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Periodic Table of the Elements
20th century
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In the 20th century, this table was understood using quantum mechanics,

atomic, nuclear and subatomic physics and many elements were added
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Three Generations
of Matter (Fermions)

Also in the 20th century, the discovery of a whole new submicroscopic
world of physics totally changed our view of nature and led to a new
periodic table to be understood.

mass— {2 .4 MeV 1.27 GeV 171.2 GeV 0
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Also in the 20th century, the discovery of a whole new submicroscopic

world of physics totally changed our view of nature and led to a new

periodic table to be understood.

charges
spin—
I start with a brief review of BNL @
contributions to this table: s
o

Three Generations
of Matter (Fermions)

Leptons
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Bosons (Forces)
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papers.1950

Discoveries Theory S

* (1954) Associated production of strange particles * (1954) Yang-Mills: Gauge field

e (1954) Multiparticle production in an n+p collision theory. Basis of Standard Model

* (1956) Long lived, CP-odd, K9,. Limit K% —n*w <1% || (1956) Lee & Yang: Parity

* (1961) p vector meson. Violation in Weak Interactions?
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“A sequence of alternately converging and diverging magnetic lenses of equal strength is
itself converging, and leads to significant reductions in oscillation amplitude, both for
radial and axial displacements. i.e much smaller magnets. Phys. Rev. 88, 1190 (1952)
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P (1962) First neutrino beam experiment, p-neutrino (v,).
e (1963) ¢-meson (s5); (1964) Q~ baryon (sss).

#(1964) CP violation K —» ™ 4+~ = 0.2%.

e (1970) Drell-Yan pairs, p+p — p* 4+ u~ + X.

D(1974) J/¥ (ce).
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. Fic. 1. Experimental arrangement for analyzing circular polar-
ization of resonant scattered v-rays. Weight of Sm;0; scatterer:

0 grams Ray Davis put a tank of cleaning fluid
Goldhaber, Grodzins, Sunyar into a deep mine 1967-1988 and was
Phys.Rev. 109, 1015--1017 (1958) first to detect neutrinos from the sun

via v+Cl—Ar+e- He found a deficit.
v from [ decay (actually electron capture) is Wolf Prize 2000, Nobel Prize 2002.
left handed. Wolf Prize 1991
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Associated Production

(not the actual discovery)
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Those were the
og00d old days!
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2000- RHIC f\JJ JI DBIC Aomducﬂmg Magnets
Two K JJ 290 GeV (p)

1911-Superconductivity discovered by Kamerlingh-Onnes.
1970’s practical large superconducting magnets

HELIUM CONTAINMENT SHELL IRON YOKE

ELECTRICAL BUS SLOT e, INSULATOR
HELIUM PASSAGE ‘ coiL

Y. BEAM TUBE
STAINLESS STEEL , , ‘”\
SHEAR PIN 7 ‘

55'K SHIELD

CARBON STEEL
KEY

SUPPLY

RETURN

P T T
\ = T~
A = ————"=-1
A\ N
N, i /'
R 3
SHIELD ) R | e = 4 uTILITY
J

Palmer Magnet designed at BNL:
cold iron; superconducting coils

with Cu wedges for field shaping.
Basis of HERA and LHC design.
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2000- RHIC-AIl Superconducting Magnets
Two Rings 250 GeV (p)

1911-Superconductivity discovered by Kamerlingh-Onnes.
1970’s practical large superconducting magnets

HELIUM CONTAINMENT SHELL IRON YOKE

RHIC is versatile: has collided Au-Au,
~ d-Au, Cu-Cu, polarized p-p (so far)

'd at 12 different c.m. energies (so far)

@ P U+U, Cu+Au scheduled for 2012.

ELECTRICAL BUS SLOT = INSULATOR
HELIUM PASSAGE - 25N coiL
: BEAM TUBE

STAINLESS STEEL
SHEAR PIN

55'K SHIELD

CARBON STEEL
KEY

\ SUPPLY
‘

RETURN

/\ VACUUM SHELL
Y

,\ B —
\\ L
2l : ) /Z ,’/
SHIELD ) 7 —— UTILITY
|
=3 R | E=
e

Palmer Magnet designed at BNL:
cold iron; superconducting coils

with Cu wedges for field shaping.
Basis of HERA and LHC design.
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* At large energy or baryon denéitjf ,g. phase transition 1s expected from
a state of nucleons containing confined quarks and gluons to a state of
“deconfined” (from their individual nucleons) quarks and gluons, called
the quark-gluon plasma or QGP, covering a volume that is many units
of the confinement length scale.
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STAR-Jet event in pp STAR Au+Au central PHENIX Au+Au central
ngh Ps artic}g_______ High p.. particle

“deconfined” (from their individual nucleons) quarks and gluons, called
the quark-gluon plasma or QGP, covering a volume that 1s many units

of the confinement length scale.
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. 10* = \-uniform dist of charge 3§ . -
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\ point charges 1 el \\,ii em e oo ]
4 “, . 4 — \s '. ; :i\\d:::: ::: BANNER, et al
] 10 I'. 1 /51:[1 (QS/Z) ] 7 \G{',. —VE =l GeViBANNER.eI uU)
e ' 4 ] \ v
= '. 1% s power law -
5 ‘: T n
; |‘| 5 \\ Ex ..c l/pT
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3 VoL
Rutherford scattering a: ": E AL ;
: '- WL of v scion 1
Phil. Mag 21(1911)669 :, 1o, f{
. ||‘ | I I I I | I l | I I 20x107" @~ 6py .
large angle scattering J m 100 169 \ ! {
. . Scattering angle & degrees 10‘35‘ .‘l, 5 (L '5 .'; -i, é 9
implies close encounter 5 oo

Geiger & Marsden CCR CERN—ISR 1972
o+Au— a+Au p+p—n’+X
Phil Mag 25(1913)604 Hard scattering of partons

1.e constituents of proton
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L I L I AL B \ n° SPECTRA
b CCR COLLABORATION
10° &= \-uniform dist of charge § . Qoi
[
- \° o MOVE =534 GeV
\ point charges 1 el \‘é'i em e oo ]
4 “' - 4 ] \‘n '0 ; :if::[r:: Cf:\\: (BANNER, et al)
E ° I‘,I 1 /S].I]. (d)/ 2) ] B \\'?{:.. — 1! VE 244 GeV (BANNER, et al)
: ". I R power law -
g ‘.| $ (S n
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In p+A or d+A, medium 1s small,
(1 nucleon wide) or non-existent.
This 1s baseline for any cold
nuclear matter effect in initial
collision

Hard scattering of partons
in the 1nitial collision is in-
situ internal probe of
medium. Do quarks and
gluons lose energy in the

medium? If so exactly how? * RHICIis versatile
v/ Can collide any nuclear species on any other
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100

ET TTTI ! | 5 n° are suppressed in Au+Au eg 200 GeV
— ¥ PHENIX 7° Vs=200 GeV 3
10-1 = ¥ PHENIX 7° Vs=62.4 GeV _ G - ' T T T T T
= mCCOR n° Vs=62.4 GeV—>1.033py = > 10 o —
— — ) i . T,A(0-10% 7
1072 = = o - o o P Ta®-10%)
— ¥ p-p = % - ® 5 Au+Au 0-10%
g 1 et e .
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¢} —4 N | o 0
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2 = = T 10 ®.0 ]
) -5 % _ > | 5 .
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E ¥ t’ E _9 | 1 1 1 1 Lo |
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= = = 1 10
= ¥ & =
10-10 & S pT (GEV/C)
10-11 E [ I I é Nuclear Modification Factor
0.1
=2pg/V :
e R dzNZA / dedyNXfl
n0 invariant cross section in p-p at Vs=200 GeV is a aa(Pr) = (T, )™, Idp,dy
AA T
pure power law for p; >3 GeV/c,n=8.1+0.1 id
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PHYSICAL

charged hadrons
neutral pions
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See the classic paper of Fritzsch and Minkowski, PLB 69 (1977) 316-320

isolated | g is 8/1

q Y e
;T;N photons | u/d quark
Compton
g /

g
q VY Ye
Annihilation E:
small-ignore q g VY4

Analytical formula for y-jet cross section for a photon at p+, y,. (and parton (jet) at p+, yy):

d°o P Taos(Q%) (1+ cos6* 2
i ri o
dp? dy, dyg 71fg (1) Fop(2, Q') 352 2 1 + cos 0*
2) (1 — cos 6* 2
N N B, \TO0s(Q%) ( )
+ QA(:Cla Q ):CQ.fg (‘IL‘Q) 3§2 2 + 1 — COS 9*
00 = tanh L ; ya) T12 =TT i er e J,(x) and F,(x) are g and q pdf’s in nuclei A,.B
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See the classic paper of Fritzsch and Minkowski, PLB 69 (1977) 316-320

_isolated | g is 8/1

q Y <
;]i photons | u/d quark
Compton
q /
q Y Ye
Annihilation X

small-ignore q g vy

Analytical formula for y-j§ 7 § (and parton (jet) at Pt Yq):

d3o B cos 6* 2
dps dy. dyy; 2 7 + cos 6’*)
cos 6* 2
- 2 = 1 — cos 9*)
(Ye — ya)

o and q pdf’s in nuclei A,B

cos 0* = tanh

2
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PHENIX Au+Au (central collisions):
p: —— m  Directy B
&2 7€ 7° Prelimi
105_ PHZSENIX f n Preliminary
- GLV parton energy loss (dN%dy = 1200)
1pm !H+++H+%++ ------------------------------ -
by
E i% ﬁ**&ﬁ##%ééﬁ %‘l}‘ % %
10-15— ﬁ} %
I e

TEEETE R TN
8 10 12 14 16 18 20
p;(GeV/c)

Direct y are not suppressed. i’ and 1 suppressed even at high p
Implies a strong medium effect (energy loss) since y not affected.
Suppression i1s flat at high p; Theory predicts radiative energy loss
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by
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Implies a strong medium effect (energy loss) since y not affected.
Suppression i1s flat at high p; Theory predicts radiative energy loss
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P, $ v (0-10%) & v* (0-20%) )
PH,\ENIX $ 10 (0_1 DD;";J) . A (0_1 0%) parthIG ID

=

"o- Au+Au # n(0-10%) & o (0-20%) is Crucial.
© Sy = 200 GeV & K'+K'(0-10%) & ¢ (0-10%) :

E NN % Jy (0-10%)  § e'+e (0-10%) different

£ & p*p (0-10%) particles

.g 1 .E) ........ ;...’......3...‘. ......... ; ....... ; ................................... I... b.ehave

5 g1 F | $ differently.
s 3. I 1B t some more
o | l|||l+ é o ! E interesting
[

E ﬁ ﬁl Eblﬁa $ than others!

—
(=
—
I
<

L1 L L1 1 (R N T N T IR AT N N SN NN N A S
0 2 4 6 8 10 12714 16 18
pT(GeWc)

Exponential enhancement of direct-y as p—0 1s unique. No other particle is enhanced
except in the region of the ‘baryon anomaly’. This suggests new physics, i.e. thermal-y.
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& L B BN DL BN LA LN L BLELEL L I DL
o + -
‘% 102 ptp—(e' +e)2 + X atVs=200Gev  (2) PHENIX PR1.97(2006)252002
S
103
E - PHYENIX
.,,: 107 FONLL(total) =
T —— FONLL(c — e) =
o FONLL(b — e) E
P N FONLL(b—~c—e)
=
e
. E
= =
o 3
L =
< =
- 3
< -
a =

p; (GeV/c)

Beautiful agreement of e* with ¢ b production in p—p
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"”o + -
> 10°d PP (e” +€)/2 + X at\s=200 GeV PHENIX PR1.97(2006)252002
S
o 10°
° PI-P"’{NIX : )
«i 10 FONLL (fotal) This reaction was
T 109 Egﬂttﬁf, - e; discovered at the
() — e .
el gy, FONLL(b ¢ — ©) CERN-ISR in July

1974--betfore the
J/W, and was really
the first evidence for
the c-quark; but this
""" = was not understood
until 1976 when
“open charm’” was

. discovered at
pr(Gevie) | SLAC.

Beautiful agreement of e* with ¢ b production in p- p

D
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Au+Au PHENIX
PRL 98 (2007)172301

00-10 %
é 2:\ T T T T T T T T T FT T T \.\ T \II I \: >N 0.25_| T I —T I —T I — T r ]
(1'd 1 87 R. :0-1 0/ Point-by-point error B - o~ N
Or a - _ | Scaling error . g " PH:<ENIX u
+ = — ]
1b PutA @ \[syy = 200 GeV B Uncertainty inT,, ] 8 021 pRELIMINARY Run-7 -
L 0. . — — r ]
1.4} A 7° without scaling error E % 0.15— —
B B 1 without scaling error  _| o L i
I Y O _ : il > C ]
1'2: : _ § 0.1— ]
1= + ® ¢ from heavy flavo] T - ¢4 + + * * .
B . ] 05— ¢ —
0.8 .. . 005: | ’ e i
0.6 foe . oz_i_é_éj_ .
SRV Sy : : :
0.4 - + i : " I . -0.05— minimum-bias ]
0.2F ~— + *‘ hl A.‘..A*A.....*_‘ - Au+Au /5ny = 200 GeV .
: PH';;M:ENIX | : _0 10_ 1 IOI 1 11 I | I | I 111 I2| 111 I2| 111l Iél 11 I3| | | | | | | 111 ]
0 [ [ [ [ | [ [ | [ el L1l [ . 5 1 1.5 5 .5 4 4.5 5
0 1 2 3 4 5 6 7 0 ?Gew(:? p, [GeVic]

* heavy quarks suppressed the same as light quarks, and they flow, but less.
* This disfavors the hypothesis of energy loss by gluon bremsstrahlung in medium
* but brings string theorists into the game, see references in PRL 98 (2007) 172301.
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* [ read an article “Yukawa's gold mine” by Nino Zichichi taken from
his talk at INPC 2007 in Tokyo, Japan, in which he proposed: “We
know that confinement produces masses of the order of a GeV.
Therefore, according to our present understanding, the QCD
‘colourless’ condition could not explain the heavy quark mass.
However, since the origin of the quark masses is still not known, it
cannot be excluded that in a QCD coloured world (i.e. QGP), the six
quarks are all nearly massless and that the colourless condition 1s
‘flavour’ dependent.”

MIJT: “Wow! Massless b and ¢ quarks in a color-charged medium
would be the simplest way to explain the apparent equality of gluon,
light and heavy quark suppression indicated by the equality of R, ,
for ¥ and direct-single e* in regions where both ¢ and b quarks
dominate.”| Test by measuring b-dijet imbalance.
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* [ read an article “Yukawa's gold mine” by Nino Zichichi taken from
his talk at INPC 2007 in Tokyo, Japan, in which he proposed: “We
know that confinement produces masses of the order of a GeV.
Therefore, according to our present understanding, the QCD
‘colourless’ condition could not explain the heavy quark mass.
However, since the origin of the quark masses is still not known, it
cannot be excluded that in a QCD coloured world (i.e. QGP), the six
quarks are all nearly massless and that the colourless condition 1s

cﬂaVour’ dependent.” * Higgs doesn’t give quarks mass ' ' '
* QCD isn’t flavor-blind oo

MIJT: “Wow! Massless b and ¢ quarks in a color-charged medium
would be the simplest way to explain the apparent equality of gluon,
light and heavy quark suppression indicated by the equality of R, ,
for ¥ and direct-single e* in regions where both ¢ and b quarks
dominate.”| Test by measuring b-dijet imbalance.
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First, comments from some distinguished physicists:

* Stan Brodsky:“Oh, you mean the Higgs Field can’t penetrate the
QGP.”

e Rob Pisarski: “You mean that the propagation of heavy and light
quarks through the medium is the same”

e Chris Quigg (Moriond 08): “The Higgs coupling to vector bosons vy,
W, Z 1s specified in the standard model and 1s a fundamental issue.
One big question to be answered by the LHC is whether the Higgs
gives mass to fermions or only to gauge bosons? The ‘Yukawa’
couplings to fermions are put in by hand and are not required.” “What
sets fermion masses, mixings?”’
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Does this atfect the m,,-m.-m; relationship?

r

6 _Au :IE,EIHEI _ m, =I1ﬁ GeV
1 T2 ==-T|19-::-r';( uncertainty g i
s ." M[hﬁa:i = l..
5 ] - 3 .
i i —D0.02758£0.00035 :
* % - p.02749t0.00012 f §
£ - % ees incl. low Q2 data —
3 — —
2 — —
1 — =
0 Preliminary
30 100

August 2009
1 1

68% CL

[
LEP2 and Tevatron (prel.)

LEP1 and SLD

-
-

-
.

-
-
-------

175 200
m, [GeV]

* Bill Marciano: “No change here if no Yukawa coupling; but there

could be other changes™ (?)

u. EPARTMENT OF ENEI
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* [ asked Steve Weinberg (4/15/10) whether the standard
model would still work in the vector boson sector if the
Higgs didn’t couple to Fermions, or the Higgs Yukawa
coupling was much smaller than now considered standard;
and could this possibly explain the absence of the Higgs
detected in the p — p and T+ T decay modes.

* He didn’t say yes, He didn’t say no.

* But he did say that he and Lenny Suskind had a model,
Technicolor, that worked well 1n the vector boson sector
but didn’t give mass to the Fermions.

Hmm.
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1000‘00 :I T 1 1 T 1 T T | T T T T T T T I:
— PHENIX w/6 mw0—h pp pp=7-9 GeV/c —
— PHENIX 7/6 m0—h AuAu0020 pp=7-9 GeV/c ]
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10000 =  @0.94+0.03 0.86+0.03 R7/3 S
—  ®1.0£0.3 0.47:0.07 7.4/3 =
—  m15%% 0.25:0.10 0.22+0.08 1.4/2 ]
L 1.6738 0.29+0.12 0.2410.08 AuAu/pp—
10.00 = =
. - —
ﬁ 1.00 = =
& = =
0.10 = =
0.01 = DAV
— ~— _
— PH<ENIX ]
— PRELIMINARY ]

0400 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1

0.0 0.2 0.4 0.8 0.8

Xg

Steeper curve in Au+Au indicates that the away
jet has lost energy relative to the trigger jet
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1000.00 = T T T T T T T 7T LI — . . . .
= PHENIX /6 n0-h pp | ppe7-9 GeV/o Typically experiments just show I, 4, the ratio
 cotace-oomponent; pateart-somponogt. | | OF AA and Pp Xg=27=pr,/py, distributions
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Steeper curve in Au+Au indicates that the away PHENIX nt%-h correlations
jet has lost energy relative to the trigger jet PRL104(2010)252301

PP =S" Office of \I/

~d Science BROOKHEAEN BNL-RHIC Highlights PAS PH:SENIX M. J. Tannenbaum 29/32/34/40

U.S. DEPARTMENT OF ENERGY



— 10%g
0 eHF'h o
> 10 k- PYTHIA p+p data eHr-h Au+Au 0-60%
8 "FE 1.67<A¢<nrad & @ 150 200V PHENIX Preliminar
8 1 & ® 20 <3.0GeVicx 10 2.0 < pT,eHF < 3.0GeV/c
Bla” E ® 80P <40GeVicx10® | |
£ 10" ':' rY - b ® 4.0<xp <4.5GeVicx 10° 'g 20
10.2 = - * _,_ a ﬁ 1
R D e e B '
al i 7]
F e k3 O * d } { I }
- . ~
10 T ‘ : & 0 r—
= :? ? | l r 3 I
10_5:F NS PP P B PR
= 0 1 2b 3 (Ge\?/c)
10'6E‘ T,hadron
i l 1 L l 1 LA 1l l Ll 1 1 i 1 1 1 l Ll Ll l Ll 1 1 i Ll 1 1 l Ll

|
0.5 1 1.5 2 25 3 3.5 4 :
(GeV?c‘);

pT.hadron

® heavy flavor tagged correlations: NLO important--eHr not
necessarily balanced by back-to-back heavy quark

Quark Matter 2009 Anne M. Sickles March 31, 2009
]
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e VTX successfully commissioned in 2011 p+p run
Status e VTX taking data in Au+Au now!

Data: Au+Au@200 GeV, 20

| yproj at x=0 (strip ladder==7) |

Entries
n

RMS

12 ndf 64,
501 e e
- be am Sigma__ 94,39
“ profile o ~ 100um
0 - -
20
10
Lo Oy ol N el e e
AT 00600 4002000200 400 600800750 0
yproj (um)

* R,,of c, b separately
PhySICS e v,of ¢, b separately
e Jet tomography (di-hadron, y-A, c-h, c-c, b-b, for energy loss)
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The
hottest

densest

matter

ever studied in the laboratory
absorbs energy

flows

A (nearly)
an ideal gas of free quarks and gluons !
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r

The
hottest T ~ 200- 400 MeV=2.3-4.6 x 1072 K

T center of sun=1.5x107 K

densest g; ~ 30-60 x nuclear density

ma’tter emits thermal (black body) radiation

ever studied in the laboratory
absorbs energy stops high p; quarks--“jet quenching”

flows large collective flow, viscosity~quantum lower limit

A (nearly)

an ideal gas of free quarks and gluons !
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e spatial anisotropy= momentum
anisotropy

Reaction

Plane \

x ° ¢ = atan&
X P
Ed*N d°N d*N
: 1+ 20, cosn(¢p — Pp
dp* ~ prdprdyd  2mprdprdy Zn: ( )
*Perform a Fourier decomposition of the oddh - v = (cos2¢)
momentum space particle distributions in Armonics= Elliptical flow

due to symmetry of
“almond’” ¢—¢+m

the x-y plane

vV, is the 2nd harmonic Fourier coefficient

dominant at midrapidity
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STAR PRC72 (2005) 014904 PHENIX PRL98 (2007) 162301
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m K'+K (PHENIX) O A+A (STAR) | m K'+K (PHENIX) O A+A (STAR)
I KL (STAR) 1 =+F (STAR) | 0.1- K2 (STAR) 1 =+E (STAR) g
o 4] | SR T AT
o L C@ 1 Eﬂ' dggé 1 J
> 1 ]
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p; (GeVic) KE, (GeV) P1/n, (GeVic) KE;/n, (GeV)
°large v, for high and low p, plateaus for p>2 GeV/c for T 0z
. . S 0485 b~ 6.8 fm (16-24% C |
mesons, scales in KE/constituent quark o m entral)
*¢p-meson (not shown) follows same scaling: further implies gl o DA
flow is partonic not hadronic 012
. . o . 011
*KE scaling suggests Hydrodynamic origin. e}
* v, for p> 1 GeV/c suggests low viscosity, D.Teaney, 0,05
(N . 0.4
PRC68 (2003) 034913, ""the perfect fluid’’?? -
Quantum Viscosity Bound from string theory reinforces SR TR
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e For the first 10 years of RHIC running and dating back to the
Bevalac, all the experts thought that the odd harmonics vanished
at mid-rapidity due to the symmetry of the source for ¢ —i + ¢

e But last year, 2010, an MIT graduate student and his Professor in
experimental physics, seeking (at least since 2006) how to measure
the fluctuations of v, in PHOBOS at RHIC realized that due to
fluctuations in the collision geometry on an event by event basis, the
eccentricity of participants on any given event, did not respect the
average symmetry, resulting in:
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e For the first 10 years of RHIC running and dating back to the
Bevalac, all the experts™ thought that the odd harmonics vanished
at mid-rapidity due to the symmetry of the source for ¢ —i + ¢

e But last year, 2010, an MIT graduate student and his Professor in
experimental physics, seeking (at least since 2006) how to measure
the fluctuations of v, in PHOBOS at RHIC realized that due to
fluctuations in the collision geometry on an event by event basis, the
eccentricity of participants on any given event, did not respect the
average symmetry, resulting in:

** In analogy to anisotropies in the Cosmic Microwave Background Radiation, an Indian
group, A. P. Mishra, et al., PRC77,065902 (2008) suggested that \/Vn2 =v ™S including odd
harmonics might show the same effect in A+A collisions. Then a Brazilian theory
collaboration, J.Takahashi, et al., PRL 103, 242301 (2009) who had an event-by-event
hydrodynamics code showed that indeed odd harmonics v, exist in events with only soft-
physics, no hard-scattering. The first measurement was made in 2010:
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Participant Triangularity

B. Alver and G. Roland, Phys. Rev. C 81, 054905 (May 2010)
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Vo { D}, Vo{®.}, v, {®,} at 200GeV Au+Au

arXiv:1105.3928

0-10 % 10-20 % 20-30 % 30-40 % 40-50 % 50-60 %
0.25} | I - - -

Au+Au 200GeV Pl'F)l\_Ele
O Vg{lpz}
A Vg{lpS}
O V4{'1P4}

0.2}

0.1F

0.05F

00511522533500511522533500511522533500511522533500511522533500511522533.5

p, [GeV/c] charged particle v_ : |n|<0.35

. reaction plane @ : [n|=1.0~2.8
) V4 is comparable to v, at 0~10%

(1
(2) weak centrality dependence on v,
( ) Va{ @y} ~ 2 X Vy{D,}
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All of these are consistent
with initial fluctuation.



The constituent quark distribution after
the medium thermalizes at time t,<1 fm
1s converted by hydrodynamic expansion

followed by fragmentation into the
particle distributions that we measure 1n
the laboratory. The fact that the particle
distributions follow even the fluctuations
in the initial state geometry points to real

hydrodynamic flow of a nearly perfect
fluid.
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Kotvun, Son, Starinets, PRL 94 (2005) 111601

n |

1>~ -008 -

s 4nx

1= shear viscosity

s=entropy density
n=3.1415927...
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Lee Lederman Schwartz Steinberger Ting

Fitch Cronin Ting
Yang Rabi
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RHIC pC Polarimeters

e PR BRAHMS & PP2PP
PHOBOS =N\ )/
Siberian Snakes - L. =2x 10**s 'cm™ 3
> & . .
(S 70% Polarization
%) PHENIX 50 < +/s <500 GeV’ O+ Siberian Snakes
‘R N STAR
\ v Yy i
Spin Rotators wy, Spin flipper
(longitudinal polarization)
‘ o Spin Rotators
Pol. H Source Solenoid Partial Siberian Snake (longitudinal polarization)
\ . LINAC BOOSTER ;
Ay N
.
\ ?)
200 MeV Polarimeter -~ ~ A/AGS Internal Polarimeter
/ ,‘ - 11
Rf Dipole  x ¥~ AGS pC Polarimeters

Strong AGS Snake

Installed and commissioned during FY04 run
B Plan to be commissioned during FY05 run

B Installed and plan to be commissioned during FY05 run
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