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NA61/SHINE - Acceleration chain

NAG61/SHINE

* Primary beams:
* Protons at 400 GeV/c
* lons (Ar, Xe, Pb) at 13A — 150A GeV/c

e Secondary beams:
* Hadrons (rt*/~, K*/-, anty-p ) at 13 - 400
GeV/c
* lons (Be) at 13A - 150A GeV/c




NA61/SHINE - Experimental layout

* Large acceptance hadron spectrometer

BEAIms: * Beam particles measured in set of
* ions (Be, Ar, Xe, Pb) counters and position detectors
Poeam=134A-1504 GeV/c¢ . .
- hadrons (n, K, p) * Tracks of charged particles measured in
B =13-400 GeV/c set of TPCs: measurement of g, p and
. JSe= 51168 (27.4) GeV identification by energy loss measurement
* 3 Time of Flight Walls: identification via
o time of flight measurement
* Projectile Spectator Detector measures
the forward energy which characterizes
e aererkancelhadan centrality of collision
. ;Tf;gﬂ:fﬁ',;ﬁﬁ;’;{,ae?:  Vertex Detector (open charm
down to p, =0 measurements)

0-5% 5-10% 10 - 15%

-2 ¢ Forward TPC-1/2/3

0.0 3
27 Be+Beat 1504 GeVic | E Y Besie at 1504 Gevic
Finteraction trigger \ B | Interaction tigger

g
‘; \ 0.6 Full PSD
\ I
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NA61/SHINE - Physics program

heavy ions at CERN

quark-gluon plasma

* Strong interactions program

 search for the critical point of
strongly interacting matter

 study of the properties of the
onset of deconfinement

—awrer * Hadron-production
Rod LI | e measurements for neutrino
S¥rla @ H B B B B 27 experiments
DA+sc B B H H B W s
%Be+Be H H B B EH BN 201213 ¢ HadrOn-prOdUCthn
— s n unJ--«r measurements for cosmic ray
e ommomom o lleo experiments

»

13 20 30 40 75 150

beam momentum [A GeV/c]
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Uniqueness of heavy ion results from NA61/SHINE
NAG1/SHINE recorded |

theo: Acta Phys.Polon.B 46 (2015) 10, 1991

unique data for: A A exp: Phys.Rev.C 77:024903,(2008) & [ & oy
* Onset of 200 |- o SRR :
deconfinement /L - £
* Onset of fireball o = ]
. z |
° TranSItIOn frOm % 01 .Aﬁ%ﬁps...ﬁ.lﬁ‘.{l)i. ””“IILHICHHIIH(I}_‘I
resonances to strings, | | 22 e
» Critical point? : theo: Phys.Rev.D 90 025031 (2014)
O S g . pREAR S exp: CERN Courier, Sep 2377, 2019
E : 50 - ;‘ % %\0_25_ S
02} i L3 = g [ 1504 GeV/e _
o1F 1\3"1' 1 — I )‘ 0.15 ¢ ._
. 10! (SPS) 10* (LHC) _ n
: AGS SPS  RHIC LHC U'I__ § & ]
O theo: Phys.Part.Nucl. 51 (2020) 3, 337-339 Vsny [GeV] o BerBe Ausc Pbi ]

exp: Phys.Rev.C 102 (2020) 1, 011901
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ohysics results
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Acta Phys. Pol. B 30, 2705 (1999) S--INE
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onset of deconfinement .


https://www.actaphys.uj.edu.pl/R/30
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sl
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Be+Be Pb+Pb
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vl vl il

1

10? 104
s (GeW)

Pb + Pb

* Precise measurements of collision
energy dependence for p+p, Be+Be,
and Ar+Sc

 K*/m™ ratio in inelastic p+p
interactions is different from the one
in heavy-ion collisions

* No horn structure in Be+Be and
Ar+Sc

* The collision energy dependence of
the inverse slope parameter of my
spectra T shows the so-
called step structure
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K/ (y=0)

T (MeV)

p+p Interac
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ns and onset of deconfinement

®)

0.1

B WORLD(p+p)
B p — UrQMD 3.4

f

B
) ptp
A

@ SPS(NA6I pip)

10° 10
Vswn (GeV)

200

100 -

* The sharp break in K*/n* and
inverse slope parameter T in
p+p collisions at SPS energies

* The break energy is =7 GeV -
close to the energy of the onset
of deconfinement =8 GeV

* The UrQMD model does not
reproduce the sharpness of the

break

U

S--INE

]

Phys. Rev. C 102, 011901(R)
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Be+Be collisions and onset of deconfinement

[ [#]data ---EP0s 199  —Uraup 3.4
“+PHSDA.0 e AVPT 1.26 SwASH 1.6

015 ‘f s * NA61/SHINE — the only world
< | data for Be+Be collisions

0.1] 0.1
L i * No visible sharp break in
| B e e K™*/m™ and inverse slope
0% 10 15 20 e I Imi
(S (G L S parameter T. Note the limited
_ energy range of data
T K e | Kk . .
250 S * No models which describe all
200 w0l measured quantities
150 :— 150 ; ..... { * _.—:-_',"
il S I T —
B TR T a— _;'P”S.“.'“1'5’*.““"”'26.1'5'8“"5““'620 Eur.Phys.J.C 81 (2021) 1, 73

/S (GeV) (S (GeV)
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update of the “kink” plot — pion multiplicity per
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number of wounded nucleons

* The NA61/SHINE results

0 L—

/.

0

2

| * N+N interactions agree well with
Mﬁlff;E the world data

o BetBe * Be+Be collisions are mostly

® N+N between measurements from N+N
A9 and Pb+Pb collisions.

B Pb+Pb
AGS * Ar+Sc collisions seem to be

) AutAu systematically higher than the
WORLD results for N+N, Be+Be and Pb+Pb

L A collisions at the lower energies
r (Ee\”/g) * Ar+Sc close to the Pb+Pb results at

N the highest energies.

F = [{1‘3'5.-_-.,- w — 2my )/ VEN N , arXiv:2101.08494v2 [hep-ex] 25 Jan 2021
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width of the rapidity distribution - speed of sound

0.45
N

0.4

i O

C O

i [ T

i O a »

N REPE S

B L \t I.‘

- M

i Ll N

1 10 102
VSNN (GeV

Ar+Sc
¢ Be+Be
® N+N
B Pb+Pb
L1 Aut-Au

NA61/SHINE

The collision energy dependence of the rapidity
distribution width is associated with the speed

of sound cg
2_8 n (ws_ﬂfm‘)

3 1—¢t
E. V. Shuryak. Yad.Fiz., 16:395—-405, 1972.

The dense matter produced in the collisions was

predicted to show a minimum in the speed of

sound energy dependence around the collision

energy of the onset of deconfinement

Confirmed by Pb+Pb data in combination with

results from central Au+Au collisions

The results of NA61/SHINE from central Ar+Sc,

Be+Be collisions, and inelastic N+N reactions

need to be extended to lower end energies for

conclusion about a possible minimum

ol —
Q'??lp

arXiv:2101.08494v2 [hep-ex] 25 Jan 2021



onset of the fireball



Onset of fireball

K/ (y=0)

K" /n™

dynamical models

0_25 T T LI |||| T T T |||| T T T TT
- 1504 GeV/e :
02F N
L § =]
0.15+ _
i Epos  UrQMD ]
B ___-‘“'_‘.'";- L / WNM. ]
O Lf" SMASH ]
E p+p Be+Be Ar+Sc  Pb+Pb E
005 1 Lol 1 Ll 1 o111
| 10 102
(W)

KY/ 7t (y=0)

0.2¢

0.2

0.1

statistical models

I I
- 1504 GeV/ce CEHRG Y=1 -
- /""-”..# i
i e CE/GCESMES _ ]
T 7 B ]
L § uo
RS =
- ptp  BetBe ArtSc  Pb+Pb |
1 1 111 III| 1 1 111 III| 1 1 111

1 10 10°

PHSD: Eur.Phys.J.A 56 (2020) 9, 223, arXiv:1908.00451 and private communication;
SMASH: J.Phys.G 47 (2020) 6, 065101 and private communication;

UrQMD and HRG: Phys. Rev. C99 (2019) 3, 034909
SMES: Acta Phys. Polon. B46 (2015) 10, 1991 - recalculated

(W)

T [MeV] (y=0)

T parameter

dynamical models

2
Lh
<

200

@ None of the models reproduce K™ /x™ ratio or T for whole (W) range

T T LI II| T T T TT III| T T T 17T
__ 1504 GeV/e . __
L KT B
L N i
L PHSD - _
| e _..-EPOS |
I ; ?’ et WNM -
] ptp BetBe ArtSc Pb+Pb |
11 11 II| 1 1 1 11 III| 11

1 10 10
(W)

p+p: Eur. Phys. J. C77 (2017) 10, 671
Be+Be: Eur. Phys. J. C81 (2021) 1, 73

Ar+Sc: NA61/SHINE preliminary
Pb+Pb: Phys. Rev. C66, 054902 (2002)

14

U

S--INE

]



U

S--INE

]

Uniqueness of heavy ion results from NA61/SHINE

K'/m (y=0)

0.15}

0.1

02+

0.05

®IN]

0.9

0.8

1.1

Q2

" 1504 GeV/c
L N R
= // =
// o
// +
UrQMD :
N L“+ “WNM ]
[ ptp  BerBe AriS¢ PbiPb]
1 10 107
(W)
L h at 150A-158A GeV/c
AAAAA o ...DBetBe  _____WNM__
I
:_ Poisson
= Ar+Sc
ENIA61/SHINE plreliminary | :
1 10 10 10°

<W>

Koim (y=0)

0.2

1

A (atomic mass)

o Pb+Pb
c
T
E .
T
;E Ar+Sc
o
10 Onset of o fireball
©
- Be+Be
o
» = : 3
s 2: Wy p+p
O
v SNN [GeV]
=~ 10 (collision energy)
p+p=DBe+ Be =+ Ar +5Sc

ﬂnm Skll'né

5&]:

[ AGS 5P5 RHIC
FEEETTIT B R TTTIT e

Ph+Ph

LHC

1 0t

10*

Vo (GeV)

* Two onsets in nucleus-

nucleus collisions

Onset of
deconfinement -
beginning of QGP
formation

Onset of fireball -
beginning of formation
of a large cluster which
decays statistically

15
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Onset of fireball - measurements after LS3

The very first idea
for future scan ,
Example ion: T P
A=40 0o, Synergy with 7 [150A GeVic
Gamma Factory +« [
=02 -
» B N
S A=~30 P [ o
= 0.15 .
8 A=15 150 Synergy with
= Cosmic-Ray LHC - -
0.1 N ) + B
A=5 ‘He I ]
- p+p . BetBe Ar+Sc  Pb+Pb;

> 0.05
13 20 30 40 75 150 ! 110 Tﬁuoz
beam momentum [A GeV/ ] (W)

16



critical point
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PHYSICAL REVIEW D 60 114028

Theoretical fluctuations
in presence of critical point

—-

Xe+La

17
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net-charge fluctuations measured by !

higher order moments

) 5System size and energy dependence ° K4/K2: p+sze+Be
v -
> | * EPOS close to the measured data
4— ¢1% Be+Be . ] ] o
"~ optp * No structure indicating critical
3 1% Be+Be EPOS point

" p+p EPOS

21+;§+'+' =

& k2 = {(6N)?) = o2
L N\3 3
0 k3 = ((6N)°) = S
- kg = {(6N)*) = 3((6N)?)? = Ko*
_1_ v b b b b by N - mU'tlp“Clty, dN = <N — (N}),
6 8 10 12 14 16 o - standard deviation, S - skewness
\ SNN (GeV) K - kurtosis

18



two-pion HBT correlation functions

20% Be+Be at 150A GeV/c

—— T
-
- ot

b ;

1

NAG61/SHINE Prelimina

Be+Be @ 150A GeVic 0-20%

0.1 0.2 0.3

1 | 1 1 1 1 1 1
04 0.5 0.6

my (GeV)

Lévy distribution leads to power-law
correlation functions

C(g) =1+A-e" RS

Lévy-exponent a = 0.5 for the critical point

* o between Gaussian or Cauchy shape

might be the sign of anomalous
diffusion

Csorgo et al., EPJC36

* a does not indicate the critical point

in Be+Be (far above 0.5)

19
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second scaled factorlal moments of protons - d

NA61/SHINE NA61/SHINE
5 2.0 0-20% Ar+Sc at 1504 GeVic s '0: 0-10% Pb+Pb at 30A GeVic e Results for :
© sk - * statistically independent points
; : « cumulative quantities
[ AP B 10 * M=1..32binsinp, and p,
o5k ok * second scaled factorial moments of
: ; protons for Ar+Sc at 150A GeV/c and
N oob Pb+Pb at 30A GeV/c shows no indication
> . . 0 500 L for power-law increase with a bin size
0-20% Ar+Sc at 1504 GeVic 0-10% Pb+Pb at 30A GeVic .
*gwg o g 1o * Exclusion plot
g ¥ e=Sfidos 8 =5008 0.5 * predictions for simple power-law model
B white area: - whlfte rea parameters
] ; —value < 0. 0.6 © p-value < 0. 0.
o < 00 2 - * The intermittency index ¢, (power-law
g 04 o component) for a system freezing out at
- the QCD critical endpoint is expected to
02 0.2 be ¢2 - 5/6
0.0 Bfs P PP LB PE LS 00 00 , X o
0 1 2 3 4 :
correlated/all (%)~ wr ’ 1 cirrelatesd/all (°/:)
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strangeness production in p+p at 158 GeV/c
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strangeness production in p+p at 158 GeV/c

. . } . . o = O g prp—E+X
4, EPIC80(2020)3,199 ¢ ; 40® EPIC80(2020)9, 833 & 103 £°(1530) o
S 1 - EPOS199° pp X | & [ o S| rwevsine ) ! = _
________ e | c .4 = /| s T ogf \ $ =150 I o=
| ——HRG , | . o © i Y |—eros 19d (i
______ 002 T : e 0.6/ "
: o : : — PHsD i \ |—uramp 3.4
Val : : - : P - L ®
IS : pers S N, VW 0.4F
- '0.‘[?:)1'— ...... ......... .......... e \ i O
1 . ? o . \ 0.2+ SPS  RHIC LHC
_____________ .’ ! \\ I 1 10° 10*
% RN 5 T2 {2 : ; : 03" 3 (S (GeV)
____________________________________ \ sy [CeVI: x10® EPJ C 80 (2020) 9, 833
' ' ® HAGUSHINE | 'pq —
§+ —EPOS 199 ~ ? 08__ +m 50(1530)
— UrMD 3.4 _E ) -
Present theoretical models do e 06 o~ [TEPostes
not describe the NA61/SHINE —rHs0 i S\ [Fuampsg
results on strange particles ; 0.4r
ducti 0.5} i
proauction : 0.2
. i /”{4\
: U_ | '-/fl.| I | |M|H"1-| [
0= 3 2 4 0 1 2 3
y y 22

Details: M. Kuich talk
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strangeness enhancement factors

the recalculation of the enhancement
based on the NA61/SHINE data

L) NA49{NAE1ISHINEp+pEI B VS (GeV)
I MNAST (MAGT/SHINE p+p) § 17.3
L+ STAR '{ 17.3
[+ auce L
i { {iT 200
4
| f
I i }{ 2760
4
¢
"I
| Ll ul
1 10 10° 10°
(N,)

+

—

E-o

10

|I NA5?(MA51;SH|NEp+p)| Sy (GEV)
STAR
__+ ALICE '] 17.3
'
5 -
+ ; %‘} 200
t t4 2760
¢
¢
i &
| |||||| llll
1 10 10° 10°
(N,

The strangeness enhancement factor E

2 dnjdy(A+A)
~ (Nw) dn/dy(p+p)’
Nucl. Phys. B111 (1976) 461

Thanks to the NA61/SHINE
p+p data new based line for
Z~and E* production at 158
GeV/c was set

EPJ C 80 (2020) 9, 833

23
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HRG model in the CE formulation and p+p data

= 10 £ CE Fited parameters: = 10§ CE Fited parameters:
3 S T < S Ry "~
S 1y, =1 (fixed) mp = 15y =0434 20028 P
=) = %2INDF =29 . WKk > = %2INDF =11 /.
= ok p 1 = 0k Pt
S g " 3 g WK (392)
s C WK (892) o C
= 102 W6(1020) = 102E M6(1020)
107k B(1530)° T 10°L o B
2 m £ >l=(1530)
10 _ 10 ;_ W=(1530)"
10°kF s 10°F
F = 0 F
—6_ 1 IIIIIII| 1 IIIIIII| I_I_If:lsslol)lllllll 1 IIIIIII| 1 IIIIIII| Ly 10—6_ 1 I\IIHIl 1 IIIIIII| 1 II\IIII‘ L1 \IIHIl 1 IIIIIH| 1 IIIIIII| 11l
10° 10° 10* 10° 102 10" 1 10 10° 10° 10* 10° 102 10" 1 10
Measured Total Multiplicity Measured Total Multiplicity

Significant discrepancies of the fitted parameters

The statistical model fails when fixed y,

The fit with free vy, finds y,=0.434%0.028 and reproduces
the measurements well - a suppression of strange
particle production in p+p collisions at CERN SPS
energies

O Fit by different variants of

the HRG model (THERMAL-

FIST1.3
Comput.Phys.Commun.244(2019)29

5):
[ Canonical Ensemble
with fixed y,=1
[ Canonical Ensemble
with fitted
strangeness
saturation parameter

Ys
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electromagnetic effects
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™ /m~ ratio and spectator-induced U

electromagnetic effects

NAG61/SHINE preliminary . NAG61/SHINE preliminary . . . . pe
L Ar+Sc @ 150A GeVid ‘w17 Ar+Sc @ 150A GeVic * Charged pion trajectories can be modified
t '~:-_;;;;-T.'-::—'5“’"“"""“"’ R xmeogg] OWS by electromagnetic interactions (repulsion
L S e B L I Y + M - M
oot N\ *»‘H o SN for m* and attraction for ) with the

spectators - the effect is sensitive to the

N

0.6} ) 0.6F

_ T - : space-time evolution the system
04f . ad 04f % 5.4 Phys.Rev.C 75 (2007) 054903
; o 226 - o 225 Phys.Rev.C 87 (2013) 5, 054909
021N, > = 47.2:2.3 12 021xN, > = 69.0+2.1 Phys.Rev.C 102 (2020) 1, 014901
ok s DO s NS> = 5.6:04 25 Mevie
10040270304 0 S7 0010203704 05 : :
X, . * Spectator - induced electromagnetic effects

are stronger with rapidity closer to the

v TSRS, NAGUSHING pretiminary Sl NAGISHINE prefminary) spectator rapidity and with low pr

O N ] T

i : ] * The effect was observed in Pb+Pb 150A

osp 7 ] GeV/c collision by NA49

i P f Ppm ] * First time ever observation of the spectator-
0.4 00 | s s0 induced electromagnetic effects in small

ozt o ! ] systems Ar+Sc at 150A GeV/c and 40A GeV/c
T y ybcam 75 i y= ybcam 75 ]
0j | | | I\.z.s.“l’l'\a\.”.c.j \.\.\..\.\.\I\\.\I\??\M?Y{c.:

-01 0 01 02 03 04 05 0 01 02 03 04 05
X 26
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Cosmic ray and neutrino physics
program



Reference measurements: Nuclear fragmentation
cross section for cosmic ray experiments

B/IC @ AMS,

Primary cosmic rays from supernova remnants

Secondary cosmic rays from interactions with

interstellar matter during propagation e.g.
frag.

20 4.5 ¥ B4X

r decay

BE4+p =D UE+p*TB4Y
Primary-to-secondary ratios (e.g. B/C)
> traversed mass density

Unstable-to-stable ratios (e.g. '*Be/?Be)
— traversed distance

Important for the understanding of origin of
Galactic cosmic rays and backgrounds for DM
searches

Understanding of cosmic ray propagation limited by uncertainties of

fragmentation cross sections

NA61/SHINE will significantly reduce the uncertainties
(from 20% to 0.5%)

28
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Test measurement - nuclear fragmentation cross

section

“C+p = (C+CHo) - (C+C) - OUT”

A

CH,-target

C-target

empty target

e, K|

Targets

%4
v
I |1|

I |BPD—

ToF(A to S1) + dE/dz(S1) — (A, Z2)beam
A + dE/dz(MTPC)

— (A: ZE)Fragment
B

Identification of Isotopes Produced in Target

" £ i G lragmens
& = L ¥
8 L o8 "B fragments N
2 £ B¢ ixeris ﬁ . ~ g
2 c 3 S
‘DQE, S r:.’_ 6
§ —c ST "B ragments
4 5
s -

"IN boam

800 4 targetin

entries

by 700 [ target out “
600 +
500 +

12 ity 9 400
C purity:99.2% wp . .
B contamination: < 0.1% woE 7T e l
100 . é-l .
*haalln: RS , ,
45 5 5. 6 65

particle charge from dE/dx

o(PC+p =B+ X)+o(2C+p—=B+X) =
47.7 4+ 3.0 (stat.) &= 2.3 (syst.) mb

80 = world "B ¢ NAB1/SHINE B +'"B preliminary
F —=-world "B
o 70¢ 10p 11
F —e—world B+ B
E b
— 60|
< F
+ = }
GT] -
o
('5 =
T =t <> ;
10 + 7
0: 1 L L | I ‘ 1 1 L | I ‘

1 10

p/(AGeV/c)
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Reference measurements: Hadron production for
neutrino experiments

Jungle of
Proton h+A interactions Neutino N v .
"] ment O ecls 0
beam and decays beam urther improveme e precision

measurements for the currently used T2K
replica target,

@ Measurements for a new target material
(super-sialon) for T2K-Il and
Hyper-Kamiokande,

@ Study of the possibility of measurements with
beams <12 GeV/c for improved predictions of
atmospheric and accelerator v fluxes,

@ Ultimate hadron production measurements
with prototypes of Hyper-Kamiokande and
DUNE targets.

NA6T/SHINE will decrease systematic uncertainties on neutrino fluxes
(for T2K-lI, Hyper-K from 10% to 3%)

30
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Neutrino-related accomplishments from
NA61/SHINE first phase

NAG61/SHINE took thin and thick target data with 31 GeV/c protons
specifically for T2K in 2007, 2009 and 2010

T2K flux predictions (Phys.ReV.D87 2013 no.1, 012001) currently uses
thin target data and incorporation of thick target data is in progress

Fractional Error

0.2

Mult. Error !

Nucl. Error

——— Int. Length Error

Pion Rescatter Error

——— Systematicuncertainty with NAé1 replica target

Systematic uncertainty with NA61thin target

2016/17 data collection:

* Thintarget

measurements with p
and 1t beams at C, Be,
Al targets at 30, 60
and 120 GeV/c

2018 data collection:

« 120 GeV/c p on NOVA

replica target provided
by Fermilab

* 18M events recorded

31
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NA61/SHINE beyond LS2
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charm production and the onset of grants
deconfinement

Opo=14.6 + 3.2 MeV

yield = 62 + 19 Pb+Pb with QGP

counts

fp(e) H
- o 90 7 *+ Pb+Pb (@ )
o 7 b ° 1 (2016) > °

L. open charm 98 %
g Hv?f c / D

Y

g < \— __charmonium 20;
[//; 1 0 % \ — charmonium
i — 2%

: g(?’" C
fp(.g) & ‘ ;..ﬂ . 1/
ol Ly Loy 1 L 8 TR AL Ll
165 1.7 1.75 18 185 19 195 2 205 fp(2)

Open charm and J /1 production M, [GeV/c?]
within Matsui-Satz model NA61/SHINE pilot measurements
[PLB178 416] open charm signal in Pb+Pb at 150 A GeV/c

Medium reduces probability of / /Y production
What is the mechanism of open charm production?

How does the onset of deconfinement impact open charm P(cE > J /) = <<]£;p>> = ?i”
production? “
How does the formation of quark gluon plasma impact J/y Pacuum(cC = J/¥) > Predium(CC — J /W)

production?
33
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grants

Uniqueness of NA61 open charm program

Landscape of present and future heavy ion
experiments

!
k—gluon plasma
quar

rapid cross—over

critical point

hadronic
matter

baryonic matter

M n

Only NA61/SHINE is able to measure
open charm production in heavy ion
collisions in full phase space in the near
future

LHC and RHIC at high energies: measurements of open
charm are performed in a significantly limited acceptance;
this limitation is due to the collider kinematics and related to
the detector geometry

RHIC BES collider (\/syy = 7.7 GeV — 39 GeV):
measurement not considered in the current lprogram, this
may likely be due to difficulties related to collider geometry
and kinematics as well as the low charm production cross-
section

RHIC BES fixed-target (v/syy = 3 GeV — 7.7 GeV ): not
considered in the current program

NICA (E/S =< 11 GeV): measurements during stage 2
(after Oﬁv are under consideration

J-PARC-HI (\/syy S 6 GeV): under consideration, may be
possible aéter’&%ZS

FAIR SIS-100 (v/syy < 5 GeV): not possible due to the very
low cross-section at SIS-100, systematic charm
measurements are planned with SIS-300 ((/syy < 7 GeV')
which is part of the FAIR project, but not of the start version
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Detector upgrade during LS2

Construction of Vertex Detector (VD)

for D°, DO decay reconstruction

~

~13m

i M

S--INE
wame” M

Vertex magnet

Vertex magnet

GAP

Target S3

Beam counters
and BPDs

)J

D

=

> New Time-of-Flight
detectors
MTPC-L

MRPC-L Upgrade of Projectile

Spectator Detector

C-2/3

t-=| MPsD (-

FPSD

Replacement of the TPC
read-out electronics

to increase data rate to 1 kHz
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summary

* Measurements within the 2D scan in system size and the collision energy are completed

* NAG61/SHINE delivers reach information related to the onset of deconfinement in the light and medium-size system
* the collision energy dependence of the inverse slope T parameter shows the so-called step structure in p+p, Be+Be, and Ar+Sc
 the sharp breakin K*/m* and inverse slope T parameter in p+p collisions is visible
* the horn structure does not appear in p+p, Be+Be, and Ar+Sc

 for Ar+Sc collisions, the ratio of mean pion multiplicity to the number of wounded nucleons and its collision energy dependence at the highest
SPS energies are close to the ones for central Pb+Pb collisions and higher than the corresponding results for N+N and Be+Be interactions.

* the velocity of sound extracted from the width of rapidity distribution from central Ar+Sc, Be+Be collisions, and inelastic N+N reactions is
consistent with results for central Pb+Pb but too limited to allow a significant conclusion about a possible minimum in the speed of sound
energy dependence

* The onset of Fireball - unexpected system size dependence

* (p+p = Be+Be) # (Ar+Sc)

* the idea of new measurements after LS3

* So far, no convincing indication of the critical point in:
* net-charge fluctuations measured by the higher-order moments
* two-pion HBT correlation functions
* second scaled factorial moments of protons

* None of the present theoretical models can explain strangeness production in p+p NA61/SHINE data
* NAG61/SHINE will measure open charm production in 2022- 2024
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second scaled factorial moments - intermittency

analysis
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If the system freezes-out in
the vicinity of

the critical point, F.(M)
should reveal a

power-law dependence.

F,(M)

(...

- size of each of the M = % subdivision intervals
of the momentum phase-space region A

i - number of particles in i-th bin

- averaging over events

2

power-law model
exponent: 0.80
corr./all: 1%
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* A deviation of AF, from in mid-central Ar+Sc?

* The data points are correlated which makes
the interpretation difficult.
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