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: QCD Phase Diagram

J

Quantitative study of the QCD phase diagram is a current
focus of our field

EarpUieRs I geesm Ouestions of interest:

LHC Expenments

> Location of the essential “landmarks”?

Temperature

v Crossover region?
v’ Critical Point (TP, uz")?
s static critical exponents - v,y,67?
L Crossover < dynamic critical exponent/s — z?
: v' Coexistence regions?

Gical Fok | » Properties of the respective phases?
Hadron Gas e Super(:/oﬁdUCtOT \/ Thermodynamlc propertles’)
o M‘:_« Neutron Stars, v Topological & Chi_ral properties
S goog;\:yon Chemical Potential v Transport prop_ertleS?
_ _ _ Anomalous chiral transport?)
Measurements spanning a large domain v etc

of the (T, ug)-plane are ongoing/slated All are required to fully chart the
at RHIC and other facilities phase diagram

Subject of this talk
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Comments about the CEP

Comment -/
Meaningful discussions about the location and character of the
Critical End Point (CEP) must include Finite-size and/or Finite-time effects

- Comment - Il |
The Generalized Finite-Size-Finite-Time Scaling form for y is well known
X (r,t,L) ~ L3"B/rx D (71 == L~ 'b)

X':i'-:l — L3+i{$3,.-"rffl {TLI_.-’V: RLT‘:] FSS fOI’m X{i} — Lﬁﬂ—iﬁﬁfrv‘fz{?ﬁ—l,-frvz L—lR—lfr) FTS form

V=L, r=(T =T ) /T
If Finite-Time Effects Dominate

r=z+1/v, R= coolingrate . - T**

& = effective cor. length for FTE E>L>¢

Xfﬂ]' 17 i
— an—m}a_ _fvf{?_Ll_,v}

If Finite-Size Effects Dominate y(m)

(n —m)dB/v ~ 0) and x¥ ~ L3

2 (n) v i3 /
E>E>L S = L f(r L)
» Utilize Finite-Size-Finite-Time Scaling of
susceptibility measurements for different sizes (L)
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CEP estimate via finite-size scaling T - 165 MeV, 1% ~ 95 MeV (V - o0)
RL - Phys.Rev.Lett. 114 (2015) no.14, 142301

SRR b - v ~0.66 y~12 o~4.8

| v 00-05% (a) i (b}_ o
ale Doa0e 1 14 v’ 2"d order phase transition
[ e 20-30% il 1 v 3D Ising Model (static)
s 30-40%

- e 40.50% + . universality class for CEP

I il . **The pseudocritical point (PCP) has a
3T é T % 1° strong volume dependence**

(R™)(R® ¢ - Rigige) (IM*™)

! ; i | ¥ ﬁ{% j _ @] (b).
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0.6 -04 -0.2 00 0o 4 8 12 T | =z 1 %
(ﬁlv)_tT (fml.-'u} (ﬁl.-v)t (fml.-'u} gf 0.02 \\ 0.02
) . s e - & T i_-»
**Scaling functions for proxy susceptibility I 1 4P ~ 310 MeV.
(x) validates the estimate for the location - + ]

of the CEP and the (static) critical 0.00 Mt s b 0,00

1.0 1.5 20 025 050 075 1.00
A ihili i *% — o
xponents = compressibility diverges R (fm) VR (fmt)

Finite-Size Effects shifts ufto much lager values
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CEP estimate via Finite-Size-Finite-Time scaling Stoki‘c.et. al, Phys.Lett.B673:192-196,2009

1 I I I
For an isothermal change ool nglueg —
VdP = Ndu From partition function ol [ T
N(ayj V(ap) 1 one obtains al |
Whor  Moa || 1 (aN)) (NN
(N)LoBu ) (N) Ty et
4 (N) C, A =08
T 5 > —C— 0.4l : - WTCEP |
<N >_<N> 2 05 1 15 ' 2
T,
» At the CEP the inverse compressibility = 0
» Scaling properties of fluctuations data can be leveraged.
RL - arXiv:1606.08071
L v 00-05%
T ~165 MeV, 15 ~ 95 MeV (V — ) LS| Au+Au@RHIC Ta l020% 115
178 I *  20-30%
ce R | - & 30-40%
Use TP, py*, and vin , o 050
. . . - . L Y& N i
conjunction with Finite-Size- g HOrTE R Yl bedd 5 EE 10 o
Finite-Time scaling to obtain SR %)
Scaling Function for Cl/C2 05 + 105
§ %
[ s s ,
0.0 =——~"— ' —_— ! 10,0
-0.4 -0.2 00 -5 OLl’“t 5 10
Ll/v tT (fmllv) Hp
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http://arxiv.org/abs/arXiv:1606.08071

Jianqg et al., arXiv:1611.04586

Anomalous Transport in the QGP |

Chiral Magnetic Effect ;

Electric Chiral Magnetic _
Current Conductivity E

lo.2

Chiral Chemical
potential _5

x (fm) x (fm)

FIG. 1. Comparison of the evolution of the densities (ng, ny )
C,= Q2 /(472-2) for nght-handed (left panel) and left-handed (right panel) u-
Havor quarks at v = 3.00fm/c for a nonzero B field along the
positive y-axis (Le. perpendicular to the reaction plane). The
Kharzeev figures, which show results {rom Anomalous Viscous Flud
hep-ph/0406125 Dyvnamics (AVFD) calculations, are taken from Ref. [5].

The Chiral Magnetic Effect (CME) results from anomalous chiral transport of the
chiral fermions in the QGP, leading to the generation of an electric current
Jo along the magnetic field B generated in the collision:
- Leads to charge separation about the event plane

Charge separation leads to a dipole term in the azimuthal = JN*"
distribution of the produced charged hadrons: do

x [1 £ 20 sing + ..

Objective: identify & characterize this “dipole moment”
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- Gamma correlator & its Response

Ma, Zhang
03 10° Results from AMPT Phys.Lett. B700 (2011) 39-43
0.2 - Au+Au 200 GeV (10mb) i + ]
- l .____.--"' .
0.1 F . -
I | — 1
00k k E ; H"" ? ]
A0 Lo :
f;' 02} [ g %; o -
a,f _ B = g3l e -3 & ]
@B _ v VM ewdata D% L ]
v = —(aqag) +lc = 05L  10% o m I
i?\f _U. E -_ ?% . . A
: CL 5% A A
Input charge separation 07F 0% o e 7
I I 0.8 . 1 . 1 . 1 . 1 . 1 . 1 .
studied with AMPT h T T, = = o
% Most cetral
Huuu e glgdlalal] oSt ceta
Hdldldldld TOOOOO > The Gamma Correlator’s response is similar for
signal and background
switch the p, values of a v Background-driven correlations complicate
fraction of each set CME-driven signal extraction?
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Gamma correlator status quo & measurements

Local charge conservation is an especially important background

p 0.04

P, (GeVic)

0.03 |
K
-~ o002}
8
—
”t‘u" 0.01 }
..................... =
0
U2
v = _<acrlaﬂ> e N
0

—e— charge separation in Au+Au 200 GeV
+—e— background model

Schlichting, Pratt
Phys.Rev. C83 (2011) 014913

10 20 30 40 50 60 70
% centrality

» Background-driven correlations can account for a part,
or all of the observed charge separation signal?
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Gamma correlator status quo & measurements

J

Recent CMS measurements for p+Pb and Pb+Pb
at the LHC gives cause for pause!

Pb+Pb
B
[ 05
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o
_.. 2
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B ° 2
“9’—0_5
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‘] <5 PbPb
i“!nd— No
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Faq
o
b
T 1
L (b] oo
| L
107 10°
Noﬂline

trk

» The magnitudes of the scaled correlators for p+Pb and
Pb+Pb are not expected to be the same

-2 “Reduced” magnetic field strength for p+Pb?

-> Large dispersion of the B-field about ¥, in p+Pb
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p ~ B
Separating signal from Background . . :
€p gsig 9 Projected B-field ¥
_ _ _ 5 P.Tribedy QM2017
Techniques which can reliably suppress “-ig !
or separate background contributions = 4 =00, () o 1
from the desired CME-driven signal N E, K |
- underway (0 % A o
-.5-_'.- O<Wa<2nm Wae? L)
8 2t N /‘"‘ =2 ¥ U+U 193 GeV -
w , 0'10 %
Gamma correlator Measurements S| A
- 5 . m - Multiplicity binning #
focusgd on "‘clever” subtraction 2 i @ Spectator binning =
techniques 0 0.05 0.1 0.15
Ongoing strateqy < > Ellipticity e
= vary the background for a fixed signal . OMZEJS'I&
. . .ripeay
= vary the signal for fixed background STAR Usl 193 GoV '
=- Multiplicity binning
q—o =E= Spectator binning
"« 05 F  STAR Au+Au 200 GeV
S~ | "o Yoar 2007 (1302:3602)
. . —8— Year . ) -
> Data trend compatible with T | Year2011(0-1%)
expectation from projected B-field %= ”
D _____ Y. v 1 - _I - |_
0 0.01 0.02 0.03 0.04 0.05
€ >V, {2}
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Separating signal from Background

Complimentary approach:

v' Focus on new measurements with an “improved”
correlator which can distinguish between signal
and background

» A charge-sensitive in-event correlator is used to search for,
and characterize CME-driven charge separation
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- “New” Correlator

A Multi-yparticle charge-sensitive in-event correlator is used to
measure charge separation (4S) relative to the ¥, plane!

C (AS) NreallAS) N. N. Ajitanand, et al.,
plao) = Notaffied (AS) Phys. Rev. C 83, 011901(R) (2011).

The Numerator is the distribution over events, of the event-by-event averaged AS

_ Mo = — r. m
charged hadrons (h) iﬁinfﬂ;_] =9 : % sin( Ay _)

B
gedh 24
I S o)X gE
p=#h" u g.m ¥, plane

AS = (")~ (Si7)

!

Nehumed (AS) | > Random shuffling of [only] the charges within an event

Numerator - carries charge separation response
Denominator 2 carries the “null” or charge averaged response

A second multi-particle correlator C;(AS) is similarly constructed for ¥,+~/2 , for
which contributions from CME-driven charge asymmetry vanish.—

Background
The shape and magnitude of the correlator, ~Dominated

R(AS)=C,(AS)/C.(AS)
IS used to identify and characterize charge separation
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New Correlator Response Toy model with

. v Flow
R(AS)=C (AS)/C(AS) = No resonance decay
> Is “concave-shaped” for CME-driven charge v’ Charge separation (a,>0)
separation Lel
> Is flat or “convex-shaped” for all known non- ", (4S)
CME related backgrounds of interest 100 IO S |
v’ collective flow, = concave ——
v' momentum conservation, T e +H++.:*‘**
v" local charge conservation . i
sl v etc. ::
WG @/CEAS) - T
”:35_ . i | E hﬁ:m“‘m-ﬂi -0.2 AI}S 0.2 D4
2= .concave : | 8]
1.1:1?-#'- rdmomsmadanamess gamas e 1.08 ¢
12— m"“*_,;+m m+++*ﬂ+ 1.04 —ng_ (AS) e 7
u,mé G 103 F : |
"“E mcz:— Iﬂfif :
087" S (S
E |ttty g gty pdtgstegsstitity
i 3 1 |
D.EE; I-ﬂ!-l I I-ﬂI.EI — 1] — I[I.III I [I.III — mé_
Sprs Pl 3 L0 TR AS w;_
» “Concave-shaped” response for .3 |
Input charge separation validated ST R e
o e AS
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' New Correlator Response

AMPT model
R(AS)=C,(AS)/C_(AS) v" Flow
v' Resonance decay

> Is “concave-shaped” for CME-driven ‘
= Charge separation (a,=0)

charge separation
> Is flat or “convex-shaped” for all

known non-CME related backgrounds Gamma correlator Results from AMPT
x 107

102 - AMPTAutAu200GeV  Decay off A+ _ T " Same A |

' . 7<b <9 fm Decay on "o ] 0.2 - AMPT AutAu 200 GeV Opp &

Non-CME background

ity

L O S Y f !
2 :‘}éCP <I>4S+: 02 £ ]
= $

0.98 _% %‘ - : ‘1‘ :
I + {J | -0.4 [Non-CME background .

0 @

>®
B®

i i [ A @ PLB 700 39-43 (2011
0.96 L + ({; - 0.6 - 4 @ This work ) b
Hd w0z 0 07 04 A8b—e
AS 0O 10 20 30 40 50 60 70
> Non-CME convex-shaped background Centrality%o
validated » Gamma correlator’s response

contrasts with that for R(AS)
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New Correlator Response Toy model with

| . v Flow
R(AS)=C,(AS)/C,(AS) v Resonance decay
> |Is “concave-shaped” for CME-driven charge v Charge separation (a,>0)
separation =
> |s flat or “convex-shaped” for all known non- | IR AT — T :
CME related backgrounds of interest 1af o CORVEX. i
v’ collective flow, 1oz A T |
v/ momentum conservation, T .
v" local charge conservation m_ - | >
.Y etc. osf- -
i Cp(AS)/Cp(AS) . o 097 [ %
! | 096 | -
- concave oy
1,01 -7 _--_-_-_-_--_-_-_--_-_-_-I e . e AS
TR O Scune” “smviit il ECE@as) Lo
E wilpA5)- 4 onvex —
098 — 1.03 ! e P s e ot S Sty
0av :— 1,02 ; H ++“"".‘"+++ -
ﬂ.ﬂ'ﬂ::— 1m ++ ++
oas o4 2z o a2 oa ¢ ++ ' ++
AS 0.89 o ; T ; S
> “Concave-shaped” response o i
validates charge separation inputin " ~a '. | : .
e presence of sizeable background et ... .. ... ... I, Y
s AS
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' Signal Quantification

» Data driven simulation, which takes account of the respective
correlations due to anisotropic flow, resonance decays, local charge
conservation, etc., can be used to quantify the magnitudes of the charge
separation signals

0 Sampling distribution
N(A@) = N,[(1+ 2v, cos(2Ap) + 2v, coS(3A @) + 2V, COS(4A @) + Zaf“ sin(Ag)]

Vv, obtained from data Ap = @—W,

Strength of input charge separation signal

Q Constraints for

v" Relative abundance of resonances
v' Local charge conservation

v Etc.

» Anomalous Viscous Fluid Dynamics calculations
v Requisite set of constraints included

**Detailed extractions of a$® currently underway**
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f Signal Quantification & trends @

Charge separation amplitude Q '! % , 5 planes

Y, and W, correlated

Relation to Gamma Correlator

afh OCH-5§ — (ana3) x |§|2 = (B* cos(2(Vp—V2)))

ch
d;@} x [1£2 sing + ..
alch X 53

| U
7B = agag) + ¢ \7 System dependence
*_ ! J_' / T T T T T T T T T T T " ‘. T T T T
+Au . Wei-Tian, et al. |
B P S : 200 GeV AutAu [1201.5108] S |
| . . . | i CutAu [1411.2733]
X E —5— Au+Au 200 GeV 61 wraal EH
— Bg —o— p+Au 200 GeV i OO
O<Wo<2nm ~ 151 B e 4l fB 0 D i
¥ plane N B A Chatterjee, Tribedy & 7/ @ [9 [
' . 10 lm PRC 92, 011902 (2015) " N
Yp and ¥, m 5 D ® |
- = ] [ '
§ g “a
uncorrelated @ - a 0 b
O B
N O B
ol E L | L | | |
' ' o —— 0 4 8 12
100 200 300 400 b(fm)
N
part 7y cl/ Js

BOCx/g

- Little if any, dependence on +/s

> Characteristic /s, centrality and system dependence
Expected for “background-free” signal?
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Measurements  paga sets studied:

] Analysis
U+U 193 GeV

Au+Au 7.7 — 200 GeV //)h\\

Cu+Au 200 GeV
p+Au 200 GeV

STAR Detector Charged hadrons with 0.2 < p; < 2.0 GeV/c
used to construct ;

W, c (East) for particles with 0.1 <n <1.0
W, (West) for particles with =1.0 <n <-0.1

For p+Au, W, for the Au going side is used

Evaluate R(AS)=C_(AS)/C.(AS)
s for charged hadrons with 0.35 < pT < 2.0 GeV/c,

W, (West) for particles in the range 0.1 <n <1.0
W . (East) for particles in the range =1.0 <n <-0.1
v Avoids auto-correlations,
v Suppress possible short-range

non-flow correlations

Time-Projection Chamber
(used for this analysis)
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Results | System dependence Au+Au vs. p+Au CoII|S|ons

| 200 GeV  AutAu s
5 Au+Au _ (N )~ 30 ptAu
1.1 ] —>
v | | §] B
. ~»‘P lane (4 105 | \
| @ /2 P 1 2 - $\\\ 1 O<Wo<2m
T ‘ | N ] » plane
Y, and ¥, correlated j 1 ; \\\@\\l 1 |
. - 1 - ¢ \n\%{ﬁ::.\.ﬁ.\% g - Y, and ¥, ~ uncorrelated
oC
& Hs : STAR Preliminary
d'\,e"h | Y S S S S S S S S S SRS AR
P o [L £ 2a{" sing + .. 0.8  -04 0 04 08
AS

» In contrast, an essentially flat

» A decidedly “concave-
distribution for p+Au

shaped” distribution for

peripheral Au+Au collisions
+» Validates the absence of

v Indication for a CME-driven significant charge separation
charge separation contribution signal in these collisions
in these collisions v “reduced magnetic field strength”

v random B-field orientations

Roy A. Lacey, Phases of QCD, Fudan University, Aug 17, 2017 19




Ve

Results \/sNN dependence Au+Au CoII|S|onls

AutAu - ]

" (a) 30-50% To) o ey ]
1 08} 200 GeV 1 39 Ge ]
P 8 1 %‘ ﬁ* z
ch 5 1.04F + .
x j158 : - |
. 7 - - } R i 1 5
AN+ TR T S AR Brelninan. e
pr x [1+ 20 sing + .. = PSR . T | _.
P T 27 GeV T 19.5 GeV
1.08 T ]
v a$t quantifies the : X
magnltude of the signal 1.041 T .
N i 0 o i T B ]
7T oC 1/\/§ l E' """""" u-n"l-'.-IJ"------------{*--------!-'-nr-r'.-r'-!---------*:
B S bl |_| [ TR N N N R N TR N AN TR TR N o w B |_| S TR N (TR T ST EN S T N
s 04 0 04 g 04 0 04
- i i i i q'-._' 20 T T T T T
> Concave shaped dlstnbutlens yalldate £ _ o AiAu 20 Gav
CME-driven charge separation in Au+Au = 5l ;‘ " —&— p+Au 200 GeV
collisions at each beam energy o B m  Chatterjee, Tribedy
: . . . . . 10 lm PRC 92, 011902 (2015)
v Signal variation consistent with expectation o 8
)
. : N z |8 nm
> Indications for weak +/s dependence of the @ o
. . (&)
charge separation signal! %o L’ . .  Fopw
e 0 100 200 300 400
Npar’c
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Results Centrality dependence — Au+Au @ Sy = 39 GeV

| L@ %8(230;{0 e o ) 20-30% To 30-40% |
L L .
N |
ﬂ | {mmamaamn L L LLEEE TP e mEmEEEE " ) L] gy g m———- -
~—’ e e e
) as | (L@ o 4050% () ~  50-60% ® - 60-70%
C = AT T T 7
a o usB - T STAR Preliminary 7
d\.fh k # 1 1 |
pr x [1 2 sing +..] - o o 1 Ii IEE-I &
@ [ — n.'....‘.'.n. ......... H.......n.....‘.......'...n ........ TN I S—
IR R R P T S TR T RN NSRS ST SR N T
h guantifies the -0.4 0 [) 4 -0 4 AOS 0 4 -04 0 0.4
magnitude of the signal WeiTjan et. Al. Phys Rev. C85 (2012) 044907
s ——B
“ Indications for a CME-driven ak gpBelBil wree By
charge separation = 45_'*"51" R
. . . = 3
contribution across centrality < 3f - E
<5 AutAu, Vs =200GeV]
< More detailed a$" extractions N 1 oy _
underway N A ey
0 2 4 6 8 10 12 14

b(fm}
> Centrality dependence of a$" expected to follow the

trend of the magnetic field
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| Results | Centrality dependence — Au+Au @ /syy= 200 GeV

f@ T 020% T®) "7 20300 T© ™77 304400
Data &=l |

1.1+ 200 GeV

%)
N PO R A o
X (d) 40-50% @) | 50-60% (D) 60-70%
h 5 1.1r +. STAR Preliminary .+ -
aic o< s B I }{ I{ { yi'
AN b 8 ® by it s §
— o[l + 20" sing + .| ' . . D s | ® z
% o I OO L S R B RN R AT
-0.4 0 0.4 -0.4 0 0.4 -0.4 0 0.4
- - AS
v" Indications for a CME- o f
. . r ¢ AutAu @ 200 GeV PN
driven charge separation N L]
contribution across < | L ] rocl/+fs
centrality i . 3 Boc/s
2 :_ L4 7
v' More detailed a§" | L
. 1
extractions underway L
OL. e .
; 2 4 6 8 10 12 14 16
b (fm)

» Similar centrality dependent charge separation
pattern expected for /s = 200 GeV?
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Results

Centrallty dependence Cu+Au @ ,/sN 200 GeV

C@@) T 0020% T®) " 20300 Ty C30-40%
11F EQOE oV Data 8- | | ]
L utAun 1 1 i
b o ¢ $ z 3
N o T . .
d 1 ‘W"' """ e
ch . K o L (d) 40-50% +(e) - 50-60% () 60-70%
a xpusB LIr T STAR Preliminary T |
dNe " % { it fl _
d@ x [1+20] sing + . _ iu II T D 3 3|
; ) [
! PN i . AT A A L. A AT
-04 0 04 -04 0 04 -U 4 0 04
v Indications for a CME- AS
drlven ch_arge separation | 200 GeV é,ﬁw[}gﬂgégiﬁ o
contribution across 6r Al 1=
: | © 0O
centrality 24l @[@fﬁmm
. S _
v' More detailed a$" T o ®
extractions underway N
0 4 8 12
b(fm)

» Similar magnitude and centrality dependence
expected for a§h for Cu+Au @ +/syy = 200 GeV?
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| Results | Centrality dependence — U+U @ +/syy = 193 GeV

L@ T 0:20% T® "7 20-30% Fo "7 " 30d00%
ll | 2%{:_ Se\r Data 8- | 1
~ s 3 1 & 4 1 Lok
v g 0 T T O i '
e A
& F@ T 00 T@ T sos 0 f® T T s00% ]
6‘1c:h ~ M.SB 11 - T STAR Preliminary T _
| BEEERE ]
dN¢ - ' T 1 & ¢
— o [1 42 sing +..] N 5 o T o . T 2, a
4 o . N A T YOk S s
-0.4 0 0.4 -0.4 0 04 -04 0 04
o AS
v Indications for a CME- P S =
driven charge separation : vrue
contribution across b gRee
AR - ]

centrality

v' More detailed a§"
extractions underway

b(fm)
» Similar centrality dependence but smaller

magnitudes for a§® for U + U?
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Near-term Horizon

9200 GeV  AutAu B
1l (N, )~ 30 p+Au o
gj“ 1.05 ®\\\

STAR Preliminary

-0.8 -0.4 0 0.4
AS

> p+A measurements used as an

important bench mark for identification
of CME-driven charge separation in

0.8

A(B)+A collisions 2 this work !!

|sobars
Future Run (2018)

96 96

- ¢ Au+Au @ 200 GeV 23
[ o Ru+Ru @200 GeV e O
4w Zr+Zr @200GeV ¢ O
o U @193GeV o o8 ® .
3 =g
]
’
2 gg
L
'r ®
§
Op. ® . . .
0 2 4 6 8 10 12 14 16
b (fm)

> Refined extractions of a§" - underway

» Further leveraging of the system dependence of
charge separation is planned for the near term

Roy A. Lacey, Phases of QCD, Fudan University, Aug 17, 2017 25



Summary

» New charge-sensitive correlator R_(AS) used to to perform charge separation
measurements for charged hadrons in p+Au and A(B)+A collisions

v This correlator gives distinct responses for CME-driven charge separation
and non-CME background

v well suited for identification and characterization of CME-driven charge
separation.

» For A(B)+A collisions, R,(AS) shows a characteristic concave shape,
indicative of a non-zero CME-driven charge separation signal.

v In contrast, the measurements for p+Au collisions show an approximately
flat distribution consistent with the “reduced” magnetic field strength and
random B-field orientations generated in these collisions.

» CME-driven charge separation signal obtained as a function of centrality
for several systems and beam energies.
v' The measured dependencies on centrality, system and +/s can
provide crucial insights on CME-driven charge separation
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End
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v' The scaling of these dependencies give access
to the CEP’s location, critical exponents and a
non-singular scaling function.

E~T-T| <L
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Interferometry as a susceptibility proxy

Hung, Shuryak, PRL. 75,4003 (95) The radii of the “fireball” encode
T. Csorgé. and B. Lorstad, PRC54 (1996) 1390-1403 space-time information for
Chapman, Scotto, Heinz, PRL.74.4400 (95) the reaction dynamics
Makhlin, Sinyukov, ZPC.239.69 (88)
R% = R o emission
side

m duration
1+ TT ,BTZ

) 1
2 < Co=—~—
R2 = R ge + B2 (A7)? ~
out m. . The divergence of the susceptibility k
L —= ,BT v’ “softens” the sound speed c,
T v' extends the emission duration
R2 ~ LZ_Z
—long m. '> (R?,,: - R%iqe) SENSItive to the k

Specific non-monotonic patterns expected as a function of \sy,
> A maximum for (R2,,, - R%.)
» A minimum for (Rgjge - Rinitia)/Riong
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