Yz,
&
S 2 0
SwwlesQ
o\ W
% WWE T
7, 3

%7wﬁ

ner-=»

Tracking, Vertexing and B-tagging performance at ATLAS

ATLAS |

EXPERIMENT [l Intfroduction

[1 Track reconstruction
[0 Vertex reconstruction

0 b-tfagging

0 Summary and Outlook

Sara Strandberg, Stockholm University
for the ATLAS Collaboration
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physics analyses: phyto plankton

- Reconstruction of charged leptons. tra%igj DO/
- Track-based isolation. o
- Can also complement calorimeter-based Higgs search - % 1t

estimates of e.g. E=ss, orsl

- Reconstruction of the primary collision point.

- |dentfification of jetfs from b-quarks (b-fagging).
e Good tracking and b-tagging performance in achieved by:
— High-precision tfracking detectors.
- Good knowledge of the ID material.
- A precise ID alignment.
- Performant algorithms (fracking, vertexing, b-tagging).
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e Silicon and drift tube tfechnology.

ATLAS Tracking System

T # channels  # hits resolution active (%)
/track  (xz x y) (um)
- PIX 80 x 10° 3 10 x 115 95.9
SCT 6.3 x 10° 8 17 x 580 99.3
LG TRT 3.5 x 10° 36 130 97.5
R = 554 mm
R =514 mm | *~

e Covers |n| < 2.5.

R =443 mm
SCT
R =371 mm

In 2 T magnetic field.

3
o5x10°

R =299 mm

_ ATLAS Preliminary —*4— éll 4 oual
B — —#— Rejected Quality
20 s=7TeV —+— Rejected 0

pT > 500 MeV —+— Accepted

R =50.5 mm
R=0mm

e Build track candidates
iNn three steps:

- seed finding 5
- collect hifs in roads 0

R =122.5mm
Pixels 4 R = 88.5 mm

15

10

Number of Track Candidates

N I Y B B
.0
@
$
4
(d

- rank candidates

SARA STRANDBERG, STOCKHOLM UNIVERSITY P3 PLHC, VANCOUVER, JUNE 8 2012



N
N
X

e\\jERSIQ
S E

+ it

n, ENLIRSY
‘%

ner-=»

e \ertexing crucial in many areas:
- Reconstruct and identify hard scatter interaction point.
- Determine pile-up level.

- PV is reference for b-tagging.
e |ferative vertex finding:

20! LIS L Y N N L L Y I L L N Y I N N L N L N B BN L B B B

8 1ob xrias praiminany E - Find vertex seeds along z.
S 163— \s =8 TeV —f 2 ' '
! T e - x~-based fit, outliers
é 12 i— ------- Quadratic extrapolation —i remaovd | .
2 10F =
RIS 2 e Baseline is fo use the PV with the
6F o = 2
£ E largest ) p1. as hard scatter.
27 3 o Association-based selection
0 5 10 15 20 25 30

(ets, e, u) also supported.

-
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ATLAS-CONF-2012-042

High Pileup Environment

e [racking Iin high-pileup environments
IS very challenging.
e Switch fto robust reconstruction setup.
- Tighter requirements on the silicon
hit pattern.
- Much lower fake rates at minimal
loss of efficiency.

l—‘- L ‘ L ‘ T T T ‘ L ‘ L ‘ T L ‘ T T ‘ L ‘ T T
i ATLAS Preliminary
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Minimum Bias interactions

Vertex Reconstruction Efficiency

---@--- Default 7:

0.2 —+&=— Robust _

E Robust (Reconstructible interactions) E
0051015 20 25 30 3 40 45

u

Fake Vertex Probability

c 71771 T T 3
= 0.9 ATLAS Preliminary - p=1; Default -
g =3 Simulation — p=1;Robust ]
> 0'8; NVs=7TeV e pu=21; Default 1
g 0.7 — U=21; Robust
so06 u=41; Default
S E m— 1=41; Robust 7
§ 052?':‘ J‘E
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:\ T ‘ LI ‘ LI ‘ LI ‘ L T 1T L T T ‘ T :
0.07— ATLAS Preliminary 2
- Simulation,\'s = 7 TeV ]
0.06[— =
t  Minimum Bias interactions 4
0.05F =
- --@- Default ]
0-04% —=— Robust i
0.03F =
0.02|— =
001 o E
OE! s = | I
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- |P resolutfion (crucial for b-tagging)

— mass resolufion (1 pm alignment for
10-15 MeV precision in W mass)

Alignment carried out iteratively by
mMinimizing residuals.

So called weak modes are distortions
which do not affect residuals. Need
fo resolve these using e.g. known par-
ficle masses.

changes in environment.

K2 mass - World Average [MeV]

Precise knowledge about position of detector elements needed for

residual

- 1.05<n<25
— 02010 Data

- =2011 Data

T
EATLAS Preliminary

_1.5_3‘ L ‘_2‘ L ‘-1‘ L

@[rad]

Need o perform alignment continuously since detector moves due to

SARA STRANDBERG, STOCKHOLM UNIVERSITY P o6
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Neural Network Clustering _ —=
T — S i E—
e Good track parameter resolution re- —
quires precise knowledge of hit positions
INn fracker. l I [ ]
e Positions biased in case of merged clus-
ters from nearby particles. g T
20.06 o —— Standard Clustering B
e New NN-based clustering algorithm de-  Zoes  smision ¢ & oo ousems
< P 4-pixel clusters .

veloped to split clusters which are likely oo

not originating from a single particle. 0.03 E

0.02[- ? ; =

e Especially relevant in dense environ- - E
ments such as core of high-pr jets. Qe e

r-@ residual [um]

e Also improves treatment of delta rays.

SARA STRANDBERG, STOCKHOLM UNIVERSITY P7 PLHC, VANCOUVER, JUNE 8 2012
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e IMmpact parameter (dy.zp) indicates if
tfrack originates from the PV or noft.

Impact Parameter, dO
“ p ,

|

e Crucial ingredient when identifying

Primary Vertex

long-lived particles, e.g. b-tagging.
e Unfold uncertainty on PV position o?(dy) = 02(dgrack) + o%(PV)
tfo measure resolution in data
E 0-37‘ UL L L L L B B 'g' 0-02:‘ UL L ‘:
% 028:— e Data 2011 E % 0.018E o pata 2011 E
5 VO ATLAS Preliminary - 5 0.016 —
= - 4 Simulation ] 2 - 4 Simulation ]
o oo 0.4 GeV<p\'sinB<0.5 GeV ; o 0014 | ——
8 I e ] 8 o012~ T, —
024 e e - 001 e Tt T =
N —— == § 0.008f =
0221 — — E 0.006f ATLAS Preliminary =
02l e - 0.004— p\'sing>20 Gev E
C N 0.002 [~ =
n

n
e Low pr well described = material understood.

e Worse IP resolufion at high pr in data due o misaligment effects.

SARA STRANDBERG, STOCKHOLM UNIVERSITY P8 PLHC, VANCOUVER, JUNE 8 2012
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b-tagging
e D-tagging is a powerful fool to separate a heavy flavor signal
(b, top, Higgs, SUSY) from backgrounds.

e |ldentify decays of b-hadrons in jets by
presence of

- fracks with large impact parameter
and impact parameter significance.

- secondary decay vertex.

e Crucial fo understand and have a
good description of the impact
parameter of tracks in jets.

e Correct estimate of error on primary
and secondary vertex positions.

SARA STRANDBERG, STOCKHOLM UNIVERSITY P9 PLHC, VANCOUVER, JUNE 8 2012
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Secondary vertex-based algorithms

b-tagging Algorithms
IP-lbased algorithms

e SV 1 Reconstructs inclusive SV.

e JetFitter is able to reconstruct full

e |IP3D uses PDFs in transverse and weak (b — ¢ — X) decay chain,

longitudinal IP significance.
e Both use SV properties to further

® Wirack = Pb/Pr separate b-jets from non-b-jets.

.wjet:Ztracklog(wtraCk)' 81055 "!"‘wl_“_‘w”‘w‘“w””HH
\ , MV ngge 5_> : ATLAS Preliminary —_— w1
CombanTlonS gj)' 104 :'° JetFitterCombNN _
e JetFitterCombNN: i L
ST .
JetFitter+IP3D. Early tagger =-20°F ~
o JetFifterCombNNCc: 107F .
Trained fo reject c. -
10 g tt simulation,\'s=7 TeV
) M\/] : - pjf‘>15 GeV, [f*|<2.5 N ]
oo b b b b L
JetFitterCombNN d3 04 05 06 07 08 09 1

b-jet efficiency

+|IP3D+SV 1.

SARA STRANDBERG, STOCKHOLM UNIVERSITY P10 PLHC, VANCOUVER, JUNE 8 2012
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% ATLAS-CONF-2012-043

Performance in Data - b-tag Efficiency

e Currently use two complementary methods based on u-jet sample.

e it method: Template fits of muon pr with respect to the jet axis pre!,
to get flavor composition before and affer b-tagging.

e System8 method: Use 3 uncorrelated selection criteria fo construct 8
disjoint samples. Use event counts to solve for b-tag efficiency.

e Present results

as data-to-MC *% 16:1 é{el'Stlelmlsl | [iswt AT o :
scale factors, § aaf comomaen 3
e Excellent agree- 121: _______ E
ment between osk- i 3
methods. 0.6/ =
e Total uncertainty R U TR 180Jet§?([)GeV:]

: _ o
s 5-19%. Posters by Dominik Duda, Christian Jung and Gordon Watts

SARA STRANDBERG, STOCKHOLM UNIVERSITY P11 PLHC, VANCOUVER, JUNE 8 2012
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ot ATLAS-CONF-2012-039

Performance in Data - c-tag Efficiency

e Reconstruct D*t — DY+ (DY — K— 7).

. . 0 g’zooof—I - ‘A"I'LAS‘Pr‘elir;in‘aryl o .
e Hh-contamination from D" pseudo proper & Ns=7Tev
fime fit. greoor . .

e Can compare e.g. weight distributions "} s -0
in background-subtracted sample. 500 o insde ot :

with p, J[30,60] GeV

L e
140 145 150 155

e Generally very good agreement.
m(K 1r)-m(Km) [MeV]
fr-)\ :l T T I LI I LI I LI I LI I LI I LI I LI I LI I LI I T T |:
S 2000F ATLAS Preliminary = 5 25T
- C 3 3] = —
g 1800 \s=7TeV = €L Mo ATLAS Preliminary ]
¢ 1600 Data 2011,IL =5 E ERG ZOMJL =5t Ns=7Tev
o o 3 )
1400 " - e Scale factor D* (stat)

- :] b~ DX PYTHIAMC . ? 1.5— [ Scale factor D* (stat + syst) ]
12001~ B c - o< PYTHIAMC E g U : :
1000 e  Bkg. sub. D* inside jets ] % B : :

c : ] - 1 I

800F- with p_ > 20 GeV E % 1:— +—+— —:
600 — L
- . 0.5 —
400F = -
200;_ _; Oi‘l‘”\”‘\”‘\H‘\H‘\H‘lT
o) e Pve il P IR T 20 40 60 80 100 120 140
-8 -6 4 -2 0 2 4 6 8 10 12 14 Jetp_[GeV]
JetFitterCOMBNN weight
. 1 1 ] o o
Poster by Andrea Ferretto Parodi Total uncertainties range from 12% to 25%.
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Performance in Data - Mistag Rate

e Negative tag method primarily fargets mistags from resolution effects
and corrects for e.g. long-lived particles and material interactions.

e SVOMmass method fits invariant mass of secondary vertex.

. A = = 4r — =
o C . o C ]
& 35F ATLAS Preliminary J- L=5fb™ 3 8 35F ATLAS Preliminary I L=5fb" 3
Q C ] o C 3
§ 3F MV170  |n|<1.2 E § 3f MV170  |n|<1.2 3
o E e Scale factor negative tag (stat) 3 ® c e Scale factor svOmass (stat) E
© 2.5 [ Scale factor negative tag (stat+syst) = © 2.5 [ Scale factor svOmass (stat+syst) E
o o . =) = .
© r - [ - —
B 2F E B °F -
= E ] = C ° ]
15 _— " *: 15 :_ ° — & ——
_ ® L o ™~ . :_._ T
1} - - —— 1= -
0.5F = 0.5F =
C ‘ ‘ ‘ L ‘ ‘ ‘ ‘ ‘ ‘: 0 C ‘ ‘ ‘ ‘ ‘ L ‘ .

30 40 50 10° 2x10° 30 40 50 60 10° 2x10°  3x10°
jet pT [GeV] jet pT [GeV]

e \Very good agreement between methods.

e Jotal uncertainties 10-100(+)%.

SARA STRANDBERG, STOCKHOLM UNIVERSITY P13 PLHC, VANCOUVER, JUNE 8 2012
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e Excellent performance of ATLAS tracking, vertexing and b-tagging.

- Improved alignment, new silicon clustering

. o , EVEN IF
and frack reconstruction optimized for high- YOU ARE ON
pileup conditions. THEYP:,IS%ITJ gEﬁcK’

L . ~_RUN OVER

- New multivariate algorithms have IF YOU JUST
- SIT THERE. "
boosted b-tagging performance. e

e Wide range of measurements confirm that the
ATLAS tracking detector is accurately simulated.

- Track and vertex properties, e.g. IP resolution.
- b-tagging data-to-MC scale factors.

e Looking forward to many interesting physics results in 2012

SARA STRANDBERG, STOCKHOLM UNIVERSITY
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Pattern Recognition and Track Fitting

e TwoO-stage pattern recognifion:

- inside-out: silicon seed
+ outward extension

— oufside-in: TRT frack segment seed

+ inward extension

e Old reconstruction setup:
- > / silicon hits
- < 2 pixel holes.

e New reconstruction setup:
- > 9 silicon hits
- 0 pixel holes.

Number of Seeds

10°

10°

10*

10°

- Simulation

ATLAS Preliminary
\Ns=7TeV

P, [GeV]

SARA STRANDBERG, STOCKHOLM UNIVERSITY
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E ATLAS Preliminar E [ ATLASPreliminary ‘S L i
> | Data2011 ] > 1.3 Data 2011 17=1000 E - 1
E [ | 800 é . 2: ] So.ggsj 7
S 11 - 2T 180 5| )

> L i > u ]
5 600  § 11 . S ool 1
£ ] £ | 1600 5 %0 ]
S i . . g | ]
400 B ] o - .
1- 7 F 1 400 » F Simulation 7
I bl 0.9 20.985[~ . B
. L - L +tt |
- RMS 200 - RMS Q L 1
L x=15.7 um 0.8 y=13.5um 200 = | - Z-pu ]
L y=13.5pum - z2=56.8mm [ > Z-ee ATLAS Prelimina |

0'9 ‘ ‘ ‘ ‘ : ‘ : ‘ O 0'7 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ : ‘ ‘ : ‘ ‘ ‘ ‘ 0 Olgsi\ 11 ‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\I\’y\\ ‘ L1l

-0.2 -0.1 0 0.1 -350 -175 0 175 350 0 5 10 15 20 25 30 35 40 45
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u
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Primary Vertex Resolution

e Measure resolufion in data using vertex-splitting technique.
- Split tracks associated to vertex in fwo groups.
- Fit fwo separate PVs.

E‘ I|"''I.""I""I""I""I""|
E 1B inary:: —e— Data 2012, Random Trigger ]
PV 5 o B -
5 S ————————————— —— Minimum Bias Simulation -
) L e .
? @
(O]
x 10?
0
- 2
Q <
O
= 10°
w
O
—_ .
O [
E 1.2
PV2 g 1
[a)
0.8F
10 20 30 40 50 60 70 80
PV1 Number of Tracks
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Selecting the Hard Scatter Vertex

.‘2 :I T 17T I T T 1T I LI I LI I T T I T T 1T I T T I LI I LI I T 17T I: .4? 0_6_ T T T I T T ] T .I I T T T T I T T T T I T T Ivl

S 10-1 __.*. ®  Min. bias data 2011 POWHEG Pythia ggH(120) -yy | E - ATLAS Pre“mlnary vvYvY vvYy?y vy’ ]
- 5_: POWHEG Pythia ggH(150) - 41 POWHEG Pythia VBF H(120) - t(h) 3 8 0_5_— v?Y vv =
§ E POWHEG Pythia VBF H(120)— t1(hh) E De_ B v v v 7
E 102 . - v v Statistical extrapolation ]
< ; 0'4:_ v v ggH(150)- 4l B
Ty v ggH(120) -yy ]

107 0.3 v VBF H(120)- t1(Ih) .

Ly v VBF H(120)- t1(hh) N

ATLAS Preliminary 0.2— ]

10 t4 - yyvvvYVY ]

t 0 1: vyvyvy vvyvy vy ]

A v ?Y —

10—5 T““ k‘ ‘ k ‘ Ev'::vvvVVVVV"'V'V"""E
111 | I 111 | I 11 10 I (| - I 11N I 11 1 1 I 111 | I 101 I 11 1 | I 11 14 O_;|;|V Iv Iv Iv Iv Iv Iv r Iv Iv Y vI Y vI vI vI vI vl vI vI vI vI 1
0O 10 20 30 40 50 60 70 80 90 100 5 10 15 20 25

Z pi [GeV] Number of pile-up vertices
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c _+_ dl’(p %0.05} Simulation ------ NN Clustering —
10 e - . : B
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~ ATLAS Preliminary LY 0.04r B
B Simulation 0.03 =
i 1 1 1 1 1 11 I 1 1 1 1 1 11 1 I E E
10° 10° 0021 E
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Time Dependence of Alignment

Level 1 alignment

Global X translation [pum]

10| = Pixel

=de= SCT Barrel

<9+ SCTEnd Cap A
@ SCTEndCapC
=#= TRT Barrel

51—« TRTEnd cap A
@ TRTEnd CapC

ATLAS preliminary

April - May 2011

Run number
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Performance in Data - b-tag Efficiency

o pit! method: Template fits of muon pr with respect to the jet axis, pi',
to get flavor composition before and after b-tagging.

] ] & : T ‘ T T T T ‘ T T ‘ T T T T .‘ .\ T T ]
€ 0.08 + ATLAS Preliminary = c 0.07E + _+_ + ATLAS Preliminary ]
> L=5fb™ 1 > ol e Data | L=5fb 7
& 0.07 ° Daa I 4 §0.06f _ I .
= b-jets . = - ] b-jets .
g = i E- PO = cers i( A
® B light-flavour jets ] ® E B light-flavour jets E
0.04f ftag N tag
0.03" Edata b .C
. C b f
0.02f b N
- \. J
0.01
& T N R B B I
500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
pe' [MeV] pe' [MeV]

e System8 method: Use 3 uncorrelated selection
criteria to construct 8 disjoint samples:

- The lifetime tagging criterion under study.
- A muon tagging criterion (muon pi! > 700 MeV).

- Opposite side jet tagged by SVO (L/o(L) > 1)

SARA STRANDBERG, STOCKHOLM UNIVERSITY P 22 PLHC, VANCOUVER, JUNE 8 2012
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E - e Data p_ (stat) . o) C .
o 14 T = o - == Data system8 (stat+syst) =
> | [ Data p® (stat+syst) . s 1laf _ _ ]
F 1.2 T - " - 0 Simulation system8 (stat) .
o u 0 Simulation P (stat) ] 1.2 .
1; ] - _
- ] 1— ]
0.8 . e % - 0.8 -1& ? -
0.6/~ - - ]
- e : 0.6~ W =
C ] - He N
04 E 0.4 =
- MV170 u - MV170 ]
0'2\_\ | I 11 | ‘ 111 ‘ 111 ‘ 11| ‘ 11 | ‘ 111 ‘ 111 ‘ 11| ‘ 111 I | \_\ 0.2_' - I 11 I L1 I L1 I L1 I L1 I L1l I L1l I - I L1l I 11 l_
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Performance in Data - c-tag Efficiency

/g B T T T T T T T T T T T T I T T T T I T T T T I T T T T ] L>J‘ _I I T T T I T T T T T T T T I T T T T T T
£ 2000 ATLAS Preliminary — 5 1-4:_ o =
g - S =7TeV - ;:_; Lob MV1-70 ATLAS Preliminary E
g N i © “F paazoit, [L=51" Ns =7 TeV ]
£ 15001 Data 2011 _[L =51 B - 1 e Datd D* (stat) —
Q - ’ . © - ] Data D* (stat + syst) ]
T B Y — b - D*X i 0.8 O  Simulation D* (stat) 7
< 1000~ —— ¢ - D*X — r ]
) B — total i 0.6 .
2 B e Bkg. sub. D* inside jets ] - y
0 5ol with p_ 0[30,60] GeV ] 0.4 :@:':é— :
: . 02f 7% s
O‘_ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 T 1 1 TT = O:I I 1 1 1 I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 |
-1 -0.5 0 0.5 1 1.5 2 20 40 60 80 100 120 140
ct(D% [mm] Jetp_[GeV]
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Performance in Data - Mistag Rate

VTTTT‘YTTT‘YTYT‘YTYT‘TTYT{TTYT‘TTYT‘TTTTA
| ATLAS Preliminary

e Negative fag method: Exploits that mistags
from resolution effects are blind to jef direction.

Events

b-jets

. c-jets

- light-flavour jets E

e Negative tag rate ~ mistag rate.

10*E

e Correct for long-lived particles and mate-
rial interactions plus heavy-flavor in negatively
-I-Ggged SCImp|e 10-15 -10 -5 0 5 10 15 20 25

SV0 weight

Il light-flavour jets | I ight-flavour jets

e SVOMass method: Fits the % ATLAS Preliminary * ATLAS Preliminary
invariant mass of tracks g - —

associated to secondary
vertices.

e Many jets without a SV.

SVO0 Mass [GeV] SVO0 Mass [GeV]
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