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Abstract: We study the QCD phase diagram in the strong coupling region by using the auxiliary field Monte-Carlo method. We have the sign
problem in both AFMC and monomer-dimer-polymer (MDP) simulations when we include fluctuation effects. Although we have the sign
problem, we could investigate the QCD phase diagram in AFMC, which is consistent with MDP simulations in the strong coupling limit.
Preliminary results seems to suggest that finite coupling effects make the sign problem more severe than in the strong coupling limit.

Introduction Results

B The sign problem in QCD phase diagram
e MC simulation in lattice QCD

B Reservations:
Chiral limit, Jack knife errors, All results in lattice unit

M
Z:/DLbjijeXp—LbDw—SG : :
| et | T |4~ Critical Point B Behavior of order parameters M Sign problem (SB)
e Weight of MC integral becomes S Ign prOblem A_F'.‘“.C.WF’?:.“? 33?(8, Order Parameters) . AFMC (1/g%=0, 8°X8, WT=0.6)
complex at finite real u I-taa;irg:}rj \( OF 241 1T=0.0.0.5 ] - g T No SB
e y: Hermiticity < 1o
- O Nuclear 12— A
751)(#)’}’5 — [D(—ﬂ )] Vacuum  \matter . - “;i:
det[D(u)] = [det D(—p")]" U v -
8H D l Severe SB
e Partition function and sign problem / = Tre - | (e‘e)va
We calculate Z in the eigen states |p) of H - semi-positive definite = no sign problem ot T d 11112 13 14
We adopt states which are close to the eigen states of H Wo‘_ﬂd'be 1 Would-be 2" Full configaration results
Hadronic degrees of freedom = Reducing sign problem (?) at high u at low u B The QCD oh 4
. o , , , e dasSe aladgram
B Strong coupling lattice QCD IS _ Sp o+ e Scaling behavior of chiral O strgn ol I?n -
e 1/g? expansion in lattice QCD LQCD F susceptibility at low U 8 Pling
* Integrating out link & Grassmann Gluon field — Link variables o FSS , wT=0.2 YT 433{4 —
variables analytically o o ' | ' ' 16 r e BX4 —O— -
e MC integral by Hadronic DOF Vulx)=explig 4, 000; "'" s TN TPy g:’gg ——
- Reduc.ed sigh problem Gluon action — Plaquette action 006 | } e | ' Reduced Te(low wT) |
. ‘lThe Slgn problem” 2 Nr . l - 004 L l,w"‘“"ﬁﬂﬂ (\){'g_ln)y; s }_D q Enhanced nc (hlgh ll/T)
: . S .=—2 | ——Retr U _(n P (Vol.) e - :
with fluctuations s p% N o1 PRI arossover o |—Small patial
® Monomer-Dimer-Polymer simulations . | 0 0004 0008 o00i2 oot 047} [ skzedep.
W. Unger, Ph. de Forcrand, N4+ Lu (n+v ) 1/Volume
J. Phys. G: Nucl. Part. Phys. 38 124190 (2011) n+u+v i 0 . . : . )
® Auxiliary field Monte-Carlo method F2,~o Ut 1 L U (nsit) Would-be 2" or cross over 0 02 04 . 06 08 1
A. Ohnishi, T. I. and T.Z. Nakano : PoS LATTICE2012, 088 (2012). v v , -
T.1.,T.2. Nakano, and A. Ohnishi arXiv:1311.5352 ; ﬁ * The would-be 1%t order at high 4 and the would be 2nd at low u
. SN Rt
B \We study the QCD phase diagram U,(n) "8
in the strong coupling region BNLO results
including fluctuation effects * Temporal corrections
by using auxiliary feld Monte-Carlo (AFMC) method. e Might be severe weight cancellation (SB) due to complex auxiliary fields.
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Several prescriptions to weaken the sign problem were also discussed.
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