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@ Outline Q
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e Reconstruction:

* Strange mesons
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@ Introduction

Rediscovering the Standard Model:

CATLAS |

Identify particles in pp inelastic scattering L EXPERIMENT |

2009-12-06, 10:24 CET
Run 141749, Event 460665 \
1

* tune modeling of backgrounds for high p; processes 2
* evaluate and calibrate tracking performance

e tracking reconstruction and efficiency,
momentum scale, secondary vertexing, dE/dx

Present observations of low-p, minimum bias events with

. | | Event with
7 TeV collision data . Kg—> =
Candidate
*d ->KK
* K->t

*D** -> Dt * -> (Kmth)m,*
D*-> Kt
*Dt -> Pt -> (KKt
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@ Introduction '

Observations of mass peaks from ATLAS Inner Detector tracks:
(not corrected yet for efficiency or other detector defects)

* require at least one hit over threshold in the Minimum Bias Trigger Scintillators at both ends of the detector
* 2 silicon (SCT or Pixel) hits per track and track p; > 100 MeV for K{°

* 1 Pixel + 4 SCT hits and track py > 100 MeV for D*,D*,D,*

* 1 B-layer + 1 other Pixel hit and track p; > 150 MeV for K* (R=1082mm

* 2 silicon hits with track,/track, py > 150/500 MeV for €2, = i

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html TRT A

& TRT
\_R = 554 mm \
(R=514 mm
R =443 mm
SCT{
R =371 mm

LR =299 mm - - >

Run Number: 152166, Event Number: 316199
Date: 2010-03-30 12:58:23 CEST

R =122.5 mm
Pixels { R = 88.5 mm
R =50.5 mm

R=0mm
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@ d (1020) -> K'K*

dE/dx [MeV g'cm?]

¢é -> KK+ in 900 GeV data

e use time-over-threshold measurements from Pixel Detector

* pr < 800 MeV for each track

* mass of signal peak consistent with MC simulation and PDG

*Validates dE/dx identification

Lintz 10 !‘Lb_l

10

N ATLAS Preliminary g ssof ATL AS Pre"mir;ary 51 MC signal E
g TR DR e e . ~ - Data 2009 \V5=900GeV []MC background
10 5 C e Data (Inl <0.9) .
7 S 200 — Fit -
6 T B Mean : 1019.6 = 0.3 MeV 7
5 102 "é 150 ‘_ Oexp © 2.2 0.5 MeV T
8 - |
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@ K->t

——
K’ -> ntn (BF=69%, ct=2.7 cm)
Simple strategy:
* require secondary vertex displaced from the primary vertex
* use pairs of oppositely charged tracks with loose quality criteria L;,=190 pb!
%x10° Minimum Bias Stream, Data 2010 (s=7 TeV)
> =R N e
S - ATLAS Preliminary -
g 80 _— ® Data _—
. = B double Gauss + poly fit N
KSO selection: E B [ PythiaMco9 signaly i
60— |:| Pythia MC09 background —
* pr() > 100 MeV i i
. ny >0.4cm 0 Fit value (barrel fegion):
. i 497.427 + 0.006 MeV
* angle between flight and 20— n
momentum direction: - i

cosO > 0.999

August 12,2010
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@ KSO '> J'IS+J'E' e

~-

<

Mlnlmum Bias Stream Data 2010 (\5—7 Te )

> T T T T T T T E
. . 0 +oe ] ;
Kinematic Plots for K¢’ -> m*n = gl ATLAS Preliminary
~ s ® Data 3
§ " |:| Pythia MC09 signal .
E 10 = |:| Pythia MCO09 background EE
><103 Minimum Blas Stream Data 2010 Qs 7 TeV) C ]
0 e L I L L N m 3l -
() 10 E =
g 1001 ATLAS Prellmlnary 7 c MC is hardegin py
L - o000, i 10° 5 E
8o 7] - -
B i 10g I”
60— — C
B ] L= B B B ,
0 2000 4000 6000 8000 10000 12000 14000 16000
40 ® Data i pT [MeV]
3 [ pyenia oo signa o Minimum Bias Stream, Data 2010 §'s=7 TeV)
20— [ pythiamco9 background ~_| a =L N B B BN BN BN
B 9 © ATLAS Preliminary 7
rnnnflnnnnllnnnnflnnnnflnnnnllonnnlnnnnllnonnnllnnnnllonnd > 5 . __
25 2 15 -1 -05 0 05 1 15 2 25 2 107E Data 3
c [ pythia MCo9 signal 3
n w ]

‘:l Pythia MC09 background

MC and data consistent within 10%

104§_ 3
| M(v*w) - M(K")ppe) | <20 MeV ok MC in good agregment
No corrections for detector effects e
0 200 400 600 800 1000 1200 1400 1600

K? Proper Decay Time [ps]
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@ D** > D * -> (Kwth)m, * ﬁ

D* -> D'z *, where D’ -> K-n* (+ c.c.)

+
Jts
Soft Pion

August 12,2010

Secondary
D? Vertex

Reconstruction strategy:

* Exploit the displacement of the D° vertex:
require positive transverse decay length, L,

* DY momentum points to primary vertex
*pr(D)>35GeV  p(Kmr)>1.0GeV

* Exploit hard nature of charm fragmentation:
pr(D*) / ZE;>0.02

* Use Am = M(Kutt) -M(Km) as discriminating
variable

* M(D*)-M(D?)-M(m) = 6 MeV, so most tracking
resolutions affect the D° decay and cancel out in
the correlated difference => signal 40 times
narrower than the D* mass peak
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@ D™ -> D * -> (K-wh)m,*

—t ek
N A
o O
o O

1000

Combinations per 10 MeV

600

400

200

—_

800 [

e e B

= ATLAS Preliminary \Ns=7TeV L,=14nb"
Data 2010

® right-charge combinations ’ o

=== wrong-charge combinations

fit : N(D**) = 2020 = 120
AM = 145.54 = 0.05 MeV

Illllllllll‘lllll\I‘Il\ll\lll'\l‘IIIlI

_I_hl-l-lll\II‘Il\ll\l‘ll\ll\ll\ll‘ll

AM PDG Mass =

145.43 £0.24 MeV

DYPDG Mass =
1864.84 +0.17 MeV

D™ Cuts:

*pr (D) >3.5GeV

*m (D) <2.1

*p(D*) /ZE;>0.02

*L,, (D% >0 (ct(DY = 123 pum)
* pr(K,m) > 1 GeV

* pr(t) > 0.25 GeV

For AM:

* 1.83 < M(Km) < 1.90 GeV
For M(Kum):

* 144 < M(Knmt) < 147 MeV

o(A M) = 0.85 = 0.05 MeV
_'l 1 1 1 1 | 1 1 1 1 l 1 1 1 1 l 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0.14 0.145 0.15 0.155 0.16 0.165 0.17
AM = M(Knrt,) - M(Kn) [GeV]

T L L L L EL L I L B
T ATLAS Preliminary \s=7TeV L, ,=14nb’ 7
- Data 2010 _
Y right-charge combinations -]
[ === wrong-charge combinations ]
J E
Faetty E
E\-_._...-:::-'-:_.-:.:-.‘_““._--_.-::- E E
- fit :N(D*)=2100 + 130 -
- M(D° =1865.5 = 1.4 MeV ]
—  oIM(D%]=24.2+ 1.5 MeV —
:. oo e ey b ey by by ,:
.6 1.7 1.8 1.9 2 2.1 2.2

M(Kx) [GeV]
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Wrong charge combinations: K'wx* (+c.c.)
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@ Dt > Kxtnt Q

Combinations per 10 MeV

1000
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—

Dt -> K'n*n* (+ c.c.)

T T T T | T T T T I T T
ATLAS Preliminary
® Data 2010

fit : N(D*) = 1667 = 86
M(D%) = 1871.8 = 1.1 MeV
o[M(D*)] = 19.7 = 1.2 MeV

T I T
\s=7

I 1 1

I T T T T I T T T
= 1.4nb"!

D" Cuts:

*pr (D) >3.5GeV

*In (DY)l <2.1

*pr(DY)/ZE;>0.02

*L,, (D) > 1.3 cm (ct(D*) =312 um)
* pr(K) > 1 GeV

* pr(TT; ) > 0.8 GeV, pr(ir; ,") > 1 GeV

TeV

IIII|IIII QII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

1 | 1 1 1 |

'm IIII|IIII|IIII|IIII|IIII|IIII|IIII

1.7 1.8

1.9

2 2.1 2.2
M(Kor) [GeV]

D*PDG Mass = 1869.62 + 0.20 MeV
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@ Dt -> ¢t -> (KK

> 400 [T T T T T
2 - ATLAS Preliminary \s=7TeV L, =14nb" 7
350 — —
o = e Data 2010 ]
© 300 —
o .
g C ]
§20F E
© C ]
ézooz— ++++%+ E
8 150 [~ 4 —
100; fit : N(D]) = 326 = 57 +H> 3 ++:

C M(D) = 1971.5 = 4.6 MeV "g

50 = o[M(D)] = 24.0 = 3.8 MeV =
L R R R R
1.6 1.7 1.8 1.9 2 2.1 2.2
M(KKn) [GeV]

D¢*PDG Mass = 1968.49 + 0.34 MeV

> 180
S 160 - ATLASPreliminary Ns=7TeV L, ,=14nb" 3
émo - 1.93 < M(KKn) <2.01 GeV =
.é 120 ;_ ® Data 2010 4
S 100 [ 1
E 80 +
I AR
60j ]
40 f_ fit: M(¢)=1020.3:0.3Mev_f
20 f_ A o[M(@)]=2.3+05MeV ]
P I R SR R B I
0.98 0.99 1 1.01 1.02 1.03 1.04 1.05

¢ PDG Mass = 1019.455 + 0.020 MeV
Strange/Charm Mesons in ATLAS

August 12,2010

M(KK) [GeV]

D" Cuts:

* pr(Dg*) > 3.5 GeV

*In (DgMI < 2.1

* pr(Dg") / ZEr > 0.04

* L,, (Dg") > 0.4 cm (ct(Dg*) = 150 pm)
* pr(K;,) >0.7 GeV

* pr() > 0.8 GeV

For M(KK):

* I M(KK) — M(¢)ppg | < 6 MeV
For M(KK):

* 1.83 < M(KKm) < 1.91 GeV
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@ K™, Q=

Entries/9 MeV

K*+ '> KSOJT"
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< L | u=16728=03(stat) Mev 1 U F u=1322.2+ 0.07(stat) MeV |
w 100 o= 40:03(stat) MeV 1200 - o= 38:008(stat)MeV -
805 . 10001 =
g : 800}~ E
60 if l E 600} =
ol ] E
40; 'If” +|' 0 wlf " I|'+| Y 'Q+| - a1 400; =
20 [t T I P AR Y iy F
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L,, (€)>0.6cm
pr(€2) > 1.5 GeV

Q- PDG Mass = 1672 .4MeV

L, (E)>04cm

=-PDG Mass = 1321.7 MeV

Charged cascade decays with more complicated secondary and tertiary vertexing
* Masses close to PDG values => validates complex vertexing algorithms
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@ Summarx ﬁ

* Successful identification of ¢ resonance
» validates dE/dx identification

* Mass, width and kinematic variable reconstruction of K¢ is in good agreement
with simulation

* demonstrates good low p; track momentum scale

* excellent modeling of Inner Detector’s solenoid magnetic field
* Successful reconstruction of charm mesons and strange baryons

* masses are in agreement with simulation and PDG values

* validates vertexing algorithms

* confirms the excellent performance for ATLLAS high precision track
measurements
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@ References Q

The following references were used:
ATLAS-CONF-2010-023
ATLAS-CONF-2010-024
ATLAS-CONF-2010-032
ATLAS-CONF-2010-033
ATLAS-CONF-2010-034
ATLAS-CONF-2010-035
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@ Extra

e
|

E,Q, K* Decays — more complicated vertexing

Charged cascade decays: P T

=" — A(pn)m ct=4.9lcm (+ charged conjugate) Tarkiary Wertax

\
Q" — A(pn)K- ct=2.46cm (+ charged conjugate) A
‘ T.K
Use simultaneous vertexing of entire Secondary Vertex

decay chain with pointing constraints
A is mass-constrained in the vertex fit
IM;.- M,| < 8 MeV pre-selection

Primary Vertex

Prompt hadronic decay:

K™ — Ko(n*n)rn*"

Tertiary Vertex

Same vertexing but enforcing small “
distance between secondary and primary K%y

vertices to enhance the signal \
K is mass-constrained in fit

_ _ . Primary Vertex
IM...- M| < 25 MeV pre-selection (open dirdle)

T

Secondary Vertex
(dot)
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Entries / 16 ps

Minimum Bias Stream, Data 2010 (s=7 TeV)
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