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Fig.2. Multiplicity vs.  number 
of “grey nucleons” (𝑁_𝑔𝑟𝑒𝑦) 
and  number of binary 
collisions  (𝜈(𝑁_𝑔𝑟𝑒𝑦)) in p-A 
collisions  at 18 GeV/c[1] 
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A new hydrodynamic model of nucleon stopping that describes the
deceleration of a proton in a nucleus and based on hydrodynamics is
proposed. No fitting coefficients are required.

The linear dependences for the p-A collisions were obtained. This is in line
with experiment on p-Au collisions at p_lab = 18 GeV/с in the first
approximation. Similar dependence is demonstrated by the MC models
RQMD an d SMASH.

The non-linear behavior of multiplicity vs. number of binary collisions -
description is found to be a result of limited acceptance of the experimental
data.

Results of these studies of nucleon stopping are important for the future
analysis of centrality selection in p-A and A-A collisions at NICA experiments.
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- probability to have ONE baryon-baryon inelastic collision when proton
and target situated at an impact parameter 𝒃 relative to each other
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- average number on inelastic baryon-baryon collisions at an impact
parameter 𝒃

∆𝑁𝑏𝑖𝑛 𝑣𝑖 𝒃 - number of binary collisions that happened while proton was
decelerating from 𝑣𝑖 to 𝑣𝑖+1

In fact, this is an integral that was written in a
discrete form for better understanding.

𝑁𝑐ℎ =

𝑖=1

𝑁

𝑁𝑐ℎ
𝑝𝑝

𝑣𝑖 ∗ ∆𝑁𝑏𝑖𝑛 𝑣𝑖 𝒃 ∗ 𝑄σ𝑘=1
𝑖 ∆𝑁𝑏𝑖𝑛 𝑣𝑘 𝒃

𝑄 – probability to detect multiplicity that we got from ONE inelastic binary
collision.
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Our study is motivated by the first experimental results on pion production and stopping 
obtained in p-A collisions in E910 experiment at BNL [1]. The effect of stopping is the 
deceleration of an incident high energy proton traversing the target nucleus. It appears 
due to the energy losses relevant to the production of secondary particles in the inelastic 
interactions with nucleons. 

The idea is to treat the target nucleus as a liquid drop with momentum tensor

mass of target

volume of target

static pressure

𝑣 = 𝑣(𝑡) - speed of proton, 
𝑆 - transverse area of proton

Liquid acts on the body with the force
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In any other system, where 
liquid moves with the speed 𝑣:

This force is the same in magnitude for the opposite case when the body moves 
through the liquid at rest, so that It's projection on z-axis is:

Newton's law for projectile: 

𝒍 − the length of the proton's 
path in the nucleus    =>    𝜴

Fig.3. Ω = 𝑆 𝑅, 0 − 𝑆1(𝑅, 𝑙 + 𝑅)

Fig.4 Results of Effective Hydrodynamics Model calculations for the full
acceptance of pion multiplicity vs. number of binary collisions obtained for
p-Au collisions at 18 GeV/c in comparison to our SMASH [5] MC data and to
the RQMD results taken from [1]. Each point on our model graph
corresponds to some impact parameter.

Fig.5 The same calculations but for the case for the limited acceptance. The
effect of the last one is taken into account by a factor 𝑄. Gray point
represent experimental data and red points represent RQMD results [1].
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