Multiplicity distributions and
entropy of the produced particles in
one dimensional models and QCD
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Production processes in zero dimension models

S(Y) = Z e """ P, (Y —Yy) Pn(Yo) AH.Mueller & G.Salam (1996)

n,m

e v — scattering amplitude of two dipoles;

e P,(Y) — probability to find n dipoles at rapidity Y;

o PBFKL(Y) = ™Y (1 — e 2Y)"7'; My, = ket (e2Y — 1)"7
e Independence on Y, — t-channel unitarity;

e tG=), nPBFEL(Y)=¢27;

o Sp =3, In(PPFEL (y)) PBFKL(y) X224 AY = In(2G(x));
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Dipole-dipole scattering amplitude for the BFKL cascade

k=0
<nk> <mk>
— * 1 1 1
N — AY | _— eV Bl [ @AY Y0 AYD ) T _aNT (O,—)
7] - R (e e = et (o
(1 —~ve®Y +292%e2AY .. for small Y;
S(Y) —« n(1e2Y)

\ ,;AY for large Y;

1 —~ve?Y +~2e22Y + .. for small Y;
SPIS(Y) —

SeAY for large Y;
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Production processes

e The imaginary part of the Pomeron exchange gives the cross section
of produced A'Y gluons, where A is the Pomeron intercept:

ImGp(Y) = os=ay with Poisson distribution

e The AGK cutting rules give the way to calculate the imaginary part
of the amplitude with exchange of n-Pomerons through Im Gp (Y).

AKkY
o (¥) = Y gt () BEY) mary  gaex vy

S

o (ImGlp)

Pousson dlstrlbutlon
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Multiplicity distribution in zero dimension models

1
o AGKY:—k!U(k 1,1 )
sz ( ) 2")’N + 9 ,2'7N
4
" k4+1
N EKo| 2\ 5| for 2y NE > 15
o O',fGK(Y)—>< 2y N

| k! (2yN)* for 29Nk < 1;
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Entropy of produced gluons

Jﬁfnlf(A Y) (Y)

Dk U/?ntf(A Y) (Y)

o P,(Y) =

e Se(Y) =) In(P.(Y)) Pn(Y)

e Sg =1In (QWN(Y),) — /Ooondnln[Ko (m)] Ko (n)

$@?§B) ~ o

~~
~1.5
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P.(Y) = —0 (%) — KNO scaling N =< |n| >

- —— dipole-dipole
10~ JENETTRTENY BFKL cascade

2 4 6 8 10
n/N
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DIS in QCD

Balitsky-Kovchegov non-linear equation: xg; — ®g2 + @12

8N01 _ d2 L2 332
= Qs 5 {Noz + N1z — No2N12 — N01}
oY 27T g, a:12
K (zg1,202)
where Nik = N (Y, Zﬁik, E) .
x2= X2 =1/Q4(Y) & = AKY

NP (z =In (2*QZ (Y, b)))

Saturation region 5
1 — C(z)exp (—;—%)
E.L. & K. Tuchin (2000)

K =X ('YCT) /(1 — '7cr)5
Perturbative QCD

Ep= NG, (Y=0,b) | () /(1 — Yer) = X' (Yer)

OA d?
01 _ &S/ L2 wOl { AOI _I_ o (A ) }; N’Lk: =1 — A’Lk:
oY /Qs(Y) 2T ‘Boz ‘B12
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Generating functional for production

BFKL cascade: n
Zy (Y; {u}) = Z / Fn (Y; T1y ey rnz H ’U,(’T’i)d2’l”i;

n=1

=1

probability to find dipoles
Initial and boundary conditions: Zy (Y = 0;{u}) = u(r); Zo (Y;{u}) |lu=1 = 1;

dZ() (Y, {’U,}) . as
dY 27

du(r)

/dzr d’r’ K(r,r) {u('r') u(|7:7 — 7|) — 'u,('r)}

Production process: (A. Kormi(zin, E.L. & A.Prygarin(2008))

Z (Y;{u}, {'v}):z’;/P,,:n Y5T1y e e e s T3 Tly e e r@> Hu(ri) va(rk)dzri d’r
n, 2 =1

t=0 t—o00 k=1

0Z (Yi;{u},{¢})  as 2 0Z
Y = o dre K (110, T12) {(U(mz) u(ro2) — u(r10)) 5 (r10)
+  (C(r12) C(102) — <€(710)) 5C6(f10)} ¢ = 2u(r) — v(r)
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Initial conditions:

Z (Y = 0;{u},{v}) = wv(r)
Two boundary conditions:
(1) Z (Vi {u},{v}) [u=1,0=1= 15 (2) Z (Y; {u}, {v}) [v=2u—1= 2Zo (Y;{u})—1;

(2) comes from unitarity:

2N (Y,r,b) = o05q(Y,7,b) + 0in (Y,7,b)
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The master equation for o,

M (Y;r,b) =
(=)t 2 . T2 N 6°Z (Y;{u}, {v})
z:lz,'n:zzo n! m! {/E d"r; /’!:[1 d"rg 7(7'7,) ’Y'Ln(rk) 611,(7“,,,)6’0(?’%) u(r)zl,v(r):l}

where u(r) =1 — ~v(r) and v(r) = 1 — ~in(r).

k
SPIS = 3, eTPL(Y) = 5 S Zn Pal¥) = I

~
moment Mk

OM((Y;r &
o (BY 10):2: /dz'rz K (7"10, T12) {M(Y; 7“12) _I_ M(Y; 7"20) — M(Y; rlO)

+M (Y712, b) M (Y 572) — 2 M (Y ;712) No2 — 2IN12 M (Y5 720) + 2N12N20}

=0

o ou (¥,r50) = ] vinlro) ( 5( M (Vi {7}, {vin}>)

Yin
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01

( \

80’1(Y'T‘01 b) g
B’Y, ’ = — g /dz’f’zK (7’01, 7“12) o1 (Y, T01, b) .
ro2 > 1/Qs(Y)
\ r12>>1/Qs(Y) )

o1 (Ya T02, b) Ain (Y7 To2, b) — 01 (Ya T12, b) Ain (Y7 To2, bl }: — 201 (Ya To1, b)
NA‘,<<1

Osd =1 — A.scl;-Z\r =1 AO;Ain — 2A0 - Asd;

o Kldﬂ'l(Z)

2
1, — o1(z) with the solution o4(z)=C(z)exp (—Z—>
z

2K

Momentum representation:

z

~2
® 0.(2)=C(2) exp (-—) : Z=1In — kY +& €=1In (

2K
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0'2 and O'n :( \

80-2(Yv”r'01 b) as
87Y’ 9 = — g /d2T2 K (T()l, 7“12) (o )} (Y, T01, b)
o2 > 1/Qs(Y)
K”“u >1/Qs(Y) )

—I— Y. d r9 K (7“01, 7“12) { o1 (Ya T02, b) o1 (Ya T12, b)/ +O (Am) }

NV
to satisfy o9=0 at Y =0

Momentum representation:

o ndo;fi): — Zo2(2) + a'f (2); | 02(2) = o1(2) f o1 (2') de’ 3

A 0

z n—1
B _ _ dz’
7 @ =@ [a@)

0
Assumption:
d""/ e o)
/ C(E)Z =1 = oim(®) = Y on(3) x 2
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Non-perturbative corrections:
Physics observable: [ d?b 0,(2(b)) — oo

Non-perturbative corrections for large b: Q2 (2(b)) —QZ? (2(b)) e * b

non—pert.

0 (i(bZO)—\/Zn ln(n—l)) B
_on(2(b=0)) £3(b=0) (n—1) for n —1 < n;

o (2(b=0))

Dn

2er? 1_ n? —1 _
\ om0y )z ©XP ( - nT) for n —1>mn

22(b=0)
with n = Ae 2

Entropy:

SE= — Zpklnpk: - /dkpk Inp;, — /dkpk In p, = 0.3—22(2":0)
k=1 1 7

n

o (py — 20)
e(b) = Pl Sg of D.K. & E.L. paper
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Conclusions:

e In zero dimension models the entropy for produced particles in
scattering processes:

Seg = In(G(z, Q%)

e In QCD the entropy for produced gluons in DIS:

S 0.3 z2(b = 0)
E — .
Y : w 2K
non—perturbative corrections

perturba‘tr'i,ve QCD
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