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Reminder: Gd GEM

VMM3
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• Analog Input 
Digital Output 

• 2 x 64 Channels
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The VMM3 readout chip
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Neighbouring

VMM3 architecture

Continuous or external trigger mode



For each channel:
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VMM3 data readout



Output data format
• UDP Ethernet packages 
• Monitoring using Wireshark plugin 
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Output data format
• Data in .csv file, hdf5 format also possible 
• FEC, VMM number, SRS Timestamp, Channel, 

BCID, TDC, ADC, Over Threshold Flag
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Test beam in July

• SPS muon beam in 
CERN North Beam area 

• Standard triple GEM 
detector 

• First Data taken using 
one VMM3 hybrid 

• Goal for August test 
beam:  

• Take data using two 
hybrids in two 
different dimensions
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Set-Up test beam in August
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2 Hybrids (1 X, 1 Y) 3 Hybrids (2 X, 1 Y)
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Hits vs Channels
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X -  two hybrids Y - one hybrid
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Channel trimming to be performed
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Neighbouring
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Rates in muon and pion beam
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~ Mbit ~ Mbit
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~ 50kHz 
~ 20Mbit/s
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Muon Spill - Dual data
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Pion spill
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Pion spill

15

VMM1
Entries    1.791492e+07
Integral  5.806e+05

3640 3660 3680 3700 3720 3740 3760 37800

500

1000

1500

2000

2500
VMM1

Entries    1.791492e+07
Integral  5.806e+05

VMM1



SRS Timestamps
• Overflow of SRS Timestamp every 13 

seconds 
• High data rates during run in pion beam
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• manually remove all out of place data 

• add a UNIX Timestamp, change SRS settings, change to hdf5 format

(Short-term) Solutions



ADC Structure
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Spikes at multiples of 16 
Lower 4 bits meaningless 
Reduction 10 bit ADC to 6 bit



BCID Structure
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Spike followed by trough 
multiples of 64 (not always present)

• BCID 12 bit:  range 4096 * 50 ns = 205 us 
• Data has to be read out with  

>= 5 kHz trigger rate to avoid overflows
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BCID - Structure
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TDC - Structure
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• Spike multiples of 8 
• Lower 3 bits meaningless 
• Reduction TDC 8 bit to 5 bit 
• Reduced time resolution >= 2ns



TDC - Spectra for different slopes
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TDC - Spectra

22

VMM0
Entries  59205
Integral  5.92e+04

TDC
0 50 100 150 200 250

ev
en

ts
N

0

500

1000

1500

2000

2500

3000

3500

4000

4500 VMM0
Entries  59205
Integral  5.92e+04

VMM1
Entries  124585
Integral  1.246e+05

August test beam
Run 80
CKBC = 20MHz 
TAC Slope = 60ns 
Peaking time = 100ns VMM0

VMM1

VMM0
Entries  59205
Integral  5.92e+04

VMM0
Entries  59205
Integral  5.92e+04

VMM1
Entries  124585
Integral  1.246e+05

VMM1
Entries  124585
Integral  1.246e+05

VMM0
Entries  127268
Integral  1.273e+05

TDC
0 50 100 150 200 250

ev
en

ts
N

0

1000

2000

3000

4000

5000

6000

7000 VMM0
Entries  127268
Integral  1.273e+05

VMM1
Entries  122577
Integral  1.226e+05

August test beam
Run 80
CKBC = 20MHz 
TAC Slope = 60ns 
Peaking time = 100ns VMM0

VMM1

VMM0
Entries  127268
Integral  1.273e+05

VMM0
Entries  127268
Integral  1.273e+05

VMM1
Entries  122577
Integral  1.226e+05

VMM1
Entries  122577
Integral  1.226e+05

VMM0
Entries  270962
Integral  2.71e+05

TDC
0 50 100 150 200 250

ev
en

ts
N

0

2000

4000

6000

8000

10000

12000 VMM0
Entries  270962
Integral  2.71e+05

VMM1
Entries  270164
Integral  2.702e+05

August test beam
Run 80
CKBC = 20MHz 
TAC Slope = 60ns 
Peaking time = 100ns VMM0

VMM1

VMM0
Entries  270962
Integral  2.71e+05

VMM0
Entries  270962
Integral  2.71e+05

VMM1
Entries  270164
Integral  2.702e+05

VMM1
Entries  270164
Integral  2.702e+05



Channel

0 20 40 60 80 100 120

M
ea

n 
TD

C

0

20

40

60

80

100

120

140

160

180

200
August test beam
Run 80
CKBC = 20MHz 
TAC Slope = 60ns 
Peaking time = 100nsPeaking time = 100ns

Run 80

TDC - Averages
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Known issues with the VMM3
• TAC voltage ramp has a pedestal 

• Only explains shift 
• Currently no explanation for differences in 

TDC Range 
• Pedestal might vary between chips and 

channels
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Next Steps
• Wide variety of settings 

that still need to be 
explored 

• Cluster analysis to be 
performed 

• New slow control enables 
different settings for VMMs 
on same hybrid 

• More rigorous testing 
possible during next test 
beam in October
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Clusters
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Maps shows clusters x vs y 
Only clusters where there is  
exactly one cluster in the other 
dimension 

Conditions: 
>= 3 strips 
 <= 2 strips missing in between 
Delta t <= 100 ns between strips 

X
x

Y
y



Total cluster charge (sum of ADC)
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y

x

x y

Higher amount in charge in y



Cluster size in x and y
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Larger cluster size in y, fits together with larger charge in y 

Mean 4.4 strips Mean 5.2 strips

x y



Time difference between clusters in x and y
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Maximum delta t 100 ns: 
between strips and center of gravity of clusters

Maximum delta t 50 ns: 
between strips and center of gravity of clusters

Mean 1.4 ns 
Std dev 14.7 ns

Mean -2.2 ns 
Std dev 9.4ns


