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Fluctuations and correlations: conserved charges

. B ... net baryon
xy _ 0 InZ Y_ XY Q ... net electric charge

AXmn = Zma n A Xn = Xon
O Uy O Uy |y =y =0 S ... net strangeness
C ... net charm number
Uy =Wy /T
for example: o
number density: n,
X_ ;.2
X2 =(N%)

%2 ={Nx)—3(n%)"

XﬁY:<nan>



Deconfinement: appearance of fractional charges

hadron gas: P°=Pycosh[ig]l+ >, Pg “cosh[iz—Siig]

s 553
X1 =—1" (Pg~ ' +Pg"+Pg ™) from quantum # of the dof
Xar = —1° (Pg~ ' +Pg “+Pg™) depends on the hadron spectrum
x5S —%57 = (B°—B) x f(m{™) R

am lix an aY wuyx=u,=0

= 0 for B=0,1
=/= 0 for quark dof with B=1/3

similarly:  xs—x, = (B*=B?) x f(m;% o)
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Flavor blind deconfinement ?
m,km _ gn—k =1 when DoF are hadronic

Xex! Xsx . :

=/= 1 when DoF carries fractional B
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Probing hadron spectrum using thermodynamics

hadronic pressure: P© =

h eall hadrons

charm baryons

P, o

Quark Model
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expt. observed hadrons
+ unobserved ones
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hadronic pressure: P° = p, <= €XPt observed hadrons

h<all hadrons + unobserved ones
Quark Model charm baryons LQCD
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hadronic pressure: P = 3> P, <« ©€XPL Observed hadrons
heall hadrons + unobserved ones

Quark Model ~ strange baryons l
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Probing hadron spectrum using thermodynamics
hadronic pressure: P = 3> P, <« ©€XPL Observed hadrons

heall hadrons + unobserved ones
Quark Model ~ strange baryons LQCD
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LQCD: operators to identify separate thermodynamic

contributions of strange/charm baryons/mesons

suitable combinations of up to 4th order
baryon — charm/strangeness correlations

a simplified example:

hadron gas — P© ~ Py, coshlji] + P5 cosh|iig

V'd ¥

partial pressure partial pressure
of |C|=1 mesons of |C|=1 baryons

C C C BC C
X = Py+Pg Ymn == Pg

"'lic]

neglect contributions of
heavier |C|=2,3 baryons,
x1000 suppressed
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Signatures of additional charm baryons
relative contributions:
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Signature of additional strange baryons

relative contributions of strange
baryons to strange mesons
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partial pressure of strange mesons:

S s BS
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Strangeness chemical potential in HIC

medium formed in HIC is strangeness neutral: (ng)=0
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DoF at high temperatures
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Test possible charm dof in QGP

naive postulate: non-interacting gas of charm quark,
meson & baryon-like excitations in QGP

charm quark & its possible bound states
much heavy compared to T
— can be treated as quasi-particles within
classical/Boltzmann approximation

P“=P_ cosh %+QC + Py, cosh|ic|+Pg cosh|ig+iic]

Pe = 9(x5s — %52 )/2

P = (3% — %35 )/2

Pv = %5 +3%5s —4x5s
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non-interacting gas of charm quark,
meson & baryon-like excitations in QGP

charm quark & its possible bound states
much heavy compared to T
— can be treated as quasi-particles within
classical/Boltzmann approximation

naive postulate:

i . charm quarks do not carry S,
strangeness sub-sector. S-C correlations from possible bound states

P% =Py 'cosh[ig+0c]+ > Pg° “cosh[ig—kiis+iic]

K=1.2
C,s=1 _ _SC__, _BSC
Pwm — X13 — X112
c,s=1 _ _ SC BSC
Pg’ = A13 X22 3 X112

pg = (2XI13182C+X22 X13 5)12 21
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Test possible charm dof in QGP: consistency
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Equilibrium QCD baseline for BES
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(L)YQCD cumulants of conserved .
charge fluctuations along: Te(ug)

not a fundamental QCD parameter: expt. input for
a given colliding system, phase space cuts, /s ...

underlying assumption: expt. observables can be
mapped into thermodynamic parameters T, us,

for consistency:

estimate T,(ug) by matching expt. lower cumulants Mq/og[M, /o] with
equilibrium QCD M,/o5[Mg/o;] despite all known/unknown caveats

equilibrium QCD baseline for higher cumulants along this T, (ug)
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2
M, /o along the freeze-out line: Ty(pB) = Ty,0 (1 — K3 (%) )

in practice: M,=0, My/Mz=0.4 mmmmd uo(T,ug), us(T,ug)

for simplicity of discussion: B
Uq=ug=0 R%B’O(T) = ’I“Xé( )
1 Xf "B 2 \ X2 (T)
Mp ppl+tsiE ()
2 T 1 X% B2
7B 1+ 555 (57) 0B Mg/o? B 2
L B o Ryz™ = M /0.2 ai2 (1 + C12 (R12) )
Q1+ %4, (EE) B/YB

c12(T, k3) = 35(T) — K3, D1a(T)
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Mg /o2 BNL-Bi-CCNU:
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