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NN in analysis

Target process

TprimeBToTH_M-700 TTToHadronic

Check the importance of cuts via NN

- Variables which were used for CutO
{eta, energy/chi2mass, b-disc.} of (b-tagged) jets, goodHT, Chi2_min, 2nd Top Mass, Higgs Mass
njets, nbjets

- Cutl: RelHT

- Cut2: Chi2_Max

- Cut3: Chi2_dRHbb

- Cut4: Chi2_min_H

- Cutb: Chi2_dRWjj

- Cute: Chi2_dRbW



NN In step by step
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Cut Based

DNN Structure:

3 layers with 100 nodes

Dropout: 0.1

Activation: relu+sigmoid

Optimizer: Adam

Loss: binary_crossentropy

Batch size: 2048

ROC Curve

Cut step | AUC (1) | AUC (2) | AUC (3)
Cut O 0.7520 0.7462 0.7588
Cut 1 0.7544 0.7500 0.7351
Cut 2 0.7418 0.7236 0.7222
Cut 3 0.7530 0.7446 0.7316
Cut 4 0.7627 0.7419 0.7559
Cut 5 0.7624 0.7488 0.7671

\ Cut 6 0.7648 0.7693 0.7566
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Training strategy is the same: (with TprimeBToTH_M-700 2018)

Train on odd numbered event after DNN selection (HLT+6 jets+3 bjets)

Evaluate on even numbered event after cut O

AUC: Area Under Curve

Compared performances by adding input variables used in cutBased without cutting itself

Performance fluctuates ~ AUC + 0.02 (tested for 3 trainings per each cuts (lable 1~3))
Depends on computing resources / random seed in the initializer

Once a model is determined, performance does not change
Not much differences observed from adding a few variables

General performance tend to go up by adding cut 0 to cut 6, but drop down at Cut2 (Chi2_Max)



Taylor expansion for feature importance

Motivation
- Initial question: What are the input features with the largest impact on the NN output nodes?
- Extract average gradient for each input features
- Will be able to "see” how much each variable “effects” on training model

Methodology
- Talyor expansion of the output function at the minima (model)
- Tensorflow.GradientTape()
- Allow us to record the history of operations applied to target input features
- Calculate gradients of output(node) w.r.t. inputs(event)
- 18t order: Physical location of feature/marginal distributions — weight w_i for x_i
- 2" order: Curvature of NN output function - correlations across two features: Gradient of
each element of the source w.r.t target — weight w_ij for x_i * x_j
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https://www.tensorflow.org/guide/advanced_autodiff

Taylor expansion for feature importance

Result
- feature importance in evaluation set
- Importance is normalized by 1
- 18t order gradient
- weight

- Cut2 (Chi2_max) has lower importance
than other cuts

- Cut1 (RelHT) has higher importance
than others

- Will check for the other variable
candidates
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Taylor expansion for feature importance

Result
- feature importance in evaluation set
- Importance is normalized by 1
- 2" order gradient
- Hessian matrix
- Correlation between features: how much a variable influence the other variables for the
output function Chi2_dRbW

Chi2_dRWjj
Chi2_min_H
Chi2_dRHbb

Chi2_max

- 0.16

- 0.14
RelHT

jet5_e_massnom

- Will check for the other variable  jauemacnom

. jet3_e_massnom
Candldates jet2_e_massnom
jetl_e_massnom

bjet2_btag

bjetl_btag

bjet2_e_massnom

bjetl_e_massnom

bjet2_eta

bjetl_eta

jet5_btag

jetd_btag

- 0.12

0.10

0.08

jet3_btag
jet2_btag
jetl_btag
jet5_eta
jetd_eta
jet3_eta
jet2_eta
jetl_eta
goodHT
nbjets

0.06

0.04

0.02

njets
secondTop_mass
h_mass
Chi2_min

CULLYVYLYESES OB CODDDDOEOEELEDDIDEELEEEEREXQT =S
£39828
Emm_w.w%‘cﬁ?ﬁ&ﬁﬁﬁﬁﬁﬁﬁ?ﬁﬁoogﬁooooozg‘fc'gn
EECEY iy B8 8585 W EESBEE R EEEER
NS5 T e YOI Y AamsnES B0 D808 0 'S E 79T
cca D000 0L ST L Q0o EcL e 0O @O O T Y~
[SE] LOLLIVLISTEELULEEEEE CQXZTEE

5 [ = N R B B 500

c CHCH CECHERC A oo

S - N — N M <N

9 =8 28230

@ Q9 L0009

)



Rate in HLT path

Motivation
- LHC Beam line is displaced a bit = will be fixed soon
- Triggering as displaced jet would cause higher rate in b-tag path while no effect in photon

Target path
- HLT_Photon30EB_TightlD_Tightlso
- HLT_PFHT400_FivePFJet_100_100_60_30_30_DoublePFBTagDeepdet_4p5
- HLT_PFHT400_FivePFJet_100_100_60_30_30_DoublePFBTagDeepCSV_4p5
- HLT_PFHT400_FivePFJet_120_120_60_30_30_DoublePFBTagDeepdet_4p5
- HLT_PFHT400_FivePFJet_120_120_60_30_30_DoublePFBTagDeepCSV_4p5

Investigate recent runs (checked at 28.07.2022)
- Run 356323, 356321 (PU ~ 37, Fill 8059)
- Run 356316 (PU ~27, Fill 8058) (CTPPS, CTPPS_TOT, GEM out)
- Run 356309 (PU ~34, Fill 8057)

Path/Run (Rate in Hz) 356323 | 356321 | 356316 | 356309
Photon30EB_TightID_Tightlso 23.78 24.07 14.05 23.09
PFHT400_FivePFJet_100_100_60_30_30_*DeepJet 4.71 4.88 2.59 419
PFHT400_FivePFJet_100_100_60_30_30_*DeepCSV 8.82 8.75 4.63 7.76
PFHT400_FivePFJet_120_120_60_30_30_*DeepJet 3.10 3.25 1.72 2.89
PFHT400_FivePFJet_120_120_60_30_30_*"DeepCSV 6.12 6.08 3.23 5.42



https://cmsoms.cern.ch/cms/runs/report?cms_run=356323&cms_run_sequence=GLOBAL-RUN
https://cmsoms.cern.ch/cms/runs/report?cms_run=356321&cms_run_sequence=GLOBAL-RUN
https://cmsoms.cern.ch/cms/fills/report?cms_fill=8059&datetime_from=2022-07-27T23:08:53Z&datetime_to=
https://cmsoms.cern.ch/cms/runs/report?cms_run=356316&cms_run_sequence=GLOBAL-RUN
https://cmsoms.cern.ch/cms/fills/report?cms_fill=8058&datetime_from=2022-07-27T18:47:18Z&datetime_to=2022-07-27T23:08:53Z
https://cmsoms.cern.ch/cms/runs/report?cms_run=356309&cms_run_sequence=GLOBAL-RUN
https://cmsoms.cern.ch/cms/fills/report?cms_fill=8057&datetime_from=2022-07-27T15:36:39Z&datetime_to=2022-07-27T18:47:18Z

Rate in HLT path

Motivation
- LHC Beam line is displaced a bit = will be fixed soon
- Triggering as displaced jet would cause higher rate in b-tag path while no effect in photon

Target path
- HLT_Photon30EB_TightlD_Tightlso
- HLT_PFHT400_FivePFJet_100_100_60_30_30_DoublePFBTagDeepdet_4p5
- HLT_PFHT400_FivePFJet_100_100_60_30_30_DoublePFBTagDeepCSV_4p5
- HLT_PFHT400_FivePFJet_120_120_60_30_30_DoublePFBTagDeepdet_4p5
- HLT_PFHT400_FivePFJet_120_120_60_30_30_DoublePFBTagDeepCSV_4p5

Investigate recent runs (checked at 25.08.2022)
- Run 357542 (PU ~47, Fill 8132)
- Run 357329 (PU ~50, Fill 8118)

Path/Run (Rate in Hz) 357329 | 357542
Photon30EB_TightID_Tightlso 10.12 10.82
PFHT400_FivePFJet_100_100_60_30_30_*DeepJet 19.21 23.10
PFHT400_FivePFJet_100_100_60_30_30_*DeepCSV 47.32 66.48
PFHT400_FivePFJet_120_120_60_30_30_*DeepJet 12.94 15.74
PFHT400_FivePFJet_120_120_60_30_30_*"DeepCSV 33.38 46.78



https://cmsoms.cern.ch/cms/triggers/hlt_trigger_rates?cms_run=357542&cms_ls_from=150&cms_ls_to=190&props.11280_11278.selectedCells=Physics:2&props.11281_11278.selectedCells=HLT_Photon30EB_TightID_TightIso_v2:2
https://cmsoms.cern.ch/cms/fills/report?cms_fill=8132&datetime_from=2022-08-15T19:12:28Z&datetime_to=2022-08-16T03:27:26Z
https://cmsoms.cern.ch/cms/triggers/hlt_trigger_rates?cms_run=357329&cms_ls_from=250&cms_ls_to=290&props.11280_11278.selectedCells=Physics:2&props.11281_11278.headerChecked=true&props.11281_11278.selectedCells=HLT_PFHT400_FivePFJet_120_120_60_30_30_DoublePFBTagDeepJet_4p5_v2:2,HLT_PFHT400_FivePFJet_120_120_60_30_30_DoublePFBTagDeepCSV_4p5_v9:2,HLT_PFHT400_FivePFJet_100_100_60_30_30_DoublePFBTagDeepJet_4p5_v2:2,HLT_PFHT400_FivePFJet_100_100_60_30_30_DoublePFBTagDeepCSV_4p5_v9:2,HLT_Photon30EB_TightID_TightIso_v2:2
https://cmsoms.cern.ch/cms/fills/report?cms_fill=8118&datetime_from=2022-08-11T17:58:57Z&a=2022-08-12T07:41:57Z

Comments for JERC meeting oo

Comparison between Gjets standard and Gjets DR cut Recodet >=1
- 2 and 34 jet dR
- HT100T0200
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Comments for JERC meeting

Comparison between Gjets standard and Gjets DR cut
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Comments for JERC meeting oo

Comparison between Gjets standard and Gjets DR cut Recodet >=1
- 2 and 34 jet dR
- HT400To600
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Comments for JERC meeting oo

Comparison between Gjets standard and Gjets DR cut Recodet >=1
- 2 and 34 jet dR
- HT6OOToInf

g f 8 10 3 [
5 10 = E EOE
w E w w =
o] E ° [ kel C
D - [5] I (5] |
N u N N
g 10t g e g e
5 F 5 5 F
z F z C z F
5| ’ [
10 g 107 - 0°
GEN 107 E [
E — Standard(DR005) r — Standard(DR005) 10+ & | — Standard(DR005)
C 107 = E
s | E C
“"E || —DRo4 | —DRo4 -+ —DRo4
= - 107
C . E
10° ] WELL L E
< S F S..E4
%1.5: %1.5: §1.5:
= SR e - i 3 . +, 4l 3 D, Sus
a8 1 e Ty 5 ¥ - +1 a S
0.5F 0.5F 0.5F
0 1 2 3 1 5 3 0 1 2 3 y 5 6 0 1 2 3 7 5 6
J1 J2 IAR | J2J3 AR | J1 JS AR, ]
123 [} 12}
2 2 10 2 10
T & &
g g g
= = = 10
© = © - ©
E 1 £ £
o o o
P4 z z

u\o&\—\\'\_:m‘ T \HHHF T \HHH‘ T \HHH‘M T \HHH‘_ T
- T \HHH("‘ T \HHH‘ T \HHH‘ T \HHH‘N T \HHH‘A

R ECO — Standard(DR005) -+ — Standard(DR005) — Standard(DR005)
107
107 — DRO4 ; —DRO04 —DRo4
10
< < E =y E
g15F . 81.5,+ g g 15F
Q Q Fr Q |
& i e ha sl & R ++T*$+ g - A*+T
E E E | -+
0.5 0.5 o5y
0 1 3 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6
AR, | AR 50! AR 1 12



