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[} Tile Calorimeter in ATLAS

[(] Cosmic event in ATLAS

[J Check for energy response uniformity
[ Check for Inter-Calibration status
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Tile barrel Tile extended barrel

[} Tile Calorimeter in ATLAS

e

e Sampling Calorimeter composed of steel and
scintillating tiles

5 )

* Divided into three cylinders one Barrel (LB)
and two Extended Barrels (EB)

LAr electromagnetic
barrel

""" o e Rk
A B i s

4]/BCs[/BC6] /BCT[ /BCS [ /B9 | _ |ECTTN R TER
AS//Z6//1<7Z/7/£:/A9// Af N SN N1 0 NE R N ;
AN AN AT A DS A AD A ALY 297 S. VE A__Aald A Al A Al6T 1.7
Half-Barrel Extended Barrel
0 500 1000 1500 mm
S )' : ' Tile Calorimeter
Beam direction (Z) Cells and Tlle ROWS

* Each cylinder is composed of 64 azimuthal modules
* Each module is segmented in radial depth (three layers) and in z (cells)

* For each cell, scintillating tiles are read out by two separate PMT's.
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[C] Tile Calorimeter in ATLAS: Energy scale Calibration
EM scale

Epmyr = A X Capc—pc X CpC—>Gev.>< Ccs

ElectroMagnetic(EM) scale determination:

O Channels equalized in pC level.

O Set with a beam of electrons on 11% of the modules and propagated to all
the others with the calibration systems.

O First step toward Jet energy

particles Tile > PMT » Readout
scintillators P v electronics
Cs source Laser Charge
injection

Calibration systems:
O Charge injection: Calibration and monitoring ADC
counts to pC
O Laser: Calibration and monitoring the PMT gain, and ‘

the timing of the channels ‘77‘ | =&
O 137Cesium: Allow to equalize cell response aﬁﬁj
(precision 0.3%) e L

-

SOURCE PATH
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[C] Tile Calorimeter in ATLAS: Stability over time

O Over several years, 37Cesium constantly monitoring the PMT response, up-drift
effect observed.
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O Correction is applied to make the response equal to the one when the EM scale
was measured.
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[] Cosmic event in ATLAS TileCal

ATLAS 2008-09-28 10:19:08 CEST event:jiveXML_90272 2065845 run U272 ev:2Z065845 geometry: <default> Atlantis

]' gl YX Projection Bl
7

PR S

i ‘lm. i i

O Cosmic data are taken in three
period: 2008,2009,2010

el

O Magnetic Field(Solenoid and Toroid)
ON, allowing precise measurement
for Muon Momentum

~50
L

10
-7.8

A%

O Geant4 Full simulation with
expected spectrum, Good
agreement Data/MC (~2%)

X

0
P P

O Tracks crossing TileCal are used to
study energy response and
stability.
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[(] Cosmic event in ATLAS : Analysis procedure

Track reconstructed in Inner Detectors

Muon momentum: 10~30 GeV/c

Projective Muon, contained within one module
Track extrapolated to Tile Cells

Path length in each Cell calculated using a precise
geometry description M A

00000

[(J Cosmic event in ATLAS : TileCal Cell Response

;4500:| L LI LI LI |‘V| T ||: g goo:l|||||||||||||||||||||||||||||||||||||| |||||||| :

2 000r 1S goob @ Barrel Cell A3 E

a L ATLAS 1t - 5

O Good linearity for Cell response & *%: 1 o 700- E
vs. Path Iength 30001 e g 600 e Cosmics data 2008
2500/~ 3 g 500 —Me E

) 2000/~ 3 = 400 -

O Estimator of the response: : : : :
1500}~ - 300 =

The mean value of the dE/dl ook 1 oot ATLAE Prefiminary
distribution, computed using : . - Tile Clorimeter 1
99% events in the lower region.  °*¢ 4 ER E

C 1 AT NN I ey S el AT G S S TR g L b b b Ly oSS =

% 600 800 1000 0505 1715 2 25 3 35 4 45 5

Track Path Length [mm] dE/dl [MeV/mm]
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Check for Cell Energy response uniformity

Half-Barrel Extended Barrel
0 500 1000 1500 mm

Tile Calorimeter
Cells and Tile Rows
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[C] Check for Cell Energy response uniformity

O To minimize potential systematic bias, we use the data/mc ratio of the mean
dE/dl, to check the equalization of the cell response:

<dE/dl>,,

(dE/di),
MC

(dE/di)
120 T T T T T T T T T T T T T T T T g= N L e e e e A S S S S B S S S S R — T
g - ATLAS b) Layer LB BC 3 Kk - ATLAS b) Layer LB BC —
3{\ 115 — §§ 1o =
3 11 4 3K E ]
105 b = "E E
Eotvas g g, Bsb g C b S il g s DIk
0.95 ;— <i> I ({) T (P I 1 1 _g 0.9 f_ (I)CI) {) (i) WYTC} (I)(I) C} ?{) —E
03~ ¢ = s E
085 = 0'85_ E
— a3 07—
Neell deen [rad]

j ~ 2
|deal Case / \ | —%(R" 'u]
. R - (’\
(Uniform detector): Limited Statisti;

O Expect the same value(with gaussian fluctuation) within each layer
O Rejected by Hypothesis test: fluctuation is larger than statistic error
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[C] Check for Cell Energy response uniformity

|
( Non-U:fiform detector ) Limited Statistic | . 2
or non perfect measurement): - > ’
.J > \/O: + ()'mm v 2”

R! -u

’ 2 2
. O +0 0n

O For a non-uniform detector, we assume cell response follows a gaussian distribution

with additional “spread” : Onon .

O Estimate the parameter of the bordered gaussian by maximum likelihood approach.

Conclusion on Cell Uniformity :
O Good cell uniformity within layers: Non-uniformity effect for

2008 Data

each layer is ~2% .
O Stable result obtained in three periods.

Layer

| LB-A

D/ af
R s

1 0.964 + 0.003 | 0.023 +0.004 |

LB-BC

0.971 £ 0.002 | 0.020 £ 0.003

Origin of Onon :

LB-D

" EB-A |

1.005 £ 0.003 | 0.017 £ 0.003

O Systematic effect in the measurement for different cells.

O Known non uniformity in the light collection observed using |
electrons.

O Unknown cell non-uniformity effect.

EB-B
EB-D

0.974 £ 0.020 | 0.014 £ 0.043

| 0.979 +0.008 | 0.027 +0.010 |

|
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Check for Layer Inter-Calibration status

Photomultiplier

Wavelength-shifting fibre

Steel

Scintillator

BC

Beam direction(z)
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[} Check for Inter-Calibration status

1__ _I T 17T | IIIIIIII | 1T 17T | 1T 17T | IIIIII ] 1_ _I T T T | T | T T | T T7 | 1T 17T | T I_ 1_ T T 17T | T 171 T | T T 17T | T T 1T | T T 17T T
S la) & Layer LB A 1 3160000 ) ¢ Layer LBBC | Sis000lc) & Layer LB D -
9100001 .° 4 $1s0000 ..o 1 ¢ i .'Co) .
u“c-j - ° o ® Cosmics data 2008 - % E ° ® Cosmics data 2008 E %10000_— o © ® Cosmics data 2008—_
Z 8000~ e e © MC - gtao00 © MC 1 & L e o MC :
= [ o o 1 E L o e 1 E soool- g .
z [ . ATLAS Preliminary | % 100000 ATLAS Preliminary 7 = i ATLAS Preliminary -
6000__ y o Tile Calorimeter N 80001- . . Tile Calorimeter 6000; ¢ 5 Tile Calorimeter N
L 0) i B L _
B O o
- ° ] - e - i
4000 ° . B o000 E woo- & -
i ] T e ° L o ]
2000} - P ] o o ° - I % ]
- ] B y - . -
o Q%, i 20000 %q! - 0 go ]
0:’83 | | | | | | _ 0':}5 | | | | | | . O:j | | | | | | :
0o 1 2 3 4 5 6 0o 1 2 3 4 5 6 0o 1 2 3 4 5 6
dE/dl [MeV/mm] dE/dl [MeV/mm] dE/dl [MeV/mm]
Layer | ((dE/dD)C) | ((dE/dD))' | (dE/dl)y) | (dE/dl)) O We loot at the data/mc ratio of the mean
[MeV/mm]| [MeV/mm]| [MeV/mm]| [MeV/mm| <dE dl>
2008 data 2009 data 2010 data dE/dl, for every Iayer. / .
LB-A | 1.322+0.001 | 1.27720.002 | 1.285+0.002 | 1.28420.002 (dE/dl)
LB-BC | 1.360+0.001 | 1.328+0.001 | 1.334+0.002 | 1.334+0.001 O Expect to see the same value for 6 |ayer3
LB-D | 1.347+0.001 | 1.354+0.002 | 1.364+0.002 | 1.360+0.002
EB-A | 1.316+0.005 | 1.269+0.008 | 1.270+0.008 | 1.311+0.009 R . -
emaining systematic errors (Muon
EB-B | 1.325+0.003 | 1.294+0.005 | 1.288+0.005 | 1.309+0.005 O g y _ (
EB-D | 1.349+0.003 | 1.330£0.004 | 1.315+0.004 | 1.3250.004 momentum, path length, selection cuts,

calibration constants... ) need to be studied.

O To compare between layers, the correlation
of systematic error between layers must be
taken into account.

Tuesday, June 7, 2011

12



[] Check for Inter-Calibration status

450
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LB-A

Estimating systematic error:

O

o O

Potential sys. error from analysis: define certain
ranges where the selection cuts can change
coherently between layers, between Data/MC .

Uncorrelated errors: Gaussian smearing.

Produce 2000 “pseudo measurements” using
different selection criteria with smearing.

dE/dl measurement have RMS ~2%, LB-D layer
deviate from the others by 4%

Need to determine wether this deviation is

statistically significant

O To take into account the correlation of systematic error: for every pair of layer,
calculate covariance Oyy,

v =

N ] > Tk
Z,':](_R . I)(R

_ R;I’ )

N

i J | 2 3 ] 5 6
I [ 0.00013 | 0.0001T | 0.00010 | 0.00005 | 0.00010 | 0.00006
2 [ 0.00011 | 0.00020 | 0.00015 | 0.00002 | 0.00014 | 0.00005
3 [ 0.00010 | 0.00015 | 0.00018 | 0.00010 | 0.00012 | 0.00005
4 [ 0.00005 | 0.00002 | 0.00010 | 0.00291 | 0.00015 | -0.00015
5 [ 0.00010 | 0.00014 | 0.00012 | 0.00015 | 0.00031 | 0.00007
6 | 0.00006 | 0.00005 | 0.00005 | -0.00015 | 0.00007 | 0.00022

O Correlation as high as ~100%: strong correlation between layers.
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[] Check for Inter-Calibration status

O We introduce Bayesian inference to get the Posterior Distribution Function(PDF) of
the “true” response of each layer.

O Consider the energy response of 6 layers come from a multivariate Gaussian, with
a covariance matrix V discussed in previous slide:

f's . 8 |R,...RO =KL, ...u’R",...R®) =K e.rp[—;(f?— YTVvYR - F)]

—jji 45_' R J" o PN
a_:i ECosmlcs data 2010 A.'f'[_ AS P.rellmmary E
O Get the PDF for ratio between every other two 40F Tile Calorimeter -~

layers. 350 W

- u

. . 30__ MZ

O For pair LB-D/LB-A, LB-D/LB-BC, the probability - I
for the ratio being 1 is very small:The response 25;_ E
of LB-D layer is likely deviated from the 201 E
others. 15 -
. 10/~ -
O All the other 5 layers are well equalized. - -
5 -
O Our result suggests that there are systematic 0t L .

—
-
(6}

effects / deviations needed to be understood. | |
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[ Check for Response Stability

Layer

2008

2009

2010

LB-A

0.966 + 0.012

0.972 + 0.015

0.971 + 0.011

LB-BC

0.976 + 0.015

0.981 £ 0.019

0.981 + 0.015

LB-D

1.005 £ 0.014

1.013 £ 0.014

1.010 £ 0.013

EB-A

0.964 + 0.042

0.965 + 0.032

(0.996 + 0.037

EB-B

0.977 £ 0.018

0.966 = 0.016

(0.988 + 0.014

EB-D

0.986 + 0.012

0.975 £ 0.012

0.982 + 0.014

e Similar analysis can estimate the stability of the response for every layer over

I I . l -4 - — =)
the three years of cosmic data taking: F (ool | R RS RY) = Kexpl—5(P— G W™ (B - G)]

* We get the ratio between two

period for every layer

* For All 6 layers, response
stable over three period

* Result proves that the Cs
corrections applied during this 3-
years period are validated

1 1]

1 /14

T

[=1(LB-A)

1.006 + 0.009

1.005 + 0.008

0.999 + (0.008

[ =2 (LB-BC)

1.005 + 0.007

1.005 £ 0.005

1.000 = 0.006

[ =3 (LB-D)

0.998 + 0.007

1.005 + 0.006

1.007 £ 0.006

[ =4 (EB-A)

0.998 + 0.028

1.030 + 0.033

1.032 + 0.025

[=5(EB-B)

0.989 + 0.016

1.011 £0.013

1.023 +0.013

[ =6 (EB-D)

0.989 + 0.011

0.996 + 0.017

1.007 £ 0.016

Tuesday, June 7, 2011
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A Tile Calorimeter in ATLAS

M Cosmic event in ATLAS

M Check for Energy response uniformity
M Check for Inter-Calibration status

M Check for Response Stability

[] Absolute EM scale in TileCal

Tile barrel Tile extended barrel

LAr hadronic
end-cap (HEC)

LAr eleciromagnetic .
end-cap (EMEC)

LAr electromagnetic
barrel
LAr forward (FCal)
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] Absolute EM scale in TileCal

O EM scale set by electron, for Data and MC.
EM scale

I
n data pdata beam
I

Er;ég/fc E“MC ( =

VIS

O Assuming valid simulation for EM process:
Expected muon response(MIP signal) ratio Data/MC to be 1.00.

O Deviation from 1.00 implies possible changes of the “True” EM scale in
ATLAS from the EM scale set at Test Beam

. _(EM scale

lata
~udata a2 eTB 1
R e Lru o pC X E(’MC X IE )( am f‘nw x |
E/M E[IWE vis |E(IB f‘ (M(.‘
rec instr

vis 1 PC In am

ﬂd(”tl J‘I(

TR = () @ 0( L) 0 fg;j;) ® o (EM)

llS (lf

Tuesday, June 7, 2011

17



] Absolute EM scale in TileCal

O Uncertainty on Epc/Evis Ratio from analysis:~1.5%

O Uncertainty from Geant4 simulation: ~1%

(Multiple scattering model, Range cut, ...)

O Uncertainty from instrumental effect: ~0.6%.

(Implementation of Birk’s law, light attenuation)

O Error on Uncertainty from EM scale setting:

;alam

O-R o 0-( EyM( ) @ (

vrLs

O The total error of each layer
determinations is ~2%.

O The ratio between the actual value of
the EM energy scale in ATLAS and the
value set at test beams was determined
to be around 0.97(LBA) to 1.01
(LBD) with £2% error respectively

» 0.121p 1 _
g Geantd Full Simulation =~ ATLAS Preliminary:
Tw 0.12 Tile Calorimeter 5
w’ 20GeV f
0.119} t |
! e206eV 1
0.118} I
0.117
0.116} :
Y : :
0.115 ! v A )4 x v ¥
8 0 8 v
0.114f -
@ QGSP_BERT ® 3
0.113f B QGSP BERT EMX F
0.112¢ ¥ QGSP BIC_EMY
0111 ; — LA ALAL A A L LA A A L1l
10~ 10" 1
Range Cut (mm)
E¢ MC
”;l( ) @ 0.( f:(mlr) @ O.(EM)
l “ msitr
Layer | R' = EMurias /[EM | Aiogn Acar Apc At o
2010 data
LB-A 0.971 +0.011 [ £0.005 | £0.013 | £0.018
LB-BC 0.981 + 0.015 [ £0.005 | £0.013 | £0.020
LB-D 1.010 +0.013 [ £0.005 | £0.013 | £0.019
EB-A 0.996 + (0.037 | £0.005 | £0.013 | £0.040
EB-B ().988 + 0.014 | £0.005 | £0.013 | £0.020
EB-D ().982 +0.014 | £0.005 | £0.013 | £0.020
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Conclusion

O The calibration of the hadronic barrel calorimeter has been tested using
2008,2009,2010 cosmic data.

O The non uniformity of the cell energy response in each layer is ~ 2%.
O The maximum difference in energy response between different layers is ~4% ;

O All the layers seem to be well equalized except for the last layer in Long Barrel
partition (LB-D).

O The response for every layer is stable over the three analyzed periods.

O The EM scale for each layer agrees with the value set at test beams using
electrons.

Tuesday, June 7, 2011
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[ Cosmic event in ATLAS : MC Simulation

3 S1ufa)  LayerA ® Cosmisdaa20t0-| 3 Stulp)  LayerA| * Cosmicsdata2010]

é Q/: C O Cosmics data 2009 T & é C O Cosmics data 2009

v |V 12 A Cosmics data 2008 v |V 112 | a4 Cosmics data 2008 ]

11 - IR ) .

L - - o -

1.08[— B 1.08[— S -

L _ - + A A i

1.061 N 106~ | o

1.04f— B 10af- 1 ) =

O Geant4 Full simulation s % e ; % E s E
O Cosmic spectrum well simulated .| . : E s E
~ ATLAS Preliminary ’ - ATLAS Preliminary ]

) __ . C - __ ) :__ . C . __

0 Ag ree m e nt betwee n M C a n d D ata 0 96 _I 7I-lllel | alllo’l‘,,|11|eltelrl | I | | I | | L1l 1 | I | | 1 I_ O 96 T |7-I|Ie| | al’?rlll?e;tle'l' | I | I | L1 11 | L1 11 | I_

-15 -1 -05 O 0.5 1 1.5 -3 -2 -1 0 1 2 3

=
<

within 2%
Ratio of <P> Data/MC vs. eta, phi

E U [ T I T 1T I T 1T I T T 1T I T T 1T ] TT I. T ] T T 1T I T ] S L_) U T I T 1T I T 17T I T 17T I T 1T ] T I. T ] T 17T I I_
difa Lavera s omemanel 3 f0dn) Layera e
2 - osmics data . 2 - osmics data ]
RIS 112 + Cosmi R 112 : 7
v |V R osmics data 2008 : v |V e 4 Cosmics data 2008 :
1.1 . 1.1 —:
o) . n N
1.08[— R 1.08[— N
- & ] - N
106~ | - 1061~ B
104 | . 1.04(— .
102 | % — 1.02(— =
- } , Batassssoronasapit] (11 i E
0.98— @ i N 0.98 o -
- ATLAS Preliminary ’ - ATLAS Preliminary ]
0.96 :—Tile| Calorirlneter | | | | | — 0.96 :—Tille Calorlimeter | | | | | -

-15 -1 -05 O 0.5 1 1.5 -3 -2 -1 0 1 2 3

=
<

Ratio of <dI> Data/MC vs. eta, phi
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[(J Cosmic event in ATLAS : TileCal Cell Response

O Precise measurement:
Geometry effect at cell level

clearly seen

Cell Response [MeV]

N
(]
O

(\®
-
O

o
Q
O

800

600

400

200

_IIIII L IIII|III]|IIII|IIII T T I—
N ATLAS |
G 3
HAA A,
N g g
- E DD i
O;--;1||E||%Eﬂlﬂ@llll| .:|1||'||WZ|'11|||;_
-19 -1.85 -1.8 175 -1.7 -165 -16 -1.55

Track ¢[rad]
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Calibration schema in Tile Calorimeter

7

Bus Board

Cs calibration
Particles

E I
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. . I .
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TileCal response to Muon vs. Muon Momentum

N 4

E i 1 T 11 ' T T I r 1171 I J
E 2r ATLAS -
S EBA D5 Bottom 1
% . (1.0% tr.mean) _%)_q
=< 18 o Data ]
O dE/dI changes w.r.t. Muon S e M j
momentum © 1.6F _,j|
O Good agreement between Data ——
1.4 —3= J
and MC. ]
ot |
| —" ~i
12  —— .
1 L 1 1 i l ‘i

10 10°
Track [GeV]
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Selection Cut for Cosmic Events and possible systematic effect

N

Only One track reconstructed in
inner detector

At least eight hits in the silicon
detectors

Track momentum: 10~30 GeV/c
Tracks are well within a module
(Projective requirement)

Track entering in certain angle
(Track crossing multiple scintilator)
Track extrapolated to Tile Cells,
path length in cell d/>20 cm
Remove residual noise
contribution : dE > 60MeV

Use Bottom part of the detector for
inter-Calibration and EM scale
study.

7

Systemati errors sources Distributions of the parameters S ,,

1. §1: the |Adinner|s |Adourer] cut (f) | Flat: 0.03 <85, £0.05

2. S2: the |6| cut (h) Flat: 0.10 < §>2 £0.15

3. §3: the range [dlyin, dlnax] (€) dlin flat in the range (MaxPath)/2-100 [mm]
dl,,.. = dl,,+(MaxPath)/2 [mm]|

4. §S4: The dE,,; cut (g) Flat: 30MeV < 54 < 90MeV

5. §5: the p range (d): Flat: S5:5 < p < 10GeV, 10 < p < 30 GeV

and 30 < p < 50 GeV

6. S(,i

the ¢, range:

Flat: S¢:<0.>0

L S72
cut F (

the dE /d! truncation
Section 3.3)

Flat: S7 : 0%, 1%, 2%

8. Sg:
dE /dl

smearing of the simulated
distribution (Section 4.2)

Gauss (4, Sg): £ =0,5g =0.3%

9.5 Q.
calibra

uncertainty on the radial
tion correction (Section 3.3)

Gauss (4, 5¢): u =0,59 = 0.3%

10. S ¢

): uncertainty on the up-drift

and magnetic field effect

Gauss (4, S10): g = 0,510 = 1% for the LB
and S, = 0.6% for the EB cells

Tuesday, June 7, 2011
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Maximum likelihood determination for Non uniformity term

Assuming that the measured cell response follow a Gaussian distribution

The non uniformity s’ is obtained maximizing the likelihood function:

3 (=)
L l_[ e (r'+s

\/(0"2 + s2)2n

Where N is the number of cells in the layer / , by maximizing the likelihood function for
every layer within one period:

( 2008 Data 2009 Data [ 2010 Data

' Layer R! [ Fd | R ] st [ R [ ¥

' LB-A [ 0.964 +0.003 | 0.023 + 0.004 | 0.968 + 0.003 | 0.026 + 0.003 70.968 = 0.003 | 0.028 = 0.003
' LB-BC | 0.971 +0.002 | 0.020 + 0.003 | 0.976 = 0.002 | 0.021 = 0.003 | 0.974 + 0.002 | 0.020 + 0.002
" LB-D | 1.005 +0.003 | 0.017 +0.003 | 1.011 =0.003 | 0.019 0.003 | 1.005 + 0.003 | 0.024 + 0.003
|

(

J

" EB-A 2 . i i | : | -
EB-B | 0.974 + 0.020 | 0.014 + 0.043 | 0.971 = 0.012 | 0.014 + 0.033 | 0.995 + 0.017 i
EB-D | 0.979  0.008 | 0.027  0.010 | 0.975 + 0.007 | 0.026 + 0.007 | 0.986 + 0.010 | 0.053 + 0.009
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Bayesian inference for Layer inter-calibration

We introduce Bayesian theorem to estimate the posterior PDF of muon response for 6
layers, given the measurement we obtained (Data):

PR e RO s NG st

FGrsan | R sonRP)ss—— — »
f F(RY, ....,R® | !, ..., ;%) fo(u!, ..., 1£%)du ... dub®

We consider our knowledge of the six true value “vague” and hence introduce a flat
"Pior" for the probability for the six parameters, and we have
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Where the likelihood L(pl...u6) is a function w.r.t. parameters pl... u6

We consider our measurement for 6 layers comes from a multivariate Gaussian, with a covariance
matrix V obtained previously:
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where K and K’ are normalization constants, R = (R',....R®) and F = (', ..., u®).
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PDF of ratio between layers

Full table concerning the inter-calibration check between every two layers, showing the
mean value of the the ratio between two layers, together with the RMS

i=1 =2 I=3 [=4 i=J I=6
=1 - 1.01I0+£0.011 | 1.040 £ 0.011 | 1.027 £ 0.048 [ 1.018 £ 0.016 | 1.0I1 £0.016
=211010+0.011 - 1.030 £ 0.010 | 1.017 £ 0.048 | 1.007 £ 0.016 | 1.001 £ 0.018
["=310961+0.010 | 0971 +0.009 - 0.989 +0.044 | 0.978 £0.016 | 0.972 £ 0.017
I'=4 10979 +0.043 [ 0.988 +£0.045 | 1.015 = 0.047 . 0.994 + 0.045 | 0.990 + 0.047
['=510983+0.016 | 0993 £0.016 | 1.022 £ 0.017 | 1.010 £ 0.047 - 0.994 + 0.020
I'=6 10989 +0.016 | 0999 £ 0.018 | 1.029 £ 0.018 | 1.016 £ 0.051 | 1.006 + 0.020 -

Table 6: Mean values of the distributions of the ratios u'/u" obtained using 2010 data. The errors
correspond to the RMS of the distributions.
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