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> Jet energy resolution = RMS[(PTgenB - PTrecolet)/PT.genB]

" pr,gens = pt1 Of the generator level b-quark

" PTrecodet = PT Of the reconstructed jet

> Goal: provide an estimate of the true b-quark energy and correct the
reconstructed jet energy

> A correction function is computed in order to approximate the
reconstructed b-jet energy to the MC generated b-quark energy

> The method exploits Multi-Layer Perceptron Neural Networks
(implemented in ROOT) in two steps:

= b-specific correction

= MET-specific correction
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> A first Neural Network is trained using:

= b-specific input variables (Secondary Vertex)

8 input

# tracks in the SV, pt of the leading track variables

vtx-mass, vtx-pt - mass and pr of the SV
vix-2dL, vtx-2deL - 2D flight lenght and error of the SV

= jet kinematic input variables

jet energy and pTt (CMS standard correction)

>Target a scale factor: SF = pr,gene/PT recodet

> Output: correction factor which is applied to the jet and MET

"b-corrected jet12 energy and pr
“b-corrected MET
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> BFGS method with 1 hidden layer of 16 neurons for 1000 epochs

>0n a sample of b-tagged jets from Higgs candidate matching the generator
level b-quarks, chosen from a MC of ZIIHbb events @ Mu = 125GeV

>jet-quark match — dR = y/(dgens—b e+ (T gons— 1 jo)) < 0.5
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vertex 2d displacement (L) error of the vertex 2d L
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> A second Neural Network is trained using

* MET-specific input variables
b-corrected MET, MET phi, MET-jet1 2 projection

11 input

= jet kinematic input variables variables

b-corrected jet12 energy and pr, jet12 eta, jets 2 phi
*PU correction

# Primary Vertices

>Target two scale factors (one for each jet): SF = pr,gens/pr,recoset P60

> Outputs: two correction factors which are applied to the jets

*b+MET-corrected jet12 energy and pr
>BFGS method with 1 hidden layer of 22 neurons for 1000 epochs

>0n a sample of b-tagged jets matching with generator level b-quarks
chosen from a MC of ZIlIHbb events @ M1 = 125GeV
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> Jets selection

- 2 b-tagged jets from the Higgs candidate with pT > 20 GeV, dR < 0.5

- no selection applied on additional jets
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Scale factors vs # SV tracks

leading jet scale factor vs # SV tracks

Scale factors vs vertex 2dL

leading jet scale factor vs vertex 2dL
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Scale factors vs vertex pT

leading jet scale factor vs vertex P,
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Scale factors vs vertex mass

leading jet scale factor vs vertex mass
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Scale factors vs APhi(MET,j)

leading jet scale factor vs Aq)(ET,j)
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Scale factors vs MET
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NN output vs vertex mass

Zurich™ NN cor
Physik-Institut
NN, output
NN b-specific correction vs vertex mass
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leading jet energy resolution
— ——— NN, correction
9000}~ Jets selection:
80003— — Standard CMS correction
7000E- - 2 b-tagged jets from the Higgs candidate
60005— RMS = 0231666 Wlth pT > 20 GeV, ngenB,j < 05
50005 - no selection applied on additional jets
4000;—
3000 RMS = 0.246498
2000 5_ leading jet energy resolution
1000;— 10000_— —— NN_+NN, - correction
| | (pTgenB ) p‘Tj)/pTgenB 6000 j
>Leading jet energy resolution 6000| -
improved i
40001— RMS = 0.212563
= from ~23% to ~25% after NNy correction -
. 2000—
= from ~23% to ~21% after NNmeT correction i
oL 1 | LN R B R
-2 -1.5 -1 0.5 15 2
(p genB P ])p genB
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sub-leading jet energy resolution

zuich™~ Jet energy resolution

> Jets selection:

- 2 b-tagged jets from the Higgs candidate

with pT > 20 GeV, dR < 0.5

- no selection applied on additional jets

sub-leading jet energy resolution

7000 —— NN, correction
6000 :_ Standard CMS correction
2000 = RMS = 0.251808
4000
3000
2000/ RMS = 0.246025
1000—

O : L I 1 1 1 1 1 1 I 1 L 1 1 I 1 L L 1 I

2 1.5 1 -0.5 0 0.5 1 1.5 2

>Sub-leading jet energy resolution

improved

= from ~25.2% to ~24.6% after NNy correction

(PT .~ PT)PT

genB

= from ~25% to ~22% after NNwmeT correction

8000
— NN_+NN, . correction
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4000 RMS =0.217333

3000
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1T 1.15_ 0T 2
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nggs mass NN, correction . .
250 - : >Leptons selection >Jets selection
B Norm = 216.976 14 Standard CMS correction
200:— Mean = 117.117 { m pT > 20 GeV O pT > 20 GeV
1505— R |50 T " |eta] < 2.5 “leta| <2.5
E Mean = 120971 = # additional leps = 0 “CSVIj>09
é ".‘ Sigma = 14.1212 , CSV Sl_J S 05
50—
- = # additional jets = 0
T e PV R “#fat jets = 0
Higgs mass
300§_ —— NN, +NN, ., correction
L Higgs dijet invariant mass resolution
200;— Mean = 128..515 I m p roved
e e from ~13% to ~11% after NNy correction
100
sof- e from ~11% to ~8% after NNmeT correction
of B0 TE0 100 120 140 160 180 200

dijet invariant mass [GeV]
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>NNwmeT trained again on a selected sample of events

= jets with pT > 20 GeV, eta < 2.5
«CSVI§>0.9 CSVsl§j>05
= # additional jets = 0, # fatjets = 0
> Further improvement of the Higgs mass resolution from ~8% to ~7%

Higgs mass
training on selected jets
350
no selection
300

Norm = 338.117
250

Mean = 127.75

200 Sigma = 9.23139

Norm = 310.538

150 Mean = 128.515

100 Sigma = 10.4339

50

d ooy o by =|:é=—t— e
60 80 100 120 140 160 180 200
dijet invariant mass [GeV]
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Higgs mass Higgs mass
20 NN, correction =
- - —— NN, + NN, correction
- 350 Norm = 34.6884
35— ~ — Standard CMS correction -
- Norm = 32.6869 30 ~ Mean = 122.805
30— _ -
- Mean = 125.567 C Sigma = 10.6752
250~ sigma= 106335 25
20 E_ Norm = 29.429 20 :_
- , ] Mean = 130.641 -
15— ‘ 'l 15—
- Al w Y sigma = 12.4464 - |
10 \ 10
S A ‘3 J
0 :l L I 1 L 1 I L 1 1 r 1 1 1 I 1 1 1 I 1 1 1 il 1 il I 1 il 1 I 0 :I 1 I L 1 L I 1 1 I I 1 1 1 I 1 1 1 I 1 1 1 1 1 l il L 1 I
60 80 100 120 140 160 180 200 60 80 100 120 140 160 180 200
dijet invariantMass [GeV] dijet invariantMass [GeV]

>Higgs dijet invariant mass resolution for H pt > 150 GeV

= 8.5% before correction
= 9.5% after b-correction

= 8.7% after MET-correction
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Higgs mass NN, correction Higgs mass
7= = ] —— NN, + NN, correction
E Norm = 5.81409 —— Standard CMS correction E
61— s 6
- Mean = 129.722 o - Norm = 5.25202
5 5
C Sigma = 12.4709 ~ Mean = 128.207
- Norm = 5.88193 —
4— 1 41— Sigma = 12.6783
- ,‘ Mean = 132.499 n
3 :_ : B ¥ 3 :_
— 1K Sigma = 11.2685 L
2 :_ " o ., 2 :_ fl
1 :_ A 1 :_ A + '
0 :l I 1 | 1 I | H A 1 | 1 1 1 1 I 1 1 Hl 1 1 I 1 1 | I 0 :I 1 I | L | I 1 | IH 1 1 1 I 1 1 1 I 1 1 [Al \ L 1 L l il | 1 I
60 80 100 120 140 160 180 200 60 80 100 120 140 160 180 200
dijet invariantMass [GeV] dijet invariantMass [GeV]

>Higgs dijet invariant mass resolution for H pt > 200 GeV

= 9.6% before correction
= 8.5% after b-correction

= 9.9% after MET-correction
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> A bias of the jet-energy correction with respect to a particular Higgs
mass in the training is avoided training the NNs @Mu = 110-135 GeV
(5 GeV steps)

> Then the NN correction function is evaluated on each of the Higgs
boson masses in the range

> Resolution improved from the standard-corrected jets result of ~13%
to the NNs-corrected jets result of ~9% (~30%)

Reconstructed Higgs mass Higgs mass resolution
% 160 - S 02 -
O - . 3 -
@ 1500 T NNs correction S 0.18[—
8 - & -
= - 0.16—
g 140— —®— Standard CMS correction -
2 = — 0.14— —
8 R I (N PP Ll :.ﬁ*ﬁ ......... nmamgpamann.-- LLL sesalessaaasnnnnnn;
e 190 — e aa T 012— I
— T‘Jﬁ.‘.....ﬁ ..... —
I R —_——— L
120— e e B PP 0.1—
:_"""L + :------------:—---ww_-u‘----ﬁ:ﬁ"#-r#
= wrt® = —
mof- | L PPTTL 0.08 ]
= DPCLL 0.06— —*— NNs correction
100~ -
— 0.04— .
— — —=— Standard CMS correction
S0~ 0.02—
80 :l 1 l 1 1 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 0 :l 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 1
110 115 120 125 130 135 110 115 120 125 130 135
input Higgs mass [GeV] input Higgs mass [GeV]
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