saturation 2

region In Qs(Y) : !ﬁnouﬁlau?ouvonv
EST. 1943

BK/JIMWLK

non-perturbative region

(Xs""l as<1

Heavy ion program for the near-term future

PreShower

Cesar Luiz da Silva

Xiaodong Jiang
LANL Heavy Ion Review - Jan, 10 2012

2m

| 0-6% centrality

=
t—"l‘?“:Jr»iu* il

Solenoid

GEM-Tracker

4 2 0 2
Pseudorapidity n



Wha’r we observed so far: CNM

started to explore ' }':;;o 8“23%%551?%2,;\ Iy 0-209%
kinematic regions where I
gluons with small fractional = 'F 158 ; i
momentum (x) are 5 T i '
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J
| T
———

PbESPOO

Vs =200 GeV d+Au/p+p
pparton I L L IIIIII L L 'l IIIIII

0.5-0.75 GeV/c 60-88%
0.75-1.0 GeV/c 60-88%
1.0-1.5 GeV/c 60-88% [
0.5-0.75 GeV/c 0-20% |7
0.75-1.0 GeV/c 0-20% | =
1.0-1.5 GeVic 0-20% |+

@ Iv020%

X = 10° 10~

Pnucleon X Aufmg or x,(Jy) = (M/Ns) e”

10"

2
. IRAIamos

NATIONAL LABORATORY
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gluons are suppressed as a
function of the path length in the
nucleus using J/ ¥

linear

exponential
quadratically

color glass condensate

Jhy in d+Au at\[s =200 GeV

" first attempt to track down how

. —-—le -0.5<y<0.5

r—e— Jiy1.2<y<24
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What we observed so far:sQGP

" strong energy loss of
light and heavy quarks
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suppression of heavy
quar'koma (J/lb )
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B 2004 Au+Au, lyl<0.35, globalsys. =+ 12%

® 2007 Au+Au, 1.2<lyl<2.2, global sys. =+ 9.2%
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Ques‘nons arlsmg from these observations {2aamos
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- h+7t0 ((J }sh Pre llmm \ry J/W() 70/

" h+w , 0-20% Preliminary’

wid ees5 3 *what is the mechanism behind the large
" | suppression at very forward rapidity?

, O  0.5-0.75 GeV/c 60-88%
O 0.75-1.0 GeVic 60-88%
AR A 1.0-1.5GeVic 60-88% [
5 0.5-0.75 GeV/c 0-20% |1
Vs

*®
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how to test shadowing and gluon saturation:
*measurement of nuclear modification of particles produced by gluon
fusion in p(d)+Au collisions at forward rapidity(small- x)
direct photons
*heavy flavor
*quarkonia

1 Eskola, Paukkunen, Salgado,
| JHEPO4 (2009) 065

9 GeV?

-
N
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R, in Au at @?

Recombination
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Bremsstrahlung :

~ a In(1/x) P IR
] ) 10,.

Bjorken x
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Questions arlsmg from these observations {2aamos
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T T 11 LI | 1
- h+7t0 ((J bh Pre llmm \ry J/W() 70/
" h+m , 0-20% Prehmmary

ai4 oo 1 *what is the mechanism behind the large
" | suppression at very forward rapidity?

® 05075 GeVic 0-20% |7
, B 0.75-1.0 GeVic 0-20% |4
s =200 GeV d+Au/p+p | A 10:1.5GeVic020% |4
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O 0.75-1.0 GeV/c 60-88%
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sighatures for Color Glass Condensate
*monojets in p(d)+A collisions at very forward rapidity

twisted bulk medium in A+A, can be probed by azimuthal dependence of
jets, Iarger effect at N ~2 [prc72 2005) 034907

4 =\ 4

pQCD factorization | Color Glass Condensate
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Questions arlsmg from these observations ,'@Auamos
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ai4 oo 1 *what is the mechanism behind the large
" | suppression at very forward rapidity?

h-h Ty
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sighatures for Color Glass Condensate
*monojets in p(d)+A collisions at very forward rapidity

twisted bulk medium in A+A, can be probed by azimuthal deendence of
jets, Iar'ger' effect at N ~2 [prc72 2005) 034907

.

L pQCD factorization | Color Glass Condensate
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Questions arlsmg from these observations ,'@smamos
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Questions arising from these observations B2 msaiiia
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how to test energy loss of partons:

nuclear modification of gammas, heavy flavor and
quarkonia in p(d)+A collisions

*measuring path length dependence of nuclear
modification using probes from early stages
(J/ ¥, 7 .heavy quarks, jets)

Drell Yan nuclear modification (E906, d+A)
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Questions arising from these observations B2 msaiiia
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Jhy in d+Au at\[S,,;=200 GeV
2

e Jy12<y<24

e can the measurement of the path length
dependence of suppression be improved?

e what can we learn from it?

0.3 04 05 06 07 08 0.9 1 1.1 1.2
Ry, (0-100%)

e procedure can be repeated using heavy flavor, gammas, jets and
light hadrons once calorimetry is available at large rapidity
where effects are stronger

e this measurement would provide a strong constraint on the
mechanism for parton modifications in the nucleus

Heavy ion program for the near-term future Cesar L.da Silva
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Questions arising from these observations o2 aiamos
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 why does the system thermalize so fast?

e can we get a better constraint on the
thermalization time?

¢ is there any new physics in the pre-thermalization
stage?

* how does the bulk medium expand longitudinally?

need to understand the parton initial state

*need to observe nuclear modifications in very
forward rapidity where parton modifications are

larger

' saturation
@ ) region

Heavy ion program for the near-term future Cesar L.da Silva
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Questions arising from these observations o2 aiamos
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 why does the system thermalize so fast?

e can we get a better constraint on the
thermalization time?

¢ is there any new physics in the pre-thermalization
stage?
e how does the bulk medium expand longitudinally?

y

explore the physics outside the Bjorken

plateau regio

n

0-6% centrality BRAHMS

¢ 200 GeV |
m - '30 -

*longitudinal hydrodynamics under-explored £ onngeny \ ° 198

to date

*LHC has wider plateau, less access to lower %4
density region

‘need to measure flow, energy loss,
temperature, color screening

Péeudorap-dity n
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18k
1.6}

L |lfn ALICE Preliminary
1.4

0

1.2F
1H

0.6} -
0.4
0.2

| T T T | T T T | T
Pb-Pb \ 5,,,=2.76 TeV

e

T T T I T T T I T T T | _]
s+ D° Ry, 0-20% CC
= D'R,, 0-20% CC
o 7Ry, 0-20% CC

Questions arising

PHENIX B.D = ¢* . 0-10% 3
PRC 84 044905 .

o8 “

-+ * how do the heavy quarks couple with the medium
. formed in A+A?

* pQCD radiative energy loss of quarks should
depend on the mass of the quark, why is that not
observed? no collision energy dependence?

0

.1 edE/dx depends on L L2 3.2

y

*energy loss scenarios
» can be tested with quark mass dependent 8 .—. AdS/CFT, D=1

nuclear modifications (FVTX program)

» HF tagged jets, HF-hadron or HF- ¥ correlations can %
shed light on how HF couples with the medium

»also need to check large rapidities where we can
explore different densities at the same beam energy

1

J. Phys. G: Nucl. Part. Phys. 35 (2008) 044025
. —— pQCD Rad-+El
— — AdS/CFT, D=3

| - - AdS/CFT, A=

Q
<0.6

N
S——
—~~

S
0
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Ques‘rlons arising from these observations

S L

o 1.4

1.2

1

0.8H

0.6
0.4}

0.2f

0.‘,. >

o
50

100 150 200 250 ~ 300 ~ 350

» Los Alamos

NATIONAL LABORATORY

=1 ® how does the significant CNM effects observed

for quarkonia in d+Au factorize in Au+Au?

| e can we obtain color screening and temperature

experimentally?

| o what is the role of charmonium regeneration?

color screening in QGP: the need to go to forward rapidity

* p+p data favors formation of color octet charmonium

nucleus rest frame at RHIC (Nucl.Phys.A770,40(2006)]

* that means charmonium is a pre-resonant object above y ~ -2 in p+A

Heavy ion program for the near-term future Cesar L.da Silva




Z)
Ques‘rlons arising from these observations 1o2Aiamos

S L

1.2

1

0.6

experimentally?

0.4}

550100150200 250300 " 550
Npart

& raf : =7 ® how does the significant CNM effects observed
o morh === 1 for quarkonia in d+Au factorize in Au+Au?

ol | ® can we obtain color screening and temperature

' | o what is the role of charmonium regeneration?

NATIONAL LABORATORY

color screening in QGP: the need to go to forward ra

idity

» p+p data favors formation of color octet charmonium

nucleus rest frame at RHIC Nucl Phys.A770,40(2006)]

* that means charmonium is a pre-resonant object above y ~ -2 in p+A

0.6F - PRC7 3, 014904(2006)

A cc diagonal pairs
@ Formation from all pairs

» charmonium regeneration smaller at large mpudu‘ry

|+ color screening + initial state effects more pronounced

| *J/ ¥ -hadron correlation can help to isolate initial state effect

Heavy ion program for the near-term future Cesar L.da Silva 'l



sPHENIX: Conceptual Design o2 Alaiige
Rl?C3 . RPC.’) B NATIONAEI;TI..?:‘C;RATORY
N@@b A
O
5
| | |= RHIC already provides flexible
Zoc South - N2 beam configurations for path
MulD MulD . . .
3 length and density variations
* Au+Au, Cu+Au, d+Au, d+Cu, U+U,...
*19 < collision energy[GeV] < 200
Side View North L Y
) IS5m= 60 fi B
n=1 om _
: el Y, et
hadron
n=2 ' 80cm B muon
n s 3 ) L \ 40cm s A
n=4 : ’T‘“:Jpﬂg illl L 10cm S/
=i FVIX £ - Compac
W . arre
— /'ila:cx N 5 Upgrade Upgrade
PreShower reshowet
Solenoid M +3 42+ (; 2 3 n

GEM-Tracker
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Detector needs

dirgct moton mg ! |

4@5 Alamos

Direct photon
events

-
IIIIIIIIIIIIIIIIIIIIIII

Lb
w
£}

A5

Log(X;) Xgluon IIl Au

80cm

JL 1L~_|III

40cm

10em
T

(F)VTIX

._7T1‘ackcr

PreShower

GEM-Tracker

if ¥ is correlated to pion
xo = pry(e”™ +e 1) /s

Compact

Azimuth (¢p)

PreShower

Solenoid

O ety jet

hadron

B muon

4 +3 42 +]

o full azimuthal coverage, high segmentation calorimetry for jet reconstruction

and photon identification

e 2Tesla + high resolution tracking to discriminate J/ ¥, %' and Upsilon states

* acceptance down to 2deg. next to beam pipe for large rapidity->small-x(~103)

e particle identification

Heavy ion program for the near-term future Cesar L.da Silva
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Detector needs and LANL work task @A'amos

EST. 1943

n=1 Questions Observables Needs
Quarks strongly coupled Jets, Dijets,
Interaction mechanisms v - Jet (FF, radiation) ®O o

80cm

== . Quasiparticles in medium Charm/Beauty Jets @ O O [ @
1 4 . 10cm
(F)IVTX
Tracker J/y at multiple energies ®OO0
—— Screening Length

PreShower PreShower

Upsilons (all states) @ © O

Solenoid

Thermal Behavior . .
GEM-Tracker Thermalization time — Directy" flow @00

@ Large Acceptance
O High Rate

e Xiaodong, Mike, Ming, Christine, Jin Huang and O Electron ID

@® Photon ID

I(starting) are involved in sSPHENIX/ePHENIX © Excellent Jet GppspiRis |13
where conceptual design, physics goals and budget are discussed

 LANL driven by forward physics and is pursuing the hardware at large
rapidity and high occupancy environment

e plan for R&D following by assembly in five years

e important and unexplored physics to be studied at large rapidities!
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EXTRA SLIDES
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Questions arising from these observations 1o aamos

N -
009:
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.| e why the system thermalize so fast?

o.os;

s T % i e can we get a better constraint in the

0.06F

ot ¢ wox thermalization time?

" KK

ot 44 : e is there any new physics in the pre-
< / : - thermalization stage?

Bl AL how the bulk medium expands longitudinally?

il 1
0 02 04 06 08 1 12 14 16 18 2
(m_-m)/n_(GeV)

y

scenarios for the rapid pre-thermalization stage

* fluctuation and turbulence of strong QCD fields
[PLB393,26(1997)][PRL94,102303(2005)][PRC81,024905(2010)]

*sighature: increase energy loss of early jets
[PRC78,064906(2008)]
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Questions arising from these observations 1o aamos
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e —— why the system thermalize so fast?
sl [+ 1] e can we get a better constraint in the

st B o thermalization time?
e : e is there any new physics in the pre-
A thermalization stage?

N i A how the bulk medium expands longitudinally?

il 1
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scenarios for the rapid pre-thermalization stage

y

* fluctuation and turbulence of s‘rron;(; CD fields
201

[PLB393,26(1997)][PRL94,102303(2005)][PRC81,02490 0)]

*sighature: increase energy loss of early jets
[PRC78,064906(2008)]

*q 7+ AdS-black holes/branes oscillations

s * sighature: produce low mass energetic dielectrons
AdS;—Schwarzschild ) [ http: //indico.cern.ch/contributionDisplay.py?contribId=24&confId=72423.]
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Questions arising from these observations 1o aamos
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= 0.1¢ N
N o
= 0.09F

1] why the system thermalize so fast?

j‘j? S can we get a better constraint in the
b o thermalization time?

IS there any new physics in the pre-
4 thermalization stage?
ol .. ¢ how the bulk medium expands longitudinally?

il 1 1 1
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(m_-m)/n_(GeV)
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- . . b

A
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0.02F C _
- eference Line

y

scenarios for the rapid pre-thermalization stage

* fluctuation and turbulence of strong QCD fields
[PLB393,26(1997)][PRL94,102303(2005)][PRC81,024905(2010)]

- signature: increase energy loss of early jets <3 —
[PRC/8,064906(2008)]

* AdS-black holes/branes oscillations

* sighature: produce low mass energetic dielectrons
[ http: //indico.cern.ch/contributionDisplay.py?contribId=24&confId=72423.]

» experimental checks include comparison of early/late
probes like 3D tomography of light/heavy quark jets
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Questions arising

S L

o 1.4F

1.2

1

0.8H

0.6
0.4}

0.2f

B 2004 Au+Au, lyl<0.35, global sys. =+ 12%

—

e

® 2007 Au+Au, 1.2<lyl<2.2, global sys.=+9.2% |

. )
from these observations o2aiamos
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how the significant CNM observed for
quarkonia in d+Au factorize in Au+Au?

can we obtain color screening and temperature
experimentally?

what is the role of charmonium regeneration?

quarkonia melting and regeneration in QGP

‘needs Raa (Neou,pr, ¢ — RP, rapidity, \/Snn)
*dilepton channels J/ ¥, ¥'Y 15,25,3S

*radiative decay: X¢c->J/ ) + 7y

Lattice and potential
model spectral function
estimations

>

>
I 1.2 T/Tc

charmonium regeneration
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