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CoaepxaHue

d NAG61/SHINE OkcnepnmeHT
- CoctaB konnabopauuun, y4actHmkn ot ONAN

- ®uas. [Nporpamma sKcnepmumMeHTa
- Oetektop NAG61 (Bknag ONAN)

1 OcHoBHbIe pesynbTaTtbl 3a nepuog 2015-17 r.
d lNnaHbl no Habopy aaHHbIX Ha 2018-20 rr.

A Mnanbl pabotbl rpynnsl ONAN Ha 2018-20 rr.

1 3anpalwunBaemble pecypchbl



JOINT INSTITUTE FOR NUCLEAR RESEARCH

SEVEN-YEAR PLAN
FOR THE DEVELOPMENT OF JINR
2017-2023

(Approved by the Committee of Plenipotentiaries of the Governments of the JINR
Member States at its session held on 21-22 November 2016)

Dubna 2016

Ctp.17-18 Expected results:

1. The start-up of the BM@N first configuration for high-intensity
light-ion beams extracted from the Nuclotron. Obtaining first results
in the research programme of the BM@N experiment: study of yields
of hadrons, hyperons, and light nuclei — 2017-2019.

2. Obtaining results at BM@N using high-intensity heavy-ion beams,
including ions of gold. Study of elliptic and directed flows,
production of hyperons with S=2 and hypernuclei —

2019-2023.

3. The start-up of the MPD Stage I, obtaining first results in the
research programme to study the properties of hot and dense
baryonic matter in the central rapidity range, to search for phase
transitions (observables - particle yields and spectra) including
partial restoration of chiral symmetry (observables - yields of di-
leptons), and to search for the critical end-point (observables - event-
by-event fluctuations, particle correlations) — 2020-2023.

4. Commissioning of the MPD Stage Il. Beginning of the research
programme with the MPD detector in the available phase space
region — 2023.

5. Obtaining new results in the energy scan
programme in the experiments NA61 (SPS) and
STAR (RHIC) — 2017-2023.

6. Obtaining new results in the femtoscopy programme in the ALICE
experiment (LHC), participation in ALICE upgrade — 2017-2023.

7. Settlement of commitment in the development and commissioning
of the CBM set-up under JINR’s obligations in accordance with the
NICA-FAIR joint research programme —

2017-2023.



Scientific Council
1215 meeting,
23-24 February 2017

Results of implementation of
the Seven-year plan for the development of
JINR for 2010-2017 and plans for 2017-2023
Particle physics and high-energy heavy-ion physics,
Information technology

Richard Lednicky

JINR, Dubna

At JINR

fulfilled using BM

adjustment to the

Study of the hot & dense baryonic
matter at extreme conditions
in 2017-2023

The study of heavy-ion collisions in the energy range up to Vsyy = 11 GeV will be

@N setup at the extracted Nuclotron beams and in the collider

mode using the MPD setup.
The main goals of the LHEP in the 7-year plan are:

To put in operation the NICA complex with both MPD and SPD setups, their final

designed objectives and obtaining of new results.

External experiments:

CERN), ALICE (L

Participation in the research programs at the STAR (RHIC, BNL)} NA61 (SPS,

HC, CERN), and CBM/HADES (FAIR, GSI).

The scale of participation in external projects will be determined by:
- the consolidation work at the JINR accelerator complex;
- the progress in the NICA project realization.
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NAG61/SHINE (SPS Heavy lon and Neutrino Experiment)
http://na6l.web.cern.ch/na6l/xc/index.html
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@ NA61/SHINE physics program

Hadron production in p+p, p+A, h+A, A+A at various energies

Search for the critical point of strongly interacting matter
Study of the properties of the onset of deconfinemen
Study of hadron fluctuations and single particle spectra
Study high pT particles {(energy dependence of nuclear modification factor)
Motivation: suppression of high p_particles at RHIC and LHC energies (manifestation of parton

energy loss in a dense medium)
Hypothesis: for lower energy collisions, where deconfined matter is not formed, such suppression
should disappear
Precision measurements of hadron spectra in hadron+nucleus interactions
reference measurements of p+C interactions for the T2K experiment for computing initial
neutrino fluxes at J-PARC
reference measurements of p+C, p+p, p+p, and n+C interactions for cosmic-ray physics
(Pierre-Auger and KASCADE experiments) for improving air shower simulations
Considered extensions beyond the approved program
measurements of Pb+Pb collisions for the ion program
(+ open charm and multi-strange particles, high p. spectra)
measurements for the Fermilab neutrino program
measurements for the CERN (LBNO) neutrino program



NAG1 physics. Search for CEP in heavy-ion collisions

Experimental strateqy:
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Perform a 2D (energy-system size) scan
with several beam species (p Be, Ar,Xe,Pb)
within the energy range from 13 to 158A GeV

Study as many as possible Event-by-Event
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NAG61 strategy: study how the NA49 observables (“Horn”) evolve with system size
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NAG61/SHINE detector

@ Acceptance 0%

# High momentum resolution:
# o(p)/p*=10*GeV/c) 1 (at Ll B=2 T'm) 13 m

# High detector efficiency, < >

tracking efficiency = 95%
@ Event rate: 70 events/fsec Vi‘:;E}: MAGNETS

ToF-L

BEAM TARG ET)
BPDs

—

Fragrhent separator i )
beamline
He beam pipe

M : Planned main
detector upgrades

ini MTPC-R _
B : Finished upgrades TP readout ToF-R

Basic upgrades of the NA61 detector (status):
» TPC read-out to increase event rate (complete)
» Forward TOF detector (complete)

» He beam pipe and beam line detectors for A+A (complete)
» PSD calorimeter (under completion)

« TOF-L/R High Voltage (complete, read-out (in progress)
Vertex detector (in progress) just before installation in 2016




NA61 TOF-L/R detector:
» 2 x 891 scintillator counters
 TOF-L (JINR contribution) put into
operation in 1995-96
« Time resolution: 60-70 ps
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Overall data taking plan
Energy-SystemSize Scan at SPS
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The NAG61/SHINE data taking plan for 2017-18

S| — measurements for physics of strong interactions,
v — measurements for the Fermilab neutrino beams.

= Two-dimentional system size and beam momentum scan will be completed with
p+Pb and Xe+La in 2017 and 2018

Beam Target Momentum Year Days Physics
Primary Secondary (A GeV/)
P 400
ht A 40400 2017 2ldays installation/tests
P 400
P Fb 30,40 2017 28days SI
P 400
ht A 30-120 2017 4z2days v
Xe La  13,19,30,40 75,150 2017 &0days SI
P 400
P b 13,20 2018 28days SI
P 400
ht A 30-120 2018 4zdays v

Pb Pb 20,40,75,150 2018 e&0days 51




Recent physics results of NA61

N. Abgrall et al., “Measurements of n*", K*- , KO , A and proton production in proton—
carbon interactions at 31 GeV/c with the NA61/SHINE spectrometer at the CERN SPS”
Eur. Phys. J. C 76 no. 2, (2016) 84.

A. Aduszkiewicz et al., “Production of A-hyperons in inelastic p+p interactions at 158
GeV/c”, Eur. Phys. J. C 76 no. 4, (2016) 198.

N. Abgrall et al., “Measurements of n+/- differential yields from the surface of the T2K
replica target for incoming 31 GeV/c protons with the NA61/SHINE spectrometer at the
CERN SPS”, Eur. Phys. J C 76, 617 (2016).

A. Aduszkiewicz et al., “Multiplicity and transverse momentum fluctuations in inelastic
proton—proton interactions at the CERN Super Proton Synchrotron”, Eur. Phys. J. C76,
635 (2016).

T. Anticic et al., "Production of deuterium, tritium, and 3He in central Pb+Pb collisions at
20A, 30A, 40A, 80A, and 158A GeV at the CERN SPS" Phys. Rev. C 94, 044906 (2016).

A. Aduszkiewicz et al., “Two-particle correlations in azimuthal angle and pseudorapidity
in inelastic p + p interactions at the CERN Super Proton Synchrotron”, Eur. Phys. J.

C 77, 59 (2017). y



“Measurements of p*-, K*- | K% , A and proton production in proton—carbon
interactions at 31 GeV/c with the NA61/SHINE spectrometer at the CERN
SPS”, Eur. Phys. J. C (2016) 76:8.
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= |nelastic and production cross sections as well as spectra T e
of 7, K, p, K% and A have been measured

= Essential for improved calculations of the initial neutrino
fluxes in long-baseline neutrino oscillation experiments 16



"Production of deuterium, tritium, and 3He in central Pb+Pb collisions at 20A,
30A, 40A, 80A, and 158A GeV at the CERN SPS", Phys. Rev. C 94 044906 (2016)

Longitudinal and transverse spectra
Total yields, ratios
Energy and mass dependence of yields
Model comparison
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NAG61 data. Preliminary results from Energy-SystemSize scan

K/t (y=0)

Study of onset of deconfinement: K* /% ratio energy dependence

“Horn™ structure in Pb+Pb callisions was predicted (SMES) as a signature of onset of deconfinement
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o K™ /x™ dependence in p+p rapidly reaches a plateau at SPS energies (onset of deconfinement in p+p7)

o Surprisingly the Be+Be points are very close ta p+p! (where will be Ar4+-Sc and Xe+La?)

o {A)/{m} in p+p reaches a plateau at the SPS energies similarly to (K™} /{zx™"}



NAG61 data. Results on fluctuations

Search for critical point: event-by-event fluctuations

NAG61/SHINE searches for the CEP by searching for non-monotonic dependence in fluctuations of hadron
production properties

z‘ 2:_ l]-:yndymm

3 1.8F h

Measure used to quantify fluctuations 16" ® Ar+Sc0-0.2%
ptp

1.4;
» Scaled vanance w[N] = Var(N)/{N) 12

) S E—
0.8F b
0.6;

[ 1 L | L L | L ] | L |
6 8 10 12 14 16 18
\'Sny [GeV]

o Selection of 0.2% most central Ar+5Sc collisions allows to eliminate volume fluctuations
o w[N] decreases with the system size which is not expected in the Wounded Nucleon Model
e No hint of a maximum — no hint for critical point so far
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JINR contributions/responsibilities

Maintenance and operation of TOF-L/R detectors

TOF-L/R data calibration

Software developments and maintenance of software library
Raw data reconstruction and DST production

Data analysis
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Plans for 2018-2020

Hardware & data taking

= TOF-L/R maintenance : Data taking : shifts, TOF on-line monitoring
= R&D for NA61 TOF upgrade

Software development & reconstruction

= TOF simulation tools within the SHINE framework
= DST production

Data analysis

* Production of (anti)nuclei production in Ar+Ca and Xe+La collisions (VBLHEP)
= Hadro-production for the Fermilab neutrino program (LNP)
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Preparation for the “NA61 beyond 2020” period

NAG61 Physics after 2020: high statistics beam momentum scan with Pb+Pb
for precise measurements of open charm and multistrange hyperon production

Detector upgrades:

= 1 kHz readout
= [arge Acceptance Vertex Detector
= New TOF

{Central Pb4-Pb collision at 134 GeV/c measured in NAG1/SHINE in 2016)
22



R&D for the new NA61—T§)F in 2016

MRPC detectors for NICA
(V. Golovatyuk, V. Babkin)

~13 m
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Popma Nedd

[Ipegmaraenelf IIaH-Tpadiy H HeoDZoOHMEIE pecyp CBL I OCYILeCTEIEHH A
mpoekTa Madl (yaactre OFAH)

CTOHMOCTE [T mmocse HECA JT360 paTo JEH
Harme HOBAFHe VIO H CHOTE M FIAE 18 PRETpEAR TR
{ TEIC IO, ) HHHAHC HPOELHHA H 6Vt 0E
YCTAHOEEH, [EC VRCO E, HC TOUHHEOE ——
protancHpopaRKA TloTpefmocTe | 20121, | 2019 ¢ |2020T.
E JIEC ICAK
S0 pymoEa e, 10 4 3 3
KOMITHE0TE [
COicHO BREE Wamel | DOGITE HEA HE 5 5 5 i
Hobopyooeatye | AETEKTOPOE
Bpema mpogeTHax
CHCTEMA Ha OC HOES 0 20 2 10
RPC (R L
OITOHAA - - - -
Heofzo mememe Hopmo- KE 1% B j j j j
pec YRCE TIAC B a1l
I $B3 ) ) ) )
Hyrmorpon - - - -
WIHTC 210 75 all 15
Formma GoparHOHHED ESHOC 36 12 12 12
MetoumHi® | g e 311 13 | o 101
b HHAHCHPOBAHHA
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CwmeTa 3aTpar 1o mpoekTy NA61 (yaactie OMAN)

Dopnra Ne 29

o [TomHad
m‘;[ HanmeHOBaHHeE cTaTeH 3aTpatT CTOHMOCTE | 2018 1. | 2019 1. 2020 T.
(kS CIIA)
[Tpsmele pacxodsl HA MTPOEKT:
1. | Yckopurens (HYKIOTPOH), Uac. - - - -
3. |KomamroTepHas cBI3b 10 4 3 3
4. |KB JIOB3, yac. - - - -
5. O0OBI1, HOpMOUAC. - - - -
6. | MarepHans: 33 14 14 7
7. | O0opyaoBaHue 20 8 8 4
g Ormnara HHP, BEOIOIMHAeMEIX IO _ _ _ _
JIOT OBOPAM
9. EEMHHMP OBOTHBIC PACKOARL B 210 75 60 75
a) B CTPAHEL HepyOIIeBOH 3 0HEL 174 63 48 63
6) B ropoax cTpaH pyOIeBoi ) ) ) )
3OHEL
B) IIO IIPOTOKOIIAM 36 12 12 12
WU TOTO ITO TPSAMEIM PACXOaM: 311 113 97 101
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3aKknrvyeHue

okcnepumeHT NA61/SHINE ycnelwHo peann3yeT HaMevYeHHYIo

®duna. lNporpammy:

- faHHble no p+p, Be+Be, Ar+Sc, Pb+Pb cTtonkHoBeHnAM aHanusnpyrotcs
N NyonunkyrTcA

- 3aBepLUeH upgrade getekTopa, NoAroToBKa K ceaHcaM C nyYykamu
Xe (2017) n Pb (2018) npoxoaut ycnewHo. Havatel R&D ans
NA61 upgrade for the beyond 2020 program

Yyactne OUNAN B akcnepmmeHTe NAGL MMeeT BaXXHOE 3HAYEHUE C Yy4EeTOM
cobcTBeHHOM nporpamMmmsl Jlabopatopum no pusunke A+A CTONKHOBEHNU
(npoekT HAKA) — HOBble gaHHbIe, HOBbIE TEXHOMOMNU, OMbIT PaboThI

Bknag OUNAWN v nnan padotbl rpynnel Ha 2018-20 rr. cbanaHcupoBaH
C YY4ETOM NMEKLLIMXCH PECYPCOB

[Mpocum nogaepkaTb HaLl NPOEKT

Cnacu6o 3a BHumMaHue!
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NAG61 physics. Data for neutrino and cosmic ray
experiments

Precision measurements:

Measure hadron production
In the T2K target needed for
the T2K (neutrino) physics

Measure hadron production
In T+A interactions needed
for cosmic-ray, Pierre Auger
Observatory and KASCADE
experiments H n

ot
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