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Site of HIAF project-new campus
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General description & status

HIAF.
Two phases plan of HIAF

Considering the science goals. technology development, project cost

——— ‘

-
= -

and other factors, the HIAF project will be divided into two phases.
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_HIAF. General description & status

First phase of HIAF o

lons Energy Intensity
SECR U 14 kelfu 0.05 pmA
ilinac U™ [17MeVfu|  0.028 pma
BRing L3 0.8 GeVfu El_ﬂxlﬂu pppl
Lzt 11GeViu  ~5.0=10ppp
Lysz+ 41GeVfu  ~2.0=101 ppp

Nuclear structure spectrometer
Low energy irradiation target

Electron-ion recombination spectroscopy
RIBs beam line

High precision spectrometer ring
External target station
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(QCD Phase Diagram
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Outline

Y« Motivations

v~ Different phases of QCD occur in the universe

v QCD simplifies in extreme environments

v~ The behaviors of different matter can be similar at the regime of tran-
sition

I Proper time method in two flavors space

Y4 Results
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Why Electromagnetic Fields

Heavy ion collisions create the strongest magnetic fields in the Laboratory:.

Different excited freedoms at different environments
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(QCD Phase Diagram in the T — B Plane

strange guark number .
=3 suscégptll:?ility

averaqe light quark =
Zh cnndegnsnl% 9

¢+ Folyokov loop

T, and T, investigated as a function of magnetic field. c.f. (G. Endrodi, JHEP,
07, 173 (2015).)
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Finite Temperature Consequences

Heavy ion collisions and most phase transitions happen at finite temper-
atures. For example, vacuum gluon (photon) polarization tensor IT*" will
become more complicated. c.f. (JC and M. Huang, arXiv:1609.04966)

Six second order tensors:

¢ The velocity of the fluid u + particle momentum p — three second order tensor u ®
u,u®qand q®q.
¢ Metric gt.

¢ The electromagnetic tensor Fy, and dual tensor Pﬂv = €apvl’ ap

Two constrains:

e Free choice of u? = 1.

e Wald identity 11*¥q, = 0.

= [I"Y contains four independent structures
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Tensor Structures

Set up four mutual orthogonal four momentums:

xo=q" x1=F"q, x9=F"qy;
u - X u-x u- Xy
o p v p Al g e
X Xy XLy

plw _ IilII). pllv _ ISI;. pﬂv . Igrg
1 o 9 7 2 9 3T 9
he) X5 X3
which satisfy following relationship
Y R—— ) e q"q”
P =pb" Pagy=0 P’ =P; PP=0 Zpi =g’ — 2
i=1

Since II*(q) = II""(—q), the antisymmetric tensors are allowed:

ufx) — xhu?
u-q

+ F*, for P,P; =0.

o pVR
P, =-P =
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Branch Cuts in the Complex Q*Plane

¢ without B:

(my — my)? (my + mo)?
IT I

¢ turning on B:

4m” + 2neB)
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Landau Damping from the Finite Landau Levels in Strong B

The first branch cut, qg > q% + 4M?,

2eB)|q,|’

The second branch cut, q(% < q% + QMI% — 2\/Mf{ + (132]\/112l < q%,

2

{
J j 2\92 q
1 (2eB) (q* — 4q¢M?)2 s
Disc 711(qo) E +§ © (q“ qO ) Liq| —e 2T
b %ol

n=0 n=1
where j = |q*/(8eBq?) — M?| and M? = M?+2neB. The classification of the energy
scale is universal in the hard-loop action, where loop momenta k ~ Mp; the

p 1.1 3
external momenta qz ~ A"2T2My, qo ~ A 2T. Discmy is at the order of

AiLi_q(—e™), which is not monotonically decreasing as A increasing. c.f.
: y g g
(JC and M. Huang, arXiv:1609.04966)

7T—=4q+q, 7 T4—=4q
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CP Odd Effects in QCD
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= yy, 1T = e ey, Yy’ = T

A A W A A

/\

170 Vi 10 er 170 Aﬁ:

Anomalous loop diagrams in two flavour QCD

When Tr[ys...] +# 0, the pion o
condensates are allowed due to

-
the odd parity domain being )
created. cf. (G. Cao and X. =
G. Huang, Phys. Lett. B, 757, 1 ; ) :
(2016) ) ag 01 azfgyﬁ;v 04 05
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Neutral Pion Condensation and Chiral Density Wave

Put in a periodic ansatz
0 =Mcosbx; m3=Msinbx; mo=A.

c.f. (Y. Hidaka, K. Kamikado, T. Kanazawa and T.
Noumi, Phys. Rev. D 92, 034003 (2015); H. Abuki, arXiv:1609.04605; P. Adhikari and J.
O. Andersen, arXiv:1610.01647; S. Carignano, L. Lepori, A. Mammarella, M. Mannarelli
and G. Pagliaroli, arXiv:1610.06097)

inhomogeneous is energetically favored
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Two Flavors NJL Model

For M = mo + 0 + {951,174 and D, = py — qfA,, one has

0% + 12
4@

0% + 12
Te

+Indet (i) — M) = + Leff

and the fermions propagator obeys a second order equation via

Loy = %m det[(i) — M) (—iD) — M))]
_ %m det <ID2 + 20°9" 14 {Dy, T} + MQ)

Without loss of generality, let , = (A,0,0) for charged pions. Therefore,
{%&ﬁ&/ﬂ}=(Qm+wnwprmm%2=qu+qdmﬂq==%r—%.

Meeting of the working group on theory of hadronic matter under extreme conditions @ JINR, Dubna 14 /23



e [DEII‘HEFH:: 1't'4’miiﬁﬂ Fﬁ

Institute of Modern Physic e Academy of Sci Oct.31-Nov.03, 2016

Ettective actions from Schwinger proper time

The key of Schwinger proper-time formalism is applying the mathematical
identity
. 00
L _ / dse™ —(A+ie)s
A+ ie 0

In the proper time representation:

Glx,x') = /OO ds e~ Ms g=esTy Kr’l e_iﬁslx>]
0

It is the amplitude for a particle to propagate from x to x’ in the proper
time s and then integrate all the trajectory. Leff is extracted by integrating
over M?.
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Ansatz and Solution

We are seeking a solution of the Green function: c.f. (M. R. Brown and M. J.
Duff, Phys. Rev. D, 11, 2124 (1975).)

1 9

0 + p,0° + alx’) + 6,(x)(x — )" + 4%”( x')x — x"Wax — x| Glx,x;s) = 6lx, x')

where p, = 2Ay57,To and 8, = 2A757,1Ff (QTg + qT9) in our study.

Apply the Fourier transformation and make the ansatz that G(p) being in
the form

Glp;s) = /0 ds e " exp |p"p Als)uw + p'Bls)y + Cls)] -

Under the change of variable ¢ — p + %A"i - B, the integration with respect
to ¢ becomes an elementary Gaussian. Hence,

I ds
Glx,x) = (47T)2/0 <2 &XP

1 1
—as + C — ZB A1 B - §trln (As‘i)
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Equations of Motion

[t remains us to determine the unknown A, B and C, By setting

0A

— = 1+ AyA

0s T AY

OB

— = 92i0-A+B-v*-A+p
39 l -+ Y -l—p
oC 1, , 1 .

These equations admit the solutions in term of

A = vy Manys
B = —iy2{1 —secys)(20 —ipycotys)
1
C = —Qtr Incosys — 6 -y (tanys — ys) - 0
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Gap Equations

1 ds ~M2s—11(s)—q s oF
_ 9 dfOqp0L's
Lefy 2(41)? /0 3 ¢

L(s) = trln [(ys)_lsin ys] + By <tan§ - %) B.

Here f = 20 — pycotys and 7 = quﬂvéflb.

Obviously, Lefr reduced to what Schwinger obtained for A = 0. cf. (J.
Schwinger, Phys. Rev. 82, 664 (1951).)

Gap equations are derived easily:

OSeff 0 6£eff_
5o~ YTt 5o
sa - VTt oA
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Flipped Term in the Flavor Space

Trace is taking over spinor and flavor.
Remind 6, = 2A75Q/HF£I (QT1o + qT9).
Under the help of the projection operator:

1
P, = Q(TO + Ts)

we have

ToYTy = Ty (2quP+F + 2q4P_F) 19 = 2q4P. F + 2q,P_F

Thus, one part of 8 in the second term of L(s) is flipped in the u,d flavor
space which indicating the formation of charged pion condensates.
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But

Numerical simulation suffers a large oscillation in terms of above formula. If
you have little time,
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Equivalent Replacement

How to get a quick physics answer in phenomena?

= As one of candidate to explain the inverse magnetic catalysis, QCD
phase transition has been intensively studied at finite chiral chemical poten-
tial p5. cf. (JC, P. Chu and M. Huang, Phys. Rev. D, 88, 054009 (2013).)

Indeed, nonzero ns inducing in electromagnetic field is expressed by: c.f. (K.
Fukushima, D. E. Kharzeev and H. J. Warringa, Phys. Rev. D 78, 074033 (2008) )

d4Q5 _ q]‘Q
dtdV 2

SE-B

Asymmetric g5 = diag (ql%,qfl) 15 is applied in two flavor NJL model. cf.
(JC, K. Xu and M. Huang, in preparation.)
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At Finite Baryon Density

5 q2+qc% 0.5 QQ—CIC% 0.5 0 5
L = ¢QW%+‘Q HWY'FHQ m77ﬁ+wy—hﬁdymm>¢
2
_(M—ITLO)—!—A(QI

4G

015
0.15

—r prelimary =7

S Y S e e e S TSSO M

The behaviors of sigma and charged pion condensates as a function of s at T = 0, ug =
0.4GeV (left) and T = 10MeV, up = 0.4GeV (right).

c.f. (JC, K. Xu and M. Huang, in preparation.)
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Summary

I Thermalize different degrees.

I Construct a Lypr, so that the free propagator gives thermal quasi parti-
cles, screening (mp) and Landau damping.

I Explore new possible phases after turning on E - B.

Thank You for Your Attention!
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