W->pv candidate in 7 TeV collisions,

Run Number: 152221, Event Number: 383185 /
Date: 2010-04-01 00:31:22 CEST
PT(u+) = 29 GeV, n = 0.66
ETmis = 24 GeV

MT =53 GeV
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Inner Detector (ID)

Solenoidal magnetic field of 2 T

3 sub-detectors:
— Silicon Pixels, Silicon Strips (SCT), Transition Radiation Tracker (TRT)

Covers |n| <2.5 (2.0 for TRT)
Designed for tracking efficiency of muons > 99%

with momentum resolution /__//\ =
0, /p; = 0.05% p; D1% i

T R
[ EEEERE]

' End-cap semiconductor tracker
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Muon Spectrometer (MS)

Toroidal magnetic field of 0.5 T by 8 barrel coils + 2 x 8 end-cap coils
2 trigger chamber technologies: RPC (barrel), TGC (end-caps)
2 precision tracking technologies: MDT, CSC (high occupancy)

coverage |n| < 2.7

Transverse momentum resolution

—
N

Contribution to resolution (%)
(@)

—L
o
T

<ogop| 1

Total —
Spectrometer entrance

Multiple scattering

Chamber Alignement

Tube resolution and autocalibration (stokastic)
Energy loss fluctuations

. Woudstra

4 by
.

Thin-gap chambers (TGC)

Cathode strip chambers (CSC)

- Resistive-plate
chambers (RPC)

End-cap toroid

Monitored drift ftubes (MDT)
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Muon Identification Algorithms

Standalone Muon
track in MS
extrapolated to IP
corrected for

Calo E-loss

Segment Tagged Muo

track in ID tagged u
if matched to
segment in MS

MDT chambers

Barrel toroid CO[

“@‘? VO

| Combined Muon

track in MS
e combined with
MS track in ID

Cathode strip
chambers

MDT chambers

Resistive plate chambers

Barrel toroid coil

v\ ReC

votPlane

1RPC n‘f.Pﬁn

End-cap
toroid

Cathode strip
chambers

M. Woudstra

into account

m

track consistent

CaloWith a M.1.P.

}ID

WMS if signals in Calo

o
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Calo E-loss taken

Calo Tagged Muon
track in ID tagged u

around extrapolated

MDT chambers

toroid

Cathode strip
chambers

MDT chambers
12m
Resistive plate chambers |
Barrel toroid coill
tPlne || M S
’_?PC nﬁPﬁne }
7777777777 |
End-cap
toroid
A Ca |

Cathode strip
chambers




Drift chamber calibration

* MDT chambers calibration
— Constant time offset t | (cable lengths etc.) for each channel

* Determined from leading edge of drift-time spectrum
— space - drift-time relation from auto-calibration method

* Not optimal resolution yet

— Not enough statistics to determine t, per channel

— Dedicated track segment fitter with time-offset as extra
parameter (‘global t fit')

« Compensates for unknown channel t |

* Compensates for randomness of cosmic trigger time

* Resolution 20 50% worse than optimal

EOSS ‘

0.05

testbeam (t, known) -
global t fit :
timing

ATLAS cosmics 2008/9 data

SN B B S B B B B

:\III
% B S

8 10 12 14

distance to wire rimm]

M. Woudstra
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MDT drlft tlme spectrum

ATLAS Prehmlnary

N
(=)
S

w
a
S
S
T

3000 =

Collisions data

Entries / 6.25 ns

n

()l

o

(=

]
|

2000
1500

10001

500F

oo o N L ]
t 500 1000 1500 2000
0 Time [ns]

Segment fit t| tuning parameter

el ATLAS Prehmmgry W

50

Collisions
data

40

30

20

25 50 75 100
ns

] i i, A [ 2Y .
o -100 -75 -50 -25 0



Muon Spectrometer Alignment

Alignment systems:
Endcap:

optical system

gives absolute positions

Batrrel.

optical system

gives displacements,
using tracks to get
absolute reference

tracks / 0.5 [mm]

M. Woudstra

Assess alignment precision with
sagitta distribution of straight tracks (toroid off)

f 58.97 | 87
225 = Constant 156.7
o Mean -0.033
: Sigma 1 0.928
200 { { Sigma 2 3.846
175 - [ nominal geometry
: alignment corrections [
150
' End-caps
125 |
ATLAS
100 ( 1 .
i | cosmics
75
: . 2008/9
F 1 |
: | data
25 - 5
bt im0 it oo &xq\v,a.y‘;;;;lw.

10 15 20 25
sagitta [mm]

q25 20 -15 -10 -5 0 5

End-caps

Optical systems only
overall mean value
within 40 um
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Entries

400}
3000
2001

700i @ nominal geometry

6001
500 BML2CO3

100}

-q z»z.:-,z _6 -4 ,,A, X ».M,v ».Ii::o XA Fyllossortenen i

Mean -0.001 =0.008

- [ ] alignment corrections \ Sigma 0.430 = 0.012

- (track-based) Barrel
st cosmics
2008/9
data

9%
do

S o
S0, %
KRS

sagitta [mm]

Barrel

typical mean values of sectors:
30 um (large sectors),
70 um (small sectors)



Check if a MS track is reconstructed in
- top hemisphere

Efficiency from Cosmics

* Select events with high quality 'collision-like' ID tracks going through MS barrel

(if pp, > 5 GeV)

- bottom hemisphere (if p, > 9 GeV)

efficiency

0.2

—
T T

0.8
0.6

0.4

| ATLAS preliminary -
Cosmics 2009 il
Standalone muons

o |
e Cosmics Data B

— Cosmics MC
1 | 1 1 Il ‘

Il Il 1 1 1 | Il Il Il Il
5 10 15 20
momentum [GeV/c]

* Efficiency turn-on curve:
Good agreement between data and MC

M. Woudstra

services
- T T T T T T T [T T T T T 11
o 1{:,:::.“30'%"', }W
3 i A ]
@ og- ]
L *04 .
06l Average: b
L 97.4+0.1% .
" 95.240.1% ]
0.4 ATLAS preliminary
- Cosmics 2009 -
. Moore Standalone muons]|
0.2 ¢ Up hemisphere Data ]
- e Down hemisphere Data .
07 "'-ol.slllltl}' — '0[5' T
n of ID track
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Resolution from Cosmics

T

0.18 " 018 —

Compare 2 halves of same track: Q,; * p, 0.31£0.03 = Q{\: p, 0.43+0.04
o  p,0.0388+0.0014 1a p, 0.0390.002
ATLAS 5 F 4%
S 0.10 40.10- p,(0.114£0.018)-10°

- p, (0.248+0.018)-10°

_ Barrel toroid
> coils

E)at

E ATLAS Preliminary -

ATLAS Preliminary

0 E. L ‘ L ‘ 2009 cosm cs data ‘ 0 o ‘ L ‘ 2009 cosm csda\a .
10 102 pT[GeV] 10 10 102 pT[GeV] 103
Large sectors Small sectors
0.18 — 7 048
o P, 029+o 02 - p, 0.39+0.04 E

& | p,0.0297£0.0013 - p, 0.036+0.0017

0.10" p, (0.186+0.016)-10° 2010 p, (0.05£0.02)-10° =

Flttlng funCtIon ; ‘ ATLAS Pre§n!rmu |at: - i AITLAS I;rellmlnary —E
po 0_' L ‘ L ‘ Cosmcssmlatonl ] 01 L ‘ L ‘ osmcssmuato .
=—®DPp,Pp,p, 10 102 p.[GeV] 10¢ 10 102 pT[GeV] 103

Pr Pr
Energy loss fluctuations (p,) : data and MC compatible — Calo material OK in MC
Multiple scattering (p,) : data worse than MC — missing MS material in MC
Intrinsic resolution (p,) : data worse than MC — alignment & calibration not yet optimal
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Collisions at 7 TeV

* Results correspond to a detailed study
on the first 17 nb' of integrated luminosity

* Focused mainly on

single muon triggered events Q;ATI_AS

» Used calorimeter trigger 2 EXPERIMENT

Run: 154822, Event: 14321500

for some studies to avoid bias [t

* Focus on combined and
segment tagged muons

p(K) =27 GeV n(w)= 0.7
p.(u*) =45 GeV n(u*) = 2.2

M =87 GeV
up

M. Woudstra ICHEP 22 July 2010 9



Prompt muon component

* ‘Prompt' u (mainly from b, c¢) contaminated with (late) decays of & and K

T T T
- ATLAS Preliminary Minimum-bias MC]

- [ ]Heavy flavours 1
- [ ] Pion decays E
- [ ]Kaon decays

109 %T Tlel\ TTTT |T|T[|\| U) 350
s ATLAS Prellmlnary =
10°F . Data 2010 s =7 TeV,L=17n0) ] 2 300
107— [JHeavy flavours - @
sf [JPion decays 3 5 250
10" Kaon decays < i
10°E - 200}
10'¢ E 150
3L 2 -
107 100>
10°F 3
10k , E 50,
1E Lo ol e . ot
0 5 10 15 20 25 30 35 40 45 50 }

Muon P, [GeV]

* Determine 'prompt' fraction by
exploiting the double momentum
measurement of combined muons
* Discriminating variable:

relative ID-MS momentum imbalance :

R DU D Lo ]
1-0.8-0.6-0.4-0.2 0 0.20.40.60.8 1

(pID pMS 'Dparam) pID

(plD_pMS_pparam)

P

P param = average energy loss in the Calorimeter

M. Woudstra

Entries / 0.02
ol
o
S

Fit fractions using templates
derived from MC

|||T||l|!lTIIIlIIII‘IlII‘

_IIIIIIIITIIlITI{IIIITIIIIYI'III'IIIIIII

- ATLAS Preliminary 0<n<1.8

* Data 2010 s =7 TeV,L =17 nb™)
—Best fit

----Prompt component

- Pion/kaon component

ID barrel

0
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| oL |\ L1y |"1.4 |
-1 -0.8-0.6-0.4-0.2 0 0.20.4 0.6 0.8
(p, 0 Pus Pparam) Pp

1
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Prompt-muon fraction

Data/MC

Prompt muon component

Measured fraction vs. p_

ID barrel 1 ID endcap
c c L B R
T L L L B L B L B o ; E
3 E 2 0.95 | 5
= | E 8 0.8 JF:L—'— E
= | 3 c 0.7 ] E
o ’ E S 06+ -
S 3 05 * E
e = e 0.4? 7;
S o) = =
“SCATLASPreliminary  hi<18 & 03-ATLASPreliminary  1.8<hl <25 J
“F +- Data 2010 (s = 7 TeV,L =17 nb") 0.2E4 Data 2010 (s =7 TeV,L = 17 nb') 3
1§—|I—Mo‘nte‘Carllolwll[i 0. §+qutepa”0 E
3 E O 14 T ]
Posc— ] % - TN R — 3
T © 0.8F 3
4 6 8 10 12 14 16 18 20 0 0.6t E

4 6 8 10 12 14 16 18 20

Py [GeV] p, [GeV]

Data generally agrees with MC within errors
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Momentum scale & resolution

« Relative MS-ID comparison : Ap/p = (P, — Py )/ Pp

P, - Muon standalone track (at IP, corrected for Calo E-loss)

MDT chambers

MDT chambers

2m

R
|

Resisti¥e plate chambers

Background muons
from (late) /K decays

0

'Prompt' muons

S;’ggl'é(:sf ’?hﬁ) R o | — ‘MS  bias the measurement
measurement .. IreEE w0 o
(‘'signal’) = . Calo
ID
S o ATASPimmy & somrenerooe |
« Disentangle 'signal' and background 5 - jw, e
as for prompt muon fraction 250E- -~ Homy favour 1 MSbarrel |
» Background template: from QCD MC 200 T E
« 'Signal' template function : Gauss ® Landau o E
> gives Scale & Resolution 50— J M E
Rt s R B MY

(pln'pms)lpln
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Momentum scale & resolution

 Barrel

* |D resolution much better than MS
for shown p. range

¢ Sum resolution ~ MS resolution
* Good overall agreement between

data and MC

* End-cap

* |D resolution ~ MS resolution

* Worse resolution in data due to
imperfect alignment

M. Woudstra

Relative Momentum Scale

Scale vs. p,

0.1:\\‘\I\‘\\I‘\\\‘\I\‘\\I‘\\\‘\I\‘I\ ‘\\l
0.08° ATLAS Preliminary 7

b Data 2010,\/s = 7 TeV
0.06 !
oodt J‘|_~17nb‘1 .
o 02; )l <1.05
Oi . A
-0.02F -
-0.04[ .

* Data

-0.06 .
008 ° QCDMC B
_0 1:\\‘\I\‘\\I‘\\\‘\I\‘\\I‘\\\‘\I\‘I\I‘\\:\

"4 6 8 10 12 14 16 18 20
p. [GeV]

Scale vs. p,
o O
S 0.08F ATLAS Preliminary 7
» 0080 D _ ]
e F ata 2010,Vs =7 TeV ]
S 0.06 4
g C IL=17 nb 1
0.04 -
§ ()| > 1.05
= 0.020 =
¢ e ]
= (0] =
% g H}ng':%: : ]
X -0.021 7
-0.041 1
[ * Data

-0.06 3
008 © QCDMC 3
oy T SO TR I I PR
4 6 8 10 12 14 16 18 20
p, [GeV]
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Resolution vs. p..

g 0_1L\ T | TTT ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘ L
g [ ATLAS Preliminary ]
< 0.09— 3
F £ Data 2010,\/s =7 TeV J
* 0.08 =
E g L~17nb" |
€ 0.07F =
2 2 M) <1.05
§ 0.06; -
Z 0.05- e A
[) L T ]
& 0.04F —_—t 7
0.03- 3

f * Data ]

0025 - qcpb Mc E
0.01— — Cosmic Ray Data 2009
OI:\ L | L1l ‘ | ‘ 111 ‘ L1 ‘ | ‘ 111 ‘ L1l ‘ L1l ‘ L \:

e
S

0.06
0.05
0.04

elative Momentum Resolution

R
o
o
@

0.02

0.01F

0.09F
0.08]
0.07

4 6 8 10 12 14 16 18 20
p. [GeV]

Resolution vs. p..

:%%*—*—_

E ATLAS Preliminary
~ Data 2010,\s = 7 TeV E
7J. L=17nb" E
= * Data E
E n(w)l > 1.05 1

> QCDMC -
MC 1

' N Lo bova b beid
6 8 10 12 14 16 18 20
p, [GeV]

NPT
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Low momentum background

7t/K decays-in-flight to u are the main sources of background at low momentum

Test background rejection of muon identification
with pure sample of K°—x*n- candidates

Probe track: highest p; ID track (of K° track pair)

Matched muon:

— reconstructed muon with an ID track = probe track

Number of candidates:
entries in K° mass peak

— 636940 probes (95% purity)
— 644 muons (461 combined)

x10° [L=17nb”
—_— 60_I T T T | T T T T | T T T T | T T T T | T T T I_
> ATLAS Preliminary
= _ - Probes Ns=7TeV |
N 50— -
PN
S 40— —
o or i
30—_ s Data 2010 ]
C (] Pythia MC091
201 .
J'L="‘I:f\r;b'1
r—\240j\ T T | | T T T | T T ‘ T T T \i :
> 2200 + ATLAS Preliminary - ]
=, 0or Matched Ns=7TeV ] 450 500 550 600 650
o E -
Z 180L MuoONS E My (MeV)
2 160F .
S 140/ f
> C .
m R Chain 1 ]
1205 s Data 2010 -
100F 3 Pythia MCOQ_;
80; E
60¢ E
40: =
20 HMNLL 5 E
i R RS AT T S U A N R M|
£0 450 500 550 600 650
my; (MeV)
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Low momentum background

e Fraction: f = Nmuon/Nprobe
* All muons: 0.101+£0.014 %
* Combined muons: 0.070+0.012 %
> Combined muons lower because of better rejection than segment tagged muons

><103 [L=17nb" ><103 [L=17nb" %1073 [L=17nb"
110 \8\ \‘\\\I‘\ Hl\ \\l\\\\ I\I\‘IHI‘\I\I: i 6 \S\\ |\\ T T T \I\l\l\_ j. 4 ATLAls\ \lj\\llll\\‘\\\l \\\\‘\I\I‘_
2 ATLA Preliminary 3 o ATLA Prel|m|nary @ reliminary ]
5 9Ns=7Tev : G o NS=TTeV E G 35M\s =7 TeV =
© 8- Chain 1 = 2 ~ Chain1 € f Chain1 .
£ _t » Allmuons - Data 2010 3 £« Al muons - Data 2010 . B 3 « Allmuons - Data 2010 B
o 75 = Combined muons - Data 2010 © 4L = Combined muons - Data 2010 ] © | = Combined muons - Data 2010 B
& 6L © Allmuons - Pythia MC09 3 S [ < All muons - Pythia MC09 ] § 2.5 o All muons - Pythia MC09 -
8 55 o Combined muons - Pythia MC09 7 § [ o Combined muons - Pythia MC09 7 S [ © Combined muons - Pythia MC09 7
L 7 E £ 3 R £ 2 E
4= =
F —_— g 5 1.5
= | i
P == T ; 1w i ;ﬁ
—_= ] 1 ﬁ’% ¥+ #D :gﬁ %—e
1T = = » ﬁ 0.50
O e FESTTRET FRUE FPURE FURTE PO SATR ST 0 3
1 2 3 4 5 6 7 8P [ge\:]o 0_3 R T e R
T n .
P, Pseudo rapldlty azimuth ¢

* Good overall agreement between MC and data
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Conclusions

* ATLAS Muon Spectrometer performance has been studied with cosmic muons
— The track reconstruction efficiency (barrel): 96.3%

— Momentum resolution (barrel): T _0.31 ®0.039®0.00025 p, (large sectors)
Pr Pr
o, 043

Pr Pr

©0.039@D0.00011 p; (small sectors)

* ATLAS Muon Identification Performance presented with 17 nb* collisions at 7 TeV
— The muon contamination from 7t/K decays determined from data

— Low momentum background from pion decays determined from data
Fraction of pions reconstructed as muons:

* 0.101£0.014% (combined + segment tagged)
* 0.070£0.012 % (combined only)

* Good overall agreement between data and MC both for cosmics and collisions

* The resolution somewhat worse than expected
» non-optimal alignment and calibration in data : affects high p, muons

* too little material in MC : affects medium p, muons (MC too optimistic)

M. Woudstra ICHEP 22 July 2010
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Backup Slides
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Cosmics track cuts

* Efficiency from Cosmics Inner Detector track selection

* Select events with > 1 ID track passing cuts:
* > 20 TRT hits, total = 5 hits in SCT+pixel
s ldg[<1m,|zg|<1m

* Track Xz/ndf <3
*' In|<1,p >5GeV
* Resolution from Cosmics Muon Spectrometer track selection:
e 27/8+5/6+5/6 MDT hits, 22/3 RPC ¢ layers hit
65°< ® < 115°
ldo|<1m,|zg|<2m
|AG® | < 10°, |Ag | < 10° of the pair
NB: no ID track required

M. Woudstra ICHEP 22 July 2010
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Resolution from Cosmics

Apr_,

p T p Ttop+ p Thottom
* Tracks extrapolated to IP and corrected for average energy loss in calorimeter

* Fit function: narrow Gauss convoluted with Landau plus a broad Gauss
* Landau to take into account E-loss in the calorimeters (relevant for low p)
« Resolution opT/pT = (narrow Gauss width + Landau width) / 2

p o, _p ottom . .
“—="2in p; bins

e Resolution from fit to distribution of

M. Woudstra ICHEP 22 July 2010
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Collisions track cuts

* Collision event selection
— 3 ID tracks associated with a reconstructed primary vertex, each having
¢ 21 pixel hit, 26 SCT hits
* Good muon selection
— ID part of track: 21 pixel hit, 26 SCT hits

* Low momentum background K°—x*n- candidates:
— ID tracks with 21 Pixel hit, 26 SCT hits, p; > 500 MeV
— Vertex fit to pairs of opposite charged tracks
V X2/DoF < 15
* transverse decay length between 5 and 120 mm
— angle O between the K° candidate flight direction and
its p vector smaller than 14 mrad (cos© ,, > 0.9999)

— €0sO*>-0.75, toreject A — p*'m
(©* =angle between the p of the K? and the p of its
lowest p; track, in the K° rest frame)

— Probe track: highest p,ID track

* p>3GeV (to reach MS)
« p;>1GeV (kinematics of reco)

M. Woudstra ICHEP 22 July 2010



Momentum Scale & Resolution

« Template fit to (p-p,)/p, spectrum:

* Resolution template:
* Gaussian convoluted with a Landau
* Landau to take into account energy loss fluctuations

* Decays background template:
* derived from QCD Monte Carlo

* Resolution = Gaussian width + Landau width
* Scale = Gaussian mean

M. Woudstra ICHEP 22 July 2010
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