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Probing the properties of matter through the analysis

of conserved charge fluctuations
I

P
Taylor expansion of the QCD pressure: Ta = 1o, 1S)
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cumulants of net-charge fluctuations and correlations:
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the pressure in hadron resonance gas (HRG) models:
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Chiral transition, hadronization and freeze-out

LHC: may 2nd order, O(4)
es_tabllsh contact 2nd order, Z(2)
with the QCD

1st order

chiral PHASE o |gis

. o
transition " -=f crossover

lattice QCD:

: RHIC: may establish
T. = 154(9) MeV

evidence for the

— QCD critical end point

ALICE/LHC:
T¢o = 156(3) MeV

; tri (1 CEP
Becattinietal: _, AL >

KB
Ty, = 164(3) MeV |

: phys

m..d

— pseudo-critical temperature
Muy,d — hadronization temperature
— freeze-out temperature
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The QCD crossover transition

— extractina the Eseudo-critical temﬂerature -

Crossover transition temperature

ol I A ] Critical temperature from location
185 | T, [MeV] Physical mym, - of peak in the fluctuation of the
180 HISQtree ~E chiral condensate (order parameter):
175 T Asgtad —©— . . I
O . Chiral susceptibility
o S : T 821n Z 4+
1: i — o Combined continuum extrapolation : Xl o V 8m2 IR Xl,dZSC Xl,con
HISQ/tree: quadratic in N2 l
145 |7 Asqtad: quadratic in N2
140 1 N | 140
19 0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 'X,l,dischz
120 | ]
— (154 + 9) MeV 00 + i+ HISQ/treeNN Elxl |
O
— well defined pseudo-critical temperature + asqtadNN $o |
— quark mass dependence of susceptibilities °
consistent with O(4) scaling 60 - ﬁ
A. Bazavov et al. (hotQCD), 10| &
Phys. Rev. D85, 054503 (2012), arXiv:1111.1710
20 | @.‘P
lattice: N2 . N, ol T A .
T —=1/N 140 160 180 200 220 240
temperature: T = 1/N-a consistent with Y. Aoki et al, JHEP 0906 (2009) 088
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Pseudo-critical temperature(s) in QCD
T

Definition: A pseudo-critical temperature is a temperature defined in the presence of
a symmetry breaking field that becomes identical to the critical temperature
in the limit of vanishing symmetry breaking field

Corollary: Not every bump or inflection point in an observable is suitable to define a
pseudo-critical temperature

peak of chiral _ _ _ S
susceptibility inflection point of X5

bands: G. Endrodi et al,
JHEP 1104(2011) 001

guartic up-ness and strangeness
fluctuations

1.2 . 200 . .
N,=8 X4, M/mg=20 & _
1| 27 180 | 1
X1, M/Mg=20 =+ ]
& & 3 160
0.8 r HRG — =
l_
06 | free quark gas | g 140
= - @ 120
0.4 r E Chemical freeze-out line
~ . .
this b < ot 100 dots: hadronization temperature I
0.2 1 IS bump IS no 1 ' F. Becattini et al, PRL 111 (2013) 082302
a pseudo-critical T 80 . | . . . . . . .
. | | | T [MeV] 0 100 200 300 400 500
120 140 160 180 200 220 240 Baryonic Chemical Potential p, [MeV]
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Chiral transition, hadronization and freeze-out
I

LGT: To(np) = 154(9)(1 — [0.006;0.014](np/T)?)MeV

| ] | | | | | | | @enomenological\

1 | freeze-out / hadron-

165 | ization curve,
1] QCD transition line
155 11 and experimental
7 | data (obtained by
145 | | assuming the validity|
135 | LGT: To(Ug) 7.7 N of the HRG model)
Cleymans et. al.: hep-ph/0511094 are consistent for
= Andronic et. al.: arXiv:0812.1186
HBH Becattini et. al.: arXiv:1605.09694 \HJB /ng /
4 ALICE: arXiv:1408.6403
H#1 STAR: arXiv:1412.0499 HOWEVER

physics is quite different

at lower and upper end

of the current error bar
on Tc

=) probed with net-charge
correlations&fluctuations
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Probing the properties of matter through the analysis
of conserved charge fluctuations

Koch. ratio |

0.35 ——
g XI131S/X§ free quallrgqa%-
I A@ ]
0.3 | Te=(154 +/-9) MeV, iR =D 1  Bs 0?P/T*
3 o | x5 = 55— = (B-5) — (B)(S)
[ cont. est. : Ojp0jis
i mg/m=20, N.=12 &> ]
0.25 | s 4 , ,
[ 6 A 0“P/T
oo | mg/m=27, N.=12 ‘@ X*29 — / = (S§%) — (§)?
2 8 ‘i 012
6 S
: PDG-HRG —
015 1 QM-HRG —
0 TIMeVl | s. Borsanyi et al., JHEP 1201 (2012) 138

140 160 180 200 220 240 A. Bazavov et al.,
PRL 113 (2014) 072001, arXiv:1404.6511

V. Koch, A. Majumder, J. Randrup, PRL 95 (2005) 182301
Abstract:

The correlation between baryon number and strangeness elucidates the nature of
strongly interacting matter, such as that formed transiently in high-energy nuclear collisions.

...The analysis of present lattice results above the critical temperature severely limits the
presence of g-qbar bound states, thus supporting a picture of independent (quasi)quarks
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Probing the properties of matter through the analysis
of conserved charge fluctuations

Koch. ratio |

0.35 . : |
o XI131S/X§ free quallrgqa%-
| A@ g
0.3 [ Te=(154 +/-9) MeV, [ ] BS 0?P/T*
2 7 | X1 = 22— = (B-S) — (B)(S)
[ cont. est. : Oipofis
i mg/m=20, N.=12 &> ]
0.25 | /M =, . ,
_ 6 o 0“P/T
0o T mg/m=27, N.=12 @- Xg — / — <S2> . <S>2
| g ik 012
6 A S
I PDG-HRG —
015 1 QM-HRG —
TIMeVl | s. Borsanyi et al., JHEP 1201 (2012) 138

0.1 : : '
140 160 180 200 220 240 A. Bazavov et al.,

PRL 113 (2014) 072001, arXiv:1404.6511

Gedankenexperiment: ALICE measures X11315 / xg = 0.21

comparing the measurement with HRG gives: Ty = 160 MeV

freeze-out param.

: . e T — 150 M
from QCD comparing the measurement with QCD gives: 1y 50 MeV

Can we cure the HRG model by adding a few more resonances?
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HRG vs. QCD

Strangeness-Barxon number Correlations

s chh ra;ios |

free quark gas

" BS, .S a
- X117 /X5 QTS 2 & o 1 _BS, B free :
0.3 [ Te=(154 +/-9) MeV, & oo & X11/X2 . B O
i cont. est. 08 @ s cont. est. ]
025 | mg/m;=20, N.=12 o+ & mg/mi=20, N=12 &
! 8 = 07 I 8 B |
[ 6 A . @ 6 A ]
: mg/m=27, N.=12 @- Mg/M=27, N.=6 r& ]
0.2 1 8 0.6 f .l! 8 ‘M
6 i 12 @ |
[ PDG-HRG — 0.5 PDG-HRG — ]
0.15 ¢ QM-HRG — / QM-HRG — |
[ 04 .
o1 T [MeV] 03 T [MeV] ]

140 160 180 200 220 240 140 160 180 200 220 240

A. Bazavov et al.,
Phys. Rev. Lett. 113, 072001 (2014), arXiv:1404.6511

continuum extrapolated resultson
strangeness-baryon correlations
do NOT agree with a conventional

in the crossover region
(and abhove):

hadron resonance gas, based on ’ PDG-HRG 7 QCD
experimentally known resonances QM-HRG does better
listed In the particle data tables )
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HRG vs. QCD

electric Charge-Barxon number Correlations

— chiral transition temperature: Tc= 154 (8) (1) MeV

Iscale uncertainty
statistical uncertainty

— error band on Tc is mainly statistical;
physics is quite different at lower and upper end of the current error bar

: L BQ :
baryon number — electric charge 0.035 [ X11 HRG models Il
correlations : Mg/M=20, Ny=6 & |
0.03 | A 8 = ]
T ~ 150 MeV : : K ﬁﬁ* Mg/M=27, Ny=6 +A-
0.025 | ElIEI 8 M
correlations similar to HRG 0.02 E = 12 @ |
0.015 | 2 s
T ~ 165 MeV : ' :
0.01 T.=(154 +/-9) MeV A
correlations very different from HRG [
0.005 |
0 E - T[MeV]

140 160 180 200 220 240

F. Karsch, SQM, June 2016 10



HRG vs. QCD

electric Charge-Barxon number Correlations

— chiral transition temperature: Tc= 154 (8) (1) MeV

Iscale uncertainty
statistical uncertainty

— error band on Tc is mainly statistical;
physics is quite different at lower and upper end of the current error bar

: L BQ :
baryon number — electric charge 0.035 [ X11 HRG models Il
correlations : Mg/M=20, Ng=6 &
0.03 | A 8 = ]
T ~ 150 MeV : [ ‘ ‘% My/M=27, N;=6 &
0.025 | E5 8 b -
correlations similar to HRG 0.02 E = 12 @
0.015 =4
T ~ 165 MeV : B
_ 0.01 T.=(154 +/-9) MeV e 1 B
correlations very different from HRG [ (2 _ = -0
0.005 | 3\3 3 3
o T[MeV] |

140 160 180 200 220 240
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Correlations of net-electric charge fluctuations with

net-barzon number and net-strangeness

[uB/T=0]

007 B : 13 | hotQCD Ne=8 ik |
X1 HRG models Il xg/xﬂs preliminary 12 ‘@
0.06 | i“ ms/m|=20, NT=6 2 i 16 v
ﬁ 8 & 1.2 PDG-HRG —
0.05 | & 126 Fg QM-HRG —
. Mg/M=27 N;=6 11 L B
0.04 ¢ 8 b ; B
' T.=(154 +/-9) MeV éﬁg 12 @ 1L B
0.03 | 16 "v | free quark gas
0.02 Etb A ] 09T — based on ALICE data: mS/mFgS (gpen) ]
o (filled)
0.01 - 08 [ | P. Braun-Munzinger et al,
) | | | T [MIeV] A 0 | IarX|v:160?.05811 | T [MeV]
120 140 160 180 200 220 240 - 120 140 160 180 200 220 240

— HRG models fail for T>165 MeV

— QCD bhounds on conserved charge correlations that can (will) be tested by ALICE:

BQ QS
X1 0.06 XL 0.84
X2 X2
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Some 4™ and 6™ order cumulants

1 2 l T T T T T T T 3 1 2 T T T T T T T
;T HRG
1 HRG mym=20, Np= 6 & | 1 * 1
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0~ O 1} ]
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F. Karsch, SQM, June 2016 13




HRG vs. QCD

electric Charge-Barxon number Correlations

[ MB/T >0 ] for simplicity: ng = s =0

1 1B 2
B B B
X11Q(Ta 1B) = X11Q + _X31Q <—> i O(u%

- agreement between HRG and QCD will start to deteriorate for T>150 MeV

0.04 —150155 165 T [MeV] . - . - . 0.025
BQ ] '
0.035 | X11 HRG models Il _ HRG models 1N
mg/m=20, N;=6 A | 0.02 | mg/m=20, N;=6 +A -
0.03 | A 8 B - ; 8
2 ﬁﬁ mm=27, Ne=6 A< | Mg/m=27, Ny=6 i |
0.025 E|E| 8 b : - 8 Hi
12 ‘@ | -
0.02 1 = ] 0.01 |
- .
0.015 r A |
0.005
0.01 | T.=(154 +/-9) MeV 2 [
] i free quark gas
0.005 | 1 0f Og o A quarg
0 . . . TI[MeV] . ] [ | | | | | | | El. T [MeV]
140 160 180 200 220 240 140 160 180 200 220 240
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HRG vs. QCD

electric Charge-Barxon number Correlations

[ MB/T >0 ] for simplicity: ng = s =0

1 1 2
BT ) = X2 + xd0 (B2) -+ 0

- agreement between HRG and QCD will start to deteriorate for T>150 MeV
vVSNN [GGV] . ~ 27 ~ 10
1 . . .

BQ BQ
X11 (Tsl-lB)QCD/XH (T=MB)HRG
09

0.7

T=150 MeV —
T=155MeV —
T=160 MeV —

0.6 |

IJ'B/T
0 0.5 1 1.5 2

0.5
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Chiral transition, hadronization and freeze-out
I

LGT: To(np) = 154(9)(1 — [0.006;0.014](np/T)?)MeV

| ] | | | | | | | @enomenological\

1 | freeze-out / hadron-

165 | ization curve,
1] QCD transition line
155 11 and experimental
7 | data (obtained by
145 | | assuming the validity|
135 | LGT: To(Ug) 7.7 N of the HRG model)
Cleymans et. al.: hep-ph/0511094 are consistent for
= Andronic et. al.: arXiv:0812.1186
HBH Becattini et. al.: arXiv:1605.09694 \HJB /ng /
4 ALICE: arXiv:1408.6403
H#1 STAR: arXiv:1412.0499 HOWEVER

physics is quite different

at lower and upper end

of the current error bar
on Tc

=) probed with net-charge
correlations&fluctuations
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Exploring the QCD phase diagram

(a) net-p K*c® | @ Can we understand the systematics

4l - Fange (Gevie) seen In cumulants of charge flqctuations
. A 04<p <08 - in terms of QCD thermodynamics ?
o 3F O 0d<p<iz - » How far do we get with low order
o | | o odshiis Taylor expansions of QCD in explaining
“ L ® 04<pr<20 the obvious deviations from HRG model
behavior ?

°sFor /s > 19 GeV :
Structure of (net-electric charge and)

net-proton cumulants is inconsistent
with HRG thermodynamics, but can it
eventually be understood in terms of

QCD thermodynamics in a
next-to-leading order Taylor expansion ?
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Probing the properties of matter through the analysis
of conserved charge fluctuations

P
Taylor expansion of the QCD pressure: — =

/ ™
oo k
Z BQS( T) HaQ MS>
i,5,k=0 ']'k' ik i =
\- 7 J
cumulants of net-charge fluctuations and correlations:

BOS giti+tkp /T4 Mx ~ x5 ¢ mean
Xijk = 8;17' 8[1'7 8flk 0'35 ~ X;C . variance
B Q S ©B,Q,s=0 X\3/2

Sx ~ x5 /(x5 )*'? : skewness
kx ~Xa/(x3)?: kurtosis
X(T
cumulant ratios: RX (T, pug) = X;( HB)

=== > Taylor expansion of cumulant ratios
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Equation of state of (2+1)-flavor QCD: up/T = 0

pressure, entropy & energy density

16 [ -

non-int. limit 4

\

3p/T* 2 stout HISQ
gTt BT (€-3pyT4 W W .
3s/4T3 14 p/T4 B i
s/4TS W .
T[MeV] | T[Mev]
0||||||||||||||||||||||||||0IIIIIIIIIIIIIIIIIIIIIIIIII
130 170 210 250 290 330 370 130 170 210 250 290 330 370
A. Bazavov et al. (hotQCD) , — improves over earlier hotQCD calculations:
Phys. Rev. D90 (2014) 094503 A. Bazavov et al., Phys. Rev. D80, 014504 (2009)

— consistent with results from Budapest-Wuppertal
(stout): S. Borsanyi et al., PL B730, 99 (2014)

— up to the crossover region the QCD EoS agrees quite well with hadron resonance gas
(HRG) model calculations; However, QCD results are systematically above HRG
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Equation of state of (2+1)-flavor QCD: pup/T > 0
—

for S|mpI|C|ty uQ o ,u -

B 2
A(T,p) P(T,pp)— P(T,0) x5 (MB 14 1 X4
T4 T4 2 T 12 x2
6
1 x¢ (MUB
. . . 6
estimating the O ((ug /T)®) correction;: ~
sf | | | mym=27, Ny=6 & | 1.4 | BielefeldBNL-CCNU ~ pg/T=3_  m-
8 preliminary m ., é é
4r my/m=20, N;=6 w2« ] a 127 AT EA |
3| 8 & | = 1t .-fdzlg‘ NT:S:-
Zg 5| o=(154 +/-9) MeV BNL-Bielefeld-CCNU] 'D:_ 0.8 r | ﬁ
K 1 preliminary ] ’;_ﬁ 06 | . ug/T= 2! »
. '] P g - a!ﬁ e
0 = e D 04 O(ug/T)?): (open)
A A O((ux/T)%): (filled)
R L L Eigl ST
-2130 140 1I50 1I60 170 1I80 1I90 200 0120 160 180 200 2I20 2I40 260 280
. T [MeV] T [MeV]
@ : FK, CPOD 2016, ICPAQGP
Ogufi o ICPAQCP Plasy, The EoS is well controlled for pp/T < 2
M) :P. Hegde (BNL-Bielefeld-CCNU), or equwalently \/7 > 20 GeV

PoS Lattice2014 (2014) 226, arXiV:1412.6727

F. Karsch, SQM, June 2016 20



Conserved charge fluctuations and freeze-out

A(T,up) _ P(T,pp) — P(T,0) _ x3 <uB>2 1yt X2 (
T4 o T4 2

» & see backup for
RB—MB l'l'B O HQ 7 ms # 0
12 = "2 — p + (NB)
Op
Vs [GeV]: 200 624 39 27 19.6
R32 — SBO'B = —|— O([I,B) 1 R§2=SPGP
Xz HRG — ®
. 0.8 | STAR prel.: 0.4<p,<2.0
no need for talking STAR. 0_4:2:0_8 i U
about a chemical 06 | fitsforys >19.0[GeV]
potential '
MB XB
4 3
Spop = — —5 + O(up
Op X2 R" =Mo/c3
| | , M1o=NIp/Op
B 0.2 0.4 0.6 0.8 1
X4 4 lope < 1
B Sliope
X2 P
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Conserved charge fluctuations and freeze-out

mea\ni variance and skewness

NLO Taylor expansion
XEMg 1 (xB  (xB\"\ [Mzs\®
4 6 4 _ —
Spop="p 5t | B~ | B ( 2 ) te pe=ps=0
X2 O0p 6 \ xz2 X2 Op
3 B,2 2
B _ OBOgp B.,0 R3y Mp
() RZ = = + F. Karsch et al.,
31 M 31 B.,1 2 2 )
B (Ri57)? \ 0p arXiv:1512.06987
200 624 39 27 19.6\s_[GeV] i 5 | |
1.2 - . . . . B0
SPGP/ MP 1 31%
1 f HRG
0.6 | &
0.6 | |
b N
04l HRG — | 0.4 r my/m =27 (filled)
STAR preliminary: 0.4<p;<2.0 & mg/m;=20 (open)
it P )2 0.2 | 1
02 |  fit:0.80(4)-0.15(5)(Ri;)" M - T, o=1549) Mev T - free quark gas
fit for vs > 19.0 [GeV] p) fit to prel. STAR data Wl A el 2]
NN MP/GP 0 ) ) ] ) ) . , . ) . ) . ) . .
0 | ' ' ' ' 120 140 160 180 200 220 240 260 280

0 0.2 0.4 0.6 0.8 1
TIMeV]

B BS | Haq . BQ
Xy T Z_ZX31 + ,,,_gX:ﬂ

RBaz_
B | us.BS _ ke, BQ °* "1 T
X2 T g X11 + g X11

e.g., uQ # s #0: R’ =
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Conserved charge fluctuations and freeze-out

mea\ni variance and skewness

NLO Taylor expansion
B B
Xy Mp 1 [x X5
SBO'BZ—4 + — =6 _ —4 —|— [,LQ:[,LSZO
B 2 6 B 2
X2 OB X2 X2 OB
2
5 _ Spad, RB Mg
G Ry, = = \H + F. Karsch et al.,
Mp (R 0% arXiv:1512.06987
200 624 39 27 19.6\s_ [GeV]
1.2 : : : ; ; A 1.2
3 B,0
R3; .
1 Spop/Mp 1 31# one of many possible| |
HRG observables that can
08 "I 08 | be used to extract | |
/ freeze-out param.
0.6 | 0.6 | m from QCD |
4
LS
0.4 - 0.4 mg/m;=27 (filled) 7
STAR pry: - .2 mg/m;=20 (open)
0o | fit.¢0.80(4) 0.15(5)(Ryo)” I - 0.2 | 0 -
N Te0=154(9) MeV = free quark gas
L N 19.0 [GeV] MP/GIZD fit to prgl. STAR data I A = =
0 ' ' ' ' : o
0 0.2 0.4 0.6 0.8 1 120 140 160 180 200 220 240 260 280

— intercept consistent with QCD resuilt, TMeV]
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Conserved charge fluctuations and freeze-out
mean, variance and skewness

NLO Taylor expansion ,
B B B 3
X, Mp 1 [ xg X4 (MB>
S = — _— _— e LN ] — — O
SR e A (ﬁ) o) T HeTHS

5 involves 6" order cumulant
OB

Mg ) 2[Iattice QCD calculation ]
' S

Nq/Ng=0.4 STAR: 0.4<p;<0.8

STAR prel.: 0.4<p;<2.0 -
J/m=20, N.=6

A

8
J/m=27, N 26

04 | HRG — : -

STAR preI|m| 0;<2,0 1

02  fit:0.80(4 R12) I | -0.4 |
fit for\/_— GeV
7 1G] Mp/cs% i T [MeV]

0 . 4 ) _8 1 130 140 150 160 170 180 190 200

— intercept consistent with QCD result,

— curvature consistent with QCD result (still noisy)
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Conserved charge fluctuations and freeze-out

meani variamcei skewness and kurtosis

in a NLO Taylor expansion Ry, = Sgpoy /Mg

B_ 2

B
R31 R ( )
B __
R42 _ ( )
1.2 . . . :
Rg‘ioi 003 T T T
1 R?éO_R%E%ﬁ Ne=6 & | .
HRG 0.02 | 8 m 7
& =
0.8 | 0.01 | | &4 & .
!
0.6 | n o TIMeV]
4 150 200 250
LV
0.4 mg/m=27 (filled)
mg/m=20 (open)
0-2 B .
Tc 0=154(9) MeV E free quark gas
fit to prel. STAR data Il A E 5N
0 N 1 N 1 N 1 N 1 N 1 N 1 N 1 N
120 140 160 180 200 220 240 260 280
T[MeV]

are closely related

F. Karsch et al.,
arXiv:1512.06987

ps = pg = 0:

2
B,2 B,2 1 Xf Xf

B B
X2 X2
ps 75 HQ #0:
1.5 006
~ R42 R3223RBZ l =
1 3 Rgiz @ 0.04 %
STAR W 002 | th *é
: 0 1 43
0.5t -0.02 | ?f T [MeV] -
” 130 150 170
0 — F
[ * é m¢/m=20 (open)
05 27 (filled) |
BI-BNL-CCNU
preliminary

T[MeV]
F. Karsch, SQM, June 2016 25




Conserved charge fluctuations and freeze-out

meani variamcei skewness and kurtosis

in a NLO Taylor expansion Ry, = Sgpoy /Mg
are closely related

B _— 2
R, = kBopg F. Karsch et al.,
2 arXiv:1512.06987
B _ pB,o B,2 ( UB
Ry, = Rzy” + Ry T s = pg =0
ne\’ B,2 B2 1(x§& 2\
B,0 B,2 ’ ’ 6 4
RE =R+ RS (= R =3R37" =28 — [ 24
42 42 42 42 31 B B
T 2 \ Xz X2
1.6 T T T T T 16 | T 2 T T T T ]
KpG3 O STAR: 0.4 GeV<p<0.8 GeV ' kpop @ STAR: 0.4 GeV<F|>t<2-0 GeV
- . 3 reliminar [ |
1.4 Sp03/ Mo © PRL 112 (2014) 032302 141 Spod/Mp e p y
1.2 ¢ HRG — 1 1ol HRG —
1 o9 1 1
0.8 T 0.8 . _
+ o9
0.6 | + . 0.6 | 1 |
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Conserved charge fluctuations and freeze-out

meani variamcei skewness and kurtosis

in a NLO Taylor expansion RS, = Spop/Mp
- , are closely related
R, = kpop F. Karsch et al.,

] arXiv:1512.06987
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Freeze-out parameter from conserved charge fluctuations
T

cumulant ratios of electric charge fluctuations
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constrains freeze-out temperature determines freeze-out chemical potential

/'FK, Central Eur.J.Phys. 10 (2012) 1234
Ty ~ (150 & 5) MeV BI-BNL, PRL 109, 192302 (2012)
S. Mukherjee, M. Wagner, PoS CPOD2013 (2013) 039

S. Borsanyi et al., PRL 111 (2013) 062005
F. Karsch, SQM, June 2016




Conclusions
1

— attempts to understand freeze-out/hadronization in terms of HRG model based
calculations at temperatures T > 160 MeV are difficult to conciliate with QCD;

QCD thermodynamics is quite different from HRG thermodynamics at T > 160 MeV

— results on bulk thermodynamics coming from Taylor expansion of the
QCD partition function are already now reliable in the range 0 < up/T < 2

bulk QCD thermodynamics in the entire parameter range accessible to
BES | and Il may soon be accessible also through Taylor expansions

— properties of cumulants measured in BES-I for vsnn~ < 19 GeV clearly differ
from HRG thermodynamics but are consistent with QCD thermodynamics close to
the crossover transition temperature

2
Spop < Mg/o}, , kpoy — Spo ~ (Mg/o})
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Conserved charge fluctuations and freeze-out

mean over variance sauared

3
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Lines of constant physics and freeze-out
I

Ts(pup) = T5(0) (1 — Ky2fph — Kfally)
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