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JHCR The LHCb experiment

and rare decays of beauty and charm hadrons.

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

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

@ TIts primary goal to look for indirect evidence of new physics in CP violation

forward beaming of

@ Nominal luminosity of 2 -1032 cm2 s-! bb in the LHCH
= production of 1012 bb-pairs per year frame
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Main detector requirements
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% Overview of LHCb detector

Main detector requirements
E Good vertex resolution [proper time]
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More details by Andrew Powell during the afternoon session
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modules ® 21 silicon micro-strip stations = 1 /|
with r- ¢ geometry

@ 2 Pile-Up stations used in the trigger

@ 2 retractable detector halves:

. E 8.2 mm from beam with stable beam
collision condition,

B 30mm from beam during injection and MD
module @& 300um foil separates detector vacuum
from beam vacuum and constitutes
beam-pipe in VELO region

Il R-¢ design
- 2048 strips

\ 42 r-gpairs

- 172k channels A

- pitch= 40-100 ym )|

- 40MHz clock [

- DAQ: ~IMHz
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LHCD 7 B
styy Vertex Detector (VELO) =
A=t T
A . Dase Pile-U i = e
g s N n«:fdmzs @ 21 silicon micro-strip s’ra‘rions/ | E

with r- ¢ geometry
/P @ 2 Pile-Up stations used in the trigger

@ 2 retractable detector halves:

| 9 * . E 8.2 mm from beam with stable beam
collision condition,

B 30mm from beam during injection and MD
module @& 300um foil separates detector vacuum
from beam vacuum and constitutes
beam-pipe in VELO region

RF box

=/

Il R-p design
- 2048 strips
* 42 r-¢ pairs
+ 172k channels NN
- pitch= 40-100 um 22|
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& Cluster finding efficiency 99.7 %

@ Hit resolution as fraction of strip
pitch and function of projected
angle

B Measured with hit-track residuals
corrected for track uncertainty

E (Good agreement with MC given
current alignment

Best resolution ~4 ym

Module and sensor alignment known
better than 5 um

Fill-to-fill variation along (x,y) of
relative alignment of two halves
within (£ 5 um, £ 3 um)

More
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e ] Magnet
Silicon Tracker system - ]

@ Track Turicensis (TT) detector
" Upstream of the magnet
" Four planes of Silicon microstrip
sensors (0°, +5°, -5°, 0°)
" Readout pitch 183 pm pitch
® 500 pm thickness

" Area of 8.2 m? covered by Silicon,
143 k strips

@ Inner Tracker (IT) detector

E Downstream of the magnet

o goi’ra‘rions with 4 layers (0°, 5°, -5°,
Readout pitch 198 ym

S 320/410 pm thickness for 1/2 sensor
J19.8cm| ladders

i 1256 cm . Area of 4 m2 covered 130 k readout
strips

.

218 cm
414 cm

—
=
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I —————— Magne:

& 99.6 % of detector channels working
& Hit resolution 55 um
& Misalignment 35 um

1 1 ndl 32,65/ 22
Constant 3502 =39
Alean DM 201 = 00014654
i L2235 = (LMZ0E

B #E 2010 data
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IT ngformance T

@ 98.6 % of detector channels b !22

working of e
& Hit resolution 54 ym of “»
8 Misalignment 16 um o N
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Straw Tubes
3 stations with 4 double layers
(OO’ +50' _50, OO)

straw tube diameter 5 mm
Gas: Ar/C0,/0,=70/28.5/15
56 k readout channels
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OT Performance e

& 99.3 % channel working

@ Space drift-time relation .
corresponds to expectation from R(t) from fit to proton data
test beam data R(t) from test beam i

& Resolution 250 pm, close to nominal

Drift time (ns)

2010 data
2010 mc

I‘:‘"IIII|IIII|IIII|IIII|

c6=250 um

(scaled to unit integral)

residual [mm]
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SR PV resolution

'a Ver'Tex PZSOIUTI.OV\ E 0.04 X P@SOIUTIOH ¥2 I ndf 14.83 /20
E Measure resolutions by '

Xres 0.07913 £ 0.0004682

.. Y resolution

. . £ 0.03 23.1/20
randomly splitting track s
50-025 e Yres  0.07605 0.0004421

sample in two

LHCb VELO Preliminary
\s =7 TeV Data

o

o

N
III|IIII|IIII|IIII|IIII|IIII|IIII|IIII

E Compare split vertices of 0.015 i
ZQUCl' mulhphcﬁry 0.01 :
E Method validated with MC 0.005
O5——36 15 20 25 30 35 '_I'_4'0' k
® PV resolution (x,y,z) with 25 o8
+racks: EF . 221 ndf 35.531 20
T oof Z resolution | 700 4s6- 000286
E Data (15.8, 15.2, 91) pm -% 0'2:_ LHCb_;fELO_Pre.Iiminary
B MC (115, 11.3, 57) pm % orst
o _

@ Room for improvement: M el
alignment, material 0.05- i
description :

05 4015 20 25 303540

nTracks
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Impact Parameter resolution

& IP resolution: i
PX

[ —
A
® Impact Parameter (IP) is defined as the closest ..:f‘“*—«-ﬁ N Tl
distance of each track to the primary vertex: -

B Measure x and y component of impact parameter z

B Assume all tracks originate from primary -
intferaction point A

B Measure resolution as spread of IP distribution ]
@ IP resolution up to 20 pm for the highest pt bins e
& Room for improvement: alignment, material description

IPy Resolution Vs 1/p_ ' IPy Resolution Vs 1/p_

0-095 VELO Closed LHCb VELO Preliminary 0.09 ; VELO Closed LHCb VELO Preliminary
- —— 2010 Data 0.08f —* 2010 Data

- —*— Simulation £ —=— Simulation

0.08

0.07 0.07

0.06 0.06

- £0.05=
EMS? £0.05F
0.04= 0.04—
0,03 0.03—
002 0.02 2%
= 2010 Data: 16.2 + 24.6/p_pum 0012 2010 Data: 15.7 + 24'4‘pr pm
0.01— T L1 . ]
= Simulation: 11.2 + 19.9!pT Lm = L L Simulation: 11.9 + 19.3.4’pT LLm
O es T 15 2 % 0.5 1 15 2

.5
15 (ciGev) 15, (c/GeV)
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LHCD . .
GO Invariant mass resolution

@ Very precise momentum and T-;.’.; 0 bre%?ninary ; J/‘(I(’j—{ ;t e My
i 600 c(data) = e
mass resolution = L[ \3=7TeVData 5(MC) = 11 MeV
& Not yet B field calibration £ 400
& 300

@ Still some room for improvement =

100 %

)] =S U RS R —
2900 3000 3100 3200
o by w*u invariant mass (MeV/c?)
S 10000~ LHCb - T
= 8000 & =7 Tev Dats o(data)=3.3Mev & | oreminary o(data) = 9 MeV
3 oot (MC) oeMey =™F Neo TV Dt s(MC) =7 MeV
c = Z. e ~ [ ]
£ 6000[ : 2 I ]
g ] £ soof -
W 4000 - 5 -
: 400 -

520 540
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Track efficiency

& Efficiency of the tracking system:
B Using Tag and Probe method with

VELO and Calorimeter
T s_ta_ticzn

Long Track

VELO

Long Track ?

CALO

VELO-CALO track

Similar method can be used to

evaluate the efficiency of the

VELO

Tt

Good agreement between data and MC
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This method can be applied also to J/¥ reconstruction
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Track efficiency

Measure tracking efficiencies from data 110

E Matching the VELO segment with a CALO
cluster T station

T _
VELO ____.-----"'"""+
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B Matching the Velo-Calo ’r;‘a_jécfory to the

______________

—— Data

----- MC-official

parameters of tracks found by each tracking > o=
algorithm

200-400

400-600

600-1000  1000-200Q

p; (MeVic)

/ Good agreement between Data and MC
Both methods evaluate:

Ratio (‘%t] ~0.99+0.02

Emc

K Integrated over the full phase space

~
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Events/( 5MeV)
=
T Ilol T

=
T TT
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p= 1863 +-030 ]

Nb = 13771 +- 137
Ns = 2657 +-88 —

a= 0.00084 +-0.00017

I IR RN P AT TN T IR
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o=924-012 ]
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Y

Loy e PR WA e s et
80 1800 1820 1840 1860 1880 1900 1920 1940 1960

my., (MeV)
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a= 0.00041 +/- 0.08013
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o= 69+-0048 3
Nb= 1937 +/-52 3
Ns = 15508 +/- 1287
a=-0.000475 +/- 0.4
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g(data)/e(Monte Carlo) =1.03 * 0.03
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ACY Conclusion

& LHCb was designed with very ambitious tracking performances

@ Very close to reach these performances with the first data

® The first physics results are presented in several talks at this conference:
E First Physics results from LHCb by Sheldon Stone
E PDF Sensitivity Studies using electroweak processes at LHCb by Ronan McNulty
E Particle Production Studies at LHCb by Chris Blanks

E Search for New Physics with Rare Heavy Flavour Decays at LHCb by Giovanni
Passaleva

E Results and prospects for Charm Physics by Vanya Belyaev

B Studies of charmed hadronic B decays with early LHCb data and prospects for
gamma measurements by Susan Haines

E Prospects for CP measurements with charmless hadronic B decays at LHCb
gamma measurement by Ignacio Bediaga

® Prospects for CP violation in BO,— J/psi phi from first LHCb data by Gerhard
Raven

E Search for New Physics with Rare Heavy Flavour Decays at LHCb by Giampiero
Mancinelli
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