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DHCAL project in Europe 

Detectors    :Detectors    : IHEP,IPNL,LAPP,SACLAYIHEP,IPNL,LAPP,SACLAY
Electronics   :Electronics   : IPNL,LALIPNL,LAL
AcquisitionAcquisition :  :  IPNL,LAL,LAPP,LLRIPNL,LAL,LAPP,LLR
Mechanics   Mechanics   :: CIEMAT,IPNL,LAPP,LLR CIEMAT,IPNL,LAPP,LLR 
Simulation    :  Simulation    :  IPNL,LLRIPNL,LLR
Coordination :  Coordination :  IPNLIPNL



4-chip board
IPNL,LAL,LLR

SlabSlab

FE
FPGA

PHY

Data

Clock+Config+Control

VFE
ASIC

Conf/
Clock

VFE
ASIC

VFE
ASIC

VFE
ASIC

RamFull

Analog output

VFE ASIC

Data
ADC

I/O
Buffer

FE-FPGA

BOOT CONFIG

Data Format
Zero Suppress
Protocol/SerDes

FPGA Config/Clock 
Extract

Clock

Bunch/Train Timing

Config Data

Clk

DIFDIF
U
S
B

S
C
S
I

The board was conceived to test  the new generation of 
semi-digital electronics on GRPC detectors



••8X32 pads detector (GRPC and 8X32 pads detector (GRPC and µµMEGAS)MEGAS)
••88--layer PCB (layer PCB ( IPNLIPNL)):32X8 pads of 1 cm2 separated by 500 :32X8 pads of 1 cm2 separated by 500 µµ
••4 HARDROC(4 HARDROC(LALLAL ))
••ReadoutReadout USB + FPGA(USB + FPGA(LLRLLR ) ) 

4-chip board



Assembled Readoutsoftware

On a GRPC

First Daisy chain measurement



Readout system (LLR): 

Firmware + Software (interface library) were 
developed to allow charging the slow control 
parameters from file/flux and controlling the 
procedure.

Acquisition modes : different modes are allowed:
a) Internal triggers 
b)External triggers : cosmics &  test beam
Data output: The two kinds of data output of the 
hardroc chips  are accessible: digital and analogue
Friendly labview based system was developed(IPNL)  

4-chip board





First results
The whole system was tested using cosmics.
PMs system provides the external trigger
The chip memory is then damped and read.
The time difference between the external trigger 
and the GRPC signal is known with precision of ±25 ns
(readout clock period) 



On the GRPC

On the test bench



Example of a recorded mip

First threshold

Second threshold



preliminary

preliminary

Threshold= 190 DAQ.U ≈ 100 fc

First results

no gain corr.

no gain corr.

GRPC-IHEP
32X8 pads

TFE          93%
Isobutene  5%
SF6            2%



Ongoing
Gain correction by injecting known charges throw internal capacitors

RMS=11.7

RMS=3.2

Before correction

After correction

Ch=0.5 pc



Next to come
• Complete the gain correction to have the smallest  
dispersion  of S-curves at the threshold

• Complete the efficiency% multiplicity study using 
cosmics for the others GRPC 

• Use cosmics for the slice test 

• Go to beam test 

N.B : The analog readout is 
almost completed and will be
used to improve on the 
threshold selection GRPC from IHEP



Preparation for the 1 m2  

Four aspects are under development :

• Detector performance :

development is going on for GRPC(IHEP,IPNL)

and for µMEGAS(LAPP)

• Asics (LAL,IPNL) to extend  the hardroc
capacities and performance.                                     

• Electronics connection

Study is going on for GRPC(CIEMAT,IPNL)

and µMEGAS(LAPP)

• Readout (LLR,LAPP,IPNL) : DIF, Data 
concentrator and software.



OUTLINE
The European DHCAL concept: detector +electronics+ readout 
is now a reality and it works.

Preliminary results are very satisfactory  and improvement is going 
on.

Ready for the slice test on beam

The  1m2 GRPC project is on progress. Improvement on the 
detector design in collaboration with IHEP. Hopefully ready before 
fall 2008.
The µMEGAS 1m2 project is well advanced. Hopefully in the first 
part of 2008.  

The technical prototype is scheduled for 2009-2010
Budget : ANR+ IN2P3 OK


