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Introduction



ompact Muon Solenoid (CMS)

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0m Pixel (100x150 pm) ~1m? ~66M channels
Ovwerall length -28.7m Microstrips (80x180 y.m) ~200m?* ~9.6M channels
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
" Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCA
Brass + Plastic scintillator ~7,000 channels



High-granularity calorimeter (HGCAL)
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Figure 1.6: Longitudinal cross section of the upper half of one endcap calorimeter. It consists of an electromagnetic compartment (CE-E)
followed by a hadronic compartment (CE-H). The green region to the lower left is instrumented with silicon detectors and the blue region
to the upper right with scintillator tiles.



Types of wafers

Active Cell Cell Bulk  Expected range | Number of Number of
thickness | size capacitance polarity of fluence wafers partial wafers

(um) | (cm?) (pF) (x10" neq/cm?)
300 1.18 45 p/ () 0.1-0.5 13164 1284
200 1.18 65 p 0.5-2.5 8712 144
120 0.52 50 p 2-7 3000 324
1752

Large Cell

Small Cell

Outer

Inner



Digi occupancy & lumi section

 Lumi section: a fixed short time

interval for recording and

monitoring collider data quality.

* Digi occupancy: the fraction of

=8

Lumi = 608, Layer
Type 0: Min-Max, Type 1 & 2: Max

HGCAL Wafer Occupancy (Normalized by Type)

detector channels registering
hits in a given time window.

* Here we just use the number of

hits in each lumi section

o




Model choosing



Auto encoder

Reconstructed

PERIES - --------eacnsemeesacocae. Ideally they are identical. -~----------------- > input

x ~ x/

Bottleneck!
Encoder | Decoder 2
X —» g & > —*' f0 "1

An compressed low dimensional
representation of the input.




Reconstruction error

Reconstrcution Error (RE) Distributions

RE for digit 5
RE for digit 3
B RE for other digits

100 A

001 002 003 0.04 005 006 007 0.08 0.09
MSE




Convolutional Neural Network (rectangular)

Wafer Occupancy (Lumi=608, Layer=1)

h_wafer_lumi608_layer1

10 Entries 291
Mean x -0.005007
Mean y -3.170e-4

Std Dev x 3.040
Std Dev y 3.031
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Radial Distribution Function (RDF)

° RDF(d) — Zi,j WlW]5(dl] — d)

RDF




Radial Distribution Function (RDF)

° RDF(d) — Zi,j WlW]5(dl] — d)

RDF(0) = 1% + 2% 4+ 3% + 42 + 52




Radial Distribution Function (RDF)

° RDF(d) — Zi,j WlW]5(dl] — d)

RDF(0) = 1% + 2% 4+ 3% + 4% + 57
RDF(1))=(1*2+2%*3+3%44+4+54+5«
1+1*x4+4+2%4) %2




Radial Distribution Function (RDF)

° RDF(d) — Zi,j WlW]5(dl] — d)

RDF(0) = 1% + 2% 4+ 3% + 4% + 57
RDF(1))=(1*2+2%*3+3%44+4+54+5«
1+1*x4+4+2%4) %2

RDF(V3) = (1%3 4 1%5) *2




Radial Distribution Function (RDF)

RDF(0) = 1% + 2% 4+ 3% + 4% + 57

’RDF(d) :Zi,jWin5(dij_d)
RDF(1))=(1*2+2%*3+3%44+4+54+5«
14+1%x4+2%4)x%2

o RDF(N3) = (1%3+1%5) *2
0 RDF(2) =3 %5 %2




Radial Distribution Function (RDF)

° RDF(d) — Zi,j WlW]5(dl] — d)

RDF(0) = 1% + 2% 4+ 3% + 42 + 52
RDF(1))=(1*2+2%*3+3%44+4+54+5«
14+1%x4+2%4)x%2
RDF(V3) = (1%3 4 1%5) *2

RDF(2) =35 x 2

For other d, S(dij—d) =0




Radial Distribution Function (RDF)

° RDF(d) — Zi,j WlW]5(dl] — d)

RDF(0) = 1% + 2% + 3% + 5%
RDF(1)=(1%24+2%3+5%1) %2
RDF(\3) = (1%3+1%5) *2
RDF(2) =3 %5 %2

For other d, S(dij—d) =0



Radial Distribution Function (RDF)

° RDF(d) — Zi,j WlW]5(dl] — d)

RDF




Radial Distribution Function (RDF)

° RDF(d) — Zi,j WlW]5(dl] — d)

RDF
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Dataset



MC data

* 1000 lumi sections in total
e Stack every 5 lumi sections (12345, 23456, ...)

* Analyze 3 types of wafers separately



Normalization

* Min-Max normalization for type O 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

e d = sqrt(Au? + Av? — Au * Av) v

* d? is always integer \
e Calculate all possible d? " u

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 1202.4 405.29 2883.7 857.12 1535.0 1372.2 1284.0 304.05 4051.5 2033.8 1501.7 964.74
856 387 32 95 006 077 028 433 112 776 094 733 17
247.43 1176.0 395.36 2821.0 841.17 1503.2 1346.3 1262.6 295.63 3969.7 1991.1 1470.2 948.20
417 359 69 479 365 688 494 898 727 073 9 655 5
255.56 1219.1 407.23 2918.4 873.56 1553.3 1392.2 1314.3 305.24 4115.5 2063.8 1527.3 988.04
757 962 43 67 61 005 954 019 36 244 918 989 09

235.00 1116.4 373.95 2671.1 799.36 1421.8 1273.4 1200.2 280.32 3761.3 1886.8 1395.2 901.30
69 703 203 646 77 466 89 206 578 237 567 551 41



Anomaly injection

* Pick one wafer randomly

* Times the original digi occupancy with degradation level
* 0: dead channel

* 0.5: degrading channel

e 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

e Type 0: 1*9*9 -> 16*9*9 ->
32*%9%Q _> 32*3*3 _> §4*3%*3

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

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



Receiver Operating Characteristic (ROC)

Tue Positive Rate
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* TPR=TP /(TP + FN)

* FPR=FP / (FP + TN)

* AUC: Area Under the Curve
* AUC =0.5: Random

* AUC = 1: Perfect



CNN vs RDF (AUC)

N I

0.5

0.9980
1

0.9652
0.8163
0.9224
0.5909
0.5155

0.5546

0.8514
0.8106
0.8553

0.6244 -
Normalization
0.5786

issue
0.4473 /

0.5
0.5
0.5



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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