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• Basic principle of tomography

1. 1D distribution
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Review
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• Using different method to suppress stripe artifacts

Iterative reconstruction algorithm

1. Ԧ𝑥𝑘+1 = Ԧ𝑥𝑘 +
1

Ԧ𝐴𝑇1
⋅

Ԧ𝐴𝑇 𝑚− Ԧ𝐴𝑇 Ԧ𝑥𝑘

Ԧ𝐴𝑇1
(SART)

2. Ԧ𝑥𝑘+1 = Ԧ𝑥𝑘 ⋅
Ԧ𝐴𝑇𝑚

Ԧ𝐴𝑇 Ԧ𝐴 Ԧ𝑥𝑘 (ISRA)

Ground truth Ԧ𝑥 Weight matrix Ԧ𝐴

Forward projection: 𝑨𝒙
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Backward projection
Determine 𝑨 representing the extent of the 

beam's physical location.



Recall the previous results: Python library [Done]
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• Filtered Back Projection (FBP): Direct, fast, non-iterative reconstruction.

• Simultaneous algebraic reconstruction technique (SART): Iterative, weighted matrix, quality improvement.



Recall the previous results: construction 𝑨 [On-going]
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𝒙𝟏: Uniform 𝒙𝟏: Ground truth



Algorithm of weight matrix 𝑨
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• Key parameters

1. z t : Not bunch length.

2. pmin
boo :Not min of measured value.



Algorithm verification
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1. z t : Not bunch length. → Calculated as (Screen pixels) x (Screen resolution mm/pixels)

• It is not significant element in my situation (simulation).

• X Resolution : 8.16 um/pixel

• Y Resolution: 8.18 um/pixel

𝑝𝑐𝑎𝑙
𝑏𝑜𝑜 ← 𝑝𝑧

𝑔𝑢𝑛
𝑠 + 𝑉 cos(𝜑 𝑖 + 𝒛(𝒕))



Algorithm verification
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2. 𝐩𝐦𝐢𝐧
𝐛𝐨𝐨 : Minimum measurable momentum on screen.

• 𝑋 𝑠 = 𝑥𝛽 𝑠 + 𝐷 𝑠 ⋅
Δ𝑝

𝑝

Δ𝑝1 Δ𝑝2 Δ𝑝3

From XFEL beam data (same as elabs) In elabs case,

𝐩𝐦𝐢𝐧
𝐛𝐨𝐨 : 68.396 MeV/c

𝑗 ←
𝑝𝑐𝑎𝑙

𝑏𝑜𝑜 − 𝒑𝒎𝒊𝒏
𝒃𝒐𝒐

Δ𝑝𝑏𝑜𝑜



Results
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𝑥1: Uniform 𝑥1: Ground truth

Good agreement to 𝒛 𝒕 , but, obtained worse 𝚫𝒑 results.

Ԧ𝑥𝑘+1 = Ԧ𝑥𝑘 ⋅
Ԧ𝐴𝑇𝑚

Ԧ𝐴𝑇 Ԧ𝐴 Ԧ𝑥𝑘 (ISRA)



Finding issues
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Ԧ𝑥𝑘+1 = Ԧ𝑥𝑘 ⋅
Ԧ𝐴𝑇𝒎

Ԧ𝐴𝑇 Ԧ𝐴 Ԧ𝑥𝑘
⇒ Ԧ𝑥𝑘 ⋅

Ԧ𝐴𝑇𝑨𝒙𝑻𝒓𝒖𝒆

Ԧ𝐴𝑇 Ԧ𝐴 Ԧ𝑥𝑘

𝒙𝟏: Uniform 𝒙𝟏: Ground truth



Bilinear interpolation
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Constructed 𝑨 (Simple binning) vs simulated momentum distribution



Bilinear interpolation
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Simple binning                            Bilinear interpolation



Energy spread measurement
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Energy spread measurement
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• Unknown: 𝜎𝑧,0
2 , 𝜎𝛿,0

2 , 𝜎𝑧𝛿,0

• Σ0 =
⟨𝑧2⟩ ⟨𝑧𝛿⟩

⟨𝑧𝛿⟩ ⟨𝛿2⟩
=

𝜎𝑧,0
2 𝜎𝑧𝛿,0

𝜎𝑧𝛿,0 𝜎𝛿,0
2

• Σ𝑖 = 𝑅𝑖Σ0𝑅𝑖
𝑇

• 𝜎𝑧,𝑖
2 = 𝑅𝑖,55

2
⋅ 𝜎𝑧,0

2 + 𝑅𝑖,56
2

⋅ 𝜎𝛿,0
2 + 2 𝑅𝑖,55𝑅𝑖,56 ⋅ 𝜎𝑧𝛿,0

WCM 1: 𝜎𝑧,1
2 = 𝑅1,55

2
⋅ 𝜎𝑧,0

2 + 𝑅1,56
2

⋅ 𝜎𝛿,0
2 + 2 𝑅1,55𝑅1,56 ⋅ 𝜎𝑧𝛿,0

WCM 2: 𝜎𝑧,2
2 = 𝑅2,55

2
⋅ 𝜎𝑧,0

2 + 𝑅2,56
2

⋅ 𝜎𝛿,0
2 + 2 𝑅2,55𝑅2,56 ⋅ 𝜎𝑧𝛿,0

WCM 3: 𝜎𝑧,3
2 = 𝑅3,55

2
⋅ 𝜎𝑧,0

2 + 𝑅3,56
2

⋅ 𝜎𝛿,0
2 + 2 𝑅3,55𝑅3,56 ⋅ 𝜎𝑧𝛿,0

WCM1 WCM2 WCM3



Summary
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• Checked Algorithm element (𝒛 𝒕 , 𝒂𝒏𝒅 𝒑𝒎𝒊𝒏
𝒃𝒐𝒐 )

• 𝒎 dependency

• 𝜎𝑧,𝑖
2 = 𝑅𝑖,55

2
⋅ 𝜎𝑧,0

2 + 𝑅𝑖,56
2

⋅ 𝜎𝛿,0
2 + 2 𝑅𝑖,55𝑅𝑖,56 ⋅ 𝜎𝑧𝛿,0
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