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DAQ Architecture :: overall view 

Detector 

sCVD diamond Amplifier 

BEAM 

Small-angle Bhabha scattering 

Charge deposit in diamond is 
collected by E field (HV) 

copper 

Broadcast 

signal 

LER x2 locations 
+   
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power (HV+12V) 
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conversion 
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Transport 

copper 

copper 

1000BaseT 

EPICS 
CLient 

copper 

1000BaseT 

LAL 
supervisor 

signal from CVD 

CVD HV polarization  

12V amplifier 

digital DAQ, FPGA-based (Xilinx, Virtex-7) 

Sampling : peak value + baseline 

Luminosity  = f(Bhabha number) 

Bhabha number = f(charge deposit) 

Charge deposit  = f(peak value) 

EPICS-based solution 

Ltrain = sum of all bunch peaks / 1ms 

Lbunch,k = sum of bunch k peaks / 1ms 

signal is a pulse train  
@254 MHz maximum 

LT 

LB k[1..2500] 

Ethernet 

Remote desktop 

LT 
LB k[1..2500] 

TIL, BIL available each ms  

mixed digital/analog  

LAL supervisor controls the 
server 

EPICS users do not see the 
front-end, LAL supervisor 
does. 

Sampling synchronized to RF clock 

Bunch index (k) from revolution (sync) server = interface 

Analog to digital conversion @1GSPS 

1 2 3 4 

k user-selected
 

evolutive, scalable and stable 

DAQ 

FPGA 

data 

calculation 

SERVER 

clock 

sync 

Beam 
RF 

XILINX 
XC7V485 



Fast Luminosity Monitoring – DAQ Presentation & Status SuperKEKB / BELLE-II 3 / 17 

Overall DAQ Architecture :: detailed 
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A/D : Analog to Digital  
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SATA2 
programs ENV. MONITORING 

(RaspberryPi,…) 

1000BaseT 
copper 
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sensors 
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Cring (m) 3016.315  

RF tick (MHz) 508.887  

RF period (ns) 1.965  

Tround-trip 
(µs) 

10.061  

t 

T_RF = 1.965 ns RF Clock F_RF = 508.887 MHz 

 The accelerator RF Clock  
frequency is F_RF = 508.887 
MHz 

T_COLL = 3.93 ns 

 The ring round-trip 
period T_RT is 5120 
times the RF Clock 
period 

The collision frequency is  
F_RF / 2 : F_COLL = 254.443 
MHz 

t 

Collisions 

2 5 3 4 5 10 15 20 2 3 1 1 

t 

1 2 3 4 5 6 7 8 9 10 11 12 2499 2498 2497 2501 2502 2503 2560 1 2559 2558 2557 2556 2555 2554 

T_RT  = 5120 x T_RF = 10.06134 µs 

 The phase between RF 
Clock and collision 
bunches is called B_PHASE 

2500 2496 

❶ ❶ 

❶ ❶ 

B2500 

F_COLL = 254.443 MHz 

t_RECOV = 120 x T_RF =  235.8 ns Bunches t_EVENTS = 2500 x T_COLL =  9.82 µs 

B1 B1 

2 2560 2559 

t 

Scale 1/1 

2500 bunches spaced by 3.93ns during 9.82 µs 

2.35% 97.65% 

 The collision bunches 
stop at tick 2500 for beam 
recovery constraint 

B_PHASE B_PHASE Space charge reset 

Revolution period 

SuperKEKB Timing :: RF chronograms  
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 We integrate the events 
over T_INT = 1ms (100 
trains) 

Trains 
T1 T2 T3 T4 T5 T6 T7 T8 T100 T99 T98 T97 T96 95 T94 T93 T92 T9 T1 T2 T100 

T_INT = 100 Trains = 100 x T_RT = 1.0061 ms   

B1 

B2500 

 The total number of 
events ober 1ms is N_EVENTS 
= 250.103 

B i,j 
train number bunch number 

t 

bunches 

t 
2 

B2500 

t_RECOV = 120 x T_RF =  235.8 ns Bunches t_EVENTS = 2500 x T_COLL =  9.82 µs 

B1 B1 

t 2500 bunches spaced by 3.93ns during 9.82 µs 

1 

B_PHASE B_PHASE 

t 

Synchro 

T_RT  = 5120 x T_RF = 10.06134 µs  We use the REVOLUTION 
signal as a synchronisation 
to Bunch 1 

B 100,j[1..2500] B 1,j[1..2500] B 2,j[1..2500] 

Space charge reset 

Revolution period 

j : bunch index 

i : group index (Train) Integration of all bunches over  1ms  = 100 trains 

k : bunch index, from 1 to 2500 

i : group index (train) 

Integration of one bunch amoung 2500 over  1ms  = 100 trains 

Train Integrated Luminosity (TIL) 

Bunch Integrated Luminosity (BIL) 

LT 

LB k 

  B i,j 

100 2500 

i=1   j=1 

 B i,k 

100 

i=1 

 B i,1 

100 

i=1 

 B i,2 

100 

i=1 

 B i,n 

100 

i=1 

 B i,2499 

100 

i=1 

 B i,2500 

100 

i=1 

LB 1 
LB 2 

LB n 
LB 2499 

LB 2500 

LT = LB k 

2500 

k=1 

B1 

B2500 

bunches 

10.06134 µs 

SuperKEKB Timing :: TIL, BIL 

250 ksamples in 1ms 

100 samples in 1ms : 100 ksamples in 1 s 
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1 2 3 4 5 6 7 8 9 10 2497 2498 499 2500 

1 B 1,1 B 1,2 B 1,3 B 1,4 B 1,5 B 1,6 B 1,7 B 1,8 B 1,9 B 1,10 … B 1,2497 B 1,2498 B 1,2499 B 1,2500 

2 B 2,1 B 2,2 B 2,3 B 2,4 B 2,5 B 2,6 B 2,7 B 2,8 B 2,9 B 2,10 … B 2,2497 B 2,2498 B 2,2499 B 2,2500 

3 B 3,1 B 3,2 B 3,3 B 3,4 B 3,5 B 3,6 B 3,7 B 3,8 B 3,9 B 3,10 … B 3,2497 B 3,2498 B 3,2499 B 3,2500 

4 B 4,1 B 4,2 B 4,3 B 4,4 B 4,5 B 4,6 B 4,7 B 4,8 B 4,9 B 4,10 … B 4,2497 B 4,2498 B 4,2499 B 4,2500 

5 B 5,1 B 5,2 B 5,3 B 5,4 B 5,5 B 5,6 B 5,7 B 5,8 B 5,9 B 5,10 … B 5,2497 B 5,2498 B 5,2499 B 5,2500 

… … … … … … … … … … … … … … … … 

97 B 97,1 B 97,2 B 97,3 B 97,4 B 97,5 B 97,6 B 97,7 B 97,8 B 97,9 B 97,10 … B 97,2497 B 97,2498 B 97,2499 B 97,2500 

98 B 98,1 B 98,2 B 98,3 B 98,4 B 98,5 B 98,6 B 98,7 B 98,8 B 98,9 B 98,10 … B 98,2497 B 98,2498 B 98,2499 B 98,2500 

99 B 99,1 B 99,2 B 99,3 B 99,4 B 99,5 B 99,6 B 99,7 B 99,8 B 99,9 B 99,10 … B 99,2497 B 99,2498 B 99,2499 B 99,2500 

100 B 100,1 B 100,2 B 100,3 B 100,4 B 100,5 B 100,6 B 100,7 B 100,8 B 100,9 B 100,10 … B 100,2497 B 100,2498 B 100,2499 B 100,2500 

LB 1 
LB 2 

LB 3 
LB 4 

LB 5 
LB 6 

LB 7 
LB 8 

LB 9 
LB 10 

LB 2497 
LB 2498 

LB 2499 
LB 2500 = LT 

  

1x Train Integrated Luminosity (TIL) + 2500x Bunch Integrated Luminosity (BIL) = 2501 sums  

TIL 2500 BIL 

columns = bunches 
ro

w
s 

=
 t

ra
in

s 

                          

TIL, BIL 
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509 MHz 48 PLL 2035.55 MHz 
 1017.77 MSPS 

RF clock ADC 

10.6 MHz 

KEK LAL 

B_PHASE 

Phase Adjust 

Sampling Freq. is half the PLL clock 

10.6 MHz 2035.55 MHz 1017.77 MHz 1017.77 MHz 
B_PHASE PHASE=0 

PLL 2 

508.887 MHz 

48 

Bunch Phase 

KEK KEK ADC ADC ADC 

+ 

 
x192 

x 4 

t 

t 

t 

F_RF = 508.887 MHz 

1017.77 MHz 

1017.77 MHz 
B_PHASE + 

F_COLL = 254.443 MHz 

t 
B2500 

t_RECOV = 120 x T_RF =  235.8 ns Bunches t_EVENTS = 2500 x T_COLL =  9.82 µs 

B1 B1 

B_PHASE 

B_PHASE B_PHASE Space charge reset 

SAMPLING 
B_PHASE 

0.98ns 

Phase is adjusted to sample the peak 

B_PHASE 

1017.77 MSPS 

t 

1.96 ns 

0.98 ns 

PEAK PEAK PEAK PEAK 

dummy 

baseline 

3.93ns 

dummy dummy 

We assume B_PHASE is constant within the Integration time (1ms) 

1017.77 MHz 

F_COLL = 254.443 MHz 

baseline baseline 

Measurement Principle 

Fig. 1 : RF Clock in EH@RO (2014.03.23) 
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Trains 
T1 T2 T3 T4 T5 T6 T7 T8 T100 T99 T98 T97 T96 95 T94 T93 T92 T9 T1 T2 T100 

T_INT = 100 Trains = 100 x T_RT = 1.0061 ms   

B1 

B2500 

B i,j 
train number bunch number 

t 

bunches 

B 100,j[1..2500] B 1,j[1..2500] B 2,j[1..2500] 

B1 

B2500 

bunches 

10.06134 µs 

Time Slots 

1.0061ms 

t 

t 

TIL 

TS 1 TS 2 TS n 

t 

BIL 

LT 

LB k 

Time Slot 1ms 

Latency = f(ADC, 
FPGA,EPICS,…) 

t 

TIL 

LT 

Latency = f(ADC, 
FPGA,DAC,…) 

t 

BIL 

LB k 

EPICS / analog outputs 

ANALOG 

ANALOG 

Values are stamped 



Fast Luminosity Monitoring – DAQ Presentation & Status SuperKEKB / BELLE-II 9 / 17 

4U crate 
FPGA-ADC-DAC 

         4U DELL 

DELL T5610 

4U crate (w/ cooling fans) 

up to 3 inputs 

Heliax 
from CVD 

up to 4 
outputs 

RF Synthetiser 

Oscilloscope 

10.06134 µs 
TRIGGER/ SYNC 

10.6 MHz TBD 

509 MHz 

RF CLOCK 48 

VC707 
FMC126 
FMC204 

NAS 

power supply 

19’’ bench 

KEK NETWORK 

19’’ rackable 

to be defined 

5 

3 

2 

T5610 

Power supplies 

Installation in EH 
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2x Heliax ½ 

sCVD AMP 

BELLE-II 

FPGA+AD/DA 

EH@RI/RO 

FPGA+AD/DA 

POWER 
SUPPLIES 

Power Power supplies 

+100-400V : Diamond sensor CVD 

+12V : Charge Amplifier 

Charge Amplifier output 

1x Heliax ½ 
Spare cable ? 

COAX HELIAX  
LDF4-50A 

N N 
SMA-BNC 

PHIL @LAL 
2014.07.03 

N-type N-type 
BNC 

This picture is just an example 

Heliax ½ 

Heliax ¼  

or 

BNC-N 

N 

N 
SMA-N 

EH@RI 
EH@RO 

COAX HELIAX  
LDF4-50A 

N N 
Spare cable ? 

½ 

½ 

sCVD AMP 

LER HER 

2 channels 2 channels 

DELL T5610 + SFP+ 

DELL T5610 
Rackable (horizontal) 

rack 

server 
server 

rack 

1000Base-T, copper 

Network 

KEK 

Heliax LDF4-50A Dimensions 
Nominal Size 1/2 in 
Cable Weight 0.15 lb/ft | 0.22 kg/m 
Diameter Over Dielectric 12.954 mm | 0.510 in 
Diameter Over Jacket 15.875 mm | 0.625 in 

C1-C2 C3 C4 

2 cm² 2 cm² 

2 cm² 

C1 C2 

C3 

C4 
5 cm² 

 (3xCVD + POWER) = 11 cm²  
For one side 

 (HER+LER) = 22 cm²  

Choice for BELLE-II 

0.625 in 

Installation @KEK/TSUKUBA 
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- FPGA Board : VC707 XILINX, Virtex 7 XC7V485T 

2 VITA 57.1 (FMC) slots, HPC count 

VC707 

- A/D Board : FMC126 4DSP 
4x (3x) 1.25 GSPS  10 bits 

- D/A Board : FMC204 4DSP 
4x 1 GSPS  16 bits 

FMC204 

4x 1GSPS 
16-bit D/A 

FMC204 

FMC126 

4x 1.25GSPS  
10-bit A/D 

FMC126 
4x 1.25GSPS  
10-bit A/D 

4x 1GSPS 
16-bit D/A 

Config A Config B 

2x 1GSPS 
16-bit D/A 

3x 1.25GSPS  
10-bit A/D 

HPC1 

HPC2 

 Best config is 

DAC/HPC1   ADC/HPC2 

Hardware ADC/FPGA/DAC Details 
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FMC126 

FPGA 
VC707 

- VC707 + FMC126 have been integrated in the DAQ crate, FMC204 integration in progress 

- First A/D acquisition is achieved successfully 

NOTA  : Crate design may change for KEK installation 

DAQ Status @LAL 

ADC 

HPC1 HPC2 

4U crate 
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HPC1 

HPC2 

HPC1 

HPC2 

FMC204 
4x 1GSPS 
16-bit D/A 

FMC126 

Step 1 : FMC126 alone 

empty 

Step 2 : FMC204 alone 

empty 

3x 1.25GSPS  
10-bit A/D 

HPC1 

HPC2 

FMC204 
4x 1GSPS 
16-bit D/A 

FMC126 
3x 1.25GSPS  
10-bit A/D 

Step 3 : FMC126 and FMC204 

x3 

x4 

SuperKEKB configuration 

DAQ Status @LAL 

今  
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 Calibrated Train, peak sampling, bypass 

DAQ Status @LAL :: next plan 

F
M
C
2
0
4
 

D
A
C
 

F
M
C
1
2
6
 

A
D
C
 

VC707 

HPC1 HPC2 

T
C
P
 

1
0
0
0
B
a
s
e
T
 

server 

arbitrary 
waveform 
generator 

SATA2 

data 
disk2 

pattern 

clock 

ADC : burst acquisition @4ns, 2.5k bunches 

O-scope 
5GSPS 

samples saved to disk 

histogram, noise, jitter,...    
post-analysis 

 Calibrated Train, peak sampling, sum over 10µs 
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SATA2 

data 
disk2 

pattern 

clock 

O-scope 
5GSPS 

FPGA : bypass 

 

ADC : burst acquisition @4ns, 2.5k bunches 

samples + sum saved to disk 

histogram, noise, jitter,...    
post-analysis 

FPGA : sum of 2500 bunches (10µs) 

 Calibrated Train, peak sampling, TIL Luminosity 
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arbitrary 
waveform 
generator 

SATA2 

pattern 

clock 

O-scope 
5GSPS 

 

ADC : burst acquisition @4ns, 2.5M bunches 

samples + sums saved to disk 

histogram, noise, jitter, TIL luminosity...    
post-analysis 

FPGA : sums of 2.5M bunches (1ms) 

 Calibrated Train, peak sampling, BIL Luminosity 
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server 

arbitrary 
waveform 
generator 

SATA2 

pattern 

clock 

O-scope 
5GSPS 

 

ADC : burst acquisition @4ns, 2.5M bunches 

samples + sums saved to disk 

histogram, noise, jitter, BIL luminosity...    
post-analysis 

FPGA : sums of selected bunch, 100 times (1ms) 

data 
disk2 data 

disk2 
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 Calibrated Train, peak sampling, sum over 10µs 
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server 

SATA2 

data 
disk2 

ADC : burst acquisition @4ns, 2.5k bunches 

O-scope 
5GSPS 

samples + sum saved to disk 

histogram, noise, jitter,...    
post-analysis by comparison 

FPGA : sum of 2500 bunches (10µs) 

3  

1 

2 

1 

2 

3 

ADC 

upload to DAC 

storing 

 Calibrated Train, peak sampling, bypass 

DAQ Status @LAL :: next plan 
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server 

SATA2 

data 
disk2 

ADC : burst acquisition @4ns, 2.5k bunches 

O-scope 
5GSPS 

samples saved to disk 

histogram, noise, jitter,...    
post-analysis by comparison 

FPGA : bypass 

3  

1 

 
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ADC 

upload to DAC 

storing 
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data 
disk2 

O-scope 
5GSPS 

3  
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ADC 

upload to DAC 

storing 

 

 Calibrated Train, peak sampling, TIL Luminosity 
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O-scope 
5GSPS 

3  

1 
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1 
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3 

ADC 

upload to DAC 

storing 

 

ADC : burst acquisition @4ns, 2.5M bunches 

samples + sums saved to disk 

histogram, noise, jitter, TIL luminosity...    
post-analysis 

FPGA : sums of 2.5M bunches (1ms) 

 Calibrated Train, peak sampling, BIL Luminosity 

ADC : burst acquisition @4ns, 2.5M bunches 

samples + sums saved to disk 

histogram, noise, jitter, BIL luminosity...    
post-analysis 

FPGA : sums of selected bunch, 100 times (1ms) 
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DAQ Status @LAL :: next plan 

509 MHz 48 PLL 2035.55 MHz 
 1017.77 MSPS 

RF clock ADC 

10.6 MHz 

KEK LAL 

B_PHASE 

Phase Adjust 

Sampling Freq. is half the PLL clock 

10.6 MHz 2035.55 MHz 1017.77 MHz 1017.77 MHz 
B_PHASE PHASE=0 

PLL 2 

508.887 MHz 

48 

Bunch Phase 

KEK KEK ADC ADC ADC 

+ 

 
x192 

x 4 

 KEK RF 10.6 MHz only 
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server 

SATA2 

data 
disk2 

The ADC is synchronised with the 10.6 MHz 

RF 
Synthetiser 

10.6 MHz 

 KEK RF 10.6 MHz + LAL RF synthetiser 
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VC707 

HPC1 HPC2 

T
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1
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B
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server 

SATA2 

data 
disk2 

The ADC is sampling at 2035M/2 = 1017 MSPS 

RF 
Synthetiser 

2035.55 MHz 

simulates RF 

10.6 MHz 
simulates RF 

RF 
Synthetiser 

The internal PLL generates the 1017 MSPS 
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2015-2016 Plan (preliminary) 

2015年 

DAQ development 

2016年 

LAL 

KEK 

Installation 

DAQ tested 

TIL, BIL 

External 10MHz 

External 1017.8MHz 

Server tested 

CSS Boy Client 

BEAUTY Archiving 

EPICS compliant 

DAQ Crate in EH 
Cabling beam 

CVD installation 
RF clock sync 

RF signals specs 

CVD location 

EPICS specs 

Rack ready 

CVD ready 

EPICS integration Office 

what should 
be achieved 

Cabling @RI/RO 

Jan Jan Dec 

To de decided : 
ADC+FPGA in 2015 ? 
synchronisation test 

Full path cabling 
(beam/EH) 

preparation work 

~ 
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backup :: slides :: detector + amp 
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Detector :: CIVIDEC catalog 

500µm 500µm 140µm 100µm 
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C6 Charge Amp Gain 

For 1 MIP : 

Np = 36 e-h pairs/µm are created 

Charge for 1 MIP, 1µm : 

Q0 = 36 . 1.602 10-19 = 5.77 aC 

Charge for 1 MIP, 500µm : 

Q500 = 500.5.77 10-18 = 2.88 fC 

Gain C6 : 

GC6 = 4 mV/fC 
115,3 

230,7 

346,0 

461,4 

576,7 

0,0 

100,0 

200,0 

300,0 

400,0 

500,0 

600,0 

700,0 

0 10 20 30 40 50 60 

43 MIP 

ADC Input Limit 500mV 

C
6

 C
h

ar
g

e 
A

m
p

lif
ie

r 
O

u
tp

u
t  

MIP 

B1 C6 

Consistent with Dima’s simulation, expected < 20 MIP 
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C6 Amp Measurements 

SEUIL 

SEUIL 

PEAK OUT 

PEAK IN 

OUT 

IN 

FDHM IN 

FDHM OUT 

OUT 

IN 

AREA IN 

AREA OUT 

T 

OUT 

IN 

OUT 

IN 
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PEAK 

LATENCY 

AREA 

FDHM 

FDHM = Full Duration at Half Maximum 
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C6 Amp Measurements 

= 

ADC FMC126 
 < 500 mVpp 

Peak_out = F(Area in) 

An   = k3 Vn  

Nbhabha_events  = k1 Qn 

Qn   = k2 An 

Nbhabha_events = k1k2k3 Vn = K Vn 

Qn= deposit charge 

An= area 

Vn= peak voltage 

3 

1 

ADC FMC126 
 < 500 mVpp 

 The (k3) gain is constant for a given FDHM 

FDHMin = 2 ns 

FDHMin = 3.8 ns 

FDHMin = 10.4 ns 


