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Atom Cooling and Trapping
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how TO CALCULATE PROPERTIES

e STROMGLY (DUPLED G6P LIGUIDY?

Q) Larrice QD
- perSect $or THERMODYNAMICS

(ie static prppe,--}-,-@s)
- Cal culation o 7, and other
+ canspor t e icients, besima ng
- jet qvuendﬂin% and oTher ‘°tl"“~"c
‘Praper-hes not n S'tsh'\’
@?et-ru\zbmve YAV

but wrong apprOX mation
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NM=Y SupersymmeTrRic YANe MiLLS

e A gauge -\'\neoﬂa $PGC°|:\d. b% tup
porameters: N, awd g"N‘_ =\,
e ConSocmeal. (N does not run.)

e T§ we choose X large, at
T<40 we have a Strongly coup hed
plasma .

o This 241 dinenswnal %a.u.se %r‘g,
s equivalent to o particular

S‘\T\n% Mr% N & Pa,r'\-icu\q,r

spacetime: AASSE X < .

Y4 “big" dimensions up" dim,

e Tn the N2 ®, AD oo limit,
tve string theory reduces to
clasSical grevity. o caleulations
easy at Strong coupling,



PurposE oOF Tws TALK

¢ Describe some ol tue insights into
Proper ties of stougly coup el plasmas
via. calculations done in M:q SYM
and The infinite classes of
other aqauge +heoriesS JAual +o
3”’"“‘6 \n h‘askcr dimensional Spacetine

o Because of Time constroints, T
will not &escr‘\be how the calculations
Lt have led to these ius ights  are
dove. T om happy to do %o
privately Jor Oy & you. All oF tham
are Qasy enough o be done by
uwdergmAua{-cs, owee Jou earn
+we rules.



T HERMODYNA MICS
Tn the N2>, N> limit,
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S HEAR VISCOS ! TY
1 Policastto , Starinets,

7/5 l-{‘IT Sowv
¢ Por any ‘('Mowa wth a %ﬂ-vi"u c\ua‘,
wtwe N2 ;A>® lini F.
e Eyomples known for theories Tt are:
- tonformal or not
- Con?‘m‘ms ak TeO eof not
- have Sundawmeutds oF nof
- Supersymmetric or not
- Var%lng numbers ot d-gms o
Sreedom
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‘ L]
e Nt torrections not known
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AdS ICFT

We now know of Wiinite classes
of diffecent gqauge theories
- whose  quark-gluon Plasmas:

- are all eq,uuva.l ent o
string theories n higher

JW\QM ional $Pa(e+\M¢S
4het contain & black hele
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UNIVERSALITY ?

Te there a new notien of

universality for (nearly)
SCale nvariant ligquids 7
To what systems does it apply 7
- quark -gluon Plasma dual e
String theory + black hole?
- RO quark -3(uon Plas ma ‘4

- U.n'r('afy §¢mwm atom 345?

‘r, what q,ua.td-‘u'l'i es does it GPP\Y?
- UYs ?

- other S« 330&‘\"0"

QD side feldte *©

“jer quenching”.....

(owd you study “atom
quenching" 7

s on the



TJET QUENCHINE

Burther evidente that QECPPRHIC s
*fbha‘:) COup!cd

> (1)E

dowinates 1n high E it . (E> k-,-))T)
TS 6o (RMC? Lic?), energy loss
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Jer QuenchiNe PAAMETER 9

e Assume B S by ST
. ASQA\MQ W‘d»k dsc kr) ;
.°. Ffadiative unergy lsS

oIT§ ofy(T) were weak, -7.
2|, ~ a* € (Debye screenis length)

A & wmean Tree path
- ngluaas "d;
3. % NET3 Baier Scwi ¥y
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T(3) Hliw , KR, Wiedemann
o torrections ParHally kuowh, A cwego Edlelsteir
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Yo correcHons not known.
ctonal to S, or

e g s not prope s
These are ~NeT7

"('O ns‘a{..\.erers :
Multiple gluon correlations are as

important as two gluen cocrelations.
Liang , Wang, Zhou

e Reminds us +hat ltq,uids do net
have well-defined q,ua.sipar{-u'&s,
5o should not expect a, fo Count
num‘er deasi#a 0§ such.

‘Tﬂg some numbers: Nez2,4=%

2§ 5 eV/5m Sor T= 300 Mel
eTn tulpark of whwet RHLC data wents...



TowARDs Q¢CD
» Fb\" 4“% CFT wibh o afd-VH'b o\ual,

A

‘bc,g-r 5 Scl:'r Linw KR

q < Wied emann
N M v

Surther highlighting +he \esson.
» A |
% Q/0%  umversal like Y ?

e
\‘s/ Nz' No‘\' known ...

¢ Also suggcs'\'s ;
Yaww &‘ﬂf ~ 0,65

B o
CTn one toy medel, adding NOR%EH owality
(te o degqree \ndicared by G¢d Thermo.)
o oy 22% et T< 200 MeV
\neceases 4 °Y q‘/: I 300 MeV.
Liuw KR Shi
e SHIl 1n ballpark of whet RKIC
dare. wants..



A PREDICTION Fok LHC

75 we assume [eepe ~ o, Then
q,~'1'3, This , plus Bjorkan
expansion, yields :

A

QLHC = (dN/Av)“.;c
r_ - e ——————
Yrme (AN/d %) rwic

Liw KR W ied emany

where _ a L
A<l [drT i
4 L‘£ A

16 the +Hme av eragqed & which

deterwines parton enerdy losS and
is extracred by comparison with data.



MovinG HEAYY QUARKS : DRAE

AUD DIFFuUsioA

For a quark with wmass M moving
+hrough ‘tue plasma with velocity v

such ‘hat W T . - M
M> (1-v®)" ° (u-vt)"“<\5:'r

enerqy LSS occurs Via drag and

diSSusion: |
o + 56, (OIE)" Wt

ir .

A il Drag
w here . TR T :?’Itc L -
?'Droa _r and D o WTJ;

Her 304 Kacch Loviun \Coga®t Va“;e ) (ndoser 9
Casaldervey - Splona Teaney; -
« This D, \a tue Langevin focrmalism
0; Hoof‘t -"TCa.uey) \ields R‘,‘. o..d Vg
Sor Wheavy guarks ia bread agreeuad
with RRIC detha. Sor ron-photonic electras,



W HERE ToES THE EVEREY 407

For o heavy quark with U >, .= /G
M

but  ——7, <
‘ (1-v¥) L T
'“\!'Ousk +we s-(-fgnahj coup 'OA pld&m&

of N =4 SYM, we now kwow:
)r : Crless Gubser Mic Moslorguais

& Hdﬁk cone a‘c“ Varom) Cheglor Vamﬂj
t\l&lSv‘,m

Norowha Torrier

o and walke & Brall el "'U\t%‘bday
with relative streughns such that,
accordig-ia h«ad.rod.ammlc Caselduriey Soliu
to\ tulations with Cooper-Frye Swaryale Tazuey
freezeout , the Mach cone
should be cousidaralbly Gilled
n 'K +ue doata.
o BuT: a powt parHcle does make

6. Moac cone

¢ Qemarkedly similar
Point q,u.ark :wi"'k its coler £ield ) Movikg
4hrough @D QEP,assuming smaell 7.

B. Maller, parall el +ulk on Friday
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SCREENING IN QD
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A PREDICTION FOR EXPERIMENT
I # Liw, KR, Wiedemann

o Culewlate Socce between @ & moving

trough the VY Q6P (Vo kuewon how
to do Hwis cal culation \n &c¢d) Find:
RW ) Pecters etal;

= 5(\1,9) e\ Yy Lcmmﬁu :
Ls "_—'("1’) Coceres &+e :

T
where § s a\mcst o cons'\'m'l'.@!ao)r- aﬂ]
HPE)= T3

e So, LsCV)T):' L,fO,T)/\rX

& Lg contelied by €,
cmce E~TH and € (v)= €)X

e Ty (EO) and X (Lh) wmesons dissociate
when T feaches Taies ) & which
Lg ~ wmeson s\ee.

) su.sscsh'-_ TAKSCV) ~TA\“(O) /\‘7 /

o Mo kes Sense



’r;i ssbci¢,4lon vs. P‘l“

Nty 2 Srom |cttice ©D
. A"' %30, TA‘SS - 2 l T‘ , Ttom
¢ X curve schewatic. (Sculed vel. o T/ By

Mmeson S/8€ Ih Vacuum.)

4 r I - -y I
3.5 1 :
al. :
=9 5] -
’E:Z 2| J/Y
F% 1.5 j—
1
0.5 _
T "W 5. 2

Pr in GeV

o Our veboeity Sealing: Taies (V)= R OVART

+ Kotsch KhargeeySete model
(ie 21Te € Tame < 12Te

=» T/ +nemselves dissociate Sor

R > 86V iF Tame ™' 16
RS q eV iF Traic™ (2Te



Hot-wind scenario in hydro+J/ywv model

T. Gunji, H. Hamagaki, T. Hatsuda, T. Hirano, Y. Akamatsu : Phys. Rev. C 76:051901 (R), 2007
Parallel talk at QM2008 by T. Gunji, Feb. 9" SessionXVIII 15:20~15:40

Melting temperature in hot-wind 2: Survival Probability of J/y vs. pT

melt (V) meh‘ (O)(l g V2 )1/4 shtl.;;:t1glé301 , 2007 ? 1: *~—3 » * ® e ¢ e
Melting temperatures : (T, T) = (2.0T,, 1.34T,) Mg * Without hot-wind
10% feed-down correction - s *  With hot-wind

1: Survival Probability of J/yvs. N, ik
%,:’} 1_2_z - —e— PHENIX Au+Au (]y|<0.35) 20—30% * a
1;¥ 0'2: Npart ks 170 » & .
1 RS I N T T
0.8 p, [GeVic]
06 3:v2ofJ/yvs. pT
r JU—O.QO SJ,U+0‘1D Sﬂ
0.4/ —— Without hot-wind = M0F _ ,
02F | | m; * Without hot-wind
& — With hot-wind g _ With hot-wind
%' 50 100 ‘150 200 250 300 350 400 g s
Npan 0.02} -
J/y suppression from Hot-wind scenario was calculated »
in hydro +J/y model. oot .
eOverall suppression pattern is similar in both cases. feo o8 o o o o o
eLarger suppression and large v2 (~3%) in the high pT R B R R S S A

region in a scenario with hot-wind.

P, [GeVic]



'&““Ji et al show thet tle ceduction in
Taiss Sor T/pg +uat Seel :;* hat wind is:

- a Swmall CGQQA' In 93'/4,

- Qisvilg'icawl- \h S;:*
o R at which effect sets tn 1S
¢ Sensitive o, and thus a
Measure of,
Taiss LV 20) = Treached

Pr up to Y- eV |

e andy ., higher in Cu-Cu Hoon Auhu
o RaA (py) will be tnteresting to watch

as error bats cowme down
oY) v Pr (eg o L) [or¥/30)
even bether §ince any Pr-dependence
of bib (c+Z) Production [eg Cromin
eq redeneration; eq gliow en. loss;..] Cancels



Nuclear modification factor R, , i}\r\_AR

| ¥ STAR Cu+Cu 0-60%/STAR p+p « Double the p; range to 10GeV/c
I O PHENIX Cu+Cu 0-60%/PHENIX p+p
. ® PHENIX Cu+Cu 0-60%/STAR p+p - Consistent with no suppression at
PHENIX Cu+Cu 0-20%/PHENIX p+p high p,:
® PHENIX Cu+Cu 0-20%/STAR p+p » Raa(pr>5 GeV/c) = 0.89+0.20
\]S_NN=ZOOGeV

« Indicates R,, increase from low p;

STAR Preliminary | 4 | to high p
=

—
"1

 Different from expectation of most

A 0

I r models:
u AdS/CFT:

I W' % [ H. Liu, K. Rajagopal and U.A. Wiedemann,

‘ | | PRL 98, 182301(2007) and hep-ph/0607062
C | | | | | | | | Two Component Approach:

0 1 2 3 4 5 6| 7 8 9 10 L_ X. %Pjao and_ R. Rappihg;}_{_)ﬂrj__/p7122407
Transverse momentum P, (GeVlc)

Nuclear Modification Factor R, ,

Zebo Tang, USTC/BNL Quark Matter 2008, Jaipur, India, Feb. 4-10, 2008 13
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MESONS Lraieh tolk Yoday

by A. Ginka
Upon Introducing dynamical , dut héavy,
guarks nte M=y S Eagitete
MY SYH , mesonsShetoiiiy

(“quarkonia") enist as bowsd 'shates
\n +we Pplosma as (Ma as
Ejo#

T & Ty = 369 Tass‘) Gty
ﬁ‘ W edemonu
with 18l <$V<0.aL Soe eV el

Jushifies \ug\rgue Arawn Som gHHc RM"'
RYoN SCLREENINE

BA
Ne q,ua.r\cs "n G c‘trc\e o: cadi us L
Athanasio

See\ o ?0""“*“\ only & Liw KR
baryon

L < Ll;“\'o“ (V) = Le (o)/\rg.
Turther condi rmation of tobustness

of the vebcity -dependence of
screening ...



FROH /V-‘-’-"/SYM O O¢D

o The +wo +heoties d:(‘i«- on various ‘axes"”
(M, much more Similer ot T?O theu T:o)
e To ma ke .\OSHL‘*’ SQN]C‘%“\Q%VC ;OPQCD
need to +ake steps foward QD on ’
Cach Such axiS, o see how results Chau3¢.
o ‘Desrecs o} Treedom at weak ‘;:P“ns
= TY

diS5er: Define V by €: V3,
Then: Vaep® 2(N-) + 5 Ne y7.6 ($or N.23)
Vypey® 15 (3-1) = (20 (for Ne® 3)

= Nead obswvab \eS Fhat are insms’f#m
%

N®: “q,uils have no a,uasiprﬁcbs auy way
o U calculations €asy when \

\ & 3"“; = yTMotN.SH> 1, Lesding

Cotrections (~ '/)\"") COMP«*!J Lor ‘?/5 .

avd swell; partially computed Sor %




e N4 is conformal. QCD is nat.
_But, for 2T < TK7, Q6P

‘H\Q\’MJUMMMS 1S q'u‘:"'e C‘Du'Form,
[get4; Por a3 U= 5]
and Carly \ndicutions Srom lattice
are +het U ~ Corst and Sk ~ small
-So, Perhaps S‘H’onsl\/ uupl«! QR 6P
2% @¢D well-modelled as contormal
-Tn gtudies +o date, alding a
\evel ot hOhCD"‘COMQ“"-y as in QcD
‘+wermody nawics ‘o Ne¢ SYM has
no ekfect on %/ | little etlet an%.
* N=H cal culations +ractable w hen
‘Nt «l. Leadling 't corrections

to any oF quankitie tn tus talk
Vlo* curmw'l'la kwwn,




w HAT S 37'!\)‘, \N Q6P@RHIC?

Need o guantity tuat is Glculable af
thona Coup“ng ih @Cb, at Finite
)\zg‘ue m Nz 4 sy, and that cloes
nt depend on # of o\egreos of freedom,

Two eya,u.ples, one daSSI'L) one nNew:
— 0.73 'Oa?z (Lﬂ’H"G OCD)

fmn\wlerachﬂj -3
. = 2HLEINT (W svr)
—- 9 dNCIS
e 7 . .Y (33) at Tel6STe (Lathie QD)
S - .100(56)at Tel2¢Te eyer



T VSI6pTS T DID VOT HAVE TIME
TO DESCRIBE
include +hose arisimg from investigations oF:

.ﬂme -JePenJu'f' hc/caro“”ds W;'Fh
gm"""jj duals, (As opposed e

dbhahi el prol:es o¥ eq,!w P/dSMa)
Na s+t ce b elnurao.\c Sin ?akeJ; Ta.,.;k Pexhéur.é; 3
Nakapura Sin, Lin Shuryat) Feiess Gubser
Mi chaloaiora,k‘,s Pufu, Kajantie Tahko ke llio] o leo) -
> Rurallel 4l by S Lin Fis afternaon
e DIS ofS N=4d Q4P teitta Tuwu Maeller
= Varalle\ 14 bg Edwond Launca fus "-H"'“CZM

o Phston” and ‘i (epton "' ewi ssion From
N =4 Q4P Cara-tuot Moot Kovtu, Shrinets YaSte

o Hasnd\'c descriphion o N=¢ sym pb;mq
hiao Shuryak
~» Farallel tulk By -Iiu'ceug Liao +uis aFernoon

e Meson ap¢¢+ra( Sunctions Son Sterine®s)

I owdue 1nets) Te -
M:anusm;n ) 1y M%ﬂu‘(s

s =2 Parallal +alk By Aviuda Sinha tlis Oc'l-oruaon




INSIEHTS 1 DESCRIBED / skercheD
@Tkerwedunamics within 15-28% of thgt ot
dero CDuPlilg ariseS ot $+f0n3 coup /MJ,
@ Us = Yerr , W» NE20d \ 2200 limit, SoF plasma
of any gauge théory with a gravity dual.

Vs in QD Plosma ( lattice;, RHIC) and
Cor wntery (old dlow gas 58emS conparable.

@ g = Tls;."“ﬁ(;-r’ Sor an infinite class of
gtronaly awple& plaswas.‘:e'l' q,uenclning does
not count a\u-a\s; all multiple ,-}3‘:‘(.0“

o trelations by Ywmportaut.
e A B4,

8~ 3-5 aNVfm ot To300MEV. Juuc _

@Th e 3“"‘0"&\)’ fo“?‘d placma, heavy
POWT-UEE guarks drag, Ji Fuse

ard oxcite o Mach e,
bo und abow Tc’

“C‘v% q,ull' konie MesSons,
dissociate ot lower dromporatuns ‘“-.9}::'\
MOV 4. Taes (v) = TA'.;; (o) (1-V )

Abo Sor hasvy quark daryors.



