Andrei Golutvin (Imperial College & CERN & ITEP)
On behalf of the LHCb collaboration

Preparation of LHCD
for data taking

O LHCbisfully installed (except M 1) and commissioned as reported
to LHCC at July open session

 Topics of thisreport are alignment of LHCb detector
In time & space
using cosmic and LHC beam induced data



Q For all sub-detectors >95% channels are working
Q Calo and Muon L0 is fully operational and heavily used during commissioning
O On line is fully operational for 2008 needs (currently readout at up to 70 kHz)
Completion of the installation is planned for spring 2009 to optimize
cost performance
O LHCb hasrun shifts (24 hours/7 days) since middle of August:
Central crew of 2 persons ( + shift teamsfor Silicon detectors & piquet2
for the rest)



Data Samples

Jd Cosmic

1 TED events. muons originating from
the stopping of Beam 2 (~300 m away from LHCb)

d Runstaken during the circulation
of Beam 1 e —
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Cosmic data taking is non-trivial because of horizontal orientation of LHCb
Nevertheless nice events have been collected

Wednesday 2" July: CALO + Muons + OT +IT+ TT
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TED events (stop of Beam 2)

Muon tracks cross LHCb in the “wrong” direction
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LHCD sees tracl!s from the LHC
injection tests on August 24
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Number of tracks per event

Beam 1 _ 1 Shot every 48 sec | tracks per event with > 10 OT hits | E:'tl'r:'.:a;:ksPeerE\;1
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methods are based on a possibility to read out 15 consecutive samples:
N-7,..,N-1,BX,N+1,... .N+7

http://Ihcb-reconstruction.web.cern.ch/lhcb-reconstruction/Panoramix/PRplots/MediaDay/Beam1/beam1_ot.gif

Muon cosmics & TED

Calorimeters  cosmics

RICH TED

oT cosmics & particles from beam 1 splashes
ST cosmics & TED

VELO TED

» HCAL & ECAL trigger used for cosmic data
» SPD multiplicity and Muon triggersfor the TED and Beam-1 data
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Calorimeter time ali gn MeNnt (using cosmic data)

Intensive use of ECAL & HCAL for cosmic triggers since 12/07:
— Operate ECAL/HCAL at 10*™*5 gain at ~10Hz / half detector rate
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Method

5 o~ A

— Strategy:

» Equalize a priori timing difference among channels

» Adjust relative detector timing (HCAL, ECAL, PS, SPD) using
cosmic with the asymmetry method.

— Method:

SPDIPS ECAL HCAL ,
T
S
top >forward T/’X

bottom —" backward

Nevt Nevt

ZEZ.]. (Current)— ZEU (Next)
R_] —_ i

Nevt Nevt

ZEU (Current) + ZEU (Next)

v

v

v

Signal coax cables are equals for all ECAL cells
and all HCAL cells (but HCAL #ECAL)

Calculate average X, Y in ECAL, HCAL. Decide
from Y value which detector was traversed first

From ADC values in two samples calculate
asymmetry and from the average asymmetry over
cells the time of passage of the cosmic
Calculate sqri(AX**2 + AY**2 + AZL**2) = AL
=distance between the two detectors for a given
event
Plot THCAL - TECAL vs AL the slope should be
the speed of light; the intercept should be related
to timing error
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[ Mean{Asymmetry}in the ECAL |
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PS and SPD are aligned to ~5 nsas well
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Muon time al| gn MEeNT (using cosmic data taken on Sept.18)

Calo Trigger:
Time alignment of ~3 ns observed for the forward tracks for all Muon stations
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RICH time alignment

(Special procedure needed since RICH photon detectors
cannot take consecutive bunches)

O Internal timing of RICH system has been determined using pulsed laser light
(<1 ns) piped onto HPDs by optical fibre

Q = Uniform illumination of the HPD planes of RICHI & 2
1) Coarse scan  2) Fine scan (after coarse alignment)

o | Trending plet: #hits in RICH | :'.""“ 1:: (Q\| | Trending plot: #hits In RICH | fovies 50
+ 2000 s s + I
S ol /RICHI S
P auun:— g
> 7 R
N aooof ~ Qk)
S 2000[ / §
: L
=, e =,
550" 100 150 200 250 300 350 400 450 500 Dwwbiuliabudiuluebiliolualud
Event number in run — 50 ng —

(as timing was changed) ;



O Coarse time alignment to the rest of LHCb has been achieved using LHC

g

Number of hits/event

beam dumped onto TED (i.e. Beam 2)

Triggered by calorimeter system, trigger delayed in 25 ns steps

O For Beam 1 only RICH2 has been switched on so far
Timing set as determined from TED runs, and many hits seen!
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Fine alignment still to be done
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OUter TraCker t| me a.l | gn ment (using 6 Beaml splash events)
I'DC spectra of all OT chambers

Run 33062:

6 events with
~50 tracks/event
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Silicon Tracker time alignment with cosmic data--
O [T is a large system: 4 different cable lengths, 3 different time of flights

O 12 timing parameters to determine

O First global + internal time alignment made using cosmic data

Cosmic track
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IT time alignment using TED events

(all in a very dirty environment: 10 times occupancy expected in normal runn/ng,

IT pulse shape scan from TED running (5/6 September)
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I nternal time alignment of I T good to few ns can be extracted
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TT time alignment using TED events

I'T pulse shape scan from TED running (5/6 September)
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| nternal time alignment of quadrants can be extracted from TED runs

with a few nsaccuracy
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VELO time alignment (TED events)

Cluster Charge

[1 The Coarse Time alignment was achieved during the TED runs:

ClusterADCVsSampleForTell_T1_264_S 024

ClusterADCVsSampleForTell_T1_241_S_039
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L1 No large time spread over the sensors observed: peaks are
between the Prev1 and the Central Trigger.

L1 The fine tuning for each sensor has to be done with the LHC
beams with NZS data over a few consecutive triggers.
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Spatial alignment

Strategy:

O Use cosmic data, whenever possible, to make internal
alignment of sub-detectors (example: QOuter Tracker)

U For the final alignment use long tracks reconstructed
in VELO & other tracking detectors = need collisions
(first attempts have been done using TED events)
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Outer Tracker stereo layer alignment

Stereco layer
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Number of tracks per event

TED events
VELO: number of Tracks and space points
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Track angle [rad]

Mean= 17 mrad
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TED events:
VELO -TT tracks

Good guality of the track fit

chi2/ndof # TT hits
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In average 4 hits per Trigger Tracker
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TED events: Residuals in TT station

Residual for TT/TTb/TTbVLayer Residual for TT/TTb/TTbXLayer
Entries 3948 C Entries 3591
C ¥ | ndf 89.53/ 96 s £/ ndf 136.7 / 95
25 po 19.52 +2.77 25 po 19.64 +2.84
- p1 -0.3104 +0.0711 - p1 -0.1723 +0.0664
p2 0.4963 +0.0628 : p2 0.4954 +0.0675
o p3 7.091 +0.286 20 p3 6.034 +0.267

Residual for TT/TTa/TTaULayer Residual for TT/TTa/TTaXLayer
wofF i | Entries 5070 sor” 1| Entries 4974
- i | A/ ndf 92.67 / 96 - i | 21 nat 114.9/ 96
35 po 24.16 £3.56 [ i | po 19.23 £3.25
E p1 -0.147 +0.064 401~ '] pt -0.1534 10.0952
30f p2 0.4762 £0.0727 | p2 0.8223 £0.1754

Distance of TT clusters to velo track for TT layers
within ~300 micron of expected



Extrapolation of VELO tracks to IT (TED events)

residual of IT hits with respect to VELO tracks

1000

500

l Large combinatorial

i background due to

i very high multiplicity of
TED events: ~10 muons per cm’
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global alignment of | T good within ~mm

More TED events with reduced occupancy would be useful !!! 2



d Internal alignment of I T using TED data
definetracksby T1 and T3, look in T2

residual of hits in T2 with respect to tracks defined by Tl and T3
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Alignment with TED events provides better sensitivity than

survey measurements



|'d liketo thank all LHCb collaborators for their

Conclusion

outstanding effortsto ensure that LHCb isready for
data taking

2fbrd

Sensitivity for t23u decay is under study

Expected LHCb sengitivity

100 fb!

as presented by
Franz Muheim

at the LHCC upgrade
session Yesterday

Decay Precision Ohbservable Sensitivity
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