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Lattice simulations�
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Tc = (154± 9) MeV



D 
K 
π�

Probe0of0thermal0modifica)ons0of0spectral0func)on�
the!same!σ!at!T = 0,!or!!!!!!!!!modified!GS(z, T )/GS(z, T = 0) � 1 �= 1

Pseudo8scalar�
JP = 0�

!  !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!at!short!distance!!!!!!!!!!physics:!not!sensi*ve!to!T 

!  !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!at!large!distance!!!!!!!!!!!thermal!modifica*on!of!σ$

GS(z, T )/GS(z, 0) � 1

GS(z, T )/GS(z, 0) �= 1

Tc = (154± 9) MeV

Ra)o0of0spa)al0correla)on0func)ons�



D 
K 
π�

Probe0of0thermal0modifica)ons0of0spectral0func)on�
the!same!σ!at!T = 0,!or!!!!!!!!!modified!GS(z, T )/GS(z, T = 0) � 1 �= 1

!  !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!at!short!distance!!!!!!!!!!physics:!not!sensi*ve!to!T 

!  !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!at!large!distance!!!!!!!!!!!thermal!modifica*on!of!σ$

!  modifica*on!at!T < Tc$

GS(z, T )/GS(z, 0) � 1

GS(z, T )/GS(z, 0) �= 1

Pseudo8scalar�
JP = 0�

Tc = (154± 9) MeV

Ra)o0of0spa)al0correla)on0func)ons�



D 
K 
π�

Probe0of0thermal0modifica)ons0of0spectral0func)on�
the!same!σ!at!T = 0,!or!!!!!!!!!modified!GS(z, T )/GS(z, T = 0) � 1 �= 1

Pseudo8scalar�
JP = 0�

!  !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!at!short!distance!!!!!!!!!!physics:!not!sensi*ve!to!T 

!  !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!at!large!distance!!!!!!!!!!!thermal!modifica*on!of!σ$

!  modifica*on!at!T < Tc,!explicit!flavor!dependence!at!T > Tc 

GS(z, T )/GS(z, 0) � 1

GS(z, T )/GS(z, 0) �= 1

Tc = (154± 9) MeV

Ra)o0of0spa)al0correla)on0func)ons�



D 
K 
π�

Probe0of0thermal0modifica)ons0of0spectral0func)on�
the!same!σ!at!T = 0,!or!!!!!!!!!modified!GS(z, T )/GS(z, T = 0) � 1 �= 1

Pseudo8scalar�
JP = 0�

!  !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!at!short!distance!!!!!!!!!!physics:!not!sensi*ve!to!T 

!  !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!at!large!distance!!!!!!!!!!!thermal!modifica*on!of!σ$

!  modifica*on!at!T < Tc,!explicit!flavor!dependence!at!T > Tc 

GS(z, T )/GS(z, 0) � 1

GS(z, T )/GS(z, 0) �= 1

Tc = (154± 9) MeV

Ra)o0of0spa)al0correla)on0func)ons�



Mass0difference�
�M(T ) = M(T )�m0 ~0change0of0“binding0energy”�

Pseudo8scalar�
JP = 0�

!  !!!!!!!!!!!!!!!!!!!!!!!!!!:!explicit!thermal!modifica*on!below!Tc ,!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!similar!modifica*on!paGern!at!T < Tc ,!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!explicit!flavor!dependence!at!T > Tc!
!

ud̄, us̄, uc̄

π$
K 
D 



Mass0difference�
�M(T ) = M(T )�m0 ~0change0of0“binding0energy”�

π$
K 
D 
ηss$
DS$
ηc$

Pseudo8scalar�
JP = 0�

!  !!!!!!!!!!!!!!!!!!!!!!!!!!:!explicit!thermal!modifica*on!below!Tc ,!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!similar!modifica*on!paGern!at!T < Tc ,!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!explicit!flavor!dependence!at!T > Tc!
!  !!!!!!!!!!!!!!:!slight!modifica*on!below!Tc!
!  !!!!!:!stable!beyond!Tc!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!PRD91!(2015)!5,!054503!

ud̄, us̄, uc̄

ss̄, sc̄
cc̄



Restora)on0of0broken0symmetries�
Degeneracy!of!vector!partners!!!!!!!!!restora*on!of!chiral!symmetry!
Degeneracy!of!scalar!partners!!!!!!!!!!(effec*ve)!restora*on!of!UA(1)!symmetry!�

GS(z, T )



Restora)on0of0broken0symmetries�
Degeneracy!of!vector!partners!!!!!!!!!restora*on!of!chiral!symmetry!
Degeneracy!of!scalar!partners!!!!!!!!!!(effec*ve)!restora*on!of!UA(1)!symmetry!�

GS(z, T )



Restora)on0of0broken0symmetries�
Degeneracy!of!vector!partners!!!!!!!!!restora*on!of!chiral!symmetry!
Degeneracy!of!scalar!partners!!!!!!!!!!(effec*ve)!restora*on!of!UA(1)!symmetry!�

GS(z, T )

!  Vector!partner!degenerates!at!T ~ 1.0Tc--1.1Tc!



Restora)on0of0broken0symmetries�
Degeneracy!of!vector!partners!!!!!!!!!restora*on!of!chiral!symmetry!
Degeneracy!of!scalar!partners!!!!!!!!!!(effec*ve)!restora*on!of!UA(1)!symmetry!�

GS(z, T )

!  Vector!partner!degenerates!at!T ~ 1.0Tc--1.1Tc!



Restora)on0of0broken0symmetries�
Degeneracy!of!vector!partners!!!!!!!!!restora*on!of!chiral!symmetry!
Degeneracy!of!scalar!partners!!!!!!!!!!(effec*ve)!restora*on!of!UA(1)!symmetry!�

GS(z, T )

!  Vector!partner!degenerates!at!T ~ 1.0Tc--1.1Tc!



Restora)on0of0broken0symmetries�
Degeneracy!of!vector!partners!!!!!!!!!restora*on!of!chiral!symmetry!
Degeneracy!of!scalar!partners!!!!!!!!!!(effec*ve)!restora*on!of!UA(1)!symmetry!�

GS(z, T )

!  Vector!partner!degenerates!at!T ~ 1.0Tc--1.1Tc!



Restora)on0of0broken0symmetries�
Degeneracy!of!vector!partners!!!!!!!!!restora*on!of!chiral!symmetry!
Degeneracy!of!scalar!partners!!!!!!!!!!(effec*ve)!restora*on!of!UA(1)!symmetry!�

GS(z, T )

!  Vector!partner!degenerates!at!T ~ 1.0Tc--1.1Tc!
!  Scalar!partner!degenerates!at!T ~ 1.4Tc--1.6Tc!



Restora)on0of0broken0symmetries�
Degeneracy!of!vector!partners!!!!!!!!!restora*on!of!chiral!symmetry!
Degeneracy!of!scalar!partners!!!!!!!!!!(effec*ve)!restora*on!of!UA(1)!symmetry!�

GS(z, T )

!  Vector!partner!degenerates!at!T ~ 1.0Tc--1.1Tc!
!  Scalar!partner!degenerates!at!T ~ 1.4Tc--1.6Tc!



Restora)on0of0broken0symmetries�
Large0distance0behavior0of0spa)al0correlator�GS(z, T ) z������ Ae�M(T )z
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ml/ms = 1/20
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Summary�
In@medium0mesons0from0spa)al0correla)on0func)on�

Sensi*ve!to!thermal!effect!at!finite!T on!laTce 
•  Direct!probe!of!modifica*on!of!meson!spectral!func*on!
•  Indicator!of!restora*ons!of!broken!symmetries!

!  !!!!!!!!!!!!!!!!!!!!!!!!!!:!explicitly!modified!below!Tc ,!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!similar!below Tc ,!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!flavor!dependence!above Tc!
!  !!!!!!!!!!!!!!:!slightly!modified!below!Tc!
!  !!!!!:!stable!beyond!Tc!!!!!!!!PRD91!(2015)!5,!054503!
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Thermal!modifica*on!of!mesons�

!  chiral:!restored,!UA(1):!broken!at!Tc !
!!!!!!!!!in!con*nuum!and!physical!quark!mass!(preliminary)�

Restora*on!of!broken!symmetries�


