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MOTIVATION FINITE SIZE SCALING ANALYSIS

Universal aspects of phase transition in Quantum Chromodynamics (QCD) control prop- » masses: my = ms /27 (phys.), ms/40, ms /80, ms /160, ms/240 (new)
erties of strong.-i.nterac’Fion matter in .the. vicinity of the chiral limit as well as close to the » temperatures: 142.84,145.11, 147.40 MeV
searched-for critical point at non-vanishing baryon chemical potential. We focus here on

the former. » spatial volumes: several sets of N, chosen such that zy, is approximately constant
for different values of H (N, = 32, 36, 40, 56 for H = 1/80, N, = 42, 48, 56 for
We aim at a controlled analysis of critical behavior in QCD in the (i) chiral limit, after taking H =1/160, and N, = 48,66,92 for H = 1/240)
(i1) the infinite volume and (iii) continuum limits.
The final goal is to reach an accuracy that allows to firmly establish the universality class | feyeTToH2) 0): 1/8 H=1fﬁ/§§: £ B 0 —
of the chiral phase transition in (2+1)-flavor QCD, i.e. does it belong to the 3-d, O(4) uni- R e e T e e PSSR CT P T ETLETEPITPOO {/ftf): - 1/80 == werererin B, E'@E' ::: ﬁF‘j:
versality class or is it sensitive to a larger U(2) x U(2) symmetry group, which may arise, 0-9L:::::::::::::::::::::::::::::::::::::::::::;;;E}};;;ZI:::ffiiit gl o = g
if the anomalous U (1) 4 is effectively restored at the chiral phase transition temperature. 08 \ = al w
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Throughout this work we show results for (2+1)-flavor QCD using the Highly Improved o.4—T/T°=Of.§TS§5?§>)d) o ] - T-145.1 MeV (Gicles, sold) . N /(-N.HV: - -4
Staggered Quark (HISQ) action and a Symanzik improved gauge action on lattices with 03—t Pl el e
temporal extent N, = 8 and a strange quark mass (myg) fixed to its physical value. We 175 (v ,
vary the spatial lattice size in the range 4 < N, /N, < 11.5 in order to keep the finite size fax (left) and scaled order parameter M/ H"/° (right) vs z, for fixed z
scaling variable zy, at “small enough values” while changing the two degenerate light need zr, , = N~ /NsH"e < 1 to be close to the infinite volume limit
quark masses (m;) towards the chiral limit.
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Focus of this work: Ll @ MTHYHYE A e | |
w0 | » 60 of O(2) is chosen, since HISQ preserves
» We focus here on a first analysis of the influence of finite volume effects on the 27 S0 O(2) CO(4) = SU2)r x SU(2)R
extraction of universa_l parameters controlling the scaling near a critical point. We 30 - 24047 p Finite volume analysis = m; /27, m, /40 out
therefore do not yet aim at continuum extrapolated results. 28 |- v - of the scaling region.
» We assume.here that the uncz!erlying chiral symmetry group.is 0(2).. .However, 26 - ® 1 » Smaller m, < m /80 manifest a unique inter-
eventqally this ongoing work. will Ieapl to a determination of universal critical expo- a L o - section point : Myey ~ O(H3) small
nents in the chiral limit and fixed lattice cut-off. 0(2) o
25 00 1 » Thisindicates T, ~ 145 MeV for N, =8
20 I~ | 1 » Right now, we approach closer towards z;, = 0
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We work with an improved order parameter M defined as the difference of the multiplica-
tively renormalized light quark chiral condensate M, = ms {()¢) /f% and its suscepti- Next steps towards a direct determination of the universality class:

bility x, (t, h, l) = aMg/amg

Aiming to derive ¢ in a “parameter-independent” manner from Lattice-QCD

M =M, — Hx, =h'/? fox (z,21) + Myeg (1) » Perform calculations with H = 1/160, 1/240 on lattices of size N, = 78, 92:
corresponds to zy,  ~ 0.8, i.e. z, ~ 0.3
with H = my/ms and fex(z,21) = fc(#2 21) — fx (2, 21) denoting the difference of » Calculate B including the data of the new m /240, hoping to get a more precise
finite volume scaling functions [1,2] for M, and x,, respectively. value of 7% and & ( resolution between U (2) x U(2) and 0(4))
Scali ables: T 1 R Z 1 1 » Perform similar set of runs for N, = 12 lattices too, and thereby approach contin-
caling variables: z = zo 755, 2L = 20.L g Ve = g5 =3 (115 uum limit.
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"ty to \T, " T he  hom, L N, | ) ‘ sults (solid blue line)

for ms /160 on N, =
56, yielding zr, =
ZL/ZO,L ~ 1.1

» ms/240 to be done
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Jax(@(T/Te.H),z1) He 1/40 — » The scaling function fa.(z,z1)
has a unique crossing point at 7. REFERENCES

» The location of the crossing point

1/86

non-universal parameters: 1., to, ho,lo = 20 = hy'"" , 20,1, = loh(©
Infinite volume limit, ' =T, < 21, =0,2=0: f5,(0,0) =1—-1/6.

n(M(T,cH)/M(T,H))/Ln(c)
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0.8 s volume independent in the fi- [1] F. Karsch, M. Neumann, and M. Sarkar, “Scaling functions of the three-
,,,,,,,, nite volume scaling regime dimensional Z(2), O(2), and O(4) models and their finite-size dependence
0.6 ' | | | In an external field", PRD 108, 014505, 2023.
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04 0.7 (dashed) Y . M/H? in the (finite size, quark and S. Sharma, “Curvature of the chiral phase transition line from the
TTe | mass) scaling region magnetic equation of state of (2+1)-flavor QCD", PRD 109, 114516, 2024.
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Construct a new observable B(T, H1, H2) as the infinite volume limit of the fol-

lowing B(T', H1, H2, L1, L2) that eliminates z;-dependence and overall ampli- This work is supported by the Deutsche Forschungsgemeinschaft (DFG, Ger-

tudes at T.. (x-axis — T, y-axis — 1/9) man Research Foundation) Project No. 315477589-TRR 211. We sincerely ac-
knowledge the EuroHPC Joint Undertaking for awarding this project access and
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1/8+Ln(fay(z(cH). 21 )/fay(2(H) z))/Ln(c)! the necessary computing time to the EuroHPC supercomputer LEONARDO,
’ hosted by CINECA (ltaly).
0.4 - ¢=2, H=]gg — B(T,H:,H>, Ly, L) =
1/160 _ _ _ -
03 | 2,=0.0 (solid) n M(T,Hy, L) / n Hy )
el ) M(T7 HQ’ LQ) ) ) H2 ) DFG Deutsche lBJE:.vEEFIE?.IgAT
> Unique intersection points at 7' = 7. rorschungsgemennschatt CRC-TR 211 W Faculty of Physics
in infinite (zz = 0) and finite volumes for strong-interaction matter

01 under extreme conditions

2L, = 2Ly # 0




