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B-taggiﬂg AT AS

» The Detector

®) The Algorithms

®) The Calibration
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High Mass: my~5 GeV.

Long Lifetime:

ct~470um (B*, B, By)
~390um (A,)

For 50 GeV Bottom

ny~5mm, T I
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The Raw Materials

2 T Magnetic Field

\ LAr hadronic end-cap and
| y, forward calorimeters
\ Pixel detector

/ \ \
orold magnets | '|‘ LAr eleciromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor fracker
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Resolution of
Pixel Hit: 10um

AT
\{ Barrel semiconductor tracker
Pixel detectors

ey Barrel fransition radiation tracker
h End—cap fransition radiation tracker

End-cap semiconductor fracker
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Inner Detector

G. Watts (UW/Seattle)
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data/MC ratio

Untuned simulation & jet flavor fractions

ATLAS Preliminary
Pythia Dijet MC : light jets
mmm Pythia Dijet MC : c jets
mmm Pythia Dijet MC : b jets
e data 2011

_[ Ldt = 330pb "

-20 -10 0 10 20 30 40
Signed longitudinal impact parameter significance

20 -0 0 10 20 30 40
Signed longitudinal impact parameter significance

Number of tracks

data/MC ratio

Untuned simulation & jet flavor fractions

ATLAS Preliminary
Pythia Dijet MC : light jets
mmm Pythia Dijet MC : c jets
mmm Pythia Dijet MC : b jets
e data 2011

J Ldt = 330pb”’
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¥ The Algorithms




Algorithm Types at ATLAS

» Impact Parameter Type

» Secondary Vertex Impact
- Parameter
Reconstruction Type (dy)

........

High Mass: mg~5 GeV

Long Lifetime:

ct~470um (B, B°, By)
~390um (Ap)

For 50 GeV Bottom

Lyy~5mm, dy~500um I.

G. Watts (UW/Seattle)




Commissioning

QCD Jet Events (all flavors)

Single Jet Triggers About 10 million jets
Jets: pr > 20 GeV and |n| < 2.5

Data/Monte Carlo Comparisons

Tagger Input Variable Comparisons

Tagger Result Comparisons

Use standard Pythia QCD Monte Carlo

» Trigger Prescales (pr and n)

* Pile-up (in-time and out of time)

* Pre-tag distributions normalized to data

Calibrations

G. Watts (UW/Seattle)




Impact Parameter Algorithms
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Heavy Flavor Tracks Have an
exceptional distribution

—— Tracks in b-jets
e Tracks in cjets

Tracks in light jets
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Signed transverse impact parameter significance

Impact
Parameter »

(do)

o o . G0k
Pb (O-do)’ PC (O-do)’ Pllght (Jd0>
Combine Py;4p; for each

track near a jet I.
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Impact Parameter Detalils

JetProb

IP3D

Uses just the probability distribution of light
guark jets transverse impact parameter
(derived in MC)

Uses the transverse impact parameter, the
longitudinal impact parameter, and a
likelihood ratio comparing both bottom quark
and light quark jets

G. Watts (UW/Seattle)



IP3D

Likelihood Based Algorithm

dy

Based on 2D distribution ——>

NTracks NTracks b (S )
[

W, = z In W: = z In
d : l : u(S;)
i i T dxy

The ratio of probabilities for bottom (b) or light
(u) for a particular (dy,, d,) pair

Good Monte Carlo Model
Modeling

G. Watts (UW/Seattle)




Tag Weight

Untuned simulation & jet flavor fractions

1 ATLAS Preliminary
j Ldt = 330pb Pythia Dijet MC : light jets

mum Pythia Dijet MC : ¢ jets
mmm Pythia Dijet MC : b jets

e data 2011
High-performance tagger: IP3D
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Impact Parameter Differences
Bottom, Charm, Light Fraction

) Calibration
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Vertex Reconstruction Algorithms

@
L X
xy Heavy Flavor decays some N
o, distance from the primary vertex
xy
Decay
Length
(Lyxy) .
Remove all 2-track
vertices consistent
with A, K,
D

conversions,
material interactions

i 20 40 G0 =11] 100 120 140
Transv. distance from beam axls [mm

Remaining displaced tracks fit to common vertex
Remove the worst tracks
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Vertex Reconstruction Detalls

SVO  The decay Length Significance

SV1 Likelihood Ratio with PDF’s from Monte Carlo

Topological approach
Constrain B/D decays to single >
axis, not vertex
/ b/c separation

JetFitter

'L G. Watts (UW/Seattle)



SV1

Reconstructs a secondary vertex

Likelihood based
Ratio #1 (2D):

 Mass of all tracks attached to
the secondary vertex

« Ratio of the energy of tracks
associated with the vertex to

.those nefilr the jet SV2 algorithm: a
Ratio #2 (1D): single 3D likelihood.
« # of 2-track vertices found near Not commissioned

jet due to statistics!

Note that L, /any IS not used directly

in this algorithm I.

G. Watts (UW/Seattle)
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Untuned simulation & jet flavor fractions

ATLAS Preliminary
Pythia Dijet MC : light jets
mmm Pythia Dijet MC : c jets
mmm Pythia Dijet MC : b jets
e data 2011

j Ldt = 330pb "

High-performance tagger: SV1
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SV energy fraction
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SV energy fraction

SV1 vertex finding efficiency / 20 GeV
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Untuned simulation & jet flavor fractions

ATLAS Preliminary

Pythia Dijet MC : light jets
mmm Pythia Dijet MC : ¢ jets
mmm Pythia Dijet MC : b jets

e data 2011
High-performance tagger: SV1

J- Ldt = 330pb”’

50 100 150 200 250 300 350 400 450 500
Jetp_[GeV]

For light dominated samples we see 17
discrepancies as large as 10% o

G. Watts (UW/Seattle)



Jet Fitter

2 Vertex Hypothesis!

— “B” flight axis

.,N\ ........ »
Attempt to reconstruct

multiple vertices

Single Track Vertex is

Likelihood ratio based on: possible now

« Topology: # of single track vertices, # of
two track vertices, and total number of
tracks
« Energy Fraction of tracks (SV1) and mass
of all tracks in the verticies
» Average decay length significance I.

G. Watts (UW/Seattle)




Number of jets
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Untuned simulation & jet flavor fractions

ATLAS Preliminary
Pythia Dijet MC : light jets
mmm Pythia Dijet MC : ¢ jets
mmm Pythia Dijet MC : b jets
e data 2011

High-performance tagger:
JetFitter

J. Lt = 330pb "
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Untuned simulation & jet flavor fractions

ATLAS Preliminary

Pythia Dijet MC : light jets
s Pythia Dijet MC : ¢ jets
mmm Pythia Dijet MC : b jets

* data 2011
High-performance tagger: JetFitter

1

j Ldt = 330pb’

£,=60%
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Jetp_[GeV]
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b-tagging at 7 TeV

5  ATL AS gt ool b-tagged jet in 7 TeV collisions

Si strips

jet
pT=19 GeV (measured at electromagnetic scale)

4 b-tagging quality tracks in the jet



The Algorithms - Performance

Monte Carlo Based

Performance
i SVO
. s IP3D
Efficiency i SV
e = Tagged NS TSNS I N Cwaes IP3D4+SVA
Good ]etS | JetFitter
Fake Rate
_ Tagged
'™ Good Jets
Rejection L R — ,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,
n= E tt S|mulat|on \s_7 TeV

pJet>2o GeV mlet|<2 5

b3 04 05 06 07 08 09 :
b-jet efficiency 1
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Calibrations




Despite (or in fact of) the MC/Data Agreement
Tagging Input Variables
Even Tagger Weights

Calibration takes care of any final
discrepancies by providing a
Scale Factor

Bottom, charm, light

G. Watts (UW/Seattle)



The Efficiency Techniques

All public results are

DiJet Events from Moriond 2011

pret Use the p¢! distribution of the muon
to determine the relative bottom
fraction of a dijet sample

D*u Exclusive reconstruction of D*u state
makes for a very pure bottom quark
sample of jets

tt Events

Tag Counting  Measure ¢, and g7 in a simultaneous fit

Kinematic Count the number of tags in a very pure
Method selection of tt events

G. Watts (UW/Seattle)




The €, Results
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pTrel

D*mu

ttbar tag count I+jets
ttbar tag count li
ttbar kinematic I+jets

120 140 160 180 200 220
JetpT[GeV]
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The Fake Technigues

All public results are

DiJet Events — Only available source from Moriond 2011

SVO0 Mass Use the SVO Vertex Mass distribution
to predict the light/b/charm
composition of the sample before
and after tagging.

Negative Tag Light quark tags are due to tracking
resolution effects and are just as
likely to appear in front and behind
the primary vertex.

G. Watts (UW/Seattle)




Results are
compatible

Assume
uncorrelated
errors

Weighted
combination

Split in n regions
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SV0¢,=50% , n|<1.2

SV0 £,=50% , 1.2<n|<2.5
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Conclusions

= Many results from ATLAS for Winter 2010 and Sumer 2011
are now using b-tagging and b-tagging calibrations
= tt Cross section measurements
= SUSY heavy flavor searches (for example).
= Everything shown here can be found in public notes on the
ATLAS b-tagging results pages.
= This is just the beginning
= Full tt methods
= System 8
= Tagging very high p; jets
= Full weight calibration

G. Watts (UW/Seattle)




ATLAS Preliminary
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E : : :
ﬁ‘" Removing Material Interactions,

»
etc.

N\
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n-1t inv. mass [MeV -p inv. mass [MeV] Transv. distance from beam axIs [mm
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Calibrate The Weight

Untuned simulation & jet flavor fractions

ATLAS Preliminary
Pythia Dijet MC : light jets
mmm Pythia Dijet MC : c jets
mmm Pythia Dijet MC : b jets
e data 2011

j Ldt = 330pb "

High-performance tagger:
IP3D+SVA1
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20

30 40
IP3D+SV1 weight

Input to a Decision Tree? I.
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Calibrate Operating Points

Untuned simulation & jet flavor fractions

4 5 Prelimin
j Ldt = 330pb a Dijet MC :

a Dijet MC :
a Dijet MC :

2011

ormance ta
IP3D+

Number of jets / 0.96

10 20

30 40
IP3D+SV1 weight

Wiee > 6.5

\ (4
/ Two approaches... I.

y ! G. Watts (UW/Seattle)




Dijet Events

i
_ o
We can’t use Z — bb, so... 5 014 |
c ] b-jets
?:i‘}(o '..g 0.12 Bl cjets
X © B light-flavour jets
N w 0.1
Due to decay
" from massive B
-
wif 2 _ _ 2 25
P p from pTrel [GeV]
\ S semileptonic
b-decay prel of muon with respect to the jet axis

Relative change in
bottom template fraction

Fit the pré! distribution in
data with Monte Carlo
templates before and gives you tagging I .

after tagging efficiency

G. Watts (UW/Seattle)



prél Systematic Errors

ATLAS Preliminary

b-decay, fake muons, fragmentation, b- NI o
production, jet energy scale, Monte bl e —

Carlo statistics, Scale Factor for
Inclusive jets, c-production, gluon
splitting

+
Jet Axis Resolution

ATLAS Preliminary
+ Data, L=35 por'

O bets

Bl cEts

Il light-flavour jets

8
512
€10
E o

High energy jets have small angular
separation between muon and jet axis

Method fails for high energy jets

without modification I.

G. Watts (UW/Seattle)




tt Methods

Kinematic Method

Flavor composition from Monte Carlo
High purity Lepton + Jets sample
Requires knowing the fake rate

Largest systematic uncertainties:

« W+Jets Background
Normalization

« tt normalization (Kinematic)

* QCD Flavor composition

Measure €, and o7 in simultaneous fit

Requires knowing the fake rate and flavor

composition of all jets in tt events (Monte Carlo)

Lepton+Jets and Dilepton Events are analyzed

Tag Counting Method

And a large number of other
methods waiting in the wings

G. Watts (UW/Seattle)




D*u Calibration

Exclusive Very pure sample of
Reconstruction of a B B’s, with unique
final state topology

b—-Xu D" > Xu D°(-» K nt)mt

>
) L
0 -+ . = ® D" " inists ATLAS Preliminary
D° - K™m Two opposite o - Js= 7 Tev
1 — -=D*'"1*" in jets
Slgned traCkS _g s fit: N(D*) = 1586 + 51
D*+ SN D07T+ Add . . Lﬁ _ -1
itional track is J Leas po
added with proper
sign
u-D** Look at both sign el e
muons — signal is i 145 150 155
clear M(Knz,)-M(Kr) [MeV]

Account for fakes from b - DD, gluon Use technique similar with pZ¢! I.

y splitting, charm splitting, fake muons  to extract tagging efﬁmenc;é.Watts Owiseatie



Fake Rate

The better the algorithm s zg&gg:zs&:zdthe

' Sources of light jet tags:
ol « Long lived particles
* Material Interactions

« Detector Resolution




SV0O Mass Method

Requires a “tag”

N9 Ntag Systematic Errors

_ " l
€ =
_ €p, €., Statistics, shape of

the mass templates

ATLAS Preliminary 35.3 pb’

—e— Data
B s
Bc
B .r

its

Arbitrary Un

o
o
o
o

LF Frac: 0.088 +/- 0.002
Charm Frac: 0.280 +/- 0.005
Bottom Frac: 0.632 +/- 0.004

6
SV0 Vertex Mass [GeV] I .

G. Watts (UW/Seattle)




Negative Tag Rate

Resolution effects that lead to
large d, should be symmetric
about zero.

“Negative Tags” should look a
lot like positive tags.

Untuned simulation & jet flavor fractions

Negative tag uses jets
with negative signed d,.

ATLAS Preliminary
Pythia Dijet MC : light jets
mmm Pythia Dijet MC : c jets
mmm Pythia Dijet MC : b jets
e data 2011

J Ldt = 330pb”’
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Two Corrections:

« Heavy Flavor negative
tag rates aren'’t the
same as light negative
tag rates

« Secondary interactions,
etc., cause light tags
but have no negative ) S-igged Ic;ggitudinz?l impagiopararr?ec'zer sig%%icancio

tag counter part. I.

G. Watts (UW/Seattle)




