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•  Solid	  State	  	  

–  Large	  Area	  Telescope	  Arrays	  	  

•  Gas	  Detectors	  
–  Beam	  Trackers	  
–  Focal	  Plane	  &	  Recoil	  Detectors	  
–  Time	  ProjecGon	  Chambers	  	  

•  Gamma	  
–  AGATA	  &	  EXO-‐GAMME	  

•  Generic	  Micro	  Electronics	  	  
–  Front-‐end	  –	  ASIC	  based	  (Analogue	  &	  Numeric)	  
–  Back-‐end	  	  –	  FPGA	  based	  

•  DAQ	  

Remodel:	  Technology	  for	  Par%cle	  and	  Astro	  Physics	  for	  Nuclear	  Physics.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  S;ll	  far	  to	  reach	  Par;cle	  Physics	  Rates	  with	  Nucl.	  Phys.	  specs.	  	  	  

	   	   	   	  è	  Engineering	  Funding	  (see	  VMM2	  for	  example)	  
	  
	  

	  



•  From	  Stable	  	  	  to	  	  	  Radio	  AcGve	  Beams	  
	  	  	  	  108-‐10	  pps	  	  	  	  	  	  	  	  to	  	  	  	  	  	  	  	  100-‐5	  pps	  

è Luminosity	  	  
è èTarget	  thickness	  	  	  	  	  	  è	  Resoln.	  	  	  	  	  	  

è Phase	  Space	  Cover	  
è Solid	  Angle	  
è Highly	  Segmented	  Devices	  	  
è Wide	  Energy	  &	  Momentum	  Dynamic	  Range	  



•  	  Radio	  AcGve	  Beams	  	  to	  	  	  Stable/Quasi-‐Stable.	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  100-‐5	  pps	  	  	  	  	  	  	  	  è	  	  	  	  	  	  	  	  	  106-‐13	  pps	  	  
	  
•  Present	  our	  Instruments:	  Incapable	  to	  cover	  the	  increase	  in	  rates.	  

•  BUT	  
–  Be\er	  Stable	  Beam	  characterisGcs	  

•  Emi\ance	  &	  Time	  structure	  

–  Knowhow	  exists	  in	  ParGcle	  hysicsP	  for	  some	  of	  the	  challenges.	  
–  Develop	  SPESIFIC/NOUVELLE	  physics	  program	  è	  SPESIFIC	  instrument.	  

	  

To	  accomplish	  physics	  
With	  low	  X-‐secGon	  
	  measurement	  (eg	  DCE)	  

Ultra-‐High	  selecGvity	  with	  	  	  	  .	  
-‐Magne;c	  Spectrometers	  
-‐High	  Segmenta;on	  
-‐Radia;on	  hard	  
-‐Engineering	  Knowhow	  
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Beam	  
Radio-‐AcGve	  
Or	  Gamma	  

Z,	  A,	  E,	  (x,y)	  
	  
	  
	  
Spectrometer	  

	  
Physics	  with	  Stable/Quasi-‐Stable	  beams	  
•  Re-‐visit	  of	  “old”	  data	  with	  via	  new	  

techniques	  (Phase-‐Space	  Ω1.Ω2.Ω3 …)	  
•  (d,p),	  (p,t), …	  
•  ParGcle-‐Gamma	  selecGvity	  
•  MulG-‐ParGcle	  final	  states	  

•  Very	  low	  x-‐secGon	  reacGons	  (astro-‐
physics,	  Sup-‐Heavy,	  …)	  

	  	  

What	  
Physics?	  
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Spectroscopy	  (direct	  or	  resonant	  reac;ons)	  
	  	  	  Energyè	  Energy	  Levels	  E*	  
	  	  	  Angles	  è	  Lπ, β (BE(L))
	  	  	  Yield	  	  	  è	  X-‐secGons	  

	  	  
Beam	  
Radio-‐AcGve	  
Or	  Gamma	  

Z,	  A,	  E,	  (x,y)	  
	  
	  
	  
Spectrometer	  

Telescope-‐	  eg:	  Si+CsI	  
	  	  	  Energy	  
	  	  	  PosiGon	  
	  	  	  Charge	  
	  	  	  Mass	  
	  	  	  Angle	  

	  
High	  Rate	  OpFons	  
•  Target	  development	  	  	  
•  Detectors	  	  

•  Fast	  
•  Highly	  Segmented	  
•  Hardened/Fluid	  

•  Adopted	  Electronics	  	  
•  Fast	  electronics	  
•  Powerful	  Trigger	  

•  MulG-‐coincident	  /Time/Energy/
PosiGon/	  

•  High	  Magnet	  selecGvity	  
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Small	  N°	  of	  channels	  	  100+100	  max	  



Technological	  Transfer	  
PP	  è	  NP	  

A	  Drouart	  et	  al.,Nuclear	  Instruments	  and	  
Methods	  in	  Physics	  Research	  A	  	  



2. The TAMU MDM-Focal Plane Detector
The Oxford detector is an ionization chamber with a plastic scintillator at the back. Four

resistive wires working in avalanche conditions allow for position determination at four
different depths in the detector and therefore permit raytrace reconstruction. A detailed
description can be found in ref [3]. The figure below shows a schematic side view of the
detector and its components. Energy lost in the ionization gas is measured by the three anode
plates at the top. Currently, with only the first two plates connected to produce a signal we
call ΔE1, we obtain energy resolutions of 10-15%. The third plate, ΔE2, gives a signal that
that was never shown to improve the detection resolution and particle identification.

3. The Micromegas
MicroMegas is a relatively new detector

technology that operates as a two-stage
parallel-plate avalanche chamber. It consists
of a small amplification gap (50-300 μm) and
a much larger drift gap (on the order of cm)
separated by a thin electroformed micromesh.
It has been shown to provide gains of up to
105 [4].

4. The Upgraded Detector
In order to improve the ΔE resolution, we replaced the ΔE2 anode with a

MicroMegas plate of identical size, 14.6 cm by 42.6 cm. The detection area
consisted of 28 pads, 3.25 cm by 4.4 cm, each giving an individual ΔE signal
corresponding to the energy lost in the respective gas region. The mesh was
made of nickel and sat at 256 μm below the anode. The drift region, between
this mesh and the cathode was 12 cm.

The detector was filled with
isobutane gas and tested at different
pressures between 30 and 100 Torr.

1. Introduction
The Oxford detector is one of the two focal plane detectors used with the

Texas A&M Multipole-Dipole-Multipole (MDM) spectrometer [1]. It is used
to identify particles and measure their positions along the dispersive
x-direction. Using raytrace reconstruction we can determine the scattering
angle at the target as a function of the angle of the particle path in the detector
[2]. It has been used primarily to study scattering and transfer reactions
involving nuclei with A≤26. However at higher masses than that, we found
that we are having significant difficulties with the particle identification due
to the insufficient resolution of both the ΔE and Eres signals.
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5. Testing conditions
We tested the upgraded detector first with a mixed alpha-source and then

with 3 beams: 16O, 22Ne and 28Si. Each beam had an energy of 12 MeV/u. As
targets we had 197Au, 27Al and 13C. The purpose was to determine the
MicroMegas response to different settings. We looked at the detector
behavior for different bias voltages, different gas pressures and particles of
different N and Z.

7. References
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6.1. Results - Alpha source
The source was placed inside the Oxford at

approximately 4 cm from the MicroMegas anode.

6.2. Results - 22Ne Beam
We used a narrow collimated beam to avoid charge sharing and obtain individual pad

responses for similar conditions. Energy resolutions were around 6-7%

Then we used the 13C target to produce a cocktail of reaction products. In the figures below,
you can see comparisons between the identification spectra with MicroMegas and with the
original anode. The pair of pictures on the left are for 100 Torr and those on the right are for 30
Torr, which is the preferred running pressure for astrophysical experiments.
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2. The TAMU MDM-Focal Plane Detector
The Oxford detector is an ionization chamber with a plastic scintillator at the back. Four

resistive wires working in avalanche conditions allow for position determination at four
different depths in the detector and therefore permit raytrace reconstruction. A detailed
description can be found in ref [3]. The figure below shows a schematic side view of the
detector and its components. Energy lost in the ionization gas is measured by the three anode
plates at the top. Currently, with only the first two plates connected to produce a signal we
call ΔE1, we obtain energy resolutions of 10-15%. The third plate, ΔE2, gives a signal that
that was never shown to improve the detection resolution and particle identification.

3. The Micromegas
MicroMegas is a relatively new detector

technology that operates as a two-stage
parallel-plate avalanche chamber. It consists
of a small amplification gap (50-300 μm) and
a much larger drift gap (on the order of cm)
separated by a thin electroformed micromesh.
It has been shown to provide gains of up to
105 [4].

4. The Upgraded Detector
In order to improve the ΔE resolution, we replaced the ΔE2 anode with a

MicroMegas plate of identical size, 14.6 cm by 42.6 cm. The detection area
consisted of 28 pads, 3.25 cm by 4.4 cm, each giving an individual ΔE signal
corresponding to the energy lost in the respective gas region. The mesh was
made of nickel and sat at 256 μm below the anode. The drift region, between
this mesh and the cathode was 12 cm.

The detector was filled with
isobutane gas and tested at different
pressures between 30 and 100 Torr.

1. Introduction
The Oxford detector is one of the two focal plane detectors used with the

Texas A&M Multipole-Dipole-Multipole (MDM) spectrometer [1]. It is used
to identify particles and measure their positions along the dispersive
x-direction. Using raytrace reconstruction we can determine the scattering
angle at the target as a function of the angle of the particle path in the detector
[2]. It has been used primarily to study scattering and transfer reactions
involving nuclei with A≤26. However at higher masses than that, we found
that we are having significant difficulties with the particle identification due
to the insufficient resolution of both the ΔE and Eres signals.
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5. Testing conditions
We tested the upgraded detector first with a mixed alpha-source and then

with 3 beams: 16O, 22Ne and 28Si. Each beam had an energy of 12 MeV/u. As
targets we had 197Au, 27Al and 13C. The purpose was to determine the
MicroMegas response to different settings. We looked at the detector
behavior for different bias voltages, different gas pressures and particles of
different N and Z.
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responses for similar conditions. Energy resolutions were around 6-7%

Then we used the 13C target to produce a cocktail of reaction products. In the figures below,
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original anode. The pair of pictures on the left are for 100 Torr and those on the right are for 30
Torr, which is the preferred running pressure for astrophysical experiments.
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2. The TAMU MDM-Focal Plane Detector
The Oxford detector is an ionization chamber with a plastic scintillator at the back. Four

resistive wires working in avalanche conditions allow for position determination at four
different depths in the detector and therefore permit raytrace reconstruction. A detailed
description can be found in ref [3]. The figure below shows a schematic side view of the
detector and its components. Energy lost in the ionization gas is measured by the three anode
plates at the top. Currently, with only the first two plates connected to produce a signal we
call ΔE1, we obtain energy resolutions of 10-15%. The third plate, ΔE2, gives a signal that
that was never shown to improve the detection resolution and particle identification.

3. The Micromegas
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technology that operates as a two-stage
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of a small amplification gap (50-300 μm) and
a much larger drift gap (on the order of cm)
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consisted of 28 pads, 3.25 cm by 4.4 cm, each giving an individual ΔE signal
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LE	   TAC	  LE	   TAC	  



DSSD	  
10x10cm2	  

128X+128Y	  
300µm	  

Collabora%on:	  	  	  IPNO/SPhN-‐Saclay/GANIL	  

Si(Li)	  5mm	   CsI	  	  4cm	  

Résolution en position 0.7mm   

Résolution énergie FWHM ~ 50 keV 



Trigger	  +	  	  	  	  	  	  	  Scalars	  	  	  	  	  	  	  	  	  	  	  	  	  	  +ADC	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  +4MUST2	  	  	  	  	  +4MUST2	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

For	  8X288	  channels	  of	  Energy	  &	  Time	  
Project	  	  	  
Can	  do	  much	  be\er	  
ConcentraGon	  X20	  



DE-‐DE’	   DE’-‐E	  

DE-‐ToF	  

Cut 19O in VAMOS 

Cut E-TOF MUST2 A=3 

Project	  	  	  
.	  Pulse	  Shape	  -‐	  500MHz	  
	  	  	  sample	  
.	  Improved	  Back-‐end	  
	  	  1kHz	  to	  20kHz	  
	  



17KeV	  
è	  MUSETTE	  
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E655S configuration 

T1 to T4 

  T6,  
T7 

T5,  
T8 

beam 



•  MUST2	  has	  	  
–  a	  large	  solid	  angle	  (x50	  higher	  than	  most	  exisGng	  system	  &	  x10,000	  of	  1980	  data	  sets)	  
	  	  	  	  	  

•  Experiment	  prospects:-‐	  
–  (t,p),	  (d,p),	  (3He,d)	  …	  done	  in	  1970’s:	  Solid	  Angles	  1/10,000	  of	  	  4xMUST2.	  

–  Can	  perform	  parGcle-‐γ	  measurements	  to	  establish	  decay	  schemes	  for	  
parGcle	  states	  in	  stable	  or	  quasi-‐stable	  nuclei.	  

–  MulG-‐ParGcle	  final	  States	  
•  E.	  S.	  Diffenderfer	  et	  al.,	  Phys.	  Rev.	  C	  85,	  034311	  (2012)	  –	  24Mg	  
•  Low	  lying	  resonances	  in	  light	  nuclei	  
•  InvesGgaGons	  of	  three,	  four,	  and	  five-‐parGcle	  exit	  channels	  of	  levels	  in	  light	  

nuclei	  created	  using	  a	  9C	  beam;	  R.	  J.	  	  Charity	  et	  al.,	  PhysRevC.84.014320	  
•  Decay	  of	  10C	  excited	  states	  above	  the	  2p	  +	  2α	  

CurGs,	  N.	  et	  al.	  Phys.Rev.	  C77	  (2008)	  021301,	  	  

12N



•  Telescope	  (ParFcles	  &	  Gamma)	  25%	  of	  4π
–  ΔE	  	  -‐	  	  DSSSD	  è	  40KeV	  &	  500nsec	  resoln	  

•  6	  DSSSDs	  of	  10cmx10cm	  

–  E	  	  	  	  	  -‐	  	  CeBr3	  è	  5%	  	  &	  4mm	  resoln	  	  	  
•  24	  crystals	  of	  5cmx5cm	  

•  	  Gamma	  12%	  of	  4π  	  
–  E	  -‐	  	  CeBr3	  è	  5%	  	  &	  4mm	  resoln	  &	  high	  eff.	  

•  12	  crystals	  of	  5cmx5cm	  

•  High	  Phase	  Space	  	  
–  Ωγ	  x	  Ωp	  approx	  25%	  

•  Large	  Phase	  Space	  Cover	  
–  Needs	  review	  of	  electronics	  for	  high	  counGng	  rates.	  
–  High	  dynamic	  range	  for	  parGcles	  &	  gammas	  

	  
	  

CeBr	  
Si
M
P	  
Si
M
P	  CeBr	  



Challenge	  	  -‐	  how	  thin	  100µm,	  50µm,	  …?	  

Project	  
In	  Progress	  



CHyMENE	  hydrogen	  target	  

Ø 	  50-‐200	  micron	  solid	  H2/D2	  film	  

Ø no	  C	  and	  mylar	  window	  
	  ⇒	  no	  C	  background	  
	  ⇒	  atoms.cm-‐2	  x	  5	  
	  ⇒	  less	  energy	  loss	  

Ø experiments	  at	  SPIRAL1	  and	  SPIRAL2	  
	  ⇒	  5-‐15	  MeV/u	  and	  thin	  target	  (<0.5	  mm)	  

	  

Developments:	  
	  

Ø Early	  2010:	  producGon	  test	  at	  Saclay	  

Ø June	  2010:	  in-‐beam	  test	  at	  Bruyères-‐le-‐Châtel	  

Ø 2011:	  ANR	  
Ø Towards	  below	  40µm	  	  

IPN	  Orsay,	  02/03/12	   19	  Anna	  Corsi	  -‐	  CEA	  Saclay	  /	  SPhN	  



•  Astro-‐Physics	  ReacGons	  (Ph	  Woods)	  
–  20Ne(p,d)19Ne	  è	  Branching	  10-‐4	  è	  α	  +	  15O	  
–  21Ne(p,t)19Ne	  è	  α	  +	  15O	  
–  Need	  To	  populate	  19Ne(E*=4.033MeV	  -‐	  mbarn)	  

è High	  intensity	  20Ne	  (1012pps)	  
è Target	  no	  Contaminant	  (C,	  O,	  N	  …	  kills	  the	  DSSSDs)	  
è Spectrometer	  approx	  0°.	  

è Detect	  α	  +	  15O	  &	  p	  
	  

α
19Ne	  

20Ne	  –	  3x108	  
40MeV.A	   15O	  

H2	  

vlapoux@cea.fr 2015 5 

Estimation of the cross sections of 20Ne(p, d)19Ne* to the 4.03 MeV state   

Calculations done by Dan Doherty,  
FR reaction code; sp states 19Ne* 

MAGNET	  

	  

E*=4.033MeV	  	  

If	  DCE	  then	  this	  exp!	  



	  
–  SiPM	  –	  Fast	  	  crystals	  	  with	  fast	  “PMs”	  

•  100psec	  &	  resoln	  6.5%	  for	  CeBr3	  
•  Developments	  in	  progress	  (noise)	  
•  Nucl.	  Phys.	  Being	  tested	  

–  GAIN	  mode	  	  	  in	  Si	  detectors	  (Not	  APVs)	  
•  Low-‐Gain	  Avalanche	  Detectors	  (LGAD)	  

–  X10	  gain	  
–  Very	  fast	  %ming	  (<30psec)	  

•  Nucl.	  Phys.	  Not	  trying	  ?	  

–  3-‐D	  Si	  for	  tracking	  
•  Ultra	  fact	  Si	  
•  Radia%on	  hard	  
•  Nucl.	  Phys.	  Not	  trying	  ?	  

	  

66

Measurements with SrI2, CeBr3, GYGAG 

Detectors from Livermore and IPN Orsay: 
• Cylindrical 2” x 2” SrI2 • Cylindrical 2” x 3” CeBr3 • Cylindrical 0.3” x 2” GYGAG  
Measurements performed in Milan: 
• The crystals were scanned using a collimated beam  

of 662 keV gamma rays (along the three axes). 
• Crystal response was measured using standard sources  (60Co, 88Y, 137Cs, 152Eu) 
• The crystal response of gamma rays was measured at 4.4 MeV and 9 MeV. 
• Pulses up to 9 MeV gamma rays were digitized. 

Acquired 
spectra 
with a 
152Eu  
and 

AmBe(Ni) 
sources 

A. Giaz   -   Characterization of new scintillators: CLYC, GYGAG, SrI2 and CeBr3 17 EGAN 2014 

Silicon'Photomul3pliers

•Developments(of(large(arrays(of(SiPMs(

•Technology(directed(towards(simultaneous(PET(and(MRI(

•Bespoke(electronics(and(readout(developed(

•Suffer(from(high(dark(current(IMPROVING(

•Major(gain(instability(with(temperature(IMPROVING(

•Excellent(<ming(resolu<on((100s(of(ps)



Maxim	  Titov,	  CEA	  Saclay,	  France	  

MICROME
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Gas	  
Electron	  
MulFplier	  

Compteur	  
A	  

Trous	  

¾ Micromegas

¾ GEM

¾ Thick-GEM, Hole-Type and RETGEM

¾ MPDG with CMOS pixel ASICs (“InGrid”)

¾ Micro-Pixel Chamber (mPIC)

Electrons

Ions

60 %

40 %

Micromegas GEM THGEM MHSP

InGrid

mPIC

Rate Capability: 
MWPC vs MSGC
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Field	  Dria	  Volume	  
Approx.	  300	  V/cm	  
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100	  µm	  

30kV/cm	  	  	  	  AMPL	  zone	  

Pads/Strips	  …	  

Drift or cathode 

~ 1 kV/cm 

 mms /cms 

Charged particle 

~100 µm 

50 kv/cm 

Micromesh 

Readout plane  � High gain ( >104) 

� Good energy (11% @ 6 keV) and time resolution (< 1 ns) 

� Good spatial resolution (< 50 µm) 

� Reduced ion feedback < 1% 

� Radiation hardness (1016 p/cm2) 

� Fast ion collectionÆ operation at high flux 

� Cope with sparks: resistive coating 

Principle 

High	  Resoln	  
þ  Gain:	  106	  
þ  Time:	  2-‐5ns	  
þ  Space:	  <100µm	  
þ  Charge:	  <20%/sqrt(E)	  
þ  Rad.	  Hard	  
þ  Ion	  Feed-‐Back	  
	  

µ-‐Bulk	  

Bulk	  

avalanche	  

PCB	  



	  	  	  E=5.0MV/m	  
	  

Calcula;ons:	  
S.	  Franchino,	  R.	  de	  Oliveira	  &	  E.	  Pollacco	  (ZiTiX	  Project)	  
	  

Mesh	  
Support	  300µm	  

Anode	  Cu+Au	  

PCB	  

E=0.2MV/m	  

NOT FOR DISTRIBUTION JINST_006P_1011 v2

Figure 15. Electric potential and field values shown in the plane cut from figure 14. From left to right -
rectangular, cylindrical, woven and calendered mesh. From top to bottom - electric potential, vertical (Ez)
and horizontal (Exy) electric field values. All cases are for the mesh pitch of 96 µm and amplification to drift
field ratio of 320. Maximal electric field values are shown by red color and in the case of the rectangular mesh
component Exy has the lowest value among all 4 geometries. Scaling it so that rectangular maximum value of
the Exy component is equal to 1, the other geometries have the following maximal values - cylindrical 1.06,
woven 1.09, and calendered mesh 1.19, which agrees with our simple explanation of symmetry caused Exy

component cancellation. Even though cylindrical mesh might seem equally symmetrical as the rectangular
one the difference is that because of the curvature of the cylindrical wires one gets more of the deflection
Exy component directly above the wire which is not the case for the rectangular mesh in which the surface of
the wire is not curved - i.e. is flat. Maximum Ez component values are again scaled to the rectangular mesh
value of 1.0 - cylindrical 1.18, woven 1.10, and calendered mesh 1.21.

– 18 –
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Figure 14. Cross section region in a horizontal plane around one hole in the mesh. Detailed electric field
values and potentials are shown in figure 15.
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Mesh	  
	  	  

Simula;ons	  MIT	  

Project	  
.High	  resoln	  
.High	  counGng	  
&	  IonizaGon	  
CERN-‐SPhN	  
ZiTiX	  &	  MDM-‐2	  
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µ-Bulk 55Fe 
FWHM = 13.5 % 

Bulk 55Fe 
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 µ-Bulk 241Am 
FWHM = 1.2 % 

(σ/S)2	  =	  ((Fano+(ΔGain/Gain)2)/Ne-‐	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  +	  δelec2	  +	  δdetector2	  )	  
(σ/S)2	  	  =?	  For	  high	  ΔE	  

�	  

Bulk	  
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Figure 15. Electric potential and field values shown in the plane cut from figure 14. From left to right -
rectangular, cylindrical, woven and calendered mesh. From top to bottom - electric potential, vertical (Ez)
and horizontal (Exy) electric field values. All cases are for the mesh pitch of 96 µm and amplification to drift
field ratio of 320. Maximal electric field values are shown by red color and in the case of the rectangular mesh
component Exy has the lowest value among all 4 geometries. Scaling it so that rectangular maximum value of
the Exy component is equal to 1, the other geometries have the following maximal values - cylindrical 1.06,
woven 1.09, and calendered mesh 1.19, which agrees with our simple explanation of symmetry caused Exy

component cancellation. Even though cylindrical mesh might seem equally symmetrical as the rectangular
one the difference is that because of the curvature of the cylindrical wires one gets more of the deflection
Exy component directly above the wire which is not the case for the rectangular mesh in which the surface of
the wire is not curved - i.e. is flat. Maximum Ez component values are again scaled to the rectangular mesh
value of 1.0 - cylindrical 1.18, woven 1.10, and calendered mesh 1.21.
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Novel Results on Small Gap Micromegas Microbulks 
D. Attié1, L. Boilevin-Kayl1, T. Dafnib, E. Ferrer Ribas1*, S. Ferry3,Y. Giomataris1, D.C. Herrera2, F. J. Iguaz2, I. G. 
Irastorza3, M. Kebbiri1, T. Papaevangelou1, R. De Oliveira3, L . Seguí2 and A. Tomás2 
 
1IRFU, Centre d’ études de Saclay, CEA,  France 
2Laboratorio de Física Nuclear y Astropartículas, Universidad de Zaragoza, Spain 
3CERN, Geneva, Switzerland  

Performance vs pressure  

The Microbulk manufacturing technique provides detectors with excellent energy resolution, flexible structure, low material budget and high radio-purity. Small 

gap micromegas detectors (< 50 µm) are optimized for high pressure applications.  Combining the microbulk technique with a small gap can result in attractive 

detectors for rare event searches, in particular for double  beta decay or dark matter search experiments. 

  
F.J. Iguaz et al., JINST F.J. Iguaz et al., JINST 7P04007(2013)7P04007(2013)  
S. S. AndriamonjeAndriamonje  et al., JINST et al., JINST 5P02001 (2010)5P02001 (2010)  
T. Dafni et al., NIM A608, p259 (2009)T. Dafni et al., NIM A608, p259 (2009)  
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The gain variation  exhibits a minimum for: p =  V/Bd 

D. Attié et al., JINST 9 (2014) C04013 
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Gain and energy resolution Townsend coefficient 

Gain  

Motivation & Characteristics  

Conclusions and  Perspectives 
 Gains greater than 8 × 103  and Energy resolutions as low as  12% have 

been obtained in Argon-Isobutane mixtures for 12.5 and 25 µm Microbulk 

detectors. Electric field simulations  show that these results are limited by 

manufacturing  constrains on the hole pattern. 

 

Townsend coefficients have been extracted and will be compared to 

simulations . 

 

The performances of these detectors as a function of pressure have been 

studied and follow the expected bell shape with the maximum shifted with 

pressure. 

 

Confirmation of suitability of small gap microbulk for rare event detection 

that would require operation pressures above the atmospheric. 

 

d  

d = 12.5, 25 or 50 µm 

The gas mixture for every  amplification gap  has  been chosen  to optimise the 

energy resolution. 
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Micromegas/GEM	  
‘Fluid’	  RadiaGon	  Hard	  
High	  Rates	  (mips	  107Hz)	  
Good	  PosiGon,	  Time	  &	  Charge	  Resoln	  	  



Produce	  A	  Radio-‐AcGve	  Species	  
è	  (then)	  

Measure	  the	  decay	  products	  (p,	  2p,	  3p,	  	  α,	  αp,	  …	  )	  
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AstroBox2 - Detector for low-energy
β-delayed particle detection

A. Saastamoinen1,∗, E. Pollacco2, B. T .Roeder1, A. Spiridon1, L. Trache3, G. Pascovici3, R. E. Tribble1

1Cyclotron Institute, Texas A&M University, College Station, TX, USA
2 IRFU, CEA Saclay, Gif-sur-Yvette, France

3 National Institute of Physics and Nuclear Engineering, Bucharest-Magurele, Romania

Physics Motivation: β-delayed Particle Emission as Indirect Probe for Nuclear Astrophysics

• Explosive hydrogen burning (rp-process) in novae and X-ray bursts proceeds often via resonant (p, γ) reactions.

• E.g. a bottleneck reaction for elements beyond sulphur in novae: 30P(p, γ)31S.

•Most important states in typical temperatures only few hundred keV above proton separation threshold.

• Allowed β-decay can be used as a very selective, indirect probe.

• β-background dominates low energy region when implanting into a Si detector.
→ Gas as detection medium nearly transparent to betas.
→ Still good response for heavier particles, such as low energy protons and alphas.

• Calorimetric measurement: Emeas. = Ep + k · Erec.+ < β >

• Using MicroMEGAS (Micro MEsh GAseous Structure) technology for high gas gain with good resolution.

The AstroBox2 Detector

An illustration of the AstroBox2 detector setup. The beam comes to the setup from left through a rotatable degrader and enters the detector gas volume
through an aramica window. The cathode has a source holder that can be masked while the detector remains under operating conditions. All materials
inside the gas volume are minimally outgassing, and all mounting hardware is vented design by default. The preamplifiers are mounted directly into the
detector PCB, eliminating need for feedthroughs. Modular design of the chamber allows e.g. optimized side flanges for γ-ray detection.

Left: The AstroBox2 MicroMEGAS mounted on its flange.
Right: The field cage mounted on the detector.

Left: The detector setup at the MARS spectrometer in April 2015.
Right: Inside of the chamber without the detector to show the beam
window and the optional sub-flange for magnetically coupled source
holder which allows scanning of the whole detector under operating
conditions.

First Test Results and Outlook

Source tests

Detector response to a mixed
148Gd,239Pu,241Am,244Cm α-source. Typical
resolution for 241Am line is 3% for tightly collimated
source.

Detector response to 55Fe X-ray source. Typical
resolution of 11 – 13% is achieved for 256 µm
detector.

* Contact address: ajsaasta@comp.tamu.edu

Beam tests and Implantation Control

Measured energy losses in two pads versus each other (left), and the total sum
versus one pad (right) when 25Si beam is stopped inside the detector. The
diagonal has all the other ions punching through these pads, and the almost
horizontal line indicates the beam stopping within the pad in question.

Left: Event display showing pads during beam on period. The beam is
stopped in the centermost pad, as illustrated by the energy loss plots above.
Right: Same, but now beam off, showing decays occurring.

Decay test with 25Si

β-delayed proton spectrum of 25Si. Resolution of the 401 keV proton group
is ∼4%. The data was collected by pulsed beam with a cycle of 500 ms on
and 500 ms off.

Future Developments and Outlook

•Adding HPGe detectors for γ-rays to look for possible
p-γ-coincidences (to distinguish decays to excited states).

• Improved gas handling system under design.

• Further characterizations to understand systematic effects.

• First physics experiments expected late 2015.
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Physics Motivation: β-delayed Particle Emission as Indirect Probe for Nuclear Astrophysics

• Explosive hydrogen burning (rp-process) in novae and X-ray bursts proceeds often via resonant (p, γ) reactions.

• E.g. a bottleneck reaction for elements beyond sulphur in novae: 30P(p, γ)31S.

•Most important states in typical temperatures only few hundred keV above proton separation threshold.

• Allowed β-decay can be used as a very selective, indirect probe.

• β-background dominates low energy region when implanting into a Si detector.
→ Gas as detection medium nearly transparent to betas.
→ Still good response for heavier particles, such as low energy protons and alphas.

• Calorimetric measurement: Emeas. = Ep + k · Erec.+ < β >

• Using MicroMEGAS (Micro MEsh GAseous Structure) technology for high gas gain with good resolution.

The AstroBox2 Detector

An illustration of the AstroBox2 detector setup. The beam comes to the setup from left through a rotatable degrader and enters the detector gas volume
through an aramica window. The cathode has a source holder that can be masked while the detector remains under operating conditions. All materials
inside the gas volume are minimally outgassing, and all mounting hardware is vented design by default. The preamplifiers are mounted directly into the
detector PCB, eliminating need for feedthroughs. Modular design of the chamber allows e.g. optimized side flanges for γ-ray detection.

Left: The AstroBox2 MicroMEGAS mounted on its flange.
Right: The field cage mounted on the detector.

Left: The detector setup at the MARS spectrometer in April 2015.
Right: Inside of the chamber without the detector to show the beam
window and the optional sub-flange for magnetically coupled source
holder which allows scanning of the whole detector under operating
conditions.

First Test Results and Outlook

Source tests

Detector response to a mixed
148Gd,239 Pu,241Am,244Cm α-source. Typical
resolution for 241Am line is 3% for tightly collimated
source.

Detector response to 55Fe X-ray source. Typical
resolution of 11 – 13% is achieved for 256 µm
detector.

* Contact address: emmanuel.pollacco@cea.fr

Beam tests and Implantation Control

Measured energy losses in two pads versus each other (left), and the total sum
versus one pad (right) when 25Si beam is stopped inside the detector. The
diagonal has all the other ions punching through these pads, and the almost
horizontal line indicates the beam stopping within the pad in question.

Left: Event display showing pads during beam on period. The beam is
stopped in the centermost pad, as illustrated by the energy loss plots above.
Right: Same, but now beam off, showing decays occurring.

Decay test with 25Si

β-delayed proton spectrum of 25Si. Resolution of the 401 keV proton group
is ∼4%. The data was collected by pulsed beam with a cycle of 500 ms on
and 500 ms off.

Future Developments and Outlook

•Adding HPGe detectors for γ-rays to look for possible
p-γ-coincidences (to distinguish decays to excited states).

• Improved gas handling system under design.

• Further characterizations to understand systematic effects.

• First physics experiments expected late 2015.
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In	  progress	  at	  LNS	  
GET,	  MILANO,	  LNS	  
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SPiRIT-TPC as tracker for multi 
particles from HIC

Measure differential flow and 
yield ratios for (π+ & π-), (p & n), 
(3H & 3He) in Heavy RI Collisions at 
E/A=300MeV

p+

p-

• Considerations 
– Good track-reconstruction 

efficiency for pions 
– Physical space constraints (limit 

drift length, vertical spatial res.) 
– Tolerances (affect momentum 

resolution) 
• Design influenced heavily by  
 EOS and STAR TPCs 

S-TPC: Design 

GEANT simulation  
132Sn+124Sn collisions at E/A=300 MeV 

Pad plane area 1.34m x 0.86 m 

Number of pads 12096 (108 x 112) 

Pad size 12 mm x 8 mm 

Drift distance 53 cm 

Pressure 1 atm 

dE/dx range Z=1-8 (GET electr.) 

Two track 
resolution 

2.5 cm 

Multiplicity limit 200 (may impact pion 
eff. in large systems) 



SPiRIT Collaboration (2009~)
SAMURAI Pion Reconstruction and Ion-Tracker

RIKEN :  T. Isobe, M. Nishimura, H. Baba, H. Otsu, K-I Yoneda, H. Sato, Y. 
Nakai, S. Nishimura, J. Lee, H. Sakurai, He Wang, N. Fukuda, H. Takeda, 
D. Kameda, H. Suzuki, N. Inabe, T. Kubo, Y. Shimizu

Kyoto Univ.:  T. Murakami, N. Nakatsuka, M. Kaneko
MSU:  W. Lynch, M.B. Tsang, S. Tangwancharoen, Z. Chajecki, J. Estee, R. 

Shane, J. Barney, Z. Chajecki, Y. Ayyad
TAMU:   A. Mchintosh, S. Yennello, M. Chapman
Liverpool/ Darsbury:  M. Chartier, W. Powell, J. Sampson, R.Lemmon
TITech:    T. Nakamura, Y. Kondo, Y. Togano
Korea Univ.: B. Hong, G. Jhang, J. Lee
INFN:  G. Verde, P. Russotto
Tsinghua Univ.: Z. Xiao, R. Wang, Y. Zhang
Lanzhou: Z. Sun
CEA:  E. Pollacco
INP:   J. Lukasik, P. Pawlowski
ORNL:   A. Galindo-Uribarri
Tohoku Univ.:   T. Kobayashi
Rikkyo Univ.:  K. Ieki
GSI: T. Aumann

12,288	  Channels	  
of	  GET	  electronics	  
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Principle of operation
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http://pro.ganil-spiral2.eu/spiral2/instrumentation/actar-tpc 

Physics	  OpportuniFes	  
 One	  and	  two	  nucleon	  transfer	  
reacGons	  
 Resonant	  elasGc	  sca\ering	  
Inel.	  sca\ering	  and	  giant	  resonances	  
 Nuclear	  astrophysics	  
 ExoGc	  nuclear	  decay	  (2p,	  β3p,	  βαp,	  …)	  

18kch	  Micromegas/	  

	  	  	  	  	  	  	  	  	  	  	  	  THG
EM	  pads	  

	  	  

4
0



ACTAR-‐TPC_Proto	  
	  	  	  	  2k	  Channels	  (2015)	  
ACTAR-‐TPC	  
	  	  18k	  Channels	  (2016)	  
	  	  	  GANIL	  &	  ISOLDE	  &	  SPES	  
	  



e-‐	  

A.	  Obertelli	  et	  al.,	  Eur.	  Phys.	  Jour.	  A	  50,	  8	  (2014)	  
h[p://minos.cea.fr	  

MINOS	  :	  	  
Magic	  	  
Numbers	  	  
Off	  Stability	  

In-‐beam	  	  
knockout	  	  
experiments	  

TPC 

(p,2pγ)	  
(p,pnγ)	  
(p,αγ)
…
γ - spectroscopy
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MINOS:	  TPC	  dedicated	  to	  Nucl.	  Phys.	  	  	  	  	  5000	  AGET	  channels	  TPC+DSSSD	  
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