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Who Am 1?7

Online Trac

Calibration

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

—

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

A 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

inclusive b-jet cross section measurement

B-hadron production cross section with D" final states
trigger studies for hadronic top cross section analysis

contact person for monitoring By > . .
data-driven efficiency calibration Y\{xt;?itrf):iixtt(.)fgxl(g)gis gJ?rtlt:}IgEers)for
- H— bb (ongoing in ATLAS)
- searches beyond the Standard Model
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The ATLAS Trigger _
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The ATLAS Trigger Online Tracking b-Jet Triggers b-Tagging Calibration

The ATLAS Trigger _ :
High Level Trigger (LVL2+EF):
LHC interaction rate is reduced through three > software based;
subsequent selection steps: > full granularity for all subdetectors

Levell SrEasRCVEDR Level2 Trigger (LVL2):

» hardware based; > average execution time ~ 40 ms
> latency 2 us; > input/output rate: from 75 KHz to 3 KHz;
> input/output rate: from 40 MHz to

75 KHz; » Rol driven from LVL1;
> regions of interest (Rols) to minimize

processing time and network traffic. Event Filter (EF):

Regions of Interest (Rol) > average execution time ~ 4s
> input/output rate: from 3 KHz to
~ 300 Hz

> off-line quality algorithms;
data storage: ~ 300 MB/s.

v

Areas Selected by
First Level Trigger
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The ATLAS Trigger c Calibration
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Online Tracking b s b-Tagg Calibration

Track Reconstruction at the HLT

Reconstruct trajectories of charged particles for the online selection

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

>

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

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

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

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

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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The ATLAS Trigger Online Tracking b b-Tagging Calibration

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 g o1

upper and lower track: :+ . SiTrack
012} o IDS
o(do) = (™" — dieer)/v/2 o o
04
SiTrack o(do) [pm] 008k
before any alignment 390 L ¥
after first alignment 60 0.06F gy —p—t——
MC 25 L | | ! ! | I
0 5000 10000 15000 20000 25000 30000

Pr
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The ATLAS Trigger i ibration

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

> impact parameter distributions
of reconstructed SiTrack tracks

25
o o o [ LB<140
in f|_r§t ATLAS run with proton L Entrice 175
collisions F Mean  -152.6
20 RMS 62.67
» phase adjustment between F LB>140
- Entries 74
proton beams detected by the 15 Mean 126
LVL2 tracking algorithm » Rus 6103
10— —— SiTrack LB<140
E —— SiTrack LB>140
sp- \
| : I PR Y NP Y
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Online Tracking Calibration

Making Short a Very Long Story

1001~ —r- Ry
e

—v-

Track efficiency [%]
{
Track efficiency [%]

ATLAS Preliminary 50— ATLAS Preliminary
\s=7 TeV \s=7TeV
L —e— —e— JetRols, Level 2 tracking L - —® —e— Tau Rols, Level 2 tracking

= —— Jet Rols, Event Filter tracking r —— Tau Rols, Event Filter tracking

50—

—y—y—y—v—
0 e | i M 0 e ere | il P

10 10
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> algorithms tuned to be efficient starting at 1 GeV to limit the execution time without
compromising the signal efficiency

» plots included in the ATLAS paper " Performance of the ATLAS Trigger System in 2010"
[Inspire record]
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b-Jet Triggers

b-Tagging

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

Displaced
Tracks
1. semi-leptonic decays of B-hadrons

(BR(b — pvX) =~ 11%) and its relatively

larger transverse momentum distribution with Secondary
respect to the jet axis Vertak
— soft lepton tagging Jét 2%
ny i
2. lifetime of B-hadrons relatively long // !
(7 ~ 1.6 ps, c7p = 450um and flight path /
lenght (/) = BycT =~ 5 mm) Primary ‘~~?,I,'
—> spatial tagging, based on Vertex i

- impact parameters
- secondary vertices

Jet
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b-Jet Triggers

Online b-tagging
Whroo e

> to improve the flexibility of the

trigger scheme

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

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

> reconstructing tracks only in Rols to
limit the execution time

o F=
2 F : :
‘g F —— L2
@ —— EF after L2
5 . - = —e— Offline after HLT
Dllffer.ent chan.nels may benefit from requesting 10k . offline
this kind of trigger firing: =)
-
> top quark decays .
» SM Higgs boson searches 10 ",
9 9 K =
» supersymmetric Higgs boson searches o
A"y
> new physics Ty
16205 06 07 08 03

b-jet efficiency
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b-Jet Triggers in 2011

Two basic configurations adopted in 2011

mainly for £ < 1033 mainly for £ > 1033

—

1. LVL1 Jet Rol Et>10 GeV

1. LVL1 Jet Rol Et>10 GeV

Why? LVLL1 jet turn-on curve is not steep and HLT jets can efficiently reduce the rate keeping
unchanged the plateau region

Andrea Coccaro
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Calibration

Online Tracking

@ T T T T T o T T T T a T T T T T
2 ATLAS Preliminary Wb-jet 2 ATLAS Preiiminaw Wb-jet 2 ATLAS Preliminary Wb-jet
€ s=7TeV Mciet s \[s=7TeV Wit = s=7TeV Mejet
w iight jet w Dright jet w Dight jet

® Data 201 o Data 2011

® Data 2011

10 15 20 25 30

20 25
Track K [GeVic]

5 10
Track multiplicity

Signed transverse IP significance

tracking details notoriously hard to estimate in simulation but anyway very good data/MC
agreement of most relevant quantities
the residual data/MC discrepancy of tagging rates is corrected using scale factors derived

with ad-hoc measurements

Andrea Coccaro
Seminar at CPPM, Marseille 16th, 2012




Calibration

I F ATLAS Operations — Event Fiter 5 AT‘LAé Pr‘elim‘inan‘/
S 10¢ LPeaklumi2x 10° cms* — Level2 £ _
2 10 E Trigger rate - 1014 topology _L::M S5 10 \[s=7TeV [ ecome
@ F Jet trigger: L1_J10/L2_j25/EF_j30 (EM scale) » —4— oua
10° E ——— Darawith Loose cut at trigger level |
F 10 —— atawith Medium cut at rigger lev
107 &
10
1
ko—i U 1 L L L Il Il 1 | | | | |
ug 03 2011 Aug 03 2011 Aug 03 2011 Aug 04 2011 1 2 3 4 5 6 7 8 9 10
07:00 15:00 23:00 07:00 -Log, (Offline JetProb)

> operating points induced by rate considerations to avoid prescale
» offline b-tagging is biased by the online selection

> the exact correlation depends on the b-tagging algorithm

Andrea Coccaro
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b-Jet Triggers

b-Jet Trigger News for 20127

5. b-tag HLT jets and not LVL1 Rols

6. More combined triggers

M, Marseille - Feb 16th, 2012



Online Trackin; b-Jet Triggers b-Tagging Calibration

u-Jet Triggers

0 10° H‘Huiu_u‘uu‘uu_u
2 ATLAS Preliminary
> . e P e —7TeV B8 mu4 and j10
set of triggers requiring a geometrical T S e o= mud and L1 J10

matching between a p and a jet B mu4 and L1_J20

—e— mu4 and L1_J30
E®= mu4 and L1_J50
=e— mu4and L1_J75
== mu4 and L1_J135

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

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

> triggers extensively used in ATLAS for
b-tagging calibration

200 300
Offline jet P, [GeV]
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The ATLAS Trigger Online Tracking

b-Tagging Calibration

b-Tagging Calibration Using prTe’

Simple idea:

i

use pf€! (momentum of the muon
transverse to the combined muon plus jet
axis) templates for b- c- and light-flavour
jets

. fit the pf,?’ distribution on data

. obtain the fraction of b-jets before and

after a b-tag requirement

. the b-tag efficiency is then defined as

f;ag . Nteg
£ N

data __
Eb =

Fraction of jets

e o

ATLAS Preliminary

[ b-jets
B cjets

I light-flavour jets

2
pe' [Ge

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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ATLAS Preliminary |
® Data, [L=35pb™
[ b-jets

Il cjets

B light-flavour jets
no b-tag

ATLAS Preliminary
® Data, [L=35pb™

[ b-jets

R c-jets

E light-flavour jets

JetProb70

o 1.
a» E T T T T T T e S T T T T T T
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£ 120 a4 o1
w £ [ Stat + Syst Uncertainty ] 5] ) [ Stat + Syst Uncertainty
1= | w 1.
C O Simulation ] 1.
0.8F e e =
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The ATLAS Trigger Online Tracking b- ggers b-Tagging Calibration

b-Tagging Calibration Using D*1

> selection of a very clean b-jet sample
explicitly reconstructing the
b — D*uX — D°uX(— Km)x chain

> BR(b— D*uX) ~ 2.75%

> extract the b-tag efficiency from the D*p
sample inverting

npéep + Neg€ce + N7 €prpr
Ny + Ncg + Ny

CD*M —

b: direct semileptonic B-hadron decays
cc: fromc — D* and € — p
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

Andrea Coccaro
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b-Tagging Calibration Using D*1

> F T T T 3 E] T T T T T T T T T
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2 = fit: N(D*) = 1586+51 -
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i 250
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[ 200 .[ B
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r 150
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o L L —*
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> F T T T T T T T | S F T T T T T T T M
g ta - 8 14F 3
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The ATLAS Trigger Online Trackin,

b-Jet Triggers b-Tagging Calibration Analyses

Muon-based b-jet cross section

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

do  Fp(p2)Niets 1
dp%*t 2Le(pt, pE) ApZt

2
< 108 ——— ‘ —
. _ [0) o ATLAS
» Fp: b fraction in the sample % 10°¢ —— s=7TeV, [Lat=34pb™ ]
» NJets: total number of jets per p7 bin &'_ 10*; —— Iyl <2.1
> 2: charge correction to take into account § 10%F e
both positive and negative muons 5 102k Vertex-based .
= & ol e © —e— Muon-based ——
€ o'e A 10F --- Pythia (x0.67) .
> Ap%: pr bin width | %% POWHEG+Pythia =
N . ——
N MC@NLO +Herwig
L R ‘ ‘
In collaboration with CPPM 1072030 40 100 200 300
Jet P [GeV]

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

> the huge QCD background is the main In contact with CPPM, LPC
challenge, already at the trigger level

> ATLAS publication with a 5-jet trigger,
ongoing effort to repeat the analysis with

a 4-jet trigger and a 1 b-tag requirement = 800 T
R ATLAS Preliminary

> increase in acceptance thanks to the 2 700; - é
. =7TeV 2011 Data
online b-taggin Z b Ja-rozw -7 ]
g o 600 Lt 17,/92 fo - Background —
Qo C Z :] ! b
= C signal 7
5 120 \ \ ] 5 500 E
S r ATLAS Preliminary b r 9
E 1— Data 2011 cesoegagaotonnnanoss 4001 =
jin] C - - ] F ]
0.8 < - 3 300 3
o6l P anti-k; R=0.4 ] 200 E
ro- m,,|<2.8 b 100F E
04—, I - C ]
L o Li1JetE;>15GeV ot J

0.2 - = L2JetE, >35GeV | 0 100 200 300 400 500 600

L - s EFJetE,>40GeV ]
Gi I _}m{ﬂ I I I i [ m(]j]) [GeV]
40 50 60 70 80 90

Offline Jet E, [GeV] ATLAS-CONF-2011-140
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Analyses

An Old Exercise: Impact of b-Jet Triggers

An outdated example for the tf hadronic channel - Rate for £ = 103! cm—2 s~!

E § it simulated sample g § simulated sample
= [ jet triggers = r b-jet triggers
2 ek . L 1E
© E 4j20 © E
i F 340" o 8 o E
10 430" 10
E 3j80 . E
L . 4j40
§ 1b40_2b20_3L1J10
101 101 2b40_3L1J20 1b’40_2b20_3L1J20
10? ; 102 ; 2640, 4L1310
10° 2 o X o8 ; 10'g o2 o o5 5 }
Efficiency Efficiency
Signature LVL1 item  Efficiency Rate at LVL1  Rate at EF
3j80 L1_3J40 0.42+0.02 274+0.1 1.5+0.2
4j40 L1.4J20 0.85+0.02 3.3+0.1 294+0.1
1b40_2b20.3L1J10 L1_3J10 0.50+0.02 19142 0.19 +0.03
1b40_2b20_3L1J20 L1_3J20 0.49+0.02 252+0.4 0.16 £ 0.02
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Higgs Searches

2012 might be the year for particle physics!

.8 + e ° N —
g — Observed CL limit ] ' ATLAS Preliminary Data 2
B 7F —Bpected LIt Hoyy 7% | —Obsened . 7
B Wit ATUAS Pimiay j 80 . Expectd JLdt:W.O-‘t.efb =
= - 7 = 1o o
£ +26 Data 2011, \s =7 TeV 1 E Dlize =7TeV 3
5 ° det:mrb‘ 3
2 g
g ¢ 5

3 i3 E ATLAS Preliminary

L Exp. Comb. Exp. Hﬂy 4
2 Obs. Comb. — Obs. H—
] B Hodl - Exp. HANN 2011 Dat
! L b o L B SlsLimits T 1%, o e T
10 115 120 125 130 135 140 145 15 110 115 120 125 130 135 140 145 1(530\/ 110 115 120 125 130 135 140 145 150
e’
M (GeV] M, [GeV]

my[GeV]

> BR(H — bb) ~ 58% at my = 125 GeV
> if the Higgs boson is in this mass region, H — bb channel is crucial to verify the Higgs
coupling to fermions

Andrea Coccaro
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Again An Old Exercise: Impact of b-Jet Triggers

An outdated example for the ttH hadronic channel - Rate for £ = 103! cm—2 s~ 1

§ % ttH simulated sample E § 'H simulated sample
° [ Jet triggers = F b-jet triggers
% OF 4j20° % 10°E
o F 3j40* & o £
10 4300 10
E 3i80 . E
1;, . 4j40
E 1b40_2b20_3L1J10
0 10" 2b40_3L1J20 1?;40,2b20,3L1J20
10’2;* 10'7; SbZOJL‘”ZO 2b.40,4L1J10
E  * trigger that run on-line with a pre-scale factor E :
r ) ) ) ) ) £ 3620_4L1J20
10° 02 04 08 08 1 10° 5 77 76 78 ]
Efficiency Efficiency
Signature LVL1 item  Efficiency Rate at LVL1  Rate at EF
3j80 L1_3J40 0.724+0.01 27+0.1 1.54+0.2
4j40 L1.4J20 0.95+0.01 3.3+0.1 294+0.1
1b40_2b20_-3L1J10 L1_3J10 0.63 £+ 0.01 19142 0.19 +0.03
1b40_2b20_3L1J20 L1_3J20 0.63+£0.01 252+0.4 0.16 4+ 0.02
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The ATLAS Trigger Online Tracking b- b-Tagg Calibration Analyses

And beyond the SM?

1
11 S
s Beart] o[
ﬁu&" !5 Y ; w
ul © é‘i' pw
g _= e a ht
%/g’ﬁﬁ“b g = d
gu” 5 gu'dlg ~ 3
a d = z’g o[ g
e ] LA o
@y RS 3
2 Vel 2 =~ A " N
0?‘?@7" H [ % 0
2 [ 2
i e | 2=
/

» SUSY is the most popular extension of the Standard Model
many models and possible final states, typical signature jet plus missing energy

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!

> many studies for the 2012 trigger menu ongoing in ATLAS right now

Andrea Coccaro
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The ATLAS Trigger Online Tracking

Calibration

Analyses

Trigger Menu in 2012

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

> missing energy trigger strongly dependent
on pile-up
= a b-jet plus missing energy trigger will
be in place for ZH — vvbb

> 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

Andrea Coccaro
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Who Am I?

The ATLAS Trigger

Online Tracking

b-Jet and p-Jet Triggers

b-Tagging Calibration Analyses using p-Jet Triggers
Analysis using u-Jet Triggers

Which Analyses for b-Jet Triggers?
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Calibration A s Conclusions

Conclusions

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

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

» 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

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

... turn all my experience into physics analyses!

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

Andrea Coccaro
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