
Pulse height spectra with fitted data 
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•  Now use figure of merit, CR, to 
suppress noise and low energy signals 
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Pulse height spectra with further criteria 
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Proton Production Rates 
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Example fusion 
reaction rate as 
a function of 
time 
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Sawtooth crashes in complementary diagnostics 
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NBI  



Sawtooth crash effects on proton emission 
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little change in radial positions calculated from 
EFIT reconstructions before and after the crash 

Crash 2 Crash 2 



Proton radial profile before and after crash 2 
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•  r ,z: position in the R-Z plane 
(with with respect to magnetic axis) 
•  A ,      ,    : fit parameters 
•  arbitrary units 

Emission profile model function 
(simple gaussian): 

r0



Proton emissivity (r, z) before and after crash 2 
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Before Second Crash (t=0.254s)

After Second Crash (t=0.257s)

lo
w 

em
iss

io
n 

   
   

   
  h

ig
h 

em
iss

io
n

Emissivity 
function used: 
Sg(r, z)

lo
w 

em
iss

io
n 

   
   

   
  h

ig
h 

em
iss

io
n

Emissivity 
function used: 
Sg(r, z)

Z 
[m

]

R [m]

Z 
[m

]

R [m]

Before Second Crash (t=0.254s)

After Second Crash (t=0.257s)

lo
w 

em
iss

io
n 

   
   

   
  h

ig
h 

em
iss

io
n

Emissivity 
function used: 
Sg(r, z)

lo
w 

em
iss

io
n 

   
   

   
  h

ig
h 

em
iss

io
n

Emissivity 
function used: 
Sg(r, z)

Z 
[m

]

R [m]

Z 
[m

]
R [m]



Proton emissivity as a function of ψ_rel  
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After Second Crash (t=0.257s)
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Summary: Proof of concept diagnostic 
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•  First direct measurements of 3MeV 
protons in a spherical tokamak 
•  Advantages: size and cost  
•  Similar and complementary 
information to NC  
•  Combined analysis with NC for more 
detailed emission profile 
•  More advanced analysis needed to 
fit the triton emissivity 

 Future Work 
•  Design and build 16-channel system for NSTX-U, MAST-U 
(same size or smaller) 
•  Implement techniques for mitigating noise 



Thank you for your time! 
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http://phy.fiu.edu/twiki/bin/view/Twiki/FEPP 
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Extra slides if needed to answer 
questions 
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Individual detector orientations 

Z-Axis 

X-Axis 
R-Axis 

Y-Axis 
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Sawtooth crash 

Trajectory Radial Positions on the Mid-plane for each crash 

Red:    Ch 1 
Green: Ch 2 
Blue:    Ch 3 
Yellow: Ch 4 
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Fishbone events 
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Detector Orientations 

Z-Axis 
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Spherical Tokamaks 
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[Image CCFE,MAST] 

•  Aspect Ratio: R/a 
•  MAST Aspect Ratio:  

•  0.85m/0.65m = 1.31 

[Image EFDA] 

[Image CCFE,MAST] 


