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ncept from particle physics

get (not always adapted 11
3G TPC, MAYA...

intensity
gy threshold
y on beam energy dependance

Accepted Experiment GANIL.:

> Resonant proton elastic scattering on

Interest: ’F and 2p-decay of excited 3N (GF.

n dynamics of unstable nuclei Grinyer et al.)
eakly-bound many-body systems > Spectroscopy of the unbound proton
- Nucleosynthesis rich nucleus K (B. Fernandez et al.)
- Resonant reactions > Study of p-p correlation in 2p
: joactivi %Zn and “8Ni with
- Exoti radioactivity of
. decays ACTAR TPC
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Counts/15 keV

E, (*Si) (MeV)

experiments: ® Thick target experiments:

1
h rates, not exotic nuclei Significant losses in the target itself

Detector(s) Detector(s)

counts/20 keV
8 & 8 ®&

-

100 1500
Q-value (keV)

Need thick targets and excellent resolution



Si/Csl wall

= 8 mm hexagonal pads

Beam/Energy Reaction Mixture Pressure
[MeV/u] [%] [mbar]

*He @ 3.9 *He(p,p’) 100 1000
*He @ 3.5 8He(p,d)'He 100 525 _ _
B2E @ 50.0 »F(d,’He)*0 100 2200 ' . (Tfi“;g" Data |
Piz
Ni @ 50.0 %6Ni(d,d”) 100 1050 : PO model
. o 13 P2 model
He @ 15.4 He( -C, hN) H C4H10 100 — P3 model
"Li@3.6 "Li(p,d)"°Li C4Hyo 100
HLi(p,H)°Li C.Hy, 100
*He @ 3.5 SHe(p,n)°Li C4Hyo 100

%Ni @ 50.0 ®Ni(d,d”) D, 100

Li(p,t} with sscc triton & various Li models. Sim+seq

o) (mb/sr)

% Ni(a,a”) He+CF; 982
Ni @ 50.0 Ni(a,0) He+CF, 9872
SHe @ 15.4 SHe(*F,®Ne)’H  He+CF,  10/90
“Be @3.0 “Be(p,p’) CiHyo 6 (degrees)

I. Tanihata et al., Phys. Rev. Lett. 100, 192502 (2008)
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e improved :

(angular and range)

nstruction efficiency (granularity+Si walls)

= New electronics (16k channels)

Energy dynamics (pad polarisation or electrostatic mask)

cations of final detector
Micromegas/ GEM (~650 cm?, pad size 2 x 2 mm?)

16 Research and Development

= Tests of prototype detector (Micromegas & GEM)

= Building of demonstrator and tests

= Physics simulations (ACTARSIm)

s  GET electronics development

= ERC grant for G.F. Grinyer and ACTAR TPC (fev. 2013)
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T (General Electronics for TPC’s) for 16,384 channel:

G A

Different physical geometries: Reaction
and decay

Reactions

MMs or GEMs

25.6 cm

MMs or GEMs




ACTAR-TPC demonstrate = AN

ess different questions (=12x7 cm?):

e pad plane

'GET electronics

Si Strip
Detector

Beam
Entrance

Pad Plane 2
Electronics

ZAP+AsAd
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& AN
Az
lics: Wave-digitizer using 511 analogue memory cells @ 100 MHz max
Internal/self trigger and zero suppression for reducing data traffic
ov. 2009 — Oct. 2013; IRFU/CEA, CENBG, GANIL, MSU )
Embedded |_ .
G ET Systems: FARM
i Trigger 3
Conceptual Design : e
Formatting/ | W:IGINEE |
reduction/ Data
Calibration Control
' Slow Control
Web
\—l Service
g Security
T;:;;: f‘ . 3 Levels
.
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Demonstratae

or the final detector
pad plane to minimize rounting time,

a
>

milium gap

“{GENBG

---------

Nd30 1e spei

(9gN3D) reusadqidr ® (ONdI) 481s04d Jo Asauno)

~100 um deforg




ACTAR TPC De

4PN

ORSAY

./"FA /l
R .
)
. i v‘ ii".N‘H‘I'f@'f :
IIHJI 1 3
I, t
I |
= ' :
- st .
ot \'v\:\‘.\
Aun by I A dw 7
y ’ \ ," ‘a .‘/\.J}‘ .
| : -
Gas Detector WS 2016/J. Pancin £



& A F\'S—pllr-aJQ_

2 experiments at ALTO@Orsay in 2015:

- Study of cluster states in 1°B through °Li on
“He gas target

- Hoyle state in *2C through 2C on “He gas
target

2 beam tests at GANIL in 2016 with >8Ni and
24Mg at 5MeV/n in pure iC,H,, et 100 mbar and
He+iC,H,,(10%) at 200 mbar respectively

Still under analysis

1
L
=

L
=

helium

Uy
=

hydrogen

E
E
S
&
c
S 3

[

dE/dx (arbitrary _ynits}l

20 40 60 S0 100 120 140 160 180 ’ 6 & 10 12 14 16 18
charge deposit (arbitrary units) E .q (MeV)

58N on an iC4Ho target. 6Li on an *He target.
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, source...
‘onic rack for Asad cards

 Anode routing
« Calibration procedures
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A

il
NiiGa

ined welded frame (+/-1 bar) SIDE FLANGES.
« 20 mm thickness

 Will be used for Silicon wall, gas
feedthrough, source holders, ...

he top and bottom
sides (same flanges)
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& A Nyiph—

CHASSIS:
- Steel machine welded frame

-2 Parts: 1 fixed on the floor and 1 ajustable +/5mm on
XYZ axis

- The ajustable part supports : ACTAR, ASAD rack,
vent. cooling, and low voltage distribution

ZAP R&L




& A Nyiph—

« Dark zone minimized

- 4 identical field grids

ZOOM Gold touch point: - Mechanically independant of the Anode
On each grid , output voltage 0.5kv, - No wire to plug

R TIacTWITRGEcte PCB - Ancillary detectors position

: 14
5as Detector WS 2016/J. Pancin - Corona ring
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-40
50

» Electrostatic simulations performed
with SIMION, GARFIELD and OPERA
In agreement with math. calculations

» Some effects are correctly reproduced
* Transversal elec. field x5 to reproduce
all effects

» Tests performed showed that a double
grid Lmm/2mm pitch should be enough

>5as Detector WS 2016/J. Pancin
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28 Pads 2x2mm area

tance

Inimize capaci
 Simplify the rout

p=

ing
deformations and keep planeity

* Integrate the 16384 GET channels on the

pad planes
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CERN

P. Gangnant/M. Blaizot-GANIL

Connecteurs JST au pas de 0.5 mm
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’ _ & AN

nical Proposal :

anode : one part metallic frame « filled » with epoxy)

chanical Simulation by Matthieu

L (GANIL)
heck for deformation of the par '

ifferent thickness and material

less steel 7mm thickness:
deformation for 1000mbar pressure

[ [ Auminiom [ inox |
Epaisseur3.8

Academic

010705

|| Epaisseur7 043  [0.15 |

<
s
60,00 (mem)

A |

PCB
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& A Nyiph—

CONNECTORS SAMTEC
ERM8/ERF8

"

Pitch: 0.8mm, Contacts

d0d |pouy 74

2 raws of connectors
Located on a bigger area than the pads area
To place all connectros and sustain pressure diff.

Actar Anode type IPNO-GANIL, realized by Maria
BLAIZOT (GANIL)

- 20 Layers (9 ground and 11 signals)
- Between 4.5mm &6.4mm thickness

- A nightmare to design (pads routing all different)
- NOT FEASIBLE ...

>5as Detector WS 2016/J. Pancin L



7‘ Low-| ass; :
High Voltage —»- Filt’;r | Cathol

Low-pass Micromesh

Filter ‘ l

Inverter

ﬁ ADC

Discriminator tngger

Ampllﬁcator High-pass filter
+ pre-amplificator:

ADC_VOIE_0

~ 2 days for 1024
channels

No simple stability
correction

R RCRCRCRCRCEC — Relative calibration



Parallel plate approx. + MAGBOLTZ to
calculate o coef.

Gainoc exp(a x d)

o the 1st Townsend coef

d the gap 205 210
All pad responses aligned with ref. pad e
Ref. pad aligned to MAGBOLTZ gain with d —
Calculation of d ., to fit local gain variation
gap per pad (um) CEN BG
~ detector
Demonstrator
pad plane

Ad = +/-2.5%
AG = +/-5%

Position in X (mm)

30 40 50 60

Position in X (mm)



G A

5 with wide range of energy loss: dE o z2/v2 (39Zn(d,p)8'Zn for

Raether limit 1.6 pC/mm v

max. charge 100 fC/mm

= Dynamical range <200 due to
electronics

= Raether limit 10%-107 e/mm
BTN o s o e = = = = Gain degradation
= Capacitive coupling (mesh/pad)

Charge [fC/mm]

102
Detector Gain

a Masking completely the beam with a metallic foil over the pads or a gating grid
(E. Pollacco et a/NIMA723(2013) )

0 Decrease the gain below the beam by pad biasing

0 Use a tuneable mask to lower the amount of ionization electrons created by the
beam

0 Use of adaptable charge dynamics on the electronics

Gas Detector WS 2016/J. Pancin 22



=A Nsp|ra

(TT02) ¥9 ‘099 V WIN “"[e 18 3nzns Qg

o Low gain strips: (6, TKE) for 1°Be / low-energy “He
o High gain strips every five anode pads: 4 for “He
o Pad biasing on ACTAR TPC central pads through ZAP cards

Gas Detector WS 2016/J. Pancin 23
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mask below the beam, factor x10 on dynamical range

Vm+2dV
-Vm -——— Vm

- - =

Vm+dy Am+dv

3l
2
1
C
9
8
7
6
5
4
3

]

(2102) 900T0d ‘2 LSNIC ““|e 39 uoued ¢

=20 +40 +60 +80 <100
Bias diffarence

Used for %8Ni(a,a’) in 2011 in MAYA (M. Vandebrouck et al.,PRL113 (2014))
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Capacitive coupling due to the
mesh/pad capacitance:

» Overshoot due to strong energy
deposit

* Partial readout (thresh.)

« Can be seen with alphas

 Use of masks

* Or GEMSs...(decay exp.)

G AN

<pifd

b—

o at 5 MeV with a gain of 3.10% and 120 fC elec. range

200

100

0

O-i00

-30

-20 -10 0 10 20 30 40
vertical angle (deg)

time (arb units)




A

il
NiiGa

Decay

MMs or GEMs

9dNdD
0ZZeUIAOIS) [

 Re-design all the detector (chassis, elec. rack, chamber...)

» Field cage (no transparency needed...)

e Strong issue on the anode (size...)

* To be designed in the forthcoming monthes (CENBG, GANIL)

Gas Detector WS 2016/J. Pancin e



, & AN

WP 1: Physics & Sims

WP 1.1: Demonstrator Expt
IPNO PAC Meeting
GANIL in-beam test

bic

IPNO Demonstrator Campaign
Demonstrator @ GANIL in G3

WP 1.2: Commissioning Expt
ACTARTPC LOI's @ SPIRAL WS
Mount in G3

Experiments (E1)

WP 1.3: 2p Decay Expt
ACTARTPC LOI's @ LISE WS
Mount at LISE
eriments (E2)

‘ | L I |
] ACTAR TPC ACTARTPC | ACTARTPC ACTARTPC
Demonstrator — IPNO Demonstrator — G3] GANIL GANIL & HIE ISOLDE

Gas Detector WS 2016/J. Pancin 2



G A Ny

_irt experiments accep
TAR decay chamber
be designed in 2017

28
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ar

IPNO CENBG
F.Flavigny B.Blank H.AIvarez-PoI
G.Minier” J.Giovinazzo M.Camaano
P.Rosier” T.Goigoux B.Fernandez |
JLPedroza PKonczykowski" e
J.Pibernat _—
GANIL RIKEN CEA/IRFU
D.Suzuki E.C.Pollacco
C. Maugeals C.Spitaels P.Sizun
K.Turzo N—
M.Michel V.Vandevoorde M .
. ' Basse-Normandie
J.Pancin G.\oltolini + GET Team ..
T.Rpger G.Wittwer - A _5;‘,-‘,2‘,2 JF
F.Saillant
*Alumni
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ading to these results has received funding from the

Council under the European Union’s Seventh
e (FP7/2007-2013)/ERC Grant agreement n°

European Research Council
Established by the European Commission|

= For more information:
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http://pro.ganil-spiral2.eu/laboratory/detectors/actartpc
http://pro.ganil-spiral2.eu/laboratory/detectors/actartpc
http://pro.ganil-spiral2.eu/laboratory/detectors/actartpc
http://pro.ganil-spiral2.eu/laboratory/detectors/actartpc

