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LHCb is an experiment dedicated to heavy flavour physics at the LHC.

Its primary goal to look for indirect evidence of new physics in CP violation and
rare decays of beauty and charm hadrons.

bb - pairs produced predominantly close to beam direction =>Forward
spectrometer: 1.9<n<4.9
Requirements:

= High precision measurement of primary and secondary vertex =» proper time
= Good momentum resolution Ap/p = 0.4% - 0.55%
= Good particle ID
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Main detector requirements

E Good vertex resolution [proper time]

E Momentum resolution (MC): Ap/p = 0.4% - 0.55%

E Good particle identification [K/m separation] SPD/PS

M
HCAL
S agnet / }\3 RICH2 . ECAL -

M1

'Loc(gofg _

f ! =k
o i
LS sl
LA )

Silvia Borghi Vertex2011, 24 June 2011




2@ overview of LHCD detector

Main detector requirements
E Good vertex resolution [proper time]
® Momentum resolution (MC): Ap/p = 0.4% - 0.55%

¥ Good particle identification [K/m separation] SPD/PS M2
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= "
-

Vertex detector Silicon tracker

m 21 silicon micro-strip stations with r-  wTpack Turicensis (TT) detector
¢ geometry = Upstream of the magnet
m 2 retractable detector halves: = Four planes of silicon micro-strip (p on
= 8.2 mm from beam with stable beam n) sensors (0°, +5°, -5°, 0°)

condition : ,
' L = Readout pitch 183 pm pitch
= 30mm from beam during injection and MD = 500 pum thickness

= 300pm foil separates detector vacuum « strip length from 9 to 37 cm
from beam vacuum and constitutes « Area of 8.2 m2 covered by Silicon
beam-pipe in VELO region . 143360strips '

[More details in K. Akiba talk]
- mInner Tracker (IT) detector

=Downstream of the magnet
=3 stations with 4 layers
(0°, 5°, -5°, 0°)
= Readout pitch 198 pm

= 320/410 pym thickness
for 1/2 sensor ladders

= Area of 4.2 m?2 covered
129024 readout strips
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P& LHCb Tracking

VELO tracking using r and ¢
hits
= Same tracking in trigger and in
offline data processing

No momentum information for
backward tracks = needed for
improving PV resolution

Long tracks

Extrapolate VELO tracks and 7 <

e
T o ]

associate hits in T-stations

Combine VELO tracks with VELIO track
seeds from T-station
Add TT hits for resolution

Track fitting with bi-directional
Kalman filter and detailed
material map
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%l Track efficiency

m Efficiency of VELO tracking:

= Using Tag and Probe method with
J/y—pp sample

LHCb —Pama 201
Preliminary

T station CALO

TT

Jy—un S _

\/

Good agreement between data and MC AN RN R RN R
2 4 6 8 10
Pt [GeV]

=)

m  Similar method can be used to CALO

evaluate the efficiency of the Long Track
tracking system

= Selecting K—nr or J/y—pp ., Long Track ?

VELO-CALO track
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Alignment




First method

= Module and 2 half alignment by / X Unbiased track fit
method based on Millepede /, ‘ )\ @ Hit on sensor

= Sensor alignment by an histogram Ty TN
method, used also for monitoring =

Second method res.(R) = —AXcos @, +Aysing,..,

= Global XZ minimisation based on r'es-(@) = AXSin¢track +Aycos¢track +A7 Mrack
Kalman track fit residuals. Survey align. Track align.

Sensor alignment better than 4 um
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m VELO centred around the beam for Fully open
each fill when the beam declared B

stable

m PV method:

= Reconstruct PV using tracks in left

or in the right side

= Evaluation of misalignment by the
distance between the 2 verftices

m Stability of 2 half alignment by PV
method:

= within £ 5 um for Tx
= within+ 2 um for Ty
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2 g, alignment

= Method: IT residual bias L2l alis
1 [ “laomn

Global %2 minimisation based
on Kalman track fit residuals

track t residual

applying also mass constraints
(J/¥ and D° masses)

No sensitive o Ty alignment

S TTTT

= Alignment precision evaluated _ Residual bias (mm)
by the bias of the residuals TTresidual bias |07, .0%y
= IT Misalignment 11.1 pm Sume . ooirriz0meies
= TT Misalignment 17.7 um

. N = o P T ]
-0.05 0.05 0.1 0.15
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2 g, alignment

ST modules have gaps due to
insensitive Guard Rings and edges
in Y hits distributions.

Extrapolation VELO tracks to the .
IT and TT stations N

. T Av 7
evaluation of y misalignment b Balcony
Pitch Adaptor

To disentangle y misalignment and RS“zwf;h:fd Readout Chip Silicon Sensors
: * eadout y D11
effect due the magnetic field o

magnet of f data for alignment
magnet on data for validation
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Hit resolution




%A v ELO: hit resolution

= Main dependence:
= strip pitch

o Br'ojec‘red angle (the angle
etween the track and the
strip in the plane
perpendicular to the
sensor).

m Other factors:

= Charge sharing as function
of fractional strip position

(n)

= work on progress for n
correction implementation

m Hit resolution:
= Best hit resolution 4 um
= (Good agreement with MC

= Improvements expected
with n correction

Silvia Borghi
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A4F Preliminary
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2iloe] gr. hit resolution

—
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o 1T (320 um)
o IT (410 um)
TT (500 pm)
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m Dependency:
= Strip pitch
= Charge sharing

= Cross talk due to capacitive
coupling between the strips

Lorentz angle: bias of
cluster position due to the
presence of By, q
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m  Tuning of Monte Carlo with
the measured parameters

deflecf
tan(®) = -
I I I I I 1 1 I I
-0.1 0 0.1
tangent of the track angle dx/d:=

Fraction of symmetric 2-strip clusters
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2iloe] gr. hit resolution

m  Hit resolution
= IT:58 um, strip pitch 190 um
= TT:62 pum,strip pitch 183 um

m The difference with respect to RRTINNE =\ e
Monte Carlo due to: Residual (mm)

= some difference in the gain
= status of the alignment Residuals of TT
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Physics
Performance




| X and Y resolution - offline, exactly 1 PV |

m Vertex resolution = 005

= Measure resolutions by Eo.04s
random!y splitting track § 0.04

20.035
sample in two 2 0.03

x

= Compare split vertices of 0.025
equal multiplicity 0.02

0.015

s Method validated with MC 0.01

0.005
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10 15 20 25 30 35 40

u PV I"CSOILITIOH (X,Y,Z) WlTh 25 nTracks

TI"GC kSl | Z resolution - offline, exactly 1 PV |

* Data (13.0, 12.5, 68.5) um "
= MC (10.7, 10.9, 58.1) um

¥* I ndf 59.8/33
Prob 0.002913
X - Const 0.1061= 0.009001
Power 0.6605 + 0.0661
Epsilon  0.0004835 + 0.001658
¥2 I ndf 43.56/ 33
Prob 0.1034
Y - Const 0.1164 = 0.0121
Power 0.7626 + 0.07157
Epsilon  0.002562 + 0.00129
LHCb VELO Preliminary

\'s =7 TeV 2011 Data

i
i

]]I[[]]]]ITTH[H]]]I[[wHH[HH]TTTI[HH]HH

#2 I ndf 47.78133
Prob 0.04628
Z - Const 0.8578 + 0.1154
Power 0.8448 + 0.08233
Epsilon 0.01458 + 0.00751

LHCb VELO Preliminary
\'s =7 TeV 2011 Data

0.25

o
o

S I I I I I O
I I 1 I I

Resolution (mm)

= Room for improvement

1 1 1 | 11 1 1 | 111 1 | 11 1
30 35 40
nTracks
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m Vertex resolution

= Measure resolutions by
randomly splitting track
sample in two

= Compare split vertices of
equal multiplicity
= Method validated with MC

72 | ndf 59.8/33
Prob 0.002913
X - Const 0.1061= 0.009001
Power 0.6605 + 0.0661
Epsilon  0.0004835 + 0.001658

2 I ndf 55.32/33
Prob 0.008784
X - Const 0.1327 + 0.01319
Power 0.9014 + 0.06391
Epsilon  0.003366 + 0.0008021

LHCb VELO Preliminary
Data 2011-MC10 comp

i
]

TR B A B

m PV resolution (x,y,z) with 25

1L l Ll L
30 35 40
nTracks

tracks: ["Z resolution - 2011 data and MC10, exactly 1 PV |

0.3

* Data (13.0, 12.5, 68.5) um
= MC (10.7, 10.9, 58.1) um

0.25

—_—

0.2

Resolution (mm)

v
-

= Room for improvement

¥ I ndf 47.78 133
Prob 0.04628
Z - Const 0.8578 £ 0.1154
Power 0.8448 + 0.08233
Epsilon 0.01458 =+ 0.00751

2 I ndf 67.48/33
Prob 0.0003701
Z - Const 0.6872 + 0.06339
Power 0.7859 + 0.063
Epsilon  0.003352 + 0.006235

LHCb VELO Preliminary
Data 2011 - MC10 comp

PRI B

(4]
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[ IP rlesolu-rion: ‘IPX Resolution Vs 1Ip_|_|

100
. . =7 TeV
= defined as the closest distance a0 S=T TV

of each track to the primary 80
vertex 70

Measure x and y component of 60
Impact parameter E 50

Assume all tracks originate from 40
primary interaction point 30

Measure resolution as spread of 20
IP distribution 10

m IP resolution down to 13 um for
high p,

LHCb VELO Preliminary
c=132+ 24.7:"pT wm
1 I1!5\ 1 1 1 2| 1 1 | 1

°O

1 \2-5 1 1 1 3
1IpT [c/GeV]

IPy Resolution Vs 1/p_
100

Els =7 TeV

90— —— 2011 Data

80

70
60

£
= 50

40

30

20

LHCb VELO Preliminary
c=122+ 24.4:"pT wm
1 I1!5\ 1 1 1 2| 1 1 1 | 1

10

°O

\2-5 1 1 1 3
1IpT [c/GeV]
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m IP resolution: ‘IP Resolution Vs 1/p_

l]'l]
. . TeV
= defined as the closest distance 0057 D05y Data

of each track to the primary —— Simulation
vertex

Measure x and y component of
impact parameter

Assume all tracks originate from
primary interaction point

Measure resolution as spread of
IP distribution

IP resolution down to 13 um for
high p,

LHCb VELO Preliminary
2011 Data: 6 =13.2 + 24. 7!p pm
Slmulatlon c=11.2+ 21. Ofp um

e PRI B!
1 15 2

\

=)

1.~'p [c!GeV]

IP, Resolution Vs 1IpT

s=7 TeV
—e=— 2011 Data
—=— Simulation

MC resolution down to 11 um %0l

80
70

Possible cause of discrepancy
= Alignment effect 3
= Material description 40

30

m
o
=]

20 LHCb VELO Preliminary
2011 Data: 6 =12.2 + 24. 4!p pm
Slmulatlon c=113+ 20 5fp um

-
o

o T

15

o=

1 pr [cf GeV]
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‘ IPy Resolution Vs 1/p_

m Alignment effect:

= Improving alignment closed the gap
between data & MC at high p+. »

= Difference between gradients remains "
roughly constant.

90 = 2010 Data,\s =7 TeV
—=— Align. v2.2
—— Align. v3.0
—a— Align. v4.1

LHCb VELO Preliminary
Align.v2.2:6 =199 + 22.8pr Lm

Align. v3.0:6 =14.4 + 23.8/p_um
Align.vd1:6=13.0 + 24.1r'p_r wm
P N I

P
1.5 2 25 3
1,’|:nT [c/GeV]

m Material effect:
= RF foil thickness
250 um instead

z f VELO Closed LHCb VELO Preliminary
of 300 um "F —+— 2010 Data old align.

> small change in | SRS o i S8 a0
the slope "

= Missing other material?

= detailed material scan : " 2010 Data: 16.2 + 24.6/p_ um

study by vertex interaction - Sim. 300 um Foil: 1.2 + 21.0/p_um
’ Sim. 250 um Foil: 11.2 + ‘i9.9.~"pT um

1 1.5 2

175 (ciGeV)
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28 Material study

Use detector model in simulation to
estimate material budget

= Largest contribution from RF foil (~42%)
Use vertices of hadronic interactions with
material to map VELO
The #interaction(Si) has

#interaction( RFA)A
between data and MC

= Good description of total material . -
500 1000

Changing the Geant setting, size of Vertex z (mm)
multiple scattering is changing

Connectors 0.49% (2.3%) II;H(I:.b \.’ELO
Paddle+Base i Imlnary

0.39% (1.8%) Constraint System
0.54% (2.5%)

|

|

LHCb VELO Preliminary
50—

a0fF

30

good agreement

Sign(Vertex x) * Vertex r (mm)

W.F. Suppressor

0.23% (1.1%) I," Kapton Cables
| o/ (9 Qo

Cooling Block Iu' If__ 62% (2.9%)

0.08% (0.4%) | '/ RF.Box 1.05% (4.8%)

Detector Supports

0, 1.47% (6.8%)

\ Hybrids
| 3.14% (14.5%) SRe?l g% rg)

R.F. foil . / RF 'liQi,'..

9.13% (42.1%) . . I "."u‘. _
* * *

//';Sensors *us® 160 180
o,
4.57% (21.1%) Vertex z (mm)
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m IP resolution: ‘IwaFfesolution Vs 1/p_

= Impact Parameter (IP) is defined %
as the closest distance of each 80
track to the primary vertex:

Measure x and y component of
impact parameter

Assume all tracks originate from
primary interaction point
Measure resolution as spread of
IP distribution

m IP resolution up to 13 um for E[..,R iution Vs 1/
high pt esolution vs p.r

s=7 TeV
—e=— 2011 Data
—=— Simulation

s=7 TeV
—s— 2011 Data
—— Simulation

LHCb VELO Preliminary
2011 Data: 6 =13.2 + 24. 7!p pm
Slmulatlon c=11.2+ 21. Ofp um

e PRI B!
1 15 2

\

=)

1.~'p [c!GeV]

90
80

m MC resolution up to 11 um

70
60

um
(4]
o

m  Still under investigation the
discrepancy between data and
Monte Carlo

IS
)

]
(=]

LHCb VELO Preliminary
2011 Data: 6 =12.2 + 24. 4!p pm
Slmulatlon c=113+ 20 5fp um
L Ll

-
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o T

15
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1 pr [cf GeV]
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2 0o os measurement

m Very precise momentum and
mass resolution cDF

m Mass measurement: CDF

DELPHI

= world best measurements for ALEPH | |
PDG average

B,.B,.B, and A, after one year 562019 1.60
Of da.l-a Taklng LHCb Preliminary  *

New average )
5619.6 + 0.66 |

620 3630 54640 3830 5660 247
Ay, miass [MeVicT)

T

LHChH
Preliminary

B mass

Sa= T TeV Data L=34.5 ph

N g = 183238 Bd — -_}-/‘LE{-S

M = 527061 + 029 MeVic
G, =862 +0.26 MeVie’

CDF
CLEO2

CDF

PDG average
5279.48 £ 0.47

LHCb Preliminary (J/¥K")

LHCDb Preliminary (J/'YK,)

New average
5279.55 £ 0.17

T I|IIII|IIII|IIII|IIIr|lII|IIII|IIII|I

1 IIIJIIlIIIllIIlIlIlIl'lI IIIJIIllIII|I

L

535 5
m J,.; v .?Me\f’fc”]

277 5278 5279 5280 5281 5282 5283
B mass [MeV/c?]
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m Proper time resolution ~50 fs

= Many physics results, one example

= Competitive measurement of B] — B. mixing frequency
Am with 36 pb! Am =17.63 0. 11 (stat) + 0.04 (syst.) psiEheP

Preliminary

T | T T T T | T T T T
LHCD preliminary
\s=7TeV L=35pb’
B’ Jhy K,

- 4
2 10
Ly
]
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10

10°
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2] & o clusion

m Excellent performance of the vertex and tracker
detectors in LHCb experiment:
Good understanding of tracking and alignment
High track efficiency
Hit resolution for VELO down to 4 um and for ST ~190 um
PV resolution at ~13 um
IP resolution down to 13 pum
Good momentum and mass resolution
Proper time resolution 50 fs

m Given a powerful tool to obtain a lot of new physics
results ...

and maybe also observation of New Physics!
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Backup



Evaluation of efficiency in the

test module, not used in the
tracking
= 1 module test each 5 modules
0 2 4 6 8 10 12 14 16

= Same method as Charge
Collection Efficiency

Extrapolate each track to the

test sensor

If the extrapolated point in the
sensitive area

Check the cluster in the
neighboring strip

%o)
|

RS S R o P b S T PV
w P £ bt ﬁ' b4

4
= *

Cluster finding efficiency (

Overall efficiency is 99.5%
including the known bad and | |
dead strips T

Module Number

IIII\I\II[I[III[]II
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P ST: Hit efficiency

m Measure efficiency with tracks
p>10 GeV.

= TIsolation criteria to reject
ghosts.

= Efficiency varies as function of
window size: 25 mm (TT) and 1
mm (IT).

(=]
=

(=1
=

LHCb
Preliminary

=
=

IT efficiency [%]

ra
=

Efficiency Num. found hits ey . 5
Y Num. expected hits Window [mm]

= Noise cluster rate : O(10-5)

=
(=]

e —— Al tracks
LHCb ¢ |== with TT hits
m Overall efficiencies : Preliminary & |=5wlo TT hits
= IT:99.7 %.
= TT:993 %.

Unbiased TT hit residual [mm]
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VELO centred around the beam for Fully open
each fill when the beam declared A
stable
Special Data taking condition at
beam energy below 7 TeV:
= at 0.9 TeV = VELO at + 10mm
= at 2.8 TeV = VELO at + 5mm
Motion system high precision for
opening distance < 5 mm

= Not foreseen other positions than
fully closed P Scale factor of 0.57%

= Observed large misalignment

Calibration of resolver position using
PV method

4

Y

isalign.(mm) = (0.0057+-0.0001 ) * OpenDistance‘,.“"'
i ¢

2 half X misalignment [um]

C’-‘HIlIIIIIiIlIIIIIII|IIIIIIII1TEI

Y R TR TR RN TN N T
50 60
VELO opening distance [mm]
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LHCb |~ Metrology
Preliminary

—=— Track Align.

=290 °

positive residual

positive residual negative residual

uIIIlIIIIIIII |IIIIlIIIIII

1 M
100 X unbiased track fit @ hit on sensor

¢ [degree]

mean of unbiased residual [um]

.L'Hébl o ' .—o—Metrology

Preliminary -=— Track Align.

/ f
4 X ¢=00° | $=90°

/ negative residual

L L positive residual negative residual
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100 X unbiased track fit @ hit on sensor
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28 Material study

LHCb VELO Preliminary average = 0.221 Xo

Material budget S p—————— -

Use detector model in simulation to | __
estimate material budget : ¥ Material

Average particle leaving VELO sees 0.217 S8 budget from
X, material for 1.6<n<4.9 - A intpnt to

Largest contribution from RF foil (~42%)
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Cluster size as function of the
projected angle
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