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% Introduction

* b-tagging is critical to achieve the primary physjcsls of

the ATLAS experiment:

— Heavy flavor cross section measurements, top phyisiiggs,
SUSY, and many other physics channels redutsgging.

 The readiness of tHetagging depends on the readiness of

the inner detector, especially the Pixel detector:
— Good alignment is needed.
— The current status looks godmdtagging should quickly be ready for
physics.

e Qutline:
— Status of the Pixel detector.
— Overview orb-tagging algorithms and their performance.
— Commissioning of early data taggers: JetProb
— Measurement of thietagging performance on data.
— Conclusion.
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Pixel Calibration with cosmic tracks: £ | amas preimnay
— Fraction of disabled modules: 4.2% & =
— Hit on track efficiency: >99.8% -3 o '
— The fraction of masked noisy pixelsis £ g /T

well below 0.02% _ o 5 :
— Occupancy after masking noisy pixels: § 7 [~ s vese: E
~1 O.]_O :LE 0.6/ E.ar;elld M:dlules E
— Hit resolution with preliminary aligned T
geome_try: ng . zgaysi?nceigth o?%eptgr%beré%os
Better alignment is expected to be oy
achieved with the first data. :
S | _E
so00- Pt Barel
200(; . \
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Overview onb-tagging
Algorithms

Spatial tagging (or life-time tagging): Lol T
= B hadrons have a significant flight path lengt§
E(B) ~50 Ge\» L ~5mm

= Secondary vertex in jets. |
= Tracks with high positive impact parameter. .=

Soft lepton tagging: Useful to commission otheglIg . —ssa
= Low p; electron/muon from B/D decay.

= Efficiency limited by (B/D-> ¢) branching ratio. /SOft lepton

_ Jet axis

Key ingredients: 4.0

= Tracking / Inner (esp. Pixel) Secondary Ver

detector: IP resolution, SV, PV.Primary verteX '/ . d,<0
= Jets: Jet Axis. y ///
= Leptons. ot
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Early data taggers

 Track Counting
— Simply counts the tracks with high impact paramete

« Simple IP based: JetProb et

— Based on IP distribution for prompt trac&sg.

— This distribution can easily be extracteck.:

from data: 10}

» Measure distribution of negative IP in

minimum bias events ol

— Performance is mostly sensitive to fake ™
tracks.

—Db jets
cjets
— light jets

y units

Artjtrar
=)
I

P(jet):I‘IE_'ﬁZ';_ln_(n) where = n &~ f(S5)dS

1 idjet

-
(=]
[

« Simple SV based: SVO -
— Fits the secondary vertex and returns the sigmitie of the .7
decay length of the secondary vertex.

o L L L L 1L
-20 -10 0 10 20 30 40

— Less sensitive to fake tracks but more sensitivesolution. decay length Significance (SVO)
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Likelihood taggers

IP based taggers:
— IP2D: only transverse IP
— IP3D: also longitudinal IP
— Use separate distributions foand light jets: -+

« More powerful than JetProb

Arbitrary units

 More difficult to calibrate on data. s L S W I W
N

SV based tagger: SVlmM_brets L o F

— Mass

— Energy fraction

— Number of 2-track ™ |
Vertices. ol T

oozl
E LT T | E r r Ll
11111111111 0.1 4 0 0 8 09 1
e I e r vertex mass (GeV) S d ary v h d y f

. b-jets
------ Light jets

Arbi
Arbitrary units

— Uses a Kalman fitter to explrcrtly fit theBD>X £l i b
decay chain. Fol e

Combined IP3D+SV1;

Wiee =Waeks T Wiertex = I\i| b(Si ) +In b(M F, N)
tracks vertex = U(S) u(M , F, N) 10—_62:; 5“1031‘03#3040

3D impact parameter + secondary-vertex weight
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Overview onb-tagging
performance

» Strong dependence on kinematics:
— Low p; and high #|: Multiple scattering and material interactions
— High p;: collimated tracks= Pattern recognition issues
— High p;: ‘late’ B decay p; ~ 200 GeV, ~8% of B's decay after the B-Layer)

 Shown forttbar events:

— Light jet rejection as function of tagging effiomy for different taggers.
— b-jet efficiency or IP3D+SV1 at a fixed cut (w>4) fasction ofp; and pj|.

c 0.7F 0.7
:%; 10 \ — 0.65;__,__'_ ATLAS > 0.65; +—0—_‘_+ ATLAS y
'_2‘ 10° 0'6;_ T ; 0'6; - ;
AN 055 —— | s — 3
102 05_ 2 05 E
045 T g
ol 04 T —°
; 035 0.36¢
450465 06 67 08 05 1 0600|5%1‘52|25 035b1601502602é0300
b-jet efficiency h]‘ pT (GEV)
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Effect of alignment and inner g
detector material.

« Detailed studies were performed to estimate &, =50%

ATLAS

the impact of residual misalignment: £ 500-ATLAS ]
_ 4 scenarios were studied (details on backup slide) » m™ ey
« Perfect; no residual misalignment. 8400 o P i

« Random10: 1Qum inx and 30um iny andz 2 sool- g

« Randomb5: um inxand 15um iny andz : 7
 Aligned: standard alignment procedure applied. - I

— 15% loss in rejection for IP based taggers when ]
alignment procedure is applied with respect to 100/% ------------------- .
perfect re-alignment. ; ’

Random10 Random5 Perfect Aligned

— Secondary vertex reconstruction is not so semsitiV' Alignment set
to residual misalignment.

o Studies were also performed to show the impaantatkrial in the
Inner detector:

— Degradation in performance of ~15% was observezhvaading ~0.02X
(~10%) of material in the silicon (SCT+Pixels)

— Degradation in performance can be attributed ts@/tP resolution and
Increase in the rate of secondary tracks from @natgeractions.

06/05/2009 Rémy Zaidan — Berkeley 8




ATLAS

and tuning
Several studies are currently in progress in, | :
order to understand the correlation between=—__
tagging and tracking performance: | T
— Impact parameter taggers performance depends on e
the track fake rate. : ==
— Secondary vertex performance depends on o sbiayer
resolution and error matrix calculation. s
— Example: Tracks with shared hits: o

. “Shared”: At least 1 shared hit in Pixel or 2 in SCT? 005 0.1 0.5 02 0.25 03 035 ¢
« About 7% of tracks are identified &Shared” in  , ——+——

ttbar events. § | _cms  ResolUtiol]
» Define track categories: Use different callbraﬂonm %—Trackswnhsharednns function
for tracks with or without shared hits. S0tk for JetProl.

 =>Gained ~10 — 15% at 50% efficiency.

JetProb tested dibar events | €, = 50% | &, = 60% 1o
No track categories 65.9+1.526.6+04 "
Special calibration fotShared” | 71.8 + 1.8/ 27.7 + 0.4

Fraction of tracks with shared hits

4
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JetProb commissioning

Extracting resolution function from data:

— Performance depends on the resolution ¢ “f~

function.

— ldeally use tracks from primary vertex

— On data:

 Use minimum bhias events
. Simgle selection:f; > 15 GeV & 7| < 2.5)

e Cali

rate using tracks with negative impact”

parameter from all selected jets
Shown: two different calibrations:
— Measured on di-jet events (1.5 M).
— Measured on minimum bias events (2.5
— ldeal: using only tracks from PV

Tested oritbar events:

T 1
§ E
=

5 f
<107

102

10°

—— min bias : tracks from PV

- — minbias : tracks from all jets
| -'1 —— dijet : tracks from all jets

ddol
105

Purified light jets rejezﬂ

Used calibration g,=50% | g, =60%

Measured on di-jets | 69.6 +1.7| 26.9+£0.4
Measured on min. biag 71.8 +1.8| 27.7 £ 0.4 o rindnaete TS
deal: tracks from PV | 74.4+1.9| 285+04] = 7 e
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% b-tagging calibration on dat¥

 Measuring thd-tagging efficiency on data: A\Pﬂ jetaxis
— Using QCD jet events (50-100-ppb

* p;® method: uses the ' of muons in jets as a
discriminating variable to estimate the fractiorbgéts
in a sample before and after the tagging.

« System 8: uses two samples with differefitaction
and two uncorrelated taggers to solve a system of 8
non-linear equations.

« Both methods work only at low; (p; < 80 GeV).

— Usingttbar events (100-200 ph:
« Tag Counting: count the number of events witagged jets
and fit bothb-tagging efficiency anttbar cross-section
» Extracting ab-jet sample: by fully reconstructing tiibar
decay chain and applying tight selection.
— Results are available for 14 TeV analysis:
» Currently re-optimizing the analysis to work at €V
* Will need more luminosity for thigbar analysis.

e Analysis to measure thetagging fake rate is currently in progress.
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Conclusion

« Theb-tagging will quickly be ready for physics analysis
— The detector is in good shape.
— Expect to quickly reach the needed alignment.

e Large variety of taggers available:
— Performance:
« Ranges from Rej=30 to 150 @ 60% efficiency
« Expect to achieve Rej=100 fei=70% with latest improvements.
— Start commissioning simple taggers with the fiista:
» Track counting, JetProb and SVO.

— Efforts are now focused on understanding the seihgiof b-tagging
to tracking performance and tuning.

* b-tagging performance measurement on data:

— Measuring efficiency with complementary methods:
* On QCD events: Will quickly reach enough statstnd become
dominated by systematics.
« Onttbar events: Need more statistics but more reliablect .
— Extracting purdd-jet sample is also useful to extract reference
histograms for likelihood taggers.

— Efforts are now ongoing on mistag rate measurentealsiques.
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Backup slides
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Residual misalignment sets

Simulation:
— Large misalignments were introduced at simulalevel.

— Alignment corrections should be introduced at nstaction level.

Perfect alignment:

— This is the ideal case were the reconstruction tleesame alignment as for the
simulation:=» No residual misalignment.

Two sets of known residual misalignments: RandomRandomb:

— These are hand-made alignment that takes theigmsadnt sets used for simulation
and randomly shift the positions by small amousé® (tables below).

Real Alignment:

— This uses an alignment set produced using thalacaick based alignment algorithms
developed for ATLAS.

Random 10 Random 5
Level X | Y | z |RotX|RotY|RotZ Level X |y | z |RotX|RotY|RotZ
Module 10{30{30f 0.3 | 0.5 0.2 Module 5(5(15/0.15( 0.3 | 0.1
Layer 10(10|15| 0.05]| 0.05| 0.1 Layer 7| 71(10] 0.02]| 0.02{0.05
Disk 10{10{30( 0.2 | 0.2 | 0.1 Disk 77120 0.1 | 0.1 |0.05
Whole Pixe|10{10{15] 0.1 | 0.1 | 0.1 Whole Pixe| 7 | 7 {10] 0.05]| 0.05] 0.05
Random misalignment was generated with a Gausssénbdtions witho as
tabulated: Shifts are imm and rotations in mrad.
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b-tagging calibration using
QCD jet eventsp®

ATLAS

variable.

» Fit the fraction ob, c and light jets that reproduces the
inclusive distribution op,"® before and aftdp-tagging and
computeb-tagging efficiency.

« The method fails at higp. (p; > 80 GeV ) as thep,™
distribution of a muon iM-jets looks similar to the one in c
and light jets.

* Precision at 100 pb:
— Statistical: below 1%

Uses thep,® distribution of muons in jets as a discriminatin . .
;g\p;e' jetaxis

z F
. s r
— Systematic: Controllable at the level of 6%. ¢ |
0.8—
008 - oo s -e-b-jet -
E -o-b-jet Fog ") L
007k w * = cjet 0.05— wﬁ = c-jet 06— i i * ! ;
Eowa e E s At o
006 . ‘w +light jet F e a ¥ + light jet i
oosi.h " 004 ++ ++1*AA .
wibs & 15<p;<28GeV oo 163 < p; < 300 GeV 04
Fa ".“"s:f o e : B —@— Monte Carlo truth
003 0 L e, o2[a : - hod
o.ozf;.' ~. .."-. e o2 P ATLAS
Ee LI Pove, ATLAS 001 -
0.01pe ot B e . | e e e e e L
OMM o e 035 3 % % %0 70 s‘o_ﬂ 90
05 1 15 X b 6o 5 o 05 1 15 2 2.5 "T:L 1Gev p’T [GeV]
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b-tagging calibration using
QCD Jet events: System 8

Use two uncorrelated taggers:

— Soft muon tagger. o

— Lifetime tagger. g
Use two samples with different flavor contents:| ., ~ ' ;i ™ "
— nsample: jets containing muons. sur _ s wfm“ I

— psample: subset of thesample where the muon |, % jjTW e
tagged jet is required to have a back-to-back P = 056 ptaseg Pa
both LT _SMT LT SUT

lifetime tagged jet. 16" €6 Mt ] € Nd

Measure on each sample the number of jets beféb?he 2105056 6 Pt 0203006 €5 P
tagging and the number of jets tagged by each and

by both taggers. Haras T
Solve a system of 8 non-linear equations mvolvﬂ“i’ﬁ; 30 pb L
8 unknown quantities including-tagging i3 ~100pb” -
efficiency. ‘°°5z E

— Correlation between taggers and biases betweegl
andp samples are taken from MC., :
— The accuracy with which MC can reproduce theSé"%
parameters is included as a systematic. 0.01F :{;: % %

The method is valid up fo, = 80 GeV. %2040 0 89§00 120 140 160

P, [GeV]

0.03F —
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b-tagging calibration using
ttbar events

Tag counting method:
— Selectitbar events in either lepton+jets or di-lepton channels.
— Count the numbeé, , of events with a given numbag of tagged

ATLAS

jets. di - leptor leptor + jets
"g SRR RN AR AR AR R AR AR AR E '_gm‘?""“'_._t't """""
— ldeal world: s L The || BT Thon
2 T . — t
L] T S — e—— | Zijet - S10°E ® —— =¥ s-channel |3
2 E w —¥Si 9' e top E £ < tchannel |3
§ £ ¥ Dibosons+jets| ] % 02‘_ - D‘i:b;sncr-]:+'els ]
— = 10 - ! E *
— E(L—E : ; e
1b b b - —— ] 10F- 8
CR—— —— g
E = —_————
— 2 - | . E v - 5y ——
2b Cc: b 107 _—T—_ 3 107 ;_ N
i 1 g R ;
I N T T T P T T Y el B T T IO TV vy orsn TR I
05 0 05 1 15 25 3 3. 5 4 5 05 0 05 1 15 2 25 3 35 4 45
n rea I y #tagged jets

« =>» Flavor contents have to be estlmated on MC.:
— Presence df-tagged light and c jets and alsgets from gluon radiation.
— b-jets reconstruction and selection efficiency lwalsd taken into account.

o => Light jets mistag rate measured elsewhere or imout MC.
« Fit at the same timdx-tagging efficiency anttbar cross section.
— Results (100 pblepton+jets):
« Systematic uncertainties well understood.
* Precision orb-tagging efficiency=x 2.7% (stat) = 3.4% (sys)
 Precision oritbar cross sectiont 2.4% (stat)127% _, -, (Sys) = 5% (lumi)
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Centre
de Physique

b-tagging calibration on i,
ttbar events

Extracting a-jet sample:

— Three methods to overcome combinatorial background
» Topological: using invariant masses.
» Likelihood: exploiting masses and angular coriefs.
« Kinematic fit: minimizingx2.
— All three methods require background subtraction.
— Performance:
» Purity of theb-jet sample: up to 80% with an estimated purit@@&¥o after
background subtraction.
 Precision org, at 200 pB: from 5% to 8%
_ The method can also be used to extoget reference distributions for
likelihood taggers:
e Multidimensional hlstograms are problematic artqurEE huge statistics.

3 3 z b= T T T T IR =
8 ATLAS] & s _E E
3140 3 9 09 ATLAS E
N N G = E
@ 5. both tops correct 8 £ 08F =
2120} #Z 4. hadronic top b/g g L = E
o ¥ 3. leptonic top big u 2 07 =
100} 882 bothtopsblg 5 = l l E
I 1. non tt background: o 0.6 E 3
&0} - b 055 —
N o —— 100 pb' "data” E
0.3 p -
40 E E
0.2 =
2 - — MC truth E
- 0.1 =
ol =R Rt =S P I R I B I R B
100 150 200 250 300 350 400 100 150 200 250 300 350 400
Eiadronie top mass (GaV) Lantonic top mass (Ga¥) %0 40 60 80 100 120 140 160 éB?Ge\?)OO
T
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