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Considerthefollowing simplified diagramFigure1 of thesignalprocessingfor a single

calorimetertower.

Figure 1. Signal Processingfor a Single CalorimeterTower.

This note estimatesthe averagesignal at point A before digitization and before any

thresholdsare applied due to eventpileup. The averagesignal is denotedby Etower, and

the variation asáJtower. Thesedependon the following variables:

1. Averagenumberof eventsper beamcrossing ñ.

2. Average number,of particles producedper unit ii n,, it is assumedthat the

particlesareuniformly distributedin n and.

3. Averageenergyper particle2.

4. RMS spreadin particleenergiesE.

5. The shapingfunction ht. This includesboth the integratorand the shaper. It is

defined so that if energyF is depositedas a delta function in time at t = 0, then

the signal at A is Eht.

The signal at A will dependon the energy depositedin the tower on the previous

beamcrossingswaitedby the function ht. Let 4 k = 1,2,... be the timesof the beam

crossing. Let n be the actualnumberof pp interactionsin the kt crossing.Let &C be

thenumberof particlesthat depositenergyin the tower from thej’ eventj n of the
kth beamcrossing. Finally, let Ek be the energydepositedby the th particle i ik

of the th eventof the kth beamcrossing. Then,the signalat A is

nv
flik

Etower = Ekhtk 1
Ic j0 1=0



Now, we haveto averageover 1 particleenergies,2 numberof particlesper tower

perevent,and3 numberof eventsin eachbeamcrossing. Denotetheseaveragesas E,

,, and nay and do them in the following order:

///
flk3k

2tower = çççEEiikhtk
Ic j=0 1=0 E

= EIjIcE, htk.
Ic j=O 1=0 424

All the EIk’s are statistically independentand are sampledfrom the samedistribution,

which is assumedto havemean2 EijkE = 2.

zky ,ik

EtowerEEç1 htk

Ic j=O 1=0

I,n.y

htk.

All then"s arestatisticallyindependentandPoisson-distributedwith meanñ =

wherezna4 is the sizeof the tower.

/ Ic npAnEsçb
n2 =ñ=

in 2ir
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Etower = 2 1
Ic ;=0 flv

flflLSI / k
- F ev/ htk
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Applying the samearguments, = ev

Etower
= Enp&iAnev

htk.
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Let At be the time betweenbeamcrossings.

Ic

h4

[Note ht = 0 for it c 0 sinceit is not possibleto build an anticipatorbox.]

Thus,

2 EñpAnAñev
h dtower

= 2irAt
it it.

0

This is quite sensiblein that Etower is linear in 2, n,,, andev.

Now we needto estimateAEtower. Sincewe have2tower, weneedE?ower. From Eq. 1,

flk 2

E?ower= x: >1 II E1khtIc
Ic j=0 1=0

n n J2k2

= > E11 E1252Ic2 h%1htk2
Ic1 Ic2 ji=O j20 i=0 Z20

_______

/ / / i ,2 iiki 72i31c3

E?ower
= >i: : F F E1,11k1 .E122Ic2 ®

Ic1 Ic2 jiO 22=0 ii=O 12=0 En ny

/ n4 2 172j1k1 7222k2

= F FF F F F El11Ic, E122Ic2 0 htIcjh42
Ic, Ic2 ji=0 j2=0 i10 t20

If i1 $ or j 32 or k2, then E1,a1Ic1 and EI22Ic2 are statistically independent

variables ‘ F1151Ic1 E1252Ic2E = F1151Ic, E E1252Ic2 =

If i1 = i2 and j = 32 and lci = k2 then

E1,1IcI EiljlklE = ES,Ic1 =
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Thus, EI,,IcI E1252Ic2= 22 + S1,12851528Ic1Ic2E2_22 = 22 + 61112651525Ic,Ic2AE2

_______

n n3 /nulkl fl2k2

F2 = F F F F F F [22 + 811126j1j25Ic1Ic2 AE2] ® hitIc,hitIc2tower

Ic1 Ic2 ji=0 j2=0 ii=o 12=0

/

= 22F F 1 F F nulIcdnh2Ic2 htIc1htIc2
71/

Ic, Ic2 jio 520 ‘n.y

/ 74y

+ AE2 FF niIc [htIc]2.
Ic ‘j0

Using the sameargument,niu/c1 &2Ic271 = #12 + 8525,5Ic,Ic,ti2 -
#12 = n2 + 651528Ic, Ic2 An2

______

- 22 FF F [n2 + 5j5IcIc An2] htIc,h42tower -

Ic1 Ic2 ii=0 j2=0
‘ey

+ AE2n#1evF [hitIc]2
Ic

= 22 n2 F F t4 htIc,htIc2 + E2An2F v [hitIc]2
Thev n.yIc1 Ic2 Ic

+ AE2n #1evF [hitIc]2

Ic

= 22 n2 F F [nv + 6IciIc2’Thv] htIc, hitIc2
Ic, Ic2

+ E2An2#1ev + AE2n#1ev F [/4}2

Ic

2

= 22 n2 n [F hitkl + 22 n2An F [hitk]2
Ic i Ic

+ E2An2#1ev + AE2n#1ev F [hitIc]2
Ic
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00

Fh@Ic kfh@dt
Ic 0

00

= [ht,],

2

ELer
- 22 #12 #1V Ij htdt1
- At2

0 j
00

11
+ [22 #12 Anv + An2 #1ev + AE2 #1 #1ev] j [ht]2dt

0
2

A F?ower= F?ower - Etower -

00

= [22 #12 An,, + An2 #1ev + AE2 #1 #1ev] f[ht]2dt.

0

Since n and nev arePoisson-distributed,

An2 = #1 and A72v = #1ev

CO

AEtow = #1ev #1 [221 + n + AE2] f[ht]2dt.

0

CO

A E?ower = #1ev
ñAnAcb [22 i +

#1pAAn
+ AE2] 1 J[ht]2dt.

2ir
0

Thus, therearebasicallythree contributions to AFtower:

1. The #1ev #1 AF2 term from fluctuations in the energydepositedper particle.

2. The #1ev #1 22 term from fluctuations in the numberof particlesper event.

3. The #1ev #12 22 term from fluctuations in the numberof eventsper crossing.

#1AnA
Note 1: for the sizeof towers in SDC AAn = .052, #1

= 2r

00

AEer
ñev#1pAnA 122 + AF2] J[h@]2dt

2ir
0
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Note 2: Theshapingentersthroughthe integralsf’° htdt for 2tower and /j’0°° [ht]2dt

for AFtower. It is possibleto make the first integralzero, but it is not possibleto make

the secondone zero. It may bepreferableto minimize f°[ht]2dt [and henceAEtower] at

the expenseof a non-zero 2tower and then subject off 2tower offline.
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