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Figure 1. The backward and forward pseudorapidity windows
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Introduction

LRC ~ studying (B) as a function of F
Types of correlations:

» ng — ng - the correlation between charged particle
multiplicities in B and F windows

> p:g — ng - the correlation between the event mean transverse
momentum in the B window and the charged particle
multiplicity in the F window

> p:g — Pir - the correlation between the event mean transverse
momenta in B and F windows
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Correlation coefficients
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>babs = ; n n:fn ’bzi
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| 4 babs = F F : tB) e = n 7b [ L
P (ng?) " <’>’F>2 pea)s = & (1e) dne
rel — pabs . ne
b pe—n — b P (g

For more information - see e.g. I.Altsybeev talk " Forward-backward
correlations in pp collisions with ALICE detector”, QFTHEP 2013, June
24
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Model

Figure 2: Primary and secondary emitters produce particles in the B and
F windows
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Calculation of the n — n correlation coefficient

Let the probability to have N; primary emitters and N> secondary emitters be
w (Nl, Nz). Let {Nl7 N2} = C. Then

ne) =Y w(C)(npde = (ne1+nps) Y w (N, No) Py (nf1) Pr, (nes);
C

"F1F2 N, N

(neney=>_ > (nFy+ney) (a1 + ns2) > Py (k1) Pry (n1) P, (nes) Pr, (nss) -

"F12"F2 "1 B2 Ny, Ny

Here

P, (B1) Z 651 M By HPBI (Bi);
{Bin}

> e (n)=1; > nps, (n) = fig:
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Calculation of the n — n correlation coefficient

abs — <”B "F> <"B> n,: rel — pabs . <"F>
b0 = (ng2)—(ng)? b n =070 (ng)

pets  — _DmiBig fipy + cov (N1, No) (Figy Bopp + g Fiey) + Dy Figs P
NiDyi,, + NoDyi,, + D Fipi® + Dy Fipy” + 2cov (Ny, No) Fipy By

n—n
HF1 F2

NlﬂFl + Nofig,
MNifig; + N2NB2

rel __ pabs
b, = b

n—n

where

Ny, = Zw (C) Nypo; Dn,, = Nip? — mz; cov (N, No) = Ny No — Ny N.
c

If we assume that figy = fips, B = Hgoy Dppy = D, D,

N1—|—N2:N,Z

Kpar ZHpr ™ D'U‘BZ’

Dn 7
n—n N DNF + DNﬁ%:

V.V. Vechernin, arxiv:1012.0214v1 (2010); Proc. of Baldin ISHEPP XX, Volume II, 10 (2010)

brel

Evgeny Andronov

The correlation between transverse momentum and mult y of charged particles in a two-component model



Model

N

OO0 OO
CNA—

T s / \1

N-% 5 N-T

50 650

'3 / Yr) 1- / \Trf
N-2¢ Y Nz s N-2t

000 -0 e EO0D @8@@8@0 o)

/NN N

Figure 3: Interaction scheme

P (V) = Cfvﬁ} (1 el
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ps — n correlations P& =5 2i%1 IPesil

king. + kon
(pe) Zw O fpeyc= D — B82S T w (N, No) Puy (ngy) P, (me2)
n nBl + nB2 Ny, Ny
g1y ’
king. + kon
(pes NF) Zw(c pi)c(ne)e = Z 1n51+n2 B2 Z (N1, N2) %
"B1:"B2 B1 52w

X (N1Tigy + Nofigy) Py (ns1) P, (ns2)

where

H PB; (Bll

[ip-the mean charged particles multiplicity in the F window from a primary
emitter

ki-the mean transverse momentum of particles in the B window from a primary ag
emitter

P, (B1) Z ——
{Bi1}

111
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p: — n correlations

cov (pss, ne) = (Pea ne) — (Peg) (NF) = Z w (N1, N2) (N2 — Ny) ey +

Ny, Np

— king, +kon
+ (N2 = N2) Tig) Z W'DM (ng1) Pn, (ng5) -
"g1"B>

One should make an approximation:
ng1 + ngy — (ne1)ny + (NBa)n, = NiTigy + NoTig,
Then
cov (pig; nF) = Y w (Ni, No) ((Ny — Ni) i +
Ny, Ny

ki My Tigy + ko NoJig,

+ (Ne = o) i) N Tigy + NoTig,

Note: if ki = ko, then cov (p.s, ng) = 0, if ki # ko, then cov(p,s,ng) #0
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p: — n correlations: numerical results
el — (P ng) = (pg) (ng)  (ng)
. (ng?) — <”F>2 (pes)
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Modification
//
Possible functions w] r=A-em
> r=1 efconst»N /
064 |
!
1 r /
Y= 14+ e—constl-(N—const2) T4 f;
[
{J.z—fl e 1
| | 4 @ comt (N— conseZ )
. . 0 il T T 1
Monte-Carlo simulation 0 . 100 150 200
N
_ {ngng)—(ng) (ng)

N= Ny = np=ng= b =
(ng2) — <”F>2

of charged particles in a two-component model
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Conclusions

» Expressions for the n — n and p; — n correlation coefficients
were obtained in the simple toy model with interaction

» n — n correlation coefficient may increase with the inclusion of
the interaction as well as decrease

» Only negative p; — n correlations take place in this model

» Application of Monte-Carlo simulations allows us to express

correlation coefficients as a function of average number of
emitters
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Plans

» calculation of n — n and p; — n correlation coefficients via
Monte-Carlo simulation

» comparison with the experimental results (" independent
seeds” [1], negative pt — n correlations [2], etc.)

> addition of other types of emitters

1 Eva Sicking on behalf of the ALICE Collaboration. CERN LHC
Seminar "Multiple Parton Interactions in ALICE” 05-03-2013

2 NAA49 Collaboration, G.A. Feofilov, R.S. Kolevatov, V.P.
Kondratiev, P.A. Naumenko, V.V. Vechernin Proc. of Baldin
ISHEPP XVII, Volume I, 222 (2005)
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Thank you!
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Backup
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Comment
Multiplicity distribution depends on probability distribution of
emitter configuration and multiplicity distribution from one emitter.

Two-stage scenario
> A. Capella, U.P. Sukhatme, C.—l. Tan, J. Tran Thanh Van
Phys. Lett. B81, 68 (1979); Phys. Rep. 236, 225 (1994).
> A.B. Kaidalov, Phys. Lett. B116, 459 (1982).
> A.B. Kaidalov, K.A. Ter-Martirosyan, Phys. Lett. B117, 247 (1982).
> V.A. Abramovsky, O.V. Cancelli, JETP Letters, 31, 566 (1980).
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Shortcoming of the n — n correlations

The n — n correlations, arised from the interaction between
emitters, are suppressed by the correlations, arised from the
fluctuations in number of primary emitters[1]. Therefore in [1,2, 3]
it is supposed to use the event mean transverse momentum in the
backward and forward window as a dynamical variable. One will
consider only n — n and p; — n correlations.
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n — n correlations

Model

The amount of emitters in collision should be even [1,2]. So if
€ =2, then [g} =4
Primary and secondary parameters are connected [3,4,5, 6]:

e = V2iF, Tigy = V2fig

v
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n — n correlations

Correlation coefficient

A () () (1)
o rz(\/§_1)2(%—1)+r(ﬁ—1> (ﬁ—l—ﬁv,v— ngl)Jrv,\,qLWuF1

PP ™ — 2
HF1
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p: — n correlations

babs — <ptB nF> — <PtB> <nF>. brel — babs . <nF>
pt—n — 2 2 ! pt—n — pt—n
(ng2) — (ng) (PtB)
>
brel (1 —rt \%) X
P 1 o
21

_ N_ _ H
¥ (1=t - (124 ) T PGP -t ozl

(4 -1)+r(va-1) (V2-1-vaVu— 28) 4+ Vi + Wi,
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Formalism

Notations and definitions
Let us consider the set of N, emitters of the first type, N> emitters of the
second type. Let the probability of a configuration be w (N1, N>).

Zw(C) . Z w (N1, Np) s Zw(C)zl;

Ny, N
Z Niw (N1, No) = Ni; Z Now (N1, No) = Ny,
Ny, N Ny, Np
Ny No Ny N
nF:Fl+F2:ZFi1+ZF/2; nB:Bl+BQIZBi1+ZBi2;
i1=1 i2=1 i1=1 i2=1

{B,’l,Biz}E B11,...,BN11;B12,...,BN22 , ilZl,...,Nl 5 i2:1,...,N2;
{F,‘l, Fi2} = F11, ceey FN11§ F127 ceey FN22 s il= 1, ceny N1 5 2 = ].7 ceey NQ
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Formalism

Basic formulae

Let k,-({l) = \k%1)| (j1 =1, ..., Bi1) be transverse momenta of particles, produced
by the i1-th emitter in the backward window, k,.(f) = |kg2)| (j2=1,...,Bi2) be
transverse momenta of particles, produced by the i2-th emitter in the backward

window. Similarly, g ('1 = \q UD| (j1=1,..., F1) - transverse momenta of
particles, produced by the i1-th emitter in the forward window, q = |q |
(j2 =1, ..., Fi2) - by the i2-the in the forward window .

-1

Ny By N2 Bp Ny No
P{CBilaBiZ} (pg) = /5 P — [Z Z kl_tlfl) + Z Z k’gﬂ {Z B + Z Bi»

X
i1=1j1=1 i2=1j2=1 i1=1 i2=1
N, B
y 1—1[ ﬂ KUY gk H H K02 gk
p1 | Kip P2
i1=1j1=1 i2=1j2=1
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Formalism

Basic formulae
/pl(k) dk:/pz(k) dk =1, /pl(k)kdk:kl,

[r2(kak=Te, [ PG o, (o) dpis =1.

P (ng,ng) = Zw(C) Pc(ng,ne) ,  P(pews,ng, ne) = Zw(c) Pc (p:s, ng. ne) ,
c C

P (ng,ng) = / P(p:s,ng, ne) dpis,  Pc(ng, ng) = /PC (P8, N, n¢) dpis

Z /P(PtB,"BMF) dpg =1, Z /PC (Pig, ng, ne) dpe =1

ng,ng ng,ng
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Formalism

Basic formulae
For independent emitters:

Ny
Pc (ng,ng) = Z 5 ny T s g Z 5 ne SN F R H p1 (Bi1, Fi1) x
{B,,.Bin} FiF, =1
N
X H p2(Biz, Fi2) ,
=1
In case of the long-range correlations:
p1 (Bi1, Fi1) = ps, (Bir) pr (Fi1) , p2 (Bi2, Fi2) = ps, (Bi2) pr, (Fi2) -

Correlations arise only due to fluctuations of the number and types of emitters

from event to event
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Formalism

Basic formulae
Factorization:

Pc (ng,ng) = Pc (ng) Pc (ng) ,

Pc (ng) = Z 6"5 s By 6, HP& ’1)HPBZ(B’2 ,

{BII’B'Z} il=1 i2=1
Ny Ny
Pe (nF) - Z 6 g 21 1 /1+Z 1 Fi H PFy (Fil) H PF (Fiz) ’
{F. Fin} =1 io—1

ZPFI,Z (n) = ZPBI,Z (n)=1,
n

Z npr, » (n) =T7iF 20 Z nps; » = By ;-
n
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Formalism

Basic formulae
Similarly

PC (ptB7nBanF) = PC (pthnB) PC (nF) )

M Ny
c
Pc (pis, ng) = Z 5 g M By BZP{BI.I,B,-Z} (P:s) H ps, (Bi1) H ps, (Bi2) ,

{B;1,Bin} i1=1 i2=1

Ny
(P:s) ZPC P ne) = Y P{s .6, (P HP81 Bin) [ [ ps. (B2)

{B;,Bn} i1=1 i2=1

/PC (PtB) dpis = 1.
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Formalism

Basic formulae
Notations:

Ny
P (B) = Z 531 2?9:1 Bi1 H pa, (B);
il=1

{Bin}

Np
Pua(B) = Y by e o [T osa(B0),
i2=1

{Bi2}

PNl (F]-) - Z 5,: ENl Fi H PF, (Fll

{F/l}
PNZ(FZ)fz(SF 221,: HpFQ(FIZ
{Fi2} i2=1
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n — n correlations

Summation

(ne?) = w(C)(ne?)e =D ne? > w(Na, No) Py (F1) Py, (F2) = > w (N, No)

nr Ny Ny A
M Ny M Ny NN
2 2
E E (Fi1) +§ (Fi2)” + E FirFj1 + E 52/:12-1-22 E FiiFia | %
(Fi.Fin} \i1=1 i2=1 i141,i1,j1=1 i24j2,i2,j2=1 i1=1i2=1

Ny Ny
X H pr1 (Fin) H pr2 (Fi2) = Z w (N1, No) (M/T%l—&- NopiZ, + (N12 - N1) e+

i1=1 i2=1 Ny, N>
(NP = W) ik, 4+ 2MuNaTip Ty ) = N iy + Wiy + (N2 = W) i+ (W7 — ) 7

+2Ni Nofip Tips = Ni*Figy + No’Tigy + 2Ny Nafigy i + NiDy,, + NoDi,,
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n — n correlations

Generating functions

For any distribution p (k) (p(k) >0,> 2 op (k) =1) GF is
introduced:

h(z) = Zp(k)zk
k=0

Let GF of distributions from one emitter:

®1 (ZF7ZB)7 ®2 (ZFazB)

Then resulting GF:

H(zr,28) = ) w(Ni, No) (1 (2, 28))" (102 (2F, 28)) ™"
N1, N>
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n — n correlations

Generating functions
Differentiating GF, one can find moments of distribution:

A1 _ Op2 _ Op1 _
aizFllFZZB:l = KF1) 872,:|ZF:ZB=1 = HF2> aiz,gle:ZBZI = HKp1>
D2 o1 _ 0?2 —-
025 |z =25=1 = Fgas 322 |zp=25=1 = .UF1 HF1s 62’% |zp=25=1 = /vL12E2 — HF2
%1 — _ pa —  _
972 |ZF:ZB:1 = M231 — HKB1> 972 |ZF zp=1 M2B2 — K2

B B

Correlation coefficient. Coincidence of two methods

&#H __ OH 9H |
b (ng ng) — (ng)(ng) _ dzg0zp Oz Ozf ) 128=2F=1

n—n <nF2> — <nF>2 - (62H Loon _ (ﬁ)Q) | __ .
dzp2 Bz,.- oz zg=zF=1
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p: — n correlations

kiB1 + k2B
(Pes) § w(C)(pes)c g lBi+B22 - § w (N1, N2) Py, (B1) P, (Bz2)
NNy

kiB1 + koB
ptB ”F Zw C) (pes) C<nF Z 1Bl+BQ 2 Z w(Nl,Nz) X
BB 7 NN,

x (Nifigy + N2MF2) Pn (B1) Pn, (B2) ;

kiB1 + kB
cov (pis, nF) = Z w (Ny, No) (N1figy + NoFips) Z %

Ny, Np B1,B;

X | Puy (B1) Pry (B2) = D w (MY, N3) Py (B) Py (Bo) | = D w (N, Nb) x

Ny, Nj Ny,Np
_ _ kiB1 4 ko Bo
X (Nafiey + Noig,) Y "B 1B [P, (B1) P, (B2) = P (B, B2)] .
B1,B>
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p: — n correlations
Possible approximation

Py, (B1) Pn, (B2) = ZBth (lel+k2B2) P, (By) Py, (Bz2) .
" ' " 2 ZBLBZ (BI+B2) PN1 (Bl) P/\/2 (BQ) o

k1B + ko By
Bi + B>

B1,B>
_ ki(Bi)y, + ka(Ba)y, |
(Bi)y, +(B2)y,

Z k1B1+k2B2P(B B) = Zsl B, (lel+k2B2)P(Bl’B2)
1, D2 =
o B+ B> > B8, (B1+ B2) P(B1, Bz)
_ ki(B1) + ka(B>)
(B1) + (B2)

If ki = ko, there is a reduction, that is there are no correlations
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p: — n correlations

(B, +(B2)y, = (n8) ¢ = Nifigy+Nofigy; (B1)+(B2) = (ng) = Nifigy+N2 fig,,

He2 _ I'r2

gy Fr
NiFigy + Nofip, NiZipy + Nofipy Pr1

(Bi)y, +(B2)y,  Nifigy + Nofig,  fig
It can be seen that under this assumption correlations vanish even with
ki # ko, that is this approximation is too rough
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p: — n correlations

In order to avoid numerical summation, it is proposed to make
such an approximation:

= (By) — (B2)
(Ps) = kg gy TR TG 1 By

_— (Bing) | — (Bong)
<ptBnF> - kl (Bl +’:B2> + k2 <Bl +,:B2>
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Correlation coefficient

>

2
ﬁFlN(l—r‘Fﬁ) 1-r+

—n —1 T - X
k71<17r+%> r 2%
27
3 7 5
PV —2) B222020 gy (v (2427 g2 d) p2 - V2 —2i 4 2h) vy
- .
r2(VN—2)(%—\/§)+r(\/§—l)(\/E—l—\/iVN— 551)+VN+W‘U’F1

rel _ pabs
b Pt_"_b Pt

X
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p: — n correlations

Correlation coefficient

| 4
— 2
T _ _r
brel — babs HFlN(l r+ \/E) — 1- r+ ﬁ %
pt—n pt—n . 1—r+ Ll
ky l—r-i-ZT 24
4

2 2272%72% 2% _1 _1 3 1
r (VN—2)%+r(VN<—2+2 742 4)+2—ﬁ—24+24)+v,\,
(Vw=2) (3-v2) +r(vV2-1) (VZ=1=v2Vy) + Vi + W, '

X
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n — n correlations

[ Correlation coefficient |

s |
0.7 %%%
= o
L o i
0605 g_
: o
0.5
B o °
0.4 2
C o
L o
0.3f %
0 200 400 600 800 1000

overline{N}

, P(N) is NB with N and Dy = 2 - N + 10

= {1 e 025(N-150)
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Comparison with Monte-Carlo simulations

0 o 2 A 0s )
02 0.4 0,6 08 0. = 08
¥
-0,05 -001 4
8107 -0
brel b”e’
P p,—n

=015
0,03

=030
-0.044

-025 4

ity of charged particles in a two-component model



