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Recap and Strategy

In the previous two talks, Christoph Blume and Che-ming Ko have laid out
the experimental and theoretical status and listed Open Questions

The Open Questions fall is four broad categories:

| will overview
how the
upcoming

2. The system size dependence of strangeness production L_ | experimental
programs will

3. Strange hadron cross-sections and potentials address the
questions

1. The energy dependence of strangeness production

4. Hyperon interactions and Hyper-nuclei

We should note, that there are other important Open Questions that we felt were addressed
in other sessions in the Conference:

* Global Hyperon vorticity (Thursday 14:00-15:30)
* Hadron resonances (Friday 09:00-10:30 and 16:05-17:55)
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Outline

* New Facilities or Upgrades to Existing Facilities
Also see session Sat 11:00 -12:55

* New Detectors or Upgrades to Existing Detectors

Also see sessions Fri 11:00 -12:05 and 16:05 -17:25
e Future Opportunities to address Open Questions
about:

1. Energy Dependence
Also see session Thu 09:00 - 12:30

2. System size dependence
Also see sessions Thu 9:00 -12:30 and Sat 09:00 -10:30

3. Hardonic cross-sections and potentials

4. Hyperon interactions and Hypernuclei
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Facilities

GSI
GSI
CERN
CERN
CERN
BNL
BNL
Dubna
Dubna
J-PARC

SIS18
SIS100
SIS300

SPS
LHC
LHC-AFTER
RHIC
RHIC-FXT
NICA
Nuclotron

J-PARC-HI

2.0-2.6 GeV
2.7-4.9 GeV
4.9-8.2 GeV
51-17.3 GeV
2.76 — 5.0 TeV
115 GeV

7.7 — 200 GeV
3.0-7.7 GeV
2.7 -11 GeV
2.0-3.5GeV
2.0-6.2 GeV

2022
2025
Now
Now
TBD
Now
2018
2020
2018
2025

Running 2.6 GeV Ag+Ag
Under Construction

Planned Upgrade

Long Shutdown 2 coming up
Under Consideration
Installing Electron Cooling
Approved Program

Under Construction
Installing HI source

Install HI source and booster
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Facilities
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Experiments

GSI-S1S18: HADES RPC / Shower

GSI-S1S100/S1S300: CBM/HADES
BNL-RHIC: STAR

CERN-SPS: NA61

CERN-LHC: ALICE

Dubna-Nuclotron: BM@N

Dubna-NICA: MPD

J-PARC-HI: JHITS Will take 2.6 GeV Ag+Ag as part of FAIR-0
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Experiments

Experimental requirements
GSI-SI1S18: HADES (Hadrons incl. hyperons, hypernuclei)

HADES Dipole Silicoh
GSI-SI1S100/S1S300: CBM/HADES o+p, PHA Magnet Tracking

A+A (low mult.)

BNL-RHIC: STAR
CERN-SPS: NA61
CERN-LHC: ALICE

Dubna-Nuclotron: BM@N e

Detector
Dubna-NICA: MPD

J-PARC-HI: JHITS FAIR Phase-O:

e HADES FAIR Phase-1: CBM
e STAR-eTOF First data runs 2022

e BM@N-Silicon
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GSI-SIS18: HADES

GSI-S1S100/S1S300: CBM/HADES

BNL-RHIC: STAR

CERN-SPS: NA61
CERN-LHC: ALICE
Dubna-Nuclotron: BM@N
Dubna-NICA: MPD

J-PARC-HI: JHITS

PHENIX has ended operations
SPHENIX optimized for jets

Daniel Cebra
7/10/2017

Experiments

upgrade
ndcap

= / vent ‘lane | ‘etector

Upgrade to TPC, new end-cap TOF, new forward trigger
=>» BESII =» 2019 and 2020 =» 7.7 to 19.6 GeV
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Experiments

GSI-SIS18: HADES bt L L L L

Fixed target

__
GSI-S1S100/S1S300: CBM/HADES o 2y 3 atz=2.1m
C
BNL-RHIC: STAR-FXT EPD S
CERN-SPS: NA61 2.0 cm radius Be Beam Pipe ;ell;w'
Inner Sectors i N

CERN-LHC: ALICE I e = i m

- Outer Sectors

i (32 pad rows)
Dubna-Nuclotron: BM@N oF ¢

HIEEER
Dubna-NICA: MPD

J-PARC-HI: JHITS STAR FXT — Approved last month
2018 =» 3.0 GeV Au+Au
2019 = 3.9,4.5,5.2,6.2,7.7
2020 =» 3.2and 3.5
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Experiments

System size scan

GSI-S1S18: HADES

GSI-S1S100/S1S300: CBM/HADES

BNL-RHIC: STAR

CERN-SPS: NA61 g
A &
CERN-LHC: ALICE o Ll :\\ S
Pb+Pb| M [ 2016/18 R N
Copp
Dubna-Nuclotron: BM@N _§Xe+La H NN NN N 27
GEJAI'+SC HE B B BB B 25
Dubna-NICA: MPD Cpeste M M N H N N 2 Will upgrade DAQ
e EEE .. system to 1 kHz and
p+ 2012141617
J-PARC-HI: JHITS redo the Pb+Pb scan
p+» 'l H H B B . 2009/10/11 with much higher
1820 %0 40 Te 10 statistics (2021-2014)
beam momentum [A GeV/c]
Daniel Cebra 17t International Conference on Strangeness in Quark Matter

7/10/2017 Unizersiteit Utrecht, Utrecht, the Netherlands 10



Experiments

GSI-S1S18: HADES
GSI-S1S100/S1S300: CBM/HADES
BNL-RHIC: STAR

CERN-SPS: NA61

CERN-LHC: ALICE

Dubna-Nuclotron: BM@N

Dubna-NICA: MPD

Long Shutdown 2 Upgrades:
J-PARC-HI: JHITS TPC, Vertex, ITS

Also CMS, ATLAS, LHCb
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Experiments

GSI-S1S18: HADES
GSI-S1S100/S1S300: CBM/HADES
BNL-RHIC: STAR

CERN-SPS: NA61

CERN-LHC: ALICE

Dubna-Nuclotron: BM@N

BM@N:

* Fixed-target

e Vsan 2.0 - 3.5 GeV from Nuclotron

* Interaction rates up to 50 kHz

* Measurement of hadrons

* Light ion beams 2017; heavy ion beams 2019

Dubna-NICA: MPD

J-PARC-HI: JHITS
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Experiments

CPC
Tracker

GSI-S1S18: HADES
GSI-S1S100/S1S300: CBM/HADES
BNL-RHIC: STAR

CERN-SPS: NA61

CERN-LHC: ALICE

Dubna-Nuclotron: BM@N

MPD:

Dubna-NICA: MPD * Collider experiment

e Vssw=4-11 GeV
* Event rate up to 7 kHz

* Hadron and lepton measurements — Vertexer, Tracking, TOF, ECal
e Time line (staged): 2019 - 2013

J-PARC-HI: JHITS
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Experiments

Beam View uon Tracker

GSI-S1S18: HADES

GSI-S1S100/S1S300: CBM/HADES

Coils = insensitive
area

BNL-RHIC: STAR
CERN-SPS: NA61

CERN-LHC: ALICE

12-fold coils
Bo variations ~+-20%

Dubna-Nuclotron: BM@N

Toroid coils

Dubna-NICA: MPD

17

J-PARC-HI: JHITS Toroidal Spectrometer

* Interaction rates up to 10 MHz
 Measurement of hadrons, electrons, muons and neutral probes
e Timeline roughly 2025
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Experiments
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Energy Dependence of Strangeness in A+A Collisions

List of Open Questions:
1. What is the energy dependence of strangeness enhancement? Could there be an
onset somewhere? =» Need p+p data, these are limited. STAR-BESII, STAR(200
GeV), ALICE, NA61

2. Interpretation of the structures in the energy dependence (e.g. is the horn in K/pi
ratio due to deconfinement transition or chiral symmetry restoration?)
=>» Need better measures around this horn (and similar horns). NA61 high
statistics, STAR-BESII, STAR-FXT, MPD

3. While the yields of cascades and anti-lambda rise in the RHIC BES range, Lambdas
and cascade- do not.
=>» Need better lower energy measures, STAR-FXT and MPD will measure lambda
and cascade, CBM and JHITS are needed for anti-lambda

4. Need to compare rapidity densities (distributions) at low (SPS and below) and
high (RHIC and LHC) energies?
=>» STAR-BES Il will measure rapidity density. STAR-FXT and MPD will get
measurements in the AGS range. LHCb could help for the higher energies
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Strangeness Production in Small Systems (p+p and p+A)

List of Open Questions:

1. Does dN,/dn provide an universal scaling for system size dependencies (pp - pA
- AA)?
=>» Need this analysis done one the existing data of STAR (200 GeV), and of
NA61. Need p+p and p+A data.

2. Does the multiplicity dependence match the transition from canonical to grand-
canonical ensemble at all energies ?
=>» Need theoretical comparisons to quality data from STAR, NA61, MPD

3. Isthe core corona correction necessary for particle yields?
=>» Need to compare to the p+p, p+A, and centrality dependent A+A data from
STAR-BES, NA61, MPD, and CBM

4. AntiOmega/Omega ratio in p+p (from string decays)
=>» Need NA61 results. CBM and JHITS for lower energies if they will have a
hydrogen target.
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Strange Hadron Cross-Sections and Potentials

List of Open Questions:

1. Do we understand kaon propagation in medium?
=>» need to studies of elliptic and directed flow of strange particles to lower
energies = STAR-FXT, MPD, CBM

2. Isthere any evidence for a sequential freeze-out due to different cross section?
=» Need measures of the kaon slopes at low energy. HADES, BM@N

3. Does the medium also at low energies behave macroscopically, fully described by

statistical model?
=>» Would be good to have data from different system sizes. HADES, BM@N

4. s the phi meson yield enhanced in the dielectron channel?
=>» HADES 2.6 GeV Ag+Ag run will have less background for a cleaner study.
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Hyperon Interactions and Hyper-nuclei

List of Open Questions:

1. What do we really know up-to-now about hyperon-hyperon interactions? What do
we learn about dibaryon from HBT?
=>» STAR has measured AA correlations at 200 GeV. Will continue these to BES-II
energies. Will need the higher statistics of CBM to go to lower energies

2. What is the contribution to an understanding of large-mass neutron stars? Is
there stable strange matter in neutron stars?
=>» This will need the development from the theory collaborations such as BEST

3. Why are the yields of very weakly bound objects (e.g. 3,H) so well described by the
statistical model (“snowball in hell”)?
=>» Need measurements of more hypernuclei. Optimal energy is in the range of
STAR-FXT, CBM, and JHITS. STAR-FXT will be able to measure hypertritons, CBM
will measure the multiple strange hypernuclei

4. Are the properties of hyperons modified inside nuclei?
=>» Need to improve measurements of the lifetime of hypernuclei. STAR-FXT, CBM
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Conclusions

* Upgrades to accelerator facilities and to many detectors are planned

* Strangeness studies were limited in the AGS energy range = New facilities will
study this region. In the high energy region, collider detectors generally have
limited rapidity coverage.

* For the studies of some systems p+p results are limited to colliders or facilties
with a hydrogen target.

* New fixed target program at the nuclotron can help confirm and explore the
remarkable subthreshold production results.

* Hyper nuclei help us understand the hyperon-hyperon interaction, which may
effect exotic astrophysical objects. New facilities should be in the optimal energy
range for the study of multi-strange hypernuclei.
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Backup

Daniel Cebra 17t International Conference on Strangeness in Quark Matter

7/10/2017 Unizersiteit Utrecht, Utrecht, the Netherlands 21



L1¥]
E;_ | Pb-Phat s, = 2.76 TeV
j=5
j=1
= (@)
2101
- -
e = od
-~ o
g -
rd
S
S
- (LT
2 ]
:.-
o
1___ 8 MU
[ NAS7 P5-Pb, p-Pb ot 17.2 GeV
I [] STAR Au-Au a1 200 GeV
1 |||||||| 1 |||||||| 1 11

1 10

Yield / (Nm) relative to pp/p-Be

/. NAST Pb-Pb, p-Pb at 17.2 eV

A STAR Au-fw at 200 GV

0.3

0.2

K/t

0.1

107 1 10 10%
(Npar‘t) <Npar1>
T T T T IIII| T T T IIIII| T T T T TTTT T T

I K'nt Kin i

i lL O o World data _

i 1] I o STAR BES |
T ll

— 0 Te | -

B IEI El &i l T 7

= [T = % % 74

B T (T_‘ I\T_, Iil T T

= E‘ .;T; ‘1‘" [ * -

— G —

B g g - i

i DE‘?j _

I ]

L 1 !ﬁillllll | 1 IIIIII| | 1 IIIIII| 1 I_

10

100

1000

\/syy (GeV)

y=0

dN(A)/dy |

ey |,

dN(=

RMS

-

-
(=]
T

L ] E X ¥ x —;10
L ¥ X F x ¥ .
é&) i(}) ¥ ¥ + - * 41
E *) 3
i R & m ,
M STARBES || g
i M STAR p
- O NA49 EQ n =410
I STAR Preliminary B NA57 STAR Preliminary 3
. x ¥
x ¥x F X 41
*)} a‘ ¥ ¥ 5 w ¥
B9 ¥
- C;) 3 ? 4107
: STAR Preliminary STAR Preliminary "
10 10° 10 107 10
\Sun (GeV)
16 E895 / EB02 NA49 o~
sel SRERILELE BLELELELE L L A
1.4 Z =
i
-~ ~ be)
C 7 I q] Z
: o . -
— . m A —
0.8 5 ? u -
- * :
. ¢ E
0.4~ ox ext
. 0K =K'
0 C L2 l Ll 1 1 l 1 11 l L1 1 1 l Ll 1 1 l | T - . | N
1 2 3 4 S 6 7
Ybeam

y=0

dN(R)/dy |

iy |,_,

+

dN(E



Ratio of vields to (7" + 77}

Universal Scaling

0.20

+ 015 .
=

N ]
v 010 F T=80 MeV ]

0.05 |-
T=60 MeV

OUU ! | 1 | ! | ! |
0 50 100 150 200 250

A

part

1.0
i i ® ppE=7TeV 09 b

i O pPbiSg=502TeV
[ Pb-Pb,5,= 276 TeV 0.8 G

06 |
0.5
0.4
0.3 [

—_— PYTHIAS
e :._.-' ==n=a= DIPSY
- = EPOS LHC

]O_E; 1 IIIIIII 1 1 IIIIIII_ 1 1 Illllll_‘
10 10° 10°
{def'Jdﬂ}]rﬂ «05

relative contribution

0.2 SSmme
~Corona

0.1

5 10 20 50 100 400

Daniel Cebra 17t International Conference on Strangeness in Quark Matter

7/10/2017 Unizersiteit Utrecht, Utrecht, the Netherlands 23



=0
o

y

dv./dy |
o

A o ol BESA| A - e THi)=84 VeV |
. Ol Statistical v o LS|
- e K- Collider O a errors enly ™| G, 107°F K" cocktail E
ST L L 3 r T=84MeV | -
12-25% + ¢ ' A (FXT) - O B N il
2 7o KS(FXT) | - — = ere,
- ot (FXT} lfj) p (FXT} = _Za: e, ‘._ i
i = (EXT) | O p(E895) % £
A :::"'::’f% — Flrédml_z _ <
- ~
L STARFXT o ; /\
10-25% '13 % i C T(K+)= 104 M i
| 10257 & eV
1 @ ¢ ¢ @ L T(K+)= /, O
B STAR PRELIMINARY 7] -+ 25% I(_ frﬂm ¢ \“\ ]
] | | 1 1 1
3 4 5678 10 20 30 40 103 | | | uE
0.05 0.1 0.15 0.2

|||' SNN (GeV) E895_PRL84(2000)5488 0

STAR PRL112 (2014) 1623

m-my [GeV/c?]

0 T T e Data, Yeg=2.4 GV §
o T=6842MeV, 1 =883MeV+25
e s R =2.#0.3fm, R =5.8+0.9im
5 1L X’indot=2.3 K
= L _e _:
102 e -
—_— = -
o ———+—F—
D 2_ ]
=
T 15
1N + +
e
Q.05 PRELIMINARY |
LLI 0 . . . . | . . .
part P T n A K* Kg K ® e on Strangeness in Quark Matter o

. Utrecht, the Netherlands
*20% most central



Expected H signal

Morita, Fur'umoto & OHnishi, PRC 91,
1 024916 (2015)
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