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Motivations
● Natural Cosmic Ray source.
● Other applications like imaging large structures, monitoring volcanoes and all.
● Based on Coulomb Scattering. (High-Z/ Low-Z discrimination)
● Accurate measurement of scattering angle requires precise tracking.

http://mutomweb.pd.infn.it:5210/ Scan Pyramid Project,CEA, 2



Strategy of Muon 
Scattering Tomography
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Effect of Resolution on Image reconstruction

Ideal Resolution 1 cm  Resolution
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NINO Readout and TOT

❖ 8 channel readout
❖ Individual drivers for differential input
❖ Input threshold control 10fc to 100 fc
❖ Placement of Readout close to the detector

❖ Time Width of o/p proportional to ToT of i/p.
❖ Charge content of signal proportional to pulse area

❖ Width of o/p of NINO can predict the center of multiple strips

Input Pulse

Output Pulse
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Small i/p pulse
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Larger i/p pulse
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The Experimental Setup 
Pick-up Panel

Insulator (Mylar)
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Graphite
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Edge Spacers

Side view of Bakelite RPC 
(30 cm X 30cm

❖ Freon: Isobutane 95:5
❖ The muon triggered is obtained from 

coincidence of 3 plastic scintillators.
❖ Strip width is 1 cm.
❖ Only one strip is triggered. 3 strips from either 

side have been studied.
❖ Altera Max 10 FPGA board. 9



NINO FPGA
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The FPGA Based DAQ
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The RTL diagram of the FPGA program
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Results



Comparison of Oscilloscope and FPGA pulse 
widths

❏ A 60 ns pulse (from a pulse 
generator) was measured by 
both MSO-4104B Oscilloscope 
and 500 MHz clock of FPGA.

❏ 2 ns offset was added to the 
difference.

Difference of pulse widths measured in 
Oscilloscope and FPGA 13



Pulse Width at different Working Voltage
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Sigma (cm)
0.451 (for 10p2)
0.497 (for 10p6)
0.578 (for 11p6)

❏ Signal width obtained 
from 1000 events.

❏ The Center strip is 
triggered.

❏ Tracking is better in 
avalanche mode.
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Proposed Tomography Setup

ROI

FPGANINO

UART serial 
transmissionSc 1
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❏ Front-end NINO boards
❏ FPGAs for coincidence and 

decision for TX
❏ The UART serial 

transmission to PC 
❏ Data obtained reading the 

port using Python/C++ 
scripts
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Summary
❏ TOT measurement  property of NINO has been exploited to find the center of 

the hits.
❏ A simple FPGA based DAQ for the cosmic muon imaging system.
❏ Use of PLL to use 2 different clks, one for event selection(50 MHz) and other for 

pulse width measurement (500 MHz).
❏ Pulse widths of the detector at avalanche and nearly streamer mode voltages 

have been studied. 

Future Targets
❏ Calibration of o/p pulse and i/p charge has to be done.
❏ Use of  thinner strips for better resolution
❏ Better FPGA clk for precise measurement,
❏ Utilize in the muon imaging system.
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Sigma
0.594 (for 10p2)
0.878 (for 10p6)
2.663 (for 11p6)

● Total signal width obtained from 
1000 events.

● The Center strip is triggered.
● Tracking is better in avalanche 

mode.
●



Comparison of FPGA and Oscilloscope 



VI curve and  Efficiency

HV per One 
Channel



Different Resolutions

Lead on left
Iron on right




