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Systems for Nuclear Physics TodaySystems for Nuclear Physics TodaySystems for Nuclear Physics TodaySystems for Nuclear Physics Today

1.1. Number of Channels Approx. 1,000Number of Channels Approx. 1,000
2.2. Short & Reconfigurable Experimental Setups with Short & Reconfigurable Experimental Setups with 

variety of Detector Typesvariety of Detector Types
3.3. Human & Financial Resources LowHuman & Financial Resources Low

Systems for Nuclear Physics TomorrowSystems for Nuclear Physics Tomorrow

1.1. Number of Number of Channels Approx. 20,000Channels Approx. 20,000
2.2. Short & Reconfigurable ….   Short & Reconfigurable ….   
3.3. Human & ... Human & ... 

MeasureMeasure

1.1. TPC, Si, TPC, Si, CsICsI … (E & T via Charge Sampling),… (E & T via Charge Sampling),
2.2. Efficient TriggerEfficient Trigger
3.3. 1000 events/sec (TPC like)  1000 events/sec (TPC like)  



Bragg trace measure



Projects employing GET

ACTAR ( GANIL, IRFU, IPNO, SFTC, …) – Micromegas + Si – 20k 
channels

2p-TPC (CENBG) – GEM/Micromegas – 20k channels

AT-TPC (MSU, LBL …) – Micromegas – 12k channels

GASPARD (GANIL, IRFU, IPNO, ... ) – Si & CsI – 15k channels

BTD (IRFU & GANIL) – 100 channels

SAMÜRAI-TPC (RIKEN) – Micromegas -15k channels

FORFIRE – IRFU – Industry

Test system - IRFU

Under Study use of GET/ GET modules

S3 – (SPIRAL2+IRFI+…) – Si/gas tracker - 500 channels

MINOS  (p;2p, g) - (IRFU)– Micromegas  - 8K channels

FIDIAS (IRFU) – Micromegas 5K Channels (IRFU)



•• Develop for Develop for NuclNucl. Physics . Physics ::-- Full Data Acquisition system for Full Data Acquisition system for 
–– Active Active Targets(TargetTargets(Target = Gas).  = Gas).   NuclNucl. Spec & . Spec & AstrophysAstrophys.  with  Radio active  Beams .  with  Radio active  Beams 

–– TPC TPC  ExotiqueExotique Decay & Decay & EoSEoS with with RABsRABs

RequireRequire

–– Low detection thresholds (A,Z, E, The, Phi)   Low detection thresholds (A,Z, E, The, Phi)   

for slow ions for slow ions ( below 300KeV),( below 300KeV),

–– Dynamic range Dynamic range (~Z²), (~Z²), 

–– High Luminosity & Solid Angle,High Luminosity & Solid Angle,

–– Effective Internal  TPC Trigger,Effective Internal  TPC Trigger,

–– Gas & pressure (HGas & pressure (H22, D, D22, , 33He, He … )He, He … )

–– Different detector Systems,Different detector Systems,

–– Pad density (25Pad density (25--100 pads/cm100 pads/cm22))

•• Opportunity to develop a  Opportunity to develop a  generic /reconfigurable  generic /reconfigurable  systemsystem approach for approach for 
NuclNucl. Phys. to cover . Phys. to cover medium size systems medium size systems (256 (256 –– 32K channels). 32K channels). 

•• Develop for Develop for NuclNucl. Physics . Physics ::-- Full Data Acquisition system for Full Data Acquisition system for 
–– Active Active Targets(TargetTargets(Target = Gas).  = Gas).   NuclNucl. Spec & . Spec & AstrophysAstrophys.  with  Radio active  Beams .  with  Radio active  Beams 

–– TPC TPC  ExotiqueExotique Decay & Decay & EoSEoS with with RABsRABs

RequireRequire

–– Low detection thresholds (A,Z, E, The, Phi)   Low detection thresholds (A,Z, E, The, Phi)   

for slow ions for slow ions ( below 300KeV),( below 300KeV),

–– Dynamic range Dynamic range (~Z²), (~Z²), 

–– High Luminosity & Solid Angle,High Luminosity & Solid Angle,

–– Effective Internal  TPC Trigger,Effective Internal  TPC Trigger,

–– Gas & pressure (HGas & pressure (H22, D, D22, , 33He, He … )He, He … )

–– Different detector Systems,Different detector Systems,

–– Pad density (25Pad density (25--100 pads/cm100 pads/cm22))

•• Opportunity to develop a  Opportunity to develop a  generic /reconfigurable  generic /reconfigurable  systemsystem approach for approach for 
NuclNucl. Phys. to cover . Phys. to cover medium size systems medium size systems (256 (256 –– 32K channels). 32K channels). 
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CMOS 0.35µm
Int./Ext. PAC &/or Filter
Gain & Disc/channel  120, 240 fC, 1, 10 pC.

Shaping 50-1000 nsec
Sampling rate 1-100Mhz  25MHz ADC 12/14bits

Selective Readout – Hit Reg.
Windowed SCA readout 128/256/512 or variable

2 fast time- consequative SCA windows

Pulser facilities
Spy

CMOS 0.35µm
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Gain & Disc/channel  120, 240 fC, 1, 10 pC.

Shaping 50-1000 nsec
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• Some numbers: Simulation results 

Charge resolution:Charge resolution: versus input capacitor and peaking timeversus input capacitor and peaking time

120 fC range

350

450

550

650

750

850

950

1050

1150

1250

1350

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050
Peaking time (ns)

N
o

is
e

 r
m

s
 (

e
-)

0 pF

10 pF

30 pF

50 pF

120 fC range

350

450

550

650

750

850

950

1050

1150

1250

1350

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050
Peaking time (ns)

N
o

is
e

 r
m

s
 (

e
-)

0 pF

10 pF

30 pF

50 pF





AsAd
ASIC
ADC

FPGA
PULSER

T/V/I

CoBo
FPGA

Mutant

Trigger

FPGA

Cooling Study

C
EM

 S
tu

d
y

Po
w

er
 S

u
p

p
lie

s 
St

u
d

y



AsAd
ASIC
ADC

FPGA
PULSER

T/V/I

CoBo
FPGA

Mutant

Trigger

FPGA

1GBit
X10 CoBo

10 Gbit

103Hz

1.2GBit
X4 AsAd

BuTiS/GTS/
Centrum/ …



NuclNucl. Phys.. Phys. Have Have Limited Experience Limited Experience  Scenarios/Scenarios/SimulSimul..

44--level triggerslevel triggers

L0: External triggerL0: External trigger

L1:L1: Time dependent Time dependent MultipMultip.  trigger .  trigger 

 Self Trigger, …Self Trigger, …

L2: HitL2: Hit Pattern trigger Pattern trigger  Self Trigger, calculatedSelf Trigger, calculated

read pattern …read pattern …

L3: Soft triggerL3: Soft trigger

Compute Compute the digital trigger from the digital trigger from CoBosCoBos (25MHz)(25MHz)

Time Time stamp stamp (48b, 10ns) and (48b, 10ns) and eventevent NN°° (32b)(32b)

Distribute Distribute the the 100MHz clock 100MHz clock for the for the synchronisationsynchronisation

NuclNucl. Phys.. Phys. Have Have Limited Experience Limited Experience  Scenarios/Scenarios/SimulSimul..

44--level triggerslevel triggers

L0: External triggerL0: External trigger

L1:L1: Time dependent Time dependent MultipMultip.  trigger .  trigger 

 Self Trigger, …Self Trigger, …

L2: HitL2: Hit Pattern trigger Pattern trigger  Self Trigger, calculatedSelf Trigger, calculated

read pattern …read pattern …

L3: Soft triggerL3: Soft trigger

Compute Compute the digital trigger from the digital trigger from CoBosCoBos (25MHz)(25MHz)

Time Time stamp stamp (48b, 10ns) and (48b, 10ns) and eventevent NN°° (32b)(32b)

Distribute Distribute the the 100MHz clock 100MHz clock for the for the synchronisationsynchronisation
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Shebli ANVAR, CEA Irfu

Global NetworkGlobal Network

Data ServerData ServerData ServerData Server
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Ethernet 10 Gb Network SwitchEthernet 10 Gb Network Switch
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S. Anvar, GET coll.S. Anvar, GET coll.

Server      Server      
• MultiMulti--PlatformPlatform frameworkframework
•• Fully Object Oriented ClientFully Object Oriented Client--Server      Server      

design architecture.   design architecture.   
•• ICE & SOAP middleware.ICE & SOAP middleware.
•• Evolutive Data Formats.Evolutive Data Formats.
•• Software Software Debbuging/SimulDebbuging/Simul. Tools.. Tools.
•• NARVAL  for data management NARVAL  for data management 

((–– ADA, TCP/IP).ADA, TCP/IP).
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Shebli ANVAR, CEA IrfuShebli ANVAR, CEA Irfu
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Embedded Implementation (Upstream)

Shebli ANVAR, CEA Irfu
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