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Introduction



Compact Muon Solenoid (CMS)



High-granularity calorimeter (HGCAL)



Types of wafers

Outer

Inner

Large Cell Small Cell



Digi occupancy & lumi section

• Lumi section: a fixed short time 
interval for recording and 
monitoring collider data quality.

• Digi occupancy: the fraction of 
detector channels registering 
hits in a given time window.

• Here we just use the number of 
hits in each lumi section



Model choosing



Auto encoder



Reconstruction error



Convolutional Neural Network (rectangular)



Radial Distribution Function (RDF)

• 𝑅𝐷𝐹 𝑑 = σ𝑖,𝑗𝑤𝑖𝑤𝑗𝛿(𝑑𝑖𝑗 − 𝑑)
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Radial Distribution Function (RDF)
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Radial Distribution Function (RDF)

• 𝑅𝐷𝐹 𝑑 = σ𝑖,𝑗𝑤𝑖𝑤𝑗𝛿(𝑑𝑖𝑗 − 𝑑)
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Radial Distribution Function (RDF)

• 𝑅𝐷𝐹 𝑑 = σ𝑖,𝑗𝑤𝑖𝑤𝑗𝛿(𝑑𝑖𝑗 − 𝑑)
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Reflection
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Denumerable singularities after normalization



Dataset



MC data

• 1000 lumi sections in total

• Stack every 5 lumi sections (12345, 23456, …)

• Analyze 3 types of wafers separately



Normalization

• Min-Max normalization for type 0 and 1

• Max normalization for type 2

• Min-Max Normalize RDF distribution after calculating RDF

• Normalize by median for CNN data



Calculating RDF from u-v cordinate

• 𝑑 = 𝑠𝑞𝑟𝑡 Δ𝑢2 + Δ𝑣2 − Δ𝑢 ∗ Δ𝑣

• 𝑑2 is always integer

• Calculate all possible 𝑑2

d2_0 d2_1 d2_2 d2_3 d2_4 d2_5 d2_6 d2_7 d2_8 d2_9 d2_11 d2_12 d2_13

253.44
856

1202.4
387

405.29
32

2883.7
95

857.12
006

1535.0
077

1372.2
028

1284.0
433

304.05
112

4051.5
776

2033.8
094

1501.7
733

964.74
17

247.43
417

1176.0
359

395.36
69

2821.0
479

841.17
365

1503.2
688

1346.3
494

1262.6
898

295.63
727

3969.7
073

1991.1
9

1470.2
655

948.20
5

255.56
757

1219.1
962

407.23
43

2918.4
67

873.56
61

1553.3
005

1392.2
954

1314.3
019

305.24
36

4115.5
244

2063.8
918

1527.3
989

988.04
09

235.00
69

1116.4
703

373.95
203

2671.1
646

799.36
77

1421.8
466

1273.4
89

1200.2
206

280.32
578

3761.3
237

1886.8
567

1395.2
551

901.30
41

u

v



Anomaly injection

• Pick one wafer randomly

• Times the original digi occupancy with degradation level

• 0: dead channel

• 0.5: degrading channel

• 2: hot channel



Training



Encoder

RDF

• Type 0: 33 -> 256 -> 126 -> 64 -> 
32 -> 16

• Type 1: 29 -> 256 -> 126 -> 64 -> 
32 -> 16

• Type 2: 101 -> 256 -> 126 -> 64 -
> 32 -> 16

CNN

• Type 0: 1*9*9 -> 16*9*9 -> 
32*9*9 -> 32*3*3 -> 64*3*3

• Type 1: 1*11*11 -> 16*11*11 -> 
32*6*6 -> 64*3*3

• Type 2: 1*21*21 -> 16*21*21 -> 
32*10*10 -> 32*5*5



Receiver Operating Characteristic (ROC)

• TPR = TP / (TP + FN)

• FPR = FP / (FP + TN)

• AUC: Area Under the Curve

• AUC = 0.5: Random

• AUC = 1: Perfect



CNN vs RDF (AUC)

Type degradation RDF CNN

0 0 1 0.8514

0.5 0.9980 0.8106

2 1 0.8553

1 0 0.9652 0.6244

0.5 0.8163 0.5786

2 0.9224 0.4473

2 0 0.5909 0.5

0.5 0.5155 0.5

2 0.5546 0.5

Normalization 
issue



Conclusion & outlook

• RDF do have some advantages compared to CNN

• More date/different methods are need to train model for type2 wafer

• RDF has the potential to be used in other HEP analysis

• Normalization strategy has to be changed
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