CGC approach: odd harmonics in angular correlations
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harmonics in angular correlations,” arXiv:1807.02783
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a qualitative disagreement with the experiment
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Vant1 = 0 is the only prediction of CGC/saturation approach in
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@ — T — @ symmetry:

e Is this symmetry based on the general features of QCD ?
e Is this symmetry is an artifact of leading order approximation ?

e Does this symmetry hold only for the totally inclusive measurements ?

NO e YES e YES

e How v,, depend on the multiplicity of the event ?
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Dilute-dilute system scattering: the origin of the symmetry

BE enhancement Central diffraction
Function of (ﬁl,T — ﬁz,T)z (ﬁl,T —I— ﬁz,T)z
Multiplicities: N > 2N N <« N

N is the average multiplicity in the inclusive event.

aslyn —y2| < 1
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Can we calculate angular correlations in CGC?
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Sudakov suppression of CD production

aSl 2 pT(1+cosh(y1 y2))
2 Q2 (y1~y2)

e

E. Gotsman and E.L.: PRD 96 (2017) 074011
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Dilute-dense system scattering: parton model

Parton model: BFKL Pomeron with fixed dipole sizes

o dN(Y)/dY = A(N(Y) — N?(Y))
¢ N(Y) = 1+»77(Zi:’,—1) — 1+7’7(zz_1)

Generating function:
o Z (w, w,v;Y) = Y70 0meo P (kl,m;Y) w” w! v™

It has the form: E.L & Prygarin (2008)

w w w4+ w— v

A—w)z—D 11 (I-®e-—D+1 (—w—wdt0)(z—1)+1

o Z(w,w,v;Y) =

where z = eAY,

® N (77 Y5 Yin} Y)

1_Z(1_791_'771_'7in;y)

vz Yz (Y+¥—"in) 2

* NO% YY) =5z2051 T 562071 — G- oDTi
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For inclusive measurements the CD production = BE enhancement

oo CDh __ oo BE — -

For measurements with n > 2N CD contribution =

2N 2N
S0 Tnl = Xnlo . ons vmoioc [eos((2n — D) de o557 0P
o ZZjozN O'SD — 0 forY > 1

R = (X0 o) (S0, o)
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2
2 o _ 9 _ 2 2v“z (z —1)
ooy = T2 (2P — 2G) v— 3N (Y, 7y 7, 7 ‘ ) —1? 2P = 2G)
CD oy 05 (Y277, vin) Y=+Yin=0 (1+2v(z—1))3
k k—1
BE 1 2 Yin 9 - 1 2 k. z2(=z-1)
° o = ——Tg 7 N@¥7Y _ = —— TG
n Ng—l G k! 5 1];,1 ( in ) ~in=0,7=% Ng—l G 1n(1—|—2’y (z—l))k"l'l
L 12 pgk ===
NZ —1 (142~ (2 —1)kt1
CD 2 8 o a8
o o = r“ (2P — 2G) ~ q— 12 N (¥ Yin3 Y _
n ) oy 64 k! 871’?1 (% Y3 ¥) Yin=0,7="
k+1
z(z—1
= (k+2) (k+1)T2@P > 26)12~F ( ) s
(1+2v(z—1))
z(z—l)k_'_1

2 2 k
= (k+2)(k+1)I'" 2P — 2G) v~ (27) (1+ 2~ (z — 1))k +3

Schwimmer model: ~ = gpGspSa (b)

CGC: odd harmonics E. Levin 10



— y=0.05
. 0.6 - y=0.15
>~
- - v=0.2
<04
R

i o

T
I
I
|
!
\
f
I
f

CGC: odd harmonics E. Levin 11



DIS in QCD

Simplified non-linear equation: leading twist approach

For =z, Q2 >1

2 2 2 - - 2
o1 dxqyo - /"’01 d|Zg1 — o2l
1

— — — 2
° /K(wm;woz’wlz)d To2 — 77/ -~ =
/Q2(Y,b) |&g1 — Fp2!?

1/Q%(Y,b) 3,

27N - Za1.b N(Y :Za+1.b — —
o ° N (¥:%o1,b) = ag {(1 _ ON(Y: Ol’b)> N (Y;ifm,b)}

8Y OHln r2 Oln :c(2)1

__ o 22 Lo
e N (Y, 501, b) = f 01 dw(2)2 N (Y, L02) b) /wgl

The leading twist:
% for > 1;

e x(v) =

1 :
— for 7 < 15

From solution 7 <1 the boundary conditions

8ln N(Y;¢=0_(¢=—¢s),b)

o N(Y;¢=0_(6=—&),b) = No(b); o - L
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Solution:

__ 3
e N = / dg¢’ (1 _ e—rb(&’,Y))
3

S

3¢ _ = —o(Y;
o 2% = as<1_e B s))

¢ % _ 1 —(Y;
° a—gz—w—z(l—ec’b( 5))

with ¢ = In(7) = &+ € and x = &, — €.
Traveling wave solution :

A =
o \/C‘|‘ 2(>\2 x2) qb, 1+4e )

doy’ B
o f¢0\/¢,_1+6¢,—c
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Estimates for DIS ( proton) with nucleus scattering :

1.4F
1.2}
1.0

L. 0.8]
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O For DIS with proton ¢y =~ 0.1 — 0.2.
o For DIS with nucleus ¢pg =~ 0.2 — 0.4 .

o Schwimmer model for proton-A collision gives small ¢y.
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Tm — 33(2)1 Qi (Y — szn)7

Tm<1 <= the same as Fig.a. 7,,,>1 <= 7.

&s Saturation region i &s Saturatioin region
’ 'noGS .~
| | N
I I -\-j/
S | .
7 I
perturbative QCD : perturbative QCD |
Ymin ------_----------_-------i- ---------------------------- :
0 g 0 §
a) b)
o Initial condition at Y = Y,,;n: & = ¢ e® with ¢o=1.

ot?2 Ox2 ~— 4 T ot2 Ox?

N

o ¢ _ 09 _ 1(1 _ e_¢(Y;€)> E>1 9% _ 9%
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t < x:
o P1(2) =3 + 3(e?—1)¢ + ¢

t > x:
o P2 (€s,€) =36s€ + Fi (&) + Fa ()
t =x (£ =0):
o $1 (£ =0) =¢2 (£ =0) and  ¢3 (£ = 0) = g€t
Solution:
o P2 (2,6) =C?/8 — £2/8 + ¢oet + 5 (e™ — 1) &,
140F | | |
O §
100/ £=0 3
R =
= 60, £=2 !
40} J—
200 o m T T —
o 3
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Conclusions

e Selection of the events with different multiplicities of produced
particles lead to the violation of ¢ — ™ — ¢ symmetry.

o For Q*> Q2 (Aj; Yiin; b) this violation is so large that we can neglect
the symmetry: vy, = v2,_1;

e For Q% < Q% (A;Yuwin; b) this violation is negligibly small: v2,,_; = 0;
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