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HOW DO WE MERASURE EVENT-RY-EVEMT FLUCTUATIONS R

— DEFIVE A GQUANTITY (E\rr.:'m QUANTITY "A") WHICHL cAN

BE HMEASURED FOR FEACH BVYENT,
EG NUMNBER OF PARTICLES (E\rr.-:w'( HUL'TlPLlCl‘Ty) JJ
(A=N) OR SUM OF PARTICLE TRANSVERES HMOMENTA R

—~ MEASURE 'A FOR ALL EVENTS IN AN EVENT SAMPLE
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. THERN PRORARICLITY DENSITY DISTRIBUTION oL A
S ESTIMATED AS;

M (AX<A<A&+I)
h(a) = b - M

WHERE! By ~ BIN SIZE

M (A6<A<A&H> - 3 EVENTS IN (BIN A&<A<A}‘”
M -Ta7ar NUMBER OF EVENTS

RY CONSTRUCTION

%h‘-(ﬂ)A& =4  ( fh@aea=2)



— MEASUREMENTS OfF E-BY-€ FLUCTVATIONS OF A
MEAN MEASUREMENT OF h(ﬂ)

h(a)
L
L
=EL_|__.L_L_\_1__L(>

AND/OR A CHRACTERIZATION OF THE EVENT SAMPLE @Y A LIMITSED

MUMBER OR QUANTITIES (FLuc:rUPthON MEASURES,
QUANTI Tles) F G. SAMILE FOMENTS



POSTULATE ;
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(INFINITE) POPULATION
£(R) - PROBABILITY DENSITY FUNCTION OF
THR RANNDOM VAR\ABLE &

oF carsE  (£(a)dh = 4



h(a) {(m)
SAMPLE PDF INFINITE
POPO(LATION PDF
A
h(A) = &(A)
FOR



MOMENTS OF A DISTRIBUTED ACCORMNG TO [ (A)
\—-——-———————\__._—*

EXPECTED VAWE OF ANY FUNCTION 4(A):

= [g@)] = H(a) 4(R) AA

Elc] = c C — CONSTANT
Elc-q)] = < ELg@r)]
Elca (@)t <292(R)] = ¢4 E[qu(A)) t e B[4 (M)]

(E - LINEAR OPERATOR )



RAW (ALGEBRAILY) MOMENTS ( %(H): Ak ) :
my, = E[AT= [Af(A) dA
{ MEaw A
centraL MamenNtS (9R) = (A -'M'.)k ) :

M

U
im
|
A
o
tﬂ'
—

N
.
1
~—
7 N\
D
u
$_
~

-
<
C \
>
N’
L
P



Raw MOMENMNTS, EXAMPLES

NEAN — FIRST RAW MOHENT

EEﬁ]: KA{'(H) ot '-'-"—M: =
SEcol) RAW MOMENT
E[a] = (A" f(n) A = ol

THIRD QAW MOMENT |
5 Ijﬁa'] - fAB&(A) d A (=_ M'3 )



CENTRAL MOMENTS, EXANALES
FIRST CENTRAL MOMENT,

EE(_A-M)4] = E[A]J-M = (= my)
SECOND CENTRAL MOMEMNT ~ VVARIANCE

Efa-m)] = E[A]-M°  (2mp= &)
THIRD MOMEMT

E[(A-m) ] = E[A*]-3m B[R] +240 (3 m9)



RACIK TO EVENT-BY-EVEMT HEAS\)REMEWS.?
A, Az - A N

RAS\C ASSUMPTION,

~ A, Ry, ... Ay  ARE INDEPENDENTLY ~ PRAWN
§(A) (NFINITE POPULATION POF)

CALCULATE  ARTHMETIC. HEAN OF {A, ... Ay |

_ N
A = e :,3\' Are
ExPECTEPR VALUE 0F A \S
- E Lwear | M o f() PoRAL AL
ER] = ? E[A] T = _I;.(..y( M

AND ITS VARIANCE
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e ] Org
E[(A-w ] = T
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ARTHHETIC MEAN oF EveEMT QUANTITY Y“A" CALcULATED FOR
EVENT SAMPLE ™M  ESTIMATIES EXPECTED \VAWE OF "A"

H
A= S A~ Al = o\
s s 2 A = E_I_/—}]-jA {(r)oR
WITH PRECISION (nISPERSION = VARIANCE €2 )

o~/ (M! ( A— E|lA] FoRr M—-—-)Oc)

FREQUENTLY BOTH E[a]) (PoPuLAtioN MEAN) AND
A (samPLe MEAN) ARE CALLED MEAN
AND DENGTED AS ~A>



EVENT SAMPLE VARIANCE ESTIMATES SECOND CENTRAL
MOMENT ( PoPULATION VARVANCE )
M

FREQUENTLY RoTH O (POPULATION VARIANCE )
AND ST (SAMPLE \JARIANCE ) ARE CALLED
VARIANCE™ AND DENOTED = \(av AT



MULTI-OIMENSIONAL E-BY-E ANALYSIS

ONE CAN DEFINE AND MEASURE MORE. THAN ONE
EVENT QUANTI TY E.G. TWUO0 EVENT QUANTITIES
A AR B

IN THIS CASE
SVENT SARMPLE IS GIVEN BY

{(H‘HBl); (41'6?-) ST CAH ‘ 6M )}

AN POPULATION OISTRIBUTION BY
f£(R,B)
IN APDITION T0 "pPORE' MOMENTS

<A | <B<>

"MIXED ! ONES APPRAR

< AR D



A avp B ARE UNCORRELATED ( IMDE.DEI\JDE:W) WHEN

e(me) = §,() - £,@) = E[AeJ= g|AJe[p"]

IN THIS CASE FOR AN EVENT SAMPLE °
OvE GETS

<A E AR D
B

— I,

INDE PEN PENY A CORRELATED A



CONT(NQUS AND DISCRETE EVENT QUANTITIES

L(R) IS A CONTINOUS FUNCTION OF A
= A — CONTINOUS EUENT QUANTITY §®)

—

A

f(A)= @) ZJ(H D; ) P @)

= A~ DISCRETE ‘EvenT QRUANT (TY
ONLY VALUES OF A=Dy HAVE I !

NON-ZERO PROBARILITIES ((Fc (Dﬁ)

P(r)= £(A) /Z4(@) > Zp@a)=4
e



EXAMPLES .

CONTINWS EVENT QUANTITES:

A= P A=E
(HO"TIOLJ‘AL EVENT QVANTITIES )

DISCRETEE EVENT QUANTITIES:

A=A, AN A= 3
( MAT r—‘mm_ EVENT QUANTI7I ES)



