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High multiplicity (HM) events

HM events draw considerable attention now. Ift's
connected with collective behavior of secondary's in hadron
and nuclear interactions (ridges, flows, shock waves etc.).
There are lots of problems in HM region for description
of multiplicity distribution (MD) at high energy.
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Outline: Multi-particle processes
1. e*e annihilation
2. pp collisions “Thermalization” project
3. PP annihilation
4. number fluctuations of n%'s with
increasing of n,,= n,, + nyin pp
5. Soft"y yield in AA interactions
6.Future: Spin physics program
(SPD.jinr.ru)
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e*e- - annihilation

e'e” = y(Z°)— qq — (q,8) = ? — hadrons

O .Biebel. L K
g onishi,U.,V., NP 1979
;gésl Rep. 5 L e Giovannini. NP 1979
s o P Multiplicity o
pyp i~ S \;% Distribution (MD): P.(5) =g
--“,ijf____é 5 )i \ ;O’m
P Generation )
' = %: Function (6F): O(s,2) = EPn(S)Z
I s'raqe 2 —— z
\\—-—\C\\“—s
q9- -cascade = p(s)= 1' J" (GF - MD)
IT stage: "
hadronization Correlated moments:

F(s)=n(n—1)..(n—k+1)= jkk
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e*e” - annihilation - T stage

I stage qg-cascade is based on pQCD.

Elementary processes: 1) > g +4 (A - probability),

2) g —~>q+g (A)and 3) g—>q+q (B).

: 1
Evolutional parameter - Y = [l +abIn(Q*/ 1)),

aG m-1
a9y ~AG+AG", M in g-jet - Farry: P? =é(1—é) :
1 5 (GF - 6) m m
9€ __10+10G.
Y MD in g-jet (GF - Q) -
negative binomial distribution (NBD):

Pq=kp(kp+1)...(kp+m—1)( i )’"( k )k”'

m - -
v
m! m+@ m+@
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NBD:
Qq(Saz) =

e*e” - annihilation- II stage

1+
k

p

Poisson: 1, =
_kp
m?
(1-2)] fo=n(n—1)=1" = 27— >0
p

Experiment testifies to the negative value of £, at low energy

&. annihilation

J.6. Rushbrooke, B.R. Webber.

Phys.Rep. 44 (1978) 1

We suppose: contribution of hadronization
is predominant in this region. We choose

binomial distribution for its

Pl (n)=C;,

—h
n
p

N
p

—h
n
-2

N
p

description:
Np—n
P=4,8.
—h\2
n
fg — —( p) < 0.
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e*e” - annihilation
Convolution of two stages

Soft discoloration (6F): O(s,z) =y P,/Q" (m,s,z)

mN (2+am)N

) ) ﬁ—hz_ 2N —Z g= ﬁ_hz_
Q" (m,z) 1+N( 1)] [1+ ( l)} 1+N( 1)]

For comparison with data we use (1):

n

(2+am) N-n
n" n"
P (s)= QZP (2+am)N(N) (pﬁ) (1)
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P(n
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e*e- - annihilation

v L ¥ MGD

=h
n, ~
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Confirmation: fragmentation mechanism of hadronization
(in vacuum 1 gluon — 1 hadron, LoPHD)

We started to name this two-stage scheme

Gluon Dominance Model after its application to hadron
interactions (sources of secondary hadrons are gluons)
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Three-gluon decay of quarkoniums Y(9.46), Y(10.02)

. Ot e
< ¥ T il iifmﬁﬁwm i 7
MD in g-jet is Farry:
(-1 m=2) (1" e\ Ay
m-— - n
PH(S)=E — 122 l=— C(3+m')N — | |1-—
o 2(m/3) m/3 | N, N,
h An =n(T — 3g) —n(e"e” — ¢q)

02 _ - —h
AT, (s)= [a(m -, )-3(a-2/ 3)]nq

st
P ] 7 7 a

LENA. Z. Phys. C9 (1981)1

An (s)=An, (s)=0.3
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HADRON INTERACTIONS (pp)

SVD-2 Collaboration has carried out search for
collective phenomena in HM events (n >> 1 = 5) in

p+p—=>2N+m +m0+...+ 7,

at 50 GeV/c proton beams. We suppressed small
multiplicity events and went down on topological
cross sections on three orders reaching max n_ =24
pions (at the kinematical limit ~ 59 pions).
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HADRON INTERACTIONS

We modified our model to apply it for hadron (pp)
interactions where valence quarks & nascent gluons
develop branching in accordance to QCD elementary
processes.

Convolution of ¢gg-cascade with an analogous e*e-
scheme of hadronization at the comparison with
data leads to considerably smaller values of the
hadronization parameters than in e*e- annihilation.
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HADRON INTERACTIONS (&6DM)

Our research has shown: with decreasing of the
number of valence quarks, parameters of
hadronization start to grow. Only excluding of
valence quarks completely (they're remaining in the
leading particles), these parameters become rather
more than in e*e  annihilation. We call this scheme
gluon dominance model (GDM) and such gluons -
active. GDM: gluons are sources of secondary. It
testifies: change of hadronization mechanism from
fragmentation to recombination one.

Q /ﬁ\) B.Muller. 2004

o

Fragmentation ¢ /ﬁ —© Recombination
mechanism )\ﬁi mechanism
@y
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pp INTERACTIONS (GDM)

GDM uses two schemes. 1st. With gluon branching
the share of gluons that don't turn into hadrons ~
47%. These gluons are remaining in gg-system being
sources of excess soft photon yield (pr< 50 MeV).
Their (gl's) number coincides with Van Hove's model
estimations.

2rd. Without gluon branching MD (2):

ME —p —h\ 2 B\ mN—(n—2)
L n—2
Pule) = ), = Cow (¥) (%) @
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pp interactions at 100-800 GeV/c

(2 scheme)

We observe an noticeable growth of a parameter 7
(the mean number of hadrons formed from a single g

At Js =60 GeV (ISR):

8

at its passing of the hadronization stage.

y m M, N I’_l: Q v*/ndf
IB/c

102 | 2.75+0.08 | 8 3.13+0.56 | 1.64+0.04 | 1.92+0.08 2.2/5

205 2.82+0.20 8 4.50+0.10 2.02+0.12 | 2.00+0.07 2.0/8

300 | 2.94+0.34 | 10 | 4.07+0.86 | 2.22+0.23 | 1.97+0.05 9.8/9

405 2.70+0.30 9 4.60+0.24 2.66+0.22 1.98+0.07 16.4/12
800 | 3.41+2.55 | 10 | 20.30+10.40 | 2.41+1.69 | 2.01+0.08 | 10.8/12

n, ~3.3

h
luon
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pp interactions at 100-800 GeV/c
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Gluon fission as the source of HM

b Kuraev, Bakmaev, K. NP
o (2011) Formation of two
b) * +§ @y gluon jets predominates in
the case b) in comparison
R with the case a). Such
P behavior can explain ridge
structure in AA and pp (HM)

o, mb events.

v Experiment [1,2]
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sections, o, for pp collisions
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-+ | | GDM's prediction:
I P pp (500 TeV): <n, > ~ 50

Cross-section, 6, (m

—
Q
w

10°

10°

10712

o
N
[00]
—
N
—
()]
N
o

Actual problems of microworld physics. Grodno, Belarus. August 12-24, 2018 19



Proton-antiproton annihilation in GDM

h mN h mN

n 9 G n
1—|—N(z—1)] + ez ;Pm 1—|—N(z—1)] +

Qz)=co ) Py

—h mN
+C4z4ZPg [14—%(7;—1)] :

A, (pp-pp)

¥ pp, 14.75 GeVic
— MGD

J.G. Rushbrooke, B.R. Mo
Webber. Phys.Rep. (1978) 1 Aan (pp—-pp) = o (pp) - o (pp)
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Xiangdong Ji, Maryland, USA & Tsung-Dao Lee, Shanghai, China
XITIth Quark Confinement and Hadron Spectrum 2018, Maynooth, Ireland

RECOMMENDATION 11l

Gluons, the carriers of the strong force, bind the quarks
[ogether inside nucleons and nuclei and generate nearly
all of the visible mass in the universe. Despite their
importance. fundamental guestions remain about the
role of gluons in nucleons and nuclel. These questions
can only be answered with a powerful new electron ion
coliider (EIC), providing unprecedented precision and
versatifity. The realization of this instrument is enabled
by recent advances in accelerator technology.

We recommend a high-energy high-luminosity polarize
EIC as the highest prlority for new facllity construction
the completion of FRIB.
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NAS report has been released!

Statement by Brookhaven Lab, Jefferson Lab, and the
Electron-lon Collider Users Community on National Academy
of Sciences Electron-lon Collider Report

July 24, 2018

On July 24, 2018, a National Academy of Sciences (NAS) committee issued a report of its findings and
conclusions related to the science case for a future U.S.-based Electron-lon Collider (EIC) and the
opportunities it would offer the worldwide nuclear physics community.

The committee’s report—commissioned by the U.S. Department of Energy (DOE)—comes after 14 month:
of deliberation and meetings held across the U.S. to gather input from the nuclear science community. The
report's conclusions include the following:

» The committee concludes that the science questions regarding the building blocks of matter are
compelling and that an EIC is essential to answering these questions.

» The answers to these fundamental questions about the nature of the atoms will also have implications
for particle physics and astrophysics and possibly other fields.

» Because an EIC will require significant advances and innovations in accelerator technologies, the
impact of con i ¥ = !

n summary, the committee concludes that an EIC is timely and has the support of the nuclear scien
community. The science that it will achieve is unique and world leading and will ensure global U.S.
i in nuclear science as well as in the accelerator science and technology of collj

22
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"The Space-Time Structure of Hadronization in the Lund Model”
S.Ferreres-Sole & T.Sjostrand hep-ph 1808.04619

"The hadronizing partonic state is quite different in the two
processes. Firstly, the composite nature of the incoming
protons leads to multiple semiperturbative parton-parton
collisions, so-called MultiParton Interactions (MPIs), and
also to beam remnants and initial-state QCD radiation.
Secondly, the high number of interacting partons leads to
the possibility of nontrivial and dynamically evolving colour
topologies, collectively referred to as Colour Reconnection
(CR) phenomena. Both MPIs and CR need to be modeled,

and involve further new parameters.”
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Fluctuations of n°s number in HM

Begun and Gorenstein (Phys.Lett.2007:Phys.Rev., 2008)
predicted the Bose-Einstein condensate formation (BEC)
in pp interactions at U-70 in HM n,, = n,+ ny, in the
framework of the ideal pion gas.

S ez - Phase diagram of pion gas.
S T -7 s=«"Y | Dashed line corresponds to
i co~o_ { pa(pe=0), solid - BEC line.
ol 27 2o =1 Dotted lines present states

- ‘ .\_ ] o ° redes o -

7 MV T with fix energy densities: ¢ =

60;' T "'-\f'.;" 1 6, 20, 60 MeV/fm3. Numbers

[ _KN=55 | Bosc-Einstein Condensate I (M = pion mulhplucu‘ry at ,u,,=0
Vi V7 and g =m_ at energy density &

%0 "oos o1 o015 oz . for total energy of the pion
P (fm”) system E£=9.7 GeV.
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Fluctuations of n°s number in HM

B 10p Scaled variance: w°=D/<N,>, D
=T - variance for MD of n%s, N, =
S s N., + Ny~ total multiplicity. MC
6'_ - - oMV ézoMev gs”‘"" codes and Poisson give  wf=1,

fm' | Tm ) P [ Authors predict an abrupt &
anomalous increase of w° of

neutral and charged pion number
fluctuations in HM region at
approaching to BEC line in the
thermodynamic limit.

The pion system approaches to
n the conditions of the BEC with N.
The anomalous increase of the scaled variances of neutral and
charged pion number fluctuations is observed. The size of this
increase is r'estr'ictecg by the finite size of the pion system.
lcm) _m,(r, Paroe (1) >> T(A).
I.(A) m\r, m

IR
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Fluctuations of n°s number in HM
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Bose-Einstein correlations in pp collisions

1. Two-particle Bose-Einstein correlations in pp collisions at /s= .9
and 7 TeV measured with the ATLAS detector” Eur.Phys.J. (2015)

2. Chaoticity and coherence in Bose-Einstein condensation and
correlations. Cheuk-Yin Wong et al. hep-ph 1501.04530 (BEC)

r< T T T T T T T T T T T T ‘ T T T T T T T T —_— 4 I I T r | T 1 1 - 1 - - - r T T 1 - 1 - :
B E L g |
" ATLAS ] = a5 ATLAS e ]
o RO I |
" [ >100 MeV, Inl <25 ] F pT 2100 MeV, i <25 ..
1 L 3; e -
. 0.8 : + - E =
B + ++ ] 250 //l J ‘% ‘ i‘ E
0A67 ..~____.-~-.\ i 2; : : ‘ ‘ ' ‘ é
- T i . I
o4 > T - 1.5 =
B o ] E m  ATLAS pp 900 GeV —— n, fit .
oo 3 A — s ] foL e e |
I & ATLASpp7TeVHM ] 055 @ ATLASpp T Teu Il . =
[ ATLA|S pp 7 TeV MB +HM Expo‘nential fit | ] Foooo ATLAS pp 7 TeV MB + HM Constant fit 3
L L L T T N co.oo ey ey ey ey g
% 50 100 150 200 250 % 50 100 150 200 250

Nen Nen

2. G,(Q) =p(Q)/py(Q) = Cy[1 + Q (A, QR)I(1 + £Q), Q* = (p,-p,)?, where the
effective radius R and 4 - incoherence or chaoticity parameter.
Scheme for fully coherent emission of identical bosons, A = O, while
for incoherent (chaotic) emission, A = 1. That behavior indicates at
the approaching to BEC formation (A = 0).
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Soft photon yield in hh s AA interactions
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SPD. jinr.ru

The SPD (Spin Physics Detector) project
at the Laboratory of High Energy Physics,

Joint Institute for Nuclear Research, Dubna

Roumen Tsenov, LHEP
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The NICA complex

existing facilities to be constructed

, KRION-6T+ HiLac (3MeV/u).
-~ PS & LU-20 hall for fix .A *-:

NUCLOTRONW

0.6-4.5 GeV/u

Collider

Roumen Tsenov, LHEP ,,



Physics tasks

» Nucleon spin structure studies using Drell-Yan pair production;

ib)

» Direct photons;

AAAAA

~ 98797
S~ qqbar—gy

TTTTTTT

Ex)

> NUCIeon PDFS by J/lp prOduction; LO ¢t production diagram:

: O 5 .
S =R e

» Spin-dependent effects in elastic pp, pd and dd scattering;

» Spin effects in exclusive hadron production;
» Spin effects in production of hadrons with high p; ;

> efc....
o Roumen Tsenov, LHEP ;,






