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1 , IntrodutionQCD phase transition at �nite temperature (density)� Con�nement () deon�nement� Chiral symmetry breaking () restorationWe study how hadroni modes hangeat phase transition.� Correlation funtion in Eulidean-temporal diretion, spetral funtion ($ pole mass){ diÆult to measure(Small degrees of freedom ,Temporal lattie size is1/T, et.)f. QCD-TARO Collab Phys. Rev. D 63 (2001) 054501Umeda et al. Int. J. Mod. Phys. A 16 (2001) 2215� Correlation funtion in spatial diretion, momentum spetral funtion ($ sreening mass){ easy to measure (often alulated in models){ relation to the temporal orrelator is not learOur goals:� Detailed analysis of orrelators in spatial diretion� Relation between spatial and temporal orrelators



2, Studies of spatial orrelators
� Color singlet modes at T > T | DeTar's onjeture\Con�nement" feature at long rangeDeTar, Phys. Rev. D 32 (1985) 276� Feature of sreening mass{ Strong orrelation in Ps and S hannels.!hadroni modes in the sreening spetrumin plasma ?DeTar and Kogut Phys. Rev. Lett. 59 (1987) 399{ Similar behavior to the free quark gas(�;N at T > 1:2T)Born et al., Phys. Rev. Lett. 67 (1991) 302{ No pole struture in the sreening spetralfuntion at T > T (?)S. Gupta Phys. Lett. B 288 (1992) 171



3, Our ApproahIt is preferable to have large number of lattie points(degrees of freedom) for detailed analysis of spatialorrelators.+Anisotropi lattie
Small lattie spaing in z-diretion(usually in t-diretion)� Advantage : higher resolution� disadvantage : additional parameters(anisotropy, et.) must be tuned nonperturbatively.Meson orrelation funtion in z-diretion+Two kinds of analysis methods� Fit with ansatzShape of spetral funtion is assumed.At present we use single and double pole ansatz'.� Reonstrution of spetral funtion from theorrelation funtion � Maximum Entropy Method



4, Fit with AnsatzHadron operator : O(x; y; z; t)Correlation funtion
C(z) = Px;y;thO(x; y; z; t) Oy(0)i�! PiAi exp(�miz)

(For disrete states)Here we assume that the spetral funtionis represented by a sum of poles.Contribution from eah pole :
yi(Ai;mi) = Ai exp(�miz) + Ai exp(�mi(Nz � z))

� Single pole �t : C(z) �! y0(A0;m0)� Double pole �t : C(z) �! y0(A0;m0) + y1(A1;m1)



5, Spetral funtionReonstrution of spetral funtion by maximumentropy methodNakahara, Asakawa and Hatsuda, Phys. Rev. D 60 (1999) 091503K(!; t) : (Kernel of laplae transformation)K(!; t) = exp(�!t) + exp(�!(Nt � t))
C(t) = Z d!K(!; t)A(!)C(t) �! A(!)lattie date spetral funtion(degree of freedom O(50) �! O(1000))| ill-posed problemMaximum entropy method (based on Bayes' theorem)Spetral funtion A(!) is determined by maximizing

Q = exp[�(�2term)� � !maxX!=1 (A(!)�m(!)� A(!) log(A(!)m(!)))℄� : onstant (to be integrated out)m(!) : default model funtionhere we set m(!) = onst. � !2�(!) = A(!)=!2 : dimensionless ombination for mesons



Anisotropi lattielattie spaing in temporal diretion at < a� lattie spaing in spatialdiretion�! Higher resolution in t-diretion (partiularly onvenient at �nitetemperature)At present alulation small lattie spaing in z-diretionaz < ax = ay = at = aIn the following, ation is desribed with at < a� = ax = ay = azfor simpliity.Gauge �eld | Anisotropi plaquette ationKarsh, Nul. Phys. B 205 (1982) 285e.g. determination of � by mathing of Wilson loops W��;W�tBungers et al. Nul. Phys. B 304 (1988) 587Quark �eld | O(a) improved Wilson quark ationHere we use type of Umeda et al. Nul. Phys. B 304 (1988) 587SF = Xx;y � (x)K(x; y) (y)K(x; y) = Æx;y � �t[(1� 4)U4(x)Æx+4̂;y + (1 + 4)U y4(x� 4̂)Æx�4̂;y℄���Xi [(1� � i)Ui(x)Æx+î;y + (1� + i)U yi (x� î)Æx�î;y℄���E Xi �4iF4i(x)Æx;y � 1���B Xi>j �ijFij(x)Æx;yF = �t=�� : bare quark anisotropyalibration : We determine F so that anisotropy �F de�nedby fermioni observable satisfy �F = �.We use meson dispersion relation (Lattie Klein-Gordon type).



Simulation parametersGauge �eld | Standard plaquette ationLattie size :122 � 96�Ntz-diretion : lattie spaing az < ax = ay = at = aQuenhed approximation (No dynamial quark e�et)(� = 5:75; G = 3:072)�! � = 4:00(4) (anisotropy)Klassen, Nul. Phys. B 533 (1998) 557Nt T=T onf:12 0 150 Cuto�:5 0:8 150 a�1 = 1:000(8)GeV3 1:3 150 a�1z = 4:00(5)GeV2 2:0 150 (set by string tension)Quark �eld | O(a) improved Wilson quark ationquark mass region : mq ' (0:5 � 1:5)msMeson dispersion relation is used for alibration(From Lattie Klein-Gordon eq.)ik � mPS[GeV ℄ mV [GeV ℄1 0:1200 1:000(24) 1:168(41)2 0:1220 0:814(25) 1:040(54)3 0:1240 0:602(27) 0:896(93)f. Umeda et al., Int. J. Mod. Phys. A 16 (2001) 2215Matsufuru, Onogi, Umeda, hep-lat/0107001At present, only the result at ik=1 and PS hannel is shown.



Result : T ' 0 (Nt=12) pole �tFit range : Lmin�Lmax : Lmax=Nz/2 (=48)Single pole �t is appliable in Lmin� 20| ground state is dominantTwo pole �t is appliable in Lmin� 10But �t is unstable in Lmin� 20(beause ontribution of exited state is too small)
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Result : T = 0:8T (Nt=5) pole �tFit range : Lmin�Lmax : Lmax=Nz/2 (=48)single pole �t : result is almost same as at T ' 0Two pole �t : parameters orresponding to the1st exited state is not onstantsin whole Lmin.| To be lari�ed� 3 pole �t� Other form of spetral funtion
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Result : T = 1:3T (Nt=3) pole �tFit range : Lmin�Lmax : Lmax=Nz/2 (48)Single pole �t is appliable in Lmin� 15.mgr �= 0:45a�1z = 1:8 GeV (mgr : ground state mass)f. 2�T (free two quarks)= 2�a�1z =3 = 2:1 GeVIn the ase of two pole �t, 1st exited state mass dose notbeome onstant| To be lari�ed
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Result : T = 2T (Nt=2) pole �tFit range : Lmin�Lmax : Lmax=Nz/2 (48)Single pole �t is appliable in Lmin� 15.mgr �= 0:6a�1z = 2:4 GeV (mgr : ground state mass)f. 2�T �= 3:1 GeVTwo pole �t is roughly stable
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Result : T ' 0T (Nt=12) spetral funtion
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Lmin=1, Lmax=30, m0 = 1:0Peak loation is onsistent with results of pole �ts.(In present analysis, peak width dose not display physial width.)



Result : T = 0:8T (Nt=5) spetral funtion
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Lmin=1, Lmax=30, m0 = 1:0Peak loation of ground and 1st. exited state is almost same as atT ' 0.(But 1st. exited pole ouldn't be isolated.)In the ase of ik=2,3 (lighter quark mass),shape of spetral funtion is unstable.�! It need more statistis.



Result : T = 1:3T (Nt=3) spetral funtion
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Lmin=1, Lmax=30, m0 = 1:0This is a peak struture whih orrespond to ground state (?)They are onsistent with result of pole �t.Struture is not lear in ! � 0:5�! Need more statistis



Result : T = 2T (Nt=2) spetral funtion
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Lmin=1, Lmax=30, m0 = 1:0These are peak strutures whih respond to ground stateand 1st. exited state (?)Peak loations are onsistent with results of pole �t.



Summary and OutlookWe analyzed spatial orrelators on quenhedanisotropi lattie at �nite temperature.Present analysis proedures :� single/double pole �ts� Reonstrution of spetral funtion (by MEM)We found qualitatively onsistent results=) It seems that our analysis wark at�nite temperature.Detailed analysis with higher statistis(other types of �t ansatz , et.)=) Quantitative analysis would be possible.
Outlook :� Calulations with high statistis andwith larger latties (higher � 0s).� Baryoni modes� E�ets of dynamial quarks� Relation between spatial and temporal orrelators� Analysis of spatial Wilson loop


