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Abstract

This note describes the results that were obtained by exploiting the azimuthal sym-
metry of minimum bias events to intercalibrate the CMS ECAL barrel with the first
available data. We report about our studies of the relative scale of supermodules and
on the crystal-by-crystal intercalibration. We estimate an intercalibration precision of
about 1.7% for |h| < 1.0 and between 2% and 3.5% for the rest of the barrel. The
method is limited by inhomogeneities of the tracker material, we discuss possible
improvements after a precise knowledge of the material budget is achieved.
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1 Introduction1

The possibility to intercalibrate the Electromagnetic Calorimeter at startup exploiting the az-2

imuthal symmetry of minimum bias events has been proposed in [1]. The strategy is partic-3

ularly interesting in view of the the fact that the integrated luminosity needed to achieve an4

intercalibration precision of the order of 1-2% can in principle be accumulated in a few hours5

even at low instantaneous luminosites.6

In the following we will report on the results deriving from the application of the method on7

0.01 nb

�1 of data recorded in 2009 at E

CM

= 900 GeV and 8.8 nb

�1 at E

CM

= 7 TeV recorded in8

2010. We will limit the analysis to the ECAL barrel. We will show that the expected level of9

precision has been achieved, although with higher statistics with respect to what was originally10

foreseen.11

2 Explanation of the method12

A detailed description of the method was already given in [1]. Here we will recall the main13

ideas. Assuming the beam spot is located in the center of a perfectly f-symmetric detector,14

the energy flux originating from minimum bias events impinging on the calorimeter will vary15

along h, but, at a given h, should be constant along f. Each crystal will record a given tranverse16

energy, and we expect that the sum over many events will average out the fluctuations. The dif-17

ference between the tranverse energy sum over many events, or Â E

T

, from different channels18

will therefore, at a given h, be due exclusively to the accuracy of the intercalibration constant.19

At first order, we can define a new intercalibration constant as Â E

T

<Â E

T

>
i

, where < Â E

T

>
i

is the20

average of the tranverse energy sum of all crystals at the same h . In this work, we also used21

the forward/backward symmetry of the detector and considered all the crystals at the same22

|h|, effectively using constant eta rings consisting of 720 crystals. In the accumulation of the23

Â E

T

, care must be taken in avoiding the following two potential pitfalls:24

1. the energy spectrum portion over which the accumulation is performed must exclude the25

noise region26

2. the bias from few, non f-symmetric high energy events, as might be come from W or Z27

decays, must be avoided.28

Therefore, we will deal with truncated E

T

sums: the actual values of the lower and upper29

threshold will be discussed in section .30

2.1 Definition of the intercalibration constant31

As explained in [2], the ECAL has been pre-calibrated using an electron beam for 9 super-
modules and by exposure to cosmic muons for all supermodules. This set of intercalibration
constants was used to convert the electronic signal in energy in the reconstruction of the events
under analysis. Therefore, the intercalibration constant c

i

derived by the f-symmetry algorithm
is in fact a multiplicative correction factor. The actual intercalibration constant is

C

i

= c

pre

i

· c

i

(1)

where c

pre

i

is the intercalibration constant derived in the pre-calibration. In the following we32

will refer to c

i

simply as to the intercalibration constant .33
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Figure 1: Left: fractional variation of the Â E

T

for a corresponding variation of the intercalibra-
tion constant. Right: value of the k factor as a function of h

2.2 ET spectrum and variation of Â ET with pseudorapidity34

plots, comparison with MC35

2.3 Effects of non phi-symmetric detector36

In the assumption of a perfectly calibrated detector, systematic variations in the Â E

T

can be37

assumed to originate from azimuthal asymmetries of the detector. These asymmetries can arise38

from the following:39

1. Variation with azimuth of the amount of material between the calorimeter and the inter-40

action point. The material will cause the conversion of photons coming from the interac-41

tion point. The spectrum of the resulting e+ and e

� will be steeper than that of the parent42

photon and these particle can indeed escape detection.43

2. Asymmetries in the arrangement of the ECAL crystals, as in intermodule gaps. Due to44

the 3o tilt, crystals at the borders will receive particle flux not only from the front face,45

but also from the side. This will result in an increased Â E

T

for those crystals and in an46

artificially higher intercalibration constant.47

These effects are measured and in part accounted for as described in section 7.148

2.4 Determination of k factors49

If no truncation to the Â E

T

was applied, for a given fractional variation e
M

of the intercali-50

bration constant, the accumulated Â E

T

would change by the same fractional amount e
T

. In51

presence of truncation, this is not true, but the change is proportional: e
T

= k · e
M

. The k factor52

is assumed to remain the same at fixed h and can be determined in an empirical way. When53

accumulating the truncated Â E

T

, several trial Â E

T

are calculated with a given fractional vari-54

ation of the intercalibration constant, using all the channels in a given h ring. This procedure55

results in the graph of figure 1 left. The slope of the linear fit to the points defines the value of56

the k factor.57
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Figure 2: Left: equivalent noise spectrum for a single channel in EB. Right: distribution for all
the 360 crystals in a ring of the value µ + 4 · s from the noise distribution of those channels

3 Threshold determination58

In order to choose the correct value for the lower threshold, we studied the noise spectrum of59

all channels in the barrel by analysing around 1.5 ⇥106 events from a randomly triggered data60

sample. The noise spectrum of each channel was derived, as shown in figure 2 left. The spec-61

trum for each channel was then fit by a gaussian function, calculating the µ and s parameters.62

In each ring, the distribution of the quantity µ + 4 · s was derived, as shown in figure 2 right63

for one of the EB rings. This last distribution was again fit by a gaussian function, and the64

new parameters µ
t

and s
t

resulted from this procedure. The value t = µ
t

+ 3 · s
t

was taken as65

the tentative threshold for that ring. In figure 3 left we show the variation of the t parameter66

just defined with crystal eta index. As all the points fall very close to 250 MeV, we decided to67

use this value for the lower threshold at all h’s, therefore applying a corresponding E

T

cut of68

250MeV/
p

(h).69

The upper threshold was set to 1GeV in E

T

above the lower threshold.70

4 Online calibration stream71

When the LHC will be fully commissioned, the collision rate will be 40 MHz, while the CMS72

event recording rate is limited to be O(100) Hz. The trigger of the experiment is designed to73

accept high E

T

events and reject minimum bias events. Therefore, the standard physics trig-74

gers would not provide a sufficiently high data-taking rate to apply the azimuthal symmetry75

method. For this reason, a special trigger path has been deployed to feed a special, small-size76

calibration stream. The trigger is seeded by a set of minimum bias L1 triggers. At least one en-77

ergy deposit in the EB above 150 MeV or at least one energy deposit in the EE above 650 MeV78

are further requested. If these criteria are met, all ECAL energy deposits above these thresholds79

are saved to the calibration stream and all other event data is dropped.80
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Figure 3: Left: Value of the threshold parameter t defined in the text as a function of ring
number. The red line is the constant value of 250 MeV. Right: Rate of the Alca stream Value of
the threshold parameter t defined in the text as a function of ring number. The red line is the
constant value of 250 MeV

5 Event selection81

For this analysis, we have used data from the online calibration stream described above (see ap-82

pendix C ), with additional requirements. At low instantaneous luminosities, not every bunch83

crossing generates a collision. For this reason, to select minimum bias events we made use of84

scintillator counters placed in the vicinity of the beam in the forward region (Beam Scintillator85

Counters). In addition, special cuts were implemented to reject the contribution from beam86

halo and beam gas. The rate of events recorded in the AlCa stream is shown in figure 3 as a87

function of run number. The thick line represents the total rate, while the thin line represents88

the rate of events accepted after the offline selection. The sudden increase corresponding to run89

133874 is due to a tenfold increase in the instantenous luminosity. Runs were selected using90

the run registry and choosing the ones for which ECAL was validated.91

6 Supermodule Scale studies92

During precalibration, ECAL supermodules were calibrated either with an electron beam or93

using cosmics, as described in [2]. These procedures provided an intra-module intercalibration,94

and it is therefore important to check that the supermodule relative scale is consistent. This95

was already possible with the first 0.01 nb

�1 of data collected in 2009 at
p

s = 900GeV. The96

procedure was repeated in 2010 with 8.8nb

�1 and results found consistent.97

6.1 Definition of the scale98

We devised two definitions of the supermodule scale and two procedures to derive it:99

1. Crystals were grouped in groups of 20 at the same h in the same supermodule. The phi-100

symmetry procedure was applied to these groups of superchannels. The distribution of101

the 85 intercalibration constants for a given supermodule was derived as in 4 left, and the102

mean of this distribution defined as the scale for that supermodule. This procedure, that103

will be called 1⇥ 20 in the following, is necessary when the amount of data is too low to104

derive the intercalibration constant at crystal level and was applied first to 2009 data and105

then to 2010 data.106
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Figure 4: Left: Distribution of the 85 superchannel calibration constant for SM 10 from 2009 data.
Right: Distribution of the 1700 single channel calibration constants for SM 10 from 2010 data

2. The intercalibration constant was derived at the single crystal level with the usual calibra-107

tion procedure. The distribution of the 1700 constants in each supermodule was derived108

as in 4 right, and the mean defined the supermodule scale. This procedure,that will be109

called 1⇥ 1 in the following, could be applied only to 2010 data.110

6.2 Proof of principle111

We proved that our definition of supermodule scale was consistent by applying a known scale112

miscalibration both to data and simulation and by verifying that our algorithm was able to113

reproduce the known scale difference we introduced. The scale miscalibration was drawn at114

random from a gaussian distribution of width 3%. In figure 5 we show the SM scale parameter115

and its distribution in the top two plots, the correleation of the SM scale parameter with the116

known miscalibration in the bottom left and the distribution of the residuals [FIXME: use 45117

degree line instead of fit ?] in the bottom right. The 3% miscalibration is reproduced with an118

error 0.7%. In figure 6 the same exercise was applied to 2009 data. [FIXME] blabla119

6.3 SM scale results120

In figure 7 left we show the sm scale as a function of SM number, for 2010 data, for the two121

definitions of the scale described above, without correction for the systematic effects discussed122

in 7.1. The stability of the result was checked by applying both the 1⇥ 1 and 1⇥ 20 method to123

2010 data. Also, the 2010 dataset was split in several subsamples and the consistency checked124

across subsamples. Differences of the order of [FIXME] were found. [FIXME discuss stat and125

syst errors]126

To estimate the systematic error, we have derived the distribution of the relative scale for those127

supermodules which were calibrated at the test beam, with a precision of several times better128

than expected from our method with the available data. The distribution is shown in figure 7129

right, red histogram. The width of this distribution, 0.6%, is the convolution of the precision130

of the test beam inter-calibration and the f-symmetry inter-calibration, and poses therefore an131

upper limit to our systematic error.132
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Figure 5: Application of a known scale miscalibration of 3% to ideal MC
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Figure 6: Application of a known scale miscalibration of 3% to real data

Figure 7: Left: smscale result with different methods (1⇥ 1 in black and 1⇥ 20 in red) Right:
distribution of the SM scale for the 9 SM exposed to test beam with (blue) and without (red)
corrections
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Figure 8: Left: Sm scale with and without corrections, Right: comparison of 1⇥ 1 method with
corrections over two running periods

The results shown so far, however, do not take into account the correction for the systematic133

effects discussed in section 7.1. Figure 7 right, blue line, shows the same results after correction.134

Our upper limit to the systematic error after correction is 0.44%. We have assessed the fact that135

three supermodules, 9, 30 and 31, have a scale miscalibration >2%.136

6.4 Stability of the algorithm137

To investigate the stability of the algorithm and of the detector, we split our 8.8 nb

�1 sample138

into two samples approximately equal in size. We derived the supermodule scale with the 1⇥ 1139

procedure described above for the two sets. We compare the two results in figure 8 right panel,140

where the line is not a fit but a 45o line. The spread of the residuals is YYY.141

We also tested the stability using the 1⇥ 20 procedure, by dividing the dataset in 15 subsam-142

ples. The spread of the scales of the 36 supermodules over all the subsamples is ZZZ.143

6.5 Comparison with other methods144

The supermodule scale was derived independently by use of the p0 mass peak, as described in145

[3]. The comparison between the two methods is shown in figure 9. The presence of the three146

outlier modules is therefore confirmed independently.147

7 Single crystal intercalibration148

We have performed the single crystal intercalibration using 8.8 nb

�1 of events from the alca149

stream (runs from 133537 to 135802 ) with the selection described above. This amounts to150

160M events fed to the calibration algorithm. We have studied systematic effects and applied151

corrections. Finally we estimated the precision of the intercalibration constants.152

7.1 Corrections153

We have studied the systematic effects discussed in section 2.3. These effects are found to vary154

with pseudorapidity and to be forward-backward asymmetric. They where studied as follows.155

We calculated the average of the inter-calibration constants derived from f-symmetry, as a156
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Figure 9: Comparison of sm scale results from p0 and f symmetry

function of f, for each module of the calorimeter, separately for the forward and for the back-157

ward region. In the absence of asymmetries, a flat distribution within statistical fluctuations158

would be expected. Instead, as shown in Figure 10 for module 1, several features are observed.159

Solid dots represent data and the line represents simulation with a perfectly calibrated and per-160

fectly aligned calorimeter. The lower values observed at f = 20o, 40o, 60o, etc. are due to the161

inter-module boundaries as explained above. The two peaks at 10o and 190o reflect the pres-162

ence of the rails used to support the silicon tracker. Other deviations from a flat distribution163

can be ascribed to inhomogeneities in the silicon tracker material, and are well reproduced by164

the simulation. In the following analysis, we introduced a data-driven correction for the effect165

of inter-module gaps and silicon tracker rails. Further improvements to the method will be166

possible after a detailed study of the material budget.167

The correction was done using the following algorithm:168

1. to correct for intermodule gaps, a correction factor was derived as the average of the169

average differences shown in figure 10 for each module. In other words, the 18 correc-170

tion factors for a module were averaged to a single correction factor. In total there are 8171

corrections factors, 4 for EB+ and 4 for EB-.172

2. to correct for the tracker guides, the 20 correction coefficients between 1 and 20 degrees173

shown in Figure 10 for module 1 were used to correct all coefficients in module 1 of174

EB+. The same was done between 180 and 200 degrees for all modules, separately for the175

forward and backward region.176

In figure 10 the red points show the effect of the correction. In appendix A we show maps of177

the intercalibration constants before and after corrections.178

7.2 Precision179

We have studied the precision of our calibration exploiting the fact that 9 supermodules were180

calibrated with the testbeam with a precision of 0.3% [2], several times better than expected181

from the phi-symmetry method. We have also compared this result with the expectation from182

simulations. Finally, we have measured how the precision varies with the number of events.183



10 7 Single crystal intercalibration

Figure 10: Average difference from unity of the inter-calibration constants derived with the
f symmetry method for data (solid circles) and simulation (histogram) in the crystal h index
range [1, 25]. In the absence of the systematics effects described in the text, a flat distribution
with statistical fluctuations around zero is expected. The red points show the effects of the
corrections described in the text, which are effective only for certain values of f

In order to measure the precision, we derived the distribution of the intercalibration constants184

c

i

defined in section 2.1 in each h ring, using only the crystals in supermodules exposed to185

the test beam. The width of the distribution represents the convolution of the precision of186

the precalibration constants with the precision of the phi-symmetry method. The former is187

measured to be 0.3% and its contribution in quadrature is negligible. An example is of this188

distribution for ring 72 is shown in Figure 11 left before and after corrections.189

We fit the distribution using a gaussian function, and used the s as a measure of the precision190

in that ring. In figure 11 we show the precision calculated in this way for each pair of rings as a191

function of ring number, before and after corrections are applied. The precision is around 1.5%192

for |ih| < 45. The rise at higher hs is due to the increasing material budget.193

Using the same strategy, we studied the precision as a function of the number of events pro-194

cessed for individual rings. We divided our data set in 6 subsamples of size between 2.5M and195

80M events, and we derived the corresponding precision in each ring. We fit the points derived196

in this way with the function
p

c

2 + s

2/N. The parameter c represents the systematic limit of197

the method. The result for ring 13 is shown in Figure 12 right. The solid line represents the198

value of parameter c in each ring, suggesting that the systematic limit is nearly reached with199

160 Mevents200

A direct comparison of this result with expectations from monte carlo was not possible, as the201

largest sample of minimum bias events available was 25Mevts. We therefore compared the202

precision with the corresponding number of real events. The result is shown in figure 13203
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Figure 11: Left: Distribution of the calibration constants derived from the f-symmetry method
in ring 72 before and after the corrections discussed in section 7.1. Right: Precision of the
phi-symmetry calibration before and after correction for systematic effects. The histogram rep-
resents the value of c discussed in the text

Figure 12: Left: Precision using RMS with (solid circles) and w/o (open circles) corrections.
Right: precision as a function of the number of events for ring 13
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Figure 13: Left: Comparison of precision from data and MC on 20M events. Right: Distribution
of the convolution of intercalibration precision from phi symmetry and precalibration for the
36 supermodules

7.3 Stability to energy cuts204

7.4 Considerations on the precision of the precalibration with cosmic rays205

The precision of the precalibration using cosmic ray muons was estimated to be 1.5% for206

|ih| < 40 and then increase linearly up to 2.5% at higher ihs. To verify these figures, we applied207

the procedure described above on those SM that were not exposed to test beam, but only to208

cosmic rays. The s of the distribution represents in this case the convolution of the precision209

from f-symmetry and cosmic ray precalibration. At low etas, after deconvolution of the 1.5%210

contribution from f symmetry derived in the previous section, a value of [FIXME] is derived.211

However, not all the supermodules show the same level of precalibration precision. We re-212

stricted the analysis at |ih| < 45 and derived the distribution of the intercalibration constant213

for each supermodule. The width of this distribution was then put in a histogram as in Figure214

13 right. This Figure hints at the existance of three populations [FIXME], as reported in [4].215

7.5 Conclusions216
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A Intercalibration constant maps227

B Additional plots of systematic effects228

C Datasets229
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Figure 14: Top : map of the intercalibration constants before corrections. Bottom: after cor-
recions
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Figure 15: We report the same plot we have shown in figure 10 for EB-, modules 1,2 (top to
bottom)



16 C Datasets

Figure 16: We report the same plot we have shown in figure 10 for EB-, modules 3,4 (top to
bottom)
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Figure 17: We report the same plot we have shown in figure 10 for EB+, modules 2,3 (top to
bottom)
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Figure 18: We report the same plot we have shown in figure 10 for EB+, module4
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