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Sequential melting in QGP

. melting of the éxcited states Dissociation

g that feed-down the (15) melting of the temperatures from
Z i " direct Y(IS) lattice QCD (+hydro)
-

L e

Z o

= .

7 Y(15)

Energy density (oc<T#)

[ Mocsy et al., Int.J.Mod.Phys. A28 (2013) 1340012 |
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Sequential melting in QGP

Dissociation

melting of the éxcited states

g F—— that feed-down the (15) melting of the temperatures from
E : i " direct Y(IS) lattice QCD (+hydro)
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S T
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C; Y(1S)

_E[nelting of the éxcited sta?teg.
. that feed-down the (IS) melting of the

direct |/
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Energy density (o<T%)

[ Satz, Int.J.Mod.Phys. A28 (2013) 1330043 ]
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Sequential melting in QGP

. melting of the éxcited states Dissociation

g that feed-down the (15) melting of the temperatures from
Z i " direct Y(IS) lattice QCD (+hydro)
-

L e

Z o

= .

% Y(15)

_E[nelting of the éxcited sta?teg.
. that feed-down the (IS) melting of the

direct J/Y

J/@Survival Probability

0ES) x(P) (1)

Energy density (o<T%)

[ Satz, Int.J.Mod.Phys. A28 (2013) 1330043 ]
» Bottomonium family : richer, broader range
in T (compared to charmonium)

4 Less necessar)l tO measure X b( | P) state [ Mocsy et al., Int.J.Mod.Phys. A28 (2013) 1340012 ]
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Bottomonium sequential melting @ LHC

Serious candidate for a « textbook-like » plot
at the recent Hard Probes 2013 conference
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Bottomonium sequential melting @ LHC

Serious candidate for a « textbook-like » plot » necessary ingredients :
at the recent Hard Probes 2013 conference

)

high inv. mass resolution in pp and
PbPb + background under control

—
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o
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Sequential suppression seen :
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00}
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2 CMS PbPb s, =2.76 TeV "
£ Cent. 0-100%, lyl < 2.4
L. =150ub™

int

1N : Sequential suppression seen :

a
L2
>
[O))
Q)

* (3S) completely melted ?
"o * (2S) very suppressed
— tota PO s i

- background * direct (1S) not affected

{ i1 - ppshape
: (R, scaled)

Events /(0

1 12
Mass(uw) [GeV/c?]

|24 Selected for a Viewpoint in Physics ek endine
(=}

PRL 109, 222301 (2012) PHYSICAL REVIEW LETTERS 30 NOVEMBER 2012

S

Observation of Sequential Y Suppression in PbPb Collisions

S. Chatrchyan et al.*
(CMS Collaboration)
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Events /(0
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Sequential melting @ LHC

CMS Preliminary 0-100%
PbPb\/s\\ =2.76 TeV

e Inclusive ¢(2S) (6.5 < p. < 30 GeV/c, lyl <1.6)

v Y(3S) (lyl <2.4), 95% upper limit

+ Y (2S) (lyl <2.4)
m promptJ/yp (6.5 < p, < 30 GeV/c, lyl <2.4)

* Y(1S) (lyl < 2.4)
Y(1S)

04 06 08
Binding energy [GeV]

[ Velkovska for CMS, HP2013 ]

Raa =
state Raa £ stat  syst
Y(IS) 0.56 £ 0.08 £ 0.07
Y(2S) 0.12 £ 0.04 + 0.02
MEN) <0.10 at 95% CL

[ CMS, PRL 109 (2012) 222301 |

* (3S) completely melted ?
* (2S) very suppressed
* direct (15) not affected
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Sequential melting @ LHC

CMS Preliminary 0-100%
PbPb\ sy = 2.76 TeV * (3S) completely melted ?

* (2S) very suppressed
* direct (15) not affected

Inclusive ¢(2S) (6.5 < p. < 30 GeV/c, lyl <1.6)
Y (3S) (lyl <2.4), 95% upper limit

Y (2S) (lyl <2.4)
prompt J/y (6.5 < p, < 30 GeV/c, lyl <2.4)

Y(1S) (yl <2.4) + If the sequential suppression is due to
Y(18) QGP effects only, what is the temperature
reached @ LHC?

» rough guess |.4T.(~230 MeV) <T<

04 06 08 . 4 T. (~600 MeV)
Binding energy [GeV]

» lattice QCD + hydro evolution :
Raa = Tinitial ~ 550 MeV > T

[ Strickland et al., NPA 879 (2012) 25-58 |

[ Velkovska for CMS, HP2013 ]

state Raa £ stat  syst
) 0.6 £ 0.08 £ 0.07 Measurement (thermal photons, dominant
o) kit ok S at low pr) :Tavg ~ 304 £ 51 MeV (0-40% pbpb)

Y(39) <0.10 at 95% CL [ Alice, NPA 904 (2013) 573¢ ]

[ CMS, PRL 109 (2012) 222301 |
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Y(IS + 2S + 3S) melting @ RHIC

AuAu@200GeV (STAR run 2007, PHENIX run 2010)

Invariant Mass Yields in the Region[4,12 GeV)
STAR Preliminary

0 to 60% centrality ¥ 25
e N_-N_-N.
= Fit Function
285.6 +/-52.0
—— DY + b-bbar 2 — Correlated BG

£INDF = 1.5 ~—
T =196.6 +/-35.8 "

— Exp+Gaus

preliminary

10 1 12
Invariant Mass (GeV)

[ Reed for STAR, JPG 38 (2011) 124185] [ Whitaker for PHENIX, poster
at QM2012]

L o~
PH-ENIX
PRELIMINARY
P yi<0.35 \[s=200 GeV

correlated B

. Drell-Yan

. Y (18+428+438)

pPp@200GeV (run 2006)

D

STAR
p+p, \s=200 GeV
Iyeel<0.5

® N, -2\N,,N.
Y + b-b + DY, Fit
Integral of Fit

"7 b-b+DY

3]
o

£ 3
(=]

w

unlike - like sign counts

7 8 9 10 11 12 13 14 15 16

14 16 L.,
e*e invariant mass [GeV/c’]

m,, (GeV/c?)

[ STAR, PRD 82 (2010) 012004] [ Leitch for PHENIX, QM2009]

Andry Rakotozafindrabe (CEA Saclay)



Y(IS + 2S + 3S) melting @ RHIC

AuAu@200GeV (STAR run 2007, PHENIX run 2010) :
Invariant Mass Yields in the Region([4,12 GeV] } NOt enough Stat. (and FESOIUthn)

STAR Preliminary

0 to 60% centrality ¥ 25
e N_-N_-N

e — Exprcaus to get separate results for the 3

285.6 +/- 520
—— DY + b-bbar 2 — Correlated BG

oAy B 7 states

preliminary

15

10 1 12
Invariant Mass (GeV)

[ Reed for STAR, JPG 38 (2011) 124185] [ Whitaker for PHENIX, poster
at QM2012]

pPp@200GeV (run 2006)

w
o

60 _P?/E—NIX
[

€ STAF\}_ eV PRELIMINARY

3 ,\5=200 -

g 50 b 105 P <035 \5=200 GeV
® %0 ® N, -2\N. N correlated B

= Y +b-b+ DY, Fit

__?;’ Integral of Fit . Drell-Yan

€

3

D0 Y (15425438)

N
o

-
o

7 8 9 10 11 12 13 14 15 16

M, (GeV/c?) e*e invariant mass [GeV/c’]

[ STAR, PRD 82 (2010) 012004] [ Leitch for PHENIX, QM2009]
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Y(IS + 2S + 3S) melting @ RHIC

AuAu@200GeV (STAR run 2007, PHENIX run 2010) :
Invariant Mass Yields in the Region[4,12 GeV] } NOt enough Stat. (and reSOIUtIOn)

STAR Preliminary

0 to 60% centrality ¥ 25

R — ExpiGaus to get separate results for the 3

285.6 +/- 520
—— DY + b-bbar 2 — Correlated BG

s aas PH. ENIX states

preliminary

15

specific Raa computation for PHENIX :

PP J/W, Y run 2006
AuAu Y run 2010

_ IN(T)/N(J/9P)]aa
|n1:riamm1a1ss(cev1)2 [N (T)/ N ( )]pp

[ Reed for STAR, JPG 38 (2011) 124185] [ Whitaker for PHENIX, poster
at QM2012]

\/_
PRELI MIN. 4RY
|<0 35 Ns=200 Gev

correlated B

. Drell-Yan

D0 Y (15425438)

XRAA( )

Au+Au\ s, = 200 GeV

pp@200GeV (run 2006)

@  PHENIX MB 1'(1S+25+3S)e’e’ % STARY(1S+25+3S)-e’e
B PHENIX p+p Stat. Unc. B STAR p+p Stat. Unc.
I PHENIX p+p Sys. Unc. B STAR p+p Sys. Unc.

Y'(18+2S+3S)

D
[=]

STAR
p+p, \s=200 GeV
Iyeel<0.5

® N, -2\N,,N.
Y + b-b + DY, Fit
Integral of Fit

PH ENIX STAR preliminary
preliminary JPG 38 (2011) 124185

[24]
o

£ 3
o

w
o

unlike - like sign counts

N
o

-
o

7 8 9 10 11 12 13 14 15 16

M, (GeV/c?) e*e invariant mass [GeV/c]

[ STAR, PRD 82 (2010) 012004] [ Leitch for PHENIX, QM2009] [ Whitaker for PHENIX, poster at QM2012]
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Bottomonium studies: from RHIC to

o
@  T(15425438) s e'e’ AutAu I O d a)’ .

p+p Stat. Uncertainty

p+p Sys. Uncertainty } inCIUSive Y RAA VS Centrality

Free Energy Potential Model

Internal Energy Potential Model

» the most central point is compatible with a complete|

melting of (3S) and a very strong suppression of (25),
with Tinitial ~ 430 MeV in this model |

From thermal photon pt spectra :
Taeg = 221 + 19 (stat) = 19 (syst) MeV

(0-20% AuAu) - [ PHENIX, PRL. 104 (2010) 132301 ]

= bl i o O W W T T— = — S —

" [ Bielcik for STAR, HP2013]

|
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Bottomonium studies: from RHIC to

I .
. T(1S+42S5+3S) — e'‘e’, AutAu O d ay
Iyl<0.8 .

] | » inclusive Y Raa vs centrality

:] Internal Energy Potential Model

® » the most central point is compatible with a complete

with Tinitial ~ 430 MeV in this model

From thermal photon pt spectra :
DT IR 90 500 Tae = 22| £ |19 (stat) £ |9 (syst) MeV

(0-20% AuAu) - [ PHENIX, PRL. 104 (2010) 132301 ]

\
= = o ——r— — = S —

" [ Bielcik for STAR, HP2013]

|

decompose this mode| [Stickiand et al, NPA 879 (2012) 25-58]

; < '
into each state Potental Model B | oo y(o0

T

sqrt(sy,) = 200 GeV

need more stat'in AA
+ very good resolution

reminder
STAR :~200 Y
CMS:~lkY

it

Potential Model B
squ(sNN) =200 GeV
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AFTER :inclusive Y yield in PbA @ vs =72 Gev

integrated luminosity
( nb™! year")‘L z

Target f dtL

D T P S AL s Gt A £ e e A W R

10cm solid H 110
10 cm liquid H 83
10 cm liquid D 100

1 cm Be 25

yield / unitof y @ y =0

1 cm Cu 17
lcm W 13

“dAu RHIC (200 Gev) 150  5910° e B
dAURHIC (62GeV) 3.8 - PHENIX decadal plan
AuAu RHIC (200 GeV) 2.8 : (run plan 201 1-2015)
pPb LHC (8.8 TeV) 100 .
PbPb LHC (5.5 TeV) 0.5 |

m

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 |
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AFTER :inclusive Y yield in PbA @ vs =72 Gev

integrated luminosity
( nb™! year")‘L z

Target fdtL
B s ———_——— S-S+, PDA :at y = 0 within
10 cmsolid H 110 : § oneunitof y

10 cm liquid H 83 : §
10 cm liquid D 100 : § same stat. wrt.

1 cm Be 25 . ! RHIC @ 200 GeV and

1 cm Cu 17 . { LHC

lcm W 13

“dAuRHIC 200GeV) ' RHIC lumi. from
dAu RHIC (62 GeV) ' ' PHENIX decadal plan

AuAu RHIC (200 GeV) 2.8 AL 107 (run plan 2011-2015)

pPb LHC 88Tev) 1 . B

yield / unitof y @ y =0

m

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 |
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AFTER :inclusive Y yield in PbA @ vs =72 Gev

integrated luminosity
( nb™! year")‘L z

Target fdtL
B s ———_——— S-S+, PDA :at y = 0 within
10 cmsolid H 110 : § oneunitof y

10 cm liquid H 83 : i
10 cm liquid D 100 : § same stat. w.rt.
1 cm Be 25 . RHIC @ 200 GeV and
1 cm Cu 17 : ,; LHC
lcmW A3 s ! 102x RHIC @ 62 GeV
“dAu RHIC (200 Gev) 150  5.910° S
dAu RHIC (62 GeV) 3.8 ' PHENIX decadal plan
AUAU RHIC 200GeV) 2.8 AL107 (Fun-plan-2011-2015)

A A

yield / unitof y @ y =0

- pPbLHC 88Tev) 100

m

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 |
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AFTER :inclusive Y yield in PbA @ vs =72 Gev

integrated luminosity

( nb™! year")‘L z

yield / unitof y @ y =0

Target fdt L
A N TS 1 R IR ... PbA :at y = 0 within
10 cmsolid H 110 : ! oneunit of y
: 10 cm liquid H 83 e——
$5 8 10cmliquidD 100
} :: 1 cm Be 25
{ lcm W ”&m
T (200 s S

RHIC lumi. from
dAu RHIC (62 GeV) 3.8 : PHENIX decadal plan

AuAu RHIC (200 GeV) 2.8 LTS Sy AV (run plan 2011-2015)

A A

could be enhanced by

the total number of
, rapidity units to be
[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 ] cove r'ed b)l AFTER

m
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Towards a Cold Effect reference : (p-A
gluon nPDF P

A dependence thanks to target versatility

<Ncoi> dependence => A dependence (a la NA50, NA60)
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Towards a Cold Effect reference : (p-A
gluon nPDF P

nuclear modification of g PDF in Au

A dependence thanks to target versatility
min

central (quark-like) = ¥
max

* nuclear PDF from intermediate to high x : | EPS09LO range
antishadowing , EMC region , Fermi motion |

® extraction using quarkonia, isolated
photons, photon-jet correlation

. PHENIX = 7.8% global err.
O  STAR prelim.

EPS09 LO
quark-like EMC
min. EMC

== max. EMC
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Towards a Cold Effect reference : g

gluon nPDF

e A dependence thanks to target versatility

nuclear modification of g PDF in Au

min
central (quark-likg) s ]
max

* nuclear PDF from intermediate to high x : | EPS09LO range
antishadowing , EMC region , Fermi motion

® extraction using quarkonia, isolated
photons, photon-jet correlation

nuclear modification of g PDF in Pb

l
888K EPSO9NLO

. with the
LHeC inputs

~

-~

—
]
>
-
N’
N
O
|
]
<
:*:
S—

Pb

)
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Heavy Quarkonium yields in pH, pA

yield / dy (fb~! year™!) @ s = | |5 GeV Jiq)

Target fdt.[ ng

10cmsolidH 26
10 cm liquid H 2
10 cm liquid D 2.4
1 cm Be 0.62
I cm Cu 0.42
lcm W 0.31
1 cm Pb 0.16
0.05

AFTER |

pp low Py LHC (14 TeV)

:LHc ‘L

____pPbLHC(®88Tev) _ 10~"
P IC 00 GV, T3 To ™
dAu RHIC (200 GeV) : :

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 |

RHIC lumi. from
PHENIX decadal plan
(run plan 2011-2015)

Andry Rakotozafindrabe (CEA Saclay)
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Heavy Quarkonium yields in pH, pA

yield / dy (fb~! year™!) @ s = | |5 GeV Ji:l)

Target

10 cm liquid H 2 : : comparable to LHCb
10 cm liquid D 2.4

I cm Be

I cm Cu

lcm W

1 cm Pb

AFTER |

pp low Py LHC (14 TeV)

:Lﬁcg”k

e o Co o e s S -’ e '-~, R T A N S S e R S S R T S B e ATy
pp RHIC (200 GeV) 1.2 10 ° : . RHIC lumi. from
dAu RHIC (200 GeV) : : i@l PHENIX decadal plan
_dAuRHIC(62Gev) 38107  1210"  1.810 ;F NOGEUN-ELIPIIREVIEY

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 |
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Heavy Quarkonium yields in pH, pA

yield / dy (fb~! year™") @ /s = |15 GeV Ji:l)

Target fdt.[ ng

\ v
Ty o |- Y S (s v S riic
10 cm liquid H 2 m, ,,,iﬁ,_!,,!, . comparable to LHCb
10 cm liquid D 2.4 9.6 10’
1 cm Be 0.62 1.1 108
1 cm Cu 0.42 5.3 108
lcm W 0.31 1.1 10°
1 cm Pb 0.16 6.7 108

0.05 3.6 10’
pp low Py LHC (14 TeV) 1.4 10°

:LHc _;

__pPb LHC (8.8 TeV)

- ,p*RHIC G o g T30 T " ; B s
dAu RHIC (200 GeV) : : i@l PHENIX decadal plan
_dAurHC@Gev) 3810 1210 1810 ) [CESSESIESIIE

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 |
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Heavy Quarkonium yields in pH, pA

yield / dy (fb~! year™!) @ s = | |5 GeV Jiq)

Target fdt.[ ng

10cmsolidH 26
10 cm liquid H 2
10 cm liquid D 2.4
1 cm Be 0.62
I cm Cu 0.42
lcm W 0.31
1 cm Pb 0.16
0.05

AFTER |

pp low Py LHC (14 TeV)

:LHc ‘L

____pPbLHC(®88Tev) _ 10~"
ey sy
dAu RHIC 200 Gev)  1.5107* 2. 4 10° . :

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 |

pp : 100 x RHIC,
comparable to LHCb

pA : 10%-103 x RHIC

RHIC lumi. from
PHENIX decadal plan
(run plan 2011-2015)
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Heavy Quarkonium yields in pH, pA
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Target fdt.[ ng
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1 cm Pb 0.16
0.05

AFTER |

pp low Py LHC (14 TeV)

:LHc ‘L

____pPbLHC(®88Tev) _ 10~"
ey sy
dAu RHIC 200 Gev)  1.5107* 2. 4 10° . :

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 |

pp : 100 x RHIC,
comparable to LHCb

pA : 10%-103 x RHIC

RHIC lumi. from
PHENIX decadal plan
(run plan 2011-2015)

Recycle the LHC beam loss — a luminosity comparable to the LHC itself !
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Bottomonium : a cleaner QGP probe ?

<+ better understanding of pp ?

4 in QGP : negligible regeneration effects

= no dilution of the « thermometer-
like » behaviour of the
bottomonium family
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Bottomonium : a cleaner QGP probe ?

<+ better understanding of pp ?

pPb vs. pp: excited states
suppressed more than the ground
state in pPb compared to pp
collisions (significance < 30)

4 in QGP: negligible regeneration effects

= no dilution of the « thermometer-
like » behaviour of the
bottomonium family

CMS Preliminary PPb |5, = 5.02 TeV
pi >4 GeVl/c ® M, <193

PbPb \s,, =2.76 TeV
] h]zMI <24

—— 95% upper limit

non-trivial effects seen in pA

¥ need more studies and precise
measurements

= can be beautifully addressed by
YQS)/Y(IS)  Y(@3S)/Y(IS) AFTER

[ Benhabib for CMS, HP2013 ]
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Summary and outlooks

\ M. Anselmino (Torino), R. Arnarldi (Torino), S.J. Brodsky (SLAC), V. Chambert (IPN), J.P. Didelez (IPN),
‘ B. Genolini (IPN), E.G. Ferreiro (USC), F. Fleuret (LLR), C. Hadjidakis (IPN), J.P. Lansberg (IPN),

C. Lorcé (IPN), A. Rakotozafindrabe (CEA), P. Rosier (IPN), I. Schienbein (LPSC), E. Scomparin (Torino),
AFTER @) LHC U.l. Uggerh¢j (Aarhus)

® Using LHC Pb beam on A target :Vsnn ~ 72 GeV, between SPS and top
RHIC energies

® Enhancement of luminosities, typical of fixed-target experiments

® High luminosities allow QGP studies with rather small production
cross-section probes at Vsnn ~ 72 GeV, especially the bottomonium
family.

® Sequential melting of the bottomonium family observed by CMS, could
be observed at lower energy by AFTER, with comparable yields, and
precise measurement of the cold nuclear matter effects.

® Measurement of X p states not mandatory (since we could use all three

Y (nS) states), but could add very interesting piece of information.

Andry Rakotozafindrabe (CEA Saclay) 13
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Backward physics

Hadron center-of-mass system

Target rest frame

large angle

Andry Rakotozafindrabe (CEA Saclay)
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Y in dAu @ RHIC : abs. effective x-section

Oabs Should be small :

@ at bkwd-y, #r < rau, fully formed Y.
But no diff. exp. seen between Y(S)

and Y(25+3S) Oaps.

at y>0, tr > rqu, same small-size pre- 0.6

resonance for all Y states
ot ~~ 0.1 O'J/w 7

E772 collaboration, PRL 66 (1991) 2285.

E. G. Ferreiro, F. Fleuret,

214_ U L J. P. Lansberg, N. Matagne and A. R.
© - EP]J C (2013) 73:2427
S N S T
1.2 0 T e ~
- o "EE R -
- 1 e e ax s au un n
- . s s s B w m nin
1= '1‘ T A —————
0.8}~ “

TII11T

0.4 Untertainty on abs. x-section (= 1 mb)
Uncertainty on gluon nPDF | | |

.2 11111111111111111

02" 2715 1 05 0 05 1 15 2,

: . .

1.0 / w7 _ , : : :
L vy k il increasing t - ' : ;
S 0.9 *} 5 P inthe Au rest frame | Au 2.7 Ay 1.7 Ay 92.7 Ay
! | 8 9
0.8 —'4» Tis ¢ t - : Me
o 1 Propagating g,y formed Y @  pre-resonantstate oy ~ | — | o0y /4
0.7 1 Tosessi®$]  inAu: : , My
0 6 I BT R R : 1 :
. e ——————————————
0.00.204 0.6 : : :
Xp zp =10 rp o~ 0.28
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Luminosities using :

/ TeV proton beam
pp, pd, pA Vs = 115 GeV

Target p A L [ £

(1 cm thick) (gem™) (ub's™") (pb'yrh
solid H 0.088 | 26 260
liquid H 0.068 1 20 200
liquid D 0.16 2 24 240
Be 1.85 9 62 620
Cu 8.96 64 42 420

W 19.1 31 310

185
Pb 11.35 207 16 160

Table 1: Instantaneous and yearly luminosities obtained
with an extracted beam of 5 x 10® p*/s with a momentum of
7 TeV for various 1cm thick targets

extracted beam Npeam = 5 .108 p*/s
9 months running / year <107 s

Instantaneous luminosity :

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Phys. Rep. 522 (2013) 239 ]

2.76 TeV lead beam
Pbp, Pbd,

Target p A L L
(1 cm thick) (g cm™) (mb~'s ') (mb!yr?
solid H 0.088 | 11 11
liquid H 0.068 | 8 8
liquid D 0.16 2 10 10
Be 1.85 9 25 25
Cu 8.96 64 17 17
A% 19.1 185 13 13
Pb 11.35 207 7

Table 2: Instantaneous and yearly luminosities obtained
with an extracted beam of 2 X 10° Pb/s with a momentum
per nucleon of 2.76 TeV for various 1cm thick targets

extracted beam Npeam = 2 .10° Pb/s
| month running / year & 106 s

L = Nbeam X Ntarget = Nbeam X ( p .e. NA) Wlth e = target th'CkneSS

Planned luminosity for PHENIX:

e @ 200 GeV runl4pp 12 pb7!, runl4dAu 0.15 pb™!
e @ 200 GeV runl5AuAu 2.8 pb~! (0.13 nb™' @ 62 GeV)

Nominal LHC luminosity PbPb 0.5 nb~!



| |
o N - e [ =

Heavy ion colliders |

inttral energy dev\,sltg :

e PHENIX [0-5% central]

-y
N

Longitudinal RGP expansion :

* STAR [0-5% central]

¥r NAA49 recalc. [0-7% central]

=
& (GeVIfm’)

computed €)X Tg

O WAS9S recalc. [0-5% central]

dETldn|.n=0 (TeV)

O E802/E917 recalc. [0-5% central]

measured

& FOPI estimate [0-1% central]

Bjorken formula :

1
dy Ao

GBj —

lllllI L
107

103@ (G:V)
facility collision species /sy (GeV) g X Ty (GeV/fm3 . fm/c)
AGS (BNL) Au+Au 5
SPS (CERN) Pb+Pb 17
RHIC (BNL) Au+Au

LHC (CERN) Pb+Pb




Energy density and temperature

Energy density vs time @ RHIC

[ PHENIX White paper,
nucl-ex/0410003 ]

N
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Energy density, max. collision energy,
and temperature

€ [GeV/fm3]
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¢ = 5.4 GeVAm®

2R/y = Earliest Validity of Bjorken Formula

Range of 1., from
hydrodynamics

P [ Satz, J.Phys. G32 (2006) R25 ]
Tinitial (syst) MeV (0-20% AuAu)

370 - 450 MeV [ PHENIX, PRL. 104 (2010) 132301 ]

[ Strickland et al., NPA 879 (2012) 25-58 |
[ Turbide et al., PRC 69 (2004) 014903 ] 19



