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NA61/SHINE detector setup
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Fixed target experiment
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s// 'NE~ NA61/SHINE detector upgrade

* New vertex detector in order to Replacement of the TPC

read-out electronics

increase the precision of secondary Construction of Vertex Detector (VD) to increase data rate to 1 kHz
, for D%, DO decay reconstruction
- vertices measurements (needed for /
. . m ;
open charm production studies). O I
\|mrxnnch l
* Increase (up to 1kHz) of the data i E} u'.i: - ’ ‘
L>‘;'il-}; ",E, Smes— | |- ..._._‘_,-’h.-..__i.__.__ PSDL PSD2
read-out fr ncy.
ead-out frequency / =N )
* New trigger and DAQ systems. ~J I
New trigger and data
* New TOF detectors. acquisition system Upgrade of Projectile
: : Spectator Detector
New Time-of-Flight
* Upgrade of the PSD detector defacioms 2

(centrality measurements).
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QCD phase diagram and definitions

Phases of strongly interacting matter

heavy ions at CERN

% L quark-gluon plasma
s | EARLY STACE
~~ | C
|_
LHC
FT
Onset of deconfinement: -l

Beginning of QGP creation with ,
hadronic matter

increasing collision energy. o
Critical point: !
. N R He (MeV)
End point of 1st order transition line SIS NUCL
RHIC NICA j.pARC  HIAF

O

that has properties of a 2d order

phase transition.
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Studies of the onset of deconfinement: SMES model

Statistical Model of the Early Stage - Gazdzicki and Gorenstein, Acta Phys. Pol. B 30, 2705 (1999)
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Studies of the onset of deconfinement: , KINK”

* The onset of deconfinement leads to the activation of

partonic d.o.f and results in an increase of entropy. gsf G <>
* SMES predicts a change in the slope (,,KINK”) at the ® Np =28p~ <W=> NA61/SHINE
4r- m Be+Be
value of the collision energy corresponding to the HG- I o Vo
QGP transistion. - WORLD
2:— O N+N
SMES E m Pb+Pb
: 1
i Au+A
ﬂocgl/él'FWl’thg GP = 9HG 0: I T P R S H|.H.| N o
< Np > ¢ 05 1 15 2 25 3 35 4 5

1/4 (Gev‘U?)

Eur. Phys. J. C(2020) 80 :961
 We observe a larger slope for Pb+Pb than for p+p.
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Studies of the onset of deconfinement: ,HORN"

° Sharp maximum (,,HORN”) of K+/ Tt %‘ "f’l T ;«IAI‘?"I‘IQI-II‘INEI T fl—:: Igf;;hlfs‘l:l-llllh‘lllil
> ;+ o N i ; Be+Be + i
ratio observed in Pb+Pb collisions % by pe® Ao+ AL P AurAu
N 1 "
at SPS energies. 02 =% h i
i 7 1 02 ' -
* Predicted by SMES as a signature of I " I ol s
the onset of deconfinement. 01| ;ﬂ ) ¢ ] "
- {) 2
: XX
* No such structure observed in p+p, i ] I '
L i AGS SPS RHIC
Be+Be COI“SiOﬂS. 0 wA(wE‘\S\HﬁPSI L Iﬁhﬂc L HHn‘LHIC- vl 0 . Ll Ll
1 10 10* 1 10 10
VS (GeV) Sy (GeV)
SMES: Submitted to: Eur. Phys. J. C (recently accepted)

—mg —mg
HG: <K >xT3/2eT :<m>x T3 > %ocT‘er T

<strangeness>

QGP: p—

independent of T
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Studies of the onset of deconfinement: ,STEP”

Plateau (,STEP”) in the inverse slope
parameter T of m; spectra in Pb+Pb

collisions observed at SPS energies

for K* (mid-rapidity).

This is predicted in SMES as the
signature of the appearance of the
mixed phase of HG and QGP.
Similar dependence observed in

p+p, Be+Be for different T values

than Pb+Pb.
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Submitted to: Eur. Phys. J. C (recently accepted)
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[[INE Open charm production and QGP: motivation and plans

- i ] Effect of QGP formation on ] /¢ production
* Impact of the QGP formation on the mechanism of J/¢ production. e

= v O R ...
* We need to know the < ¢, ¢ > production in A+A collisions. E\_ .
-l B 10% g e 2%
— b ° _p= v g" N ]
* Precise data on D, D production needed. ®
Prof. Helmut Satz, 2017 Dynamical and statistical models SMES prediction P / fID suppression
Bl _ , 105" e STATISTICAL MODELS - - SMES QGP b\ § Norm = 528
”The preliminary results on charmonium production © == DYNAMICAL MODELS - Central Pb+Pb I F

at the SPS formed a significant basis for the CERN _Central Pb+Pb at 158A GeV/c == 10 ;{30;

conclusions presented in the year 2000, claiming the - N E 25k .

observation of a new state of matter. As we have '\‘é @1_ B :o; o E
: =

-
T 71"IITI

N
T

shown, such conclusions remain preliminary, as long
as the corresponding open charm production data

3¢"¢sz’ i@g %Lg

are not available. The proposed measurements of ' - 10 bglo' 5 NAS50 1996 Minimum Bias® ¢}
open charm in nuclear collisions at the SPS energies 01E o ; - 5;; :ﬁ:g :332 Minimum Bias + E
would allow NA61/SHINE to fill the missing gap and £ alasiacts O:_ — n{u’c]ctaf flt?s‘()rpl§91lf o= (‘).'-h‘n‘b‘ g
thus to complete an absolutely crucial part of the HSD pQCD HRG QUARK SMES 4 0 20 40 60 80 100 120 140
CERN heavy ion program” COALESCENCE ET [GeV]

JPS Conf. Proc., 010080 (2020)
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” ""™NE" Search for the critical point

* Observation of anomalies (enhancement, scale-invariance) in fluctuations in a narrow

domain of the phase diagram could be interpreted as CP signal.

 However, predictions about the CP are model-dependent. 200 . . . . . .
T, ¢ lattice QCD
O A i i MeV' | -lil-“f__H_Boz LTEO3 ¢ other models
Different colliding systems at various beam momenta B g e :
SR - QI:R(” B cxperiments
) 150 F LR04 -
— 2D scan of the phase diagram. -
A
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Pb+Pb| || W 201618 C094 LSMO1 CITO2
[ ®
SXetl,a)ll H H H H N v NJL89b
c &5l NJLO1 @ i
E’ ArtSc| ll H H H H N 205 : P
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% Be+tBe|  H B B B B 20111213 INIL&9a
(&)
p+Pb B B B . 2012/14/16/17 0 | | | 1 | | |
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p+p . . . . . . 2009/10/11 uB’ MeV
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T. Czopowicz, NA61/SHINE Autumn School 2020

beam momentum [A GeV/c] Initial Stages 2021 - NA61/SHINE 11
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/ / Search for the critical point: proton intermittency analysis
 Critical fluctuations = SSFM exhibits a power law <MZ Z i(ni — 1)>
i=1
dependence on the number of subdivisions M?2. M) = | 7 2
(502371
* We subtract the SSFM of mixed events in order to -
remove purely statistical correlations: B . ..
AFZ (M) — deata(M) . Fzmixed eventS(M) _. .- @ =
* If the freeze-out occurs at the critical point then : ]-/ e e
(for protons): / — \
5 / — \
AFZ(M)’V(MZ)d)Z, ¢, === 0.833 Mo bin | | Nm: number of P
6 —H 1| particles in m, bin

F.K. Diakonos, NA61-theory meeting, 15/11/2018
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Search for the critical point: (NA49 and) NA61/SHINE

In NA49: strong power-law scaling with M? observed in Si+Si.

In NA61/SHINE: p-p intermittency analysis in Ar+Sc @ 150A GeV/c: ~ 800k events in 0-20% centrality range.

A deviation of AF, from zero appears for 10-20% centrality.

This effect is not observed for present statistics in other centrality ranges.

New results expected soon for different energies and colliding systems.

45 45
(a) "C"+C
40 40 i m
s e data vf,qm.w,.\”\.’
= 3 mixed as o E o
w s

(b) "Si"+Si

(c) Pb+Pb
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T. Anticic et al., Eur. Phys. J. C 75:587 (2015), arXiv:1208.5292v5
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Summary

NA61/SHINE continues the 2D scan of the QCD phase diagram to search for critical structures

such as the onset of deconfinement and the QCD critical point.
Differences of hadron production between light and heavy colliding systems were observed.

We also search for QGP effects in particle correlations using different techniques (intermittent
pattern in particle momenta, higher moments of multiplicity spectra, azimuthal angle versus

rapidity, etc...).

We plan to perform open charm production studies (2021-2024).
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