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Sensitivity  test  of  atomic  data  utilized  in  Li-BES  
data  analysis  with  Bayesian  inference

INTODUCTION
1. In nuclear fusion research, measuring the electron density profiles of magnetic confinement plasmas at

the edge region of tokamaks is very important for investigating some physics phenomenon such as        
plasma turbulence and wall-plasma interaction. Li-BES (lithium beam emission spectroscopy) system
can measure the electron density at the edge part of the plasma with high spatial and temporal 
resolutions.

2. With BPT (Bayesian probability theory) approach, we reconstruct the electron density profile of JET 
(Joint European Tokamak) plasmas. This approach can solve the drawbacks of the conventional data 
analysis such as singularity condition and inner boundary condition.

3. In the process of data analysis, we use the multi-state model that describes the collisional process          
between neutral lithium atoms and plasma particles. This model uses five sets of atomic database which 
are already measured experimentally. Thus, the atomic data can affect the reconstruction of the electron      
density profiles. 

1. We introduce how to proceed the sensitivity tests of the atomic database.
2. We present how sensitively the electron density profiles change as the atomic data are varied.

ü Minerva framework infers the absolute calibration factor 𝛼 in addition to  the electron density.
ü Test procedure : 

Change one set of atomic data à (𝑛#, 𝛼) are inferred from the given data of JET
à Observe the variation of (𝑛#, 𝛼)

ü 𝑅&#'(), 𝑅##'()
è 𝛼 decreases as theses atomic data increase. (Fig 4)

ü 𝑅&)*+), 𝑅#)*+), 𝑅,&*+
è 𝛼	  increases as theses atomic data increase.

ü Nearly no changes in the electron density profiles are observed. (Fig 3)
ü Ex] Variation of 𝛼	  in 𝑅&#'() case : 

The legend ‘pct’ means that the atomic data was set as x percent of its original value.

Fig 3. n# profile with different values of 𝑅&#'() Fig 4. Variation of 𝛼 with different values of 𝑅&#'()

ü We treat 𝛼 as a fixed value and test the sensitivity of the atomic data. 
ü Test Procedure : 
𝑛#, 𝛼 are inferred from the given data à Make 𝛼 fixed à Change one set of atomic data 
à Infer 𝑛# à Compare the original 𝑛# with the new 𝑛# .

ü 𝑅&#'(), 𝑅##'()

èPrediction of intensity 𝐼0)1
&2#3 increases as these atomic data increase at the scrape-off-layer (SOL) region.

è More sensitive when the atomic data are over-valued.
ü 𝑅&)*+), 𝑅#)*+), 𝑅,&*+

è 𝐼0)1
&2#3 decreases as these atomic data increase at the SOL region. (Fig 5) and (Fig 6)

è More sensitive when the atomic data are under-valued, i.e., 90 percent of the original value                      
(under-valued) varied more significantly than 150 percent one (over-valued). (Fig 7) and (Fig 8)

ü Ex] 𝑅,&*+ case : 

Fig 7. n# profile with 𝑅,&*+ 90pct value

Fig 5. 𝐼0)1 profile with 𝑅,&*+ 90pct value Fig 6. 𝐼0)1 profile with 𝑅,&*+ 150pct value

Fig 8. n# profile with 𝑅,&*+ 150pct value

1. With an unfixed absolute calibration factor 𝛼, 𝛼	  changes as the atomic data varies. 
ü It seems that absolute calibration factor compensates the change of atomic data.
ü So, there is no clear difference in the electron density even if the atomic data are changed.

2. With a fixed absolute calibration factor, the prediction of intensity at the SOL region and the electron   
density profile are changed. 
ü The degree of the sensitivity is examined with the kinds of the atomic data and how they vary.            

(especially under/over-valued from its original value).

where
𝑛# : electron density
𝑧 : distance along the Li beam
𝑁) : fraction of the excited state of the 𝑖th Li atom state
𝑎)< : atomic data describing excitation or ionization by plasma particles
𝑏)< : atomic data describing spontaneous emission 
𝛼 : absolute calibration factor

Fig 1. Li-BES system scheme at JET
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FOCUS OF THE POSTER

Li-BES (Lithium Beam Emission Spectroscopy) system of JET 

Multi-state model

Bayesian Probability Theory and Forward model
𝑃(𝑛#|𝑑, 𝜎, 𝐼) ∝ 𝑃 𝑑 𝑛#, 𝜎, 𝐼 𝑃(𝑛#|𝐼)

where 
𝑃(𝑛#|𝑑, 𝜎, 𝐼) : posterior distribution 
𝑃 𝑛# 𝐼 : prior knowledge independent of measured data
𝑃(𝑑|𝑛#, 𝜎, 𝐼) : likelihood distribution

ü The posterior can be updated with the measured data through the likelihood function. We estimate the 
maximum value of the posterior distribution providing the 𝑛# profile.

ü Advantages of the Bayesian approach : 
Ø We do not have to consider the drawbacks of conventional method. 

𝑑𝑁) 𝑧
𝑑𝑧

=F[𝑛# 𝑧 𝑎)< 𝑇# 𝑧 + 𝑏)< ]
<KL

𝑁< 𝑧

𝑁) 𝑧 = 0 = 𝛿L)
𝑁O 𝑧 = 𝛼𝐿𝑖O&(𝑧)

ü Multi-state model describes the collisions between Li atom and plasma particles. 
ü From this equation, we can estimate the electron density from the measured Li I line intensity.

Forward Model (Minerva framework)[1]

ü Exploring the proper electron density and the  
absolute calibration factor from the given data, 
i.e., the measured intensity data.

ü By the multi-state model, the atomic data can  
affect the results. 

ü There are five coefficient sets of Li atom : 
𝑅&#'() : proton Impact Excitation coefficient
𝑅&)*+) : proton Impact Ionization coefficient
𝑅##'() : electron Impact Excitation coefficient
𝑅#)*+) : electron Impact Ionization coefficient
𝑅,&*+ : spontaneous emission coefficient
(red box of Fig 2)

Fig 2. Forward model of JET Li-BES system 

Sensitivity test with unfixed absolute calibration factor

Sensitivity test with the fixed absolute calibration factor

Conclusions

[1]  J  Svensson,  A  Werner,   IEEE  Workshop  on  Intelligent  Signal  Processing,  WISP  (2007)
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Neutral Li beams are injected.

Li atoms have collisional process with plasmas.

Intensity of Li I line (670.8nm, 2s-2p) from 
Li atom are measured by CCD camera.

Photon are released from spontaneous emission 
process of Li atoms.


