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Motivation: a numerical experiment
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Motivation: a numerical experiment

Numerical studies of Hadron spectrum upon Dirac low-mode truncation
(Chiral condensate <+ Banks-Casher <+ low modes)
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Chiral spin SU(2)¢s and SU(2n;) symmetries derived

similarity due to suppression of low modes in high T QCD?
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High T study: Vector channel spatial correlators

CR, Y.Aoki, G.Cossu, H.Fukaya, L.Glozman, S.Hashimoto, C.B.Lang, S.Prelovsek (Phys.Rev.D96,094501)

® n; = 2 Mébius DW fermions, Symanzik gauge action
e 32% x 8 lattices, T, = 175MeV

® local isovectors Or(x) = q(x)Fq(x)

® measuring spatial correlations in z—direction
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Fix direction of propagation (z-direction):

Cr(n;) = Y (Or(ny,ny,nz,n)Or(0,0,0,0)7)
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Components of the Dirac algebra

Fix direction of propagation (z-direction):
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Using 8,,j" = 0,5 = 0 we identify the Gamma structures for the
Vectors:

o= Wx Y15 = AX

V=| 2 =W A=| 7y =Ay

Y4 =Wt a5 = At
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T=| 7213 =Ty X=| 721315 =n1un =Xy
vays =Tt Y4v3Ys =712 = Xt

~v3 & 375 No propagation due to current conservation!

+ Pion, Scalar
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What to expect from Lqcp and xS?

Pseudoscalar Scalar
PS . S .
q(7®s)q q(7®1p)q
Vector Axial Vector
. A
(7 ®@v)g (7 ® vs)q
Tensor Vector Axial Tensor V.
X

a(7T ® y3)q 4(7 @ v5737k)q



What to expect from Lqcp and xS?

Pseudoscalar U(1)a Scalar
PS _ S
q(7 @ 7s)q q(7®1p)q
Vector SU(2)4 Axial Vector
v A _
(7 ©w)q q(7 @ ¥57k)q
Tensor Vector U(1)a Axial Tensor V.
T _ . X _
q(7 ® 13)q q(7 @ 15757%)q

® U(1)a broken: by (qq) and axial anomaly
® SU(2), x SU(2)g broken: by (qq)
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Finite T. spatial correlations
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Well pronounced multiplet structure: indication for symmetry!
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E; and E, multiplets
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E; and E, multiplets

E ! ! ----- free PS
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r ---- free Tt
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dressed meson
correlators:
larger symmetry
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SU(2)cs and SU(4) symmetries

Glozman and Pak, Phys.Rev. D92 (2015) no.1, 016001



SU(2)cs and SU(4) symmetries

o for spatial z—correlators generated by representations:
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SU(2)¢cs and SU(4) symmetries

o for spatial z—correlators generated by representations:

Ry : {7, —ivsv1, 75} N Vy & T X
R : {72, —iv572,75} Vi o Tr > Xy
© Minimal group containing SU(2)¢s and xS is SU(4):
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SU(2)¢cs and SU(4) symmetries

o for spatial z—correlators generated by representations:

R1 : {’)/1 N 71.’}/5"}/1 s ’)/5} Vy < Tt < Xt
R : {2, =572, 75} Vi Ty Xi

< Minimal group containing SU(2)¢s and xS is SU(4):

Vi & T & Xi < Ay E
Vo TiaoXieoA [7°
Vie Ty Xy & A E
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ur
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o/ all components of
dr fundamental vector mix!

< Physical interpretation:

Glozman and Pak, Phys.Rev. D92 (2015) no.1, 016001
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Increasing temperature..

by varying 8 and geometry
using same simulation as in first study
for myg = 0.001,0.005, 0.01

temperature range 1.25 — 5.5T;

T[MeV] | 32° x12 328x8 32°x6 32°x4
S =410 220

f =418 260

B =4.30 220 330 440 660
f=4.37 380

B = 4.50 480 960
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Symmetries of the Lagrangian
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Symmetries of the Lagrangian

v SY@es 52y > = {0, — 7570, 15}

Free, massless Lagrangian: L= Vigv
Covariant derivative: D, =0, —igA,

Massless (fermionic) Lagrangian: £ = ViV = Uj,°Dyw + Wiy Djw
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Effects of chemical potential

TA

2T, 1SU(2)cs symmetric stringy fluid

(qq) #0

tV

L.Glozman,Eur.Phys.J. A54 (2018) no.7, 117 12



Effects of chemical potential

T A
Asymptotic Freedom @ T = oo

2T, 1SU(2)cs symmetric stringy fluid

(qq) #0

tV

L.Glozman,Eur.Phys.J. A54 (2018) no.7, 117 12



Effects of chemical potential
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2T, 1SU(2)cs symmetric stringy fluid

(qq) #0
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Summary

v’ spatial correlations at temperatures 1.25 — 5.5T;
v’ approximate SU(2)¢s symmetric region — SU(4)

= SU(2)¢s a tool to distinguish
color-electric and color-magnetic contributions

chiral quarks connected by color-electric field
as elementary objects at high T

strings?

13



