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(NN Talk Overview

-The SPES RIB Source

- The RIB +1 line.

- Possible first RIB’s @ SPES.
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The RIB source complex

Alberto Andrighetto SPES

exotic beams for science™




(P The SPES TIS U N IT
!
‘
— F{si's"ig'r}’f?:gaments Extraction Electrode (G m
O lons l ]
b | .
\
Primary beam
‘ (\
. | Production target
\ \ )
S, Y
Driver vs. Target Isotopes vs. lon Source
Alberto Andrighetto :S_E_@_E SPES -Nusprasen Workshop Pisa February 2018

exotic beams for science



N Production Target: material requirements

Target materials have to meet some specific
mandatory requirements:

* They have to be solid -> Safety requirement

* They have to be refractory (the higher the reachable temperature
the better the release) -> ISOL requirement

In addition

* Their emissivity value should be high (higher emissivity means
better thermal radiative exchange.)

e They should be easy to produce/purchase
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g Target concepts: state of art
UC, target (Operation temperature: 2200°C) gl
=8 Target R&D and state of art: |_Nuclear reactions studied | Designed | Tested
SiC target (Operation temperature: 1800°C) s
= Target R&D and state of art: |_Nuclear reactions studied | Designed Tested

ZrGe target (Operation temperature: 1800°C) ISeL-HH-V

o

Target R&D and state of art:

Nuclear reactions studied _

TiC target (Operation temperature: 2000°C) |QQLD HHRM

H\,
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Target R&D and state of art:

Nuclear reactions studied | Designed | Tested ]

SPES

exotic beams for science



INFN Isotope production: UC, target >

UCX target production yield, FLUKA calculation
70 T S R Ea S EEase EESSE 12
. L T T T T I T
— PPB: 1 1 1 1 1 1
1 T T T T T T
. 40 Mev' L | 1 I ] il 1 "
= FHF FAF P A F P F FHF A F R HE EHF E o e i o e e B |
ED:: 200 I_lA I | | T I 1 1
HH . I 7 i .
1 1 I IIH I I I =
T T . - ‘ T T 1" e
2 I N T | I I o
EE eSS e S EE XS EEISEEINEEISEEISEED S SEEITEE ISEEASEESSEEASE) °
[ T T T T T >
2 | 0 ] (MEEE N n 1 1 H
2 : o el T ‘ : 1 P73
B 1 ] | ] 1 I 1 T
£ ; i . . . S
S e e 1 S SEESSEEISEEISEE S o
Zz 0 : i T | * 1 T 4| :— =2
' T T i i i s 8 -
T |HEEL T Lk T T T — -
1 1T l 1 1 I I
T I N
HH 1 t t t t
T T T T T ] T
|- 1 1 ! 1
EsjE=S SEEISEEASEEXS: | 3 AEEISEEISEE S =i | = EESSE L
T T T T T T
T T | | 1 | | -
1 I I I T T I T T ! 5
O I | I ! | I ] N p
HH T T t T T t T T -
O s ) - 6
40 50 60 70 80 a0 100 110
Number of neutrons i =
-

B - B 107 -10710 ] 1077 - 1078 [] 1075 -10% [] 1073 -1074 [] 10-10"2
B 10%10-10011 B 1078 -1079 [] 107 -10"7 [] 1074 -10"5 [] 1072 -10"3 ] <10 [nuclide/s]
TRAY [EFIFIEIEIE F = £a 0l 2 B 12 ta | Fa |2 - FIRREAE A
S Sl & [ & | & | S ISals: Ba B Ba Ba Ba b:d Ba Ba Ba Ba Ba Ba|Ba| Ba| Ba|Ba|Ba| Ba
nlﬁ’ﬂ:_- “ﬂ’ﬁiﬁ'ﬁ &s| 8| E5| & &s| 68 Cs| 5| 65| &5 | &6
s El 5 b K R R e e < ER T ' el e
374 Br @ildl Br §:ld Br Br|Br| Br|Br|Br|Br Br lis lr lia lio lil liz 1i3
éne & §‘é g’: §’e SSDE S”é §le §2e 115 0 6 130 | 140 | 141 | 142
R 2 PP R RRRARRR - B e fe] e fe| fe e 1
A S 1 137 | 1
& 2 2 A RRRRRR SR S K & HEEEE
é’a(?a é’af"’ & (?aé;é‘aésa n Sn SI)I
A AP AR A B A In|In|In In| In [ i 1 | Tn B8 Tn
& Gl &l &l & &l &l &l & a ¢a Al & d Ca|Ca|ca| ca| caléal
SARARARES A a) 12 elements ey RREERE B b) 11 elements

FLUKA& MCNPX calculations experimentally validated @ ORNL

Alberto Andrighetto & SPESé

exotic beams for science



)
INFN Comparison 40 MeV p-> UC, v.s. ThC (Fluka)
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INFN SPES beams (light): non fissile targets 5

— C/B,Ctarget — ZrO,/HfO,/CeO,target — SiC target — TiC target
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SPES beams (medium): non fissile targets )

— TiC target — ZrGe target — ZrC/ZrO, target
Titanium carbide - TiC 40
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INFN SPES beams (heavy): non fissile targets >

— CeO, target CeS target — HfO, target
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gl Target material and UCx production )

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

2010 201
Density (g/

Diameter

(mm) 12.50 13.07
Thickness (g/
Calculated 53 75

porosity (%)
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Experimental Yield with UCx target

Irradiation by 40 MeV, 50 nA proton beam, ionization with plasma ion source

2010 Test
Standard UC,

2011 Test
Low density UC,

liotope  Tyjo () Yield(ions/spd)  AYield (1ons/spA)  AVield Yield
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e 1000 131.10° 405-10* 003092
S VR | A 150.10* 00294
g 12 2.0 £.55. 10° 0.00077
Yage 00w 330-20° 39 10" 0.00079 S
YK o 1k L0007 104 10° 00BEdl @
®Bo 63 L5500 231.10° n{mog@o
S VO ) BT T 401.10* 00

S (O T A 949.10" (
o8 335007 103-10° i {mﬁg

B Td5m 110107 112.10° 0.01018
Yoo 18w 630.10° QY 00
0547 6 .

Y 1030m 20510 TR 003249
Wre 210 20620 ] 0,008
Wepg 123 1820 \;&4‘39.105 002842
ey 730 43100, Q° 102.10F 0.0M11
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Bmog 182 L cah 160 10° 001481
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g 10 Q¥ 41{ 163 10° 0.01978
gy mz 2.14.10f 280-10° 0.01308
Him] 104207 154.10° 001481
e\ T{lm 077.1(F 37 10° 0.03808
Bar 550m 140.10° 27710 0.10786
BTy 180m 49010 170.10° 015714
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Wes 106m 14 20° 18- 10" 00338
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Alberto Andrighetto .._'3....
exotic beams for science

&



/) ° [ L]
INFN SPES On line test (Power deposition)

4) Full scale (40 mm.) SiC @ Ithemba, p=66 MeV, 60 microA for thermal dissipation studies

Proton Therapy: 200 MeVp @ 30 nA
Neutron Therapy: 66 MeV p @ ~30pA
Isotope Production: 66 MeV p, up to 250pA
Nuclear Physics: Various beams

Measure [°C] Estimated by FEM model [°C]

1° disk: 1365 £ 30°C
Box: 1230 + 25°C
Dump on chamber: 728°C + 10°C

Alberto Andrighetto

1390

1267
750

of the SPES target architecture @ iThemba (May 2014)

iThemba LABS: funded to build an RIB
target/ion-source like SPES
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INFN

Characterization of the SPES ion sources \\\\

(e (17 different stable beams accelerated so far... + 2 under development)
|:| surface ionization mechanism O delivered beams
1 D laser ionization mechanism (:::) beams under production (WIP) 18
1 H1 2 - electron impact ionization mechanism 13 14 15 16 17 Hez
. not extracted
3 4 5 6 7
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4 { 29 30y 31\ 32 33
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{‘47\ 48 ¥ 497" 500 51
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2 87| 88| 89| 104 | 105 | 106 | 107 | 108 | 109 | 110 | Main fission (p-> 238U) fragments S & beam optics
Fr | Ra | Ac Ung | Unp [ Unh | Uns | Uno | Une | Unn Proton energy: 40 MeV system
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. . N\
g Characterization of the SPES Surface lon Source S

- a
Surface lon Source [ hot-caviy alignment system
-
ST
&

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

47,6 2200
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
. . Cs 43,2 2200 Ta
©1 Rb beam 1 Sr beam Ba 588 2200 Ta
60 7
=z 50 o
= T 50+
5 *] = La 20,1 2200 Ta
3 30 g
£ 3 ¥
g 24 £ 20
10 1 = 10 - 100,0 - O experimental
o o — — theoretical (N=280)
0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 —
m/q (u) m/q (u) x theoretical (N=1)
>
2,5 80 S 10,0 1
,| Csbeam 71 Babeam 3
—_ 60 &_:
e ]
f, 1,5 4 g 50 c
= £ o
g £ w0 S 1,0 A
3 14 5 30 S
£ g =
2 £ 20 | <)
0,5 1 g —
10
0 T T T T T T T T - - - - T T 0 T T T T T T T T T T T T T - 0,1 1 1 1 1 I\ 1 1 J
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 3 5 4 4 5 5 5 5 6 6 5 7 7 5 8
m/q (u) m/q (u) ’ ' ' ' ’
ionization potential Wi (eV)
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chamber

isotopes
entrance

Faraday cup 2 beam current [nA]

[

Lol

Ar beam

Faraday cup 2 beam current [nA]
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450

Faraday cup 2 beam current [nA]

0

400
350 -
300 -
250 -
200 -
150 -
100 -
50 o

Xe beam

beam current [nA]

m/q [u]

1 Sn beam

N

W,

m/q [u]

T T T
100 105 110 115 120 125 130 135 140 145 150

- To

(%)

Ar 6

Br 8

Kr 8,5

Y very low
Sn 10

I 19

Xe 11

Cu 10

i A

gas tube
oven

gas tube
oven
oven
oven

gas tube

oven

injection
mode

cathode
temp. (°C)

2200

2200
2200
2300
2200
2200
2200
2200
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L'iFN The 1+a beam line operation: The general layout SPES®
STEPE:
1+ beam line from TIS to tape system Low Energy, Low
Intensity
Beam for first
=\ experlmental
studies

Alberto Andrighetto
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STEP2:
ALPI Beam for
‘High” Energy
experimental

studies

To Post-Acc l
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INFN The 1+ beam line: the construction phases (2-3) \
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INEN RIB Bunkers: Layout

Istituto Nazionale
di Fisica Nucleare

SPES¢

subsystem name

protonic front-end

radioactive font-end (removable)
radioactive font-end (fixed)
diagnostic box 1

Wien filter (electrostatic)

Wien filter (magnetic)

steerer box

diagnostic box 2

quadrupole triplet

Alberto Andrighetto

design status

90%
90%
90%
100%
100%
100%
100%
100%
100%

20%
60%
90%
80%
90%
tender
80%
70%
90%

SPES

ST
exotic beams for science

construction status delivery date estimation

September 2018
July 2018

done

March 2018
March 2018

Dec 2018

March 2018
March 2018
March 2018

SPES -Nusprasen Workshop Pisa February 2018



Devices
ETQ (triplets)
ED (el. Dipole)

Steerer

MD (mag. Dipole)

Diagnostic Box

Alberto Andrighetto

sPes/
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subsystem name

Quadrupole triplets
Electrostatic Dipole (prot)
Frames

Diagnostic box (no detector)
Magnet Dipole

Steerer box (prot)

Tape System

Alberto Andrighetto

design status

100%
100%
80%
10%
100 %
100%
70%

construction status

tender
50%
tender
0%
tender
10%
30% (?)

sPes/

exotic beams for science\

delivery date estimation

November 2018

January ‘18; Nov. 18 for others
July 2018

Dec 2018

Dec 2018

done, End ‘18 for others

Dec 2018




INFN 1+ beam line operation: devices

electrostatic triplet of quads
Prototype tested; Purchase

Tender launched

magnetic dipole
documentation ready for the

Purchase Tenders

electrostatic dipole

Prototype tested; internal
production start

electrostatic steerers
Prototype tested; internal
production start

Alberto Andrighetto

diagnostic box
documentation ready for the

call for Tenders

SPES Z—
e
exotic beams for science\

tape system
In construction (4 devices)




exotic beams for science

INEN SPES ¢
o pro}
Possible first SPES RIBs
(first physics experimental campaign)
Alberto Andrighetto sSPes SPES -Nusprasen Workshop Pisa February 2018



LOI users requirements

SPES$

Best SPES Beams (high selectivity & yield values) M Selectivity M Yield
100 1,006+13
90 1,00E+12
80 100E+11
5 70 ﬂ
2 Lo0E+10 =
£ 60 <
2 X 50 1,00E409 >
E é 40 1,00E+08
S o1
1,00E+07
20
10 1,00E+06
0 1,00E+05
RN s VP o) i~ ¥ & R 8 g7 &
[Lifers i 19 Elements BEAMS vs. lon Source
Beam with LMR: 47 (95L01) 53% (56%)
Benefit with 5000 HMR : 3 (3 L0) ->50beams(98LOI) 56% (58%)
Benefit with 10000 HMR : 17 (31L0l)  ->67beams (129 LOI) 75% (17%)
Benefit with 15000 HMR ; 15 (25101  ->82heams (154 L0I) 92% (92%)
Benefit with 20000 HMR ; 7 (10000 .S SIS mPIS
SPES

Alberto Andrig

hetto

RS
exotic beams for science
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INFN

C

Istituto Nazionale
di Fisica Nucleare

LIS Beams

&

Alberto Andrighetto

Offline: Spectroscopy

* 3 Dye laser @ 10 Hz rep. rate

300 5000 10000 15000 20000
resolution (M/AM) required to reach the maximum selectivity

LIS LOI Beams
< 1,00E+11
S~
Sl
§ 1,00E+10
Q
> 1,00E+09
1,00E+08
1,00E+07
1,00E+06 ‘ i | | |
1,00E+05 | | .
GG E S LSOEEES2EEEASELIE ST
SRAREEREERERIZERIHERBRIGR
LASER Beams
€0 57
- 50 No HRMS
P
O 40
—
>
€ 30 B % beams
®
o 20 H % LOls
14 14
o 12 13
) . 5 II II -~
. i Hm

SPES é
S
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L'f'? SIS & PIS Beams SPES®

PIS Beams
__ 1,00E+10
=
= 1,00E+09
>
1,00E+08
1,00E+07
1,00E+06 ‘ ‘ | I
1,00E+05 I I
A I R A S K SIS I, A S U
,3,‘5\" ,33‘+ F @ @ & oY ,\’»9.\" o ,\,v'g\" ,\,@\" o & of
+Plasma lon Source Beams Sourface lon Source Beams
80 74 45
39
? - No HRMS -
60 53 35 = 0 29
R X 30
2 50 No HRMS @ 24 24
9 9 25
= 40 =
£ 27 B % beams £ 20 B % beams
g % 3
- B%LOIs 815 B % LOls
20 13 1 11 10 5 7
S omm oo | o 5 0 ¢ |
o Hm [] 0
300 5000 10000 15000 20000 300 5000 10000 15000 20000
resolution (M/AM) required to reach the maximum selectivity resolution (M/AM) required to reach the maximum selectivity
Alberto Andrighetto SPESs SPES -Nusprasen Workshop Pisa February 2018
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nucl. sy.
123 Sn
121 Sn
83 Ge
82 As
110 Ag
80 Ga
134 Sn
84 As
82 Ga
108 Ag
84 Ge
83 Ga
96 Rb
147 Cs
100 Rb
86 Br
1391
1401
1411

yield (pps) @ 20 pA selectivity (%)

1.28E+09
2.02E+08
2.47E+07
1.07E+07
9.60E+06
3.05E+06
2.49E+06
1.86E+06
3.29E+05
2.58E+05
6.61E+04
6.06E+04
9.89E+07
4.91E+04
4.49E+04
7.73E+07
5.94E+06
9.17E+05
1.40E+05

Alberto Andrighetto

12
6.6
100
71
100
100
3
69
100
38
100
100
31
1.7
1.2
42
1.5
0.1
0.1

LOIs & UCx target: RIBs Low Energy (overview)

ion source type main contaminants (if sel. < 60%) notes

LIS
LIS
LIS
LIS
LIS
LIS
LIS
LIS
LIS
LIS
LIS
LIS
SIS
SIS
SIS
PIS
PIS
PIS

PIS

In
In

low selectivity beam
low selectivity beam
selective beam
selective beam
selective beam
selective beam

low selectivity beam
selective beam
selective beam

low selectivity beam
selective beam
selective beam

easy beam

easy beam

easy beam

low selectivity beam
low selectivity beam
low selectivity beam
low selectivity beam
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Goals: beam delivery & RIB Source Commissioning

User requirements

=

selettivita

. 1 - Bednarczyk
2 - Morelli

3 - Chipps

4 - Marchi

5 - Kozulin

6 - Kurtukian
7 - Corradi

8 - Pirrone

9 - Stahl

10 - Rykaczewski
11 - Fioretto
12 - Stefanini
13 - Zhang

14 - Szilner

15 - Modamio
16 - Casini

17 - Nannini
18 - Valiente
19 - Piantelli
20 - Melon

21 - Goasduff
22 - Crespi

Third International SPES Workshop

10-12 October 2016 INFN Laboratori Nazionali di Legnaro
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. 23 - Valiente
. 24 - LaCognata

25 - Mengoni
26 - Gottardo
27 - Gottardo
28 - Pain

29 - Trippella
30 - Iskra

31 - Leoni

32 - Leoni

33 - Leoni

34 - Hadynska
35 - Testov

36 - Pierroutsakou
37 - Nannini

. 38 - Cristallo

39 - Verney
40 - Benzoni

41 - Benzoni

42 - Vardaci
. 43 - Assie

. 44 - Crespi

. 45 - Raabe

VS (oject Construction Phases

within the end of 2019

40 MeV, 20 pA

YT T
AINT-GOBAIN

First SPES RIB (2°Al)

¥

the scaled SPES target
for low intensity RIBs

UCx_disk 3 C_dumper_1
UCx_disk 2 C_dumper_2
UCx_disk_1 C_dumper_3

C_window_1 ! C_box_tar

C_window_2 Ta_heater

Nominal parameters

- Target material: UCx (SIC as an alternative)
-Proton beam energy: 40 MeV

- Proton beam intensity: 20 pA

-Proton beam sigma: 5 mm

- Collimator radius (= disk radius): 6,5 mm

W gl

first n-rich fission isotopes

IZ> 40 MeV, 20 pA, 102 f/s |:> 40 MeV, 200 pA, 103 f/s

the full-scale SPES]

target for high
intensity RIBs

Nominal parameters

- Target material: UCx (SiC as
an alternative)

- Proton beam energy: 40
MeV

- Proton beam intensity: 200
HA

- Proton beam sigma: 7 mm
Wobbling radius : 11 mm

SPES 4
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A scaled SiC target
(40 MeV protons up to 20 pnA)

will be used for the
first SPES RIBs
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The ‘demonstrative’ (first) beam:

1st SPES RIB (26Al)

Yield estimated after the 90° magnet (1/300 mass separator)

7Be

Selectivity estimated after the 90° magnet (1/300 mass sep)

7Be

10Be

10Be

NOT AVAILABLE
(under estimation)
NOT AVAILABLE
(under estimation)
NOT AVAILABLE
(under estimation)

17

[
Q
e}
=
wu
e}
Bl

10C 150 17F

NOT AVAILABLE
(under estimation)

N
[N}
<

o

22Mg

NOT AVAILABLE
(under estimation)

N
S
=

24A1
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NOT AVAILABLE
(under estimation)

@ 26Si

—

@ surface ion source
@ laser ion source

@ plasma ion source

> High vields

> High selectivity
(even without HRMS)

> Low energy
> Different IS

1st |

26Al 26Si

- High energy LOI beams with dedicated targets (no UCx)

Dsurface ion source
MElaser ion source

@ plasma ion source

> 26A|

15 SPES RIB

preparatory beam
for the post-acc.

phase
(requested by LOIs)




laboration network for SPES-RIB

IS@L-HRN

SPES exotic beams for medicine
Nowy UG, lonization High-voltage
target source electrode
Substrate to

proton
beam
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DSF
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CONTROLS
LASER ION SOURCES MATERIALS HANDLING FRONTEND
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Diagnosis Radiopharmaceuticals I
production S
therapy isotopes
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