
Towards an Active Target 
at SPES

T. Marchi

Second GDS Topical Meeting
17 Jan 2018

Santiago de Compostela, Spain



Pan-European activities, ongoing
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Outline
The ATS project and the 
ACTAR demonstrator

LNS proposal: heavy beams

The SPES facility

Extra: GET/GES + GPUs (?)



f7/2 vs p3/2 neutron orbitals, in Sn like in Ca?

Z=50

N=82

Fig.1 Analogy between f7/2 and p3/2 evolution of binding energies in the
known Ca isotopes to what could be expected for the Sn isotopes approaching
N=90. Figure adapted from13.

[Adapted from O. Sorlin, M.-G. Porquet, 
Progr Part. Nucl Phys 61 (2008) 602]

Expected beam intensities @ 10 AMeV
SPES 1st day 
(5 μA p beam)

SPES full power
(200 μA p beam)

132Sn 7.8 105 3.1 107

133Sn 7.0 104 2.8 106

134Sn 1.2 104 4.9 105

135Sn 1.6 102 6.2 103

136Sn - 0.9 102
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LoI endorsed by SPES SAC



Not only exotic beams

Reference reaction: 136Xe(d,p)137Xe - inv kinem

B.P. Kay et al, PRC 84 0243325 (2011)
HELIOS @ ANL

• Possibly extend to θcm < 10°
• Study 135I via (d,3He)

4possible at GANIL or LNS also with high intensity



ACTAR TPC Demonstrator

@ IPNO (2015) 5



6T. Roger et al, Submitted to NIM A (2017)

ACTAR TPC Demonstrator
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Energy loss measurement and calculation

https://github.com/ActarSimGroup/Actarsim/



From the LNS proposal
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Opportunity to measure with good accuracy
the angle-integrated cross section large 
uncertainties at Ep=5-7 MeV (Warsh et al, Phys. 
Rev. 131 (1963) 1690)
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Test case 1: 19F(p,a) reaction at Ep=5-7 MeV (TANDEM) 

α feeding:
Opportunity of 
studying multi-track 
events with low 
background and no 
ambiguities

Ambiguities in shapes and in the 
absolute x-section scale of angular 
distributions 
(Warsh et al, Phys. Rev. 131 (1963) 1690)

factor 2!
factor 6!

In principle  all the αi channels can 
be separately resolved (to be verified 
in the test experiment)  surely for 
the α0 channel 

19.17

5α!

9



10

Test case 2: 120Sn(d,p) reaction at ESn= 15 AMeV (CS)
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Bechara et al, Phys Rev C 12 (1975) 1

Auxiliary detectors:
-Si Strip Pads (BB7)
-OSCAR-like Si pins
-SPECMAT CeBr3

Challenges:
-High density of states
-Kinematics reconstruction

D. Dell’Acquila et al, NIM A 877 (2017) 227



Summary
Active Targets are promising tools for direct reaction studies, resonant 

elastic scattering experiments, clustering physics, etc.
BUT

the capabilities of measuring reactions with heavy ions need to be verified
THEREFORE

a better characterization of the ACTAR Demonstrator device is needed.

ACTAR-test aims at 
• Getting energy loss information (Shape of the Bragg Peak) to be used for 

Particle Identification and energy measurement and can be of more general 
interest [ACTAR Sim, AT-TPC].

• Using benchmark reactions to validate the techniques.
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The SPES facility
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SPES
ISOL

Target:
UCx, SiC,... 
1013 fiss./s
T ~ 2000oC
3 sources SIS, 
LIS, PIS
~ 8 kW power

RIB production: SPES-β

Beam test at iThemba lab. (2014): 66MeV protons, 60 µA on full scale SiC prototype at 1600 oC (FEM sim. Validation)
Former beam tests: ORNL (2007, 2010-2011) SiC, Ucx; ISOLDE(2009) UCx, IPNO (2013) UCx.

Front End and Target System: advanced nuclearization phase.
Target handling systems, Heat resistance tests, Nuclear Safety.

AGV

CARTESIAN
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Facility layout

Tandem-Piave-Alpi
SPES

RFQ injector

Charge Breeder

PRISMA     GALILEO

GARFIELD

SPES ISOL source

HRMS
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accelerated 
beams

(stable or ribs)

ATS: an Active Target for SPES

SPES RiBs
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Beyond MagicTin: physics opportunities with an active target at SPES

[https://web.infn.it/spes/]

Two letters of intent for SPES endorsed by the SAC:
B. Fernandez Dominguez et al, Direct Reactions with exotic nuclei in the r-process using an active target

R. Raabe, T. Marchi et al, Shell Structure in the vicinity of 132Sn with an active target
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Reacceleration using ALPI
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At present
With ALPI in SPES configuration
Polin. (At present)
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SPES configuration means:
- (almost) complete renewal of the 
cryogenic plant. 
- Laser tracking beamline 
alignment
- Added new cavities
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ASAD = 4*AGET + ADC
256 ch

TPC = 16k ch

NEW DATA 
CONCENTRATOR/TRANSLATOR

64 x (average) 300 Mbit/s 
LVDS standard

4 x (average) 10 Gbit/s TCP over 
Optical link

-commercial standard and hw-

Processing node
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PCI Express 128 Gbit/s (?)

RAM

CPU – seq processing

GPU – parallel
processing

GET/GES and GPUs 
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ASAD = 4*AGET + ADC
256 ch 1 LVDS

TPC = 16k ch

LVDS – Opt-link 
TRANSLATOR

8 LVDS  1 Opt-link

Avg 300 Mbit/s 
LVDS

Option 1 Option 3

ASAD = 4*AGET + ADC
256 ch 1 Opt - link

Option 2

ASAD 2
256 ch 1 Opt - link

64 x 

8 x 

Avg 300 Mbit/s 
Opt-link

Avg NOT YET DEFINED Mbit/s
Opt-linkLVDS

storage

Processing node

O
pt
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PCI Express 3.0 -- 128 Gbit/s 

RAM

CPU

GPU

8 x 

64 x 
64 x 

Software trigger
&

Event Building
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Thank you!

http://pro.ganil-spiral2.eu/laboratory/detectors/actartpc
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iC4H10 H2 CH4 CF4 CO2 D2

BEAM E/A PRESSURE x Bragg Peak E/A PRESSURE x Bragg Peak E/A PRESSURE x Bragg Peak E/A PRESSURE x Bragg Peak E/A PRESSURE x Bragg Peak E/A PRESSURE x Bragg Peak
p 3.5 MeV 550 mbar 7.3 cm 3.5 MeV 1000 mbar / 3.5 MeV 1000 mbar / 3.5 MeV 550 mbar 7.2 cm 3.5 MeV 1000 mbar 7.3 cm 3.5 MeV 1000 mbar /
d 1.8 MeV/A 350 mbar 7.3 cm 1.8 MeV/A 1000 mbar / 1.8 MeV/A 1000 mbar 9.05 cm 1.8 MeV/A 350 mbar 7.8 cm 1.8 MeV/A 650 mbar 7.5 m 1.8 MeV/A 1000 mbar /
4He
7Li 1 MeV/A 70 mbar 6.2 cm 1 MeV/A 1000 mbar 4.6 cm 1 MeV/A 250 mbar 5.09 cm 1 MeV/A 70 mbar 7.9 cm 1 MeV/A 125 mbar 7.7 cm 1 MeV/A 800 mbar 7.1 cm
9Be 1.3 MeV/A 100 mbar 4.09 cm 1.3 MeV/A 1000 mbar 6.5 cm 1.3 MeV/A 270 mbar 6.09 cm 1.3 MeV/A 100 mbar 5.4 cm 1.3 MeV/A 150 mbar 7.3 cm 1.3 MeV/A 900 mbar 7.9 cm
10B 1.5 MeV/A 70 mbar 7.6 cm 1.5 MeV/A 1000 mbar 6.1 cm 1.5 MeV/A 250 mbar 6.4 cm 1.5 MeV/A 80 mbar 7.2 cm 1.5 MeV/A 150 mbar 7.4 cm 1.5 MeV/A 900 mbar 7.4 cm
12C 1.8 MeV/A 100 mbar 5.4 cm 1.8 MeV/A 1000 mbar 7.3 cm 1.8 MeV/A 270 mbar 7.5 cm 1.8 MeV/A 100 mbar 6.3 cm 1.8 MeV/A 200 mbar 5.1 cm 1.8 MeV/A 1000 mbar 8.4 cm
15N 1.8 MeV/A 100  mbar 5.4 cm 1.8 MeV/A 1000 mbar 7.3 cm 1.8 MeV/A 270 mbar 7.5 cm 1.8 MeV/A 100 mbar 6.3 cm 1.8 MeV/A 200 mbar 5.1 cm 1.8 MeV/A 1000 mbar 8.3 cm
16O 2 MeV/A 100 mbar 5.5 cm 2 MeV/A 1000 mbar 8.6 cm 2 MeV/A 270 mbar 7.7 cm 2 MeV/A 100 mbar 6.5 cm 2 MeV/A 200 mbar 5.3 cm 2 MeV/A 1000 mbar 8.6 cm
19F 1.8 MeV/A 80 mbar 6.7 cm 1.8 MeV/A 1000 mbar 6.9 cm 1.8 MeV/A 270 mbar 6.2 cm 1.8 MeV/A 100 mbar 5.3 cm 1.8 MeV/A 150 mbar 7.2 cm 1.8 MeV/A 1000 mbar 6.9 cm
24Mg 2 MeV/A 80 mbar 6.8 cm 2 MeV/A 1000 mbar 7.09 cm 2 MeV/A 250 mbar 7.2 cm 2 MeV/A 100 mbar 5.6 cm 2 MeV/A 125 mbar 5.8 cm 2 MeV/A 1000 mbar 7.1 cm
40Ca 2 MeV/A 80 mbar 5.6 cm 2 MeV/A 1000 mbar 5.8 cm 2 MeV/A 225 mbar 7.2 cm 2 MeV/A 80 mbar 6.9 cm 2 MeV/A 150 mbar 6.2 cm 2 MeV/A 900 mbar 7.1 cm
120Sn 1.3 MeV/A 100 mbar 5.1 cm 1.3 MeV/A 1000 mbar 7.4 cm 1.3 MeV/A 270 mbar 7.1 cm 1.3 MeV/A 100 mbar 6.9 cm 1.3 MeV/A 170 mbar 7.3 cm 1.3 MeV/A 1000 mbar 7.8 cm





Does kinematics help?

136Xe(d,p)137Xe - inv kinem 136Xe(d,3He)135Ie - inv kinem

Kinematics seems to help in 
selecting the reaction channel
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Or not?

136Xe(d,p)137Xe - inv kinem 136Xe(d,3He)135Ie - inv kinem

Tradeoff:
Range vs good 

tracking
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MagicTin
Getting more details - transfer reactions

• Probe single particle properties determining 
spectroscopic factors 

• Extend towards more neutron-rich region (+1n)

[K.L. Jones et al, Nature 465 (2010) 454] [J.M. Allmond et al, PRL 112, 172701 (2014)]

Evidences of 132Sn double magicity
Resolution ~ 300 keV

High resolution spectroscopy for 
131Sn 133Sn using (9Be, 8Be) 
transfer reactions
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135Sn 136Sn 138Sn137Sn134Sn133Sn
d(133Sn,134Sn)p
Qgs = 1.4 MeV

d(134Sn,135Sn)p
Q = 47 keV

d(135Sn,136Sn)p
Q = 1.1 MeV

d(136Sn,137Sn)p
Q = -264 keV

d(137Sn,138Sn)p
Q = 0.9 MeV

d(132Sn,133Sn)p
Q = 177 keV

Expected beam intensities @ 10 AMeV
SPES 1st day 
(5 μA p beam)

SPES full power
(200 μA p beam)

132Sn 7.8 105 3.1 107

133Sn 7.0 104 2.8 106

134Sn 1.2 104 4.9 105

135Sn 1.6 102 6.2 103

136Sn - 0.9 102

[ENSDF 2016]

Beyond 132Sn
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Shell evolution and collectivity in Tin isotopes

[R.L. Varner et al, EPJA 25 (2005) 391]

132,134Sn Coulex @ HRIBF 
9000 ions/s
150 BaF2 (~30% eff)

[He Wang et al, PTEP 023D02 (2014)]

9Be(137Sb,136Sn) @ RIKEN 
DALI2 (186 NaI(Tl)~22% eff)

[G. Simpson et al, Phys Rev Lett 113 (2014) 132502]

RIBF 238U
345 MeV/u
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