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Abstract

The tensor renormalization group is a promising numerical method used to study lattice statistical field theories. However, this approach is computationally expensive in 2+1 and 341 dimensions. Here we use tensor renormalization group methods to study an effective
three-dimensional Z5 model for the heavy-quark, high-temperature, strong-coupling limit of single-flavor 3+1 dimensional quantum chromodynamics. Our results are cross-checked using the worm Monte Carlo algorithm. We present the phase diagram of the model through
the measurement of the Polyakov loop, the nearest-neighbor Polyakov loop correlator, and their susceptibilities. The tensor renormalization group results are in good agreement with the literature.

Single-flavor, finite-density QCD The tensor network Results
y
The action has two parts, S = S, + 5S¢, with gauge action
- - _al .........llg A V=243 1.0 - Xxxxxxxxxxxxxxxxx
5 N Qa 3 ¢ 3 ”2\ g:i; - Xxxxxxx
S, = —— — Y RT[U, ] +— Y RT[U, 4 1 -2 . R | jg‘“
q SZ atz [ ,4] . Z [ ,J] (1) V=32 ol ;
r=1 1=1 1<g=1 o 37 = o
. . B B \ = s
and fermion action 1 ~4- X o
Sp =N . Mythy, M=1-r—H, —rH (2) £
f ‘ ajy y7 & i t 5 ...."...m“" 0.0 1 XXXXXXXXXXXXXX I
1 L and f}‘qj . 0.10 0.15 0.20 0.25 0.30 0.100 0.125 0.150 0.175 0.200 0.225 0.250 0.275 0.300
and spatial and temporal hoppings 7 T g
p p , PPIng Wx)l u Hx,z*”x,%— My N s Moo= 0 Th ohb
H, = Z (T} +T7), H = B gl L (3) e  average  nearest-neighbor The average 5Polyakov 100103 at u =0,
i — : v t ! ! The partition function for the effective action describing this theory of interacting Polyakov loop correlator at «, o = 0. k=2x107"at V = 1024".
lhene “spins” can be recast to a theory of “currents” and “charges” by Fourier expansion,
(T3)ay = (L £ ) Uz s 0y, 0t (4) ] .
2 v . . | z=3 > (1B | (TT Vim0 | (10)
B ~ 1/g° and k are couplings, ji is the chemical potential, a and a; are the spatial o o \ o ;
and temporal lattice spacings. The temperature is given by the inverse, physical o ; )/ S -
scients off he latiiiee with 7, = > 0 Ny — Ne—py +my, and AY(j,) = 0, modso- A tensor network can ] ¢ nomep-9 o
T 1 5) be built from the tensor, 08{ + worm o
Nta’t’ T@j) . . — Bn - Bn Bn ; Bn Bn 2 Bn (T)Vm (77777)A(3>(Jx) §0'6- ";
. . o . o, o : S M, M1 59Ty 2T, 5 3T05 3 r—1.1 z,1 r—2.2 x,2 r—33 x,3 7 ® b
with (anti-)periodic boundary conditions in (time) space. A | | | -
We calculate the average Polyakov loop and average nearest-neighbor correlator, uad r
and their susceptibilities, 02y mﬁ*ﬁ
10InZ 10InZ z = 4 : x ; :
The effective action Pr=v—=a, FI="v 5 (11) : o
Take the strqng-coupling, high-temperature, large chemical potential, large xp = V(P — (P, xg=V{E) - (E)?). 12) The Polyakov log)p at k = 0.05, and Heat map of the Polyakov loop at k& —
quark mass limit, 7=0.1 V=32 0.05 using HOTRG with seven states.
B<l, N=1 a<l, g>1, r<l (6)
In S, spatial plaquettes are suppressed, and in S spatial hopping is suppressed. The
SU(3) group elements are replaced by elements of the center, Zs. Tensor methods
B < i Using 1" we contract the tensor network using .
Sg — 5 > . > PPy +cc (7) the higher-order tensor renormalization group o e * HOTRGD =9
“a v=l A B (HOTRG). This can be done in the original HOTRG . jo! ’«; t worm
St — —k Z [e“ P. 4+ e H p*] . (8) - A_ —Z  prescription, or with additional approximations using _1.00- &i* %
z ’ ? C D the triad tensor renormalization group. The 7' ten- T0757 et )
P, € Zs, which can be interpreted as a Polyakov loop. This results in an effective sor can be decomposed into four, three-indexed tensors 22: P ",
action - ] called triads, 00| . . . "% +++++ |
L - 0 1 2 3 4 5 0.000 8 o " " -
Seff = — Z T Z (P P,y +cc)+ (nP,+nP)) (9) Lijkimn = %: AijaBaksCaiyDymn. (13) H ?
x =1 e The Polvakov 1 ibil; Heat map of the Polyakov loop sus-
. | . . . yakov loop susceptibility at p y p
with 7 = 6/2a; and n = ket and n = ke ", The tensor network contraction with these can be done efficiently. We report results k= 0.05, and 7 = 0.1, V = 32, ceptibility at % = 0.05 using HOTRG

using original HOTRG, triad HOTRG, and worm Monte Carlo. with seven states

BTEX TikZposter



