Uwe-Jens Wiese, Univ. Bern (ITP QCD-RHIC Conference 4-10-02) Simulating Dense M atter: Progress and Problems Page 1

The GCD Phase Diagram

Slmu\(ﬁmg dense Matter:

¥ Quark- Glvon. Plasma.
Prog ress and Problems R R
' Tg-a(nom)mv----___: _'h:,. . :'rm;
U-3.Miese. (Been Universidy) T»K::“‘ Hadron Gas

e laWece QCD ot nowm-zero qvo.r\t. deus.‘h‘ SUPKcondUd()f

D ER D)
) g.‘@@

o General nature of the complex achow problews

o TRecewt progress dor amatl . (RMIC vegime )

= Multiparametes veweighhiug F-
= Taylor expausion aowmd pn=0

= Anatybe coukivwahon An V& e
Strokeqy Jo¢ soluimg Complex achowm problems

Meqw, - Clystec nlsud“\w\
=~ Stahce quacks @ arbidrosly lacge g
= D-Theory 4ot 2-d O(3) woddt with %0

Conclwsions

on leave $om HIT

Fiest s’rer
wto pe dicechon |

Systemalie
evots eed,
woce detolled

n‘;h‘i($ﬁtaq~h'm ;

T (MeV)

Fig. 4: The T-p diagram. Direct results are given with errorbars. Dotted line shows the

170

160

150

o o

TFLrrey

lll[l’ll

LELELE BLEL N LA

|Illl]l![]'|'|'~

e

hadronic phase

Illllllllllll]llllljl‘

0

200 400 600 800 1000
My (MeV)

~

L Fodor’
5.7D. Kotz )
nuel-t /0201671




Uwe-Jens Wiese, Univ. Bern (ITP QCD-RHIC Conference 4-10-02) Simulating Dense M atter: Progress and Problems Page 2

ch%\'ce Regu\arizajcion

Quaste. Kedds : "T T
Too, v — pe i
Gluow frelds - ‘//J' II l

-

AGy»Uyesum —* A
Packibion fuuchon as a path ddtegeal -
Z="T¢ exp(-lB(lH-F.B\\

= IDADWDY axp(~ SIA, %, %1)

= DA det MIAY exp(-S[AY)
Boundary condibious iw Evcdeaw Hwe:
VG pY = PR R0) , v py = e ek o)
ApG.p) = “A,cs‘g.o)

Gluown achow :

STA) = gdt $dx 5:‘Tf Py — E. -;-‘Tf U,

Fecwion detecwinant -
det MIA) € € Sor P*0 % lmportance Sampling fails

( Woweuer = D, Howg , S. Hsy , hup-ph 10202236 )

Simu\ajtmg at (-\-,]u) ~ (T, ,0)

MulKparameter teweighbing L. Fodor, 3.0.Katz, wuel -4 [o2010m

\‘.“\‘IL‘...‘!‘-“‘) _‘l11|lll]!l1l‘!lll1ll!l
quark-gluon plasma ]

Ay 8y " ﬂlHHHﬁHHH} ndpoint —
locahion of 160 & }EHH\ :
endpoint shatd - _ hadronic phase _:

* 'jlllllllllllllJJJleJl-
be checked with 0 200 400 600 BOO 1000

other methods 1y (MeV)

swmall labvees -

T (MeV)

Taylec Qypautin. asound, p=0: S.Hauds, F.Karseh, et at,

obust metiod 200

I Y I

'{‘ ¢ :m\r.l\ };, )
5 & Fodor & Katz

not liwided e

150 -
Small Vol.l_ii\‘.f.:"
N
At RMIC T 3
€ S100
NS an.ckcn.llv ;:
the same as I
N
50 N
for u=0, \
me3 . “r..
lnuclea: mattet
Or———m e




Uwe-Jens Wiese, Univ. Bern (ITP QCD-RHIC Conference 4-10-02) Simulating Dense M atter: Progress and Problems Page 3

Anal\(ﬁc (.onjtim.aajtion in V=i Whajt 1S ’che Prob\em 2'

?’ ?\i"r__w(‘mnd’ e | i ‘ Tdea of importance Sampling . gentrate o Markov
J. ¢t ,a,.'.l:."..m. !

" geot chain of configurakions Iml according 1o their
rpssovel | R{w_ Nk ' ht ' B ) [ ] -st“] m
2% o mamn weight, fails becowse Signlnl e &
a 2o

A | Carmol be intepreted s a pobabilidy.

A“dyh’ti’r\( , -

T ) is an s S I Naive “soluhon”: include &3‘\(“] an observables :
m'\alY"\'c, ju\oh'm\ =r "_f:t 0(::)4 5

e « S — <0Y, = 3 I 0ln] Signlnle ot

owvhiwoalvon ¢ g,_,.b $ n

Simulate vaie | f}/i _ _ € OSigm, . 7,=L Sigbae S
(det MLAT € R) o (Sign), $om

(Md mn!Y h‘cqlly (] 001 om O?av)z.m o0 08 00?7 ‘ . ,

obivwe to . and. apply Wmpotiamce Saupling 0 bosonic. ensewble :

e — — — P S 5 -

Three dfferent f 3 zb = Z e (n)

methods ave I_ 3 n

Can sishent EWE : Fodoc, Katz, M '50319 btm&‘

vEsulds dor = s end-

: i 1 | ~Snl -
Small !k. m:_ I .:"bo(q‘-?'_ (S\‘S“)h - -z-bz S\.an [“] e = -}z-: ~ @ Bvq
e et S is exponentiolly Small.




Uwe-Jens Wiese, Univ. Bern (ITP QCD-RHIC Conference 4-10-02) Simulating Dense M atter: Progress and Problems

Page 4

A (zener (1‘. S{TQ{QQ}{_ (wek: aluays applicable)

(enecal sheotegy Cancel amalyheally all negahve
conbibubons  Signlml= =1 with other posttive
wouwtribubious Signlw'd =1, so that effechvely

Sign = 0 for a cancelling paic of cowfiqueahious or

Sign = | for am umcauncelled cmfigurohon S\'s“‘: 3;3“_

The stah'shcal ecror eshwmate:

ASign | {Sigrty, = {Sign)? ‘ plag)
{Sign), N (Sign), W J@ o
Naively , eme wodd sKit weed N« o Vo¥ anfigurations,
bot wow owe con apply trve uportance Sampliug aud.
generate ouly the Uncamcelled anfigurations with Sign= 1.

Note that (nle G“\nk) € Ry, & H is diagoval
i Hee basts Imd>, 0f cowse, i we covld diagowalize Hae
RauWowom  auolgtically ; we wovld wot evew worty about

Chamdrasdehasan,

Wese

Meron“ C.\.Uslcer A.‘.gorijf.\.lm s el

&

Comnect fermionic vanables oy bowds Yo dorm clusters

and Yoon $ip all varables m o cluster wile probebifity &,

Sign[n] = 1 Sign[n] = ~1

xr# T

Flipping a. meron-cluster leads to a cancelleton of sigus.

Configurabion. Space 4s ewlarged by bowd variables, which

rtp-rtsm.’f: consbrands on fermionie vandlles.

break-ups
<
D E
st TR h
B

weight conliguration

o (-4)

cosh (§)

LR

sinh (3)

Table 1: Cluster break-ups of various plaquelte configurations together with their
relative probabilities (_A, B, ..., E. The dols represent occupied sites and the fat lines
are the cluster conneclions,




Uwe-Jens Wiese, Univ. Bern (ITP QCD-RHIC Conference 4-10-02) Simulating Dense M atter: Progress and Problems Page 5

AH 5
' ‘ TYr i\ “ It‘)b A ‘\ n(‘ 9
Improved Estimator %0\' S\qr_l _,_i_‘;.ff WE arc.
o
Chandm.sel .’-.”a—"-’«w.( Dsboow
A Om\-s-;‘g.sraﬁon con“q;wius Nc c.\ua*ers s a—mew\oa Of — T T 1 T
y 000 '@ T=03 L o
o sbensemble of 27° equally probable coufiguiadions. |~ = 0.445(4) L 1O ,- ra
O T=1295 7 ’
2000} 1.76%2) /o’ o
Ove can amayheally average over the svbewseuble : o) "= 036D L ;’ S
J = oool W T=1429 oo e»'f/ N
=3 F s 0719(5) L _.r ]
1} thae are some meron-clusters §' soo & T=1538 ) e,ﬁg 'f .
<Si3¥\>" = a . ,,:2’/. i A =
e | in the Zem-menm sector = :}
&, 200+ i
08 0.6 100+ ,‘, A ":‘
Dishribohion i g i ;
04 . 04 50 | 1 | | 1
0§ the p P 2 32 40 48 50 64 96 128
“.l-'\"v\‘-‘fr ns_ 02 02 ' L
Wweron = o I“? il aa R Il_______
clusters U e 0 e " W Ry i GRS e TN BNNS SRR SNNE NENTABND Su BME: KR
B | 0.25}- s
:b‘.!‘.h'(q‘_'.\'hg ..‘ F°-‘ r E:Y ‘rl ;
0.2} ]
E,\..i._.;r__nl. 02 02 B ® 1/2n <W2> |
Vl}lpm"ﬁ o o a 8 12 18 20 24 28 -~ ] 4 B 12 i 20 24 28 0'15:_ " B
Meron Number Moron Number B
T\(P.‘m& observables gek @vhrbvhions ouly frow few-wmecon 0.1+ s ® “
sechors, Reshaiehug e sinulabonto these seetors Solves - " “ k
3 _ 0.05} $é ]
the sign problew Gwplekely . Tu prackice dmprovemen’ l 1"- | | TR W SO, WY




Uwe-Jens Wiese, Univ. Bern (ITP QCD-RHIC Conference 4-10-02) Simulating Dense M atter: Progress and Problems Page 6

00D it Yo ks ab o) | Potembils bebween Sabic Sores

. 3 oY . —
Parkon bumchion: Z % SDA e~ STAY gh I4% 90 bl ¥ Pottubials follow from TFolyakov loop towdators
-3 )
Plyakov loop: PG = Te P exp fdt A xt) €€ (DY PURYY = expl- BV RY)
0
8510 [ = L g T T T T T Ty Extemal amkiquacks
5508 ] Totts wodd an.mnaho\ & V: foem wesons Wit
: 7 ary,
:::: . ¢(‘0 € 2(3) " baclegrovud quarhs:
5502 p1 ~~
sc .5500: = Or-:génal Swmdscm-wms . x . & / .
5498 [ 1 cluster  algontum naturatty s PY
acl’ ] oxte.ds Yo a meaow-dusks @ ® @
5494 . -
L e ] al go M. ,
5492 [ l 1 LK 1 3° while external
5480 0 0002 .0004 .0006 bay
quarks forw Sargow
h :
QCD phase diagrauws with cakical endpeint €,
1.0
l.‘ T . T T . p— - T T T T ] o‘a |
K N ©: L=80
i Jum  QED ar 4he cnibiat 1
i Jois o dpoit 35 in Hhe = ] more emenyy An
g ot ] waiversaliby elass = oa deconfined d the confined
P | of the 3~d Tsiug - | i ‘tf-simc..
°e 1 Modd . ! ‘
o8 I" ] 00 [ 7
| 07 [ — Relared work: TR TRk By 1u . :0 -
I 0 2 4 6
I o b Wacsel, awd f}‘:-':.‘gn\,.) ”

.08 o 05
(h—-0.000470)L'*" Buqds, Kactwaceh , Kassde,




Uwe-Jens Wiese, Univ. Bern (ITP QCD-RHIC Conference 4-10-02) Simulating Dense M atter: Progress and Problems Page 7

§pm l.acHers n Q Magne’t\'c Fie\c{

5. Caudca Seleharam ,B.Searte
VAW ., Gond-wet 93098

D'Tkeow . Quantum links

HawHou operator : Wilsow's classical liles ore veplaced by quastum liks,
& oome @& g just like classical spius Cau be veplaced by quasdvu Spius.
H=2JZ §,-S,~ 315,
<wy>

S.Chandrasel hasan o . )
d-dimensional ordinary lattice field theory

Corrdabion Lsugha : amd VM.,
h‘.ﬁ Nud..'P\ws.BhR’.’.
i~ ey.P( g L'/ » L p (1aaMksS, /
(d+1)-dimensional D-theory
Via diweusiowah veduckiow a p /&'
spin ladder A a wmaghehe §eld d 4 i
tous ke @ 27d fdd ey L . Tl
Wit wou-2eto Chewncal peteuhial . in
)%
1 s ‘Sai'umkeu\ )
Mecow-clustes | [ —— .
Simulaow : ]
TN, 01k - i‘\“&*lﬂ A‘MEM&\'O‘A
& ki of finte extent
2 omalybie T=0 '
yoe (=
peobolew. . result ] Hadron mass: wm= "S‘
| Confimement resoltts Soom Squeering the fiftn direchon.
3
1 ] A new way 4o Hink bt QCD wa dimensional
1e-05 " a2 aaal " 1 i PR S
0.01 0.1 1 10

~iw

reduchon of discrete vanables (D=Theoty).




Uwe-Jens Wiese, Univ. Bern (ITP QCD-RHIC Conference 4-10-02) Simulating Dense M atter: Progress and Problems Page 8

CO\*\C\US(CY\S

® Taylor expansion and analyhc comtiwuahion
methods applied to standard latice QCD
cas access the Small p vedevaut Jor RHIC.

° Prclcmfuuw results with the mulbiparameter
qu’s\-h'uﬂ method Snsses‘F HHiat e cnheal
ewdpoivt may be ot large g (fuhwe GSIZ).

® Lo.cga P ond Small T have a vey severe

Sign problews amd vequire wore powerful
medhods .

® The mecon - cluster algontaw has led 4o a
wplete soluhow 0f severe sign problews n
a Vondhy 05- wodds .

e The D- H\coh‘ Joemulohiow of fed 'Haeo(\( way
make the Wewou- duster algonthm am;l.'cab\c
to QCD.




