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ransmission lin igitization digital filter, electronic
p:e—alaripli?ise(r), sha%er ggi% se?ecc'iio’n cagIJibration, corrections (-(Raw Channel Data)-\
energy E,, (MeV)
time t (ns)
> >| quality Q
selected gain g
. online id idonjine
A L
current shaper digitized v
in gap output samples ~
(nA) (mV) (ADC cts)
What is response?
Reconstructed calorimeter signal E =A x [ADC N nA]
Based on the direct measurement — raw peak “" L ]
the raw signal current calibration
May include noise suppression ]
Has the concept of signal (or energy) X([ HV] X [cross-talk] X [purlty])
scale N y
Mostly understood as the basic signal electronic and eff?cf:iency corrections
before final calibrations
Does not explicitly include particle or X[nA — MeV]
jet hypothesis h g

'S
. . energy calibration
Uses only calorimeter signal

amplitudes, spatial distributions, etc.
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Slow signal collection in
liquid argon calorimeters

~450 ns @ 1 kV/mm drift
time versus 40 MHz/25 ns
bunch crossing time
Measure only |, = I(t,) ,
(integrate <25 ns) o4l
Applying a fast bi-polar i
signal shaping 021
Shaping time ~15 ns _J
With well known shape i
Shaped pulse integral = 0 L2l . *eeesccoees
Net average signal 0 100 200 300 400 500
contribution from pile-up time (ns)
=0
Need to measure the
pulse shape (time sampled
readout)

Total integration ~25 bunch
crossings

& 23 before signal, 1 signal, 1
¢ after signal
S

reading out (digitize) 5
samples sufficient!

S

f—
L

08 |

normalized amplitude
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What is digital filtering

Unfolds the expected (theoretical) pulse
shape from a measured pulse shape

Determines signal amplitude and timing

Minimizes noise contributions
Noise reduced by ~1.4 compared to
single reading
Note: noise depends on the luminosity

Requires explicit knowledge of pulse
shape
Folds triangular pulse with transmission
line characteristics and active electronic
signal shaping
Characterized by signal transfer functions

depending on R, L, C of readout
electronics, transmission lines

P. Loch
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Signal amplitude A _, (energy):

. a, digital filter coefficient
Ao :Za, (s;—p),with ¢s; reading in time sample
i=1

p pedestal reading
Signal peak time t

peak:
N

Apeaktpeak = Zb/ (Si _p)
i=1

W.E. Cleland and E.G. Stern, Nucl. Inst. Meth. A338 (1994) 467.

nepr-pe
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What is digital filtering

Unfolds the expected (theoretical) pulse
shape from a measured pulse shape

Determines signal amplitude and timing

Minimizes noise contributions

Noise reduced by ~1.4 compared to
single reading

Note: noise depends on the luminosity
Requires explicit knowledge of pulse
shape
Folds triangular pulse with transmission
line characteristics and active electronic
signal shaping
Characterized by signal transfer functions
depending on R, L, C of readout
electronics, transmission lines
Filter coefficients from calibration

system

Pulse “ramps” for response

Inject known currents into electronic
chain

Use output signal to constrain
coefficients

Noise for auto-correlation

Signal history couples fluctuations in
time sampled readings

ATLAS Digital Filtering

P. Loch
U of Arizona
February 18, 2010

Signal amplitude A _, (energy):

. a, digital filter coefficient
Ao :Za, (s;—p),with ¢s; reading in time sample
i=1

p pedestal reading
Signal peak time t

peak:
N

Apeaktpeak = Zb/ (Si _p)
i=1

W.E. Cleland and E.G. Stern, Nucl. Inst. Meth. A338 (1994) 467.

nepr-pe

Constraints for digital filter coefficients a;:

NS
Za,g,. =1, with g, being the
i=1

normalized physics pulse shape
N

A %_
Za,at_o

i=1
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nNer-pe

S e signal amplitude in sample ; - = i
P analog-to-digital converter pedestal F ] Ite r C o e ffl c [ e n t S
N, number of digital samples (def. 5) Determined by .
A TR digital filter coefficient .
IR s R noise auto-correlation Known pu Ise sha pe
B normalized physics pulse shape: / Minimizi ng noise
N NS N.S'
to 15t order Zang =1 Z Z Clz.Cl].O'iO'J.RI.J. — min
independent =l j=l

of time jitter!

=1l
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What does signal or energy scale Recall electrons/photons in sampling calorimeters:
mean?
Indicates a certain level of signal " dE
reconstruction E; =N, j de =N AE E,
Standard reconstruction often stops with 0
a basic signal scale Electron sampling fraction S_ relates signal and
Electromagnetic energy scale is a good )
reference deposited energy:
Uses direct signal proportionality to E E 1 |
| f— i ~ i —_— —_— —_— ~
e ectrqn/photon energy . Se — Tvis o Tvis g Erier: — _Evis — CeA=Edep ~ Eo
Accessible in test beam experiments E E S
. . . dep 0 e
Can be validated with isolated particles _ ) _ _
in collision environment with ¢, being the electron calibration constant.
Provides good platform for data and ) ) ) . .
simulation comparisons (S, is a unitless fraction, ¢, converts a signal unit

Does not necessarily convert the
electron signal to the true
photon/electron energy!
Hadronic signals can also be calculated on
this scale
Good platform for comparisons to
simulations

But does not return a good estimate for
the deposited energy in non-
compensating calorimeters — see later
discussion!

Is not a fundamental concept of physics!
Is a calorimeter feature

Definition varies from experiment to
experiment

into an energy unit, e.g. nA — MeV)

Response often denoted e =e(E,. ) =E (c,,A)

rec
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Single hadron reponse:

ﬂ(EO) — fem (EO) ) e + (1 _ fem (EO )) ) h é 0o ; Wigmans parametrization ron
. ] . ] . : L. Groom, m=0.80 (Best fit to exp. dota)
f.(Ey) intrinsic em fraction Zos | Groom. m=D87 (NN AL3S (1994) 336-3¢7)
with + , response of pure £ o oo
\ hadronic shower branch b oo
Non-compensation measure: o |
e 1 - L A
I 0.2 | I
7T fem (EO)+(1_fem (EO))h/e 01 | /_:,/‘;ﬁ- é
Popular parametrization by Groom et al.: e e S

fem (EO) — 1 o (EO /Ebase )m_l
1.0 GeV for z*

m=0.80-0.85,E . =
2.6 GeV forp

base

D.Groom et al., NIM A338, 336-347 (1994)
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Observable
e € ;
4 (EO/Ebase )m_1h+(1_(EO/Ebase )m_l)e 1.6

1

1_(1_h/e)(EO/Ebase )m 1
provides experimental access to :
characteristic calorimeter variables in pion ok
test beams by fitting h/e, E, ... and m from N

the energy dependence of the pion signal B [GoV]
on electromagnetic energy scale:

E E

0 ~ dep

Eem (72') ~ Eem (72')

rec rec

e/m normalized to g,

£
T
Note that e/h is often constant, for
example: in both H1 and ATLAS about 50%
of the energy in the hadronic branch

N generates a signal independent of the
E energy itself
S
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Complex mixture of hadrons > 06T At oy
5 - ATLAS =
and photons 2 I A L
_ _ 3 05 5 AKE
[0 L
Not 2 5|_ngllg particle response = R T M
Carries initial electromagnetic S Odmamanse © °P
energy I . —_
. o oL . —
I\/|a|n|y phOtOnS é r:....- 00®0,% 00540, 0%" oto.-t.. -o..oz
g 02 ° -
L C ]
0.1 Xoxxxs saXminel s axeyn
Bl BﬁnSac§¢aégééggﬁﬂglaag@ééé@§gég 2855 3
[ | | |
DO 0 2 0.4 D.ES D.B 1.0 1.2 1 .4 1 .6 1 .8 2.0

Jet E, (TeV)
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Complex mixture of hadrons
and photons

Not a single particle response

Carries initial electromagnetic
energy

Mainly photons

Very simple response model

Assume the hadronic jet content
is represented by 1 particle only
Not realistic, but helpful to

understand basic response
features

Jet Response

P. Loch
U of Arizona
February 18, 2010

@a‘;et +(1—f;et)-[fem +(1—fem)3

e
had had jet
fem :fem(Ejet )' Ejet :(1_f7/J )Ejet

[single particle approximation]

had \1™"
f — 1 _ Ejet
o Ebase

[Groom's parameterization]
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Complex mixture of hadrons

9 1.2 -
and photons 5 ..
. . x -

Not a single particle response 2 1

Carries initial electromagnetic ¢ |
energy g °?
Mainly photons é 0.8

Very simple response model 071

Assume the hadronic jet content ©671
is represented by 1 particle only o4

Not realistic, but helpful to 0.4 _ _ : ,
understand basic response 1 10 100 1000 10000

features Energy (GeV)
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Complex mixture of hadrons J(E o)
and photons e

Not a single particle response _ glet

Carries initial electromagnetic !

energy jet h

+(1- E._)+(1-f (E._.))— |dE
Mainly phOtOnS ( fy )had_!ons|:fem( had) ( fem( had))e:| had
Very Simple response m0d6| ! composition ?fhadronic corpponentgiven by jet I
ragmentation function
Assume the hadronic jet content :

is represented by 1 particle only =fyjEt
Not realistic, but helpful to

m-1 m-1
understand basic response _ get | Ehad Epa
features +(1 f; )ha;;ns 1 (E ] +(Eb hfe
More evolved model | | L
Use fragmentation function in jet = f° +(1—fyjet) > (1+(Ehad/Ebase) (h/e—l))
response hadrons

This has some practical
considerations

E.g. jet calibration in CDF
Gets non-compensation effect

Does not address acceptance
effect due to shower overlaps

base
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Noise Reading (o)
Fluctuations of the “zero” or “empty” 2E a =
signal reading 4;_ .................................................................................................................................................
Pedestal fluctuations af . )
Independent of the signal from particles =

At least to first order

Mostly incoherent 1 [ MTTTTTReSN | SRRSO ESIIGIIGNE | CRRRRN SRR SSRGS | e S | |
No noise correlations between readout (1 o ot T (¥ Rl oy £ 8
channels SR || N 1 1 el

Noise in each channel is independent _1:
oscillator —25—

Gaussian in nature _ ;S NS e
Pedestal fluctuations ideally follow - ,
normal distribution around 0 o e liERten Rty R e i S
Width of distribution (1 o) is noise value _?. T [ [ 0 000 Ol NS |

Signal significance Spatial Coordinate/Calorimeter Cell

Noise can fake particle signals

Only signals exceeding noise can be Small sngnal:

reliably measured
Signals larger than 3 - noise are very
likely from particles
Gaussian interpretation of pedestal
fluctuations
Calorimeter signal reconstruction aims to
suppress noise

Average contribution = 0, but adds to
fluctuations!

Noise only
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Noise

Fluctuations of the “zero” or “empty”

signal reading
Pedestal fluctuations

Independent of the signal from particles
At least to first order

Mostly incoherent

No noise correlations between readout
channels

Noise in each channel is independent
oscillator

Gaussian in nature

Pedestal fluctuations ideally follow
normal distribution around 0

Width of distribution (1 o) is noise value
Signal significance
Noise can fake particle signals
Only signals exceeding noise can be
reliably measured
Signals larger than 3
likely from particles

Gaussian interpretation of pedestal
fluctuations

noise are very

Calorimeter signal reconstruction aims to

suppress noise

Average contribution = 0, but adds to
fluctuations!

Acceptance and Noise in Jet Response

noise )

Reading (
5 ;

=
TTTT IIIIIIIII

Spatial Coordinate/Calorimeter Cell

Small signal:

Signal on top of noise

U of Arizona
February 18, 2010
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Noise Reading (o)
Fluctuations of the “zero” or “empty” 3 a =
signal reading 7Y O O VOO USSR ST SRR SISO SO

Pedestal fluctuations
Independent of the signal from particles
At least to first order

Mostly incoherent 1 [RPURRRN || ST | RURR | R
No noise correlations between readout (1]
channels E
Noise in each channel is independent _1:
oscillator =
Gaussian in nature 0SS W SN A S S S S
Pedestal fluctuations ideally follow E ,
normal distribution around 0 o S R R A S e e
Width of distribution (1 o) is noise value _f. e Y P R I
Signal significance Spatial Coordinate/Calorimeter Cell
Noise can fake particle signals
Only signals exceeding noise can be Small sngnal:

reliably measured
Signals larger than 3 - noise are very
likely from particles
Gaussian interpretation of pedestal
fluctuations
Calorimeter signal reconstruction aims to
suppress noise

Average contribution = 0, but adds to
fluctuations!

Sum of noise and signal
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NOISE Reading noise)
Fluctuations of the “zero” or “empty” o= | |
Signal reading 7 || mINENES SSENTRRE: SEWTS S —— ..........................................................................
Pedestal fluctuations 3§ ” __._.-‘ i
Independent of the signal from particles R
At least to first order zé """
Mostly incoherent 15_........ B e e m e R T a2 B R et
No noise correlations between readout 0fF
channels E_
Noise in each channel is independent =
oscillator =k

Gaussian in nature

Pedestal fluctuations ideally follow
normal distribution around 0

Width of distribution (1 o) is noise value _?|||||||

Signal significance Spatial Coordinate/Calorimeter Cell
Noise can fake particle signals
Only signals exceeding noise can be Small signal:

reliably measured
Signals larger than 3 - noise are very
likely from particles
Gaussian interpretation of pedestal
fluctuations Signal after noise suppression
Calorimeter signal reconstruction aims to
suppress noise

Average contribution = 0, but adds to
fluctuations!



P. Loch

18 @THE universiy  Acceptance and Noise in Jet Response U of Arizons
. OF ARIZONA. February 18, 2010
Noise Reading (0,,.)
Fluctuations of the “zero” or “empty” o= i :
Signal reading 4;_. .................................................................................................................................................
Pedestal fluctuations 3 s o B
Independent of the signal from particles SN CHR V WN! T N N S S
At least to first order - : :
Mostly incoherent 1 | ........ ............... FLISTITEUPEERES B ¥ [ TERIPRREeH _ - ..... ...................... I
No noise correlations between readout 0 =o=ip bt A -t e b L - - 1" Tn
channels S NE || [ [ A | ___________________________
Noise in each channel is independent _15
oscillator iy . | . ........... , .................. . | I s B N
Gaussian in nature £ e N .
Pedestal fluctuations ideally follow E ; ; : , : : :
normal distribution around 0 e iR EECT R TS P S e T
Width of distribution (1 o) is noise value _?|||| e e L
Signal significance Spatial Coordinate/Calorimeter Cell
Noise can fake particle signals
Only signals exceeding noise can be Large signal:

reliably measured
Signals larger than 3 - noise are very
likely from particles
Gaussian interpretation of pedestal
fluctuations
Calorimeter signal reconstruction aims to
suppress noise

Average contribution = 0, but adds to
fluctuations!

Noise only
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Noise Reading (0,,.)
Fluctuations of the “zero” or “empty” o= i :
Signal reading 4;_. .................................................................................................................................................
Pedestal fluctuations 3k
Independent of the signal from particles S W | N T T
At least to first order -
Mostly incoherent 1_. YRR RN " Tryepnepnnn || W | GOSN N B N [ || R S
No noise correlations between readout 0
channels Sl WA | O |t O L 1 Ul | s L1 1S
Noise in each channel is independent _15
oscillator ==
Gaussian in nature =L TR R B e e
Pedestal fluctuations ideally follow E ,
normal distribution around 0 e iR EECT R TS P S e T
Width of distribution (1 o) is noise value _?. T [ 0 0000 P [N |
Signal significance Spatial Coordinate/Calorimeter Cell
Noise can fake particle signals
Only signals exceeding noise can be Large signal:

reliably measured
Signals larger than 3 - noise are very
likely from particles
Gaussian interpretation of pedestal
fluctuations
Calorimeter signal reconstruction aims to
suppress noise

Average contribution = 0, but adds to
fluctuations!

Signal on top of noise
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Noise Reading (o)
Fluctuations of the “zero” or “empty” 2E i :
signal reading 4
Pedestal fluctuations =
Independent of the signal from particles 25_
At least to first order -
Mostly incoherent o
No noise correlations between readout 0
channels =
Noise in each channel is independent _15
oscillator ==
Gaussian in nature 3
Pedestal fluctuations ideally follow £ :
normal distribution around 0 —f—ree """"""""" """"""""" """"""""" """"""""" """""""""
Width of distribution (1 o) is noise value _f. e Y P R I
Signal significance Spatial Coordinate/Calorimeter Cell
Noise can fake particle signals
Only signals exceeding noise can be Large signal:

reliably measured
Signals larger than 3 - noise are very
likely from particles
Gaussian interpretation of pedestal
fluctuations
Calorimeter signal reconstruction aims to
suppress noise

Average contribution = 0, but adds to
fluctuations!

Sum of noise and signal
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NOISE Reading noise)
Fluctuations of the “zero” or “empty” 2E i :
Signal reading 7, || NSRRI SRS, SENSWI S | (SRS (SN, SUS—_— A——
Pedestal fluctuations 3§ s e i
Independent of the signal from particles R N
At least to first order 25
Mostly incoherent 15_....... S o ol e s S o e B ot B il e e eyl o At
No noise correlations between readout 0fF
channels E_
Noise in each channel is independent
oscillator

Gaussian in nature
Pedestal fluctuations ideally follow

normal distribution around 0 : :
Width of distribution (1 o) is noise value _?|||||||
Signal significance Spatial Coordinate/Calorimeter Cell
Noise can fake particle signals
Only signals exceeding noise can be Large signal:

reliably measured
Signals larger than 3 - noise are very
likely from particles
Gaussian interpretation of pedestal
fluctuations Signal after noise suppression
Calorimeter signal reconstruction aims to
suppress noise

Average contribution = 0, but adds to
fluctuations!
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Noise Readlng (0 oice)
Fluctuations of the “zero” or “empty” 3 :
signal reading 4
Pedestal fluctuations 3
Independent of the signal from particles
At least to first order 2
Mostly incoherent 1
No noise correlations between readout 0
channels g :
Noise in each channel is independent _15 calorlmeter response

oscillator — O L— T oo e e HE—
Gaussian in nature : : < true 5'8n3| :

Pedestal fluctuations ideally follow
normal distribution around 0

Width of distribution (1 o) is noise value I ET TR ET ey
Signal significance Spatial Coordinate/Calorimeter Cell

Noise can fake particle signals
Only signals exceeding noise can be Large signal:

reliably measured
Signals larger than 3 - noise are very
likely from particles
Gaussian interpretation of pedestal
fluctuations
Calorimeter signal reconstruction aims to
suppress noise

Average contribution = 0, but adds to
fluctuations!

Signal after noise suppression
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At least to first order

Noise Reading (0,,.)
Fluctuations of the “zero” or “empty” 55 i '
signal reading ") ORI SRR RS RSPV, SRR ...................
Pedestal fluctuations abs _ i
Independent of the signal from particles 25_ ’

Mostly incoherent 1
No noise correlations between readout 0
channels 5
Noise in each channel is independent -1 —
oscillator _2:_
Gaussian in nature £
Pedestal fluctuations ideally follow S
normal distribution around 0 = :
Width of distribution (1 o) is noise value 55 S | | | | y | .
Signal significance Spatial Coordinate/Calorimeter Cell
Noise can fake particle signals
Only signals exceeding noise can be Small S|gnal, two partlcles:
reliably measured Noise only

Signals larger than 3 - noise are very
likely from particles
Gaussian interpretation of pedestal
fluctuations
Calorimeter signal reconstruction aims to
suppress noise

Average contribution = 0, but adds to
fluctuations!
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Noise Reading (o)
Fluctuations of the “zero” or “empty” °F : =
signal reading 4
Pedestal fluctuations 3F-
Independent of the signal from particles -

Mostly incoherent LN R I
No noise correlations between readout 0
channels
Noise in each channel is independent -1
oscillator

Gaussian in nature

Pedestal fluctuations ideally follow
normal distribution around 0 4

Width of distribution (1 o) is noise value

. . . _5 [ | I | I | | 11 | | | | [ I
Signal significance Spatial Coordinate/Calorimeter Cell
Noise can fake particle signals
Only signals exceeding noise can be Small signal, first particle:

reliably measured
Signals larger than 3 - noise are very
likely from particles
Gaussian interpretation of pedestal
fluctuations
Calorimeter signal reconstruction aims to
suppress noise

Average contribution = 0, but adds to
fluctuations!

Signal on top of noise
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Noise Reading (o,,...)
Fluctuations of the “zero” or “empty” °F : =
signal reading 4
Pedestal fluctuations 3F-
Independent of the signal from particles -

Mostly incoherent LN R I
No noise correlations between readout 0
channels
Noise in each channel is independent -1
oscillator

Gaussian in nature

Pedestal fluctuations ideally follow
normal distribution around 0 4

Width of distribution (1 o) is noise value

. . . _5 [ | I | I | | 11 | | | | [ I
Signal significance Spatial Coordinate/Calorimeter Cell
Noise can fake particle signals
Only signals exceeding noise can be Small signal, first and second particle:

reliably measured
Signals larger than 3 - noise are very
likely from particles
Gaussian interpretation of pedestal
fluctuations
Calorimeter signal reconstruction aims to
suppress noise

Average contribution = 0, but adds to
fluctuations!

Signal on top of noise
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Noise Reading (o,,...)
Fluctuations of the “zero” or “empty” °F : =
signal reading 4
Pedestal fluctuations 3F-
Independent of the signal from particles I T T T

Gaussian in nature

Pedestal fluctuations ideally follow
normal distribution around 0

Width of distribution (1 o) is noise value

Mostly incoherent L | I A 1
No noise correlations between readout 0
channels e
Noise in each channel is independent | | e | %
oscillator =

Signal significance Spatial Coordinate/Calorimeter Cell
Noise can fake particle signals
Only signals exceeding noise can be Small signal, two particle, sum:

reliably measured
Signals larger than 3 - noise are very
likely from particles
Gaussian interpretation of pedestal
fluctuations
Calorimeter signal reconstruction aims to
suppress noise

Average contribution = 0, but adds to
fluctuations!

Signal on top of noise
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Noise Reading (o)
Fluctuations of the “zero” or “empty” 5e ; =
signal reading 7| SOVERRPN. WSS SURMEREN W
Pedestal fluctuations abs
Independent of the signal from particles s
At least to first order 2 S
Mostly incoherent = s - g
No noise correlations between readout 0
channels
Noise in each channel is independent Yol | N | | | N |
oscillator

Gaussian in nature

Pedestal fluctuations ideally follow
normal distribution around 0

Width Of diStribUtion (1 G) is nOise Value gI 1 L1 i L1 1 1 i L1 | i | L1 1 i - S L i L1 | i 11 | 1 i 1 1 1

. e ege -5
Signal significance Spatial Coordinate/Calorimeter Cell
Noise can fake particle signals
Only signals exceeding noise can be Small signal, two particles:

reliably measured
Signals larger than 3 - noise are very
likely from particles
Gaussian interpretation of pedestal
fluctuations
Calorimeter signal reconstruction aims to
suppress noise

Average contribution = 0, but adds to
fluctuations!

Sum of noise and signal
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Noise Reading (0,,.)
Fluctuations of the “zero” or “empty” s =
signal reading 4;_ ................................................................... . 1 ......... .......................................................
Pedestal fluctuations = | e
Independent of the signal from particles E e
At least to first order -
Mostly incoherent Lo i e B (| | e
No noise correlations between readout g
channels 5
Noise in each channel is independent -1 SR e S Sl .
oscillator 2k - S——
Gaussian in nature £
Pedestal fluctuations ideally follow K SR S B ik S S &
normal distribution around 0 7] S SO SV SN S S
Width of distribution (1 o) is noise value 55 S | i i i i
Signal significance Spatial Coordinate/Calorimeter Cell
Noise can fake particle signals
Only signals exceeding noise can be Small signal, two particles:

reliably measured
Signals larger than 3 - noise are very
likely from particles
Gaussian interpretation of pedestal
fluctuations Signal after noise suppression
Calorimeter signal reconstruction aims to
suppress noise

Average contribution = 0, but adds to
fluctuations!
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Noise Reading (o)
Fluctuations of the “zero” or “empty” 55 pZi N
Signa| reading 4;_ ............. .................. .................. ......... [ l.l ....... ‘ ..................
Pedestal fluctuations = e L]y ]
Independent of the signal from particles = I _______________ i
At least to first order 2e | 1
Mostly incoherent IS —— a1
No noise correlations between readout  gF o
channels = : : :
Noise in each channel iS independent _1 :_ ......................................... calbrimeter regponsé
oscillator E ; i :
Gaussian in nature
Pedestal fluctuations ideally follow
normal distribution around 0 = : : : : : : :
Width of distribution (1 o) is noise value 55|||||||
Signal significance Spatial Coordinate/Calorimeter Cell
Noise can fake particle signals
Only signals exceeding noise can be Small signal, two particles:

reliably measured
Signals larger than 3 - noise are very
likely from particles
Gaussian interpretation of pedestal
fluctuations Signal after noise suppression
Calorimeter signal reconstruction aims to
suppress noise

Average contribution = 0, but adds to
fluctuations!
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