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Pairing correlations and polarons in strong-force interacting many-body systems
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Pairing correlations and polarons in strong-force interacting many-body systems
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Impurities (“clusters”) play a role
In probing the medium properiies




Neutron stars made of pp and/or ph condensates,
whose properties could be probed by impurities
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Typical examples of pp correlations: Neutron matter and trapped cold atoms

Low density neutron matter
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Cold Fermi atoms near Feshbach resonance

Universal Interaction Energy at Unitarity

In-situ m [1) Size of real space distribution
absorption reveals interaction and

pu=E;(1+p)"
where [ is a universal many-body parameter B = _[]54 + 005

At unitarity, the chemical potential is reduced by pairing:

From R. Hulet
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Nuclear matter in neutron stars

Schematic cross-section of a neutron star
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From Kobyakov and Pethick (2013, 2016).

Internuclear interaction
via SF-phonon exchange,

€.9., xrmvwnwwX %

Long-range Casimir-
Polder form (~1/r")

"Pasta"

(a) Meatballs

"Antipasta”

C r St Quark-hadron mixed phase ?
nuclear
matter
n+preT+u”
/
< \ \ ﬂ? ? ?
\ p~pp=27X1014gem3|  p~3-5p,
- ~10 km

Liquid-gas mixture

e A |l
T < ~ 10 K (CO I d) _— (e) Anti-spaghetti (d) Anti-lasagna

A

From Lamb (1991).



Hot dense matter

Core-collapse supernovae

From K. Sumiyoshi

p. ~10'0 g/cm?
T_~1 MeV
Y, ~042

ENmRIREER

N20Msun
%037 EE ’

TERFEDT)T

v- 7148
p. ~1012 g/em?
T.~2 MeV
Y, ~0.34

EFIHE
KR
6000 km r EHEY

)‘*v W -~ [ .y /

/ I7/NT0 R F- / BE
p. ~3x101 g/cm? pc ~4x10™ g/em?
T. ~5 MeV : T, ~10 MeV
Y, ~0.31 ;’ / Y. ~0.31

: ,/’/ \
S AERIRE .
TEEH !
E 225 ~30 km HhtFE

T~0 MeV, Y,<0.1




Hot dense matter (contd.)

Neutron star — neutron star mergers

Before merger
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From Coleman Miller
(Nature 551, 36 (2017))




Light elements in hot dense matter From S. Lalit et al., arXiv:1809.08126
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Light elements in hot dense matter (contd.) From S. Lalit et al., arXiv:1809.08126
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Polaron problems in trapped cold atoms

electron-phonon Fermi atom-Bogoliubov phonon
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From M.-G. Hu et al., PRL 117 (2016) 055301.




Polaron problems in trapped cold atoms (contd.)

Fermi 4°K impurity in a Bose 8’Rb gas
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Another version: impurity
atoms in a trapped Fermi gas
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Polaron problems in exotic hadrons and trapped cold atoms
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[=0 N-K*a" bound state

Not 3 quark state,

« A naive quark model fails.
N. Isgar and G. Karl, Phys. Rev. D18, 4187 (1978)

But rather a molecular state
T. Hyodo and D. Jido,
Prog. Part. Nucl. Phys. 67, 55 (2012)

Impurity Fermi atom in Bose condensates
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Conclusion
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Quark-Gluon Plasma
sQGP

Critical
Point

Temperature T

Mass shift of a “cluster” & Good probe of the medium
“cluster”-"cluster” interactions properties, e.g., Fermi

Induced In medium degeneracy, superfluidity



