47%

B 92.53%

lX(i()S lX(»\\r

The decay scheme of the 8Re

emission at 137 keV;
/i

6



1. Introduction(cont.) P

I

\
inJ

B Methods for production of 18°Re

=» By reactors

187Re(n,2n)18Re

® Specific activity is medium, not in no-carrier-added form.

® In order to radiolabel antibodies more efficiently, production

of no-carrier-added '3¢Re with high specific activity is

quired.
és 7




1. Introduction(cont.)

in

[N
|II||||

I\

B Methods for production of 18°Re

=» By reactors
185Re(n,y)1 86Re

187Re(n,2n)'®Re

=» By cyclotron
186\\/(d,2n)86Re
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1. Introduction(cont.) -

B Methods for production of 186Re

W [

e IThe excitation function '%¢W(d,2n)18%Re

2R reaction was evaluated, and the thick
LW target yield (TTY) of '®®*Re was
calculated using the recommended

excitation function.

=» By reactors

=» By cyclotron
186W(p,n)186Re

15W(d, 2n) Re

/= ;
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2. Experimental data
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The available experimental data include the latest reports that are

not considered in previous works were analyzed and corrected.

Author

Institute

Method

Subentry

1966 |F.W.Pementetal. | USAPUP | STTA PO115 007
. STTA,EXTB,

1973 |[S.J.Nassiff et al. GERKFK ACTIV,EDEG A0202 004
ACTIV, STTA,

1981 |Tao Zhenlan et al. CPRNRS BCINT.EXTB S0014 003

2002 [N.S.Ishiokaetal. | JPNJAE ‘égg]f:‘éSTTA’ E2083 002
. HUNDEB | ACTIVEXTB,

2003 [FTarkanyietal. | proORs | QEHEEEES D4141 007

2007 [K.Ochiai et al. Ny | AcTIv,sTTA E2121 025
) ITYMIL | ACTIV,STTA,

2014 |S.Manenti et al. 77.71SP BCINT 02224 008

2015 |C.Duchemin etal. | FRNTE STTA,BCINT 02258 002

Cross section (mb)

700

600

500

300
200 |

100 |

400

® F.W.Pementetal.(1966)
S.J.Nassiff et al.(1973)
Tao Zhenlan et al.(1981)
N.S.Ishioka et al.(2002)
F.Tarkanyi et al.(2003)
K.Ochiai et al.(2007)
S.Manenti et al.(2014)
A  C.Duchemin et al.(2015)

XOd

Deuteron energy (MeV)

The experimental data from EXFOR

PR TR

11




2. Experimental data (cont.)

B Normalization
€ The data were normalized to 100% enrichment of 186W.
€ The given enrichment of the target in the literature.
€ The isotopic composition of natural W.

® 74-W-180, NAT=0.0012
74-W-182, NAT=0.2650
74-W-183, NAT=0.1431
74-W-184, NAT=0.3064
74-W-186, NAT=0.2843




2. Experimental data (cont.)

B Normalization

700

Cross section (mb)

100 |

0

600 -
500
400 —
300 —

200 |

——
186W (/186.-

o F.W.Pement et al.(1966

The sample was WO, powder,
enriched to 97.2% in 135W for
186W(d,2n)18‘5Re.

Normalization factor is 1.0288.

A

v Tao Zhenlan et aI.(1981)

() N.Slshi

¥ F.Tarkanyi et al.(2003)

' K.Ochiai et al.(2007)
S.Manenti et al.(2014)

A C.Duchemin et al.(2015)

Deuteron energy (MeV)

The samples were the thick
natural W-metal foils for
186W(d,2n)'%Re.

Normalization factor is 3.517.
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2. Experimental data (cont.)
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dh
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B Normalization

700

600 |

500 |

Cross section (mb)

200 |

100 |

400 f

300 |

rfyryrrfrfjryrvyrrjrrrryprrrrop vyt

186\ (d,2n)'%6Re

K.Ochiai et al.(2007)

F.W.Pement et al.(1966)
S.J.Nassiff et al.(1973)

Tao Zhenlan et al.(1981)
N.S.Ishioka et al.(2002) ]
F.Tarkanyi et al.(2003) N

S.Manenti et al.(2014) i
C.Duchemin et al.(2015) 7]

B

35 40
Deuteron energy (MeV)

45 50

14



2. Experimental data (cont.) -

B Correction
® The formula for activation method:
—19
M 0501.1.6x10 t, e 102 ( b)
nepalN, t x QO l1—e

O =

@ y-ray branch ratio, ¢ [Z] 1/p

7] ed)(1- e

€ Radioactive decay constant, ¢

€ Standard cross sections, if relative measurement, ¢

O'standard

15
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2. Experimental data (cont.)

ll (]
o\
In

B Correction

700 L R R
: +1 186 186
600} W (d,2n) ""Re
- o F.W.Pement et aI.(1 966) )
_ 500 a, : B .
o i | ]
E i y
5 400 | , ar .
6 2 4 - . :
! i b | R !
o 300 F 26 A 2 -
9 ¥
O

200 & | DECAY-DATA (75-RE-186-G,90.64HR,DG,137.16,0.092)
X

DECAY-DATA (75-RE-186-G,90.64HR,DG,137.16,0.0942) *

100 F (%
L A
[ ‘-5 The corrected factor |s 0. 092/0 0942 0 9766.
O Ls_. ral BN EFEPETETE PETEETE EPEEE ENTETEE BFETETETE EEE-ANE ERrE
5 10 15 20 25 30 35 40 45 50

2/

Deuteron energy (MeV)

* Huang Xiaolong et al. Nuclear Characteristics of Nuclides, China Atomic Energy Press, 20131 6



2. Experimental data (cont.)
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dh
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B Correction

700

600 |
500 |
400 |

300 |

Cross section (mb)

200 |

100 |

[y yrsrrfrryrjrrrrprrrrvrprry

186\ (d,2n) 'R

K.Ochiai et al.(2007)

F.W.Pement et al.(1966)
S.J.Nassiff et al.(1973)
Tao Zhenlan et al.(1981)
N.S.Ishioka et al.(2002)
F.Tarkanyi et al.(2003)

S.Manenti et al.(2014)
C.Duchemin et al.(2015)

35 40
Deuteron energy (MeV)

45

50

17



Contents

g

2
|l| €
'1\

ii
i

Wi
Y E t;.
3 ----- costg ;
lysis .
ala YSIS 2 1l 1onsh psk el determaneo‘
by s ¢ g chan © [)ramanr Sl
dp‘;f‘dffd Q | S v fdifferent | YR
amon : g7,
databases gO | E?;:
‘el b 2.5
Orgizains, s 4 §  f
companies i
0
H M s 0
S hige Lber
2 5“ i3 o mlnln W
\He £ J;Bgroce
:‘hu g’ mnary @7y lramcuoml analyze |
3 Q&&sdﬂ bl | 1) g enibe
e G ML
) ¢

3. Nuclear model calculation

18



3. Nuclear model calculation

cAD&

Calculation using TALYS, a nuclear model code,
developed by Koning et al.

® The nuclei were considered non-spherical in shape;

® The compound nucleus contribution was considered in the
frame of Moldaner model;

® The contributions of direct reactions were taken into account by
ECIS;

® The back-shifted Fermi gas model (BFM) was used for level
densities (Idmodel 2);

® The OM parameters were adjusted, rvsdjust was set to 1.2, the
pairing energy of 186Re was set to 0.0.

4.

19



3. Nuclear model calculation (cont.)

Cross section (mb)

700

600

500

300

100 }

400

200 }

L I LI L} l LA B | I LI B B ' LI l L] L ' L LIS l LI T l LI B J

- 188\ (d,2n)'%®Re

® F.W.Pement et al.(1966)
(. -~ S.J.Nassiff et al.(1973)
| ¥  Tao Zhenlan et al.(1981)

! O N.S.Ishioka et al.(2002) -
X  F.Tarkanyi et al.(2003) ]
| K.Ochiai et al.(2007) -

S.Manenti et al.(2014) i
A  C.Ducheminetal.(2015)

Deuteron energy (MeV)
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4. Experimental data fitting
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B Select the data for 135W(

Cross section (mb)

700 ———
600 |

500 }

100 |

n)186Re

Higher than others and calculation,

400 |
300 |

200 |

these data.

' Jthe 3s limit was selected to discard

o (dl.(T900]

! S.J Nassiff ef al.(1973)

O N.S.Ishioka et al.(2002)
¥ F.Tarkanyi et al.(2003)
' K.Ochiai et al.(2007)

' Ao Zhenlan et all T98T) :

S.Manenti et al.(2014)

A C.Duchemin et al.(2015)

e
g

-

PR BT

Deuteron energy (MeV)
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4. Experimental data fitting(cont.)

B From threshold to 14 MeV

700

600

400

300

Cross section (mb)

200

100

4.

500 |

[ me——— Polynomial fit

Tao Zhenlan et al.(1981)
N.S.Ishioka et al.(2002) O L
F.Tarkanyi et al.(2003) !
K.Ochiai et al.(2007) ' ]
S.Manenti et al.(2014)

C.Duchemin et al.(2015)

7 8 9 10 11 12 13 14
Deuteron energy (MeV)

0,,, =a-bE +cE,’ —dE;

a=4.2176,
b=1.4378,
c = 0.1555,
d = 0.0052

23



4. Experimental data fitting(cont.)

\
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B From 14MeV to 50 MeV

Cross section (mb)

400

188\ (d.2n) 1¥6Re

v Tao Zhenlan et al.(1981)
N.S.Ishioka et al.(2002)
X F.Tarkanyi et al.(2003)

K.Ochiai et al.(2007)
S.Manenti et al.(2014)
A C.Duchemin et al.(2015)
—— Polynomial fit

300 §

200 |~

100

Deuteron energy (MeV)

0, ,, =exp(a—bE ,+cE %)

a=1.8248,
b =0.2544,
¢ = 0.0031

24
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5. Evaluation of excitation function
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B After comprehensive evaluation

700

600

500

400

300

Cross section (mb)

200

100 |

i N B " L DL DL L L L L B B
[ + ]
] T4 188\ (d,2n)'%®Re L
® F.W.Pementetal.(1966)
5 a5y ' S.J.Nassiff et al.(1973) ;

¥ Tao Zhenlan et al.(1981)

() N.S.Ishioka et al.(2002) !
s%—__F Tarkanyi et al.(2003) N
' K.Ochial et a: |

al S.Manenti et al.(2014) i
o - A  C.Ducheminetal.(2015)
- wwmmme |[AEA-TRS-473

woonn M Hussain et al.(2010)
Recommended Values

Agree with the
experimental data.
The maximum value
is 4.8% higher than
the value of IAEA
TRS 473, and 4.7%
lower than the value

of M.Hussain et al.

5 10 15 20 25 30 35 40 45 50
Deuteron energy (MeV)

( The recommended excitation function for 18W(d,2n)'%¢Re reaction

26
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6. Calculation of thick target yields

\

Cx
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B The thick target yield (TTY) of 18°Re was calculated

SlUN s S S IS LS S S UL UL I AL
45 3 B S .Mukhammedov et al.(1984) E
- @ M.L.Bonardietal.(2010)
— 40 < S.Manenti et al.(2014)
< s TTY from '20W (d,2n1)186Re ;
?Er 35 F ITY from '®w (p,n) Re =
@ i ]
= 30F R
e i ]
.g 25 — —
S 20 F E
s 5 5
x 15 F 3
9 -
L [ i
= 10 | -
5 | :
0 “4 P ]
0 5 10 15 20 25 30 35 40 45

Deuteron energy (MeV)

The TTY of 185W(d,2n)'%Re reaction

° The TTY of 136wW(d,
2n)'86Re reaction are
much higher than the
value of 18W(p,n)'8Re
reaction.

] The 18W(d,2n)'8Re
reaction may be more
suitable for production of
no-carrier-added 18Re for

medical application.

/"
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7. Conclusion
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7. Conclusion
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» The experimental data were collected and analyzed;
» Nuclear model calculation using TALYS;
» Fitting for the evaluated experimental data;

> The excitation function of 3W(d,2n)'8%Re reaction
was recommended below 50 MeV;

» The TTY was calculated using the recommended
excitation function of 13°W(d,2n)'3°Re reaction;

> The 18W(d,2n)'%¢Re reaction is more suitable for
production of no-carrier-added '8¢Re for medical
application.

/"
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= Formula

M ¢ 1 1.6x107"7¢ ™

O =

— At

nepalN, t x @, l1—e 7™

e M—Target molecular weight

e n—Target nucleus number in a molecule

e ¢—Detection efficiency of detector at full energy peak
e p—y-ray branch ratio

e a—Isotope abundance

e N,—Avogadro constant

-10%*  ( b)

e c¢/t—Accounting y-ray number at full energy peak in a unit time

e y—Target weight in a unit area

o t—Irradiation time

e (—Total integrated beam current (in Coulomb)
o t;—Cooling time (start from stop irradiation)
/—Radioactive decay constant
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