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Our Mission

The Beam Energy Scan Theory (BEST) Collaboration is a Topical Collaboration in Nuclear Theory, funded by
the US Department of Energy, Office of Science, Office of Nuclear Physics for the period 2016-2020.

The BEST Collaboration, involving collaborators from two national laboratories and 11 universities, will
construct and provide a theoretical framework for interpreting the results from the ongoing Beam Energy
Scan program at the Relativistic Heavy lon Collider (RHIC). The main goals of this program are to discover, or
put constraints on the existence, of a critical point in the QCD phase diagram, and to locate the onset of
chiral symmetry restoration by observing correlations related to anomalous hydrodynamic effects in quark
gluon plasma.

For this purpose, the BEST Collaboration is developing a set of theoretical tools, including hot-dense lattice
QCD, initial state models, state-of-the-art hydrodynamic codes incorporating dissipation, hydrodynamic and
critical fluctuations, and the effects of the chiral anomaly, as well as hadronic models of the final state of a
heavy ion collision. These tools will be used to analyze RHIC Beam Energy Scan data.

QCD critical point

Beam Energy Scan Theory (BEST) Collaboration

G

ENERGY

BEST

COLLABORATION

Upcoming Events

» The 36th Annual International Symposium on
Lattice Field Theory: July 22-28, 2018, Michigan
State University, East Lansing, Michigan, USA

» BEST Collaboration Meeting: August 20-21,
2018, Nudear Science Division, Lawrence
Berkeley National Laboratory, California, USA

Contact BEST

Dorothy Davis (BNL Secretary)
Phone: (631) 344-2524

Fax: (631) 344-7561

Email: dorothyd@bnl.gov

https://www.bnl.gov/physics/best/
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Rotating-Wave Approx. (RWA)
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RIKEN, Thermal Quantum Field Theory and its application

Finite Temperature Chiral Condensate in

QED;

Can we see a conformal phase transition ?

Yuichi Hoshino

National Institute of Technology, Kushiro College

August 29, 2018




Conformal phase transition

History :effects of massless fermion loop for self energy At zero
temperature , massless fermion loop screen charge and suppress
mass generation. This has been shown by T.Appelquist solving
Dyson-Schwinger equation.

4oe [ k¥ (k) k+p+a
2(p) = dk I 1

where o = e?N /8. Critical Number of flavor N¢ has been found to
be about 3. At finite temperature KT transition by vortex and
conformal transition may occur at temperature higher than Tgkr.
Conformal transition is a infinite order transition for N which is
larger than N,

¥(0) = aexp( ). ()




Finite Temperature Screening mass

1 - kI d3k
o == | AL (—K)((6Y — MT + MDA, (k
Sor = 5 [ AU = TGMT+ MOAK S ()
where
e’m? 2In(2)e’T ko
MT (k) = ki —k*+ - (4)
TIn(lm/ T
d (m/T) Q /kg .
41n(2)e*T ko e’m?
M (k) = k2 1— - . (5
)=kt e =) ()
0
Effective mass of photon in medium at finite temperature are
4e2 ,LL2
2
= —(TIn(2) + — T
mj = —(TIn(2) + o=)(u < T), (6)
2,2
mf _ e m

T TIn(m/T) (7)




Finite Temperature Dyson-Schwinger equation

With the instantaneous exchange approximation (pg = 0) in the
Landau gauge

S(p) "t =7-p—M(p)+ie (8)
Hard Thermal loop+massive loop (Cf: Kondo , Inagaki)

e2T [ qdgM(q) 1

2T Jo @+ M*(a) /(p? + ¢7 + mi)? — 4p2q?
1 2 M2

+ )xtanh(\/q JQFT (q))’

V(02 + @2+ mP)2 — 4p2q?

(9)

M(p) =

where e? is fixed and we study T and N dependence of M(p).
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/ero momentum mass

— M(0) withN flavor |

— M(0) with one flavor |
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Figure: M(0) as a function of N
near T, Figure: M(0) as a function of T



Comparison

|— M(0) with one flavor

Renormalization group |
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Figure: RG exp(.6/sqrt(T — T.))



Discussion

Validity of our approximation: Neglecting Wave function
renormalization constant is not good to include the imaginary part
of them by radiation dumping. In thermal field theory, on-shell
propagator is 1/2E(p). For high temperature we have T /E(p)?.
However for transverse mass , kg is not zero. It is vk2. Most
important point is an inclusion of massive loop to soften the
infrared behavior of transverse part of the photon propagator. For
m=0 there is a critical temperature T, which is determined by a
physical mass. Our approximation is an good for high temperature.
We cannot see the low temperature region.
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[1] A. Ishikawa et al., JPSJ 87, 054001 (2018); K. Kobayashi et al., PQE 59, 19 (2018).
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M EFROBEBREBSE HFa2ITy ot —EFEF(SEA)ZIKE.

« MR TEMBEE LK AZIRZ 5. kY —RE A
S/7O0DXAFIVR%E
> 7% (Two Level System : TLS) CRETES
BEH—TLS 2TLSs EFiTEDOEXRZEF
Q @O SEAQTIZ & V),
ETFILZRD

sz @Am4$
= ta
H =hodta hwlal a1, + hVal®a
LU AB

BUREM X M F I 7 X =2 50x

L~k

[2] G. P. Beretta, J. Phys. 237, 012004 (2010).

[3] S. Cano-Andrade, et al., Phys. Rev. A 91, 013848 (2015).
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Flow A2\
9, B,(t, ) = D,G(t,2)  Bu(0,2) = A, ()
Opx(t,z) = D*x(t, x) x(0,2) = ()
<_ — —
9, x(t, ) = x(t,z)D? X(0,z) = x(z)
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- Topological sectord 4 & ) THBRBMDESRE
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