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Expectations

QGP

confined

Color superconductor

H
To be checked by lattice QCD simulations
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The difficulty: “sign” problem

Ys-hermiticity:
Ys(ig' +m  )ys= (=i +m )=(ip +m )
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Simulations at finite | e am  The sign problem  Nu

The difficulty: “sign” problem

Ys-hermiticity:
Ys(ip +m  Jys=(-ig +m )=(p +m )
BUTYs (i +m-+Hyo)Ys = (—ip +m—Hyo) = (i’ +m—Hyo)*

| detdy (1) =det' iy (—p |

det complex when L 0

Z(W) = [DU e S dethN'Y (W) — no Monte Carlo
Zyc =...|det| or det(p=0) or...
Z(W)/Zyc ~ exp(—VOF (1)) — exponential in V

= small 4

Ask SIMPLE questions: (ie. derivatives at L= 0)
- physically relevant: RHIC
- can address fundamental issue in phase diagram
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Simulations at U= 0
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‘Simulations at [l # 0
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Numerical approaches
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. ;’HHH quark—gluon plasmaj

I. Reweighting in (W, 3) from (u=0,¢) s O f mﬂ ]
< tMFodor & Katz ‘f’mo 5 HHE endpoint ]

z (uv B) = <ex(;)zri([;cggg )de(taM (l(luz)o) >ZMC (H: 0, BC) g hadronic phase B*\ g
150 -

PRI BT BRI R EETE S
0 200 400 600 800 1000
ug (MeV)

Statistical errors under control ?
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Numerical approaches
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Numerical approaches

p—
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Statistical errors under control ? Overlap problem
Fish and Chips
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Numerical approaches

p—

I. Reweighting in (W, B) from (=0, ) Simf Hmﬂ ]
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Z (u’ B) - <6Xp(p780593 detM(uu:O) >ZMC (u: 07 BC) E hadronic phase @\ E
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Statistical errors under control ? Overlap problem
Fish and Chips — Pysgod a Sgoldion
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Numerical approaches

LN L L L B

quark—gluon plasma:
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Numerical approaches

LN L L L B
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la. Same, Taylor-expanded (larger volumes, Eg 1)
Bielefeld-Swansea |
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The phase diagram The sign problem Numerical Methods

la. Same, Taylor-expanded (larger volumes, Eg 1)
Bielefeld-Swansea |
Ib. Reweighting + density of states
Z = [dx [ DUexp(—PSy)detM(1)d(P —x)
increase statistics as needed for each x — larger [, lower T
Takaishi; Fodor, Katz & Schmidt
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la. Same, Taylor-expanded (larger volumes, Eg 1)
Bielefeld-Swansea |

Ib. Reweighting + density of states

Z = [dx [ DUexp(—PSy)detM(1)d(P —x)

increase statistics as needed for each x — larger [, lower T
Takaishi; Fodor, Katz & Schmidt

Il. Susceptibilities at U= 0

MILC, .., TARO, Bielefeld-Swansea I, Gavai & Gupta

A few derivatives (max. 4); convergence?

Choose mg, look for non-analyticity at critical point ?
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la. Same, Taylor-expanded (larger volumes, Eg 1)
Bielefeld-Swansea |

Ib. Reweighting + density of states

Z = [dx [ DUexp(—PSy)detM(1)d(P —x)

increase statistics as needed for each x — larger [, lower T
Takaishi; Fodor, Katz & Schmidt

Il. Susceptibilities at U= 0

MILC, .., TARO, Bielefeld-Swansea I, Gavai & Gupta

A few derivatives (max. 4); convergence?

Choose mg, look for non-analyticity at critical point ?

lIl. Imaginary L+ analytic continuation

PdF & OP, D’Elia & Lombardo, Giudice & Papa, Chen & Luo, Azcaoiti et al.
Independent simulations at various L= il # 0

Fit with truncated Taylor series, then change Y2 — — ¥

Systematic errors ?
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Imaginary chemical potential: systematic errors?

e Can [must] check effect of higher Taylor terms on fit
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e Can [must] check effect of higher Taylor terms on fit

e |4 range limited by Z3 transition at [y = %

Zg transition
— /7

deconfined deconfined

T \

confined

H 3
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The pha agram  The sign problem Numerical Methods

Simulations at finite |t

Imaginary chemical potential: systematic errors?

e Can [must] check effect of higher Taylor terms on fit
e | range limited by Z3 transition at |y = %

5.10

Z3 transition
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. - ] 4.90
confined 4 B5
) 1.0 1.1 1.2 1.3
m w3 u

Ph. de Forcrand LQCD@finite p



Simulations at finite |t The phase diagram The sign problem Numerical Methods

Illa. Canonical ensemble
Hasenfratz & Toussaint; Alford et al.; Alexandru et al.; PdF & Kratochvila
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Simulations at finite |t The phase diagram The sign problem Numerical Methods

Illa. Canonical ensemble
Hasenfratz & Toussaint; Alford et al.; Alexandru et al.; PdF & Kratochvila

IV. Different, sign pb.-free theories: isospin U=, = —lg Kogut & Sinclair
phases of determinants cancel: Z = [ DU |detM (W)|Ne™Ss — “phase-quenched”
similar physics to |y <= small phase fluctuations of det

N;=2 QCD at finite isospin density

Te b~ quark—gluon
AN N plasma
N2
N
NO?
I Frd -
2 — |
hadronic pion
matter superfluid
My My
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Simulations at finite |t The phase diagram The sign problem Numerical Methods

Illa. Canonical ensemble
Hasenfratz & Toussaint; Alford et al.; Alexandru et al.; PdF & Kratochvila
IV. Different, sign pb.-free theories: isospin U=, = —lg Kogut & Sinclair
phases of determinants cancel: Z = [ DU |detM (W)|Ne S — “phase-quenched”
similar physics to |y <= small phase fluctuations of det

N;=2 QCD at finite isospin density

12
Te b~ quark—gluon
N plasma 11+
N9
N
N7 o1t
= Pl o F
2 — |
. . 09
hadronic pion
matter superfluid
08
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0 05 2 /1 15 2
My My wm,

Sign problem severe (intractable?) when g > my/2  Splittorff
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Results Transition temperature T (M) Critical point Ny =2 Asking a simple

Transition temperature vs

~ d?T
All methods = agree for G [u—o!

0.98F e T 3
0.96F T
0.94f

0.92[ ]

0.9 1

Te(W) _
Wio) = 1_C(T[LT)2 + ..

¢ = 0.500(67),0.602(9),0.932(97) for Ny = 2,3,4 ~ N¢ Toublan
¢ insensitive to mq if mg < TIT
Higher derivatives must bend the curve down ([ < 670 MeV at T = 0)
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Results Transition temperature T (M) Critical point Ny =2 Asking a simple

On to the critical point

o Taylor expansion of pressure: % =Y noCon (T)(?“)2

radius of convergence = distance to nearest singularity

1/2n 1/2

Co .
, p,r = lim pn,m
n—oo

C2n

C2n

) M =

eg. pPn=

Con+2

if singularity on real axis (asymptotically all coeffs. > 0) — critical point
5

4 o
o
3
E o]
o
=2
o m
1 un}
0 4 5 © 4 8
n

Gaval & Gupta: p, on 8%,24% (m/T =0.1) — 5 /T =1.1+0.2
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if singularity on real axis (asymptotically all coeffs. > 0) — critical point
5 T T T T
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3 osk l ] 4
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f ]
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n TIT

Gaval & Gupta: p, on 8%,24% (m/T =0.1) — 5 /T =1.1+0.2
Bielefeld-Swansea: Hadron Resonance Gas ok for T < T, (m/T = 0.4)
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Results Transition temperature T (M) Critical point Ny =2 Asking a simple

On to the critical point

o Taylor expansion of pressure: % =Y noCon (T)(?“)2

radius of convergence = distance to nearest singularity

1/2n 1/2

Co .
, p,r = lim pp,m
n—oo

C2n

C2n

) M =

eg. pPn=

Can+2

if singularity on real axis (asymptotically all coeffs. > 0) — critical point
5 T T T T

1 o cle, A
4 ) | ? 3 5 ¢Jc,
0] o
3 05~ g
E [} T l
[os] l l 3
£ °e o a e
o T g ©
1 o o % E
f ]
0 | L L L
4 5 [S) 4 8 08 1 12 14
n TIT,

Gaval & Gupta: p, on 8%,24% (m/T =0.1) — kS /T =1.1+0.2
Bielefeld-Swansea: Hadron Resonance Gas ok for T < T, (m/T = 0.4)
N¢ = 2 interesting but [too] difficult: expect success only if [ “small”
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Phase diagram vs (my g, ms),

Real world ——

1rst

crossover mg

X

1rst order

mu,d
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Phase diagram vs (my g, ms),
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Real world ——
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Results Transition temperature T (M) Critical point Nf =2 Asking a simple

Phase diagram vs (my g,ms), T and [

Real world ——

H N=3 ——

QCD critical point DISAPPEARED
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Results Transition temperature T (M) Critical point Nf =2 Asking a simple

(1, T) phase diagram: vary mq in Ny = 3 theory

Conventional wisdom

QGP

confined

Color superconductor

u
How does the phase diagram change as m, increases from 0 ?
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(1, T) phase diagram: vary mq in Ny = 3 theory

Conventional wisdom

m < mg(0)

QGP

IC;,
= T —
///////
confined ( -
‘\‘ Color superconductor
[
Normal
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Results Transition temperature  T¢(H) C al point Ny =2 Asking a simple

(1, T) phase diagram: vary mq in Ny = 3 theory

Conventional wisdom

m > m¢(0)

QGP

TC
= —
—
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/////,/
confined \//
\ Color superconductor
[
Normal
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(1, T) phase diagram: vary mq in Ny = 3 theory

Results

Trans

on temperature

Te (M)

©

al point Ny =2 Asking a simple

Conventional wisdom

m >>m(0)
QGP
TC
///////
confined -
| Color superconductor
[
Normal
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Results

(1, T) phase diagram: vary mq in N

Transition temperature

= 3 theory

Te(p) C

al point Ny =2 Asking a simple

Exotic scenario

m<<<mg0)
QGP
&\7
\\\\
confined T
Color superconductor

u

Exotic
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(1, T) phase diagram: vary mq in Ny = 3 theory

Exotic scenario
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Exotic scenario

m < mg(0)
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3 theory

al point Ny =2 Asking a simple

Exotic scenario

confined

QGP

m = m(0)
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Results

(1, T) phase diagram: vary mq in N

Conventional wisdom

Transition temperature

Te(p) C al

3 theory

Exotic scenario

point Nf =2 Asking a simple

m < mg(0) m<<<mg0)
QGP QGP
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T T—— - T
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///////// - —
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Results

Conventional wisdom

Transition temperature

= 3 theory

Te(p) C

al point Ny =2 Asking a simple

Exotic scenario

m < mg(0) m < <mg(0)
QGP QGP
Me Ic\

o \\\\
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‘\‘ Color superconductor Color superconductor
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Conventional wisdom

Transition temperature
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Te(p) C

al point Ny =2 Asking a simple

Exotic scenario

m < mg(0) m < mg(0)
QGP QGP
IL, [
— - J\' ‘
///////// - —
confined y - confined 7
‘\‘ Color superconductor Color superconductor
u u
Normal Exotic

Ph. de Forcrand

LQCD@finite i



Results Transition temperature  T¢(H) C al point Ny =2 Asking a simple

(1, T) phase diagram: vary mq in Ny = 3 theory

Conventional wisdom Exotic scenario
m = m(0) m =mg(0)
QGP QGP
T, [Te
T Y
/////// - i
confined " confined T
‘\‘ Color superconductor Color superconductor
u u
Normal Exotic
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Results Transition temperature  T¢(H) C al point Ny =2 Asking a simple

(1, T) phase diagram: vary mq in Ny = 3 theory

Conventional wisdom Exotic scenario
m > m(0) m>mc(0)
QGP QGP
TC TC
= — -
—
\\
/////// - i
confined ‘ol confined "
\ Color superconductor Color superconductor
u u
Normal Exotic
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Results

Transition temperature

Te(p) C al point Ny =2 Asking a simple

= 3 theory

Conventional wisdom

Exotic scenario
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Results

Transitio

temperature Tc¢(M) C al point Ny =2 Asking a simple

(1, T) phase diagram: vary mq in Ny = 3 theory

Conventional wisdom

Exotic scenario

m>>>m0) m > mg(0)
QGP QGP
Te [T,
///////// - —
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| Color superconductor Color superconductor
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Results Transition temperature  Tc(p) Critical point Ny =2 Asking a simple

Can there be no QCD critical point?

C a
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Results Transition temperature T (M) Critical point Nf =2 Asking a simple

Can there be no QCD critical point?

dme (i
d

e The answer is in the sign of (pz)) =0

Normal Exotic

Real world

Real world

crossover 5> o

dmc dme
tT(u(ZL)l) lu=0 >0 t;n(u(;;) lu=o <0
1"t order region expands 1"t order region shrinks

e First must tune quark mass to m¢ (JL= 0).
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Results

Transition temperature  T¢ (M) Critical point Ny =2 Asking a simple

Heavy quarks at finite density: Potts model

Static dense QCD

Simplify gauge action to g = 3 Potts:
H = —KY ) 0(0i,0)) +h ®+h_o

Stamatescu; Blum, Hetrick, Toussaint

Heavy quarks: (M, )-dependent external field on Polyakov lines

0i € Z3; ®=Y;0;;he =exp(—B(M £ 1))

MIT

Karsch & Stickan: h.. = h_

L first ofder transition i
. o M ]
GO Trom T
GO from I
-~ M_infinity limit
crpssover
L P I R N B
3 -2 0 1 2 3 4 5

h =0 — 1"t-order PT, weakening when h # 0 — 2"-order endpoint

Alford etal.: h_ =0

M SHRINKS 1rst-order region

| Analytic continuation ok
] Kimetal., LATO5
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Results Transition temperature  T¢ (M) Critical point Ny =2 Asking a simple

Light quarks, Ns = 3

Real world ——

H N=3 ——

QCD critical point DISAPPEARED
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Results ansition temper 3 Critical po N =2 king a simple

Mc Versus

Enabling technology: RHMC versus R-algorithm

18

175

RHMC mu;=0.0 —e—

RHMC mu;=0.2 —s—

ising

0.02 0.025 0.03 0.035 0.04
(am+A@mu)?
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Results ansition temper 3 Critical po N =2 king a simple

Mc Versus

Enabling technology: RHMC versus R-algorithm

18

18

175

RHMC mu;=0.0 —o— [
RHMC muj=0.2 —e— 145 ﬂ
ising
0.02 0.025 003 0.035 004 " o002 0.025 0.03 0.035 004
(am+A@mu)?) (am+A@mu)?

ising
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Results

Mc Versus

Transition temperature

Te (M)

Critical point Ny =2 Asking a simple

Enabling technology: RHMC versus
18 18
1.75 1.75
17 % 17
165 }} 165
& 16 i ' & 16
1.55 ] 1.55 '
15 % 15 H
145 RHMEMIZ0S = 145 I
14 X X . . lsing : 14 ) .
0.02 0.025 0.03 0.035 0.04 0.02 0.025
(am+A@mu)?)
20% shift in (amc) (= 0)!
(Me/Te) (W) me(W) _

(mc/T¢)(K=0)
L SHRINKS 1™t order region again?

=1+40.07(30) (3 )% —

R-algorithm

Ta mu=0 ——
amu=0.10
amu=0.15
amu=0.20

]

__ising

0.03

0.035 0.04

(am+A@mu)?)

me (H=0)

1-0.53(31) (5 )?
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Results ans temperature Tc (M) Critical point Ny =2 Asking a simple

No critical endpoint?

me(l)  _ 1-0.53(31)(5%)?

me (H=0)
less than 2 0 from zero; coarse lattice a ~ 0.3 fm

If critical point (T, ), He extremely sensitive to quark masses
fine tuning??

Real world ——

crossover TIe> o
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Is the future canonical? Simulation method ~ Canoni

Canonical formalism on the lattice

- .

Zc(B) = 5 JTnd (i) @7 Zoc(u=1M)
The dependency on | is in detM (Uil ) only!
Strategy: sample Zgc (i) at some fixed py = [,

Zc(B) - . sl _
Zoc (M) zGc(liuo) Jdue=SslVldet(u,ip,) x 7%{([}7%)%[]11@ () e73B7 det(u,ip)

_izgh )
= <det(U1,i|,l40) %{ffnd (%) e 18T det(U7|M)>[3,iM0

Fourier transform each determinant — work ~ L x Ly
Hasenfratz & Toussaint

Ph. de Forcrand LQCD@finite i



Is the future canonical? Simulation method  Canonical vs grand canonical

From canonical to grand canonical
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Is the future canonical? Simulatior

From canonical to grand canonical
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Is the future canonical? Simulation method  Canonical vs grand canonical

From canonical to grand canonical

Setup: 6°x4, a ~ 0.3 fm, N; = 4 KS fermions, my; ~ 350 MeV
= lrst-order transition expected for all 4

Ph. de Forcrand LQCD@finite i



Is the future canonical? Simulation method  Canonical vs grand canonical Res

30 T

25 ¢

20 r

15

Baryon number
p/T3

10

ST, =092
Jacity expansion ——<—

O peoo? ) | |
0 0.5 1 15 2

1
S P N W A 01O N @
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Is the future canonical? Simulation method Canonical vs grand canonical Results  Ma:

WB) _ F(B)-F(B—1)

T 3T
p/T3
0 1 2 3 4 5 6 7 8
2 . . . . : : : : ‘
15 1
}_

. ERE 1
conlned\ 05 r 7

Weakly interacting massless gas

O L L L L L
0 5 10 15 20 25 30

Baryon number

) 3
B~ 2byc, () + 4bscs (£)” — b, =0.92(1),by = 2.18(1)
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Is the future canonical?

Simulation method ~ Canonical

Quarks interact weakly in the QGP ?

Ap/T4

T T
1 o ¢jlc,
I o ¢Jc,
s ?@
05 o -
1,
T °e o a g
0 T g T
f !
i | % | L1
08 1 12
TIT

Bielefeld-Swansea

| e
08 ”W
Cof ]
Sosf ¢ ;
~ Lo ]
5 I ]
o4 f § ]
0‘2:—!’ -
1 15 2 25 3

/T,

Ph. de Forcrand
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Is the future canonical? Simulation method ~ Canonic jrand canonical Results  Max

Low density phase consistent with Hadron Resonance Gas

p/T3
0 1 2 3 4 5 6 7 8
2 . . . . . : : : |
15 ) . 1
/{'f Jif Iz .
{j ES
£ 11 y/{ { ]
- = T/T,=0.89 ——
E

conlned\ 05 ’ 7

Weakly interacting massless gas

0 I ‘ ‘ Hadron‘ Resonance Gas ‘

0 5 10 15 20 25 30
Baryon number

B = 3F (T)sinh & — F(T) = 0.070(6)
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Is the future canonical? Simulation method Canonical vs grand canonical Results  Ma:

Low density phase consistent with Hadron Resonance Gas

p/T3
0 1 2 3 4 5 6 7 8
2 . . . : : : : : |
15 > e 1
/;'%’JE{;I{ 2
£ 1t il i
- = Iy . T/T,=0.89 ——
N g TM=0.92 ——
% T/TC =0.95 —x—
lconfined 0.5 H ToB T/TC =098 —s— A
P ‘@
| Weakly interacting massless gas ———
0 I ‘ ‘ Hadron‘ Resonance Gas o

0 5 10 15 20 25 30
Baryon number
Good accuracy up to ?“ ~ 2; fluctuations in transition region physical
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Is the future canonical? Simulation method Canonical vs grand canonical Results

Maxwell Construction

pIT®
0 1 2 3 4 5
14 + pr
12
§ 1}
0.8
T/T.=0.92 ——
0.6 . . 1
‘ WeaKkly interacting massless gas ‘

0 2 4 6 8 10 12 14 16
Baryon number
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Is the future canonical? Simulation method Canonical vs grand canonical Results

Maxwell Construction

p/T3

0 1 2 3 4 5
14 3
12+ 1

i A
3 1 1
0.8 r ]

TIT,=0.92 r——
0.6 WT=1.06(2) —— |
‘ Weakly interacting massless gas

0 2 4 6 8 10 12 14 16
Baryon number

1 &1 dp(f'(p) — W) =0 — f(po) = f(p1), ie. phase transition
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Is the future canonical? Simulation method Canonical vs grand canonical Results

Maxwell Construction

p/T3
0 1 2 3 4 5
14| Po P1
12+
-
— ~
ERE
0.8 r
TIT,=0.92 r——
0.6 WT=1.06(2) ——
‘ Weakly interacting massless gas

0 2 4 6 8 10 12 14 16
Baryon number

1 &1 dp(f'(p) — W) =0 — f(po) = f(p1), ie. phase transition

Ph. de Forcrand LQCD@finite i



Is the future canonical? Simulation method Canonical vs grand canonical Results Max

Phase Diagram T —p

QGP

0.95

(8]

= 0.9 1
'_

co-existence
0.85 | ;‘ ]
—_—
confined ‘\‘
08 L L L L ‘ L 1
0 0.5 1 1.5 2

p= B/fm®

Compare P with nuclear density 0.17 /fm?
QGP with free massless gas Ansatz: — Po(T ~ 0) ~ p1(T ~ 0)
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Is the future canonical?

ap
0 0.1 0.2 0.3 0.4 0.5
5.06 T T T T T
5.04 £o%ok s i <sign>~085(1) QGP 110
5.02 - . Rox " X
5| ] . sign> ~ 0.45(5) 1 0.95
L B i -
432 %%i(_{% % <sign>~0.1(1) | 0.90
4. r - Hi){_{ ¥ ¥
« 494r _ {085 ¥
492 +  confined A =
49 1 Fa w 1 0.80
4.88 3 )
L Azcoiti etal., 85 ——
4.86 Fodor, Katz, G; —— 40.75
4.84 - Our reweighting, 6, ——
4.82 | This work, 67 —*—
4.8 L L 8 0.70
0 0.5 1 1.5 2

Wt

i) reweighting becomes unreliable
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Is the future canonical?

ap
0 0.1 0.2 0.3 0.4 0.5
5.06 T T T T T
5.04 £o%ok s i <sign>~085(1) QGP 110
5.02 - . Rox " X
5| ] . sign> ~ 0.45(5) 1 0.95
L B i -
432 %%i(_{% % <sign>~0.1(1) | 0.90
4. r - Hi){_{ ¥ ¥
« 494r _ {085 ¥
492 +  confined A =
49 1 Fa w 1 0.80
4.88 3 )
L Azcoiti etal., 85 ——
4.86 Fodor, Katz, G; —— 40.75
4.84 - Our reweighting, 6, ——
4.82 | This work, 67 —*—
4.8 L L 8 0.70
0 0.5 1 1.5 2

Wt

i) systematic error of analytic continuation not studied at f“ >1
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Is the future canonical?

ap Kawamoto, priv comm.
0 0.1 0.2 0.4 0.5
5.06 T T T T T
5.04 Fomok s i <sign>~085(1) QGP 110
5.02 - . Rox " X
5| ] . sign> ~ 0.45(5) 1 0.95
L - B i -
432 %%i(_{% % <5|%n> 01(1) | 0.90
4, r - ‘ Hi){_{ b3 -
« 494r _ . {085 ¥
492 +  confined A =
49 1 Fa w {0.80
4.88 2 )
L Azcoiti et al., 85 ——
4.86 Fodor, Katz, G; —— 410.75
4.84 - Our reweighting, 6, ——
4.82 | This work, 67 ——
4.8 L L L ' 8 0.70
0.5 1 1.5 2
wT

iii) Bc(a 1) must bend down to match expectations at 3 = 0
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Is the future canonical?

a
H my/2 Kawamoto, priv comm.
0. 0.4

0 0.1 0.2 0.5
5.06 T T T T T
5.04 Fomok s i <sign>~085(1) QGP 110
5.02 - . Rox " X
5| ] . sign> ~ 0.45(5) 1 0.95
4,98 - '*‘% <sign>~ 0.1(1)
oe | %iw% o 0.90
« 494r _ . {085 ¥
492 +  confined A =
49 1 Fa w {0.80
4.88 2 -
L Azcoiti et al., 85 ——
4.86 Fodor, Katz, G; e 4 0.75
4.84 - Our reweighting, 6, ——
4.82 | This work, 67 ——
4.8 L L L ' 8 0.70
0.5 1 1.5 2
W

iv) Trouble starts when \ > my/2 Splittorff
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Is the future canonical?

a
g mp‘IZ Kawamoto, priv comm.
0.3 0.4

0 0.1 0.2 0.5
5.06 T T T T T
5.04 % 5. % . gm:sign>~0.85(l) QGP 110
5.02 ¢ "M <sign>-045() 10095
5 - %,% .
4.98 + . : %*‘i(_‘% . <5|gfn>~0.1(1) 1 0.90
4.96 | I
%
- 4.94 + . () 1085 |:°
4.92 - confined AN =
4.9 Seow "1 0,80
4.88 . Lt
4.86 Azcoitietal., 85 —— i .
' Fodor, Katz, 6; e . . 10.75
4.84 - Our reweighting, 6
482 - This work, 6 ——
48 DOS SChmld[, 47 ) s 0.70
0 0.5 1 15 2
wT

v) DOS results? See next talk Schmidt
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Conclusic

Conclusions

e Sign & overlap problems at finite P not for the timid

e Time has come to assess systematic errors
d2T,
dp2
e Critical point unlikely to be at small [ (fine tuning?)

|u=0 under control (continuum limit?)

e N; # 2 very interesting: - critical point movable to u=10
- huclear matter more stable?

e Canonical formalism
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