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B INTROPUCTION
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TWAO METHORDS TO REMOVE THE UNWANTED TERM:

4. SELECT ENENTS WITH KN = CONST = w @J) - O

= ‘CeNTRALITY" SELECTION

2. DERINE FLLCcTUATION QUANTITIES TO RE
INDEPENDNDENT QF P(EJ)

= STRONGLY |NTENSIYE QUANTITIES



@ ® ‘cenvtraviTY! SECecTioN
|1}
SELECT ENENTS WITH W = CONST

DIRECT MEASUREMERNTS OF W REQUIRES EVEWT-RY-EVENT
MEASUREMENTS OF NUMRER OF RaRYoNS B,

ANTI- BARYONS, B (JyicH INTRRACIED INELASTICALLY
THEN

W = B-B (& BaRYON NUHBER CONSERVATION
NUCLEONS ARE RARYONS )

TH(S REQVIRES ALMOST FULL ACCERTANCE )
WHICH (ANT) BARYONS ARE UNIQUELY IDENTIFIED

EXISTING DRTECTORS ARE VERY FAR FROM

THE REQUIREDP PERFORMANCE <7
(r— o 8



MORE REAUISTIC ARE MEASUREMENTS OF
SPECTATOR NUCLEONS | S=SptSr.
T™MEN FOR A+Q coLUSIOANS ONE MAS:

W = 2-A-5S @z BARYON NUMRBRER coMSER\I‘ﬁTmM)
!;;JT A 2-A= W+ Sp+ S SPECTATORS ¢
(g_'p'l LIMITED ACCEPTANCE
- NEEDED
Q
SHALL CONTRIBUTION
OF NON-SPCTATORS
0.3 (NG P1D HEEDED)




MEASORING SPECTATORS

COLLINDER EXPERWMENTS:
SPACTATORS'® FREE UUC.LEOJUS

/

—_\_
)—\ BEA”
ARAM PIPE
PIPE SPACTATORS: f:eﬁ@nems
(d He | - -

+ MRASURMENTS OF “TARGET" AND " PROJRUTILE
SPRCTATORS POSSIBLE UNMDER THE SAMNE
EXPERIMENTAL CONP[TIONS

— ONLY FREE NUCLEON SPECTATORS CAN RBFE

MEASURED, [FRAGMENTS ARE 'LOST (N BEAM PIPES
(ONLY = S0% OF SPECTATORS CAN (3E MEASURED )



MEASURING SPECTATORS:

FIXED TARGET EXPERIMENTS:

PROTJECTILE.
SPECTATOR

| pETECTOR

TARGET
+ ALL PROJECTILE SPECTATORS ARE MEASURED

— TRRGET SPECTATORS ARE ABSORBED IN
THE TARGET MATERIAL , NOT MEASURED



MEASORING SPECTATORS .

THE VERY SPECIAL CASE:

® FIXED TARCET EXPERIMENTS -+
® (DLLISIONS OF SihitAR SIRE NUCLE! <
® COCLISIONS WITH VYERY SHALL
MUMBRER OF PROJEC:TIL—E SPECTATORS

Sp & = S5r<0 (E Wz A = LJTﬁA)



THE VERY SPECIAL CASE %

158 A GeV

EXAMPLE FOR Intln (Xetlr)
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THE VERY SPECIAL CASE IS USED BY NAE(/SHINE TO
LIFIT SYSTEM SIRE RLICTUATIONS

Pb+Pb i | B 2016/18
Xe+La i B 2017
Q
N
" Ar+Sc s B 2015
-
D
n Be+Be i B 2011/12113
>
p
p+Pb & . 2012/14/17
P+p B . 2009/10/11
13 20 30 150

beam momentum [A GeV/c]



B 3 STRONGLY INTENSIVE QUANTITIES

EXTENSIVE QUANTITIES CUMNMULANTS

CONSINDER [B-GCE (WITH FIXED \ .G +;

OR WNM WITH FIXED WS N.'.-_ z N

A QUANTITY PROPORT |ONAL TO c "
WV (I-6CE) oR W (WNH) 1S n, - INDEPENDENT

CAlLED AN REXTENSINE QUANTITY
THE MO0ST PEPULAR BXTENSIVE QUANTITIES ARE’

NS ~ V R N>~ W \ FI RST FMOMENT

\Vour ﬂ\)] ~\/ OR Vow [N | ~ W l SECAND CENTRAL
™Mo ENT

P e

THEY WERE INTRARUCED  WISSCUSED NDURING-
PREVIQUS [ECTURES



THE FARLLY OF EXTENSIVE QUANTITIES caM RE

EXTENNDED TO HIGHER ORDEFR MOMENTS USING- -
THRE WRLL KNOWM IN STATISTICS CURULANTS  Km | A ]
WHERE wn IS THE CURNUVLANT ORNER AND A RANDDOM
VARIADLE ., FOR A, AND A, BRING INDEPENDENT
RANDOM VARIADLES :

i (At A = K[ 8] * Kpa[ A2]

AND THUS Cutid LANTS ARE EXTENSIVE QUANTITIES
= G. W
FOR A=N= Zwn (WNFM) ONE GETS;

L=)




THE FIRST FOUR (m=4,2,3,4) CUMVLANTS ARE:

kLA = <A

K, [A] = LA -<A>" = Vav[A]

K3 [A] = <A*D ~3<ADLKAD + 2<AY = <(A-<AD)3>

(o [A] = <AD - 4KADLAY -3<AY + RLRDLAR - (LAY =
= (A<D = 3 (A-<AD) DS



INTENSIVE QUANTITIES

RATIQ OF ANY TWO EXTENSINE QVANTITIES IS

INDEPENDENT OF WS (WUNM) oR T (IB~GCE)
T 1S AN INTENSIVE QUANTITY,

POPULAR EXAMPLES ARE

(")I_Nj: & 3% — M<V\>
<AY/<BD = <D A<e> = <ab/<b>

WHERE A ANB B ARE ANY EXTENSIVE EVGENT
QUANTITIES



Y DNEFINITION RATIO O0F ANY TWO0 CUMULANTS

OF EXTENSIVE ENENT QUANTITIES IS AN INTENSIVE
QUANTITY |  EXAHMES |

KyoENj/Kzoo EM_—_I - ;d/ Sie D‘]/;‘d 200 E‘J = K'OEV\]/K@[;\]
Kig L A] /Kc, (81 = K E"*}/“q b ]

o
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STRONGLY |NTENSIVE QUANTITIES

FOR AN EVENT SAMMLE WITH VARYNG W CUMULANTS

ARE NOT ANY MHMORE RXTEMSIVE QUANTITIES
FOR EFExAamMfPeiz

K [N] = Vav[N]= Var[n]<W> + <y Vav [W]
K, (N = F(KW> <KW KW 2 )

. [N] = (<82, <WD <WD, <WD)

PEGUN |, CPAD 2016



RUT HAVING TUJQ0 EXTENS\WWE EVENT QUANTITIES ONE
CAN  CONSTRUCT QUANTITIES WHICH ARE
INDEPENDNENT oF P(TWJ):

EXAMPLES ° ARE:

<AY>= Lad - <W> PRI
=D A =< > /<Lb>
<R = Kby - <W> A

---ﬂ

Var [A] = Vaw[a ] <WD + <> Vo W] [«<10/<od
Vo [ B [ = Var b <WN> + <b > Vav EWJ I*<&>/<5>

i

Var [A] <bD/<a> ~ Vav [B] 0> /K6 =
= \(a Ea)/<q> LbS5<CWD ~ \/QNDPJ/<9 ‘ <°—><w>




W[A] <B> - w[e]<<AD
Vo [W] <6/4 ~ Vv [B] <od,/K4> =
= \(a [a3/<q> - <b><U> ;" VQNEL]/<“> ‘ <Q'><m>

W] <bO<W> — u[@] <Lap KUY
\

WHERE C= ¢ (AMY EXTENSIVE QUAm‘lTY), FG C=<R)

AlaB) - 1S INDEPENDENT of P(W) 7V
IT 15 STRONGLY INTENS|IVE QUANTITY



THE SYSTEH SIZE DEPENPENCE CAN ALSO RE

REMOVED RY USING VARIANCE 0F A AND
COUVARIANCE OF A QA (c,o\r [AlB]_:_ <AB> - <A LB >

THEN (QONE GETS

ZEH.B:] = —CL ( LJI:A:|<B> + MEB:[(F\) = ZC.OUEP:,B] ) onc

= -(-i- (LJ F»](L>'l' w[}] o)~ 2eov [—Q‘" bj)

2 D\Bl - 1S INDEPENDENT O0fF P Cw) .?
IT 15 STRONGLY INTENSIVE QUANTITY



e ———————

saE] = & (<o -uB]<a>)

ALNNE -(_‘:—' ( ul:A]<B> + w[B:[<A> - ?_coufﬁ,s:l )
NOTE THAT A DOFES NOT INCLUDE THE CORRELATION
TERM (c,ox/EA\B_]) AND = DOES

OF COURSE  ANY FUNCTION 0 A AND 3 IS
ALSO A STRONGLY |INTENSIVE QUANTITY



IN PARTICULAR. .
SUAB]= —;:(z[“a.e] + b]}\ ,B])
L [p,A] = 3'- (2 |8, H]f/_},[&Aj)

WTH C=<BR) ARE USEFULL QUANTITIES
(SECoND ARNRR STRONGLY INTENSIVE CU numms)

NatiELY -
- - ABRY -<A><EBD —~
dlLAl&]:' L\)Lﬁ] — - B> — W LA]V
e ? .
PR <A B>, = <A, <62,
&
J?.[&‘A-]':— ¢ Q@ © ° * @ ®* o & 8 0 3 — NLGJV
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ONE CAN I2EANE STRONGLY INTENSIVE AVANTITIES
WHICH |NCLUDE HIGHER (3 + ) ORDER MOMEMTS

IN PARTICULAR , STRONGLY INTENSIVE CUMULANTS
OF > AnD 4™ ORDER ARE -

LA = (3 2
TRE]e K2 - 2<A<A B -SSR B2, 2<HICAS

<3 o B % <>
’ A LA ABD + KADLKATBD ~ 3O AL
K4 Eﬂ B]_ P;> <A OKL i 2KABR)D +
< RBR>*
i 6<A"> CABD . E<ADCAIBOLABY CpDLABS”
o <R>S <R
K‘; EB(A‘] - ~



BY CONSTRUCTION, FOR <A 3”)\/ = <Hk>v< rt D, ONE GeTs:

GLael = KAl /<B>,

Ky [p,8] = K, fﬁ]v /<B>v

K¥[AB] = <A>/<B,

.
ey -y @ e o

THZ ARoOVE REWLATIONS ALowW To GET RATIOS OF
ANY COFIVLANTS AT FEIXED VOLUME’., £ .G

N[l = KBl /KA R)= SLLCA, BT



STRONGLY |INTENSIVE QUANTITIES,; REFERENCES
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