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H-uuddss
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The uuddss dibaryon state has been initially proposed by Robert Jaffe (MIT) who 
made a bag model based calculations and predicted the so called H-dibaryon with 
a mass below 2m(Lambda) of about 2150 MeV and unstable.

 The H dibaryon has been searched by several experiments without finding it. 

R. L. Jaffe, Phys. Rev. Lett. 38, 195 
(1977)



S-uuddss
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Recently a new possibility for the uuddss multiquark state has been 
proposed by Glennys Farrar (NYU) in which the uuddss is a state with small 
radius (0.1-0.4 fm) and mass below 2 GeV (so called Sexaquark).

Such a state could exist and could have escaped the experimental searches 
till now, since (depending on its mass) it can be absolutely stable or have a 
lifetime of the order of the age of the universe.

Such a stable state could be a candidate for Dark Matter, if produced out of 
the primordial Quark Gluon Plasma at the QCD phase transition from partons 
to hadrons.

G. R. Farrar, (2017), arXiv:1708.08951 [hep-ph] and 
G. R. Farrar, (2018), arXiv:1805.03723 [hep-ph]



The QCD phase transition
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The transition from quarks 
and gluons to hadrons is believed that 
took place few 10-6 sec after the Big 
Bang

Lattice QCD predicts at zero 
baryon density a crossover with a 
pseudocritical temperature  
          Tc~156.5+/-1.5 MeV

(A. Bazanov et al, Phys. Lett. B \textbf{795}, 15-21 
(2019).)



S-uuddss
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The uuddss state can be maximally bound due to its symmetry.

Due to being a flavor singlet it does not bind to pions resulting in a compact 
configuration.

Assuming it can bind to lightest flavor singlet mesons like the f0 a radius of 
0.1-0.3 fm is estimated.

The different size of the S and baryons means that amplitudes involving the 
S and 2 baryons are strongly suppressed.

Lacking coupling via pions its interaction with matter is lower than that of 
ordinary hadrons supporting the hypothesis it can be a DM candidate.

G. R. Farrar, (2017), arXiv:1708.08951 [hep-ph] and 
G. R. Farrar, (2018), arXiv:1805.03723 [hep-ph]



S-uuddss
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Calculation of the ratio of Dark Matter (DM) to Ordinary Matter (OM) 
assuming production of S(uuddss) from the Quark Gluon Plasma at the 
early Universe at a temperature of 140-170 MeV is shown in figure below

G. R. Farrar, (2017), arXiv:1708.08951 [hep-ph] and G. R. Farrar, (2018), arXiv:1805.03723 [hep-ph]

y-axis: m(Sexaquark) in MeV
x-axis: Freeze out Temperature 

The measured value for DM/OM of 
5.3+- 0.1 is in the second from 
lightest band.

Therefore the assumption of the 
Sexaquark as DM candidate leads to 
agreement with the measured 
DM/OM ratio for masses below 1885 
MeV and at freeze out T below 153 
MeV.
However all values of the entire plot 
are within  factor of 2 from the 
measured value

M
as

s 
of

 S
ex

aq
ua

rk
  (

M
eV

)

Temperature of primordial QCD phase transition (MeV)

Ratio Ω(Dark matter / Ω(Ordinary matter)    



S-uuddss
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The previous calculation of the ratio of Omega Dark Matter to Omega 
Ordinary Matter assuming a Sexaquark as DM candidate is valid for all 
forms of DM including equal u,d,s parts (like stable sexaquarks, quark 
nuggets or primordial black holes) or a combination of them.

As a result the observed value of Omega(DM)/Omega(Matter)  has been 
reproduced by assuming that DM is composed of equal number of u,d,s 
quarks

G. R. Farrar, (2017), arXiv:1708.08951 [hep-ph] and G. R. Farrar, (2018), arXiv:
1805.03723 [hep-ph]



II uuddss recent searches
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Methods
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One proposed method to observe the S-uuddss is via the Upsilon decay in 
Upsilon factories, namely as missing mass due to the S or anti-S production in 
association with di-anti-Lambda or di-Lambdas

Other possibility that can be used is the following: 

G. R. Farrar, (2017), arXiv:1708.08951 [hep-ph] 



Kolb and Turner
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E. Kolb, M. Turner,Phys.Rev. D99 (2019) no.6, 063519

Kolb and Turner argue that the Sexaquark abundances will freeze out at 
about Temperature of 10 MeV following decrease in number of Lambdas 
and very small abundance of S-uuddss remain at that Temperature.



Experimental searches 
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Even though not everyone agrees, its possible cosmological implications 
as DM candidate cannot be excluded and it has been recently searched in 
the BaBar experiment that set upper limits .

BABAR Coll. J. P. Lees et al, Phys.Rev.Lett. 122 (2019) no.7, 072002

90% confidence level upper limits on the branching 
fraction Upsilon(2S,3S) —> S + antiLambda + 
antiLambda as well as the combined sample



Experimental searches 
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BABAR Coll. J. P. Lees et al., Phys. Rev. Lett. 122 (2019) no.7, 072002

The predicted inclusive branching fraction of S in Upsilon decays
is of the order ~10-7. and the exclusive to inclusive ratio for Upsilon 
decay is typically <~ 10-4, so no exclusive signal would have been 
expected at the level of sensitivity of BABAR which is 10-7 in the 
exclusive channel. 

G. R. Farrar, (2017), arXiv:1708.08951 [hep-ph]  : 



Thermal production of S-uuddss in heavy ion 
collisions
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Thermal models can successfully describe hadron production in heavy ion 
collisions at high energy.

We use a model that has proven to describe particle production with a 
thermal assumption very successfully, in order to predict abundance of 
Sexaquarks in heavy ion colisions at RHIC.

Model: Sonja Kabana and Peter Minkowski
New Journal of Physics, Volume 3, January 2001



III Thermal model results on 
uuddss
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Predictions for Au+Au collisions at RHIC
for R=0
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Temperature dependence of sexaquark 
ratios at 1700 MeV in Au+Au at 3 energies 
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Sexaquark ratios to protons and Lambdas in Au+Au 
collisions as a function of collision energy for mass 

1700 MeV
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Promising for FAIR and NICA



Sexaquark ratios to mesons in Au+Au collisions as 
a function of collision energy for mass of 1700 MeV
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Sexaquark ratios to strange baryons in Au+Au 
collisions as a function of collision energy for mass 

of 1700 MeV

21

56 10 20 30 210 210×2 310 310×2
 (GeV)NNs

4−10

3−10

2−10

1−10

1

10

210

310

R
at

io

0-5% Most Central  = 1700 MeVSM

ΞS/

ΩS/

 

 



IV Summary, Conclusions and 
Outlook

22



 Summary, Conclusions and Outlook
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* In the framework of the thermal model by S. Kabana and P. 
Minkowski,  we estimated for the first time ratios of Sexaquarks 
uuddss to hadrons at RHIC.

* Sexaquarks are produced at relatively high rates, especially at very 
low energy where NICA and FAIR will measure in the future.
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Thank you very much
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Predictions for LHC Pb+Pb 
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Thermal production of S-uuddss in heavy ion 
collisions
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Thermal production of S-uuddss in heavy ion 
collisions
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Thermal production of S-uuddss in heavy ion 
collisions
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Thermal production of S-uuddss in heavy ion 
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Thermal production of S-uuddss in heavy ion 
collisions
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PRELIMINARY

ICNFP 2019, D. Blaschke et al.



Thermal production of S-uuddss in heavy ion 
collisions
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Hadron Resonance Gas Model (HRGM) with multi-
component hard-core repulsion (MHRGM) 
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- Fit gives T~ 151+-7 MeV and chiˆ2/DOF=0,8

with hard-core radii

Pb+Pb 
sqrt(s)= 2.76 TeV
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Hadron Resonance Gas Model (HRGM) 
with Induced Surface Tension EOS 

Results for LHC energy 

Radii are taken from the fit of 
AGS, SPS and RHIC data => 
single parameter Tcfo=150+-4MeV

3.3 Results for ALICE energy

To fit the ALICE data [25, 26, 27, 28, 29, 30, 31] we use a di↵erent strategy. The reason is that the fit
quality is not sensitive to the values of the hard-core radii. In fact, even the HRGM with the point-like
particles provides a reasonable fit quality [10, 33]. Therefore, in order to avoid the unnecessary waste of
CPU time we adopted the new radii found in this work from fitting the AGS, SPS and RHIC data, then,
similarly to [3], we set all values of chemical potentials to zero, but the factor �s is fixed as �s = 1. Thus,
for the ALICE data we come up with a single fitting parameter, namely the CFO temperature which is
found TCFO ' 154± 7 MeV. Within the error bars this result is in agreement with the similar fits [3, 33].
The achieved description of the ALICE data is shown in Fig. 8. The fit quality �

2
2/dof ' 7.7/5 ' 1.54

of the ALICE data is slightly worse than the one found for the combined fit of the AGS, SPS and RHIC
data. From Fig. 8 one can see that the main part of �

2
2 is generated by only two ratios, i.e. p/⇡

+ and
⇤/⇡

+. Therefore, the combined quality of the AGS, SPS, RHIC and ALICE data description achieved in
the present work is

�

2
tot/dof ' 64.8/60 ' 1.08

Although the found CFO temperature for the ALICE data is rather low, but a priori it was not clear
what the upper boundary for this temperature has to be chosen. For example, the authors of Ref. [13]
claimed that they found the second minimum of �

2
/dof for the ALICE data which is located at the

temperature about 274 MeV. Of course, it is hard to believe that at such a high temperature the hadrons
may exist and that at such huge particle densities the inelastic reactions are frozen, but the question
about the high temperature minimum has to be clarified. The present model is perfectly suited for such
a task, since it is valid in the region where the EVM is inapplicable.

To demonstrate this we employ the multicomponent version of the Carnahan-Starling EoS known as
the MCSL EoS [34]. Such an EoS is well known in the theory of simple liquids [35, 36]. Similarly to
its one-component counterpart [20] the MCSL EoS rather accurately reproduces the pressure of hard
spheres until the packing fraction values ⌘  0.35 � 0.4 [34, 36]. As usual, the packing fraction of the

N -component mixture ⌘ ⌘
NP

k=1

4
3⇡R

3
k⇢k is defined via the set of hard-core radii {Rk} and the corresponding

particle densities {⇢k}. In terms of these notations the MCSL pressure [34] can be cast as

p
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⇡
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, (29)

⇠n =
⇡

6

NX

k=1

⇢k [2 Rk]
n

. (30)

Using the system (29), (30) we can find out the applicability bounds of the IST EoS at high temperatures
by comparing the IST EoS pressure (1) with the MCSL pressure (29) which we calculate for the same set
of particle densities {⇢k} given by Eq. (21). The results for the compressibility Z = p/(⇢ T ) are given in

Fig. 9. Here the total pressure of the system is p, while the total particle density is ⇢ =
NP

k=1
⇢k. From the

left panel of Fig. 9 one can see that the IST EoS provides a 5% deviation from the MSCL EoS at T ' 280
MeV, i.e. in the region where the second minimum of �

2
/dof is observed in the work [13]. But we do not

observe any additional minimum in our model up to T = 600 MeV.
An entirely di↵erent situation is with the EVM. From the right panel of Fig. 9 one can see that

the EVM is not valid at high temperatures: the conventional HRGM with multicomponent hard-core
repulsion provides 5% deviation from the MCSL EoS at T ' 215 MeV, and, hence, such a model cannot
be used at higher temperatures because the HRGM EoS becomes too sti↵ even compared to the hard

13

Combined fit of AGS, SPS, RHIC and LHC data

χ  /dof = 9.1/10 =0.91 ! 2

Light (anti)nuclei are not included into fit
V.V. Sagun et al., Eur. Phys. J. A (2018) 54: 100

K. A. Bugaev et al., Nucl. Phys. A970 (2018) 133-155 and references therein, 
K. A. Bugaev et al., Universe 5 (2019) 63


