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Abstract

The TileCal noise in the high gain read-out is investigatethis note. Apart from the
dominant and intrinsic white noise component, a correlatadribution between different
TileCal channels is observed. This affects and degradeseponse of the calorimeter.
In this note the correlated noise component is studied arichples method, based on a
X2 minimization, is proposed to parametrize the response eptiotomultipliers. Using
data from TileCal pedestal runs it is shown that the coreelaioise component can be
significantly reduced and mostly removed. The need for a ldoGlaussian distribution,
which typically describes the noise behaviour of the Tilleszanot, however, be fully ruled
out after removing the correlated noise component withinodufe. This suggests that the
double Gaussian distribution of TileCal pedestals is ndy cglated to the correlated noise
itself within the module but has a different source whichuiegg further investigation.
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1 Introduction

The ATLAS detector [1] is a general purpose detector whick designed to fully exploit the physics
potential of the Large Hadron Collider (LHC). The final configtion of the experiment reflected the
stringent constraints imposed by the LHC parameters itetpp-proton collisions at a centre-of-mass
energy of 14 TeV, with a design luminosity of 3f@ém~2s~! and bunch crossing every 25 ns. The AT-
LAS experiment is composed of inner detectors, calorinsdigectromagnetic and hadronic) and muon
spectrometers. The inner detectors are embeded in a 2Togblaagnetic field. Three toroidal magnets
are used in addition for the muon system.

Electromagnetic and hadronic calorimeters are fundarn&mta general purpose hadron collider
detector as ATLAS, once they must provide accurate energypasition measurements of electrons,
photons, isolated hadrons, jets and transverse missingyeriehey also help on particle identification
and in particular on muon momentum reconstruction. TheQarimeter (TileCal) [2], the main focus
of this note, is a hadronic sampling calorimeter using irerabsorber and scintillating plastic plates
(designated byiles) as active material. It has a novel geometry of alternatayegis, perpendicular to the
beam direction, radially staggered in depth, and has adndial structure divided into three cylindrical
sections: the barrel (B) and the two extended barrels (EBJhEOf the three sections is divided into
64 azimuthal segments, referred as modules, Wigh= 2711/64 ~ 0.1. The light produced by particles
when crossing the TileCdiles is read out from two sides by wavelength shifting (WLS) fibwgsch
are bundled together to form readout cells with three difiesampling depths. Each cell is read out by
two photomultipliers (PMTSs), one at each side. With a tofal@r2 readout cells, the TileCal comprises
approximately 10000 PMTs in the entire calorimeter. TheQ#dl was designed to have good time
resolution (&1 ns) and a typical granularity é&n x Ag =0.1x 0.1 (0.1 x 0.2 for the last layer) in order
to achieve good jet energy and missing transverse energiutiess.

This note is organized as follows. After the introductiorshart description of the TileCal structure
is given in Section 2 and in Section 3 evidence for correlaeide between TileCal PMT’s (within a
given module) is shown. In Section 4 tly@ method used to unfold the correlated noise component is
described, and results of applying the method to the Tile®@ale in the high gain read-out mode are
presented in Section 5. Conclusions are discussed at thie &sation 6.

2 TheTileCal cellslayout

The grouping of the TileCal WLS fibers to specific PMT’s allotie segmentation of the modulesrin
and radial depth which implies an almost projective towerdtire of the TileCal. The barrel covers the
|n| < 1.0 region and is contained in a single cylinder with separatétpns for positive and negativg.
Two partitions of the Extended-Barrel (EB), which cover8 €@ |n| < 1.7, are contained in a cylinder.
The four partitions are named LBA, LBC, EBA and EBC, where A¢Grresponds to positive (negative)
values ofny. The TileCal has 3 sampling layers (A, BC and D). In Figureht, layout of the cells is
shown.

The barrel and EB modules contain 90 and 32 PMTs, respegtipkiced in metallic cases called
drawers. For each barrel module, there are 2 drawers andoz@cban allocate 48 PMTs. Three of
these are empty. For the EB, modules can host only one draitreB8/PMTs with 6 empty slots. Each
TileCal PMT signal is processed by fast and low noise reddroat-end electronics near the detector.
Signals are then transmitted via optical links to off-detetack-end electronics and during the process
undesirable effects, like cross talk, may happen betweféereit PMT signals [4]. This will result in
a correlated noise pattern between different channelshwhimy have a negative impact on the TileCal
performances, like the reconstructed jet energy resalutin the following the correlated noise effect
in the TileCal is studied using high gain pedestal runs, asiingple method is applied to remove this


jpilcher
Highlight
... used in the muon spectrometer system.


62
63

64

65
66

67

68
69
70

71

72
73
74

75

October 12, 2009 — 15:52 DRAFT 2

2002 PMT to CELL MAP

POSITIVE eta>0 NEGATIVE eta<O
PMT)|
3 52 —34 —30 —38 —40 —42 —44 4B — U
ooooooooooooooooooooooooo O 000000000000 O0O0O0 P
818 814 813 05 gi2 811 cloD® 5T es - =185 side
a6 Als Ate a13° " Tar2
PMT
48 42 32 22 20 18 14 4 ° Down|
OO0 O0ODO0O0O0O0O0O0O0O000O0QO0O0 O 0 QOO0 oooooooooooooooo >
515 e 514 513 05 giz 11 Clooa side
Ale Als Als SERMPAPY
1 1
o5 05 o= B PEd o6 _
3 A P Pid
Z - - -
37 17 e - P
38 8 5 Z - -
s |7 - P 1--"
515 514 513 51z I -7 PEERY PESCET
a3 53 23 15 o’ - X s 17
a2 En 22 18 o - 53 - a3 -7
ate a1s Ara 3E Atz As] - =T
41 20 21 M 4 -7 _ -2 - _
42 30 22z [z 5 P - - 41 - -
494 5652
47 45 43 41 39 37 38 33 31 &-20 22 24 —28 44 -2e 28| PMT Up
oooooooooooooooooooooooooooooooooooooooooooooooo .
s %% ac ac7 ace acs ca ©7 ses scz _ mot 50 c-z__mo-$- -y, Bo- side
a A ~ e As_ aa A5 a2 ~ P S Sty e Ams s ® % ar"® a8 s a-1q|
—31 —33-35 —37 -39 —41 4325 47| PMT Dowr
o o 33537 o TETEES o ©C OO0 OO0 OO0 OO0 .
Bc-2 Bc-$~" Bo-a BCc-5 2 Bc-8 BC—7 Bc-& 7 - side
T T2 a5 O Sy o 8 a-s A
o) a1 v 06 0.7
A oo [ 7 o]/ 7 o-2[,7 P o-3,”
! 14 , )| 28 0
| |1 S 27 / 43

c-s] , c—7] - c-8

A s - B
+s
L . . -
At [ A2 [l A1 a4, a-s], 7 a7 s Ae[,7 A-s| - a-iq 7
2 s e e 4 28 N P B |-
5 1o 1 18 RN R e

25 37 621 8/6 1141 1419 1706 2017 2341 2654

AT
PMT UP —
PMT DOWN —

A—cell Z—centre (em)

Figure 1: Cells and tile-rows of the hadronic calorimetdeTal.

undesirable effect. As the proof of principle is the majon@arn of the current note, only few modules
of the TileCal were surveyed. A large scale systematic sisigiill to be performed.

3 TheTileCal correlated noise

To estimate how signals from two different PMBg &ndx;) within the same TileCal module, with cor-
responding mean valugs = E[x| andy; = E[x;] are correlated, it is adequate to evaluate the covariance

between the two channels
cov(X,Xj) = E[(x— i) (Xj— Hj)] =< XiXj > — i, 1)

where the operatdt denotes expected values. The extension to the full set ohetawithin the specific
TileCal module is straightforward. The resulting covadamnatrix can then provide usefull information
about how the signal from a specific channel is determinechbystgnal in any other channel. The
correlation matrix, defined according to

cov(x;, Xj) _ cov(Xi,X)
VEI - VEIG— )7 60

is also very useful. In Figure 2 a) the covariance matrixABC counts¥, is represented for the TileCal @
module LBAZ23, using 10000 events from the high gain pedestall25204. Regions of high and low

covariance values are clearly visible. In Figure 2 b) a twuoatisional plot shows the pedestal data of
PMT 35 as a function of the pedestal of PMT 10. No correlatitratesever seem to be present between

px,x) = (2)
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these two channels. This effect can clearly be seen alse icavariance plot. For Figure 2 ¢) and Figure
2 d) the situation changes and a clear correlation betweendise distributions of the PMTs is visible.
The data also suggests that even in the case where the teniralgise could be completely removed,
the intrinsic white noise distribution (the dominant cdmition) of each one of these channels seems to
have a larger RMS than the pedestal distribution which,rstance, characterize the response of PMT
10. In Figure 3 a double Gaussian fit, centered at zero,

P(x) = Poe_o's‘Pl‘xi2 + Pze_O‘S'P&XiZ’ (3)

is applied to the pedestal distributions of PMT 10 and PMT bEpre removing the correlated noise
component. The standard deviatian) f each normal distribution can be obtained by evaluam
and/1/Ps. Two comments are appropriate. The first one relates to whatalready stressed above
i.e., the standard deviation of the dominant Gaussian foil RMI is smaller than for PMT 48 which
suggests that PMT 48 is intrinsically noisier than PMT 10.e Tther one is related to the fact that a
fit with only one Gaussian distribution would result in a wox2 even in the case of PMT 10. Thi
fact suggests that the need for a double Gaussian distnibatay not be completely determined by th
correlations between the different channels within the medut has an additional source which needs
further investigation. This behaviour was observed als@foer PMTs of the LBA23 module and other
modules of the TileCal.

4  The x? method

To address the problem of the correlated noise in the Tila@atlesirable to consider a general approach
based on first principles which do not depend on the specificcemf the problem, once it is not known
at the moment. If the method proves correct, it should erdndine properties of any correlations and
give insight to possible solutions. The approach presentéus note considers that the observed noise
measurementx() in a particular PMTi of the TileCal module, is a combination of a genuine intgnsi
noise componenixK“) plus a contribution which depends on the response of all M The module as a
whole and it is probably dominated by the closest neighboling simplest approach to reconstruct the
measurement in PMT channes$ then to considex; as beeing a linear combination between the intrinsic
noise componemxk‘t) and a weighted sum of the signals of all the other PMNi§) in the module
ie.,

Nemt

Xi = Xgnt—|— ; ai.ij. (4)
IE4]

The a; ; unknown parameters make sure measurements from other PiTakan into account with
different weights, task left to the method to figure out. Oessltrivial approximation can also be con-
sidered: if the method works well in case of dealing with edihich is the case of this note) one may
assume the intrinsic noise distribution itself (the PMT gméls) will be narrower after correcting any
undesirable effects approaching ideally to a delta funciwith a mean around zero!}’(I ~ 0). One may
think, given the fact that calibrated values are used in thasurements, that signal offsets (represented
by 3;)) may be present and should be taken into account to compeiasadffects that deviates the intrin-
sic mean value of the channel from zero (like miscalibratjoin this case the previous expression turns
into
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Figure 2: a) The two dimensional covariance matrix, in (AD@ints¥, is represented for the LBA23
module of the TileCal. In b) the response of PMT 35 is repregskagainst the one from PMT 10. In c)
the response of PMT 40 is represented against PMT 38 and redesponse of PMT 48 is represented
against PMT 47.
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Figure 3: The double Gaussian fit to the pedestal distribubioPMT 10 (left) and PMT 48 (right) is
shown.

=

Xy o~ Bl + al72X2 + ...+ aLNpMT XNPMT
Xo ~  021X1+ B2, + ... + 02 Noy7 XNowr

(5)

XNewr ™~ ONpyr,1X1 + ONpyp,2X2 + oo+ BNPMT

Obviously these hypothesis will be tested when the offsand correlated noise contributioBi(.; oi kX«)
will be subtracted from the measured values of each RMih order to obtain the intrinsic PMT signal.

For each channel, the measured signal can be compared withdtlel above using the usuaf
method,

2
L 6
X= E\%nts aiz ’ ( )

which can be minimized (individualy for each PMT channeljhaespect to each one of tiog; and
of the model,

ax?  Ox%

2 2
_OXT X _oX )
dahl dahg

T 0Oy OB

Following the minimization procedure, tllematrix

0 ai2 01 Nowt
021 0 02 Newr
ONewr,1  ONpyr,2 - 0

is obtained together with the offsgBsfor each one of the channels. The reconstruction of the kigna
channel (x*°) is performed removing the offset evaluated during the minéation procedurg; and by
applying thea matrix to the measured values of all the other PMTSs of the rieodccording to,

X = % — (01X + Qi 2%+ oo B e Ol Noyr XNpyr ) (8)
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The reconstructed signgP° should describe the intrinsic noise componetit) of channel with mean
around zero for each of the PMTs. Any deviation should berdmghas a limitation of this simplistic
approach.

5 Reaults

As a proof of principle, thex? method described in the previous section was applied to tle€al
LBA23 module. Although several other modules were alsceetegtith similar results (described at the
end of this section), a systematic survey of the full TiletSagtill to be performed. In Figure 4 the two
dimensional covariance matrices before and after applifieg¢> method are shown. The correlated
noise component seem to be significantly reduced after eqgptiie method.

In Figure 5 the noise (pedestal) from PMT 47 is plotted adahmes one from PMT 46 before (left)
and after (right) removing the correlated noise componaétit thie 2 method. While for Figure 5 (left)
the measured values were used, in Figure 5 (right) the reconstructed vaki&swvere applied. A clear
improvement is observed i.e., the correlation between BMA's are very much reduced after applying
the x? method. In Figure 6 the same distributions are shown for PBI¥e8sus PMT 10 before and after
removing the correlated noise component. As can be seem mdeorrelations are observed between
PMTs before applying thg? method, the signals remain uncorrelated after applyingribéhod. To
first approximation the method is performing as expectetedbvers the signals from PMTs which are
correlated by removing the observed correlation and pvesehe signals of non correlated channels.

\ LBA23 Covariance (ADC counts * ADC counts) LBA23 Covariance (ADC counts * ADC counts)

pmt

10 15 20 25 30 35 40 45 ) 40 45
pmt pmt

Figure 4: The two dimensional covariance matrix, in (ADCrisi¥, is represented for the LBA23 before
(left) and after (right) removing the correlated noise comgnt.

It should also be stressed that, after applying the metHb&MiT' signals show a decrease of the
distribution RMS as can be seen in Figure 7. The top (red) artibin (blue) lines of Figure 7 (left)
correspond to the values obtained before and after applig? method, respectively. Figure 7 (right)
shows the relative change of the RMS as a function of the PNifél of module LBA23. An improve-
ment up to 20% is observed with respect to the RMS obtaineat®éapplying ther? method. Significant
improvements associated to channels which have shown tergaorrelation effects are noticeable. As
an example, in Figure 8 the changes observed for PMT 46 @daff)PMT 20 (right), from the LBA23
module, are shown.

The values of thex matrix can be observed in Figure 9 (left) together with thiseifvalues )
in the diagonal. It can be seen that, as expected, the mafitects the configuration of the TileCal



151

152

153

154

155

156

157

158

159

160

161

162

163

164

166

167

October 12, 2009 — 15:52 DRAFT 7
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Figure 5: The pedestal from PMT 47 is plotted against the mma PMT 46 before (left) and after (right)
removing the correlated noise component with x{emethod.
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Figure 6: The pedestal from PMT 35 is plotted against the mma PMT 10 before (left) and after (right)
removing the correlated noise component with x{emethod.

hardware with clear clusters of neighbour channels deténgithe PMT signal responses. The offset
values are also close to zero, as expected. In Figure 9)tlghtovariance valuesp\i, j) between the
different PMTs of module LBA23 are shown, not including thagbnal terms. The red and blue lines
represent the covariance before and after removing thelations. Once more the improvement in the
covariance values is noticeable after applyingtRenethod. Itis also interesting to remark the existence
of negative values of the covariance which suggests théspanse of an anti-correlation component even
after applying they? method. Its source needs further investigation.

A word on the double Gaussian fit of the pedestal distribgtisndue here: although removing the
correlated noise improves the general behaviour of the RMigsneed for a double Gaussian function
is not ruled out. In Figure 10, the fit of PMT 45 distributionfte and after applying thg? method
shows that the fit improves after removing the correlatedengivith a better reducexf) but the second
Gaussian is still necessary. And this occurs in spite of thelidude of the second Gaussian being
reduced i.e., its importance decreased, and the width afagh@nant Gaussian was also reduced.

In Figures 11 and 12 examples of two-dimensional covarianagices for other modules of the
TileCal (LBA38 and LBC26) are shown. The distributions shasimilar pattern when compared with
the LAB23 module studied above i.e., the correlations adeced to a large extent by applying té
method.
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Figure 7: The distribution of the noise RMS is shown for alhchels of the LBA23 TileCal module.
Left: the top (red) and bottom (blue) lines correspond tovilleles obtained before and after applying
the x2 method, respectively. Right: the relative change of the R&@presented as a function of the
PMT channel of module LBA23.
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Figure 8: Left: the PMT 46 of the TileCal LBA23 module is sholafore (red dots) and after (blue line)
applying thex? method. Right: the PMT 20 of the TileCal LBA23 module is shobafore (red) and
after (blue) applying thg? method.

6 Conclusion

A new method to remove the correlated noise component ofite€dl has been proposed. The method
is based on a simple? minimization and its performance was successfuly testedydleCal pedestal
runs in the high gain read-out. Although the work focusedhr@rhodule LBA23, other modules were
also tested with similar results. The method is efficientamoving the correlated noise contribution
that affects the TileCal PMTs and improves the RMS of petestaup to 20%. Although the double
Gaussian structure of the pedestals is more constrainedagiplying thex? method and removing the
noise correlations, its not completely ruled out. This ®ggg that the source for the remaining double
Gaussian structure of the pedestals is different from tmeeladed noise itself within the module, and
needs further investigation. A full and systematic survethe TileCal modules is still to be done in a
near future.
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Figure 9: Left: thea matrix is represented together with tpeoffsets in the diagonal. Right: the
covariance values;o\i, j) between the different PMTs of module LBA23 is shown, notudahg the
diagonal termsi(= j). The red and blue lines represent the covariance beforafdremoving the
correlations.
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Figure 10: The fit of the PMT 45 distribution with a double Gsias function is shown before (left) and
after (right) applying ther? method.
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Figure 11: The two dimensional covariance matrix, in (ADQmsY, is represented for the LBA38
module of the TileCal before (left) and after (right) remuyithe correlated noise distribution
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