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Multiparticle production process

~in pp-interaction with high multiplicity at

E,=70 GeV.
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The main goals of the project.

General task. Investigation of collective particles behavior in
the process pp — n, m +2N, n_=20 + 35.

At reaction threshold n_— ng . = 609 all particle momenta in

c.m.s. vanish —)0 A number of colleetlve effects may show
up in cold gas or condensate due to multiboson interference.

- Increase of partial cross section c(n) is expected comparing
with commonly accepted extrapolation.

- The jets formation consisting of identical particles — multiboson
interference.

- Fluctuation of charged n(n *, 7 -) and neutral n(n %) components
(centaurs or anticentaurus).

- Formation of high density thermalized hadronic system.
Transition to pion condensate or cold QGP.

Enhanced rate of direct photons.

Search for new phenomena: multipion bound state, events with
ring topology, pentaquarks.

Modernization of SVD setup.
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Results in 2003.

Simulation of SVD is in
progress

Software package for data
processing is developed

Trigger concept was worked
out

Liquid hydrogen target is
designed and its
manufacturing is in progress

Drift tubes tracking system is
developed and 1s under
construction

Monte Carlo generator of the
thermalized hadron system
and phenomenological studies
in progress

Plan for 2004 -2006.

Hardware and software
modernization

Data taking at the accelerator
runs

Data analysis and publication
preparations

The theoretical study of
dynamics of hh and hA
interactions at 70 GeV in
QCD and phenomenological
models

Investigations of collective
behavior of particles at higher
energy with taking into
account obtained results
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Lay-out of the SVD setup at U - 70,

The main
components of the
setup.

*Silicon vertex detector.

*Drift tubes tracker.

* Liquid hydrogen target.
*Magnetic spectrometer.

* Threshold Cherenkov
detector.

*EMC.
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Setup components

Spectrometer with Vertex Detector includes the following
components.

Silicon vertex detector (6 beam planes and 10 tracker planes,
10 000 ch.).

Drift tubes trekker (9 planes, 2300 channels).

Magnetic spectrometer (18 proportional chambers).

Liquid hydrogen target (& 25 mm, 1= 70 mim).

Threshold Cherenkov detector (32 PMT).

Electromagnetic calorimeter (1540 channels).

Trigger system for registration of rare events with high
multiplicity.

Extracted proton beam E = 70 GeV of U70 accelerator, IHEP.
Beam intensity ~ 10"s™ .

Assuming partial cross section o (7, =30)=0.2 mcb expected
counting rate is 100 events per hour.
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Modernization of SVD setup.

Renew and repair silicon vertex detector electronics.
Repair magnetic spectrometer proportional chambers.
Design and create drift tubes trekker.

Design and create Liquid hydrogen target.

Renew and repair Cherenkov detector electronics.

Renew and repair electromagnetic calorimeter
electronics.

Design and create trigger system for registration of
rare events with high multiplicity.
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Silicon micro strip vertex detector. An exsample of
foil targets imaging.
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Box of vertex d
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Cooling gas
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Silicon micro strip vertex detector.
An exsample of pC interaction event.
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Liquid hydrogen target schematic.
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Liquid hydrogen target.
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Search for pentaquark 0+.
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Demonstration of setup capability. M

Effective mass spectrum of (nw), (np) and (Kp) systems:
M(K) = 497.6 MeV, 6=4.4 MeV;

M(A) = 1115.0 MeV, 6=1.6 MeV

M(6+) = 1526.0 £ 3.1 MeV, 6 =10.2 MeV

M=1526+3.1(stat.) MeV/c*
o=10.2+2.7(stat.) MeV/c?

2 2.1 2,2
GeV/c
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Phase diagram of hadronic matter
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Mean momentum in ¢.m.s.
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Comparison

of longitudinal p, and transverse P,momenta behavior in c.m.s.
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Multiplicity distribution in pp interaction at 70 GeV.
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Two Stage Gluon model

r an 1nelast1c colhs1on of two protons the

e A; ét

e:
part of energy are converted into the thermal

~one and few gluons become free

luons may give cascade 1 stage

Gluon System (are evaporated) and convert
to hadrons -1 stage -
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Model formulation

« MD for active gluons at the moment of impact —
Poisson ALy
e MD for branch of gluons — Farry

1 (1__1_)’”"‘ (m—1)(m=2)..(m—-k+1)

m " m (k —1)!

« MD for hadronization stage — Binomial

Con [
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Low energy direct photons.
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Tentative mechanisms of anomalous low
energy photon generation.

* Quasistable cold spot in hadron gas or QGP
(P.Lichard, L.Van Hove, E.Shuryak).

e Relic emission of fireball
(M.Volkov, E.Kokoulina, E.Kuraev).

» Formation of multipion bound state.
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Soft photons as rehc em1ssmn0f the fireball.

o, ~4mb, o, ~40mb, o, ~n (T) -0, —> n,=0.1

dn, 8z v’

The black body emission spectrum dv = PR T
T 1
27T\
n,(T)=0.244-V ,
| hc
Excess of soft photons:
' ' L(fm) L(fm)
T= P=D \/5
3 - 10 11. 30 3.5
L-p(T)~n, > LT) % 1%
15 6.9 40 2.6
Our result: L - the size of
hadronization region 25 4.1 S0 2.0
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Conclusion.

The goal of the proposed experiment "Hadronization" is to
investigate the collective behavior of particles in the process of
multiple hadron production in pp and pA interaction. Near the
threshold of reaction all particles get small relative momenta. As a
consequence of multiboson interference a number of collective
effects may show up.
The processes of the deep energy dissipation at hadron interaction

and the thermalization of the formed system are far from full
understanding. The further experimental and theoretical studies in
this direction are called to throw light on fundamental grounds of
the particle physics: confinement mechanism, nature of the vacuum,
the equation of state of hadronic matter etc.
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Conclusion

The physics objectives of the experiment are as follows.

1. Search for new phenomena.

a) Drastic variation of the multiplicity distribution is expected
comparing with the behavior obtained by means of
conventional extrapolations. The BEC may manifest itself by
formation of narrow jets of identical particles or "cold spots" in
the fireball of the secondary particles. The other notions for this
effect are pion laser, classical boson field, boson condensate.
b)The measurement of the multiparticle correlation function.
Search for identical particles jets.

¢) Search for large variation of charged and neutral particles
multiplicity. This may also manifest the classical pionic field
production or onset of chiral condensate.
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Conclusion

The systematic and precision study of known phenomena.

a) Study of anomalous low energy photons.

b) The study of stochastic intermittency is an instrument for phase
transition search.

c¢) Search of events with regular intermittency, so called ring events.
This effect is referred as a gluonic Cherenkov radiation. If it exists,
it will be a genuine probe of the hadronic matter properties.

d) Simultaneous analysis of the differential cross section and BE
correlation functions makes it possible to disentangle the hadronic
system size, temperature and expansion rate. All parameters are
measured as function of particle multiplicity.
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Conclusion

Experimental setup.

The experiment is being carried out at 70 GeV extracted proton beam of IHEP U70
accelerator.

The apparatus design is essentially based on the fact that at high multiplicity all the
secondary particles have good forward collimation. In spite of the modest setup

size (and cost) it is expected that at least 70% of all particles drop into the apparatus
aperture and will be detected.

The apparatus includes a liquid hydrogen target, a micro strip silicon vertex detector,
Threshold Cherenkov counter, magnetic spectrometer and electromagnetic
calorimeter.

The two level trigger system is designed to select the rare events with high charged
and neutral multiplicity.

The counting rate of the events with total multiplicity 35 is expected to be 10
events per hour. If scenario of BEC is realized then counting rate will be essentially
igher.

The modernization of the setup is in progress.
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- Our _model investigations had shown :
quarks of initial protons are staying
in leading particles (from 70 to 800 GeV/c).
Multiparticle production (MP) is realized
- by gluons. We name them active.

P.Carruthers about a passive role quarks: “...labels
and sources of colour perturbation in the
vacuum: meanwhile the gluons dominates in

collisions and MP.” (1984)

The domination of gluons was first proposed by S.Pokorski

and L.Van Hove (1975).
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The Mulhpllcﬂy Distributions (MD) analysis
o are used io siudy MP -processes.

Model with the gluon branch in QGS -
branch model (TSMB)

or

Model without the gluon branch -
Thermodynamic model (TSMT)

E ffokoulma, V. Nikitin. 7 th Int school—semlnflﬁ’%,;’--éf%.f.-’3---’fﬂ;;i~:f7
‘actual problems of Microworld Phy: , Belaru
[hep-ph/ 0308139]
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& - ratio of evaporated gluons to all active ones

n,, N — parameters of hadronization for gluon

(a, < 1) Some of active gluons (from 50 to 1 %) are staying inside QGS and
don’t give hadron jets. New formed hadrons catching up them, are
excited and throw down excess of energy by soft photons.

We found weak branching of active gluons.

TSMT - gluons leave QGS and fragment to hadrons
without branch:

MD = Poisson & Binomial

M - max number of evaporated gluons is rising (from 6 to 10)
max number of hadrons is limited by M*N
(~ 24-26 for charged particles at 69 GeV/c)

Kokbuﬁtla E. ActaPhysPolon B3 5(2004)27-
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THERMODYNAMICAL MODEL, #"=1.63 " TSMT, pp ot 102 GeV/¢ , A"=1.64
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MD of neutral mesons at 69 GeV/c
The simplification on the second stage of TSM:
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Nch N0~N

tot

‘Qur results: max of neutral mesons =16

max of total multiplicity =42
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| particles

30

RIS SR | ST
SRR SHENEE C TN ) 25 3

n,

To(ng )= > P, (ng -n,)l Y P,

B =0y nu =0,

In the case a) top and bottom limits are determinated: ", + ¥, = 42

The noticeable improvement is reached if we decrease the top limit at
low multiplicities (n<10) to "> = 21, (the case b)).

Our result: Centaur events may be realized in the region of
high multiplicity. AntiCentaur events must be absent.
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