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ptp high charged particle multiplicities @ LHC
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ptp high charged particle multiplicities @ LHC

pp collision geometry
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ptp high charged particle multiplicities @ LHC
Bjorken energy density
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Basic assumption:
“central-plateau” structure for particle

Bjorken energy density
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Bjorken energy density - p+p at 7 TeV
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p1p high charged particle multiplicities @ LHC
Transverse flow — BGBW fits
ALICE Collaboration,

Nucl.Phys. A931(2014)c888
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Geometrical model of particle production
A.Bialas and E.Bialas, Acta. Phys.Polonica
B5(1974)373 and references therein

Collision geometry in p+p
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Collision geometry - A+A vs. p+p
based on measured observables
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Collision geometry p+p based on measured observables
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D. A few considerations on multiplicity selectors
in p+p collisions

Large impact parameter Intermediate impact parameter Small impact parameter
soft partons overlap soft & soft —hard partons overlap soft, soft-hard and hard partons overlap
The largest no. of parton interactions (MPI)
&

re-scatterings
How to select them?
=> mult1p11c1ty & event shape

Hadron production in the

forward-backward rapidity regions
—— (preferentially selected by “VOM”)

I:> Transverse spatial distributions Transverse spatlalndlstnbutlons
of the soft partons (x<<107) :> of the hard partons (x>10-2)
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Ratio of normalized y; distributions to normalized VOM 0-100%
ptp (7 TeV) and Pb+Pb (2.76 TeV))

yr = In{(mr +pr)/mo} mr =

Ratio

N Jar] |I T ] o 2'5“<'d'N',7dn'> ........... TR 9 SE g T LT
- 0253 9 1 & [ 253~ 959 1] & [ e253 959 .
25 399 ¢ 1093 | + 1 < [ "399 ¢ 10.93 + { - 3.99 ¢ 10.93 ! .
[ 0532 ¢ 1276 | ] | 05.32 ¢ 12.76 - [ #5.32 ¢ 12.76 1 -
[ 0654 ¢ 1567 | + + ] 24654 o 1567 . [ 06.54 ¢ 15.67 1 ]
- 0809 ¢ 1978 | E 8.09 ¢ 19.78 E [ 08.09 ¢ 19.78 ]
2 ® 239 | ¢0 ? + 7 ® 23.96 ] - ® 23.96 3
L 1 ++ - i I ] [ ]
r 1 " 48 ¢ ] 1.5 00 - C ]
il 1 5 i °
15F e zoi i # 1 [ II-IIFT" ] L + + E
X peed ¢ ] X i ] - ]
[ AdA. . ‘ ] 1[ 1 ] - ?-
sad A RRAL IR = é L =
e, TR ® o4 ¢ - Risds o 51 o ] C ]
X it 1 06&;2 ] i ] » + T-_
5- 1 E 05- a r .."?.?. ¢ ¢ * ¢S
0. 4y = & - C 0*# é . L ]
pp, 7 TeV, (n*+x )k\‘ . \\ o o 2]
] - pp, 7 TeV, (K'+K)d - " . 1 .
VoM, |Y|<0'5 1 oo o o [ ng Iye|<0<5 ' 1 - ® i C S%NZLGIZO(Q)M..’FQQ e o o o Q:
0,|,,,,,,,,,l,,,,,,,,,|,,,,- o) PRI P Y [P P S P PO ] er Sl L il Lol JAT Wi Lrorrine Lrorern L
1 2 i 4 5 6 05 1 15 2 25 3 35 45 05 1 1512 25 3 35
1 y 1 Yy I y
i T I I T
| 1 1 .
i i I Suppression
1 I 5
2.5_- | LA B i- T 'g'esr{lfé“fy' g 25_ 9e_mrahtv 2 J.DF LI LRI | .5,1 ....... :
[ ! e 510 < i : e 510 ZI N . 3 :
1 o 1020 10-20 - ]
of 1 o 20-30 = o 2650 Sy ]
_ 1 o 30-40 ] [ ® 30-40 " ]
| 35_88 4 L 40-50 4 L ]
I. 8070 i i 50-60 ] 25 U ]
- .. p 00 i _ ® 60-70 ] C ' ]
15+ — - e 70-80 4 N . ]
: ] r ] 2F i E
- i . i C n* .
L 4 L 4 - n 9oy | b
1900 .. s I - ¥ - 1.5 .
994 488 [ ] B ] : “ :
By ¥’ ' ] P . - . -
st 1 1 - - 1_— Z : =]
[ I . r ] C ]
0.5_ 1 ] _— —_ :‘ "y 1 ]
\/‘ ] i ] 05" 1 . ]
Pb-Pb, 2.76 Te K i T Pb-Pb, 2.76 i’eV,K ] C 1 Pb-Pb, 2.76 TeV, p 1
I T s e Sl el e TP TR PO TR PP TR PO PP 0:--|ln-l----11l!-ll--ll--ull---l-l:
1 2 3 4 5 6 05 1 15 2 25 3 35 4 45 05 1 15 2 25 3 35

<
-

Yy



Ratios of normalized charged particles p, distributions relative to MB p+p
as a fuction of charged particle multiplicity-centrality for
Au+tAu (0.2 TeV), Pb+Pb (2.76 TeV) compared with R , ,
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<p;> as a function of mass - different charged particle multiplicities (centralities)
for ptp (7 TeV), p+Pb (5.02 TeV) and Pb+Pb (2.76 TeV)
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ptp high charged particle multiplicities @ LHC

Glauber MC

A-A, p-A, pp collision geometry
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R, (fm)

ptp high charged particle multiplicities @ LHC

Bose-Einstein correlations

Strangeness enhancement ?
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Physics motivation
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Geometrical scaling

Local parton-hadron duality picture— (pr)/ ffi_N /S| ~
and dimensionality argument Y
- Y.L.Dokshitzer, V.A.Khoze and S.Troian, J.Phys.G 17 (1991) 1585

- T. Lappi, Eur.Phys.J. C71 (2011) 1699
- E. Levin and A.H. Rezaeian, Phys.Rev.D 83 (2011) 114001
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Geometrical scaling

dN/dy estimates
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Geometrical scaling

p+p vs. Pb+Pb @ LHC

Slope(pT)=f(mass) =a+ B
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pp - Pb+Pb similarities @ LHC
within HIJING/BB v2.0 model
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In progress

Multiplicity - Event shape analysis in p+p collisions

Directivity, Sphericity, Thrust
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Py spectra of identified charged hadrons
as a function of combined charged particle multiplicity and Directivity
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No event shape selection
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PYTHIA OHOJET £pOS Two particle correlations
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Two particle correlations
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Particle multiplicity

- underlying event activity increases with multiplicity
- EPOS and PHOJET underestimate the data

- PYTHIA describes better the data

0]
N
—|
o' 7
A4
Q
P
1
3 5
c
>_
4
3
2
1
0
]
N
—|
o 7
v
Q
P
1
&
g s
]
>_
4
3
2
1

-Yoay are slightly larger than

NI thesis e A ALICE data
- PYTHIA Gen.
C A PHOUET Gen.
L Eoos Gon
E A Ao, Ao A A
C A A A
- A A
- PR ST ST T [N TR TN T TR NN N SN S SO S SR ST ST S N ST ST R SR N SR S S’

15 20 25 30 35

Particle multiplicity

T S, ® ALICE data
- PYTHIA Gen.
- 1 ® PHOUJET Gen.
v EroS Gon,
N - S
- , .
R - SR— - S
N (] 8 o :
- This thesis

PR TR TN TR NN TN TN TR SN N TN TN SN SN [N ST SN N TN AN SN SN T T SN SO O T

35
Particle multiplicity
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near

-Y,.., have a similar behavior as Y,,,,, as a function o,
away near

multiplicity

-PYTHIA and PHOJET models systematically underestimate the data on the near side

- EPOS shows much larger values at lower charged particle multiplicity,

decreasing towards larger multiplicity, but still remaining above data by a factor of ~1.5
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Two particle correlations
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- PYTHIA and PHOJET have an almost flat underlying event contribution as a function
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- data and EPOS the underlying event rises with increasing charged particle multiplicity
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- similar trend for both the near and away-side long-range regions
- Yyearand Y ,,,,, have rather similar values for data, PYTHIA and PHOJET

- EPOS clearly overestimates both regions
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the data presents a rather flat C(4¢p) while an
azimuthal anisotropy is still evidenced in the
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Two particle correlations
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Theoretical approaches - short list of references

HIJING - Heavy-Ilon Jet Interaction Generator

X.N.Wang et al., Phys.Rev. D44(2011)3501

M.Gyulassy et al., Comp.Phys.Com. 83(1994)307
X.N.Wang et al., Phys.Reo. 280(1997)287
W.T.Deng et al., Phys.Rev. C83(2011)014915

HERWIG - Monte Carlo implementation of the two-component Dual Parton Model

S.Moretti et al., arXiv:[hep-ph[0205105

PHOJET - Monte Carlo event generator for high-energy processes

F.W.Bopp et al., arXiv:[hep-ph]9803437

PYTHIA - review, Thermodynamical String Fragmentation, Color Reconnection, Shoving

C.Bierlich et al., arXiv:[hep-ph|1412.6259
C.Bierlich et al., arXiv:[hep-ph]1612.05132
N.Fischer et al., arXiv:[hep-ph]1610.09818



Theoretical approaches - short list of references

CGC - Color Glass Condensate - a state of high density gluonic matter which controls the high energy
limit of hadronic matter.
L. McLerran, arXic:[hep-ph]0104285 and references therein
- GLASMA - a system where the the interaction of classical field with itself and the interaction of
classical fields with the hard fields become important
I'Lappi et al., arXiv:[hep-ph]0602189
- Expanding color flux tubes and instabilities
H. Fujii et al., arXiv:[hep-ph]0803.0410

- Simulation collisions of thick nuclei in CGC framework
D.Gelfand et al., arXiv:[hep-ph]1605.0718

More details in Dana Avramescu lecture



Theoretical approaches - short list of references

KoMPoST - a practical tool to bridge between early time dynamics of strong color fields
and
successful hydrodynamical simulations at late times

A.Kurkela et al., arXiv:[hep-ph]1805.01604

<TS> - the average entropy density per unit of rapidity

<t5> = (S/Ng)(1/A,)dN,,/dn

(S/N¢p) = 7 - for a hadron resonance gas

Thydro/ R = [4m(n/s)/ 2]3/ 2[(dNCh/ dn)/ 63]'1/ 2[(S/N ch)/ 7]'1/ 2(Veff/ 40)1/ 2 - is independent on the system size R

depends only on the charged particle

multiplicity

= In an optimistic scenario the minimum requirement for hydrodynamic phase, 7,4,,/R =1 is reached if
dN,,/dn =8 for small /s = 1/(4m)
For a larger value of specifics shear viscosity n/s = 2/(4rr) => dNﬂ/dn = 63




Outlook

- larger statistics => multi-differential analysis
- very good PID as low as possible in p;
- event-shape
- different ranges in Ay and A® relative to L(T)P

- Core-corona interplay in A-A and pp - plays an important role in
understanding the origin of different experimentally evidenced trends

- pp as high as possible in charged particle multiplicity

- Understanding the similarities and differences between pp and A-A
at high f,™

- lower mass A-A collisions ?



