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INEN Talk Overview N\

|.  SPES construction phases & +1 L.E. line planning
II. Status of the RIB sistem
lIl. First beam for users

V. Conclusion
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NN Project construction phases Q
3) Post acceleration area 1) RIB production area

Phése3 I R-Q

M A W3
L HIRAE, et SR

N '-; - ;’ ) |
! )

2) Beam Manipulation area

XTU-Tandem ;i .
2 M 1+ Exp. areas

* Phase 1. 2016 - Building + First operation with the cyclotron -« NOW!

* Phase 2. 2017-19 - From C.B. to RFQ & SPES target, LRMS, 1+ Beam @

* Phase 3. 2019-20 - From the LRMS to the CB + rom RFQ to ALPI

SPES
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The Low Energy 1+ beam line (“TIS — Tape System” )
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1+ line - A5 room
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ELECTROSTATIC DIPOLE

Goal: To Have first no-accelerated RIB before end 2019
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Working plan for the 1+ (TIS — tape system)
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Alberto Andrighetto

Working plan and follow-up for the three
main issues listed below:

——— 1) Bunker beam line (proton & RIB)

—— 2) 1+ beam line

NS

Milestone 2019: first low intensity RIB @ SPES

SPES é
NSl

exotic beams for science

11l SPES workshop: 10th October 2016



INEN Planning of Bunker beam line \
(e

2017 2018 2019
Mome attivita ~ | Durata -  Ihizio - Fine - T2 T3 T4 T T2 T2 T4 T1 T2 T2 T4 T1 T2 ]
4+ Primary and secondary beam line operation 803 giorni mer 01 /06/16 ven 28/06/19 I ]
cyclotron commissioning with the high—power beam dump 66 giorni mer 1 /06716 mer 3170816 i q
cooling 43 gorni gio 01408416 lun 31710416 service plants to hubs
decommissioning 22 giarni mar01/11/16  mer 30/11/16 (hYdraU“C, EIeCtricaI, )

ven 30/12/16

cleaning of the A6 room and accurate check for safety and 22 gorni gio 0112716

radioprotection

mer O1 /06,16 mechanical installations

AT T FFFFTTFFFFTTFFFFTF

delivery of the technical
subesystems of the ISOL

tender for the executive
ISOL rooms

installation of the main p e 117 wen 281247
rooms (for the complete I
secondary beam lines) wi | A6 room

[T ]

P PP e 6 mer 21 /0B/16

« vacuum

service plants from hubs to

delivery of the technical| | G/16 mer /0616

subsystems of the A1G 1 th . t
tender for the executive| | | D616 mer 3170816 € main appara us

A6 room 1 1 : [ ]
installation of the main o | 15416  wen 04708417 : WPB3

room (for the complete d | I E controls & power supplies
secondary keam Ines) v| | l ? e ———
preliminary assembly of tf | 11416 lun31/0717 : _-‘D‘PEHﬂ—J

protonic front—end 1 1

mechanical installation of | I 1418 lun 3070418 : A WPBE, WPB10

protonic front-end 1 ] |

preliminany assembly of t| I M ﬂ} M FH1/6 lun31/07/17 : _-‘D‘F‘EHﬂ—J

electrostatic guadrupale | I / |

mechanical installation 0.J= // ='_L,1 A8 lun 30/04/18 : WPEE, WPB10

electrostatic quadrupole { ¥ / / u :

technical documentation| : L L] : 066 wan 3012146

tender for the vacuum s I 1 117 wan 28127

vacuum system compang | 112717 wen 281217

installation of the vacuud | I 5418 wen 29/06/18 WPB11

secondary beam lines 1 | :

technical documentation| I I 066 wen 3012516 T WPBE, WPBTO

tender for the cabling pi| b = == == = = - —— o e e e e o o o v Yy T e 2912717 :

installation of the cahbling/piping huk—apparatus 45 giorni lun 0207718 wen 31/08/18 E WPBS, WPB10

technical documentation for the power supplies and the contral 153 giorni mer M /06/16 wven 301216

system

tender for the power supplies and the control system 260 giorni lun 0201 A7 wen 2971217

installation and preliminary testing of the power supplies and of the 130 giorni lun 010118 wven 29706718
control system

testing of the power supplies and of the control systam 215 giorni  lun 03/0918  wen 2850619
primary beam line test with low intensity proton beam in the high 215 giorni  lun 03/08/18  wen 28/06/19
power Faraday cup

- WPBA
[ wPB6

contingency & tests

secondary beam line test with stable ion beams 215 giorni  lun 03/08/18  wen 28/06/19 Se ptember 20 18 - June 2019 H'WPB6
horizontal handling machine test 215 giorni lun 0370818 wen 2870619 - HWPB6
primary and secondary beam lines commissioning 0 giorni ven 28/06/19 wven 28706715 4 28/06
SPE
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C
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Planning of 1+ beam line

2017 2018 2018
Mome attivita ~ | Durata -  Ihizio - Fine - Tz T3 T4 m Tz T3 T4 m Tz T3 T4 m Tz T3
41+ beam line operation 803 giorni mer 01/06/16 ven 28/06/19 I 1l
preparation of the technical documentation for the plants and 66 giorni mer 01 /0616 mer 31 /0BA16 WPB1, WPBG, WPB10, Tony Mendez g

subsystems of the 1+ beam line

service plants to hubs

(hydraulic, electrical, ...)
[

31508

WPB3 5 ) 5
mechanical installations

HWPB1, WPB6, WPB10, Tony] VACUUM

service plants from hubs to
the main apparatus

controls & power supplies
WP, WPES. WPB10. Tony | |

WEBT0

3G, WPB10

R

1 WwPB4
WPB4

contingency & tests
March —June 2019

, WPB10

[ wPBa
HwPBe

I i
bunker A6

r

|

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

[ ] el ————— -

O magnetic dipole

electrostatic dipole
CONSTRUCTION
[ electrostatic triplet of quads  — &
O beam diagnostic box INSTALLATION
tape system

LU IoT IO TES TR UT e TaPeE SYSTETIT T oI TCITT T T T TOTT T T T
1+ beam line commissioning with stable beams up to TS 0 giarni ven 28/06/19  wen 28/06.15

Alberto Andrighetto

¥ 28/06

SPES
-—-é 11l SPES workshop: 10th October 2016
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INFN 1+ beam line operation (from TIS to tape system) O

WIP for the specific 1+ beam line components

electrostatic triplet of quads

T N ! E—
ek :'.h"u i3
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INFN Future Implementations
(G
Tape station for beam [ .
. . P [T
characterization ( @
EAM COOLER
) ()= L et
% i 0 s
o 9;1—
Low intensity beam monitors h @ A
e T . 292
i le
MCP & grid L'E
beam monitor %’ Jj’ i
Low Energy Experimental Room (not financed yet)
SPES
Alberto Andrighetto & — [1l SPES workshop: 10th Octdpes vatishop 2016
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Stautus of the
RIB complex

SPES
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complex

Alberto Andrighetto

SPES
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The OFF-LINE fron-end

SPE

é 11l SPES workshop: 10th October 2016

exotic beams for science

Alberto Andrighetto



Laboratories & Organization
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INFN TIS unit endurance test: 3

Tests at high temperature with Joule heating thermal load (1300A target heater, 350A line):
heating power = 12 kW > primary proton beam thermal load (=10 kW)

Before tests

e =415 testing hours at high temperature -> = 220 hours at maximum power (12kW)

« 79 heating cycles sustained -> 9 with current ramps of 1 s from 0 A to 1300A (!)

@g to 350A (!)
TIS UNIT STILL OPERATIVE !!

SPES
Alberto Andrighetto & — [l SPES workshop: 10th October 2016
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INFN

Istituto Nazionale
di Fisica Nucleare

Plasma lon Source

extraction
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Alberto Andrighetto & Mattia Mapaekarmdrighetto

SPES

b= )
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Sn

Xe

Plasma ion sources: off-line beam production

ion. eff. injection
(%) mode
6 gas tube
wWiP oven
8,5 gas tube
very low oven
10 oven
19 oven
11 gas tube

11l SPES workshop: 10th October 2016
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INFN Sourface ion sources: off-line beam production ES\

ion. eff. hot-cavity | hot-cavity
(%) temp. (°C) | material
Na Ta

Istituto Nazionale
di Fisica Nucleare

Y

Surface lon Source [ hot-cavity lignment system |
L &
’ P '
A\

.\ 47,6 2200
Yy ﬁ \\ / K 55,4 2200 Ta
\
Ga 1,4 2200 Ta
Rb 54,5 2200 Ta
Sr 18,5 2200 Ta
In 3,2 2200 Ta
- B, Cs 43,2 2200 Ta
«{ Rb beam ™1 Sr beam Ba 58,8 2200 Ta
Z 501 60 1
g ] £ La 20,1 2200 Ta
E 7 § 30
g E 2
10 1 = 10 -| M 100,0 - O experimental
U S S S 0 o —— — —theoretical (N=280)
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 —
m/q (u) m/q (u) §_ theoretical (N=1)
23 & S 10, -
.| Csbeam ©| Babeam S
z ] o
= 15 T 50 c
g £ w0 S 101
3 1 S .g
0,5 3 -
10 \
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m/q (u) m/q (u) , : s ) ,
’ ! ionization potential Wi (eV)
. . SPES
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NN Target materials production and tests O

New laboratory for the production of UC, at Legnaro
Ready for UCx production

Ventilation and fire extinguishing systems are ready, instruments are
placed and ready to be used

SPES
Alberto Andrighetto @ *-"-é 11l SPES workshop: 10th October 2016
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b Target material and UCx production O

» On-line testing of the SPES target material and architecture @ ORNL (2010-2012)
»40 MeV, 50 nA proton beam on a UCx target

w

]

e i
2010 Test 2011 Test ; — --
Standard UC, & Low density UC, |& pe 4.25 2.59
Gl IR W W R U .
i B a4 el 1250  13.07
(mm)
Thickness
41 41
4L 0
Calculated
porosity (%) = 7>

SPES
Alberto Andrighetto @ *-"'-é 11l SPES workshop: 10th October 2016
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INFN_ Target materials production and tests
Synthesis of a novel type of UC, using graphene

Experiment submitted & accepted at Karlsruhe: n. AUL-176 "Study of the use of Reduced
Graphene Oxide as source of carbon for UCx-Graphene nanocomposites production”

Final phase (Nov-Dec 2015, JRC-ITU
Karlsruhe, ActusLab)

Production of uranium carbide using
graphite or graphene as carbon sources

UO,+6C—UC,+2C+2C0

Actuslab _ S. Corradetti et al. _ Nov/Dec 2015
Effect of Heat Treatment: 1450 °C - 10" mBar

UCx_graphite
—— UO, + Graphite

Intensity /arb. units

20 /°
SPES
Alberto Andrighetto @ *-"'-é 11l SPES workshop: 10th October 2016
exotic beams for science



Offline: Spectroscopy

3 Dye Laser @ 10 Hz rep. rate

Diagnostic tools:
e  Monochromator

* HCL
* ToF Mass Spectrometer

SPES
Alberto Andrighetto @ *-"'-é 11l SPES workshop: 10th October 2016
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Istituto Nazionale
di Fisica Nucleare

Spectroscopy:

e Study of different
elements of interest

e Offline-lab with 10Hz
dye laser system

* HCL & ToF-MS

Alberto Andrighetto

Defining RIB
production laser
requirements

10 kHz TiSa laser
New laser lab
requirements

SPES é
NSl

exotic beams for science

Development of the RIB apparatus: resonant laser ionization

* ToF system

* Hot cavity
» Efficiency
measurements

11l SPES workshop: 10th October 2016




The SMO test at LNL

Simulation software Siemens in Tia Portal

*  Movement test in automatic mode

Experimental tests with 3 transponder

SPES
Alberto Andrighetto & — [l SPES workshop: 10th October 2016
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Alberto Andrighetto

The agv trip

SPES
seesd
exotic beams for sci(—:nce\
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INFN The new Chamber Unit Storage Q

The layout:

SPES
Alberto Andrighetto @ *-"-é 11l SPES workshop: 10th October 2016
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INFN ISOL front end: mechanical design upgrades

_~ Istituto Nazionale
di Fisica

Proton Beam collimator box Pneumatic, hydraulic and
power fast connections

for:
* High Power Faraday Cup
* High Power Beam Profiler

General remarks for the Front-End design

* Elastomer seals are foreseen only in the fast connection for both the pneumatic and hydraulic loops (maybe VAT valves).

* Hydraulic loops have compatible interfaces for demineralized water (AISI304L/316L - copper or AISI304L/316L - aluminum) in order to
prevent corrosion phenomena.

SPES
Alberto Andrighetto @ '—'"""‘ [l SPES workshop: 10th October 2016
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/') '
L'iFN ISOL front end: general design upgrades O

Proton beam line RIB line

Collimators Electrostatic module upgrade for the Wien Filter

Mass resolution improvement
from 80 to 140

SPES
Alberto Andrighetto & — [l SPES workshop: 10th October 2016

exotic beams for science



RESULTS of the study on elastomeric vacuum O-rings for the target chamber

i
2.
o

Dosimetry calculations with MCNPX: LNL — UniPv — UniBs
Irradiation in a mixed n+y field at TRIGA reactor: UniPv (LENA)
Mechanical and physical tests at MaST Laboratory: UniBs

FOUR TESTED PRODUCTS:

.

D[O:IONLS  James Walker

FORNITURE INDUSTRIALI

EPDM 2
v' Best price/performance ratio
v" Recommended up to 15 days life cycle and beyond

PROSPECTS FOR RDS_SPES ACTIVITIES:

Experimental study of other components:

lubricants and greases, optical fibers, cable insulators, etc.

Possible collaboration with ESS
for rad-hard test of materials in reactor n+y mixed fields

SPES
Alberto Andrighetto @ ‘—""""‘é
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First Beam for users

SPES
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INEN List Beam for users (SPES web-page)
(e

Ba Ba Ba. B'l

117 1k
n Sn Sn Sn Sn

1 o I RN i Iﬁlﬁ“ﬂﬂ
d ¢a &

09 l_l[l 111 112 ]]3 ll-l

dCd Cd & ¢a

> 10711
10710 - 10711
1079 - 10”10
1078 -10"9
1077 - 10”8
1076 - 1077
1075 -10"6
1074 - 1075
1073 - 104
1072 -10"3
10 - 10”2

< 10

%fﬁ B

=2
s|g
o B

w3 | Y

OO00O00O0OF SN

VISIT: https://web.infn.it/spes/index.php/characteristics/spes-beams-7037/spesbeamstable

SPES
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C

Istituto Nazionale
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Rb beams (Surface lon Source)

D surface ionization mechanism

D laser ionization mechanism

18

Rubidium (Rb)

alkali metal

atomic number Z = 37

standard atomic weight = 85,468
first ionization potential = 4,18 eV
ionization efficiency = 54,5 %

Possible First

H1 2 . electron impact ionization mechanism 13 14 15 16 17 He2
3 4 . not extracted 5 6 7 8 9 10
Li | Be B|C|N|O F | Ne
11 12 13 14 15
Na | Mg % 5 6 7 8 g 10 11 312 Allsil|lp
19 2 y 21 22 23 24 25 26 27 28 29 30 31 32 33
K Sc|Ti|V |[Cr|Mn|Fe|[Co|Ni|[Cu|Zn|Ga|Ge|As
37 38 46 47 48 49 50 51
Rb [I'sr Pd|Ag|cd| In|sn|sb
56 57 72 73 74 75 76 77 78 79 80 81 82 83
Cs|Ba|la|Hf | Ta| W |Re|Os| Ir | Pt [Au|Hg| Tl | Pb| Bi
87| 88| 89| 104 | 105| 106 | 107 | 108 | 109 | 10| Main fission (p-> 238U) fragments
Fr | Ra | Ac | unq | Unp [ Unh | Uns | Uno | Une | Unn Proton energy: 40 MeV

70

Faraday cup 2 beam current [nA]

0

60

50 1

40

30 1

20

10 1

Mass scanning

stable Isotopes:

- 8Rb (72,17 %)
- %Rb (27,83 %)

Beam

working temperature (hot-cavity) = 2200 °C
injection technique = folded Ta ribbon inside a
tubular Ta oven

calibrated solution = 10 pl (RbNO; in HNO, )
total beam intensity = 300 nA

beam RMS emittance = 1,5 m mm mrad

extraction voltage = 25 kV
Selectivity: Very Good (also without HRMS)

isotopes produced @ SPES
(p—>238U, 40 MeV 200 pA)

> 10711
10710 - 10711
1079 -10"10
10"8 -10"9
1077 -1078
1076 - 1077
1075 - 1076
1074 - 1075

0 1‘0 2‘0 ?:0 4‘0 5;0 6‘0 7‘0 8‘0 QID 1(;0 12;.0 1;0 1;0 11‘10 150 Production Yield: Ver_V GOOd v

m/q [u]

SPES
Alberto Andrighetto @ ‘—""""'é
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&

1073 - 1074
1072 - 1073
10 - 1072

" (pps)

oo .
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Cs beams (Surface lon Source)

Caesium (Cs)

alkali metal

atomic number Z = 55

standard atomic weight = 132,905
first ionization potential = 3,89 eV

Possible Second

ionization efficiency = 43,2 % Beam

INFN
D surface ionization mechanism
1 D laser ionization mechanism 18
1 H 2 . electron impact ionization mechanism 13 14 15 16 17 He2
4 . not extracted 5 6 7 8 9 10
2 | Li|Be B|C|N|O|F|Ne
1 12 13 14 15
3 Na | Mg 3/» 5 6 7 8 g 10 11 312 Allsilp
19 20 /1 22 23 24 25 26 27 28 29 30 31 32 33
4 | K|caffsc| Ti| v |cCr|mn|Fe|cCo|Ni|Cu|2n|ca|Ge|As
37 46 47 48 49 50 51
5 |Rb Pd|Ag|cCd| In|Sn|sb
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83
6 NcslBa|La|Hf [Ta|W |[Re|Os| Ir | Pt|Au Hg | Tl | Pb | Bi
87 88 89 104 105 106 107 108 109 110 2 R eel 238
7 Main fission (p—> 238U) fragments
Fr | Ra | Ac | unq | Unp [ Unh | Uns | Uno | Une | Unn Proton energy: 40 MeV
2,5
T : stable Isotopes:
¢ 27 Mass scanning
: _133Cs (100 %)
3 L5
E
m
g .
~
g
S 05
3
o
i

0

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

m/q [u]

Production Yield: Very Good

working temperature (hot-cavity) = 2200 °C
injection technique = folded Ta ribbon inside a
tubular Ta oven

calibrated solution = 20 pl (CsNO; in HNOj,)
total beam intensity = 300 nA

beam RMS emittance = 1,5 m mm mrad
extraction voltage = 25 kV

Selectivity: Good (also without HRMS)

isotopes produced @ SPES
(p—>238U, 40 MeV 200 pA)

33 5 36 3 38
ﬁa Ba Ba Ba Ba Ba

133

Ba Ba
131
Cs és Cs

120 130 131 132

Xe Xe Xe Xe

Alberto Andrighetto

exotic beams for scienc

£

B -0l
B 10710-1001
B 1079 -10°10
B 1078 -1079
O 1077 -1078
] 107 -1077
] 1075 -10%
A4 [] 107 -10"5
147 | 148 | 149 | 250 O 103 -10
Ba|Ba|Ba ba O 1002 -103
T 196 | 147 | 138 O 10-102
|Cs|Cs|Cs|Cs|C b <10
135 [ 146 (pps)
Xe|Xe

11l SPES workshop: 10th October 2016



INFN_ Ba beams (Surface lon Source)

Barium (Ba)

D surface ionization mechanism alkallne ea rth metal
1 D laser ionization mechanism 18 atomIC number Z = 56
1 H1 2 . electron impact ionization mechanism 13 14 15 16 17 He2 Standa rd atomIC We'ght = 137,327
1 P st T T o first ionization potential = 5,21 eV GoTTm
2 | Li|Be B|C|N|O|F|Ne ionization efficiency = 58,8 %
3 |nalmg| @ 4/; ¢ 7 8 9 0H 2 yls|p working temperature (hot-cavity) = 2200 °C

injection technique = folded Ta ribbon inside a
tubular Ta oven

calibrated solution = 20 pl (BaCO; in HNO, )
total beam intensity = 300 nA

beam RMS emittance = 1,5 m mm mrad

19 20 21 2 23 24 25 26 27 28 29 30 31 32 33
4 | Klca|sc/Ti|Vv|cr|mn|Fe|cCol[Ni|Culzn]|calGelAs

37 38 46 47 48 49 50 51
5 |Ro| sr Pd|Ag|cCd| In|Sn|sb

554 56\ 57| 72| 73| 74| 75| 76| 77| 78| 79| 80| 81| 82| 83
6 |csllBallta| Hf [ Ta | W [Re|Os| Ir | Pt |Au Hg | Tl | Pb | Bi

87 88 89 104 105 | 106 | 107 108 109 110

Main fission (p—> 238U) fragments "
7 | Fr|RalAc Unq | Unp | Unh | Uns | Uno | Une | Unn Prolton|e|!1erg($: 40 Me)V € extraction Voltage =25 kV
— e Selectivity: Good (also without HRMS)
Stable ISOtopes. .
g - M ) isotopes produced @ SPES
§ 60 1 dSS sCanning - 134p3 (2’42 %) (p9238U, 40 MeV 200 UA)
5 o - 13583 (6,60 %) —
£ a0 B -
% 30 1 e A (7;85 %) B w010-10011
S | - 137Ba (11,23 %) —
> B
_"; 10 4 _ 13SBa (71,7 %) O 1077 -1078
E Ry ] 107 -1077
0 10 20 30 40 50 60 r;;q [Su('.:}l 90 100 110 120 130 140 150 Production Yield: Good B ig:i :ig:i
P — ——— 0w
1a 1.a la La a La _a a )
120 130 131 132 gs 134 135 136 13 147 [ 148 | 149 O 1/0 Slom2
Ba Ba Ba Baj:f] Ba Ba Ba Ba Ba Ba|Ba|Ba ﬁg a <o (pps)
128 120 | 136 133 145 | 146 [ 147 | 148 | 140
Cs Cs Cs [&3Key Cs SICs|Cs|Cs|Cs[Cs|Cs
SPES
Alberto Andrighetto o— ""“‘é [l SPES workshop: 10th October 2016
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INFN Sr beams (Surface lon Source)

Strontium (Sr)

D surface ionization mechanism alkallne ea rth metal
1 D laser ionization mechanism 18 atomIC number Z = 56
1 H1 2 . electron impact ionization mechanism 13 14 15 16 17 He2 Standa rd atomlc Welght = 87/62
, [ B e R T BT flrs'F |or.\|zat|or1 potentlal =5,70 eV orm—
Li | Be B|C|N|O|F|[Ne ionization efficiency = 18,5 % Beam
1] 12 13| 14| 15 i i 3 - o
3 |na|mg| 3 / 5 6 7 8 9 10 1 12|, |glpls working temperature (hot-cavity) = 2200 °C
= 2| =l 2] =] =] - D injection technique = folded Ta ribbon inside a
4 | K |ca Ti|V |Cr|Mn|Fe|Co|Ni|Cu|2zn|Ga|Ge|As PO TN
3 38 46 47 48 49 50 51
5 | roll sr Pd|Ag|cd| in |sn|sb calibrated solution = 40 pl (Sr(NO3), in HNO; )

55 56 57 72 73 74 75 76 77 78 79 80 81 82 83

6 : total beam intensity = 300 nA
Cs|Ba|la|Hf | Ta| W |Re|Os| Ir | Pt [Au|Hg| Tl | Pb| Bi

beam RMS emittance = 1,5 m mm mrad

87| 8| 89| 104| 105 | 106| 107 | 108 | 100 | 110 Main fission (p—> 238U) fragments

7 | Fr | Ra | Ac | unq | unp | Unh | Uns | Uno | Une | Unn Proton energy: 40 MeV extraction voltage = 25 kV
— Selectivity: Good (also without HRMS)
g 7] Mass scanning stable Isotopes: isotopes produced @ SPES
£ 60 238
g - 84agy (0,56 %) (p—>238U, 40 MeV 200 pA)
§ 40 = 865r (9,86 %) B -
e - #75r (7,00 %) R
% 20 - n 885r (82 58 %) | 1078 -10"9
8 107 ' O 1077 -1078
e - en [ 1076 -1077
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 Q Q . D 1075 - 1076
e L Production Yield: Good N4 T w0 10s
= = = [l 1073 -1074
85  ®6 571 EA 39
YIY | Y Y 0 1002 -103
&3 u4 : 88 H ] 10-1072
Sr Sr Sr Sr O (ppS)
Rb l.
SPES
Alberto Andrighetto @ *-"-é 11l SPES workshop: 10th October 2016
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Sn beams (Plasma lon Source) N\

Tin (Sn)
D surface ionization mechanism post_transition metal
1 D laser ionization mechanism 18 at0m|c number Z = 50
1 H1 2 . electron impact ionization mechanism 13 14 15 16 17 He2 Standard atomlc Welght = 118,710 NS
s 2] [ notextacted T o7 T o1 s »l| firstionization potential =7,334 eV .
& | .° € ‘L important
ol i BIC|NJO]F [Nel| ionization efficiency =9,5% Beam
3 |Nalm|3 4 5 & 7 8 9 10 11 12 \5,3 silplslaolarll working temperature = 2200 °C
19| 20| 21| 22| 23| 24| 25| 26| 27 |28 | 2] %0 2| 3 injection technique = folded Ta ribbon inside a tubular
4 K|Ca|[Sc|Ti|V |Cr|Mn|Fe|[Co|Ni|Cu|Zn|GalGe|As
— - Ta oven (Sn metal)
37 . . .
5 |Rb| sr Pd|Ag|cd| Inlsn|sb|Te Sn beam intensity observed during the tests = 300 nA
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 1 =
6 |cs|Ba|Lla|Hf|[Ta|W|Re|Os| Ir | Pt|Au Hg| Tl [Pb| Bi | Po | At | Rn beam RMS emittance = 5 t mm mrad
v 87| 88| 89| 04| 105 | 106 | 107 | 108 | 108 | 110 [ pain fission (p=> 22%U) fragments anOde VOltage > 150 V
Fr | Ra | Ac | Unq | unp | Unh | Uns | Uno | Une | Unn | proton energy: 40 MeV extraction voltage = 25 kV
40 stable Isotopes: isotopes produced @ SPES
35 4 - 11251 (0,97 %) (p9238U, 40 MeV 200 uA)
= - 11451 (0,66 %) —
= B - 1155n (0,34 %) S
= > ~
g 20 - 1165n (14,54 %) B 100-1011
g 1 -117Sn (7,68 %) B 109 -10%10
2 - 118G (24122 %) B 1078 -10%9
3 O 1077 - 1078
5 1 { -1195n (8,59 %) O 107 -10%7
0 _ . . J'\ JL . . . _ - 12051 (32,58 %) [ 105 -10%
100 105 110 115 120 125 130 135 140 145 150 -1225n (4,63 %) V4 O 108 -1075
m/q [u] - 12481, (5,79%) % igé igA;‘
O 10-107
Sn Sn Sn @ <10
SPES
Alberto Andrighetto @ — [l SPES workshop: 10th October 2016
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Sn in Laser Laboratory (Future LIS)

INFN
Tin (Sn)
D surface ionization mechanism post'tra nS|t|0n metal
1 D laser ionization mechanism 18 atomIC number Z = 50
1 H1 2 . electron impact ionization mechanism 13 14 15 16 17 He2 Standa rd at0m|c Welght = 118,710
— B ot extracted R T BT first ionization potential = 7,34 eV
2 | i |ge \ B|C|N|o|F|Ne|| jonization efficiency = NA
1| 12 13| 14| 15| 16| 17| 18 i ¥ ; -
3 INa|mg|® 4 5 6 7 8 9 10 1 AN g p ot | 2 Wgrklpg temperature (hot-cavity) = NA
4 19| 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30| 81| 32 mJeCt'on technlque =Yyes
K|Ca|Sc|Ti|V |[Cr|Mn|Fe|Co|[Ni|Cu|Zn Ge calibrated solution = yes
37| 38 46| 47| 48| 49f| 50|\ 51 . :
5 |ro| sr Pd|Ag|cd| Inllsnlsp|Te total beam intensity = NA
55| 56| 57| 72| 73| 7a| 75| 7| 7| 78| 79| so| s1| s2| s3] e4
6 Cs|(Ba|la|Hf |Ta| W |Re|Os| Ir | Pt [Au[Hg| Tl |[Pb| Bi | Po b 4
87| 88| 89| 104 105| 106 | 107 | 108 | 109 | 110 PR R 238 lonization Wavelength path —Sfes
7 Main fission (p—> 238U) fragments
Fr | Ra | Ac | unq | Unp [ Unh | Uns | Uno | Une | Unn Proton energy: 40 MeV

Mass scanning

Alberto Andrighetto

stable Isotopes:

1145 (0,96 %)
11551 (0,66 %)
1165 (14,3 %)
1175 (7,61 %)

Production Yield: Good ) 4

isotopes produced @ SPES

1185 (24,03 %) (p—>%%8U, 40 MeV 200 pA)
1195 (8,58 %) —
1205 (32,85 %)
1225 (4,72 %)
1245n (5,94 %)

oo .

SPES é
NSl

exotic beams for science

WOR

K IN PROGRESS

important

> 10711
10710 -
1079
1078
1077
1076
1075
1074
1073
1072

Beam

10711

- 10710
- 1079
- 1078
- 1077
- 1076
- 1075
- 1074
- 1073

10 - 1072

<10

11l SPES workshop: 10th October 2016
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INFN_ Kr beams (Plasma lon Source)

Krypton (Kr)

D surface ionization mechanism nObIe gas
1 D laser ionization mechanism 18 atomic number Z = 36
T : tandard atomic weight = 83,7

1 H1 2 . electron impact ionization mechanism 13 14 15 2 S. a c.ja Fj a ‘O C e g 83, 98

: B ot extracted : first ionization potential = 13,99 eV

4 = 6

2 | Li|Be B|lC|N ionization efficiency = 4,6 %
3 |nalmg|3 4 5 6 7 8 9 10 1 2|, g5 working temperature = 2200 °C

4 }29 Cz; Sz(; 'Igi2 \53 CZ: Mzs er Cz; ﬁla C’ﬁ Z.;o G3a1 GS(: Assa gas injection rate (Ieak) = 5,0‘10'6 mbar |/S
total beam intensity = 3000 nA

beam RMS emittance =5 nm mm mrad

anode voltage = 150 V

37 38 46 47 48 49 50 51
5 |Ro| sr Pd|Ag|cCd| In|Sn|sb

55| 56| 57| 72| 73| 74| 75| 76| 77| 78| 79| 80| 81| 82| 83
6 |cs|Ba|lLa|Hf[Ta|W|Re|Os| Ir | Pt|Au Hg | Tl | Pb | Bi

y 87| 88| 89| 104 105| 108 | 107 | 108 | 109 | 110 | Main fission (p-> 238U) fragments extraction Voltage =25 kV
Fr | Ra | Ac | Unq | Unp | Unh | Uns | Uno | Une | Unn Proton energy: 40 MeV . - .
Selectivity: Bad (without HRMS)

70 VI _ stable isotopes: isotopes produced @ SPES B on
1335 5CanNing - 78Kr (0,35 %) (p->238U, 40 MeV 200 pA) —R
2 - 80Kr (2,25 %) — W 109 -10°10
ggo - 82Ky (11,6 %) E 1078 - 1079
£ 10°7 - 10"8
- 83Kr (11,5 %) T w0 10

10

o L . U - 84Kr (57 %) [0 10°5 -10%6

0 4 8 121620242832 364044r:?q5l|2115660646872768084589296100 _ 86Kr- (17’3 %) D 104 - 1075
) 4 [] 1073 -10%4
[] 1072 -10"3
[ 10-1072
[] <10
SPES
Alberto Andrighetto @ *-""'-é 11l SPES workshop: 10th October 2016
exotic beams for science
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INFN

Istit (uN zionale
di Fisica Nucleare

Xe beams (Plasma lon Source)

D surface ionization mechanism

Xe ‘{e Xe Xe Xe

Alberto Andrighetto

Xenon (Xe)

noble gas

14] 142 143

SPES é
NSl

exotic beams for science

1 D laser ionization mechanism 18 atomlc number Z — 54
i H1 2 . electron impact ionization mechanism 13 14 2 Standard atomic Welght = 13 1’293
5| 4] [ notextracted 5| o first ionization potential = 12,13 eV
2
Li | Be B|C . . . -
o ol ionization efficiency = 5,3 %
3 3 4 5 6 7 8 g 10 11 312 . . o
Na | Mg Al | Si working temperature = 2200 °C
19 20 21 22 23 24 25 26 27 28 29 30 31 32 . . . o
4 | K|cal|sc|Ti|Vv|cr|mn|Fe|co|Ni|Culzn|calce gas injection rate (leak) = 5,0-10 ® mbar I/s
s | | B w| 47| s8] 49] so| &1 total beam intensity = 3000 nA
Rb | Sr Pd|Ag|(Cd| In |Sn|Sb| Te .
55 56 57 72 73 74 75 76 T 78 79 80 81 82 83 84 beam RMS emlttance =i 5 T[ mm mrad
6 |cs|Ba|lLa|Hf[Ta|W|Re|Os| Ir | Pt|Au Hg | Tl | Pb | Bi anode Voltage =150V
87 88 89 104 105 106 107 108 109 110 2 R ol 238 o
7 | Fr [Ra | Ac | una | unp | umn | uns | uno | une | um | pragon anora 20 Mew o extraction voltage = 25 kV
Selectivity: Bad (without HRMS)
25
i Mass scapning stable Isotopes: |so;<)2|;3ele ngcl:l\;lJc\e;dz(()ét;SIfS
z - 124%6 (0,1 %) - B31Xe (21,2 %) (p , e HA)
g - 126Xe (0,09 %) - 132Xe (26,9 %) B m -on
10 ATO - T1OA
i - 12%Xe (1,91 %) - *Xe (10,4 %) B oo
_ 129Xe (26’4 %) - 136Xe (8’9 %) I 1078 -1079
0 O 1077 -1078
120 122 124 126 128 130 132 134 136 138 140 142 144 146 148 150 = 130Xe (4,1 %) [ 1076 -1077
m/q [u] D 1075 - 1076
N\ / [] 107 -10%5
] 1073 -1074
Cs Cs Cs Cs Cs Cs [ 1072 -10%3
23 125 126 pawem 128 129 130 131 132 134 136 142 | 143 | 144 | 145 | 1446 D 10 - 1072
e X e xe bl %< Xe| X2 |Xe | Ko X2 a9

11l SPES workshop: 10th October 2016
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INFN Beam Selectivity Calculation (using ORNL model)

Istituto Nazionale
di Fisica Nucleare

Copper (Cu) Z2=29

Isotopes Half-life
(seconds)

Intensity
(Pps)

Purity
(%)

Kripton (Kr) Z=36
(/

SPES@

Rubidium (Rb) Z=37

Isotopes Half-life
(seconds)

Intensity
(pps)

LIS | 20lE Isotopes Half-life Intensity
1,50E+18 7,99E+09 100 (seconds) (pps)
1,07E+03 2,21E+10 99 7,53E+01 1,27E+10
9,09E+02 4,75E+10 99 2,39E+01 3,00E+09
1,58E+02 9,62E+10 98 1,07E+00 1,57E+07
5,84E+01 9,62E+10 97 4,26E-01 1,31E+06
4,49E+00 5,09E+10 91 6,53E-01 6,16E+05
5,84E+00 3,38E+10 90 2,69E-01 2,80E+04
2,70E+00 1,37E+10 76 2,02E-01 2,30E+03
SPES
Alberto Andrighetto —— [l SPES workshop: 10th October 2016

No HRMS

1,71E+02 9,87E+06 100 E 1,02E+04 4,04E+09 44
4,50E+00 7,89E+06 100 R4 1,89E+02 3,99E+09 46
1,95E+01 1,69E+07 100 O 3,23E+01 4,37E+09 53
6,60E+00 1,39E+07 100

3,90E+00 9,17E+06 89

1,50E400 3.81E+06 81 Proton beam: E= 40 MeV , 1=200 pA

Strontium (Sr) Z=38

exotic beams for science

100
100
100
100
100
100
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INFN Beam Selectivity Calculation (using ORNL model)

SPES@

Istituto Nazionale
di Fisica Nuclears

Cesium (Cs) Z=55

Half-life
(seconds)

Isotopes

7,26E+13
1,14E+06
9,49E+08
2,00E+03

Intensity
(Pps)

1,68E+10
4,96E+10
1,07E+11
1,18E+11 76

Xenon (Xe) Z=54

Isotopes Half-life Intensity

(seconds) (pps)

Barium (Ba) Z=56

Surface I.

5,56E+02 9,77E+10 76 SPES devoted as 1325n factory?
6,37E+01 3,41E+10 54
2,49E+01 1,30E+10 55
SPES
Alberto Andrighetto — [l SPES workshop: 10th October 2016

exotic beams for science

1,12E407 1,28E+10 62 135 3,29+04 1,96E+10
) 8,33E+05 3,50E+10 96 137 2,29E+02 9,86E+09 28
@ 3,16E+12 4,21E+10 100 138 8,45E+02 1,01E410 29
o 7,56E+03 4,08E+10 100
* 3,54E+03 3,18E+10 100
S | 34E402 1.75E410 200 Proton beam: E= 40 MeV , 1=200 pA
2,23E+02 7,89E+09 99 No HRMS
5 60F+01 3 40F+09 76
3,97E+01 1,56E+09 100>

8,37E+05 8,21E+06 1,10E+03 1,61E+10 43
5,60E+05 8,94E+07 6,38E+02 9,33E+09 79
6,52E+07 4,08E+09 1,43E+01 1,48E+08 25



- - _ -

Yield for possible n-poor beams

4,37E+12
6,64E+11
2,45E+13
3,50E+08
5,72E+11
3,33E+10
6,99E+08

Alberto Andrighetto

&

Silicon Carbide Target (test 2006)
2 microA, 1800°C
Aluminum |SOtOpiC Chain . 5 microA, 1800°C
. 10 microA, 1800°(]|
5 + 12 microA, 1800°¢]
10000 3 8 E + 2 microA, 1600°C
B3 s :
3 1000 5 : i - -
L = Sta
= Ndarqg HR ¥
3 IBF ) *
o Prod
%] 100 | UCUOn 3 @
10 : : . : . !
25 26 27 28 29
Mass (amu)
/
/ ‘
/
SPES

ERESEsT——
exotic beams for science
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Alberto Andrighetto

Conclusion

SPES
—— 11l SPES workshop: 10th October 2016
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. Concerning the RIB complex...
The RIB source is almost ready for operation..

- TIS Unit ready; endurance tests running.
Y- UCx LNL laboratory ready for operation.

Y - Laser off-line lab fully operational; Al, Ge, Sn ionization
scheme tested successfully.

Y- New handling lab ready; AGV is moving in remote mode.

\

Y- Rad-hard test for critical materials & components started.

SPES
Alberto Andrighetto @ *-"'-4- 11l SPES workshop: 10th October 2016

exotic beams for science\
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NN Collaboration network with partners A\

ITHEMBA RISP-KOREA | | ORNL- HRIBF

ll__"l

il

INFN- Pavia

CERN- ISOLDE

GANIL-SPIRAL 2 =~ S' S u — INFN- Bologna 33 Tesi Magistrali

! 20 Tesi Triennali
. esi Triennali
Exotic Beam = | 20 . o
INFN- LNS 3 TesidiPhD
ORSAY-ALTO| - - / INEN. Padova 15 Ospiti Stranieri (FAI)
|
UNISI UNIPV UNIPD UNITN UNIBS
DSF 7 N
DEI N DSF / DIM DSC DIEI DTG DIM DIM 12511700 di: ISTITUTO NAZIONALE DI FISICANUCLEARE
CONTROLS “Method for producing beta emitting radiopharmaceuticals, and beta emitting
radiopharmaceuticals thus obtained”
LASER ION SOURCES MATERIALS HANDLING FRONTEND ST
SPES
Alberto Andrighetto %‘b';ms fom‘eé 11l SPES workshop: 10th October 2016




Second conclusion: thanks to the team!

SPES
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