Time Alignment and Calibration of the LHCb Calorimeter

Miriam Calvo on behalf the LHCb Calorimeter group

LIFAELS, Universitat Ramon Llull. Barcelone, Spain

Abstract

The calorimeter system of the LHCb experiment consists ofrgilator layer (SPD), a preshower detector (PS), antebetag-
netic calorimeter (ECAL), and a hadronic calorimeter (HGAdnd it allows to trigger on hadron, electron, and photordadates.
The time synchronization of the 4 sub-detectors studiett witsmic rays, LHC beam injection tests, and LHC proton proto
collisions is presented. Energy calibration methods fohesaubsystem are discussed as well.
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1. Introduction plate ahead of the Preshower. The SPD multiplicity is used at

LO to require some activity in the detector or to veto everita w

The LHCb experiment [1, 2, 3] is dedicated to B-physics, and, high charged particle multiplicity when the LHC works at it
focuses on the search of New Physics in CP Violation and rarggminal luminosity. The PS energy is useflioe to determine

decays [4]. Asbb pairs are produced in the same forward or the electron or photon energy while the SPD allows to idgntif
backward direction, the LHCb detector is a single-arm fodva qnverted photons after the magnet.

spectrometer.

The calorimeter system [5] plays a key role at the first level ECAL is of the Shashlik type. Each channel consists of 66
of the trigger (LO) [6], for which it provides higpr electron,  alternating lead-scintillator layers, what corresporm&% Xo.
photon, and hadron candidates. It has a projective geometry with SPD and PS, so the 6016 chan-

In this note we present results on time alignment and prene|S are divided in the same three lateral regions. The granu
liminary calibration of the calorimeter sub-detectorsming  larity is fine enough to separate a significant fraction ofthe
from the commissioning and very first data. For those stydiespairs from neutral pion decays and, at the general leveljte m
the ability to readout consecutive crossings for a singégar  imize pile-up éfects. In that case there is one PMT per channel.

(TAE mode) has revealed to be as useful as successful. The energy resolutlion is arouwd E (Ge.\/) = 10% VE ® 1%
For the 2010 LHC run, calibration methods adapted to each’]. ECAL is also important for the fline reconstruction of
sub-detector system are planned. B-decays containing®s, photons, or electrons.

HCAL is a sampling iron-scintillator calorimeter of 56
2. Calorimeter system thickness with its structure arranged along the beam axis. |
) o ) o this case the detector is divided in two regions, inner artdrou
The LHCb calorimeter is divided into four parts: Scintiat it 13 and 26 cm sizes, respectively. In total, 1488 cels ar
Pad Detector (SPD), Preshower detector (PS), Electrontiagne a4 out also with WLS and PMTs. The energy resolution is on
Calorimeter (ECAL), and Hadronic Calorimeter (HCAL). The e |evel ofo/E (GeV) = 80%/ VE ® 10% [8]. It has a self-

lateral dimensions of the calorimeter system are appraeitna  cgjipration system with 43’Cs radioactive source embedded
8x7 n¥ and it starts at 12.3 m from the interaction point with ajnto the calorimeter structure.

total depth of 2.7 m.
SPD andPS are both scintillator layers of 1.5 cm thickness, ~The four sub-detectors can monitor the PMT response and

with a lead layer (2.5¢) between them. Each one has 6016the stability with LED systems, also used to spot noisy aratide

scintillating cells where light is collected by WLS fibersdan channels.

led to MAPMTs of 64 channels. Each plane is divided into

thr_efnretglons: |nner,dm|ddle, a?d (I)uter, with 4, 6, and 12 ¢y common electronic system for the ECAL and HCAL is used,
scintiiator square pads, reSpectively. based on a dead-timeless and low-pedestal integratonsyste

The objective of these two detectors at LO is to determine th?ng delay lines, followed by ADCs and pipelinefbers. Similar

charged and electromagnetic nature of the ECAL cluster Cajectronics are used for SPD and PS, with two alternating sub
didate. For electromagnetic clusters, the SPD tags thécleart channels and a spill-over correction '

charge for the f separation by comparing the integrated sig-
nal with respect to a threshold. The PS provides itresep- For all calorimeters;>99.9% of the channels were working
aration, as electromagnetic particles start a shower itethdd by the beginning of the 2009 data taking.

Because of the similarity of input signals and functiornedit
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Because of its particular geometry, the usecadmic rays
in LHCb is a real challenge, limited to the commissioning of
the large sub-detectors (Outer Tracker, Calorimeter, MaysA ol

tem) and of the trigger. Nonetheless, 4 millions of evemtn(f f of
Summer 2008 to Autumn 2009) were recorded. o4 ‘ :
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The cosmic trigger is based on the ECAL and HCAL coinci- st

N
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dence (or Muon), with a rate of 10 Hz. As cosmic rays come |

from the top of the detector, the slope of the track provitlest = g 'l

forward or backward direction, and then time-of-flight @m+

tions could be applled to perform the time allgnment. Figure 1: ECAL integrated signal as a function of the timemégration (left),
Another useful tool for commissioning were thélC beam and energy asymmetry (right).

injection events. A proton beam was dumped around 340 m

in front of the detector, also known as Transfer line Externa o ) )

beam Dump (TED) events. There were shots of around $x10deposited in two consecutive bunch crossings, the delapean

protons every 48 seconds. A high flux of particles was therfStimated. This is done by defining an asymmetry:

produced with approximately 10 particles? in the center of Ern— E

the shower. This shower was a bit displaced from the LHCb Asym(TO/Prevl) = —T0~ —Prevt

beam axis, and coming from the backward part of the detector, Ero+ Epreu

so in the reverse direction from proton proton collisionst n where Erq is the energy in the current bunch crossing, and
ideal for absolute synchronization. The events were triegge g, the energy in the previous one. Also the asymmetry
by requiring the SPD muiltiplicity to be higher than 10. with respect to the next bunch crossing can be used. Fig. 1
First LHC proton proton collisions took place on Novem-  (right) shows the asymmetries for ECAL. Note that the asym-
ber 23, 2009 at a center-of-mass energy of 900 GeV. Aftemetry cancels around 12.5 ns and it is approximately linear i
some days with collisions at this energy, also collisions athis region. For HCAL these curves are very similar.
Vs=2.36 TeV were produced in December 2009. The method to synchronize is to shift the integration window
The Minimum Bias trigger required a HCAL candidate andto the linear region. Then, from a single measurement the tim
the SPD multiplicity to be higher than 2 (or Muon system orings of the cells are derived.
backward VELO planes). The amount of data collected is sum- For SPD and PS, the synchronization is performed by group
marized in Table 1. The main use of the 2009 data for thexf 64 channels (one PMT electronic card), not by cell. The
Calorimeter system was to perform the absolute time aligrime method in this case is also based on the use of asymmetries,
with the LHC beam. which are diferent from ECAL due to dierent pulse shapes.
For the SPD, as itis a binary detector, the study is doneimger
of occupancies and not of deposited energy.
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| Beam energy] Mode | Number of triggers|

450 GeV 1BX 450k

450 GeV TAE 115k 4.1. Cosmic rays

1.18Tev | 1BX 34.5k Cosmic rays arrive at any time within the integration window
1.18 Tev TAE 22k so they were not useful to synchronize ECAL and HCAL them-

selves. However, the track of the muon was reconstructdd wit
ECAL and HCAL information and extrapolated to the SPB
planes. The time when the particle crossed within the 25 18s wa
provided by the asymmetries measurement of ECAL or HCAL
shared energy in consecutive bunch crossings. A relative sy
4. Time alignment chronization of SPD and PS arous® ns was achieved. Fig 2
shows the corrections to the delays of each SPD card (VFE)

The detector signals are integrated every 25 ns. The integrQ0tained from 1 M cosmic events.
tion window has to be adjusted such as for each subdeteetor th
maximum amount of signal is collected. 4.2. TED events

The integrated signal depends on the starting time of the in- In the TED events particles arrive at the same time. Com-
tegration of the 25 ns window. This time is referreddd® or  puting asymmetries around the linear region (-12 ns), aa-int
as delay hereafter. Fig. 1 (left) shows the dependence of thdetector time alignment was performed for ECAL, HCAL, and
ECAL signal on the delay. for PS (now independently from ECAL and HCAL). Only arel-

The delays can vary amondfiirent parts of a detector due ative synchronization within each detector was done becaiis
to differences of fiber and cable lengths, PMT HV and particlehe reversed direction. As not all calorimeter cells weredfiny
time of flight from the interaction point. Comparing the sijn the particles, only 60% of the cells were finely synchronired

2

Table 1: Number of triggered events of proton proton callisi



5.1. SPD

The SPD is a binary detector, so it does not have a straight-
forward MIP calibration. The aim is to provide a resolution i
the MIP position of smaller than 5%, limited by the electron-

i ; ics. The method is to use tracks to compute the déltiency
~ . ’#;}i i*;ii T i { ata giv_en t_hreshold_and to compare with the theoreticaleyalu
L%, ST g :;Iﬁi shown in Fig. 4. This has to be done per cell, so around 2 M
collision data with thresholds at 0.8 and at 1 MIP (sensitie
} gion) are required. From the limited samples of tracks from
cosmics and 2009 proton proton collisions, a dispersioarato
10% was measured among VFEs.
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Figure 2: Correction to the delays measured from cosmic faysach SPD
VFE in September 2009. Fit errors are shown.
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E MIP = 2.35 MeV

June and October 2009. For SPD, during the TED events in Oc- oe
tober 2009, a delay scan was performed with half the detector
when the other half was used as trigger. From the asymmetries
obtained, cosmic results were confirmed.
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4.3. Proton proton collisions
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Finally, an absolute synchronization with LHC beam was Tes s 2 Trirechokd valire WilP)
performed with proton proton collisions in December 2009.
With the available amount of TAE data, 92% ECAL cells and Figure 4: Track #iciency vs SPD threshold. Theoretical curve.

87% HCAL cells were synchronized with a precision below the
ns. With 2010 data it is expected to check the final time align-
ment and the signal stability within a small time misaligmmne 5.2. PS

For both SPD and PS a delay scan was performed, with 11 With the 4 M cosmics, the MIP energy distribution was fit-
steps ¢ 4k eventgstep). Fig. 3 shows the PS signal of a Frontted per channel, taking into account the correction féfiedent
End card as a function of the delay and the corresponding-asynhcidence angles of the cosmic muons. These data were used to
metry. The expected synchronization achieved in both é&t®c balance the channels’ response, measuring the correative f
is+1ns. tors to get the same MIP value per ADC. The PTM HVs were
also equalized to achieve a 10% intercalibration.
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Figure 3: Signal vs. delay for a PS FEB from proton protonisiolhs (left) and
NextyTO asymmetry (right).
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5. Energy calibration Figure 5: Fit of the MIP energy deposit in a PS cell. 2009 suh data.

From the known PMT gain behavior, the inital energy inter- ) o ) o
calibration is around 10% for all sub-detectors. The number With proton proton collisions the MIP signal is fitted per
of photoelectrons per unit of energy is known from test beamschannel as shown in Fig. 5. With the 2009 data, 20%edi
Several steps for finer calibration are foreseen. First,quak  €nces between inner and outer peaks were measured.
ize the cell energy response and then, we perform the alesolut
energy calibration by means offtérent methods for each sub- 5.3. ECAL
detector. Once calibrated, the PMT response can be followed The intercalibration was estimated to be around 8% at start.
by the LED system. The first step for a finer calibration is to use the energy flow



method [9] that allows a relative intercalibration of 5%t M
events. This cell equalization consists of computing tlezaye
transverse energy of a given cell, to compare to its neigishou
assuming a smooth energy flow, and to obtain correctiverfgcto
The method can also be used for PS and HCAL.

In the absolute energy calibration, up to 1% can be achieved
usingz®s. For the electron and photon energy estimation, clus-
ter energy corrections are needed:

Erec = @Eciuster + BEps

where« depends on the barycenter position inside the clus-
ter and inside the module, amlis the factor applied to the
Preshower energy.

Two approaches are under study to u8e for calibration.
A first one is an iterative procedure based on #emass
constraint issued from two separate photons, and the second
method consists of a global minimization of thefeience of
each candidate to the PDG mass. Both aim to find for each cell
a calibration cofficient with a precision close to 1%. For the
2009 data one can already give rough calibration constants f
each area of the calorimeter, used to reconstfic@ndz, as
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Figure 7: Bp ratio of charged particles in HCAL from Monte Carlo (leff)ca
from 2009 collisions (right).

6. Conclusions

The calorimeter system provided a smooth trigger for the
2009 data. A previous relative time alignment was performed
with cosmic rays and TED events, but the absolute synchaeniz
tion was achieved with first collisions.

shown in Fig. 6. For the 2010 data, 200 M events are needed to The current energy intercalibration is around 10% for SPD

calibrate all cells to a 1% precision.

and PS, 8% for ECAL, and 4% for HCAL.
In order to perform an absolute energy calibratiofffedent

s
E:’Mdf s:E}:-iJﬁ methods are planned for ea(_:h su_b-dgtector. A 5% resolution
s 2 1643+ 070 is exp_ected for SPD measurlngielenqes on tracks, and for
p4 551+ 5.6 PS using MIPs. Several steps are envisaged for ECAL: energy
el be o eas flow, calibration withz% and electrons to achieve a 1% cali-
250 2wl s bration. For HCAL, the use of tracks to validate the current
200 S0 usmiiiiett calibration is foreseen.
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Figure 6:7° andn reconstructed from proton proton collisions.

The PSB correction factor is estimated minimizing thé
mass width on a sample with non-converted photons, or with

converted ones from the® decay. [;]
Another method is the calibration with electrons studyimeg t (2]
energy-to-momentum ratio (f). It requires precise informa- [3j

tion from the tracking system and a pure electron sample, ob-

tained from Ay or photon conversions. (4]
[5]
5.4. HCAL
[6]

With the radioactive source, an intercalibration of 3-4%swa
confirmed. Calibration runs are done regularly, every one or[7]
two months. The calibration is followed in between with the 5]
LED response.

With proton proton collisions, the absolute energy scafe ca [9]
be verified. Fig. 7 shows the/[kratio from the HCAL response
to a charged particle. There is a nice agreement between data
and Monte Carlo calculations.
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