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1 Characteristic Features of VHM Events

e VHM domain: n > n(s)
Inelasticity coefficient: K = E_:_;m;
e VHM region: |-k K1

e To exclude the phase space boundaries:
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Figure 1: Multiplicity distribution: E-735 (Tevatron) data.

— A: Multiperipheral domain: n ~ n(s):
— B: Thermodynamical domain: n — Nomaz(S);
— C: A & Bis the VHM domain (o < 107 704,).
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2 Thermalization in VHM Final State

o Multiplicity » measures the thermalization rate.

For this reason:
— VHM final state should be close (?) to ”equilibrium”.
— VHM should be "calm” and ”cold”.

e Range of validity of the thermodynamical description.

If: |Ki(E,n)|Y' < Ky(E,n), | =3,4,....

then thermodynamical interpretation is acceptable.

= Correlations relaxation condition of N.N.Bogolyubov

K?(”) E) — <52;n7 E> - <€1;n7 E>27
Ks(n, E) = (¢’;n, E) — 3(%;n, E){(e';n, E) + 2(e*; n, E)3,

etc.

(elin, E) = [ £(a)dq16(q2) P gy -e(q) P {dYon (B) [ dP g1 dPga--dBqy}
P S Badgy-Bg{d¥on(E)/dq1d3gy--d3q;) ’

4%, (E)

where differential cross section.

d3q1d3q2---cf3-q-,l- -
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1
3 Experimental Perspectives of VHM
As follow J.Manjavidze, A.Sissakian, Phys. Rep. 346 (2001) 1.

¢ For what values of multiplicity at a given energy
the VHM processes become hard?

-2/3
K.
R(n) = —\7{% < 1; n =7
In this case it will be appear possibility to estimate:
e the role of multiperipheral contribution;
e the jet production rate;

e the role of vacuum instabilities.

¢ For what values of multiplicity does the VHM final

state become equilibrium?
523
R(n) = —-}}é— L 1; n=?

If we will have answer then we would be able
e to investigate the status pQSD:
e to observe the phase transition phenomena directly:

e to estimate the role of confinement constraints.

The equilibrium means that the energy correlation function
mean values are small.
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4 Correlation Functions

 Ki(E,n) = f%,,g e(p p"'zfdee%]g—

If de—0
than Ki(E,n) = (e) =13V F,

where E; is i-particle energy.

o KoB,n) = (&1 = (2)) (o2 ~ () =
= () - ()
* Ka(B,m) = {(e1 = () - (2 = (6)) - (e5 — {e))) =
%)~ 3(e2) ) + 2e)

N

-2/3
e Manjavidze-Sissakian prediction for VHM: R = —L <1

2/3
o If R=% <1

then the particle energy spectrum is Gaussian, with

— "temperature”: K;'(E,n)

— dispersion:  \/K5(E, n)
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5 PYTHIA Prediction P
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Figure 2: PYTHIA: Multiplicity distribution at Vs =14 TeV.
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PYTHIA: K, n,)
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Figure 3: Dependent of K 1(e,n4) from number of hadrons.
— feem\ 1 dNn(e) 1 Nn
Ki(e,mp) = (g;n) = mfgdg i = Ny, >im B

— n - number of particles (hadrons):;

— € — particles energy:

— N, — number of events with multiplicity ny;

— dNy(e)/de ~ number of events with multiplicity n and
particle with energy e.
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PYTHIA: Ks(e,ny)
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Figure 4: Dependent of Ky(e,n;) from number of hadrons.

Ka(ersea;mn) = ([(e1;m0) — (&5 m)][(€2; 70) — (&3 7))
= (% nn) — (&;mp)?

2. 1 d*N,
(g% myp) = -A—,;fsldsl eader g2

— d*’N,, /de1des - number of events with multiplicity ny, and
particles with energy ¢; and ¢,
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PYTHIA: Kg(&, nh)
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Figure 5: Dependent of K3(e,n;) from number of hadrons.

K3<817 €2,E3; nh) =

([(e1; 1) — (e

~

<53; np

) —3(e

Do

ni)]l(€2; mn) — (€;m4)

]

; nh)(a; nh) -+ 2(8; nh)3

10

[(e3;m0) — (g;mp)]) =
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PYTHIA Prediction for R = K2/,

N2 , Y/t 105 4 | ]
5 Pt 1281 01656642 | |
N l
s PYTHIA ;
Y |
':eee:eu-"uuf”l M '
1 Tf[ . |
. |
[ |
I
A C ., B
in
l
OP N S T U I
100 200 300 400 500
n Ny (maz)
Figue 6: Ratio R = K3'° / Ky; A: PYTHIA, B: theory. C: VHM.
A = PYTHIA: n~# (n::(3+5) )
B = Theory: = Nmar (0] <m, i=1, 2 o, n)

C = VHM: R <« 1 <= Coloured Plasma
Hadron Collisions: ATLAS (CERN), CDF (Tevatron)
Heavy Ion Collisions: STAR (RHIC)
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PYTHIA: R = K%/ K.

Colored partons transverse momentum cutoff is p; > 2500 GeV. |
|

¥N 3 [ x./ndf 3621 / 31
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Figure . Dependent of ratio Kg?/ ] /K3 from number of hadrons.
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PYTHIA: K, (e,mp) with pile-up
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Figwe 8: Dependent of Ki(e,n;) from number of hadrons.
— . 1 dNn(e) _ 1 Ny,
Ki(e,np) = (g;n) = n- [ ede =22 = a2 B

— n - number of particles (hadrons)
— € — particles energy:
— N,, — number of events with multiplicity  ny;

— dNy(e)/de — number of events with multiplicity n and
particle with energy «.

Sbo = 523115 [9f<3 ; pb>26Gel
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PYTHIA: K;(e,n;) with pile-up

N; 0 4}#4},4}.4}:#-{}:{}-##4}
Q db
g £
' -500 o
-1000 |-
-1500 | Jﬁ
-2000 ——————l————
0 100 200 300 400

n,
Figure 9: Dependent of Ks(e,n) from number of hadrons.
Ks(er, e9;mn) = ([(e1;5nn) — (€5 ma)][(€2; m0) — (&5 m3)))

= (&% np) — (g;np)?

2. 1 d2N,
(% mp) = N [ e1dey e2der gt

— d?N,, /deidey - number of events with multiplicity n, and
particles with energy €; and ¢,

She =6x232015, fy/ s - pt s 260y
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PYTHIA: K3(e,n;) with pile-up
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Figure 10: Dependent of Kj(e, n,) from number of hadrons.
Ks(e1, €2,€3;,np) =

= ([(ex;mn) = (&5 m)]l(e2; ) — (& m)][(€3;m) — (&5 m1)]) =
= (&% ny) — 3(e?; np)(€;nn) + 2(e; np)?

Sbe = 5% 23=15, [9/<3 ; p > 2 6ey
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PYTHIA: R = Kf/ 3/ K, for events with pile-up background

Number of pile-up events: 23x5 = 115;
Pt > 2 GeV for every hadron at In| < 3.

Colored partons transverse momentum cutoff is p, > 2000 GeV

/ndf  7.236 / 15
A P1 1.214 0.2860E-01

0.67
K, %7 /K,
=

0 100 200 300 400
n,

Figure 11: Dependent of ratjo Kj 2/ 3/K9 from number of hadrons.
Pile-up — 115 events; Pt > 2 GeV for every hadron at In| < 3.
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Figure 13: The layout of ATLAS Barrel Tile Calorimeter cell ge-
ometry.
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7 ATLFAST: Energy Correlators for “Towers”

ATLFAST: K,(e,ny,)
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Figure 14: Dependent of K (e, ny) from number of calorimeter tow-

ers. Colored partons transverse momentum cutoff is p; > 1000
GeV.

— € - energy deposed in the ”tower”
— dN,/de - number of events with energy ¢ in the "tower”
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ATLFAST: Ks(e,ny)
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Figure 15: Dependent of Kj(e, ny) from number of calorimeter tow-

ers. Colored partons transverse momentum cutoff is e > 42000
GeV.

Ks(en, eamn) = ([(er5nn) — (&5 m))[(€2; 1) — (&5 71)))
= (e%;np) — (g;n4)?
(52 nh fEldé‘l €2d62dfgg

— d’N,/de1dey - number of events with multiplicity n; and
particles with energy ¢; and e
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ATLFAST: Ks(e,n;)

P 80000
>
[45]
O
~ 60000 [
. "
40000 |-
*
20000 |- e
i *
B * g e
o L ************
| L | | | | ) | | | | | | | | ] | ; | |
100 200 300 400 500

n,

Figue 16: Dependent of Kj(e,n,) from number of calorimeter tow.

ers. Colored partons transverse momentum cutoff is p, > 2000
GeV.

K3(e1,e9,e3;,mp) =

= (lex;mn) = (e;ma)l(e2;ma) — (&;mm)][(e3: m1) — (e5 7)) =
= (&% np) — 3(e2; na)(e; nn) + 2{e; ny)3
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ATLFAST Prediction for R = K.”* /K,
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Figure 17: Dependent of Ratio K §/ 3 /K> from number of calorimeter
towers. Colored partons transverse momentum cutoff is P >

2000 GeV.
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8 Conclusions

e We present the results of the calculations in the PYTHIA the

2/3
K;”
energy correlators Kq, K9, K3 andratio R = 70 —4— versus number

of hadrons.

e The PYTHIA can not predict the tendency to equilibrium.
-2/3
R = {—If— 1 for any colored partons transverse momentum

Dy cutoff with pile-up background and does not agree with the
-2/3

Manjavidze-Sissakian prediction for VHM R = ——L <L 1.

e Using ATLFAST we calculated the energy correlators K, Ko,

9/3
K3 and ratio R = ‘{9 versus number of ATLAS calorimeter
towers with hits. )

e The energy correlators K1, Ky, K3 have the same dependencies
for hadrons and for ATLAS calorimeter towers.

Rtaweu ~ 1.1 led'r.o=n.s~
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