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-
Why are b-jets interesting?
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-
What are b-jets?

Displaced
Tracks

Key properties: Secondary
Vertex

@ Significant b-hadron lifetime 1«
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—> secondary vertex

@ Significant b-hadron mass

@ Can contain leptons

@ Contains ~80 % of the intial
b-hadron energy
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b-jet identification algorithms
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e MV2: Based on BDT

@ DL1: Feed-forward Neural
Network
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-
Calibration of b-tagging algorithms

@ MC modeling is not perfect
@ b-taggers make heavy use of correlations
@ Measure b-tagging efficiency in data
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-
What are variable-R track jets?

o Clustering tracks of the inner detector
with anti-k;

R = Regr(pr) = =
pT
o p=30GeV, Ruin = 0.02, Rox — 0.4
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*Also interesting for low pt since EMTopo jets can only be reconstructed
down to ~20 GeV
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b-tagging efficiency calibration for VR-track jets

o Goal: Select a sample with high
fraction of b-jets without
applying b-tagging (avoid bias)

e — di-leptonic (e-mu) tt
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N
New sideband-fit method
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New sideband-fit method

@ Statistical uncertainty increases in the sideband-fit due to addition of

b-jet tagging efficiency SF
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New fit method reduces the modeling uncertainty by a factor ~2!
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N
More data == More bins

Last binning was used for 80 fb~! but now we have 140 fb~?
= We can use a finer binning (Npjps : 5 — 7)
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More bins reduce the total uncertainty! J

@ ~2% uncertainty on SFs = precision measurement!
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Retraining campaign

The b-tagging algorithms have been improved and retrained for the
VR-track jets (previous: MV2, future: DL1r)
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Significant improvement for all b-tag efficiencies! )
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High-pr b-jet calibration (Loic Valery + students)

o Calibration using di-leptonic tt
is limited by statistics at high

PT

@ Single-lepton tt events have a

higher branching ratio
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-
High-pr b-jet calibration (Loic Valery + students)

]
]

e
>

g“ ZE ATRAS Internal =~ scale factors E
12 ATLAS Internal —o- data efficiency | E fejoTev. L, =104 -syla:.&ysl unc.
E Eo13TeV.L 13410 ;xg‘emencv E 11 e/p qjets, MV2c10 @ 70% 3
T emejets, MV2:|0@70% s eantine. 4 S — E
o.s; '.-0——*— ? 0.9; é
F —— ] | E
06— - E |
] o7 silnglelepbn 3
0'2; 7: 08 e a0
C 1 | 1 N 1 - probe-jet p | [GeV]
200 400 600 800 1000 w 1 1 5» .
poberetpyGe] = 1L ATLAS (s=13TeV, 8050 E
& [ MV2, g =70%single-cut OP E
e Good data/MC agreement © 105 E
[
.. .. = T =
@ Uncertainties can be competitive S e T +—
. . . . - SO
to those derived in di-leptonic tt 5 o9l Dheptonic 3
2 E ]
- £ —4- Scale fact tat. 3 3
—> These could be combined 0.85- e ooty aner E
in the future L F 2

Jet [N [GeV]

Calibration can reach very high pt! )
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|
Z+7 (Jonathan Burr + students)

e Motivation: Many analysis rely on
identifying Higgs bosons (also X— bb)

o Target: measure tagging efficiency of
Z— bb

e Z— bb is very similar to H— bb but
has a much higher cross section

400 TLAS Work in Progress

Events

o Use Z(— bb)y events to calibrate a -
true double b-tagger (expected %00
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Summary

@ b-tagging efficiency calibration
for VR track jets using
di-leptonic tt events

@ High-p7t calibration with tag &
probe in semi-leptonic tt

@ Double b-tagging calibration for
boosted environments with Z+-~
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Backup
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Retraining campaign
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MV2c10 Trained on Topo
DL1 Trained on Topo
DL1 Trained on PFlow
DL1r Trained on PFlow
DL1 Trained on VRTrack

DL1r Trained on VRTrack

D D Copies from previous calibrations done for July
2019 CDI, they have lower precisions
Not Supported Any More

[ ] New calibrations planned for the upcoming CDI
releases. Best precisions.

B BB Wil Be Supported

Janik von Ahnen (DESY-Hambur,

November 28, 2019

2/13



More on retraining campaig

« Particle Flow jets:

* SMT, RNNIP, MV2 and DL1 are being retrained

« Variable Radius track jets

RNNIP, MV2 and DL1 are being retrained

- Only machine learning-based taggers are retrained

« All trainings performed on (extended) hybrid samples
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QT update: High-p1 b-jet calibration

Event selection

» Boosted topology

>

vyVvyYVYyYVYY

Large R Jet pr > 300 GeV

Large R jet mass > 100 GeV

Lepton pr >70 GeV

MET > 70 GeV

|A¢(thad, tep)| > 1

At least one of the small R Jets matched to the large R Jet
has to be b-tagged at 77% WP

» Probe jet: the jet closest to the lepton

large R jet
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QT update: High-p1 b-jet calibration
Fit Strategy

» Fit on mj; of Marge—Rjer Spectrum for each pr bin for events
that pass/fail b-tagging requirement on the probe jet, done
with

» b-tagging efficiency, signal normalisation and background
normalisation are left as free parameters
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£ 1000 T T T T T 2 T T T T T E|
] ATLAS Internal 4-Data Wtt (b) ] ATLAS Internal 4-Data Wi (o) E
a Is=13TeV, 134 fo " [T (ligh) [T (c+7) w Vs =13TeV, 134 fb ' [tT (light)y [ (c+1) E|
00| 250 <P, <400GeV [JWajets [ Single-top (b) ] 250 <p_ <400 GeV [[JWsjets [ Single-top (b)]
Failed - (m  window) [Single-top (& Single-top (1 | Failed - '(m window) [H]Single-top (& Single-top ()
Pre-Fit []Others 7 Uncertainty - Post-Fit []Others Uncertainty

600

B B
. . E £ 1mp D
= - s . B e =
S 075—4———— e & 075 E
%% 60 80 100 120 140 %% 60 80 100 120 140
m, [GeV] m, [GeV]

Janik von Ahnen (DESY-Hamburg) November 28, 2019 5/13




QT update: High-p1 b-jet calibration

Fit Strategy - Regions Definition
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QT update: High-p1 b-jet calibration

Fit Strategy - Fit Parameter

> b-tagging efficiency

> Efficiency in "PASS" region

» Inefficiency in " FAIL" region
» Free floating parameter

> tt(b): signal

» ti(c/l): for the probe jets coming from radiation

> Wjets: different process
» Constrained parameter

> Single-top

» Other backgrounds

> Gaussian constraint (50%)

Janik von Ahnen (DESY-Hamburg) November 28, 2019 7/13



QT update: High-p7 b-jet calibration

Region Merging

mlj>150GeV mlj>150GeV

‘ Iep q:+1 ‘ | lep q:-1 ‘ ’Iep_q:+1 ‘ ’ lep_q:-1 ‘
F|t m_large-R jet spectrum ‘ Fit m_large-R jet spectrum

> Increase the number of events in mjage—R jer by:
> Merging the PASS/FAIL regions
» Should not affect the efficiency due to the low signal
» Could help to better discriminate the background against the
signal
» Merged regions are background enriched
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mlj-max distributions

5-10 GeV
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Previous b-jet efficiency calibration (mlj cut fit)

~ Mtop
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c U
determined by perfomring a Z mb

=
combinatorial likelihood fit. ”

@ The likelihood function is the
product of per event based
likelihood functions.
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N
New sideband-fit method

i Moo Moo
= Mo -
prefit —
- 1
5 +-data

10

SR CRoi CRib CRu SR CRoi CRp CRu

@ The flavour composition has
been the biggest systematic
uncertainty in previous
calibration due to the big ( CRip
uncertainties in the tt modelling

175 mj1, [GeV]

Janik von Ahnen (DESY-Hamburg) November 28, 2019 11/13



Reminder: Deriving rewighting factors

[ Divoson_Sherpa_ me16;
[ ziets_sherpazz1_mc1s}
[0 wiets_Sherpaz21_mctba Steps:

[ singictop_PowPys_matba

e o Fit the Data/MC slope up to
150 GeV (linear fit)

@ Take Data/MC ratio as weight

'| * | for events from 150 — 250 GeV
o et (in 10 GeV bins)
HH @ Add these weights to all events

before applying mlj-cut

tibar /all  Data/MC
°
on

=]

100 200 300 400 500 600
pt of 1. jet [GeV]
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|
pt reweighting with new factors

Old factors New factors

5 2 T T 3
3 T
[l Diboson_sherpa_mcié: <
i
[ Zets_sherpazz1_mctsp
[ wists_Sherpazz1_mciga
[l singictop_PowPys_mciba
[ ttoar_PhPys_met6a |
—— di516

[l oivoson_Sherpa_mc16;
[ zZiets_sherpaz21_mc1gy
[ wiets_Sherpa221_mcba
[l singletop_PowPys_meia
[Jtibar_PhPys_mctea |
—— di516

Events
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g 05~ M+§++++HHH H{J[ H.hl | } B g 05 .M#H +HHH H# H,hl { I |
s UO_ 100 200 300 tOO ttro +} 600 2 100 200 300 +40() Ujo + } 600

pt of 1. jet [GeV] ptof 1. jet [GeV]
Q: Should this be done per campaign or just once for the combination?
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