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� Rotten tomato recipient.



Con�gurations and Run Parameters
� aml=ams a (fm) N3s �Nt �c y6.503 0.0492/0.082 � 0:18 163 � 48 0.1206.485 0.0328/0.0826.467 0.0164/0.0826.458 0.0082/0.0826.600 0.0290/0.0484 � 0:15 163 � 48 0.1226.586 0.0194/0.04846.572 0.0097/0.04846.566 0.00484/0.0484 203 � 486.81 0.03/0.05 � 0:125 203 � 64 0.1226.79 0.02/0.056.76 0.01/0.056.76 0.007/0.056.76 0.005/0.05 243 � 647.11 0.0124/0.031 � 0:09 283 � 96 0.1277.09 0.0062/0.0317.08 0.0031/0.031 403 � 96
y New tuning runs for �c and �b in progress.



P-wave Correlator Ratios
1P spatial wavefunction to reach JPC = 0++; 1++; 2++; 1+�states: �c0; �c1; �c2; hc.We use ratios of correlators to resolve the ground-state masssplittings: C2(t)=C1(t) = Ae�(M2�M1)t + :::E.g., jackknifed C�c1(t)=C�c0(t) ratios on the � = 6:572 and� = 7:11 lattices:



�c1 � �c0 Mass Splitting

�The r1 = 0:318 fm value arises from high-precision � splittings by HPQCD.



�c2 � �c0 Mass Splitting



hc � �c0 Mass Splitting



Variational Method
Using di�erent source and sink operators, construct a matrix ofcorrelators: Cij(t) = hOjOyii=Xk a(k)j a(k)�i e�tMkGeneralized eigenvalue problem:C(t)~ (k) = �(k)(t; t0)C(t0)~ (k) ;�(k)(t; t0) / e�tMk[1 +O(e�t�Mk)]C. Michael, NPB259, 58 (1985)M. L�uscher & U. Wol�, NPB339, 222 (1990)T.B., C. Gattringer, L. Glozman, C. Hagen, & C.B. Lang, PRD73, 017502 (2006)Having cross-correlators from point, 1S, and 2S (for oneensemble: � = 7:11) sources:For 2 � 2 basis, perform single-mass �ts to �rst eigenvalueand two-mass �ts to second eigenvalue. For 3� 3 basis, performsingle-mass �ts to �rst and second eigenvalues...



Mass Splittings Involving �0c, �c,  0,  

From ratios of second eigenvalues, �(2)1��=�(2)0�+, the  0 � �0c mass di�erence:

For details on contributions to the J= � �c mass splitting, see parallel talk by L. Levkova.



�0cJ � �cJ Mass Splittings



Conclusionssplitting @ mlms = 0:2 @ mlms = 0:1 Exp. (MeV)�c1 � �c0 95.6(2.7)(?) 88.1(2.4)(??) 96.0(4)�c2 � �c0 142.6(5.3) 121.0(6.6)(?) 141.0(4)hc � �c0 116.0(5.5) 101.6(3.8)(??) 111.0(5) 0 � �0c 69(19) { 49(4)�0c � �c 760(90) { 657(4) 0 �  630(110) { 589.17(4)�0c0 � �c0 550(140) { {�0c1 � �c1 530(110)(??) { 360.0(6)yy Assuming the X(3872) is JPC = 1++.(?) Extrapolations with �2=dof > 2. (??) Extrapolations with �2=dof > 5.� The ratios of correlators (and correlator matrix eigenvalues)provide us with precise determinations of c�c spin splittings.� The \P-wave" splittings at ml=ms = 0:2 show surprisingagreement with experiment, while those at ml=ms = 0:1appear worse. This suggests we have further systematice�ects: e.g., better statistics are needed to choose morede�nitive �t ranges and to achieve a �ner tuning of �c (inprogress).� The Point{1S 2 � 2 basis clearly needs expansion to betterresolve excited states. The 3 � 3 results show reducedstatistical errors, but are (so far) only done forml=ms = 0:4at a � 0:09 fm...



3� 3 Basis Results / Outlook
splitting @ mlms = 0:4, a � 0:09 fm Exp. (MeV) 0 � �0c 54(11) 49(4)�0c � �c 706(28) 657(4) 0 �  654(35) 589.17(4)�0c0 � �c0 518(29) {�0c1 � �c1 481(32) 360.0(6)yy Assuming the X(3872) is JPC = 1++.For the future...� Expand the basis of operators (e.g., Liao & Manke, hep-lat/0210030), including cross-correlations, to better isolatethe low-lying excitations, and construct ratios of correlatormatrix eigenvalues to resolve small splittings.� Include di�erent states: e.g., exotics (1�+, 0+�, 2+�, 0��).� Boost statistics by running on extensions of existingcon�gurations and more ensembles with di�erent ml=msratios and lattice spacings (a! 0:06 fm).


