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W-uv candidate

in 7 TeV collisions
Charged lepton scale:

Arbitrary number of events

simplified Tevatron simulation simplified Tevatron simulation
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Determine individual ‘sensor’ positions by minimizing y* difference between SCT entoeaps
sensor and reconstructed track positions using cosmic-ray & collision data IR emteaps

Alignment Detector Structures degrees of freedom
level ATLAS used number
Level 1 Pixel: whole detector All 6 - ® Autumn 2010 Alignment ATLAS Preliminary
§§$ EZ:,Z; and 2 end-caps All (efcl;pt T,) 12 © O Pythia Dijet Monte Carlo . . \I/D,;Xfl7b$;|;7l
TRT: 2 end-caps All 12 s ©
Total 41 . o
Level 2 Pixel barrel: half shells All 36 . o o
Pixel end-caps: disks Ty, Ty, R, 18 x
SCT barrel: layers 4 All 24
SCT end-caps: disks 18 T,, Ty, R, 54
TRT barrel: modules 96 All (except T;) 480
TRT end-caps: wheels 80 T,, Ty, R, 240
Total 210 852
Level 3 Pixel: barrel modules 1456  All (except T) 7280
Pixel: end-cap modules 288 T,, Ty, R, 864
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Determine individual ‘sensor’ positions by minimizing )(2 difference between
sensor and reconstructed track positions using cosmic-ray & collision data
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(s=7 TeV (4.7 fb')
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Measurement requires precise calibrations
of momentum scale and resolution

pr = —(Pp + ) ps

W-pv candidate i p
in 7 TeV collisions
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DO Simulation
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DO Simulation h
(b) l I
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CMS preliminary (s=7 TeV (4.7 fb') CMS preliminary {s=7 TeV (4.7 fb’)
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(@) @ndf=142.8/150
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LHC-TeV MWWG Preliminary
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<>.; ) — - fs=1.96 TeV: pp >W —ev;fs=1.96TeV; | L=9. /{lﬂ'h‘er pp — W —ev; fs = 1.96 TeV;
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Decay channel Combined
Kinematic distribution P%

Subset X2, /ndf  dmyy [MeV]
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ALEPH | g 80.440 + 0.051
DELPHI —-—.— 80.336 + 0.067
80.270 + 0.055
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Initial state LO & NLO
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Parameter

a
b
Response
Ny
Shad
f4

70

15
fro

€¢
+
S '3
SE
q¢
Resolution

Description
average response

response non-linearity

spectator interactions

sampling resolution

EM fluctuations at low ur

EM fluctuations at high ur

angular resolution at low ur

angular resolution at intermediate ur
angular resolution at high ur
average dijet component

variation of dijet component with ur
average dijet resolution

fluctuations in dijet resolution

higher-order term in dijet resolution

Source

Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

ig. 526
Fig.
Fig.

523
S23

524
524
525
525
526

526
S27

ig. S27

Fig.
Fig.

ig. S28
Fig.
Fig.
Fig.
Fig.
Fig.

528
528

528
528
528
528
528

mr
—1.6
—0.8
1.8
0.5
0.3
—0.3
—-0.3
1.4
0.2
0.3
0.1
—0.1
—0.1
—0.2
0.1
—0.5
0.1
0.5
—0.3
—0.2
1.8

Events /0.2 rad

Data / Pred.

ATLAS
Vs=7TeV, 4.1 "

® Data
—— Z—u*u~ (before corr.)

[ z—u*u- (after corr.)




4x the integrated luminosity of the CDF i Preliminary

previous measurement

-y
(=]
o

L=8.8fb"

2]
o

Mean number of
Inelastic collisions

D
o

Higher (41): peaks at 3

Y

-
o
~
(7))
Q
=]
©
)
©
c
©
(&]
—_—
=
1
e’
=

" PRD 89, 072003

CDF |l detector consists of




Developed custom simulation for analysis

Muon detectors
(drift and scintillator)

Iron/scintillator CENTRAL PRERADIATOR  CENTRAL SHOWER-MAX

Radius 15.00-19.70 cm

] ]
I ]
I ] E
- - .&_': T
I ] H 2
‘- - - - - : :
B — : :
- - & g
I ] g &
I ]
I ]

1.5

INTERMEDIATE
5 LAYERS SILICON LAYERS




Source
Z/v" = pp
W — tv
Hadronic jets

Fraction
(%)
7.37+0.10

0.880 +0.004 0.1 (0.0) 0.1

0.01 £0.04

Decays in flight 0.20 £ 0.14

Cosmic rays
Total

0.01 £0.01
8.47 £0.18

(5MW (MeV)

mr fit

7 fit pr fit

1.6 (0.7) 3.6 (0.3) 0.1 (1.5)

(0.0) 0.1 (0.0)

0.1 (0.8) -0.6 (0.8) 2.4 (0.5)

1.3 (3.1) 1

3(5.0) -5.2(3.2)

03@0)05@0)03(0@

2.1 (3.3) 3

9 (51) 5.7 (3.6)

Fraction dMw (MeV)

Source (%) mr fit pﬁfp fit  pp fit

Z /7" = ee 0134j:0003()2(
W — 1v 0.94 +0.01 6 (
Hadronic jets 0.34 & 0.08 2 (

3 (

0.3
0.0
1.2
Total 1.41 4+ 0.08 1.2

) 0
) 0
) 0
) 1



Source Uncertainty (MeV)

Lepton energy scale

Source of systematic mr fit ph fit pr fit
uncertainty Electrons Muons Common |Electrons Muons Common |Electrons Muons Common

Lepton energy scale 5.8 2.1 1.8 . . . 5.8 2.1
Lepton energy resolution 0.9 0.3 -0.3 . . . 0.9 0.3
Recoil energy scale 1.8 1.8 1.8 . . . 0.7 0.7
Recoil energy resolution 1.8 1.8 . . . . 5.2 5.2
Lepton u) efficiency 0.5 0.5 . . 2.6 2.1
Lepton removal 1.0 1.7 2.0 3.4
Backgrounds 2.6 3.9 . . 6.4 6.8
pZ model 0.7 0.7 . . . . 0.9 0.9
py¥ /p% model 0.8 0.8 : ) ) . 0.9 0.9
Parton distributions 3.9 3.9 . . . . 3.9 3.9
QED radiation 2.7 2.7 . . . . 2.7 2.7
Statistical 10.3 9.2 14.5 13.1
Total 13.5 11.8 : 16.0 14.1 7.9 18.8 17.1




AS, =-0.6 = 0.6,

2/dof = 4.2 / 2
Xz - 12 %

%

Events / 0.17

ASg =-203 =173, ppm
x2/dof = 42/ 40
P.=35%

Prs =99 %

N~
o
<
o
~
%2]
e
-
o
>
L

v2/dof = 9.3/ 4

PX2=5%

45 50 55
EZ/ GeV (Z—ee)




Simulation Data

u=6332 +5MeV u=6334 +2MeV
c=3563 =1 MeV o =3568 +2MeV
A = 0.47 A = 0.47
K =-0.63 K =-0.62

Events / GeV

x2/dof=18/14
Pys=15%

Simulation Data

u = 7940 MeV u=7928 =11 MeV
o0 =5131 MeV 0=5129 =7 MeV
A =0.92 A =0.93 = 0.01
k =0.38 k =0.42 = 0.01

>
©
Q)
~
2
c
[
>
L

%2 | dof = 28 / 24
Ps =43 %

Events / GeV

Events / GeV

Simulation Data
u=6344 +5MeV u=6338 =3 MeV

0=3569 + 1 MeV o =3568 =2 MeV
A =0.46 A =0.47
k =-0.64 k =-0.61

x2/ dof =26 / 14
PKS=1'8%

Simulation Data
u = 7972 MeV w=7923 + 20 MeV

o =5141 MeV 0=5123 + 14 MeV
A =0.91 A =0.92 +0.01
k =0.36 k=0.4 +0.02

2/ dof = 26 / 24
Py =8.3%




Events / 2 GeV

>
()
)
9\
~
[%2]
-—
c
o
>
L

o
N

Simulation

n=-198 + 4 MeV
0 =4928 = 3 MeV
r=0
k =0.1

Simulation
u=1=2MeV
0 =5398 + 3 MeV
A=0
k =-0.09

2 /dof =18/ 14
Pys = 44 %

+2 / dof =24 /14
Pys = 8.3 %

Data

u =-202 + 3 MeV
0 =4927 =2 MeV
r=0
k =0.18

10
Uy (W—uv) (GeV)

Data

u=11=+3 MeV
0 =5398 =2 MeV
A=0
Kk =-0.03

Events / 2 GeV

Events / 2 GeV

Simulation
u=-291 = 4 MeV
0 =4906 = 3 MeV

A =0.01
k =0.1

Simulation
u=1=2MeV
0 =5434 + 3 MeV
A=0
k =-0.11

Data
u=-297 +4 MeV
0 =4890 + 3 MeV

A =0.01
k =0.19

2/ dof = 53 /14
Pes =14 %

10
u, (W—ev) (GeV)

Data
u=3 =4 MeV
0 =5432 + 3 MeV
A=0
k =-0.05

2/ dof=11/14
Pys = 76 %

10
u (W—ev) (GeV)




Muon Electromagnetic E, (MeV) Muon Hadronic E, (MeV)

60 61 60 16 17 16

60 62 61 16 17 17

62 82 66 17 18

63 70 17 19

61 62 17 17

60 61 16

Muon Towers Muon Towers

e T e e " —5— ¢
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(GeV) / GeV
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N

3-Tower E
3-Tower E




First step is to transfer the track calibration to the calorimeter (E/p) using W & Z decays

25 GeV
—50 GeV
100 GeV

electrons / 0.002

Tower Thickness (rg) Number of lead sheets
17.9 30
18.2 30
18.2 29
17.8 27
18.0 26
17.7 24
18.1 23

v2/dof =2.2/5

! e T X2 = 82 %
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
electron leakage fraction

----29 layers

electrons / 0.002

—30 layers

17.7 21 31 layers

38 40 42 44 46 48
18.0 20 ] ES / GeV (W—sev)

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
electron leakage fraction




»2/dof = 62 / 58
X2 - 31 %
Ps =95 %

»2/dof = 45 / 38
X2 - 19 %
Pys =97 %

Events / 0.5 GeV
Events / 0.5 GeV

100
track m,, (GeV)

s2/dof = 64 / 66
X2 - 53 %
Prs =99 %

»2/dof = 35 / 38
X2 = 60 %
Pks =96 %

Events / 0.§)Gev
(@]
(e)
Events / O.QGeV
(@]
(e}

Lty ]

90
track m,, (GeV)




y2/dof = 36 / 38 tracker
P.=51%
Pys =99 %

v2/dof = 45 / 38 calorimeter
P.=17%
Pys =85 %

Events / 0.5 GeV
Events / 0.5 GeV

+2/dof = 62 / 58
P.=31%
Ps = 95 %

+2/dof = 45 / 38
P.=19%
Pes =97 %

Electrons Calorimeter Track
E/p < 1.1 only 91190.94+19.7 91215.2+224

Events / 0.5 GeV
Events / 0.5 GeV

E/p>11and EF/p<1.1 91201.1+21.5 91259.94+39.0
E/p > 1.1 only 91184.5+£46.4 91167.7£109.9

90
track m,, (GeV)

»2/dof = 64 / 66
P.=53%
Pos =99 %

J2/dof = 35 / 38
sz = 60 %
Pye = 96 %

Events / O.QJGeV
Events / O.iGeV
o
o

90
track m,, (GeV)




Source J/¢ (ppm) T (ppm) Correlation (%)
QED 1 1 100
Magnetic field non-uniformity 13 13 100
Ionizing material correction 11 100
Resolution model 10

Background model 7

COT alignment correction 4

Trigger efficiency 18

Fit range 2

Ap/p step size 2

World-average mass value 4

Total systematic 29

Statistical NBC (BC) 2
Total 29




Third step is to calibrate the scale using Y decays to muons

I
o

Ap/p = (-1380 = 1ostat) ppm

Ap/p = (1371 + 135tat) ppm

v2/dof =82/ 70 v?/dof =52 /70

events / 5 MeV
events / 5 MeV

N
o

with constraint without constraint



Residual tracker misalignments studied using difference in E/p between electrons and positrons




Method or technique impact

Detailed treatment of parton distribution functions +3.5 MeV

Resolved beam-constraining bias in CDF reconstruction +10 MeV
Improved COT alignment and drift model [65] uniformity
Improved modeling of calorimeter tower resolution uniformity
Temporal uniformity calibration of CEM towers uniformity
Lepton removal procedure corrected for luminosity uniformity
Higher-order calculation of QED radiation in J/¢ and Y decays accuracy
Modeling kurtosis of hadronic recoil energy resolution accuracy
Improved modeling of hadronic recoil angular resolution accuracy
Modeling dijet contribution to recoil resolution accuracy
Explicit luminosity matching of pileup accuracy
Modeling kurtosis of pileup resolution accuracy
Theory model of p}¥ /p7 spectrum ratio accuracy
Constraint from p'¥ data spectrum robustness

Cross-check of p#7 tuning robustness
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w2/dof = 33 / 30
P.=29%
P.s =88 %

Events / 0.5 GeV

—_i
o




v2/dof = 46 / 38
sz =16 %
Ps =93 %
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