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”The beginning of knowledge is the discovery of
something we do not understand” - Frank Herbert
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with Val Fitch : proved helped formulate the  with Burton Richter :
that K decays break concept of “strong discovered the J/¥
fundamental symmetries focusing” accelerators
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RHIC NYT headlines from the past decade

Just What Does Happen When 'Worlds' Collide? may 2000
A Coming-Out Party for a Particle Collider jan 2001

Gauging a Collider’s Odds of Creating a Black Hole - aprii 2008
Trying to Cook a Soup of Free-Range Quarks jan 2001
In Lab's High-Speed Collisions, Things Just Vanish march 2005
One Trillion Degrees, Even Gold Turns Into the Sloshiest Liquid aprii 2005
Getting the Most Bang Out of Quarks and Gluon ma.y 2007
Experiments on Dense Matter Evoke Big Bang jyan 2001
In a Lab on Long Island, a Visit to the Big Bang yan 2003

In Brookhaven Collider, Scientists Briefly Break a Law of Nature
Feb 2010

Nuclear Physics: Not Just for Men - may 2007

Scientists Deciphering Atomic Forces Report Hottest, Densest

o Matter Ever Observed sune 2003
Digging Ourselves a Black Hole august 2008
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Initial conditions at RHIC - CGC

In 1/x

Y =

>

Gluon density increases with decreasing x
Can’t grow continuously must saturate

non-perturbative region

CGC - Color Glass Condensate
saturation 2 semi-classical effective field theory
for low-x gluons in nuclei saturation

Parton Gas of gluons at low x
BK/JIMWLK

@ Gluons (color) with long evolution

region In Q5(Y)

time scales (glass)
BEKL and high occupation numbers

@ DGLAP (condensate)

- Q2 Incoherent sum of partons
(A*proton) — thin wall of coherent
gluons randomly distributed

Og <<1

Predicted to occur at low x (10-3) — forward y at RHIC
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Initial conditions at RHIC - CGC

Scattering:

AD Correlation

Dilute _ " Forward jet |
systems (p-p):

low gluon density e
pQCD like 2—2 processes { Mid-rapidity jet 0

[IXIXIXIX
=

OOz e

A¢ (radians)

Dilute parton
system Mono-jet

Saturated (CGC) (deuteron)
systems (d-Au):

high gluon density
recoil balanced by many P is balanced Ab (oadiane)
soft gluons Dense gluonfield (Au) Py many gluons

mono-jets 2—1 processes
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Forward-Forward correlations

P-p Central d-Au{b)~2. 7fm

5— P2 GeV/ie, 1 6GeV/c<pis<py
.I__|_ <m>=3.1. <n>=32_

44t

* i

[ F + 11
}, e He 1E ﬁii ++++ .|_
Kt Tt T

Peaks

. f_ e Forward-mid:
: 0 0.48+0.02

S,\S_TAR n1.75£0.21 d-Au ~ p-p
)

Preliminary oL Lreliminary |,

' 2 3 4A¢ _1 0 1 2 3 l|I4IIIIA5¢;
E.Braidot RBRC-Glasma 2010

* Near-side peak (d-Au) = Near-side peak (p-p)
* Away-side peak (d-Au) << Away-side peak (p-p)
* Away-side width (d-Au) >> Away-side width (p-p)

Df=0
“~Et(near \ixlu‘{ Df=p

Pt (away side)*

Peripheral:
d-Au ~ p-p

Uncorrected Coincidence
Probablllty (rc;dmn”)
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Forward-Forward correlations

P-p Central d-Au{b)~2.7fm

0.03F  pu>2GeV/c, 1GeV/c<ps<py
B e
0025 W\ e CGCHoffset b=0

b
—

S

an

Df=0
““Hnear \l\lk‘l Df=p

Pt (away side)*

T Tomarguet Peripheral:
— ] 14 + d-Au ~ P-p

- \ UBEE s}
0.015?‘ et + Iiadiiase

Uncorrected Coincidence

Probability (rad

Peaks

2 T U : 001} po o Forward-mid:
- - i * [ 0 (0.484+0.02
%AR 0'005}§A%-TAR m 1.75+£0.21 d'AU ~ p-p
2 )

o Prellmlnory O- L lplrlell Ilmllnlc.ryl P NS T T T T S T
- ‘ -1 0 1 2 3 4 S
1 0 1 2 3 - Aq) Ao

* Near-side peak (d-Au) = Near-side peak (p-p)

* Away-side peak (d-Au) << Away-side peak (p-p)

* Away-side width (d-Au) >> Away-side width (p-p)
CGC calc:

C.Marquet arXiv:0708.0231, K.Tu.chin arXiv:0912.5479 FirSt hlnt Of CGC at RHIC
Good agreement with central data x(Forward yruic) ~ x(Mid yiic)

Predict centrality dependence
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Early conditions at RHIC - ¢
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Early conditions at RHIC - ¢
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Au+Au @ 200 GeV
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thermalize system

~30 times normal
nuclear density
~ S times > gy

(lattice QCD)
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Early conditions at RHIC - T

Direct Photons:

* no charge or color — don’t interact with medium

* emitted over all lifetime — convolution of all T
Measurement and

corrections under control

Theory well developed

10 =r T **1I*"*"*"T1*"* " ° —~1
12 % .
o° Central Au+Au (S =200AGeV) «: o PHENIX: PRL 104 (2010) 132301
'\ <Neh>=800 2 102
' 10 £ " ~ -
2 w1 BT SB~1:10
S 107 T
b o]
Q 1
O 10° b
T 5107
= 107 2102
° — Hadron Gas >
& 10°F  — OGP (T,=370MeV) $1oe
] ] QIS S
0 PR T T 1 PR S N 1 2 PR T | 3 PR R S 1 4 10 i p+p
s NLO pQCD . S
q, [GeV] 10 W.Vog%lsang tt‘k-h.i
I 111 I I | I - I 1 I s

QGP dominates:1< pr< 3 GeV/c | R R
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Early conditions at RHIC - T
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PHENIX - PRL 104 (2010) 132301

Taa Scaled p+p + Exp

Taa Scaled p+p

Au+Au MB

7
10 1 2

NLO pQCD (W. Vogelsang)

/3 4 5 6 7
P, (GeVic)

Au-Au:
After background subtraction
spectrum well fit by:

Taa scaled p+p + Exp
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Early conditions at RHIC - T
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Au-Au:
After background subtraction
spectrum well fit by:

Taa scaled p+p + Exp

Emission rate and shape
consistent with that from a
hot thermally equilibrated
medium

T = 300 - 600 MeV
> 2% Tc
T<1fm/c

First experimental observation of T > T¢
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Flowing like a “Perfect” liquid

100us 600us 1000us 2000us

— T|me —M. Gehm, et al. Science 298 2179 (2002)
* Very strong elliptic flow — early equilibration
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Flowing like a “Perfect” liquid

1000000006

— T|me —M. Gehm, et al. Science 298 2179 (2002)
* Very strong elliptic flow — early equilibration

1.6 , : : ,
(/)]
£ L* « 31-77 % +¢1
3 ke s 10-31 %
T 1ol e 0-10 %
8T p>2 GeV
R
£
o [
2 0.8_'
0.6:_ Au-Au ]
0.4L_STAR PRL 90 (2003) 032301 290 GeV. ]
"0 0.5 1 1.5 2 2.5 3
¢Iab-\PpIane (rad)
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Flowing like a “Perfect” liquid

100us

600us

1000us 2000us

1000000000 @¢

Normalized Counts

—M. Gehm, et al. Science 298 2179 (2002)

* Very strong elliptic flow — early equilibration

~ 0.1 .
1'% ' + d o ~ EOS with phase transition :
. » 31-77 % = ---- Hadron gas EOS E
1450 . 1031 % ta 2008 Au-Au E
1.2) * 0-10 % 200 GeV o 3
| p>2 GeV 0.06F @ +1r e . :
b Ap+p B AT
03? 0.04 a - ’ A é
0.6f Au-Au ] 0.02 £ E
0.4L_STAR PRL 90 (2003) 032301 290 Gev, ] ) 4 E
"o 0.5 1 1.5 2 2.5 3 0 bz 3
O™ plane (ral) 0 02 04 06 08 1
* Pure hydrodynamical models P [GeVic]
including QGP describe elliptic QGP is a “perfect” fluid
and radial flow Helen Caines - QCHS - August 2010 10




How perfect is the “Perfect fluid”

Viscosity water under normal condition
npA n/s ~ 380 h/4mr

p

* small n — large coupling

String theory (AdS/CFT)
predicts a lower bound:

The Shear Viscosity of Strongly Coupled N=4
Supersymmetric Yang-Mills Plasma G. Policasto,
D.T. Son, A.O. Starinets PRL 87: 081601 (2001).
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How perfect is the “Perfect fluid”

Viscosity (60 [(caupen

¥ Hy—STAR= v, (2009)
_ (Glauber)
(CGC) STAR Chg. v_ (2009)
N ~ npA Y= » oy,

s e PHENIX Vi WWNDO09
p do-Lacey et al, PRL 092301 (2007)

(.’GC Gr bg)rescheret al. PRC76 024905 (2007) -
(CGC) (Glauber) STARp, corilauon (2009) ;

Gavin & Abdel-Aziz, PRL 97 162302 (2006)

® S m a I I r] — Ia rg e CO u pI i n g © (p, correlation) ® (number density correlation)

Hydro. calculations, Song SQM08, Heinz WWND09
l

N

P. Romatschke & U. Romatschke, PRL 99 172301 (2007)

String theory (AdS/CFT)
predicts a lower bound:

n._ h 2 4 6 8 10 12

i 47t 1/s
s — Adm |
Many ways have been devised
The Shear Viscosity of Strongly Coupled N=4

Supersymmetric Yang-Mills Plasma G. Policasto, tO eth’aCt r]/S frOm data
D.T. Son, A.O. Starinets PRL 87: 081601 (2001).

ALL results close to the limit QGP — sQGP

PHENIX PRL 98 172301 (2007)

Hees et al., arXiv:0808.3710

H. Meyer, PRD 76, 101701(R) (2007) [Lattice QCD])
o (T=165T)

| conjectured.
quantum limit

=
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There are partonic degrees of freedom

* Elliptic flow is additive.

* If partons are flowing the
complicated observed flow
pattern in v,(py) for hadrons
d°N
dprd¢
should become simple at the
quark level
pr— pr/n

vV, =V, /n,

« 142 v,(p, ) cos(29)

n = (2, 3) for (meson, baryon)

_ 2 2

_IIIIIII IIIIIIII[_
0.3 @ (PHENIX) <= p (PHENIX)
m K (PHENIX) O A (STAR)

K2 (STAR) 0 E (STAR)

I %ae , I
0.2-— baryons équ ih !
C#@ em °HN o

g?ojﬁw.a

- ™ mesons .
0.1F ,?" .

Igllllllllllllll

0 1 2 3

0
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There are partonic degrees of freedom

* Elliptic flow is additive.

e If partons are flowing the
complicated observed flow

pattern in v,(py) for hadrons
dfyj]c\z’[q) x1+2v,(p,;)cos(29)

should become simple at the
quark level

pr— pr/n
vV, =V, /n,
n = (2, 3) for (meson, baryon)

Works for p, &, KO, A, E..

- ® 1 (PHENIX) < p (PHENIX)
. ®m K (PHENIX) O A (STAR)
K2 (STAR) [ = (STAR)

gﬁw. "

(M- my)/ing (GeV)

~ ,d~ 0
V,8 ~ Vv,Ud ~ 7%

Constituents of QGP are partons

12
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Summary of first decade of RHIC - |

* Energy density in the collision region is way above that
where hadrons can exist

* The initial temperature in the collision region is way above
that where hadrons can exist

* The medium has quark and gluon degrees of freedom in
initial stages

We have created a new state of matter at RHIC
- the sQGP

* A sQGP: flows like an almost “perfect” liquid
iInteracts strongly with partons passing through it

Helen Caines - QCHS - August 2010 13




RHIC:

the Beam Energy Scan

200 GeV

Temperature (MeV)

RHIC such a versatile machine
need to make good use of it

Lattice QCD predicts:
e High T & Low us
Cross-over
e High ug & Low T -
1st order transition

e Mid pug & Mid T -
Hadronic Gas Critical Point
0 250 500 750 1000 Evidence of a critical point and/

Baryon Chemical Potential ji; (MeV)

or 1st order phase transition?

What Vs does sQGP “turn off’?
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RHIC: the Beam Energy Scan

Temperature (MeV)

200 GeV

RHIC such a versatile machine
need to make good use of it

Lattice QCD predicts:
e High T & Low us
Cross-over
e High ug & Low T -
1st order transition
e Mid ug & Mid T -
Critical Point

0 20 500 750 ‘1000 Evidence of a critical point and/

Baryon Chemical Potential ji; (MeV)

or 1st order phase transition?

Location of CP not known -

experimental search needed What Vs does sQGP “turn off’?

Scan began this year, data at Vs = 62, 39, 11.5 and 7.7 GeV

data currently being analyzed -watch this space
Helen Caines - QCHS - August 2010 14




gluons (color octets)

v¥*, Z: colorless R

v: colorless

WAAVAVAVAVAVAVAVAVAVAV, ¢ ©

QQ: color singlet/octet

Helen Caines - QCHS - August 2010
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Hard probes of dense matter (Bricks)

st :A ¢ :
; N Yields:
- i i B e Induced Gluon
quark (color triplets) o0 A Radiation » transport
. coefficient
e Collisional
Energy Loss » Gluon
gluons (color octets) | « Absorption as Density
| R009q ., Pre-Hadrons » Energy
| Density
v*, Z: colorless
y: colorless
QQ: color singlet/octet
00000000000000 s
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Hard probes of dense matter (Bricks)

N

P e Induced Gluon Yields.
quark (color triplets) < Radiation » transport

b 3 " coefficient

; e Collisional

Energy Loss » Gluon
gluons (color octets) | « Absorption as Density

0000000000000 1

| R009q ., Pre-Hadrons » Energy

| i Density
v*, Z: colorless

° nothing >~ Control
v: colorless (N> L)
S

QQ: color singlet/octet "

Helen Caines - QCHS - August 2010 15




Hard probes of den

3%
4

B

quark (color triplets)

gluons (color octets)

v*, Z: colorless

v: colorless

| N
\]

s e« Induced Gluon
| Radiation

e Collisional
Energy Loss

e Absorption as
Pre-Hadrons

0..“.

e nothing
(A> L)

e Dissociation

e Recombination
e Absorption

e E-loss ?

se matter (Bricks)
-

Yields:

» transport
coefficient

» Gluon
Density

» Energy
Density

>~ Control

Yields:

» Tacp
. » Probe

Deconfinement
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Hard probes of

3
X "e, 3

den

quark (color triplets)

gluons (color octets)

v*, Z: colorless

v: colorless

N

¥ e Induced Gluon
| Radiation

e Collisional
Energy Loss

e Absorption as
Pre-Hadrons

0..“.

e nothing
(A> L)

e Dissociation

e Recombination
e Absorption

e E-loss ?

se matter (Bricks)

Yields:

» transport
coefficient

» Gluon
Density

» Energy
Density

>~ Control

> » P

confineMment
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Probing for the QGP

p-p - No QGP, baseline measure
d-A - No QGP, initial state effects

A-A - QGP created

Nuclear modification factor:

Yield(A+ A
RAA(pT)= ; ( )
Yleld(p+p)><<Nm”>

Ave. no of p-p collisions in A-A collision
d-A: Cronin enhancement

A-A: High pt suppression

Away-side di-hadron correlations:
d-A: p-p like
A-A: Strong suppression

A . . g
Mid-rapidity small enhancement?

Cronin effect

1.1-1.5

N

/

|
~2-4 GeV/c

t Mid-rapidity

broadening?

XIXIXDY
DZOZOZ0X

LZOTOZO

/2
A¢ (radians)

Clean separation of initial state (d-Au) and QGP (Au-Au) effects

Helen Caines - QCHS - August 2010
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High-p+ suppreSSIon

5 e (OQbservations at RHIC:
o 10} ¥ Inclusive h™ (STAR)
- . <>( . 1. Photons not suppressed

10"

-

e Good! y don’t interact with

{. HHHH{'{'-}* medium

L o N, scaling works

4 6 8 10 12 14 16
p; (GeVic)
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High-p+ suppreSSIon

3 waenmatees: L OQbservations at RHIC:
e l o <(S)>( n 1. Photons not suppressed
» Good! y don't interact with
medium
i } H {' + J( e« N_, scaling works
- Fr H’ coll g
- ?é
‘ #%ﬁ'@{'iﬁf ft HM 2. Hadrons suppressed in central
gl L AUAU
) pr (GeVic) * Raa- factor 5 suppression
 _ epminbas « Away-side jet highly quenched
—~ 0.2+ —
g - k- * Au+Au Central ‘],/SEAR ]
:
5

A ¢ (radians)
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H/gh-pT suppression

= 25 —————  (Observations at RHIC:

4 d+Au Minimum Bias

Rag(Pr)

1. Photons not suppressed

e Good! y don't interact with
medium

» N, scaling works

2. Hadrons suppressed in central
Au-Au
e Raa- factor 5 suppression
e Away-side jet highly quenched

3. Hadrons not suppressed in d-Au

e Raa- Cronin effect
* Away-side jet p-p like

1/Nygger AN/A(A0)

A ¢ (radians)
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H/gh-pT suppression

-o-d+Au FTPC-Au 0-20% |
d+Au Minimum Bias

&

1/Nygger AN/A(A0)

Observations at RHIC:

1. Photons not suppressed

e Good! y don't interact with
medium

N, scaling works

2. Hadrons suppressed in central
Au-Au

e Raa- factor 5 suppression
e Away-side jet highly quenched

3. Hadrons not suppressed in d-Au

e Raa- Cronin effect
* Away-side jet p-p like

A ¢ (radians)

sQGP - strongly coupled:
colored objects suffer large E loss
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High-p+ suppression

PHYSICAL PHYSICAL
REVIEW REVIEW
[ _ETTERS | _ ETTERS

Articles published week ending
,. - 200 =
14 January 2002 15 AUGUST 2003

J ~ RN w )
Volume 88, Number 2 Volume 91, Number 7

PHENIX PHOBOS

, g | '
Au+Au ¥s,, = 130 GeV
central 0-10%
m (h"+h7)/2

o’ 3 \
Pb+Pb(Au) CERN-SPS E T, b 204
a+ce CEAN-ISR B e hikce 3
o & sasd frm
A T

* piGevi) 2

STAR

+ AusAa Conird
+d+Au Contnal
- p+p HnimunBas

NuwhearModrcan

Member Subscription Copy
Library or Other Institutional Use Prohibited Until 2007

Member Subscription Copy
Library o Other Trstitational Use Prodi bited Until 208

Q@ Published by The American Physical Society
% Published by The American Physical Society
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The limitations of Raa

Sy = 200 GeV
Insensitivity to due to surface emission:

g = (pt?) transferred from the medium to
a hard gluon per unit path length

A. Dainese et al.,
Eur. Phys. J. C38(2005) 461

10 10

Distributions of parton production
points in the transverse plane
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The limitations of Raa

quN =200 GeV A. Dainese etCaI.,( )
g . . Eur. Phys. J. C38(2005) 461
Insensitivity to due to surface emission:

g = (pt?) transferred from the medium to
a hard gluon per unit path length

Raa > 0 even for highest densities

© PHENIX n0
Y STARh
A PHOBOSh

<
<L
c 1.2

Distributions of parton production
1 T~ 0 BRAHMS h P P

\ points in the transverse plane
ﬁ = (}, no medium

Rough correspondence:

vl d=1GeV /fm GeV?: <« dN®
0.4 iz,,_ [ 10 y ~ 1800
F Lol o] L[ d@=56ev Um Jm Y
0.2 L I:;J-:I'}I: Jarat JI:IJJI.(TNJI rlllrf!:' 1 E— — A Ge V2 @ ng
I 1 G=1015GeV *Ifm qg=> 7 y ~ 900

0.8

0.6

u 1 1 1 1

| 20 I 25
p, (GeV)
[Eskola, Honkanen, Salgado, Wiedemann (2004)]
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The limitations of Raa

w =200 GeY B D?jﬂeseJetc?:ls'é(zoos) 461
ngn w A . . ur. Phys. J.
Insensitivity to g due to surface emission:

g = (pt?) transferred from the medium to
a hard gluon per unit path length

Raa > 0 even for highest densities

© PHENIX n0
Y STARh
A PHOBOSh

<
<L
c 1.2

Distributions of parton production
1 T~ 0 BRAHMS h P P

\ points in the transverse plane
ﬁ = (}, no medium

Rough correspondence:
e q=1GeV ¥m 2 dN ¢

7] G-10200 < = =180

i .T~.T 117 TT ,;:I s 1 a =5 GeV *fm ﬁ/n dy

s T
0.2 ; T & I.IJ R JI_"JJI_“T"J, rll]_l!: | Tl — ‘ — Ge V2 Dt ng
7 7 |f|= H‘J,ISchlf' *ffm q = 5 = 900

25 fim dy
p, (GeV) ..
[Eskola, Honkanen, Salgado, Wiedemann (2004)] | Need more sensitive tool

0.8

0.6

u 1 1 1 1

20
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Heavy quarks are gray probes

Dead cone effect implies lower heavy quark

dr
__ Ydw |LicnT

HEAVY 2 ’
(1+(3) #)

. _ dI
energy loss in matter: f w -
Q

Dokshitzer and Kharzeev, PLB 519 (2001) 199.
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Heavy quarks are gray probes

Dead cone effect implies lower heavy quark

dl ‘
w —_
: _ d
energy loss in matter: w = wILIGHT
WIHEAVY L+ (7 2
Q E, ) ©°
Dokshitzer and Kharzeev, PLB 519 (2001) 199. heavy flavorc,b - e Kv
2 [ (et+en)2
X L AutAu (central) Vsyn=200 GeV
10— [ ® STARAu+Au 0-5% (PRL98, 192301)
VERT TN rrd ! A PHENIX Au+Au 0-10% (PRL96,032301)
‘ e [ O DVGL Rad dN,/dy = 1000
o8l | — —— - BDMPS c+b = 10 GeV?/fm
06 60’70 _
»T_ b O\‘ \\~ % \\\\\\
o e )
< X -
«c \ 2N ns
0.4 N
| DGLV Rad+EL
01 L van Hees Elastic .
L DGLV charm Rad+EL ]
0.2- ] i Collisional dissociation ]
! | ! | ! | ! | ! |
: MWM 3 0 2 4 6 8 10
ool o L U by L p; (GeV/c)
0 2 4 6 8 10 12 14 16 18 20

Wicks et al, Nuck Phys, A784 (2007) 426 Heavy flavor JUST as suppressed

Helen Caines - QCHS - August 2010 19




It gets worse ... bottom not gray either

Can get Raaonly if:

Include radiation and elastic collisional energy loss
assume all non-photonic energy loss comes from ¢

[ @ D' (PYTHIA fit) STAR & PHENIX BUT STAR and PHENIX show b

¥ e-D’ (MC@NLO fit) Prelimi _ _ . N
® c-h, RunS (PYTHIA fit) refiminary contribution in p+p collisions

A e-h, Run6 (PYTHIA fit) _ o) -
© PHENIX e-h, Run5+6 (PYTHIA fit), prel. = ~35 A) at pTe 6 GeV/C

FONLL

Beauty appears equally
suppressed

We still don’t fully understand
energy loss

—8 10 Needed to measure b and c Ry,
p._(GeVic)  independently AND accurately

A key measurement for RHIC upgrades and the LHC
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Jets at RHIC

pr (GeV/c)

¥ MW;&

PH “ENIX

' /Run 5 Cu + Cu at/syy = 200 GeV

- 150513, 277518, 19-20% cent.
10 Yue Shi Lai QM2069" event cen
Joern Putschke HP2008

Clearly visible above background in both experiments
Underlying event a significant challenge - magnitude & fluctuations

Tools (i.e. FastJet package, gaussian filters) and methods
(unfolding) developed to extract and correct the data
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D.5

D.4

0.3

D.2

0.1

/

N

M. Ploskon QM2009

Look at the jet energy profile

Calc Njet(R=O.2)/Njet(R=O.4)
as function of prjet

For fixed partonic pr
ratio(narrow)>ratio(broad)
i.e.

ratio(p-p) > ratio(Au-Au)
due to QGP interactions
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Look at the jet energy profile
Calc Njet(R=O.2)/Njet(R=0.4)
as function of prjet

- Au+Au and p+p at\[s =200 GeV/c

Au+Au: 10% most central —— Au+Au kt

: — o o Aushu anti-kt For fixed partonic pr
s.STAR Preliminary —  mew ratio(narrow)>ratio(broad)

—=—  p+p anti-kt
l.e.

ratio(p-p) > ratio(Au-Au)
due to QGP interactions

Yield Ratio: R=0.2/R=0.4

“Focussing” of jet with

E.|....|....|....|....|....|....|....|. I I I
15 20 25 30 35 40 45 50 Increasmgjet energy

M. Ploskon QM2009 p_‘:et (GeV/c)
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Look at the jet energy profile

Yield Ratio: R=0.2/R=0.4

o STAR Preliminary ~  pok

- Au+Au and p+p at\[s =200 GeV/c

Au+Au: 10% most central —— Au+Au kt
—— Au+Au anti-kt

—=— p+p anti-kt

M. Ploskon QM2009 p_‘:et (GeV/c)

De-focussing of energy profile when
jet passes through sQGP

Calc Njet(R=O.2)/Njet(R=0.4)
as function of prjet

For fixed partonic pr
ratio(narrow)>ratio(broad)
.e.

ratio(p-p) > ratio(Au-Au)
due to QGP interactions

“Focussing” of jet with
Increasing jet energy

Au-Au:
“Broadening” of jet with
Increasing jet energy
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Modification of the fragmentation

p and E must be conserved so quenched energy must appear
somewhere

Prediction that the fragmentation function is modified in the
presence of a QGP - more and softer particles produced

dN® 1) « MLLA: good description of
d¢ vacuum fragmentation (basis

= OPAL. V5=192-209 GeV of PYTHIA)

= in vacuum, Ej,=100 GeV :
-- in medium, Ej;=100 GeV =~/ « Introduce medium effects
* TASSO—~Vs=ttGeV ) at parton splitting Borghini and

- == in vacoum, Ejet=7 GeV Wiedemann, hep-ph/0506218

—-—in medium, Ej,=7 GeV

6 Ezln(EJ et/ p hadron)
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Modification of the fragmentation

p and E must be conserved so quenched energy must appear
somewhere

Prediction that the fragmentation function is modified in the
presence of a QGP - more and softer particles produced

d_Nh(Sc,T) « MLLA: good description of
d¢ vacuum fragmentation (basis

= OPAL. V5=192-209 GeV of PYTHIA)

= in vacuum, Ej,=100 GeV :
-- in medium, E;=100 GeV « Introduce medium effects
* TASSO—~Vs=ttGeV ) at parton splitting Borghini and

- == in vacoum, Ejet=7 GeV Wiedemann, hep-ph/0506218

—-—in medium, Ej,=7 GeV

Look at
away-side FF

6 Ezln(EJ et/ p hadron)
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Jet-hadron correlations

O .2<pt,assoc<1 O GeV/C

e- = - -
E 3:_STAR Preliminary
S = = mptp
_?-5__— AU+AU
gt
™~ 2__
150 h N
- & a
1 AN Y +
-] 1F G + > Q@
05Hee & + -
N ,rﬁ{, ) ‘o(.!" 'oh )
it 1t 'n'o'z,d! 3L "’w,m‘i;
05! + Jet Cone +
1
1
-1 lllllllllllllllllll[llllllllll
-1 0 1 2 3 4 5
AMJet-‘passoc.
J. Putschke RHIC/AGS 2009
Trigger jet
Ad .
Recoil jet

pt,assoc>2 5 GeV/c

IlIIIlIIIIIIIIIIIIIIIIIIIIIIII
1 2 3 4 5
AG=) =0

Jet " assoc.

- 8 STAR Preliminary
y 7:_ = = = Ptp
3 - — AU+AU
61
sf-
af
A3 Jet Cone
: 2
2t
£ f
OZA J
1 0

Au+Au 0-20%
High Tower Trigger
1 tower

0.05x0.05 (nxo)
with Ex> 5.4 GeV

Jet trigger:
Anti-kT,

R=0.4,

pt rec(jet)>20 GeV
using
pt,(particle)>2 GeV
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Jet-hadron correlations
O.2<pt,assoc<1 O GeV/C pt,assoc>2.5 GeV/C

L STAR Preliminary

w

- = = PP Au+Au 0-20%
High Tower Trigger

1 tower

0.05x0.05 (nxd)

with Ee> 5.4 GeV

o
LI L

— AU+AU

'IINJ“,ONIGAQ)

i STAR Preliminary

t X
LI LI

Jet trigger:
Anti-kT,
Jet Cone R=0.4,

pt rec(jet)>20 GeV
using
pt,(particle)>2 GeV

4 - 4
AG=9 -0 AG=0 -0

Jet " assoc. Jet " assoc.

J. Putschke RHIC/AGS 2009 Away-side: Broadening

Trigger jet _
Softening

4 Recoil jet First direct measurement of Modified

Fragmentation due to presence of sQGP
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Summary of first decade of RHIC - |l

e p-p data well described by pQCD calculations at high pr

e Cold nuclear matter effects are there (d-Au Raa and di-hadron
correlations) but cannot explain Au-Au data

e Large suppression of high pt hadrons in the presence of a sQGP

e ¢c and b quarks interact as strongly as the light quarks and gluons
(Raa of non-photonic e)

e no theory yet available to precisely describe all suppression results
e Strong evidence of broadening of the jet energy profile (R=0.2/R=0.4)

* Quenched jet energy reappears as numerous large angle, low pr,
particles (jet-hadron correlations)

Results can be explained as due to significant partonic
energy loss in the sQGP before fragmentation -
numerous details left to be understood




The LHC continues the investigation...

|2.8 BILLION YEARS AGO, BT

A FEW SECONDS BEFORE THE | .

CREATION OF OURUNIVERSE Lets fire upthis |

T r e Hadron Particle P
o Ml llider and see 2
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BACKUP SLIDES
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