Analysis of multi-particle angular correlations in p-p collisions provides detailed
information on the properties of particle production and allows one to recon-
struct events structure in phase space. Unpredicted by theoretical models long-
range two-particle correlation in pseudorapidity in high-energy p-p collisions
called "ridge effect" is still not fully understood (Fig. 1).
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Figure 1: Two-particle charged hadron correlations measured by the CMS experiment
for /s = 7TeV p-p collisions [1]. A¢ and An are respectively azimuthal angle and
pseudorapidity (n = — In[tan (0/2)]) differences of produced hadrons.

Ridge effect has been previously observed in rela-
tivistic heavy-ion collision and was explained by a
collective anisotropic flow of quark-gluon plasma
created in collisions. It is possible that the ridge-
like correlation in high-multiplicity p-p collisions
has a similar hydrodynamic origin |2|. We assume
that Fourier coefficients v,, of the anisotropic par-

ticle flow are proportional to the initial spatial €n leads to a
anisotropies €, (Fig. 2) defined as [3]: anisotropic flow v,
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The average (. ..) is taken with respect to the impact plane (zy) collision density
Neotl (x,y) calculated within Glauber model formalism |[4]:

> b b
ncoll(xvy;b):GQQ/ dzp(:c—§,y,z>p<a:—l—§,y,z>,

Figure 2: Spatial anisotropy
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where p(x,y,2) is a proton density, b is an impact parameter and o,, is an
effective partonic cross-section.

According to |5| the ridge effect shall be the consequence of large eccentrici-
ties €s in high-multiplicity collisions between aligned quark-diquark states (I)
of protons. The probability of such a configuration is assumed to be 20%. We
assume that the remaining 80% of proton states are fixed triangular configura-
tions (Y). We modelled proton densities corresponding to these configurations
by superpositions of isotropic and anisotropic gaussians (Fig. 3).
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Figure 3: Constant proton density surfaces for I (left) and Y (right) configurations

We also consider fluctuating proton configuration.
Renormalization group procedure for effective particles
(RGPEP) suggests a description in terms of three effec-
tive quarks in a harmonic potential and a gluon body
6]. Again we model proton with use of Gaussians, Figure 4: An event with
though now positions of quarks in a particular collision impact parameter b and

. . . . .« . A,B
are randomly selected from a Gaussian distribution. quarks positions s;
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Following the Glauber Monte Carlo method [4] we calculated the mean €5, €3
as a function of expected collision multiplicity N as well as the distributions of
€o, €3 for 5 classes of collisions: II, YY, IY, mixed II/TY/YY and collisions of

Gaussian-fluctuating protons (Fig. 5).
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Figure 5: Results of the calculations of spatial anisotropies

Moreover, Glauber model constrained
with the demand of reproducing the| 107
experimental mean multiplicity allows "
one to calculate the collision multi-
plicity distribution. We compared the
results for a mixed (80%/20%) beam
of Y and I protons and for Gaussian-
fluctuating protons to the CMS data
7] (Fig. 6).

Figure 6: Results of the calculations of

event multiplicity distribution and the ex-
perimental data
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We point out that even simple model ideas concerning distribution of
quarks and gluons in proton lead to potentially observable effects in
the multi-particle correlations in high-energy proton-proton collisions.

We find that collisions of triangular protons, not quark-diquark ones, will exhibit
strongly enhanced anisotropies for high NV, while the anisotropies in collisions
of Gaussian-fluctuating protons shall be relatively smaller. Thus we predict
that one in principle would be able to distinguish quark-diquark, triangular
and Gaussian-fluctuating proton configurations by extracting the collective flow
coefficients vy and vz from ridge-like correlations.

It is remarkable that the multiplicity distributions resulting from our simple
models agrees quite satisfactorily with the experiment. We also observe that
fluctuations in proton configuration induce larger fraction of high-multiplicity
events than we would expect to obtain in a fixed configuration model.
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