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Definitions

Connection of the FB correlation coefficient

with two-particle correlation function - 1

By definition the two-particle correlation function G, is defined through the
inclusive p; and double inclusive p, distributions:

p2(nF, dFinB, OB)

C2(77F7¢F;7787¢B) - p1(77F,¢F)p1(T]B,¢B) -1 (1)
2N d'N
p1(n, ) = dndo p2(1F; ¢Fi e, 05) = dnr dér dng dog @)

To measure the p; one has by definition to take a small window 07 ¢
around 7, ¢, then
n
pi(n, ¢) = i

~ondg
here (n) is the mean multiplicity in the acceptance 67 d¢.
One has to reduce the acceptance until the ratio (3) becomes constant.

(3)
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Definitions

Connection of the FB correlation coefficient

with two-particle correlation function - 2

To measure the po one has by definition to take TWO small windows:
ong d¢F around ne, ¢ and dng d¢g around ng, ¢g, then

(ngng)
onF 6¢F dng dpp “)

One has to reduce the acceptances of the observation windows until the
ratio (4) becomes constant.

So by (3) and (4) the definition (1) means the following experimental
procedure of the determination of the correlation function C;:

p2(1F, ¢Fi B, $B) =

(ngng) — (ng){ng)
G (nF, 9FinB, 9B) = ; 5
(e (ng) ©)
where ng and ng are the event multiplicities in TWO small windows:
onfg dpF around nr, ¢F and dng dpg around ng, P5s.
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Definitions

Connection of the FB correlation coefficient

with two-particle correlation function - 3

Traditionally one uses the following definition of the FB correlation
coefficient:

(ngng) — (ng)(ng) (ng)
baps = or brel = babs 6
= 0 = (ne)? =g O
For small FB windows by (5) we have
2
n:Y{(n n
baps = <FD><B>C2(77F7¢F; N8, PB) brer = <DF> G (nF, oFinB, ¥B)
ng neg

(7)
Note that for small forward window: D,_ — (ng).
So by (7) we see that the traditional definition of the FB correlation
coefficient in the case of TWO small observation windows coincides with
the standard definition of two-particle correlation function (> upto some
common factor (ng) or (ng), which depends on the width of windows.
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Definitions

Connection of the FB correlation coefficient

with two-particle correlation function - 4

Note that one can go in (; to the variables:
An=nF -8, ne = (nr +ns)/2 (8)

A¢ = ¢F — 9B, ¢c = (¢oF + ¢B)/2 (9)

and EXPERIMENTALLY check up the dependence of the two-particle
correlation function G, on n¢ for the different configurations and
separations between FB observation windows.

Summing up, we see that by the standard definition (1) the experimental
determination of the two-particle correlation function Gy (ng, ¢r;n5, ¢8)
requires (5) the measurements of the event multiplicities np and ng in
TWO SMALL windows: éng d¢F around ng, ¢F, and dng d¢g around
ng, ¢s, which is performed in our approach.
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Definitions

Triggered and untriggered di-hadron correlations - 1

Untriggered di-hadron correlation function
C(An,A¢p)=S/B—1 (10)

takes into account all possible pair combinations of particles produced in
given event in some ONE LARGE pseudorapidity window An € (=Y, Y),
where )

S= _ 4N (11)

dAndA¢

and the B is the same but in the case of uncorrelated particle production.
Experimentalists obtain the B by the event mixing procedure.
Note that (10) has only indirect connection with the standard definition (1)
of the two-particle correlation function Co(ng, ¢r;n8, ¢B)-
It's easy to show, that

Ca(nF, oFins, ¢8) = C(An, Ag) (12)
only in the case when the pseudorapidity translation invariance
the independence G, on takes place.
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Definitions

Triggered and untriggered di-hadron correlations - 2

Note also that even in the presence of the translation invariance the details
of the event mixing procedure can lead to the loss in C(An, A¢) the
common “pedestal”, which takes place in Co(An, Ag)

(see arXiv:1305.0857 for details).

Important that the experimental procedure (5):

Co(nF, oFinB, 08) = e <<nF o >_ 1, (13)

{ng)(ng) ng) {ng)

based on the event-by-event multiplicity observations in TWO small
windows 0ng d¢F around nF, ¢, and dng d¢g around ng, ¢g, which is
performed in our approach in correspondence with the standard definition
(1) of the two-particle correlation function C, enables in any case to
determine the correlation function C, without using of the event mixing
procedure.
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Definitions

Triggered and untriggered di-hadron correlations - 3

Triggered di-hadron correlation:

C(An,A¢p)=S/B—-1 (14)
where 2N
= dhydig (15)

and the B is the same but in the case of uncorrelated particle production.
It takes into account all possible pair combinations of particles produced in
given event in some ONE LARGE pseudorapidity window An € (=Y, Y),
with some additional conditions on the momenta of these particles. Usually
they take the momentum of one (trigger) particle belonging to some higher
momentum interval than the momentum of its pair.
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Definitions

Triggered and untriggered di-hadron correlations - 4

Clear that this modification can be implemented in our approach based on
the event-by-event n. and ng multiplicity observations in TWO small
windows dng d¢F and dng d¢pg by taking into account only the particles
belonging to corresponding momentum intervals dpr and dpg.

Note that with small momentum intervals dpr and dpg we simply go to
the distributions:

B d3N B (n)
~dndodp  Sndpdp

p1(n, b, p) (16)

and

| d®N {ngng)
p2(nF, oF, PFinB, 9B, PB) = dne dor dpg dng dog dpg (
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Models

Model with strings as independent identical emitters - 1

pr (n) = NAi(n) , (18)
P (e g Ap) = NXa(np, ng: Ap) + N(N — 1)Ai(ne)(ng) - (19)

Then after averaging over N the one- and two-particle densities of charge
particles are given by

p1(n) = (N)A1(n) , (20)
pa(nFng: Bp) = (N)[Xa(nF, 1g; A‘p)_>‘1(nF))‘l(UB)]+<N2>)‘1(77F))‘1((778§
21

and
p2(nEs g Ap) — p1(ne)p1(ng) = (22)

= (M)[(A2(ng,ng: Ap) — M(ne)Ai(ng)] + DyAr(ng)M(ng)

where Dy is the event-by-event variance Dy = (N?) — (N)? of the number
of emitters.
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Models

Model with strings as independent identical emitters - 2

Then we find

A 5 A w
C2(77F7773;A<p) — Ae WB<N><P)+ v

where wy is the event-by-event scaled variance wy = Dy /(N) of the
number of emitters and

Xo(ng, N F — ¢B)
AM(ng)M(ng)

is the two-particle correlation function for charged particles produced from
a decay of a single string.

Nng,ng: oF — ¢B) = -1 (23)
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Models

Model with strings as independent identical emitters - 3

In the central rapidity region, where each string contributes to the particle
production in the whole rapidity region, one has the translation invariance
in rapidity

A1(n) = po = const Nng ngi Ap) = Nng —ngi Bp) ,  (24)
then

p1(n) = (N)ug = const , (25)

Go(an, Ag) = DA (AN“;) ten (26)

Recall that An and Ay are the distances between the centers of forward
and backward windows in rapidity and azimuth.

So we see that this common “pedestal” in Co(An, Ag) is physically
important. By (26) we see that from the height of the “pedestal” (wy/(N))
one can obtain the important physical information on the magnitude of the
fluctuation of the number of emitters N at different energies and centrality

fixation.
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Models
Taking into account the string fusion and the FSI - 1

local fusion (overlaps)
M.A. Braun, C. Pajares Eur.Phys.J. C16, 349, (2000)

(n)x = poV'k Se/og (P?) = p2Vk | k=1,23,.. (27)

global fusion (clusters)
M.A. Braun, F. del Moral, C. Pajares, Phys.Rev. C65, 024907, (2002)

(P e = P5v/ ke (Mer = oV keiSei/oo ke = koo/Seqr (28)

the cellurar version of SFM

Vechernin V.V., Kolevatov R.S., hep-ph/0304295; hep-ph/0305136
Braun M.A., Kolevatov R.S., Pajares C., Vechernin V.V. Eur.Phys.J. C32
(2004) 535.
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Models

Taking into account the string fusion and the FSI - 2

"overlaps" "clusters”
(local fusion) (global fusion)
9] ] ;
T & na 3 str_
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Models

Taking into account the string fusion and the FSI - 3

As discussed, in the central rapidity region di-hadron correlation function:

C(An, Ap) = G(An, Ap) = pZ(AijA(P) -1 (29)
1
Consider very simple model, in which we will not take into account the
two-particle correlation between particles originating from the decay of a
same string (A(An, Ap) = 0).
Then for a given string configuration i = 1, ..., K (a given event) , we can
assume

(1, 2) = pi(e1)pi(2) (30)
where pi () is an inclusive distribution of charged particles produced by

the given string configuration i with taking into account the string fusion
and the FSI:

) 00
1) = A1+2 S5y cosn By = {12 S vhcosnlp v
n=1 n=1

31
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Models
Taking into account the string fusion and the FSI - 4

Here 1
po = %/pi(so)dso, (32)
i 1 i
an =5 | nlp)cosnpdy, (33)
i 1 i -
b, = 5 p1(p)sinnpdp (34)

vy =1\/a? + b2, tg ny;, = bl,/al, . (35)

Then the flows are given by
1 K 1 K
_ i i2 1 pi2
Vn_Kl.Elvn_K.E \/aiZ + b2 . (36)
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Models

Connection between the ridge and the flows - 1

In this approximation we have for the di-hadron correlation function:

C(8¢) = Galr - o) = 222 (37)
1
where
K
Z pile+ @) (38)
i=1
pa(o1 — 2) Z piler + @)pi(p2 + &) (39)

i=1

and p! () is given by (31). Here &' is an additional common RANDOM
phase, which arises due to the event-by-event fluctuation of the reaction
plane.
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Models

Connection between the ridge and the flows - 2

Averaging over events with this additional common random phase &' gives
(we add an additional averaging over this phase also for each string

configuration, which corresponds to the rotation of a given string
configuration):

Recall that

The p; is the mean multiplicity density.

pa(p1 — 02) = ((ph)*) + 2 _((phvi)?) cos(nlgp) . (42)

n=1
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Models

Connection between the ridge and the flows - 3

Then
vi)?) cos(nAp)+C = 22 o Po vi)2) cos(nAp)+C
—1 Po>
(43)
where o s
o (D)~ b2 ”

(pp)?
Usually experimentalists can't measure the constant C
(see, V.V. arxiv:1305.0857). Recall that

(pova)? = (p0)*[(ah)? + (bp)?] = (45)

= Llﬂ/p"(sO) cos ny dsor+ [;ﬁ/p"(«p)sin nsodsor :
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Models

Connection between the ridge and the flows - 4

Further rude evaluation of (43) is possible only if we will consider that pj)
weakly depends on i:

K
i i 1 i
Po = (po) = % ZPO = const . (46)
i=1
Then -
C(Ap) =2 {(vi)*) cos(nAyp) (47)
n=1
at that C = 0.

We see that even in this simple model (without initial internal correlations)
the final state interactions (FSI) lead through the direct flow (n = 1) to
the formation of the ridge phenomenon in resulting correlation function.
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Models

Connection between the ridge and the flows - 5

Note that even in the last very rude approximation (47) the C(Ay) is
expressed not through the flows:

1 K K
— N — = [ E [ 4i2 i2
Vn = <Vn> - K — Vn - K p—t an + bn ) (48)

but rather through the "mean squared flows"(v/7¢):

K K
' 1 . 1 . .
ms — i)2\ — - § 2 — - E i2 i2
Vo = <(Vn) > - K '_1(Vn) - K ._l(an + bn) . (49)
Using this notation we have in the rude approximation

C(Ap) =2 (v7)* cos(nAyp) . (50)

n=1
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Backup slides
Connection between two-particle and di-hadron correlationsl

The di-hadron correlation function
C(Ay,A¢p)=S/B-1 (51)

takes into account all possible pair combinations of particles produced in
given event in some ONE LARGE pseudorapidity window Ay € (=Y, Y),
where
_ d?N
 dAydA¢
and the B is the same but in the case of uncorrelated particle production.
Experimentalists obtain the B by the event mixing procedure.
We can express the enumerator of (51) through the two-particle correlation
function:

(52)

Y/2

S(Ay,Ayp) = / , dy1dys pa(y1, y2; Ap) 0(y1 — yo — Ay) (53)

-Y/
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Backup slides
Connection between two-particle and di-hadron correlations?2

In the central rapidity region, when the translation invariance takes place
within the whole rapidity interval (—Y /2, Y /2), we have

p2(y1;y2; Dp) = pa(y1 — y2; Ayp)
and one can fulfill the integration in (53):

S(Ay, Bp) = pa(By; Dp) ty(Dy) (54)
where the ty(Ay) is a "triangular"weight function
tsy (y) = [0(=y)(dy +y) + 0(y)(6y — y)]0(dy — |yl) - (55)

f’o_/,(l’/)

—dy 0 dy
Puc.: The "triangular"weight function arising due to phase space .

23-30 June 2013 (Repino) QFTHEP’2013 Vechernin V.V.



Backup slides
Connection between two-particle and di-hadron correlations3

In the denominator of (51) we should replace the p,(y1, y2; Ag) by the
product p;(y1)p1(y2), which due to the translation invariance in rapidity
reduces simply to p3. Then

B(Ay, Ap) = p§ t(Ay) . (56)

Substituting into (51) we get

Ay A
C(Ay, Ap) — ”2(,{2“’) 11— G(By.Ap) | (57)
0

We see that if the translation invariance in rapidity takes place within the
whole interval (—Y//2,Y/2), then the definition (51) for the di-hadron
correlation function C leads to the standard two-particle correlation
function G, (1) (see meanwhile the remark below).
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Backup slides
Comments on the event mixing - 1

In the framework of the model with strings as independent identical
emitters we have for the enumerator and the denominator of (51):

S(Ay, Ap) = py(Ay; Ap) t(Ay) == (p) (Ay; Ap)) ty{Ay) = (58)
= [(M)A(Ay, Ap) + (N*)]ug tv(Ay)

Y/2
B(Dy, Ag) = / dadya pu(1)s(2) 30 — 2 = Ay) =

Y /2
- / dndya (o)) (o1(12)) 2 32— Ay) =

Y/
= 5 t(By) = (N)?ug t(Ay) (59)
we have noted that A;(y) = pg. Then by C =S/B — 1 we get

C(Ay, Ag) = N+ "<(,\,A>y B9 _ y(ay.A9) | (60)
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Backup slides
Comments on the event mixing - 2

But if instead of (59) one has

Y/2
B(Ay. Ap) = / i (o () 02)) 01y Ay) = (N2 ()

as it sometimes takes place in a di-hadron data analysis (or if some other
artificial normalization conditions for the B(Ay, Ayp) are being used), then
instead of (60) by C =S/B — 1 we get

C(By. 89) = (i AAy. Ap) (61)
which does not correspond to the standard two-particle correlation function
G(Ay, Ayp), defined by (1). Compare (61) with (60) we see that in this
case the resulting C(Ay, Ay) does not have an additional contribution
reflecting the event-by-event fluctuation in the number of emitters. It
depends only on the pair correlation function of a single string A(Ay, Ayp)
and, therefore, is equal to zero in the absence of the pair correlation from

one string.
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