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The DIAMANT array

m 60 Csl detectors
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The DIAMANT array

m 60 Csl detectors
m Particle identification through 2 Tpz. Filter
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The DIAMANT array

m 60 Csl detectors
m Particle identification through 2 Tpz. Filter
m Completely trigger less
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The NEDA-NeutronWall array

m 96 detectors :
m 42 NeutronWall (650 mm)
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The NEDA-NeutronWall array

m 96 detectors :

m 42 NeutronWall (650 mm)
m 54 NEDA (510 mm)
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The NEDA-NeutronWall array

m 96 detectors :

m 42 NeutronWall (650 mm)
m 54 NEDA (510 mm)

m High quality home made detectors

Fig. 1. Elements used for the construction of the NEDA detector:
detector cell, with extension pipe (1); PMT (2): PMT housing (3):
PMT pusher (4); the bellow (5) and the support for the bellow (6).
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The NEDA-NeutronWall array

m 96 detectors :

m 42 NeutronWall (650 mm)
m 54 NEDA (510 mm)

m High quality home made detectors
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The NEDA-NeutronWall array

m 96 detectors :

m 42 NeutronWall (650 mm)
m 54 NEDA (510 mm)
m Mixed on the electronic channels!

m High quality home made detectors
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The NEDA and DIAMANT FEE : NUMEXO2

NUMEXO?2 Digitizers :
m 16 channels NIM modules :
m 4 differential channels / mezzanine
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The NEDA and DIAMANT FEE : NUMEXO?2

NUMEXO?2 Digitizers :
m 16 channels NIM modules :

m 4 differential channels / mezzanine
m 4 mezzanines / board
m HDMlinputs
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The NEDA and DIAMANT FEE : NUMEXO?2

NUMEXO?2 Digitizers :
m 16 channels NIM modules :
m 4 differential channels / mezzanine
m 4 mezzanines / board
m HDMlinputs
m Programmable FPGAs :

m Signal processing : Xillinx Virtex6
m Time-stamping & Readout : Xillinx Virtex5
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The NEDA and DIAMANT FEE : NUMEXO?2

NUMEXO?2 Digitizers :
m 16 channels NIM modules :
m 4 differential channels / mezzanine
m 4 mezzanines / board
m HDMlinputs
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m Readout:
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m Optical Fiber (= NEDA)
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The NEDA and DIAMANT FEE : NUMEXO?2

NUMEXO?2 Digitizers :
m 16 channels NIM modules :

m 4 differential channels / mezzanine
m 4 mezzanines / board
m HDMlinputs

m Programmable FPGAs :

m Signal processing : Xillinx Virtex6
m Time-stamping & Readout : Xillinx Virtex5

m Readout:
m Ethernet (= DIAMANT)
m Optical Fiber (= NEDA)

m GTS leaf implementation

A. Goasduff (UniPd - INFN-PD) NEDA+DIAMANT 23/01/2019 5/




Coupling with AGATA

AGATA 10.1017# DAQ services
1 SCGW3 2
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Coupling with AGATA

AGATA 10.1017# DAQ services
1 SCGW3 2

GTSCARR_0O
41Psin101017#
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Coupling with AGATA

AGATA 10.10.17# DAQ services
1 SCGW3 2

GTSCARR_0O
41Psin101017#

GTSCARR_O1
31Psin101017#
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Coupling with AGATA

AGATA 101017# SesE 2 DAQ services
3
GTSCARR_0O
41Ps in 1010.17#
1010.64.0/23

GTSCARR_O1
31Psin101017#
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Coupling with AGATA

AGATA 101017#

SCGW3

GTSCARR_0O
41Ps in 1010.17#

GTSCARR_O1
31Psin101017#

1010.64.0/23

GANP507
DHCP Numexo's
Slow Control
DAQ
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Coupling with AGATA

AGATA 101017#

SCGW3

GTSCARR_0O
41Ps in 1010.17#

GTSCARR_O1
31Psin101017#

1010.64.0/23

GANP507
DHCP Numexo's
Slow Control

DAQ

DAQ services

ANODE BRIDGE
MFM Catchers
MFMToADF




PARTICLE DISCRIMINATION AT THE FPGA LEVEL

NEDA+DIAMANT



The DIAMANT Virtex 6 firmware

Outputs of digital trapezoidal filters for Outputs of digital trapezoidal filters for an
an input signal with input signal with
Tus =0l T =36Us
P F
125ps
ul
z\ g
Input _g
pulse =l
height| g
=
Time (arb. u.) Time (arb. u.)

Courtesy of i. Kuti
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The NEDA Virtex 6 firmware

LeadingEdge / DCFD
Threshold
Input data Mode double trigger
Baseline Threshold
N Cancel & Detector
Polarity P:Iality P Leadng
-------- »| Edge
N/G by PSA (CC)
Double
Trigger System
NGD
by PSA (CC)
L N/G by TDC
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DI by TDC value
K — ZCO shot (START) J Y e
delay ——p > TDC
threshold ~——>

STOP TDC

==

Courtesy of J. M. Deltoro
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The NEDA Virtex 6 firmware

LeadingEdge / DCFD .
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Courtesy of J. M. Deltoro
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NEDA AND DIAMANT FRAMES
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The NEDA Frames

2 different frames :
m MFM NEDA Frame (From the board, 512 bytes)

m Key (Frame Type, Length, TS, Channel, Board ID, ..)
m TDC, Position of the CFD, LE, Slow and Fast Integration
B Signal: 232 Samples
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The NEDA Frames

2 different frames :
m MFM NEDA Frame (From the board, 512 bytes)
m Key (Frame Type, Length, TS, Channel, Board ID, ...)
m TDC, Position of the CFD, LE, Slow and Fast Integration
B Signal: 232 Samples

-- Read frame in file : nb = 1
MFM header, Type :MFM_NEDA_FRAME_TYPE
MetaType = 129(0x81) Blob = @ unitBlockSize = 2 frameSize = 512(0x200) dataSource = 0(@x@)
FrameType = 18(@x12) revision = 1(@x1) pointer = 0x1f23100
HeaderSize = 44 ItemSize = 2 NbItems = 232
TS = 35784725046560
| Channel = 14 | Lelnter = 52 | ZcoInterval = 61
| Slow Integ = 141 | FastIntegral = 788 | Bitfield = 192| AbsMax = 200
is neutron = 1 | Valid CFD = @ | Parity = 1

00 01 00 00 12 00 01 16 00 E8 00

07 9D 9C 00 00 20 25 D3
00 8D 00 00 00 14 03 CO
39 F6 79 F4 39 F6 79 F6
39 F4 79 F7 39 F4 79 F5
F6 79 F2 39 F3 79 F5
9 F4 79 F4 39 F2 79 F7
9 F7 39 F3 79 F4

FS5 39 F2

F2 7 39 AF

6 39 E2

39 EB

39 E9

39 F3

39 F1

39 F3

39 F2

39 F5

39 F5

39 F8

39 F3

39 F5

39 F3

39 F3

39 F6

39 F6

39 F1

39 F3

39 F6

39 F8

39 F4

39 F4
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The NEDA Frames

2 different frames :
m MFM NEDA Frame (From the board, 512 bytes)

m Key (Frame Type, Length, TS, Channel, Board ID, ..)
m TDC, Position of the CFD, LE, Slow and Fast Integration
B Signal: 232 Samples

m MFM Compressed NEDA Frame (after the PSA, 42 bytes)
m Key (Frame Type, Length, TS, Channel, Board ID, ..)
u

m PSA outputs : (NN), IRT, Slow and Fast Integration

NEDA+DIAMANT



The NEDA Frames

2 different frames :
m MFM NEDA Frame (From the board, 512 bytes)

m Key (Frame Type, Length, TS, Channel, Board ID, ..)
m TDC, Position of the CFD, LE, Slow and Fast Integration
m Signal: 232 Samples

m MFM Compressed NEDA Frame (after the PSA, 42 bytes)
m Key (Frame Type, Length, TS, Channel, Board ID, ..)
[

m PSA outputs : (NN), IRT, Slow and Fast Integration

-- Read frame in file :

MFM header, Type :MFM_NEDACOMP_FRAME_TYPE
MetaType = 193(@xcl) Blob = 1 unitBlockSiz 2 frameSize = 42(0x2a) dataSource
FrameType 19(@x13) revision = 1(@x1) pointer = 0xd900f@
EN = 40093 TS = 35784725046560
Board = 126 | Channel = 14 | TdcCorValue = 16184 | Time = 35515 | IntRaiseTime =

Slow Integ = 122 | FastIntegral = 798 | NeuralNetWork = @ | NbZero = @ | NeutronFlag = @

@ : (11500 00 00 13 00 @1 9D 9C @0 @@ 20 25 D3 (7
16 : 8B 20 EE @7 7D 03 BB 8A 38 3F 7A 00 00 00 1E 03
32 : 00 00 03 QA 00 00 00 00 00 00

A. Goasduff (UniPd - INFN-PD)
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The DIAMANT frame

m MFM DIAMANT Frame (From the board, 32 bytes)

m Key (Frame Type, Length, TS, Channel, Board ID, ..)
m Energy, Top
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The DIAMANT frame

m MFM DIAMANT Frame (From the board, 32 bytes)

m Key (Frame Type, Length, TS, Channel, Board ID, ..)
m Energy, Top

-- Read frame in file :

MFM_DIAMANT_FRAME_TYPE
MetaType = 66(@0x42) Blob = 1 unitBlockSize = 4 frameSize = 32(@x20) dataSource = 0(0x0)
FrameType = 22(0x16) revision = @(@x@) pointer = 0x20570f0
EN =0 TS = 21642995842298

Board = 100 | Channel = 6

Energy = 1485078 | Top = 109370

0 : 42 00 00 08 00 00 16 00 00 00 00 00 13 AF 27 14
16 : 3C FA OC 86 00 00 00 16 A9 16 00 @1 AB 3A B8 F5
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DATA ACQUISITIONS
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Data Acquisition - NEDA
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Data Acquisition - NEDA
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Data Acquisition - NEDA
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Data Acquisition - NEDA
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Data Acquisition - NEDA
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Data Acquisition - DIAMANT
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WHAT DO YOU DO WITH THOSE WONDERFUL TBs OF DATA?
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At the local level ...
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At the local level ...
Only for NEDA
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Why to bother saving the traces?

m Time resolution of the raw TDC value
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Why to bother saving the traces?

m Time resolution of the raw TDC value
m Offline determination of the CFD position

NEDA+DIAMANT



Why to bother saving the traces?

m Time resolution of the raw TDC value
m Offline determination of the CFD position
m Correction of the TDC and resolution :
B raw TDC FHWM, ~ 15ns
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Why to bother saving the traces?

m Time resolution of the raw TDC value
m Offline determination of the CFD position
m Correction of the TDC and resolution :
m raw TDC FHWM, ~ 15ns
m raw TDC + Interpolation FHWM. ~ 10 ns
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Why to bother saving the traces?

m Time resolution of the raw TDC value
m Offline determination of the CFD position
m Correction of the TDC and resolution :
m raw TDC FHWM, ~ 15ns
m raw TDC + Interpolation FHWM., ~ 10 ns
B Post PSA FHWM, ~ 3 ns
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Why to bother saving the traces?

m Time resolution of the raw TDC value
m Offline determination of the CFD position
m Correction of the TDC and resolution :
m raw TDC FHWM, ~ 15ns
m raw TDC + Interpolation FHWM., ~ 10 ns
B Post PSA FHWM, ~ 3 ns
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CFD optimization
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Three important parameters in the CCPSA (same in NNPSA)
m Delay
m Fraction
m Crossing line
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http://www.lnl.infn.it/~annrep/read_ar/2016/contributions/pdfs/096_C_82_C077.pdf

CFD optimization

Three important parameters in the CCPSA (same in NNPSA)
m Delay
m Fraction
m Crossing line
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CFD optimization

Three important parameters in the CCPSA (same in NNPSA)
m Delay

m Fraction
m Crossing line

a0

Fraction*100
Fraction*100

5 60 65 60 65
Delay [samples] Delay [samples]
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CFD optimization

Three important parameters in the CCPSA (same in NNPSA)
m Delay

m Fraction
m Crossing line

a0

Fraction*100
Fraction*100

5 60 65 60 65
Delay [samples] Delay [samples]
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CFD optimization

Three important parameters in the CCPSA (same in NNPSA)
m Delay
m Fraction
m Crossing line

Fraction*100
Fraction*100

60 65 60 65
Delay [samples] Delay [samples]

EHWM [ns]
FHWM [ns]

T[T T T
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oo bbbl b
ST T T T
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4
E

=20 10 g 0 2
Crossing Line [ADC counts]

Byl

I
o 0
Crossing Line [ADC count
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CFD optimization (the last one on this)

The TDC needs to be aligned :
m because it looks nicer on the final plot?

TdcCorValue_c/128.:Boardld_c-126+Channelld_c
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CFD optimization (the last one on this)

The TDC needs to be aligned :
m because it looks nicer on the final plot?
m reduce the quantity of work to set the neutron gates?

TdcCorValue_c/128.:Boardld_c-126+Channelld_c
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CFD optimization (the last one on this)

The TDC needs to be aligned :
m because it looks nicer on the final plot?
m reduce the quantity of work to set the neutron gates?
[

TdcCorValue_c/128.:Boardld_c-126+Channelld_c
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CFD optimization (the last one on this)

The TDC needs to be aligned :
m because it looks nicer on the final plot?
m reduce the quantity of work to set the neutron gates?
[
m You need to have to do TDC differences for the neutron scattering!!

TdcCorValue_c/128.:Boardld_c-126+Channelld_c
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CFD optimization (or maybe it was not)

While doing the CFD optimization keep monitoring the Slow, Fast and/or total energy
spectrum
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CFD optimization (or maybe it was not)

While doing the CFD optimization keep monitoring the Slow, Fast and/or total energy
spectrum
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CFD optimization (or maybe it was not)

While doing the CFD optimization keep monitoring the Slow, Fast and/or total energy
spectrum

50000

40000

Counts / 64 ch

30000

20000

10000

IIIW‘V}}}’}}I(‘\}}}}}}IL‘

by g g Lo b
30000 40000 50000 60000
Total integral [a.u.]

T o

o) T S T
10000 20000

o

If the CFD thresholds (yes thresholds) are too high-> Peak at E = O

NEDA+DIAMANT 23/01/2019



Charge comparison optimization

Three important parameters in the CCPSA (same in NNPSA) :
m CFD position
m Length of the fast gate
m Length of the slow gate
m Length pre-CFD gate

16000
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Charge comparison optimization

Optimization on the figure of merit :
Xn — X~

_ )
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http://www.lnl.infn.it/~annrep/read_ar/2016/contributions/pdfs/098_C_83_C078.pdf

Charge comparison optimization

Corrected TDC vs SlowOnFast for channel 0 of board 126 Corrected TDC vs SlowOnFast for channel 0 of board 126
mTDC_PSA b126_c00
8 8 Entries 153660
Mean x 160.1
Meany  0.1344
StdDevx  39.69
StdDevy 0.07872
: o 200
gy R s o
120 140 160 180 200 220 240
TOC [ns]
Corrected TDC vs SlowOnFast for channel 14 of board 126
s mTDC_PSA b126 ci4 mTDC_PSA b126 ci4
8 Entries 228361 Entries 1

Mean x
Meany

Std Dev x
Std Devy.

Mean x 145
Meany  0.09155

StdDevx 324
StdDevy 0.03162

TDC [ns]
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Integrated Rise Time optimization

Only one important parameter in the CCPSA (same in NNPSA) :

m CFD position
m Fraction of the integrated signal

05— |

v b Ly i s b b b
150 200 250 300 350 400
Time [ns]
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