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SPhN Instrumentation in the Last 10-15 years

* Solid State

— Large Area Telescope Arrays

* (Gas Detectors
— Beam Trackers
— Focal Plane & Recoil Detectors
— Time Projection Chambers
* Gamma
— AGATA & EXO-GAMME
e Generic Micro Electronics
— Front-end — ASIC based (Analogue & Numeric)
— Back-end — FPGA based

* DAQ

Remodel: Technology for Particle and Astro Physics for Nuclear Physics.
Still far to reach Particle Physics Rates with Nucl. Phys. specs.
=» Engineering Funding (see VMM_2 for example)



Objective of the Last 10-15 years

* From Stable to Radio Active Beams
103109pps  to 109 pps

=>» Luminosity 1

=>» =>Target thickness _1 =2 Resoln. =]
=>»Phase Space Cover

= Solid Angle

=»Highly Segmented Devices .1
=>»Wide Energy & Momentum Dynamic Range 1



Challenge Stable Beam

« Radio Active Beams to Stable/Quasi-Stable.
10° pps -> 10513 pps

* Present our Instruments: Incapable to cover the increase in rates.

* BUT

— Better Stable Beam characteristics
e Emittance & Time structure

— Knowhow exists in Particle hysicsP for some of the challenges.
— Develop SPESIFIC/NOUVELLE physics program =2 SPESIFIC instrument.

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

Ultra-High selectivity with
-Magnetic Spectrometers
-High Segmentation
-Radiation hard
-Engineering Knowhow




Spectroscopy In Nuclear Physic:
98 years of progress /

Radio-Active
Or Gamma

______________ >
Lpectrometer

Physics with Stable/Quasi-Stable beams
e Re-visit of “old” data with via new
\j‘ techniques (Phase-Space €2,.Q,.Q2; ...)
* (d,p), (p,t), ...
* Particle-Gamma selectivity
 Multi-Particle final states
* Very low x-section reactions (astro-
physics, Sup-Heavy, ...)

/




Spectroscopy In Nuclear Physic:

98 years oj progress

Spectroscopy (direct or resonant reactions)
Energy=>» Energy Levels E*
Angles = L™, 3 (BE(L))
Yield =» X-sections

X
’“aC\ke(lvx w’y)
_________ _————— =)
Radio-Active
Or Gamma | Snectrm

High Rate Options
* Target development

\\\ * Detectors
\V) * Fast
\3\ * Highly Segmented
Telescope- eg: Si+Csl * Hardened/Fluid
Energy e Adopted Electronics

e Fast electronics

Position p o] 97
Char o ® owertu rigger

g e Multi-coincident /Time/Energy/
Mass

Position/

Angle ~* High Magnet selectivity 016
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Upgrade of the TAMU MDM-Focal Plane Detector with MicroMeg: Project

A. Spiridon, E. Pollacco!, R. Chyzh, M. Dag,B.T. Roeder, A. Saastamoinen, R.E. Tribble, L. Trache’, G. Pascovici’, R.

'IRFU, CEA Saclay, Gif-sur-Yvette, France
2IFIN, Bucharest-Magurele, Romania
3SCERN, Switzerland

it Focal Plane Detector

Mltipole
sextupoie & ochupole)
Position and Angle

Messurement Screening Grid

Frisch Grid

Scintillator

e Bean - Field haging —
Target MDM Spectrometer Wires Stainess SteelBody Cadfiled (sobutne) ™~ _

ANGULAR RANGE

30-100 Torr Iso
6% (FWHM) individual Resoln
3% (FWHM)multi-sampling Resoln

Before = After e

Beam:- = . =% " e =

suuu—

Improvement is still possible to below 2%
Towards higher Z ions, Time, Position

& GET electronics:

Recoil Detectors — (x,y)/time/AE
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Renewal Focal Spectrometers Expected
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Collaboration: IPNO/SPhN-Saclay/GANIL
JAUSTC

DSSD
10x10cm?
128X+128Y
300um

Résolution en position 0.7mm

Résolution énergie FWHM ~ 50 keV




Project

Trigger +

Scalars
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Project

)WUS—I' Performance

Overlay of 150 channels of MUST2 telescope
=» Generic approach: ASIC development for
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= Full Particle-Gamma = GASPARD




Possible Measurements With MUS

e MUST2 has

— alarge solid angle (x50 higher than most existing 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 4xMUST?2.

— Can perform particle-y measurements to establish decay schemes for
particle states in stable or quasi-stable nuclei.

— Multi-Particle final States
* E.S. Diffenderfer et al., Phys. Rev. C 85, 0347 "SRGy
* Low lying resonances in light nuclei ‘

* Investigations of three, four, and five-particl 7€
nuclei created using a °C beam; R. J. Charity™ |

» Decay of 19C excited states above the 2p + 21/
Curtis, N. et al. Phys.Rev. C77 (2008) 02130

~——




Particle-Gamma Physics
Instrumentation Project

* Telescope (Particles & Gamma) 25% of 4x
— AE - DSSSD = 40KeV & 500nsec resol"
e 6 DSSSDs of 10cmx10cm

— E - CeBry=>» 5% & 4mm resol"
e 24 crystals of 5cmx5cm

e Gamma 12% of 4xn
— E- CeBr;=» 5% & 4mm resol" & high eff.
e 12 crystals of 5cmx5cm

* High Phase Space
— Qy x Qp approx 25%
* Large Phase Space Cover

— Needs review of electronics for high counting rates.
— High dynamic range for particles & gammas



An exotic Target ==

C%VMENEE the super thin BUT :

i




CHyMENE hydrogen target -

» 50-200 micron solid H,/D, film

hydrogen tank

»no C and mylar window I
close to the triple point T=13.8 K
=> no C background
= atoms.cm2x5 sofid hydrogen ribbon
=> |less energy loss

»experiments at SPIRAL1 and SPIRAL2
=> 5-15 MeV/u and thin target (<0.5 mm)

Developments:
»Early 2010: production test at Saclay
»June 2010: in-beam test at Bruyéres-le-Chatel

»2011: ANR
»Towards below 40um

IPN Orsay, 02/03/12 Anna Corsi - CEA Saclay / S&K



If DCE then this exp!

Possible Measurements With MUSA

* Astro-Physics Reactions (Ph Woods)

— ?ONe(p,d)*®Ne =» Branching 10* = o. + 0

FR reaction code; sp states 4033 kev,? state in =
21 19 15 ’
3 s ~
— 2INe(p,t)*°Ne = a + >0 )
84l
am = 40 MeV

— Need To populate °Ne(E*=4.033MeV - mbarn)

=>»High intensity 2°Ne (10'2pps)
=»Target no Contaminant (C, O, N ... kills the DSSSDs)

=» Spectrometer approx 0°.
=>»Detect o+ PO & p

20Ne — 3x108

40MeV.A

MAGNET




Other Si frontiers:-

— SiPM - Fast crystals with fast “PMs”
* 100psec & resoln 6.5% for CeBr3
* Developments in progress (noise)

* Nucl. Phys. Being tested

10+ ‘ _CeBr3

—GYGAG:Ce

— GAIN mode in Si detectors (Not APVs)
* Low-Gain Avalanche Detectors (LGAD) \
— X10 gain 1 Y

0 200 400 600 800 1000 1200 1400 1600
Energy [keV]

— Very fast timing (<30psec)
* Nucl. Phys. Not trying ?

p*  MIP p nt  MIP p* n

l_g L1 f. o A
. . % Cg C§ h i Ong
— 3-D Si for tracking b|d Sk

. ! [ ~ejo> o
* Ultra fact Si o4 ~ejo~
«~® |07
* Radiation hard o e ik

gaad 44 ,

* Nucl. Phys. Not trying ? n* S



Fast Growing
Z00 in
Particle
Physics  [rmonac
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Mico-Patter Gas Det.
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Project

Tailoring p-structure of MPGD.
Zone pad-mesh/kapton: modify the E- behaviour

E=0.2MV/m
I N WS WS WSS TS e e s e
__f N
Mesh
Support 300um |
N
Anode Cu+Au
Internal electrode (100 um below) )
Without internal electrode: V electrode negative
Flritical rjegion:.EfieId lines” = Fieldlines from the mesh >0
Mesh: GI¥E in the dielectric - going on both strips now w00 PCB
esn: Vit 150

- O CL LT LTI
I

Big strip: 500V Strip below pillar:
oo 470V

Simulations MIT

uuuu
3

300
1495 15 1505 151 1515 152 1.525 153 1.535 1.54 1545 155
Backplane (-1.6mm): GND

Calculations:
S. Franchino, R. de Oliveira & E. Pollacco (ZiTiX Project)




Energy resol” vs. gain
Large P.P. data base (RD51 Collaboration)

E (kV/cm)

40%

I Argon/Isob. (u-Bulk)

——150:1%
L 2 — H H 2 -
sson | (O/S) —((Fanoz+(AGa|n/Gza|n) )/Ne ko 2%
+ 6elec + 6detector )
——150:3%

- (0/S)? =? For high AE
30% 1

@ @ I David.Attie@cea.fr

25% |

u-Bulk %°Fe _
FWHM=135 % 20% +

RMS

u-Bulk 241Am _
FWHM=12 % 15% 1

10% 4

5% I L T . . . . . L T . . . . 3
100 1000 10000 100000 100000(

Bulk %°Fe Gain
FWHM=16.6 %
Bulk 241Am Micromegas/GEM
° . . . irft
FWHM= 3 % ‘Fluid’ Radiation Hard 'Cre;
N

High Rates (mips 107Hz)
Good Position, Time & Charge Resoln




Decay Spectroscopy

Produce A Radio-Active Species

Measure the decay products (p, 2p, 3p, o, ap, ...

Before

MPGD

U

Gas

=> (then)

After

Gas

MPGD /u/El

0,
\

A
E2

)



A. Saastamoinen, E. Pollacco, B. Roeder,
A. Spiridon, L. Trache, R. De Oliveira, R. E. Tribble

AstroBox2 - Detector for low-energy
B-delayed particle detection

Right: The field cage mounted on the detector.

401 Z\ev (4% FWHM)

Simulation

? [3 Data Decay 2°Si

AstroBox2 Set-up — Micromegas 256um P5 gas 900Torr
\§ Y,

00 1400
Energy (keV)

Improvements presently to reach optimum single pad Q resoln
Lowering [-background = Very Low Branching Ratios (10°) measurement reachable



Replacing Si by Gas Medium - AstroBox

Making use of dE/dx 60 Raw AstroBox data
AFTER L
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Analogic Memory GEDY
Sampled Signal (1-150MHz)

32 000 Channels MASTER

PATTERN
TRIGGER

—
FAST

L.E. Disc Register

12
3 T

e T * Conversion

A-MEMORY To Numerics

AN Useful
B —_—



Table of projects

Instrument

SmIRIT,
ACTAR TPC
LAMPS
AT-TPC
N_TOF
CNS-AT

E-15

ELI-TPC
FARCOS
TexAT-P
ND-TPC
Shanghai-TPC
NEXT
Lanzhou-TPC
S3

SpecMAT
Focal-Plane
eTPC

SSD

MINOS

janvier 27, 2016

N° Ch

10k
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2.5 -> 20k
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2.5
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1k
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2 ->32k
1k
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1->5k
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2.5k
256
1k

2k

6k

Hosting lab. Funding Agency

NSCL, Riken, ..., Jp DOE, RIKEN, ...
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IBS Korea, Korea IBS

NSCL, ..., US - N&F a

CERN, IRFU, ... F SRFU ol
Univ. Tokyo, Jp o B =
J-PARC, ... ,Jp J-PARC

Univ. Warsaw, Pl ELI-NP

INFN-Catania, It INFN-Catania

Texas A&M, US Texas A&M

Univ. ND, US Univ. ND

CAS, Cn CAS

Univ. of Zaragosa, Es Univ. of Zaragosa

IMP, Cn IMP

SPIRAL2, Fr GANIL, IRFU

KU Leuven ERC

Orsay, IN2P3, Fr IN2P3

Univ. Warsaw ELI-NP
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ey nc 80k Channels Total

20 experiments
4ch to 20k ch



Hardware

AGET + AsAd

FARM CPU
Disc

30k Channels




INFN — Catania: CHIIVIERA GROUP - E0S

1‘ Project ‘
Be 1 He | :




Energy Si (Ch)
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Energy Csl (Ch)
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e

~— | GEANT simulation *
" e 1325n+1245n collisions at E/A=300 MeV

\ I

e 00 . Measure differential flow and .\
B ety yield ratios for (n* & i), (p & n), I
LN (3H & 3He) in Heavy Rl Collisions at |

E/A=300MeV
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bro.ganil-spiral2.eu/spiral2/instrumentation/actar-tpc




ACTAR-TPC EAainii— PR
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ACTAR-TPC_Proto
2k Channels (2015)
ACTAR-TPC

18k Channels (2016)
GANIL & ISOLDE & SPES



In-beam
knockout |
experiments yge|

(p,2pY)
(p,pNY)
(p,0y)

y — spectroscopy

A. Obertelli et al., Eur. Phys. Jour. A 50, 8 (201
http://minos.cea.fr
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