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Why should we be interested?

The @ meson mass in nuclear matter probes the strange quark condensate at finite density!
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P. Gubler and K. Ohtani, Phys. Rev. D 90, 094002 (2014).
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Previous experimental results
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Measurement is being repeated with
~ 100x increased statistics at the
J-PARC E16 experiment!
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R. Muto et al. (E325 Collaboration), Phys. Rev. Lett. 98, 042501 (2007).



How compare theory with experiment?

Information useful for

Experimental data
theory
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Realistic simulation of pA p
reaction is needed!




Our tool: transport simulation
HSD (Hadron String Dynamics)

E.L. Bratkovskaya and W. Cassing, Nucl. Phys. A 807, 214 (2008).
W. Cassing and E.L. Bratkovskaya, Phys. Rev. C 78, 034919 (2008).

Off-shell dynamics of vector mesons and kaons is included
(dynamical modification of the mesonic spectral function
during the simulated reaction) off-shell terms

Testparticle approach:




Advantage: vector meson spectra can be chosen freely

Our choice: a Breit-Wigner with density dependent mass and width
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dN/do [GeV™']

The dilepton spectrum in the ¢p meson region
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How do experimental rescattering and QED effects
modify the dilepton spectrum?
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dN/dw [GeV™ ]
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Possible solution?

q Momentum dependent mass shift
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What about the K*K™ decay channel?

(new J-PARC proposal P88) - T

P P
Kaons feel the Distorted in-medium Kaons do not feel the Clear in-medium O
strong interaction ¢ meson signal x strong interaction ¢ meson signal

Large brzfmchlng » Good statistics o Small brzfmchmg
ratio ratio

» Bad statistics x
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Treatment of KN-interactions

Density dependent cross sections based on the chiral unitary model
(including coupled channels and s-/p-wave of KN interactions)
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Prelim;
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Distortion of the in-medium ¢ meson signal in the K*K™ channel
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Small distortion effect from the strong KN interaction !?



Summary and Conclusions

Y Relating modification of QCD condensates with hadron properties in nuclear matter is a non-trivial
multi-step process

QCD condensates H Hadronic spectrum ﬁ Experimental data

Y For studying the modification of the ¢ meson spectral function experimentally at finite density, a
good understanding of the underlying reactions is needed

Y We conducted numerical simulations of the pA reactions measured at the E325 experiment at KEK,
using the HSD transport code

Momentum-dependent mass shift is needed to explain the data

K New J-PARC proposal P88 to measure the ¢ meson K*K- decay channel

|:> Distortion effects due to the strong KN interaction appears to be small
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What does lattice QCD say about the strange sigma term?
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See also the most recent result of the BMW collaboration: Sz. Borsanyi et al., arXiv:2007.03319 [hep-lat].



Combine QCD sum rules with lattice QCD
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P. Gubler and K. Ohtani, Phys. Rev. D 90, 094002 (2014).



The strangeness content of the nucleon: o5y = ms(N|5s|N)

Important parameter for dark-matter searches! _—
Neutralino:
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More recent experiments
HADES: 1.7 GeV mrA-reaction

K*K™ - invariant mass spectrum ALICE: pp
%107 Measurement of @N correlation
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Structure of QCD sum rules for the ¢p meson channel
(after application of the Borel transform) \

x(z) = s(z)yus(x)
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Structure of QCD sum rules for the ¢ meson

o [ dse 2p(s) = cop) + 20 4 4004 calp)

At finite density

(within the linear density approximation)
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Results for the @ meson mass at rest
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K*K™ - invariant mass spectrum

Recent experimental results 108
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New experimental results
ALICE (Femtoscopy)
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New experimental results
ALICE

Measurement of ¢@N correlation
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S. Acharya et al. (ALICE Collaboration), Phys. Rev. Lett. 127, 172301 (2021).



New experimental results
ALICE

Fit of the correlation function data to two simple phenomenological potentials
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Our tool: a transport approach

Basic Ingredient 1: Solve a Boltzmann-Uehling-Uhlenbeck (BUU) type equation
for each particle type

- o

d = p i -
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Frl 7 g

Includes mean field particle distribution
(tuned to reproduce function
nuclear matter properties)
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Basic Ingredient 2: ,Testparticle” approach # fulr, pit) = N

test



Example of a transport calculation

Au+Au collision at s/2 =200 GeV, b =2 fm

time = 0.65859 [fm]
10 - -

nucleons _
E — p—
quarks % 7
gluons
will not be included in the
simulations shown in this talk 10 L .




Final step: comparison to experimental data

Potential issues:

Dilepton spectrum:

% Experimental background is not included in
the simulation

% Normalization of the experimental dilepton
spectrum is not given

Fit to experimental data is necessary!

Background é meson signal

p(w) = aw? + bw + ¢+ Apy usp (w)

N /S

Fitted to the experimental dilepton spectrum
independently for each By-region



Number of produced ¢s

What density does the ¢ feel in the reaction (p+Cu at 12 GeV)?
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Density Distribution
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Reason for large modification for fast ¢ mesons
q Initial stage of ¢ meson production
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Density and By distributions for the different production mechanisms

Number of produced ¢s

Density distribution at production By distribution at production
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Low energy hadronic production occurs For By>1.5, high energy ¢ meson

dominantly at the nuclear surface production via strings dominates



Stronger absorption

for lower momenta \

K yield: (end of reaction)/(at ¢ decay)
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Expected K*K™ invariant mass spectrum (incl. background)

Invariant Mass Dist. [GeV']]
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