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Intriguing hints and the goal of BESII
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“intriguing hint” (2015 LRPNS)
Motivation for phase Il of BES at RHIC and BEST topical collaboration.
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Equation of state near CP

EQOS is an essential input for hydro.

T
h

Universality: QCD pressure is as
singular as the Ising model Gibbs
r free energy:
N
\ \ Pocp (i, T) = —Graing(h, 7)
Terbac + less singular terms,,

e (from Parotto et al.)

cos a1 AT + sin alA,u.

h(p, T) = hpAT 4+ hyAp=—

wTesin(a; — ag)
cos g AT + sin asAp

T) = rpAT Ap =
r(p,T) rradl 4 ruAp pwTe.sin(ay — ao)

Gising (R, ) is universal and known, but a; and a» are not.
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Mean field EOS

P(H’ T) == m¢in Q(¢7 K, T) :

Q(qﬁ,u,T):Qo—h¢+%¢2+%qﬁ4+....

Note reparametrization invariance.
Note the Z, symmetry:
¢ ——¢, h——h, r—=r.

and scaling:
¢~r1/2, hwr3/2, Q—Qy~r?.
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Subtlety of mapping r

h(p, T) ~ cosan AT +sinagAp
r(u,T) ~ cosaoAT + sinaeAp
While mapping of A is straightforward: i = 0 is the transition line,

the mapping of r is a little tricky. Since h ~ r!'*1/2 <« r admixture of h
in r is impossible to discern without considering also subleading order
scaling terms.

In Q ~ 2 that means ~ r2+t1/2 j.e., ¢".

In addition, mixing h and r violates Z, symmetry, and so does ¢°.
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The effect of ¢°

Q=00 —ho+ %m? + %¢4 +oug’ + 0(¢),
This (nonlinear) reparametrization removes ¢°:
é — ¢ + vo? + const
and modifies h and r:

h = h+0(),
7+ 2uh,
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Critical point near tricritical point

critical line, m,= 0

Mg

tricritical point, my=0

\

surface of 1st order
transitions
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Mean-field theory near QCD tricritical point

P(p,T,mg) = — IIgIl QP, 1, T,my)

where
QP p1, Tymg) =V(®, 1, T) — mg®

b
V(@,M,T):%+%<1>2+Zc1>4+§<1>6+...,

Scaling:

<I>~a1/4, b~ al/? mq~a5/4 V—VONCLS/Q.

Y

TCPat® =0:a=5b=0.

CPatV/ =m, V' =V" =0:

3mg \ /° 10
<I>c:<g2") . ae=5c0t, b= ——— @2
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Expand @ = @, + ¢:

Q= (+ho+ 567 + 70" +vug”) + Abbe + 26° + ...

where
h o= 2
h — (ZXCL‘% Zngbc)q>67 N h/:: _'(Z&CL-% ZXb<D2)<Dc,
F o= Aa+3Ab02, - o7
; r=—A~Aa+ —Abd?.
w - 0% 3 10 10°0%
3 7 200,
2
tnay = —(00) e Gt
diw) o  hr  ar +brd?
2
tanagy = — ar :@:W_
dw),_y T ar+2Tbp®2/7

1 2
As (I)Cqu/5 — 0l a; — o qu/5 — 0.
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Slope difference

tan o] — tanag = (

ar

) (@
K/ =0 d'u’

d

broken

symmetric

M. Stephanov
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RMM of Halasz et al

D— 0 X+T+ip
T\ XN+ T +ip 0

P(p,T,mg) = —Nm;nQRMM(@;M,T, my),

where
QRMM _ ¢2_% In { [((I) +mg)® — (u+ z'T)Q] ) [((I) +mg)? — (n— iT)z}}

I+ TCP (m, = 0)
08+
067
04

0.2
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Baryon number susceptibilities x2 = P, X3 = Pujus X4 = Pupup:

1.
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For my =5 MeV: o ~13°, ag ~1°.

Observaions:

@ both slopes are negative
@ the sign of x5 is negative on crossover line
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The slope of h-axis and the sign of x3

The sign of x3 on crossover (h = 0) line
is related to the slope of » = 0 line (i.e., a):
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Ginzburg region

Breakdown of mean-field approximation, Ginzburg criterion:

w2 ~

€ ~ m{;2/5€

Ginzburg region:
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Beyond mean-field

In d = 4 there are two Z»-odd perturbations of dimension 5:
¢° and ¢2V2¢.

Only one linear combination can be represented by » — h mixing:

02
5 202 _ 2
Vs = ug ¢“V<¢ < ¢5¢>.
Indeed, Az = 36 — 1 =1/2 + O(¢?), same as of h/r.

Another linear combination is

Vs = ug® — (10S5/3)>V2p, with S5 = O(e)

due to mixing >@‘ As=1/2+ ¢+ O(2).

More irrelevant, because ind = 3, A ~ 1.3 — 1.6 > A3 ~ 0.56.
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Beyond mean-field

ta ta (dT) (dT>
nop —tanas = — — | —
d'u r=0 d'u h=0

7
= 1gOMr(1+ S5(e) + O()m/® + O(my)

Pang(1, T) = =12~ (g(hr =) + v5r® g5 (hr =) ,
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Conclusion

T

°

°

Hs

. . 2
The slope difference «; — ay vanishes as mq/

For small m, the slope of h-axis is negative: 0 < ap < .
Confirmed by RMM.

x3 < 0 and is experimentally measurable.

as ~ 0 enhances CP effects on cumulants of baryon number:
e.g., 0°G/oh* ~ r=7vs 0?G/or? ~ r~*,where y ~ land a < 1.
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