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Online b-tagging

Online tracking

Offline b-tagging

Analysis

core developer for the LVL2 algorithm
commissioning studies
validation on MC, cosmics and proton data

first implementation in the ATLAS software
main developer 
responsible of the integration in the DAQ system
commissioning, validation and monitoring strategy
menu design from the beginning up to 1034

Ph.D. Thesis 
Tracking and b-tagging for the 
ATLAS trigger system

contact person for monitoring
data-driven efficiency calibration

inclusive b-jet cross section measurement
B-hadron production cross section with D*µ final states
trigger studies for hadronic top cross section analysis

What’s next? Exploit b-jet triggers for
- hadronic top (ongoing in ATLAS)
- H      bb (ongoing in ATLAS)
- searches beyond the Standard Model

!
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The ATLAS Trigger

Task

Inspect detector information and provide a first
and fast decision on whether to keep or not the
event

At LHC energies:

I inelastic pp cross section ∼ 60 mb;

I tt cross section ∼ 170 pb;

I ttH(→ bb) cross section ∼ 0.3 pb.

Selection of about one event to be stored out of
106, while keeping the potentially interesting
events with good efficiency.
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The ATLAS Trigger

LHC interaction rate is reduced through three
subsequent selection steps:

Level1 Trigger (LVL1):

I hardware based;
I latency 2µs;
I input/output rate: from 40 MHz to

75 KHz;
I regions of interest (RoIs) to minimize

processing time and network traffic.

High Level Trigger (LVL2+EF):

I software based;

I full granularity for all subdetectors

Level2 Trigger (LVL2):
I average execution time ∼ 40 ms
I input/output rate: from 75 KHz to 3 KHz;

I RoI driven from LVL1;

Event Filter (EF):

I average execution time ∼ 4 s
I input/output rate: from 3 KHz to
∼ 300 Hz

I off-line quality algorithms;
I data storage: ∼ 300 MB/s.
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Trigger Operations in 2011

I LHC performance better than initially foreseen
and design values for several machine
parameters were surpassed

I keep operations as much stable as possible
(but a second menu deployed with different
LVL1 items for the latest periods)

I HLT trigger output scaled to 350 Hz and
mostly kept there
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Track Reconstruction at the HLT

Task

Reconstruct trajectories of charged particles for the online selection

Online tracking is used for the definition of the following trigger items:

I selection of high-pT electrons and muons: tracks reconstructed in the ID are used to
match information from the calorimeters and the muon detectors

I reconstruction of tracks from tau decays: tracks are used for both matching information
from outer detectors and to apply cuts on track multiplicity

I b-jet tagging: the impact parameters of the reconstructed tracks are used to evaluate the
discriminant variables for identifying jet flavor

I B physics: identifying specific B-physics decay channels by using decay vertex
reconstruction, mass cuts etc

I beam spot determination: tracks are used to estimate the beam spot in the transverse
plane

The tight constraint on the mean execution time forces algorithm development to a very
delicate balance between time consumption and performance
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Back to Cosmics: LVL2 Tracking
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Back to Cosmics: Impact Parameter Studies

For each cosmic muon, reconstruct two tracks at LVL2 in the two halves of the detector.
That’s two trajectories of the same particle!

Self-resolution for SiTrack and IDScan with the
upper and lower track:
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Back to 0.9 TeV: First Collisions Ever

I impact parameter distributions
of reconstructed SiTrack tracks
in first ATLAS run with proton
collisions

I phase adjustment between
proton beams detected by the
LVL2 tracking algorithm

23 CERN – Nov 26, 2009 ATLAS – Beams and first collisions 

Can we prove that our background separation works? 

•  The ATLAS beam pickups showed a phase inconsistency of 900 ps     
causing the primary vertex to be shifted by -13.5 cm in z 

•  Based on this information, at around 14:50, the LHC operators performed 
an RF cogging to correct the z positioning of the beam spot at IP1 

Before RF cogging After RF cogging 
Applied shift of 900 ps 
providing vertex shift of +13.5 cm  

Beam pickup scope shots, beam 1 & 2 Bunches stable within 20 ps (RMS) ! 

SiTrack LB<140

SiTrack LB>140
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Making Short a Very Long Story
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I algorithms tuned to be efficient starting at 1 GeV to limit the execution time without
compromising the signal efficiency

I plots included in the ATLAS paper ”Performance of the ATLAS Trigger System in 2010”
[Inspire record]
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b-Tagging
Task

Identify jets stemming from the hadronization of beauty quarks exploiting physical properties to
distinguish them from jets which contain only lighter quarks

1. semi-leptonic decays of B-hadrons
(BR(b → µνX ) ≈ 11%) and its relatively
larger transverse momentum distribution with
respect to the jet axis
=⇒ soft lepton tagging

2. lifetime of B-hadrons relatively long
(τb ≈ 1.6 ps, cτb ≈ 450µm and flight path
lenght 〈l〉 = βγcτ ≈ 5 mm)
=⇒ spatial tagging, based on
- impact parameters
- secondary vertices

b‐jet trigger 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Qght  0.35  0.53 

Reminder 

•  Two categories: muon‐in‐jet and lifeQme taggers   

•  LifeQme taggers 
–  JetProb – used for all 2011 b‐jet triggers 

–  Likelihood based (IP3D) and secondary vertex under commissioning 

•  Muon‐in‐jet 
–  Collect high purity muon‐in‐jet sample for b‐tagging efficiency measurement 

–  CollecQon of prescaled chains to cover large jet Pt range 

•  Track reconstrucQon performed in (jet) ROI’s 
–  Primary vertex transv. coordinate from online beam spot (z from each event ) 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Online b-tagging

Why?

I to improve the flexibility of the
trigger scheme

I to extend the ATLAS physics
potential in case of no leptons in the
event

How?

I lowering the jet trigger thresholds
and enabling the b-tagging selection

I reconstructing tracks only in RoIs to
limit the execution time

Different channels may benefit from requesting
this kind of trigger firing:

I top quark decays

I SM Higgs boson searches

I supersymmetric Higgs boson searches

I new physics
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b-Jet Triggers in 2011

Two basic configurations adopted in 2011

mainly for L < 1033 mainly for L > 1033

Why? LVL1 jet turn-on curve is not steep and HLT jets can efficiently reduce the rate keeping
unchanged the plateau region
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b-Jet Trigger Performance in 2011
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I tracking details notoriously hard to estimate in simulation but anyway very good data/MC
agreement of most relevant quantities

I the residual data/MC discrepancy of tagging rates is corrected using scale factors derived
with ad-hoc measurements
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b-Jet Trigger Performance in 2011
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I operating points induced by rate considerations to avoid prescale

I offline b-tagging is biased by the online selection

I the exact correlation depends on the b-tagging algorithm
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b-Jet Trigger News for 2012?
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µ-Jet Triggers

I set of triggers requiring a geometrical
matching between a µ and a jet

I with different jet thresholds to cover the
entire jet pT spectrum while keeping the
total bandwidth fixed and limited to few
Hz

I online b-tagging sequence inserted in µ-jet
triggers to always have the corresponding
b-tagging weight available

I triggers extensively used in ATLAS for
b-tagging calibration
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b-Tagging Calibration Using prelT

Simple idea:

1. use prelT (momentum of the muon
transverse to the combined muon plus jet
axis) templates for b- c- and light-flavour
jets

2. fit the prelT distribution on data

3. obtain the fraction of b-jets before and
after a b-tag requirement

4. the b-tag efficiency is then defined as

εdatab =
f tagb · Ntag

fb · N
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The method has been successfully applied to calibrate online, offline and online plus offline
b-tagging. Nowadays only offline results are public
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b-Tagging Calibration Using prelT
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b-Tagging Calibration Using D∗µ

I selection of a very clean b-jet sample
explicitly reconstructing the
b → D∗µX → D0µX (→ Kπ)π chain

I BR(b → D∗µX ) ≈ 2.75%

I extract the b-tag efficiency from the D∗µ
sample inverting

εD∗µ =
nbεb + nccεcc + n

b′b′εb′b′

nb + ncc + nb′

b: direct semileptonic B-hadron decays
cc: from c → D∗ and c → µ

b
′
: from other B-hadron decays

The method has been successfully applied to calibrate offline b-tagging and work is now ongoing
for the online and online plus offline calibration
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b-Tagging Calibration Using D∗µ
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Muon-based b-jet cross section

Differential b-jet cross section measurement using the 2010 data and the sample collected by
µ-jet triggers and comparison with different next-to-leading order QCD predictions.

dσ

dpbjetT

=
Fb(pbjetT )N jets

2Lε(pµT , p
bjet
T )

1

∆pbjetT

I F b: b fraction in the sample

I N jets : total number of jets per pT bin

I 2: charge correction to take into account
both positive and negative muons

I ε: overall efficiency

I ∆pbjetT : pT bin width

In collaboration with CPPM

6 The ATLAS Collaboration: Inclusive and dijet cross-sections of b-jets

templates in the simulation. Apart from the b-jet energy scale,
the systematic uncertainties are to a large extent specific to the
muon-based measurement. This makes the comparison with
the lifetime-based cross-section measurement a useful cross-
check.

5.3 Cross-section results and discussion

The double-differential inclusive b-jet cross-section is shown in
Fig. 3 as a function of jet pT in four different rapidity regions.
Figure 4 shows the single differential cross-section as a func-
tion of pT, integrated over the entire rapidity range of |y| <
2.1. In the pT range where the lifetime-based and the muon-
based measurements overlap, both results are shown. The data
are compared to NLO predictions derived with POWHEG and
MC@NLO. In addition, the data are compared to the Pythia
prediction. Pythia, as a leading-logarithmic parton-shower gen-
erator, is not expected to predict the correct normalization. The
Pythia prediction is scaled by a factor ⇥0.67 in order to match
the measured integrated cross-section, allowing a comparison
of the cross-section shapes. All three calculations describe the
general features of the cross-section reasonably well.
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Fig. 3. Inclusive double-differential b-jet cross-section as a function
of pT for the different rapidity ranges. The data are compared to the
predictions of Pythia, POWHEG and MC@NLO. The leading-order
Pythia prediction is scaled (⇥0.67) to the measured integrated cross-
section.

To allow for a better comparison between the data and the
NLO predictions, Fig. 5 shows the ratio of the measured cross-
section to the NLO theory predictions for |y| < 2.1 (top) and
for each rapidity region separately. The plot for the full rapidity
acceptance also allows a direct comparison between the life-
time-based and the muon-based cross-section measurements
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Fig. 4. Differential b-jet cross-section as a function of pT for b-jets
with |y| < 2.1. The data are compared to the predictions of Pythia,
POWHEG and MC@NLO. In the region 30 < pT < 140 GeV the
muon-based cross-section measurement is also shown. For the muon-
based measurement only the POWHEG prediction is shown.

in the overlapping pT range, indicating a good agreement be-
tween the two measurements. Good agreement is also observed
between the measured cross-section and the NLO predictions
obtained using POWHEG + Pythia in all rapidity regions. MC-
@NLO + Herwig, however, predicts a significantly different
behaviour of the double-differential cross section, as shown in
Fig. 5b. When the cross-section is integrated over the full ra-
pidity acceptance this effect averages out somewhat and MC-
@NLO + Herwig shows better agreement with data. It has been
checked that the qualitative behaviour remains the same when
POWHEG is interfaced to Herwig instead of Pythia, implying
that the observed rapidity dependence in MC@NLO + Herwig
is not resulting from the parton-shower Monte Carlo program.
On the other hand, POWHEG + Herwig appears to predict a
cross-section that is consistently lower than the POWHEG +
Pythia prediction. This would suggest that the deficit of MC-
@NLO + Herwig compared to the data in Fig. 5b, may be
partly due to the Herwig parton-showering.

Comparison to the inclusive (all-flavour) jet cross-section
measurement [34], shows that the fraction of jets containing a
b-hadron is approximately 5% in the kinematic region where
the two measurements overlap, 60 < pT < 400 GeV and |y| <
2.1.

The bb-dijet cross-section is shown as a function of dijet
mass in Fig. 6. It should be noted that nearby bb-pairs, as ex-
pected for example from gluon splitting, are generally not re-
solved as separate jets. Also, since the measurement refers to
the leading and sub-leading jet in the event, the contribution
from gluon splitting is expected to be small. The bb-dijet cross-
section is compared to Pythia and the NLO predictions ob-
tained using POWHEG and MC@NLO. The Pythia prediction
is again normalized to the measured integrated cross-section,
here using a factor of ⇥0.85. The Pythia normalization is not
expected to be the same as that used in the inclusive cross-
section, given the different event selection used. All theory pre-
dictions show good agreement with the measured cross-section.

Figure 7 shows the fractional bb-dijet cross-section as a
function of the azimuthal angle between the two jets, ��. The

EPJC 71 (2011) 1846 [Inspire record]
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Hadronic Top Cross Section

I the huge QCD background is the main
challenge, already at the trigger level

I ATLAS publication with a 5-jet trigger,
ongoing effort to repeat the analysis with
a 4-jet trigger and a 1 b-tag requirement

I increase in acceptance thanks to the
online b-tagging
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An Old Exercise: Impact of b-Jet Triggers

An outdated example for the tt hadronic channel - Rate for L = 1031 cm−2 s−1

Efficiency
0 0.2 0.4 0.6 0.8 1

R
at

e 
[H

z]

-310

-210

-110

1

10

210

tt simulated sample
jet triggers

3j40*

3j80

4j20*

4j30*

4j40

Efficiency
0 0.2 0.4 0.6 0.8 1

R
at

e 
[H

z]

-310

-210

-110

1

10

210

tt simulated sample
b-jet triggers

1b40_2b20_3L1J10

1b40_2b20_3L1J202b40_3L1J20

2b40_4L1J10

EF_3j40

EF_3j80

EF_4j20EF_4j30

EF_4j40

Signature LVL1 item Efficiency Rate at LVL1 Rate at EF

3j80 L1 3J40 0.42± 0.02 2.7± 0.1 1.5± 0.2
4j40 L1 4J20 0.85± 0.02 3.3± 0.1 2.9± 0.1
1b40 2b20 3L1J10 L1 3J10 0.50± 0.02 191± 2 0.19± 0.03
1b40 2b20 3L1J20 L1 3J20 0.49± 0.02 25.2± 0.4 0.16± 0.02
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Higgs Searches

2012 might be the year for particle physics!
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I BR(H → bb) ' 58% at mH = 125 GeV

I if the Higgs boson is in this mass region, H → bb channel is crucial to verify the Higgs
coupling to fermions
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Again An Old Exercise: Impact of b-Jet Triggers

An outdated example for the ttH hadronic channel - Rate for L = 1031 cm−2 s−1
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Signature LVL1 item Efficiency Rate at LVL1 Rate at EF

3j80 L1 3J40 0.72± 0.01 2.7± 0.1 1.5± 0.2
4j40 L1 4J20 0.95± 0.01 3.3± 0.1 2.9± 0.1
1b40 2b20 3L1J10 L1 3J10 0.63± 0.01 191± 2 0.19± 0.03
1b40 2b20 3L1J20 L1 3J20 0.63± 0.01 25.2± 0.4 0.16± 0.02
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And beyond the SM?

25-Jan-2012 2 

A@few@words@about@SUSY@

�  @ The@ most@ popular@ extension@ of@ the@ Standard@ Model!@ It@ answers@ many@

quesMons@in@once.@

� @Huge@number@of@theoreMcal@models@and@final@states.@

� !Very!different!topologies,!masses,!MET,!mul7plici7es…!

• @E.g.@models@with@small@mass@spliWngs@predict@very@soX@final@states…@

• !Challenging!for!the!trigger!!
@What@to@trigger@on?@

@Try!to!be!as!inclusive!and!diverse!as!possible,!maximizing!the!trigger!reach.!
@�@A@lot@of@SUSY@triggers@in@the@2011@menu,@similar@for@the@2012@menu…@

I SUSY is the most popular extension of the Standard Model

I many models and possible final states, typical signature jet plus missing energy

I but region of the phase space of the parameters where missing energy is not large and a
b-tag requirement makes the difference in terms of trigger acceptance!

I many studies for the 2012 trigger menu ongoing in ATLAS right now
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Trigger Menu in 2012

I emphasis on combined triggers, possibility
to b-tag jets without using the LVL1 jet
information

I missing energy trigger strongly dependent
on pile-up
⇒ a b-jet plus missing energy trigger will
be in place for ZH → ννbb

I additional triggers are being studied right
now to combine

1. b-jet and lepton requirement
2. b-jet and total transverse energy

requirements
3. b-jet and photon requirement
4. multiple b-jet requirement
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Conclusions

I I had the privilege to perform a coherent work in ATLAS with emphasis in trigger and
physics performance activities

I I actively participated in all the exciting phases of the LHC turn-on especially from the
tracking perspective

I core developer of the online tracking and extensive work in the b-tagging community: at
the trigger level, from the first implementation to the convenorship in 2011

I after my Ph.D. thesis main focus on menu design for high luminosity, b-tagging calibration
and also contributions for analyses

It’s time to ...

... turn all my experience into physics analyses!

... and this matches well with the LHC physics program!
b-jet triggers are useful for certain analyses in 2011 and will be fundamental for a wide class of
measurements and searches in 2012!
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