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Batch-mode produced ribs

e [rradiation
e Transport
e Re-acceleration




Possible isotopes

. 5 — - - ’
PH Bﬁ'ﬂ' Bﬂ! Bﬁ'& Bﬁ'-!- E?S Be76 ( Be77 | BrelS | Bri0
u.n Mim | ®Tm [ M1k | S | GEw Tam
L o= m» . m— | s SR »o
B B B - K- L3 K L g
i SeTl SeT2 3 SeTs SeT8
9 s | anim | a7 ' 158 15T E5Eey
3 [ B e am e
B B S 3 o
A9 | A=T0 N A Al | A=TT A0 | AED
3 o | Bim | Zem | ew it nuE | ok nm | 1 13s
s w4 a2 Y Y a1 Ly [ a1
B 3 B L L= 12 I3 [ L
[=53 Cefil TS GeTT | CeTE | GeTH
E5Ta Wi FETTY DARTA 1 1 K Tm T T T T
" T B w | y L el - (I.'h-]-
K K LS K LS s [0S 3 3 3
Cafd | Cafd | GafS | Caff [ 9 Cald | CaTs | GaTf [ Gal7 | GaTh G-ATD
ds | ZaMm | BIm [ L8 | 3T | dDe ILlém illm 1260 Hin 12s M | LT
WA 3 - B an I I JomL| - =52 =) B2
L B EC K P2 2 (& [ I3 [ [ [
Infl nfd Infs A Tofs Zo7l [ "ZoTl | Zo73 | Zo74 | Zn75 | Zn76 | Za77 | ZoTE
Hm | Bl p ATm ETE] Sidn i 2 W 1ala EED ey Td7a
3 = - 2 sz ", - e [ oo w
s oy 0 0 L s i 3 L3 5 |
Cus? | Cu58 | Cu® | Cufl Cwhl Cufd Cubf | Cof7 | Cofl CuTd | CaT5 | CuT6 [ CaT7
1A | 1366 | BS. | 30w Tm LT sEim | @R | L T8 | D30 | s [ e
. 1 - » . 1 1 1 - o
. . . . 1 s
B 4 B 1 i 1]
ny w5d h TaEy Il y ETh | ik Ha [EH L 4 8
3 W s - - 13- - B 02 8 £
- m " & &
Codd | Lood o ]
tms | el mos | TR 24 20y | esen | 1Sm | Zas s Lms ams | das | wms | AFa 4 y
cnm. I S i N s | m | om ® T e g ,_1_4 ,_1_6
L e i 10 T F B F F [ F F F F
Fe‘l Fesd . Feds W F F Fes® | Fefld | Fefl | Fefl | Fefid | Fefd | Fefi> | Feff | FefiT | Fefi
sk | Esim 2Ty Fr i e n 6l Er ) wis [iiH
L - %8 . - WAL - (18 [ -
L i % F F F F -
M5l | Mol §f Mn33 § Moy @ Mzp3§ | Muns7 Munf2 | Mof3d | Mofd | MoSS
“lm LT ERTEE] RETET LeomSh | WiZa [ED [T =1y 4:‘}
] [ m. » 3 "3 o) L
| i
L e B F F F -
Crdf | Crd7 | Crd8 | Crd0 Cril 53 Crs5 | Cr36 | Crs7 r8 rs8 | Crfl | Crfl | Cré2
Wls | e | 2% | 6DIm e 1wm | SWm | I R wlis | aETs 4
b = 0. - . 0 . & prancal & - - ,_1_0
[ e i T [ o s [ i i i i i
Vi ViE v VB | VR Vil VE] Ve V5 LE] VE A= LE] Vb
Tms | 41177 me | SLém | ISTESH 04 INm Lelm s [ p -
2% m. - . i [ N m = e j8
- = o -
3 m: e 3 3 3
Tidd ¥ Tid34 Tid 3 I 5 Tisl (] Tidd | Tais5 | Tas6 | Tas?
0 ma I 195w ) any ™ Sm 1m nTs -5
- s - - - 2. 2 L8 - - *’.6
e x: b -
N S Scd 5¢48 | Scd9 f ScS0 51 | 533 [ 5o | 555
ozdm ll ssesms | ciises | Imie | 35T mmd | amse | s | Som o | R [
& . . | = =, - m & . 5 e 3
3 ke
0 B Cadl | Cadl
s | A5 LEES2 y N et o TiSm | D9 £
- 3 . m, m- . - e
i k38 i K5
126s | Tasm 15 | 238 | 20e | O 1] s [xh Lis | ATIms ™
pon = S e 2 30 4] 13 @1 |mzeamg| @z
e |k o ] 2 2 [ [ 2 s Fa s [ [
HET g Ard? L Ardd Ardl | Ardl | Ardd | Ardd | ArdS § Ardf J§ ArdT [ ArdS
1 == ELTTT Wy LT 38y aTm ILm 148w By -5
18 3 m - - BT - - - (3 ".4
HE -
LTI [ 3 i i N o o |
H CI38 | C139 | Cl40 | CHl | CH2 | €43 | Cl44 J Cls f Cls [SE
MRSy Thm | Eem | 8w | 34 [N i3 aems | 20w
1? N = | | qzaee
n 2 2 2 2 i s s
535 537 538 530 540 541 541 543 544 543
nila iEm | e | IS [t Znms | ems
34 m o ® - - 3
i : I3 I3 I3 Fa i
P33 P P35 P P37 P33 P39 i P4l P4l jIE] P4 ‘ jI5
M4 JEFEH] a3 Er E I L wlew 160w 20 ma Tiwma ] -r)
1 N 12+ 4




Possible isotopes

58Ni(p,p2n)56Ni

48T (p,p2n) *Ti
58N (p,p2n) >°Ni
0Ge(p,p2n) %8Ge
4Se (p,p2n) ?Se
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887r (p,p2n) 88Zr
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Target manufacturing

« Commercially available

e Production of 124], 76Br, 60Cu,
110]n, etc.

« Moadification to the target part
e Simpler process
e Minimum exposure

e ...butlimited in the radioisotope
concentration

e



A possible target geometry

9

¢

Material to be irradiated

Tandem source pill - Nb/Cu

Liquid cooled support - Cu

C.Fanin INFN Padova .



Power dissipation - preliminary
calculations

Power: 60 W

Contact resistance:
2000 W/(K*m2)
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bottle-neck: 0 ) A 6
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Electroplated targets for
radiopharmaceuticals




Power dissipation - preliminary
calculations

« Various options
considered:

— Electroplating
— Welding
— Only one piece
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Power: 750 W 500
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(upper limit)
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Our goal, the best case

 |rradiation:
_ Tirr:Tfus'lOOK
— For 10 days
Primary Nuclel Secondary
current produced |beam
44T 15 yA 6 10
SONj 35 UA 3.5 101
%8Ge 12 pA 1.5 10Y/ 1.5 108 pps




Some topics

Near-barrier fusion
e Se_

Isospin symmetry (T,= 1/2) | \
Isospin mixing isospin-forbidden or

mirror E1 decays

p-n pairing (N=Z, A>80)

single-particle character in *°Ni region

(d,p) (p.d) (d,*He) ... reactions for

astrophysics

T=1




Near barrier fusion

» Generally speaking, heavy-ion fusion near the
Coulomb barrier is governed by channel coupling
effects

» Medium-mass systems are best suited to studying
such effects, since, on one side, the couplings are
strong enough and, on the other side, fusion-
evaporation is the only significant reaction channel
following capture inside the Coulomb barrier

= However, from the experimental point of view,
measurements at 0° and near-by angles may not be
simple



Early studies of sub-barrier fusion in medium-mass systems
taught us that cross sections strongly depend on the
structure of colliding nuclei ...

M. Beckerman, Subbarrier fusion of atomic nuclei
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... and that sub-barrier fusion cross sections may also
depend on couplings to transfer channels (?)

Dynamic Influence of Valence Neutrons upon the Complete Fusion of Massive Nuclei

M. Beckerman, M. Salomaa, A. Sperduto,'® H, Enge, J. Ball, A, DiRienzo, S. Gazes,
Yan Chen,'” J. D, Molitoris, and Mao Nai-feng("
Laboratory for Nucleay Science, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139
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More recent measurements exploited the concept of a “fusion barrier

distribution”; its sensitivity to the static nuclear deformation was evidenced ...
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... and the experimental study of *®Ni+®Ni revealed for the first time
the existence of a barrier distribution with several well-defined peaks that
could only be explained by multiphonon couplings.
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A.M.Stefanini et al., PRL 74, 864 (1995)



B(D) (MeV)"

The fusion barrier distributions of
40,48Ca + 9GZr

e Phonons

Doubly magic
40,48Ca

015 |

Open transfer
channels in 4°Ca

Different barriers
for E < 0.95V,




Ground state Q-values
for neutron pick-up channels in
40,48Ca + 90,96Zr and 56Ni+ 90,96Zr

System +1n | +2n +3n +4n +oN +6n
VCa +997r|-3.61|-144| -5.86 | -4.17 | -9.65 | —9.05
VCa+%Zr| 0.14 | 4.89 | 4.19 8.12 3.57 4.65
OCa+%Zr| 051 | 5,53 | 5.24 9.64 8.42 | 11.62
BCa + 997r|-6.82 | -9.79 | -17.73 | —22.67 | -31.93 | -37.60
8Ca + 97r|-2.71|-2.82| -6.63 | -8.69 |-13.87|-17.00




PET -isotope
production at

_ N the

= IBA 30 MeV
Chemical separation cyclotron:
provided by the Target
production sration
of radioisotopes of one
s beam line

equipped with
51ar|?ge’r ports

18F: H,180 target
1¢: N,-target

50: N,-target
2 positions free




State of the Knowledge of N= Z
Nuclel Above Mass 80

qD. Bucurescu Act.Phys.Pol B38, No4, 1331-1341 (2007)

GASP. first study

GASP, sigmificant
extension

Studied before

- or isomer- decay
or just observed




MED and INC nuclear forces
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From the N_IED _ # How the nucleus generates its angular momentum
we extract information |# Evolution of the deformation along a rotational band
of nuclear structure # Isospin non-conserving terms in the nuclear interaction
properties # Learn about the configuration of the states




Test E1 selection rules

« Consider B(E1) ®’As;, and °’Se;; mirror nuclei (T, = £%%)

e Isospin formalism leads to:

« Selection Rules for charge-symmetric nuclear interaction

— InT, =% nuclei, IS = 0 in long wavelength approximation (kR << 1)

— E1 pure isovector character (but different sign in mirror nuclei)
— E1 transitions in T, = % nuclei should exhibit same strength

 If differences, may arise from interference between IV and non-
zero IS term



Measured B(E1)

325+40Ca — an channel 325+40Ca — ap channel
67 e o -
Se.,, s B B . 67As
717 [
' 7i2- fiz-
5/2- 52~
Energy B(E1) (10° B(E1) (10° Energy
(KeV) wu) wu) (KeV)
0.4(4) 1.4(4)
303 <1.4(9) 8.3(2.4) 319

Both transitions consistent with large isoscalar/isovector ratio:

IS/IV~ 0.35(20)
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Reactions for Tz=-1/2
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Reactions for T,=-1/2

56Nj+40Ca — %6Cd* — °1Pd,a,n
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Reactions for T,=-1/2 and T,=0
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