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IntrodutionIn this work,we fous on harmonium orrelators at �nite temperature.| Mass shift near TT. Hashimoto et al., Phys. Rev. Lett. 57 (86) 2123| J= suppression above TT. Matsui and H. Satz, Phys. Lett. B 178 (86) 416�! Signal of QCD phase transition.Our goal is to investigate nature of harmonium orrelatorsat T > 0 using lattie QCD simulation.| Mass shift near T ?| No olletive exitation mode above T ?�! Analysis of orrelators in Eulidean temporal diretion.



Our Approah (1)Detailed analysis of orrelators in t-diretion at T > 0.| Need suÆient number of d.o.f. � restrited by short temporal extent.=) Anisotropi lattiea� > a� (� = a�=a� : anisotropy)QCD-TARO, Phys. Rev. D63 (01) 054501We use O(a) improved Wilson quark ation.T. Umeda et al., Int. J. Mod. Phys. A16 (01) 2215J. Harada et al., Phys. Rev D64 (01) 074501We fous on low energy struture of spetral funtion.| Smearing tehnique.(with wave funtion at T = 0)�! enhanes low energy part



Our Approah (2)Correlators measured in lattie simulation=) Spetral funtionC(t) = X~x hO(~x; t); Oy(0)i+C(t) = Z d!K(t; !)A(!)K(t; !) = e�!t + e�!(Nt�t)1� eNt!We apply two analysis proedures.(1) Maximum Entropy Method (MEM)Y.Nakahara. et al., Phys. Rev. D60 (99) 091503Æ diret determination of A(!)| suessful at T = 0| appliation to T > 0 may be not straigftforward(2) Fit with ansatz for spetral funtion{ need information on the form of A(!){ with given form A(!), more quantitativeThese proedures are omplementary.With estimate of spetral funtion from MEM,quantitative evaluation is given by �t.



Maximum Entropy Method (MEM)Reonstrution of a spetral funtionwith Maximum Entropy MethodY. Nakahara, et al., Phys. Rev. D60 (1999) 091503C(� ) = Z d!K(�; !)A(!)kernel : K(t; !) = e�!t + e�!(Nt�t)1� eNt!Standard �2-�t �! ill-posed problem=)MEM ( based on Bayes' theorem )Maximization of Q = �S � L
S = Z d! 2664A(!)�m(!)� A(!) ln A(!)m(!)3775m(!) = m0!2 : default model� : onstant !to be integrated outL : Likelihood funtion (�2-term)



Fit with ansatzWe suppose the shape of spetral funtion.(MEM gives rough estimate of shape of spetral funtion.)Æ Pole type : �(!) = CÆ(m� !)Æ Breit-Wigner type :�(!) = C�m(!2 �m2)2 � �2m2A(!) = !2�(!)C : overlap, m : mass, � : width
lowest peak seond peak2-pole �t pole pole1-BW �t BWBW+pole �t BW pole�2-pole : expeted to suÆe below T�1-BW : workable for large Lmin�BW+pole : for subtration of ontribution from large ! partFit range : Lmin { LmaxWe study Lmin dependenies of the �tting parameters.The region in whih there value are onstant=) ansatz is suessfully appliable.



Anisotropi quark ationQuark ation: SF = Xx;y � (x)K(x; y) (y)K(x; y) = Æx;y � �� �(1� 4)U4(x)Æx+4̂;y + (1 + 4)U y4(x� 4̂)Æx�4̂;y���� Xi �(r � i)Ui(x)Æx+î;y + (r + i)U yi (x� î)Æx�î;y����E Xi �4iF4i(x)Æx;y + r��B Xi>j �ijFij(x)Æx;yT. Umeda et al., Int. J. Mod. Phys. A 16 (2001) 2215J. Harada et al., Phys. Rev. D 64 (2001) 074501� Construted following the Fermilab approah.El-Khadra et al., Phys. Rev. D 55 (1997) 3933� r = 1=� (ation retains expliit Lorentz invariant form)(f. another hoie r = 1 was adopted in several works.)� Tadpole improvement: E = 1=u2�u� , B = 1=u�3u�, u� : mean-�eld values of spatial and temporal link variables� Parameters varied in simulations: (�; F )F � ��u���u� ; 1� = 1��u� � 2(F + 3r � 4) (= 2(m0F + 4))F : bare anisotropy parameterm0: bare quark mass (in temporal lattie units)



Simulation parametersGauge parameters:| Anisotropi plaquette ation in quenhed approximation2 (�; G) = (6:10; 3:2108)� � = a�=a� = 4Klassen, Nul. Phys. B 533 (1998) 557� a�1� = 2:030(13) GeVSale is set by hadroni radius r02 Size : 203 �NtNt T=T Nonf �Nsoure160 � 0 500 � 1632 � 0.9 1000 � 1626 � 1.1 1000 � 16Quark parameters :| O(a) improved Wilson quark ation2 (�; F ) = (0:1120; 4:000)! roughly orrespond to harm quark massH. Matsufuru et al., Phys. Rev. D 64 (2001) 1145032 Smeared-smeared orrelators in PS and V hannels2 Smearing funtion : wave funtion V meson measuredat T = 0 in Coulomb gauge2 Soure points: Nsoure points on eah on�guration! redue statistial utuation



Numerial resultsIn the following, we fous on the low frequeny part(lowest peak) of �(!).



Correlators2 E�etive mass plotmeff de�ned throughC(t)C(t + 1) = osh [meff(t)(Nt=2� t)℄osh [meff(t)(Nt=2� t� 1)℄
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2 Spetrum at T = 0| determined by two-pole �tstate mPS mVground 0.36856(9) 0.37769(12)�rst ex. 0.500(22) 0.479(23)�t range 17{80 15{80



Results at T = 02 Result of MEMPseudosalar Vetor
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2 Result of Fits| 2-pole, 1-BW, BW+pole formsGround state: mass width
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� In MEM, ground state peak is stable with hange of tmax� Consisteny of methods� No indiation of �nite width for ground state, as expeted



Results at T = 0:9T2 Result of MEMPseudosalar Vetor
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2 Result of Fits| 2-pole, 1-BW, BW+pole formsGround state: mass width
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� Ground state peaks loate at almost the same as T = 0� Width from �t is onsistent with zero.{ No indiation of �nite width for ground state



Results at T = 1:12 Result of MEMPseudosalar Vetor
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2 Result of Fits| 2-pole, 1-BW, BW+pole formsGround state: mass width
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� There observed hadron-like peak.� Finite width is observed (� � 200 MeV ).� Peak position is almost same as T < T.



Spetral funtion2 Spetral funtion determined by �t( BW+pole �t, Lmin = 4 , Lmax = 13 )Pseudosalar
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Only lowest peak is shown.



Summary2 We analyzed smeard harmonium orrelators measuredin quenhed lattie QCD with two method.|results of �t and MEM are qualitatively onsistentÆ Below T (T � 0:9T ){ No indiation of �nite width{ Mass is almost the same as T = 0Æ Above T (T � 1:1T ){ There observed hadron-like peak.{ Finite width is observed (� � 200 MeV ).{ Peak position is almost the same as T = 0.Complementary use of these proedures is preferablefor reliable analysis.2 Outlook� More quantitative study in wide range of T� e�et of dynamial quark


