KU LEUVEN

ATS

the Active Target for SPES

T. Marchi, IKS-KU Leuven




Outline

* Active Target concept
e Let's do it! Active Targets around the World
o ACTAR TPC and SpecMAT

e ATS: An Active Target for SPES
 The MagicTin project

o Motivation g
o The ideal setup 0
o In preparation for RiBs g 5
o Timeline and deliverables MARIE cuné

 Beyond MagicTin, physics opportunities for ATS

I o ™



Active Target concept

Gas medium is both target and detection gas

Segmented detection plane

Drift times recorded + charge deposition on segments (works as a TPC)
Auxiliary detectors on the sides of the chamber

O O O O

Advantages:

 High efficiency and low detection thresholds
e Wide angular coverage

e Interaction Vertex Reconstruction

Measure many reactions AND beam energies at the same time
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Active Targets around the World

v zsio

NS Active Target
MSTPC

- SAMURAI TPC

@® Operational
@ Under Development

G.F. Grinyer, J. Pancin, T. Roger, EURISOL meeting 2014

Recent review about Active Target detectors:
S. Beceiro-Novo, T.Ahn, D. Bazin, W. Mittig, Prog. in Part. & Nucl. Physics (2015) 124- 165,




Active Target and TPC — ACTAR TPC

Parameter Value Depends upon European Research Council
[)_Vl'l-'.lITliC range 103 - ampliﬁcalion lCChl‘lO'Ogy Established by the European Commission
- detector geometry
- electronics
- auxiliary detectors
Number of tracks all tracks detected - segmentation using pads
independently - electronics
Spatial resolution < 2mm - amplification technology
- pad size and shape
- number of channels )

Physics programs:

Maximum beam intensity 10° pps - dnift velocity ®
- operating conditions
(gas type or mixture)

- auxiliary detectors

One and two nucleon transfer reactions

- detector size ® Rare and exotic nuclear decay (2p, B2p, ...)
- electronics . . .
Tiring sevciition 20 ns - dift velacity ® Inelastic scattering and giant resonances
- electronics
. . o
Becriy tEcietion 200 il st Resonant scattering and astrophysics
(signal amplitude) - operating conditions . R
- amplification technology ® Transfer-induced fission, ... and more!
Efficiency > 90% - dynamic range
- detector geometry
- type of event
Counting rate 1 kHz - electronics
for accepted events - pad-to-electronics topology
Minimum half life decay events =10 us - electronics
Portability - detector design
- electronics

[ACTAR TPC CDR]




ACTAR TPC: Design

¢ Drift Region

® 2 geometries:

European Research Council
Established by the European Commission

v square ~ 25x25 cm
v rectangular ~ 12.25x25 c¢m (decay studies, see talk by B. Blank on 2p radioactivity)

® Electric field uniformity

gas volume

¢ Amplification Region 4
¢ MICROMEGAS*, GEM amplifiers

® Fast timing, robust, cost effective

electric
field

incoming
beam

® Segmented pad plane
®  Very high-density: 2x2 mm? (= 25 channels/cm?)
® Total of 16384 electronics channels (GET system)

¢ Fully digitized waveforms and times for every pad

® Auxiliary Detectors

® Telescopes for escaping particles (Si+Si or Si+Csl)
¢ LaBr; or HPGe for y rays (SpecMAT ERC — R.Raabe)

*Prototype detector tests: J.Pancin et al. NIMA 735, 532 (2014)




ACTAR TPC Demonstrator chamber

Leuven DSSD
Micron BB7-1500

IVIaya-Si .5 mm, 6. 4 cm? o
Pad type oy s € Demonstrator runs with Bacchus
140V (rominal) Mgt Spectrometer at IPN Orsay, June/July 2015

=~ o \ i:’:ﬂ. H \%;1 . 1

Bacchus L l} -

;\b}'—,
i/

Micromegas
6 x 12 cm?
2,000 pads of 2 x 2 mm?

Gas handling

KU LEUVEN

Figure and photos from D. Suzuki



ACTAR TPC Demonstrator chamber

Attenuation factor

Entrance $10 or $1 mm

10 ~ 100
80 cm -
ACTAR ::='><
il . S 4
Focus 40 cm
Pb+C
|| &
Beam line slits and/or  Charge state
Micro collimator ~40
~500

KU LEUVEN

Figure and photos from D. Suzuki




IPNO 2015 : Goals

® Physics : a clustering in light nuclei (D.Suzuki)

® Excitation of Hoyle states in '2C Analysis in progress
® 12C beam : inelastic scattering ('2C+a) » 2 Master Thesis (KU Leuven)
® Structure of excited states in '°B 1 PhD (GANIL)
® ©Libeam : resonant alpha scattering (°Li+a)
® Detector : Ideal performance test ‘
® FElastic scattering and transfer channels well known
® Particle ID/resolution: protons to 12C » _ Are providing
® Many-body final states — identify all 4 a particles? important feedback

for the final design of
ACTAR TPC and for

® Electronics : A relatively complex setup the validation of
® 256 strips DSSD (0°) + 12 Si detectors (sides) ACTARSIm code
® Trigger with multiplicity = 1 (in GET) (GEANT4 simulation)

® 2048 channels for the pads (triggered by the Si)




ACTAR TPC @ IPNO

12C on He:C,H,,

¢ 2-particle event
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Time

KU LEUVEN
Courtesy of G.F. Grinyer



ACTAR TPC @ IPNO

12C on He:C,H,,

® 4-particle event

KU LEUVEN

Courtesy of G.F. Grinyer
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High channel numbers -

o 2048 - ACTAR TPC Demonstrator, based at GANIL, Caen

« 10024 — ATTPC Detector at NSCL, Michigan /
 ~ the same for SpecMAT .
e 16 284 — ACTAR TPC Detector

Concept electronics — ACTAR TPC
All 16284 ch. fit in these 2 racks
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Experimental area for an active target at SPES

.................................................................

accelerated
beams

N NN

(stable or ribs)
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Shell evolution and collectivity in Tin isotopes

*

S MagicTin

132Sn
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FIG. 1. Single-neutron states expected to be populated in the
present one-neutron transfer study of *'-*3Sn and *“Pb.




Shell evolution and collectivity in Tin isotopes

< _ a ¢ O This Work
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~ 13213481 Coulex @
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f,., VS Pas, Neutron orbitals, in Sn like in Ca#

MagicTin®

141Te 142Te
>150 NS
FB":"l
14056
>407 NS
-2 .
= [Adapted from O. Sorlin, M.-G. Porquet,
Progr Part. Nucl Phys 61 (2008) 602]
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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 from?13.



Getting more detalls - transfer reactions

"Ma gicTin®

* Probe single particle properties determining
spectroscopic factors
» Extend towards more neutron-rich region (+1n)
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Evidences of 132Sn double magicity High resolution spectroscopy for
Resolution ~ 300 keV 1318n 133Sn using (°Be, 2Be)

transfer reactions




Possible setup and beams

Expected beam intensities @ 10 AMeV

Energy on gas
SPES 1st day SPES full power f ow) e B F S l
(5uApbeam) (200 yA p beam) I A = | I
7.8 10° 3.1 107 o Ry R

7.0 10 2.8 106 e Al | "
1.2 104 4.9 105 N T

- Energy [MeV]
1.6 102 6.2 103 Fig. 5: Reconstructed kinematics plot for the different excited states populated in ***Sn for
protons stopped in the gas at a pressure of 400 mbar. Note that the majonty of protons
- 0.9 102 populating the ground state escape the gas and the resolution is thus slightly degraded.

Stopped in gas: ~ 110 keV FWHM res
ACTAR + Si wall
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Fig, 4: Sample digitized trsce for & *“Sn(d.p) reaction with 2x2men’ sized pads, The red line Fig. 6: Reconstllucted k.memaucs plot for_ the different exctts?d states populated. in ““Sn for
comresponds to the fitted trajectory used for determining the range of the proton. protons stopped in the Si detectors (open circles) and stopped in the gas (closed circles).

132§n(d,p)'33Sn @ 5 AMeV Gas-Si (AE-E): ~ 90 keV FWHM res
400 mbar D,

[D..Perez-Loureiro and G.F.Grinyer, ACTARsIim Report (2013)]



Improving resolution with gamma-ray detectors

* v-rays in PARIS-like detectors

from population of 854, 1363, 2005 keV
states in 133Sn

« Statistics corresponding to 2 days of
beam time at 103 pps (total cross
section 10 mb, photopeak eff 17%)

Issue: might reduce global efficiency

PARIS -
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Fig-4. M; (») and M, (4) from QRPA calculations with te Cogrny DIM interaction
al (v: Rl

[A. Corsi et al, PLB 743 (2015) 451]

D exp Mj (72 RIKEN [14], o2 NSCL [9,13], x: GSI Doppler Shift
Amenuation Method [34). A- GSI Coulomb excitation [6.10-12). o: ISOLDE |78 O
NNDC [28]). Top: 21 . Bortom: 3; . Experimental My values are taken from the liter-
aure [22)




Getting ready for RIBs: MT implementatiop®, . __.
MagicTin®

Benchmark: 136Xe(d,p)3’Xe - inv kinem
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Does kinematics help?

"Ma gicTin

Reaction's Kinematics: A_CM & A_lab
Exe + I => 135+ IHe  IH(138Xe,"35|)3He; Reaction at the "middle” of the target
Projectile Energy at the reaction place: .25 MeViu Grazing angle in CMS ['28Xe+2H] = 30.87 deg
Q reaction : 4.44 MeV (Excitations 0.0+0.0=>0.0+0.0). Plotted Energy option is "after reaction”

Reaction's Kinematics: A_ CM & A _lab
)+ 34 => ¥xXe+ 'H H(13%xe, ¥ Xe) 'H; Reaction at the "middie” of the target
Projectile Energy at the reaction place: 8.97 MeV/iu Grazing angle in CMS [126Xe+2H] = 28.05 deg
Q reaction : 1.80 MeV (Excitations 0.0+0.0=>0.0+0.0x Plotted Energy option is "before entrance of detectors”
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2 g
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30 80 380 700 130 740 760 L 40 80 80 100 120 140 160
T Angle of 13 [CMS-deg]

Angle of 137Xe [CMS-deg]

136X e(d,p)13"Xe - inv kinem 136X e(d,2He)1%le - inv kinem

Kinematics seems to help in
selecting the reaction channel




Or not?

138X + 2H => 137X + 1H
Projectile Energy at the reaction place: 9.97 MeViu

Reaction's Kinematics: A_lab & E_lab
2H('¥Xe, '3 Xe) 'H: Reaction at the "middle” of the
Grazing angle in CMS ['28Xe+ 2H] = 28.05 deg

Q reaction : 1.80 MeV (Excitations 0.0+0.0=>0.0+0.0x Plotted Energy option is "before entrance of detectors”

Projectile Energy at the reaction place: .25 MeV/iu

‘MagicTin®

Reaction's Kinematics: A_lab & E_lab
13¥xe+ 2H => 135+ IHe  3H('*5Xe."’5I)’He; Reaction at the "middle” of the target
Grazing angle in CMS [128Xe+2H] = 30.87 deg
Q reaction : 4.44 MeV (Excitations 0.0+0.0=>0.0+0.0). Plotted Energy option is "after reaction”
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136Xe(d,p)*3"Xe - inv kinem

Tradeoff:

Range vs good
tracking

136X e(d,2He)1%le - inv kinem




Using heavy ion beams - simulations

| ACTAR 35 |

=10°

\ S |

o 100 200 300

Fig. 4: Sample digitized trace for a '*“Sn(d,p) reaction with 2x2mm* sized pads. The red line
corresponds to the fitted trajectory used for determimng the range of the proton.
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Beam Shielding

[ACTAR 35 | -
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a0k 30
20} 20
0 10
e T T, R—T

Fig. 4: Sample digitized trace for a ***Sn(d,p) reaction with 2x2mm® sized pads. The red line
corresponds to the fitted trajectory used for determimng the range of the proton.

I o ™



Tracking

[ACTAR 35 | -
0
30
20
10
20— —— g \260' 300

Fig. 4: Sample digitized trace for a ***Sn(d,p) reaction with 2x2mm® sized pads. The red line
corresponds to the fitted trajectory used for determimng the range of the proton.
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Tracking

[ACTAR 35 | -
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20— —— g \260' 300

Fig. 4: Sample digitized trace for a ***Sn(d,p) reaction with 2x2mm® sized pads. The red line
corresponds to the fitted trajectory used for determimng the range of the proton.
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2 or more particle events

«® Applications Raccourcis Systéme ' @ ﬁ i
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Looking for a smart solution

GECO - Configuration files editor for Detectors

s |Tools| Options Help

Edit Lookup table file Ctrl+T

C Load a user define XML parameters file  Ctrl+P I H SAVE Canfig file
Open current config file with cconfiged  Ctrl4+C k-

Configuration file

PDF current parameter

l&" SAVE as new Config Iilel

Return to View Mode

g’ Channels

[[Differentes_config/4.CoBos_TPC_DSSD.MAYA/4.Cobo xcfg| | @5 e‘ Last save: 15/09/2015 10:55:17 Scope

® Detector view
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4

rLookup table file
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< Triggerinhibition
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inhibit_trigger
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v LSBThresholdValue
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» Reading
» zeroSuppressionThreshold
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Select all || Unselect all Current selection:

. First point Col=0, Row=0
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Beyond MagicTin: physics opportunities with an active target at SPES

. Physics of interest : ACTAR @LNL with SPES - elastic scattering

3. Physics of interest : inelastic scattering, transfer reactions

"8aid) ™80

ES the differential cross section vary

beam energy ?

At low energy (<20AMeV) elastic scattering can be used, due to very high cross w|  SPES region @SPES
section, to determine the optical model parameters, needed to analyze the « AN < oS - yield 28106
inelastic and transfer reaction data. il Bsnidp)sn - yield 50 105
ORNL exps 1 6n(dp}sn - yield 6.0 10°

et 2 e Collr 6, g 4112 T 32 et Db 197, s G157

ELASTIC SCATTERING OF L' IONS ON MEDIUM
AND HEAVY

V.1 CHUEY, ¥, ¥. DAVIDOY, 5, O. NOVATSKIL A, & OGLOBLIN,
5 B SAKATA 1 D, X STEPANDY.

Kunhs It of A Errgy, Mo, U RS S

Concentrate on the interpretation of elastic scattering
and in particular the strong coupling effects of direct
reaction channels, most important at bombarding
energies close to the Coulomb barrier.

S 1 e
| - i
1 SPES beams
g } !
,Mainly medium mass nuclei .
,-*" strongly focussed reactions (LK.
S Scattered beam within 8, €1-2° "\
- e mimemimm =

‘

Letwrtory Epargy M)

F.Gramegna - Dhysics opportunities with SPES -

Progress in Particle and Nuclear Physics 63
(2009) 396447

Elastic scattering and reactions of light exotic
beams

N. Keeley., N. Alamanos, KW. Kemper, K.
Rusek

Survey to the light (A <20) radioactive nuclei:
By careful choice of target/beam combination,
different aspects of the coupling effects may be
emphasized

Serene Jtanat ™

@10MeV/u |

‘With {ransler we can probe:
* oxcupancy of singhe-partice (shell model) orbial; inthe
ongingl puckeus A ground Tate.

OF GERUBON Of 3.0, STERGEN in 3l Knal states of A1 of

A~ nacieus Uhat b, €an 54 & FUKkeon 10 the original uciews,

9.0y (dp)

« ety the anguise momentum of the ansierred mucieon

« hence, dentsy the =5 level energiez i A-1 or A+1 nudel
trom even-even mcted

+ Kientify the .. purky of coupled states in A-1 or A+1 nudiel
produced from 0dd nucles

134Sn(p,p)t3¥Sn SPES yield 5.0 10°

135Sn(p,p)1¥Sn SPES yield 6.0 103
Seminar @LNL

2. MAYA & ACTAR

S. Sambi (Leuven)

RIB = Inverse kinematics reactions=>

ACTIVE TARGET: very low intensity beams can be used

A Gade T Basgher " . Btin
S McDuie"? R Mebarchand T

[ Y

Ty (ke¥)

Collctivity at N = 50

B A Bvsn M Canpie
Onala A e

emater! G F: Gnyer M. Horssa
v K. A Wast ! aml . Webshuar!

Rb = first days beams
@SPES...

Possible coupling with y-array? = PARIS?

Coulex @MSU Inelastic scattering @MSU
N=50 on %Be
SPES expectation
Isotope RiB 1* Re-

(260 keV) accelerated
botope_ Yew _hy (o] _E IMeV]_toug ] R SKr [ 254107 | 49*10°
MK 2000 8 10* 2679 60480 75(6)/25(3)

2000 4x10° 2679 43360 T4(7)/26(4) *Kr 1.1+*107 23+*10%
®Kr 2000 4 107 2736 32760 43(4)/57(6)
20000 7 %103 2736 59400 46(7)/54(8) Kr l 1.5*108 I 29 %104
001 <5 10F 2736 !
FKr 4.8 *10% 9.7 *10?
Coulex @ISOLDE
F.Gramegna — Physics opportunities with SPES -  ACTAR kickoff meeting. GANIL 5-7 October 2013 20/30

[F. Gramegna, ACTAR TPC Kickoff meeting 2013]

Physics Programme with
Active Targets

F.Gramegna — Physics opportunities with SPES -

Proton inelastic scattering can yield important
information on the structure of nudei, in
particular on transition densities. Protons
interact with both protons and neutrons in the
nucleus, whereas Coulomb excitation on 2
heavy partner or |ifetime measurements probe
only the proton density distributions. The
combination of these two types of
measurements can disentangle proton anc
neutron contribution to excited states

Transfer reactions: The advantage of active
targets for these kinds of studies lies in the
ssibility of using high pressures and thus
having a very large effective target thickness,
that allows precise measurements to be
performed with beam intensities as low as 10*
pps. There is therefore a niche for active target
experiments with the most exotic nuclei where
incident intensities are too low, or when the
recoil nucleus has such a low energy that it
cannot exit from a solid target without
drastically degrading the energy resolution.

ACTAR kickoff meeting. GANIL 5-7 October

KU LEUVEN




Beyond MagicTin: physics opportunities with an active target at SPES
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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




ENSAR2 Network Activity: Gas Detection Systems

W.P. Leader: G.F. Grynier (GANIL)
Deputy Leader: F. Gramegna (LNL)

Task 1: ... gather together the GDS community ...
4 topical meetings
Task 2: GDS in strong and non-uniform magnetic fields
Task 3: Novel detection systems for high-intensity and heavy beams
Task 4: Rare gas target handling and recycling systems

Task 5: Auxiliary detectors
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