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o Models ; lattice QD cal culations at u =9 with
verging g uart mossefs Suaaes{‘:

3/' . laview N

! e Universality clags of

te QCD critical point w known. (LW é)

e Experiments, aud lattice calculations with
T#0, M 3D, needed to locate it.
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LOCATING THE CRITICAL POINT. ..

o either via lattice @(mlaﬁong
o 0T Via euwimml-al detection o(’-
its 5;8“"'“%
would add a point ad a line
+o ‘the M. QLD phace diagram.

An O’POI'*“N“‘Q o write a nrew
ghaphr in o any -Fu-l-ure Fort book en QCD.



LATTICE QD WITH T#0, M0, j /T WoT LARGE

® Ja30 > compler Euc lidean action

-> Sign problem
2 difbiculdy of standard monte carlo ~ expV

o Several lattice methode now n uUSE
reba on smllnoss o? /“Q/T :/43/37.

‘o contol Hee Sign problem
- reweighting (Fodor + Kat#)
— continug Stom imaginary M
(de Torcoard & Pilipsey , D'E/ia ¥ Lowherde)
- Taulor expansion of P radiud of conv ergence
(R8¢ Beleleld ; Govai ¥ Gupte)
Uncertainties stil dominated by sysfematics;
(different ‘ys&ma(-ks Lor difCerent methods,
but in dll coses ne ludes coarseness of
lattice spazcmg)
Steady progress;*crawling fow ands fhe
continuwm lime? "
o Several @ o4ps Lxp lotin Cal cu lationg at
Lixed N, inshed ot Jl. (deFoccrand
Keatochvilay Li 'Alcuudm $lin; .- )



LATTICE RES“LTS

o vie. reweighting (Fodor « Kats)
M, =360 240 Me Y

o Via continua fion Srom ime ginary M

( de Forcrand ¢ ?4;(;;:«)

o Vie. Cadius off convergen® of Taafor exponsion

Mo - 1.7 +.0% lbasi+Gupte)
Te(u=9)
>2 (rBC- ‘Bie/JOU)
M Shetistical exfors on(g.

=» clearly <Hill sydem-\-ics-&w'c
BuT, STILL, ONE LESSON:

~_______———-'
La-H-\ce Cal cu ations ?f'bviAe 5’(’!'0»3.

evidence thet | ut, > 20D MeV !
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HOW AL BXPER\MENTS LocATE

T CRTICAL PoINT?

@ At l‘-"gc {s , e SM“ M, ¢ollisions
equilibrate wel above tne cremsover,...

@ Decresse S n Steps, rvov'ma Steeteout
pomt ‘o larger and larger /o( -
@ Look for S'asm-hres:

8) OF Hvwe crifical point Heels. J.e
sig vactures o e '-'?-"3 wawelength
Slueduations occurting ony near @ .
Rise and then Ll as A increases.

b) Onset o Sig et ures o
nou-eq,u.'clibg‘tgm *luwpy* Linal shale
expected adter cooling twrough 4
Siret onder +ransiton . { Mighustin
Duwickr Paech Stockar; Randeup,

Loch Hejum fer Rard rp 3 o )
Eq: ev\o\‘\:usd evext -by - event Sluctuadions
r B



SEARLHING FoR THE CRITICAL

PolvT

Temperature (MeV)

Hadronic Gas
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Decrensing 6 : decresses T awd incresses M
at Which collision equilibrates, " landing
on e phase diagram .
= 1nCreases M a+ which +he
-l-raJ ectoty -Qo\\owd by +ne ceol! nq plaswa

(roSses the 4rangiHon ot Clossovel,

ToR: locaton of o \n -9\3. \'s Mmly.
‘Nuetrative — we dow't Lnow where @ 19 I_,
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PIC TRAJECTORIES
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FIG. 3: Lines of constant entropy per quark number versus g, /77 (left) and in physical units using 74 — 175 MeV to set the
scales (right). In the left hand fignre we show results obtained nsing a A" (full symbols) and 67 (open svmbols) order Taylor
expansion of the pressure. respectively. Data points correspond to S/Np = 300. 150, 90, 60, 15, 30 (from left to right). The
vertical lines indicate the corresponding ideal gas results, o, /T = 0.08, 0.16. 0.27. 0.41, 0.54 and 0.82 in decreasing order of
values for S/Ny;. For a detailed description of the right hand figure see the discussion given in the text.
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Wow LOow TO 60 7

Down Fo et [ should we look 7

o Up to what M can we loole ?

This quesHon should be answered
experimentally .

Need an effed “that 1S
o well-measured at {g=200 GeV
’ CXPec‘\'«l only \n ollisions that
do begin above the cressever

+eansHon
o expectd at lower JS, 4s lona as

collisions do bea‘m above crossover,

M.e. ek gMenching won'? do
since that can Hurn S due o

abeence of je'S |
Here ate +wo sussesh’onc....
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PARITY VIOLATING  Frug TUATIONS
Need SM min bles events per Vs

Yo measure. ($TAR R.U.R)
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So....
® Decreﬂse \ré— N $+¢P$

() Measure the V5 at which
= nq, SCa,l'ms o‘? \a
- parity violating $luctuations
( tharye Separaﬁon)

+urn o‘“‘,
@ Vou can only look Lot

S\sm-l-ufes o'? e doww +o, or
'Perhaps $|5H-ly below, “hat \\?



SIEVATURES OF THE (CRITIGAL PoIAT

Tn dhose collisions thet pass naar +ee

critiaal point as they tool, find long
wa.ve,\eu\sl-k occillations of a wmode ot S a
linear combination of @ (e Sluctuations

Couple o TT and PP) and barpn number.
Fuyii Outeniy Son Srephanoy

The lovsa.e\- Hae orrelation \evg‘\“ 3 3&5:
+he bigqer tne sigratures. |
Qisna‘m\‘es afe event -by- e.vew" Q'““‘""‘{“’"
o% gpcc‘\@‘c. obgervables , caleulable \1
Me sv«'l-\'u‘e n Herms o § . S ‘P\““"g‘:&'w“
oNory s by varying Js
o Search for e,nka.v\cewteu"' of these

S luetuations n & window in ﬂ',c‘e/A
® A“a_\asue Q'Q C\'.l +\ Cal OPQ‘QSCCMG

% Loaa wa\ Q_\cna'\'k -Q\uc:\-ud’ﬂous =» @QG‘&"’S
acekest o low Py .

Evawples ... .. Rut, Liest :



SIENATURES OF CRITICAL PoINT
o Decrea.s‘ms J-s' = Incf'easms /o(
. V”'& Js X ovd keuce/u) ard look

Jor L‘W\’M"m QN\f\mcemed’

(rise and then Lall) oF &

;') Even‘}-by- o.veld' ‘Sluc-l-ud'lons o‘?
mean Pr o) low Pr pions

1) Event- by - evert Jlustuations ot

wnd/of PproTons
V) Kurtosis oF the N ©F (%-“53

event-by- event

Jigtei buton




MEAN B OF Low % PlONS
Stepharov KR Skaraa.k(l‘MQ)

First exawple of & quarditative connection
between long wa.vdens'\'k Lluctuections of

Hee chiral order param eher with
cortrel action leud-ﬂn € and Maﬁn?-hde of

event- by - event L luctuations of an
exper mental observable.

D1eADVANTAGES:

o ESfect predictd 1
o Will ‘Sluc-l-ua.“’loﬂs wm Pr
labe Hwme hadronic 3%S °
qet washed out betwe
and |¢'m¢-(tc -Qfeeeeow"?

RESULT:
NAYQ has dore &
and cees no VS dependence ...
CERES hes done @ begutife! axalysis
and cees no VS dependence ...

not large Sor §=3Fw
curvive the

beautiful andysis
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EVENT- BY - BUELT ELULTUATIONS ©F MEAV Pr
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MEAN R FLULTUATIONS, vs. M
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POSSIBLE CONCLUS ONS

° u,> {70 e\ 7
o Pr Sluctuations washel out.

Predicted efhect was not lerg e, and
was suscepr’-ib/e o 'bgzy.j eradedl
alter chemical Sreepeout.

Look Yo event-by- evert

8 lue Hu ations oS other obServables
W ‘e predicted ofect
H-icd.l
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Tﬂ“‘fiaui ng ...
o Large event-by-event Fluctuattons in
K/T fabo at pu~ 35D-4s0 HeV
o Why only “intriguing "7
- error bars

- why no P/ sluc'l-uaﬁons?
-» ¥X/T ‘?luc(-uac\'ions a.ppa.ren-ﬂy

not domi ndred by low PT
pio NS

¢ used tws Sbservab l
de see how
able +o

b owlfh

asuC em e

&4 RMIC.

STAR he
as a Cose stdy
much Hhey would be
\mprove on Hig we
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NA49 : arXiv : 080K8.1237

¢ ONSR 1 EE 6.3 GeV
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' Non-Uniform acceptance for different particle species
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i

and for different beam energies in the same exper

imental sctup |\
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K/t FLLLTUATIONS wIT# A RHlc
REAM ENER&Y SCAN
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Fig. 3-7: Estimate of the error in o4y, for charge-
integrated K/rn fluctuations, based on 100K central

events analyzed in the STAR detector (with the newly
completed ToF). Shown for comparison are the
current measurements from NA49 and STAR.
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KWRTOS (S OF CUENT-BY-EVENT
DIStR)gutloN ofF (NET) PRorow MUMBER

Stephanov ; o dir ect ConseéqMmence of
discussions at Aua 260% INT workshep

Ceihical Sluctuations couple,-k nw , PP
-» eVeﬂ-by- e.wn-(- ‘?lw.“'ua.ﬁons 1A thelt
M “F‘\ P“CQI'H ¢$) MM("'\P“‘H” M’s) pf) |
y
doak are < §

Higher voments of the
Jistr butlons  receive o focts that

are mole sensitive to 48

evert-by-eveut

S kewness X ‘Sq"g

Kurtesis % ’51 !!‘I
The ngad'ovs work out pa.r{'lcu‘ar(y

neely Ser Lurtosis of proton

digri bution, but Shephanoy Makes
‘Pm&w\"\ous -Cor T < P> sluwuoss

lurTo €S .



DerINI TIONS :
N= # of ‘be'bns i an event

N = {<NY = Mméan
SN = N-N 1n an event

<(SN)"> = Variancé

(% 2 ey s ()" -3 <Y
VAl LLSNY

/

Kurtosis ~ ﬁ' variance ~ N

ﬁﬁn ettt ce QD li+erature, A, is

called Wulp, . Tt 1S cal el ated

{of N = baryenr nam bR |

AP

k<o k¥eo k™ o
Loc Goustian



EFFEcTr OF CRITICAL FLULTUATIONS

Stephanev

contours of
- "eq,u:‘!
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PROTON NUHRER KURTbHSIS

o Dredicted effect of proximity o @
s L‘L"QS.—,

¢ Meagured ’oacksrouu& ¢ net,

o Cavnot be washed out between
chemical and kinetic 'Qrcee-cou'f'

o STAR can méasure +s 0.l w i th
B win bias eveuts per enerdy
eTAR BUR.

® @alw(o:(-ions dowe -Sg(- ﬁ_goo ﬁnﬂ'eﬁ
tortecHons and ac ceptance corrections

ehill need to be ass essed . The
latter Should be mintmal for STAR.
® ?po'\-on nuw dec \Lur'\'O‘B}S s most
Sully ovdyged exaiup le so far, but
ana\ogous analyses Coh be dore for

pions also, and Coc other
moments . Maw Signatures will be

n Play $/when @ Jound.



A BEAM ENEREY SCAN To SEARLH FoR e

2 h S 1
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¥ :Scom Cleymans et al's 2006
ewpi cical £it to compilation o‘;- Ja'(n
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WHAT VEED BE MEASURED AT EAcH (&

¢ Enough <particle taticsy o evaluste u.
S Vou. knew whete on phase Ai“amm
You ate Jreeging out.

S na, SCa.l'mj o-? \l, Loc 11/\4/ p//\

pacity Violating £ luctuations

Se you knrow w hether collision 8a'|'
shove the crossover/fraasifion

o Cveyt-by- event S luctuations of k/m and

‘P)‘n’ ra\'\os u:'r\'KS'cjni‘?icM'l'ly gmaller
VAY]Q data

Np, Ne~M5 )
o All can be done with 5M min blas
e vents per 5. staR BUEK



Collision Energies (GeV) 5 7.7 11,5 17.3 27 39
Section Observables Millions of Events Needed 5‘
Al vz (up to ~1.5 GeV/c) 0.3 0.2 0.1 0.1 0.1 0.1
Al vy 0.5 0.5 0.5 0.5 0.5 0.5
A2 Azimuthally sensitive HBT 4 4 3.5 3.5 3 3
A3 PID fluctuations (K/mx) 1 1 1 al i 1
A3 net-proton kurtosis 5 5 5 5 5 5
A3 differential corr & fluct vs. centrality 4 5 5 5 5 5
A3 integrated py fluct (T fluct)
B1 ng scaling w/K/p/A (mm—mg)/n<2GeV 6 5 5 4.5 4.5
B1 $/Q up to pr/ng,=2 GeV/c 56 25 18 13 12
B2 Rep up to py ~4.5 GeV/c (at 17.3)

5.5 (at 27) & 6 GeV/c (at 39) 15 = 33 24
B3 untriggered ridge correlations 27 13
B4 parity violation 5 5
See[1]: charge-photon fluctuations {(DCC) 1 1 1 1 1 i

kink/step/horn 0.1 0.1 0.1 0.1 0.1 0.1

v> fluctuations 0.5 0.5 0.5 0.5 0.5 0.5

HBT (R, Ro/Rs) 0.8 0.8 0.5 0.5 0.5 0.5

Jet/ridge 2<trig<4, l<assoc<trig 30 8.8 4.5

Jet/ridge 3<trig<6, 1.5<assoc<trig 53 24

Baryon-Strangeness cor (hypernuc) 50

Forward = yield (rapidity scaling)

Forw. y(x°) yield (rapidity scaling)

Long-range forward-backward corr.

Other PID fluctuations (esp. K/p)

Particle ratios (many examples)

prspectra

Prod. of light nuclei & antinuclei

Yields of species & stat model fits

Table 3-2: Observables and statistics needed for the first BES run. The observables in the yellow-shaded area
relate to the search for a phase transition or critical point (see section A), while observables in the blue-shaded area
search for turn-off of new phenomena already established at higher RHIC energies (see section B). The numbers
listed in boldface above are all within reach (nominally require no more than 1.5 times the praposed statistics) in the
first BES run plan as set out in Table 3-1. The remaining numbers (not boldface) will need to wait for higher
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