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 All truth passes through three stages.  
     First, it is ridiculed.  
    Second, it is violently opposed.  
    Third, it is accepted as being self-evident. 
!
     - Arthur Schopenhauer (1788-1860)
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Figure 1.9: Jet virtuality evolution at RHIC (left) and LHC (right). Vacuum contributions
to virtuality (blue dashed lines) decrease with time and medium induced contributions
(red dashed lines) increase as the parton scatters in the medium. The total virtuality (blue
solid lines) is the quadrature sum of the two contributions. At RHIC the medium induced
virtuality dominates by 2.5 fm/c while at the LHC the medium term does not dominate until
4.5 fm/c. From Ref. [41].

1.5 Current jet probe measurements 6

)c(GeV/
T

p
0 2 4 6 8 10 12 14 16 18 20

AA
R

0

0.1

0.2

0.3

0.4

0.5

0.6  (Au+Au 0-5% Central)0πPHENIX 
 12%±Global Systematic Uncertainty

/fm)2 (GeV〉 q 〈PQM Model 
0 20 40 60

)]c
=2

0 
(G

eV
/

T
 [p

AAR

0

0.1

0.2

0.3

0.4

0.5

0.6

)c(GeV/
T

p
0 2 4 6 8 10 12 14 16 18 20

AA
R

0

0.1

0.2

0.3

0.4

0.5

0.6  (Au+Au 0-5% Central)0πPHENIX 
12%±Global Systematic Uncertainty 

/dygGLV Model dN
0 1000 2000 3000 4000 5000

)]c
=2

0 
(G

eV
/

T
 [p

AAR

0

0.1

0.2

0.3

0.4

0.5

0.6

)c(GeV/
T

p
0 2 4 6 8 10 12 14 16 18 20

AA
R

0

0.1

0.2

0.3

0.4

0.5

0.6  (Au+Au 0-5% Central)0πPHENIX 
12%±Global Systematic Uncertainty 

/dygWHDG Model dN
0 1000 2000 3000 4000 5000

)]c
=2

0 
(G

eV
/

T
 [p

AAR

0

0.1

0.2

0.3

0.4

0.5

0.6

)c(GeV/
T

p
0 2 4 6 8 10 12 14 16 18 20

AA
R

0

0.1

0.2

0.3

0.4

0.5

0.6  (Au+Au 0-5% Central)0πPHENIX 
12%±Global Systematic Uncertainty 

 (GeV/fm)0∈ZOWW Model 
1 1.5 2 2.5 3

)]c
=2

0 
(G

eV
/

T
 [p

AAR

0

0.1

0.2

0.3

0.4

0.5

0.6

FIG. 2: (Color online) Left panels show �0 RAA for 0-5% Au+Au collisions at
�

sNN=200 GeV and predictions from PQM [4], GLV [12],
WHDG [6], and ZOWW [7] models with (from top to bottom) �q̂� values of 0.3, 0.9, 1.2, 1.5, 2.1, 2.9, 4.4, 5.9, 7.4, 10.3, 13.2, 17.7, 25.0, 40.5,
101.4 GeV2/fm; dNg/dy values of 600, 800, 900, 1050, 1175, 1300, 1400, 1500, 1800, 2100, 3000, 4000; dNg/dy values of 500, 800, 1100, 1400,

1700, 2000, 2300, 2600, 2900, 3200, 3500, 3800; and �0 values of 1.08, 1.28, 1.48, 1.68, 1.88, 2.08, 2.28, 2.68, 3.08 GeV/fm. Red lines indicate the
best fit cases of (top) �q̂�= 13.2, (upper middle) dNg/dy = 1400, (lower middle) dNg/dy = 1400, and (bottom) �0 = 1.88 GeV/fm. Right panels

show RAA at pT = 20 GeV/c.

Figure 1.10: p0 RAA for central Au+Au collisions compared to PQM Model calculations [43,
44] for various values of hq̂i [45]. The red line corresponds to hq̂i = 13.2 GeV2/fm and is the
best fit to the data.

Jet quenching (i.e., the significant loss of energy for partons traversing the QGP) was
discovered via measurements at RHIC of the suppression of single hadron yields compared
to expectations from p+p collisions [46, 47]. Figure 1.10 [45] shows a comparison between
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RHIC/LHC complimentarity 
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Why should I care about  RHIC now there’s LHC?

Different initial conditions and 
evolutionary paths: 

11

peratures reached in the most central Au+Au collisions
at RHIC, and 2.2±0.5 GeV2/fm at temperatures reached
in the most central Pb+Pb collisions at LHC. Values of q̂
in the hadronic phase are assumed to be proportional to
the hadron density in a hadron resonance gas model with
the normalization in a cold nuclear matter determined by
DIS data [81]. Values of q̂ in the QGP phase are consid-
ered proportional to T 3 and the coe�cient is determined
by fitting to the experimental data on R

AA

at RHIC and
LHC separately. In the HT-M model the procedure is
similar except that q̂ is assumed to be proportional to the
local entropy density and its initial value is q̂ = 0.89±0.11
GeV2/fm in the center of the most central Au+Au colli-
sions at RHIC, and q̂ = 1.29±0.27 GeV2/fm in the most
central Pb+Pb collisions at LHC (note that the values
of q̂ extracted in Sec IV are for gluon jets and therefore
9/4 times the corresponding values for quark jets). For
temperatures close to and below the QCD phase tran-
sition, q̂ is assumed to follow the entropy density, and
q̂/T 3 shown in Fig. 10 is calculated according to the pa-
rameterized EOS [96] that is used in the hydrodynamic
evolution of the bulk medium. In both HT approaches,
no jet energy dependence of q̂ is considered.

Considering the variation of the q̂ values between the
five di↵erent models studied here as theoretical uncer-
tainties, one can extract its range of values as constrained
by the measured suppression factors of single hadron
spectra at RHIC and LHC as follows:

q̂

T 3
⇡

⇢
4.6± 1.2 at RHIC,
3.7± 1.4 at LHC,

at the highest temperatures reached in the most central
Au+Au collisions at RHIC and Pb+Pb collisions at LHC.
The corresponding absolute values for q̂ for a 10 GeV
quark jet are,

q̂ ⇡
⇢

1.2± 0.3
1.9± 0.7

GeV2/fm at
T=370 MeV,
T=470 MeV,

at an initial time ⌧0 = 0.6 fm/c. These values are very
close to an early estimate [6] and are consistent with LO
pQCD estimates, albeit with a somewhat surprisingly
small value of the strong coupling constant as obtained
in CUJET, MARTINI and McGill-AMY model. The HT
models assume that q̂ is independent of jet energy in this
study. CUJET, MARTINI and McGill-AMY model, on
the other hand, should have a logarithmic energy depen-
dence on the calculated q̂ from the kinematic limit on the
transverse momentum transfer in each elastic scattering,
which also gives the logarithmic temperature dependence
as seen in Fig. 10.

As a comparison, we also show in Fig. 10 the value
of q̂

N

/T 3
eft in cold nuclei as extracted from jet quenching

in DIS [81] . The value of q̂
N

= 0.02 GeV2/fm and an
e↵ective temperature of an ideal quark gas with 3 quarks
within each nucleon at the nucleon density in a large
nucleus are used. It is an order of magnitude smaller
than that in A+A collisions at RHIC and LHC.
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FIG. 10. (Color online) The assumed temperature depen-
dence of the scaled jet transport parameter q̂/T 3 in di↵er-
ent jet quenching models for an initial quark jet with energy
E = 10 GeV. Values of q̂ at the center of the most central
A+A collisions at an initial time ⌧0 = 0.6 fm/c in HT-BW
and HT-M models are extracted from fitting to experimental
data on hadron suppression factor RAA at both RHIC and
LHC. In GLV-CUJET, MARTINI and McGill-AMY model, it
is calculated within the corresponding model with parameters
constrained by experimental data at RHIC and LHC. Errors
from the fits are indicated by filled boxes at three separate
temperatures at RHIC and LHC, respectively. The arrows
indicate the range of temperatures at the center of the most
central A+A collisions. The triangle indicates the value of
q̂N/T 3

e↵ in cold nuclei from DIS experiments.

There are recent attempts [92, 97] to calculate the jet
transport parameter in lattice gauge theories. A recent
lattice calculation [97] found that the non-perturbative
contribution from soft modes in the collision kernel can
double the value of the NLO pQCD result for the jet
transport parameter [98]. In the HT models such non-
perturbative contributions could be included directly in
the overall value of q̂. They can also be included in the
CUJET, MARTINI and McGill-AMY models by replac-
ing the HTL thermal theory or screened potential model
for parton scattering with parameterized collision kernels
that include both perturbative and non-perturbative con-
tributions.

One can also compare the above extracted values of q̂
to other nonperturbative estimates. Using the AdS/CFT
correspondence, the jet quenching parameter in a N = 4
supersymmetric Yang-Mills (SYM) plasma at the strong
coupling limit can be calculated in leading order (LO) as

q ~ 

Different virtuality 
evolutions: 
!
How/when does 
parton become  
“aware” of medium

^ 1.2 ± 0.3
1.9 ± 0.7 GeV2/fm T=370 MeV

T=470 MeV
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Figure 1.9: Jet virtuality evolution at RHIC (left) and LHC (right). Vacuum contributions
to virtuality (blue dashed lines) decrease with time and medium induced contributions
(red dashed lines) increase as the parton scatters in the medium. The total virtuality (blue
solid lines) is the quadrature sum of the two contributions. At RHIC the medium induced
virtuality dominates by 2.5 fm/c while at the LHC the medium term does not dominate until
4.5 fm/c. From Ref. [41].
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FIG. 2: (Color online) Left panels show �0 RAA for 0-5% Au+Au collisions at
�

sNN=200 GeV and predictions from PQM [4], GLV [12],
WHDG [6], and ZOWW [7] models with (from top to bottom) �q̂� values of 0.3, 0.9, 1.2, 1.5, 2.1, 2.9, 4.4, 5.9, 7.4, 10.3, 13.2, 17.7, 25.0, 40.5,
101.4 GeV2/fm; dNg/dy values of 600, 800, 900, 1050, 1175, 1300, 1400, 1500, 1800, 2100, 3000, 4000; dNg/dy values of 500, 800, 1100, 1400,

1700, 2000, 2300, 2600, 2900, 3200, 3500, 3800; and �0 values of 1.08, 1.28, 1.48, 1.68, 1.88, 2.08, 2.28, 2.68, 3.08 GeV/fm. Red lines indicate the
best fit cases of (top) �q̂�= 13.2, (upper middle) dNg/dy = 1400, (lower middle) dNg/dy = 1400, and (bottom) �0 = 1.88 GeV/fm. Right panels

show RAA at pT = 20 GeV/c.

Figure 1.10: p0 RAA for central Au+Au collisions compared to PQM Model calculations [43,
44] for various values of hq̂i [45]. The red line corresponds to hq̂i = 13.2 GeV2/fm and is the
best fit to the data.

Jet quenching (i.e., the significant loss of energy for partons traversing the QGP) was
discovered via measurements at RHIC of the suppression of single hadron yields compared
to expectations from p+p collisions [46, 47]. Figure 1.10 [45] shows a comparison between

12

RHIC probes may behave 
differently to LHC probes 
and be in “different” medium
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Initial conditions via vn and HBT
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Details of initial configuration 
large source of uncertainty

only on the value of !=s for the QGP but not on any details

of the model from which " and S ¼ "
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
hx2ihy2i

p
are com-

puted. To good approximation, switching between initial
state models shifts points for a given collision centrality
along these universal curves, but not off the lines. For
example, reducing the final multiplicity by renormalizing
the initial entropy density shifts the points towards the left
but also downward because less elliptic flow is created, due
to earlier hadronization. The significantly larger h"parti from
the KLN model generates more v2 than for the Glauber
model, but the ratio v2=" is almost unchanged. Slightly
larger overlap areas S for the KLN sources decrease
ð1=SÞðdNch=dyÞ, but this also decreases the initial entropy
density and thus the QGP lifetime, reducing the ratio v2=";
the result is a simultaneous shift left and downward. Early
flow [34] (#0 ¼ 0:4 fm=c for !=s ¼ 0:08) increases v2="
by$5%, but the separation between curves corresponding
to !=s differing by integer multiples of 1=ð4"Þ is much
larger. Only in very peripheral collisions is the universality
of v2=" vs ð1=SÞðdNch=dyÞ slightly broken [36].

The clear separation and approximate model independence
of the curves in Fig. 1(b) corresponding to different
ð!=sÞQGP values suggests that one should be able to extract
this parameter from experimental data. However, only v2

and dNch=dy are experimentally measured whereas the
normalization factors " and Smust be taken from a model.
Figure 2 shows a comparison of the theoretical curves from
Fig. 1(b) with STAR data normalized by eccentricities and
overlap areas taken from different initial state models that
were all tuned to correctly reproduce the centrality depen-
dence of dNch=dy shown in Fig. 1(a) [37]. Since, for the
same model, the eccentricities and overlap areas depend
somewhat on whether they are calculated from the initial
energy or entropy density, the same definitionsmust be used
in theory and when normalizing the experimental data.

Both panels of Fig. 2 show the same data, in panel (a)
normalized by ", S from the MC-KLN model and in (b)

with the corresponding values from the MC-Glauber
model. The theoretical curves are from the same models
as used to normalize the data. The figure shows that
comparing apples to apples matters: when comparing the

data for v2f2g=h"2parti1=2 with those for hv2i=h"parti, the
former are seen to lie above the latter, showing that non-
flow contributions (which cannot be simulated hydrody-
namically) either make a significant contribution to v2f2g
or were overcorrected in hv2i [28], especially in peripheral
collisions. The extraction of !=s from a comparison with
hydrodynamics thus requires careful treatment of both
fluctuation and nonflow effects.
The main insight provided by Fig. 2 is that the theoreti-

cal curves successfully describe the measured centrality
dependence of v2=", i.e., its slope as a function of
dNch=dy, irrespective of whether the measured elliptic
flow is generated by an initial MC-KLN or MC-Glauber
distribution. To the best of our knowledge, the hybrid
model used here to describe the dynamical evolution of
the collision fireball is the first model to achieve this. The
magnitude of the source eccentricity (and, to a lesser
extent, of the overlap area) disagrees between these two
models, and this is the main source of uncertainty for the
value for ð!=sÞQGP extracted from Fig. 2. Both the Glauber
and KLN models come in different flavors, depending on
whether the models are used to generate the initial entropy
or energy density. We have checked that the versions
studied here produce the largest difference in source ec-
centricity between the models. In this sense we are con-
fident that Figs. 2(a) and 2(b) span the realistic range of
model uncertainties for " and S.
We conclude that the QGP shear viscosity for Tc < T &

2Tc lies within the range 1< 4"ð!=sÞQGP < 2:5, with the
remaining uncertainty dominated by insufficient theoreti-
cal control over the initial source eccentricity ". While this
range roughly agrees with the one extracted in [7], the
width of the uncertainty band has been solidified by using a
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FIG. 2 (color online). Comparison of the universal v2ð!=sÞ=" vs ð1=SÞðdNch=dyÞ curves from Fig. 1(b) with experimental data for
hv2i [28], v2f2g [39], and dNch=dy [33] from the STAR Collaboration. The experimental data used in (a) and (b) are identical, but the
normalization factors h"parti and S used on the vertical and horizontal axes, as well as the factor h"2parti1=2 used to normalize the v2f2g
data, are taken from the MC-KLN model in (a) and from the MC-Glauber model in (b). Theoretical curves are from simulations with
MC-KLN initial conditions in (a) and with MC-Glauber initial conditions in (b).

PRL 106, 192301 (2011) P HY S I CA L R EV I EW LE T T E R S
week ending
13 MAY 2011

192301-3

Song et al. PRL 106 192301 (2011)

STAR)BES)results)[prelim])

Cri'cal)Point)and)the)Onset)of)Deconfinement)(CPOD)))&)March)2013)&)Napa,)California)&)Mike)Lisa)&)STAR) 23)

STAR)preliminary)

•  shallow)monotonic)decrease...)
...)including)at)CERES)rapidi'es)

•  sensi'vity)to)EoS)and.....)

Cri'cal)Point)and)the)Onset)of)Deconfinement)(CPOD)))&)March)2013)&)Napa,)California)&)Mike)Lisa)&)STAR) 26)

Sensi'vity)to)fundamental)transport)coefficients)

•  Two)ini'al&state/viscosity)combina'ons)that)give)degenerate)results)in)azimuthal)
momentum)space,)are)non-degenerate*in*azimuthal*coordinate*space*
•  an)important)handle)on)a)fundamental)QCD)coefficient)

STAR)preliminary)
MC&KLN)η/s)=)0.2)

MC&Glauber)η/s)=)0.08)

Shen)and)Heinz)(PRC85)054902)(2012)))

Azimuthal coordinate space 
measurement breaks 

degeneracy from azimuthal 
momentum space  

Reveals spatial anisotropy 
after expansion
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Ultra-central geometry fluctuations 
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v2: 
Au+Au:  
Slope zero or slightly positive 
 Fluctuations dominate 
U+U: 
Slope negative 
 Geometry also matters 
 Select tip-tip in high mult. events 

Probe correlation of multiplicity and vn   
in very central ZDC selected data

U+U very sensitive to Initial State 
IP-Glasma better match to the data

Triangular Flow 

9/29/2014 Hui Wang, BNL  12 

Mult͗�ͮɻͮфϭ • Test the impact of Uranium’s prolate 
shape on initial state fluctuations 

 

• The slope of v3 vs. multiplicity is small 
and negative in both systems 

 

• We observe no differences between 
U+U and Au+Au in slope parameter 

v3: 
Au+Au and U+U:  
Slope zero or slightly positive 
 Fluctuations dominate 

Fri: H. Wang
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Di-electrons & Direct Virtual Photons
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1:R.Rapp PoS CPOD2013, 008 (2013) 
2: O.Linnyk et al. Phys. Rev. C 85, 024910 (2012)  
3: Van Hees,Gale and Rapp, Phys. Rev. C 84, 054906

Low pT range

Rapp’s  model prediction1 including QGP,  ρ, meson gas, and 
primordial production contributions is consistent with the 
invariant yield at 1<pT<5 GeV/c within our uncertainty.

1 :  from private communication with Ralf Rapp for Min.Bias.  
0-20%: initial temperature ~320MeV at 0.36fm/c, fireball life time ~10fm/c.   
[Van Hees, Gale, and Rapp, Phys. Rev. C 84, 054906]

2014/12/05 Chi Yang, IS2014@Napa, CA 14

Rapp model prediction3 including 
QGP, ρ, primordial and meson 
gas in good agreement with data  
T = 320 MeV at 0.36 fm/c fireball 
lifetime ~10 fm/cAu+Au 200GeV results from Run10

Enhancement at ρ-like region(0.30-0.76 GeV/c2 )
1.77 ± 0.11(stat.) ± 0.24 (sys.) ± 0.33 (cocktail)
in Min.Bias

Comparison with models based on a ρ-broadening 
scenario :

1) Model I : effective many-body model 
[R. Rapp, PoS CPOD2013, 008 (2013)]

2) Model II : Parton-Hadron String Dynamics (PHSD)
[O. Linnyk et al., Phys. Rev. C 85, 024910 (2012)]

Phys. Rev. Lett. 113 (2014) 22301

2014/12/05 Chi Yang, IS2014@Napa, CA 7

Models show good agreement with data within uncertainty.

Enhancement in ρ-like region 
      1.77 ± 0.11 (stat) ± 0.24 (sys) ± 0.33 (cocktail)

!
Rapp1: Effective many-body model 
PHSD2: Parton-Hadron string dynamics 

Broadened ρ models can explain data

Fri: C. Yang
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Di-jet imbalance AJ Au+Au 0-20% R=0.4 
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Anti-kT R=0.4, pT,1>20 GeV & pT,2>10 GeV with pTcut>2 GeV/c

|AJ|

Preliminary

Sys. Uncertainties: 
- tracking eff. 6%  
- tower energy 
  scale 2% 

Au+Au di-jets more imbalanced than p+p for pTcut>2 GeV/c
Au+Au AJ ~ p+p AJ for matched di-jets 
R=0.4 (Not true when R = 0.2)

Ev
en

t F
ra

ct
io

n

p-value<10-5  

(stat. error only)

p-value~0.8  
(stat. error only)

Different behavior to LHC?   
 but different jet pT and biases
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200 GeV theoretical curve
62.4 GeV theoretical curve
39 GeV theoretical curve
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!  Suppression increases with collision centrality 
!  Similar suppression in U+U and Au+Au collisions 
!  Weak beam energy dependence of J/ψ RAA 
            X.B. Zhao et al., PRC82, 064905(2010) 
            L. Yan et al., PRL97, 232301(2006) 

J/ψ 
STAR Preliminary 

Quarkonia 

Barbara Trzeciak: August 2 [parallel 4] 
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Quarkonia suppression in A+A

7

Similar suppression in U+U and Au+Au 
!
Weak beam energy dependence 
Some centrality dependence

PRL$111$52301$(2013)$

Au+Au$200$GeV$0280%$v2$

v2 consistent with no flow 

 Disfavors production from 
thermalized charm 
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J/Ψ in p+p and d+Au

8

J/\� in d+Au 200 GeV  

jaroslav.bielcik@fjfi.cvut.cz 
9 

E.Eskola, H.Paukkunenea and C.Salgo, Nucl. Phys. A 830, 599 (2009) R.Vogt, Phys. Rev. C 81, 044903 (2010) 

• Cold nuclear effects are important to interpret the heavy ion results. 
• Good agreement with model predictions using EPS09 nPDF parametrization 
     for the  shadowing,  and  J/ψ  nuclear  absorption  cross  section. 
• σabs

J/ψ =                                                                           fit to the data. mbEPSsyststat )09(.)(.)(8.2 8.1
1.1

0.4
8.2

5.3
6.2

�
�

�
�

�
�

STAR Preliminary STAR Preliminary 

J/Ψ in p+p exhibits xT scaling  
 for pT>4 GeV/c, n=5.6 
 Including new 500 GeV data 
!
At 200 GeV: 
  prompt NLO CS+CO describes data 
  prompt CEM describes data at high pT 

   direct NNLO CS under-predicts high pT

STAR Preliminary 

RdAu consistent with model calculations 
   shadowing from EPS09 nPDF 
   nuclear absorption σabsJ/Ψ ~ 3mb

Eskola et al. Nucl. Phys A 830, 599 (2009)



Open Charm Production 
– U+U – 
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<8 GeV/c, arXiv:1404.6185 (submitted to PRL)
T

: |y|<1, 3<p0Au+Au 200 GeV D

>6 GeV/c, PLB655, 104 (2007)
T

: |y|<0.5, p±πAu+Au 200 GeV 

STAR Preliminary

0-80% 

10-40% 40-80% 0-10% 

Quark Matter 2014, Zhenyu Ye 

Suppression of open charm at high pT in U+U collisions is similar to and 
extends the trend as that of open charm and pions in Au+Au collisions.  
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Direct charm suppression

9

High pT suppression 
 Similar to light quarks 
 U+U and Au+Au follow same trend 

!
Low pT enhancement  
!
!
!
!
flow and/or shadowing?  
         
CNM effects could be important

Nuclear Modification Factor 

17 

TAMU SUBATECH Torino Duke LANL 
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diss.
+rad. 

Coalescence Yes Yes No Yes No 

Cronin effect Yes Yes No No Yes 

Shadowing No No Yes Yes/No Yes 

•  Large suppression at high pT points to 
strong charm-medium interaction; 

•  Indication of enhancement pT~0.7-2GeV/c, 
described by models with charm quarks 
coalescence with light quarks; 

•  CNM effects could be important 
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Quark Matter 2014, Zhenyu Ye 
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R
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Described by models including 
coalescence of charm quarks
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Cronin at lower energies/smaller systems
Species dependent effect 
seen as in original Cronin 
data 
!
Rcpp > RcpK > Rcpπ 

Compare: 
d+Au √s=200      Au+Au √s=27

10

d+Au 200

Au+Au 
Flow in both systems?

     RdAu        ~      Rcp  
     <pT>     ~    <pT> 
       µB         <      µB    
   dN/dy     <   dN/dy 
dN/dy/Npart > dN/dypart
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Centrality in d+Au

11

Full$TPC$mult.$ Full$TPC$mult.$
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Different rapidity 
ranges to define 
centrality → different 
event samples 
!
!

STAR TPC -1<η<1, FTPC 2.8<η<3.7, ZDC η>6
Different fluctuations/
jet contamination

STAR Prelim STAR PrelimSTAR Prelim

If η>3 for centrality 
trigger di-jet partner 
not at mid-rapidity 
Fluctuations different
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High vs Low mult. d+Au Correlations

12

2014 May Li Yi, Purdue University 23

Jet Difference in Central and Peripheral

40-100%

0-20%

(0-20%) - (40-100%)
(0-20%) - 1.29 х (40-100%)

pT: 1-3 x 1-3 GeV/cd+Au@200 GeV

STAR Preliminary STAR Preliminary

STAR Preliminary STAR Preliminary

Near-side jet not the same in 
High and Low mult. 
      Yield Ratio = 1.29  
      Widths Ratio = 1.13  
!
!

Near-side 
High != Low 

!
Away-side 
High = Low 

After simple scaling:
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FIG. 1: The dihadron correlated yield normalized per radian
per unit of pseudorapidity as function of �⌘ in d+Au colli-
sions on the near (|��| < ⇡/3, filled circles) and away side
(|�� � ⇡| < ⇡/3, open circles). Shown are the (a) low- and
(b) high- multiplicity data, and the high- minus the (c) un-
scaled and (d) scaled low-multiplicity data. Trigger and as-
sociated particles are 1 < pT < 3 GeV/c and |⌘| < 1. The
Gaussian+pedestal fit to the near side is superimposed as the
solid line. Error bars are statistical and boxes indicate the
systematic uncertainties.

To investigate further the influence of event selection1

on jetlike correlations, Fig. 2(a) shows Y
jetlike

as a func-2

tion of the event activity, represented by the midrapidity3

uncorrected charged hadron dN/d⌘, in events selected4

according to the FTPC-Au multiplicity (solid squares)5

and ZDC-Au neutral energy (open squares), respectively.6

Five event samples are selected by each measure, corre-7

sponding to 60-100%, 40-60%, 20-40%, 10-20%, and 0-8

10% events. The systematic uncertainties are obtained9

by Gaussian fits to the �⌘ correlations in Fig. 1 varied10

by the ZYAM systematic uncertainties. Figure 2 shows11

that the near-side jetlike correlated yield continues to in-12

crease with increasing event activity. Such an increase is13

not observed in the HIJING model as illustrated by the14

curve in Fig. 2(a). The HIJING calculations are scaled15

down such that the lowest multiplicity bin matches the16

real data. The multiplicity dependence of the jetlike yield17

is clearly di↵erent for the HIJING simulations.18

The jetlike ratio ↵ parameter can quantify the e↵ect of19

event selection on jetlike correlations. Figure 2(b) shows20

the pT dependence of the ↵ parameter. The system-21

atic uncertainties are given by ZYAM uncertainties as in22

Fig. 2(a). Two sets of data points are shown: one (solid23

circles) has the trigger pT fixed to 0.5 < p(t)T < 1 GeV/c24

and shows the ↵ parameter as a function of the asso-25

ciated particle p(a)T . This trigger pT range is similar to26
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FIG. 2: (a) The near-side jetlike correlated yield, obtained
from Gaussian fit in Fig. 1, as function of the uncorrected
midrapidity dN/d⌘ measured in the TPC. Two event selec-
tions are used: FTPC-Au multiplicity (filled squares) and
ZDC-Au energy (open squares). The curve is the result from
a HIJING calculation. (b) The ratio of the correlated yields
in high over low FTPC-Au multiplicity events as function of
p(a)T (p(t)T ) where p(t)T (p(a)T ) is fixed. Error bars are statistical
and caps show the systematic uncertainties.

0.5 < p(t)T < 0.75 GeV/c used by PHENIX [13]. The ↵27

parameter is larger than unity and relatively insensitive28

to p(a)T for this particular p(t)T choice. The other set of29

points (solid triangles) shows ↵ as function of p(t)T with30

a fixed p(a)T of 1 < p(a)T < 3 GeV/c. In this case the ↵31

parameter decreases with p(t)T .32

There could be multiple reasons for the event-selection33

e↵ects on jetlike correlations. One could be a simple34

selection bias due to self-correlation: if the away-side35

jet contributes to the total FTPC-Au multiplicity, high36

FTPC-Au multiplicity event would preferentially select37

jets either of larger energy or happening to fragment38

into more particles. However, such an auto-correlation39

bias is not present in the HIJING model implementation,40

as clearly shown in Fig. 2(a). Event-activity dependent41

sampling of jet energies could also be caused by genuine42

physics; for example, there could be positive correlations43

between particle production from the jet and from the44

“Jet”-like yield increases with multiplicity 
Increase not observed in Hijing
At RHIC high-low may not 
work to remove jet signals

Fri: L. Yi



Helen Caines -IS2014- Nappa Valley - Dec 2014

Vector meson photo-production (UPC)

13

 t = -pT2 distribution  
(only preliminary corrections applied) 
!
Diffraction pattern visible to “3rd dip” 
!

Details of diffraction pattern constrain 
dipole cross section models 

June 2-4, 2014 Seger - Photon Collisions Workshop 13 

Ra
m

iro
 D

eb
be

 

A
rb

it
ra

ry
 n

or
m

. 

Data normalized using preliminary 
efficiencies & luminosity   

PhysRevC.87.024913 

J/Ψ cross-section as function of rapidity can provide insight into 
gluon distribution in the nucleus. dσ/dy ~ [g(x,Q2)]2

J/Ψ production observed over 2 rapidity units  
3<Mee<3.2 GeV/c2 

Only preliminary acceptance applied  
 - dip at zero due to cuts

ρ

Data consistent with coherent interactions with a nuclear size ~6.38 fm
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Muonic atoms

14

hadron-µ Coulomb bound state 
 - Formed in early dense part of collision from low pT thermal µ 
!

kaons and protons which fall into the momentum ranges 0.70-1.17 GeV/c and 1.33-2.22 GeV/c33

can also be cleanly identified.34

2.1. Invariant Mass35

With the proper particle identification, the atom invariant mass distributions can be studied.36

Three combinatorial methods were used, the unlike-sign, the like-sign, and the mixed-event. The37

like-sign pair mass was corrected from the acceptance di↵erence between positive and negative38

charged particles:39

LS+�(corrected) =
p
LS++LS��

ME+�p
ME++ME��

, (1)

where LS stands for like-sign, ME for mixed-event, and the indices of each term stand for the40

electric charges for hadrons and leptons. The origin of the correction is the di↵erent bending41

direction of particles with di↵erent charges in the magnetic field in the detector. The consequence42

is that pairs with certain opening angles are lost at the TPC sector boundaries or dead TPC43

readout units. The opening angles are di↵erent between same-charged and di↵eretly-charged44

pairs, and lead to lost pairs in di↵erent mass regions. More discussion of this correction can be45

found in [8].
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Figure 1: The pair invariant mass distributions of UL⇥ LS/ME

2 � 1 show peaks at the atom
masses.

46

The unlike-sign method, which pairs a hadron and a muon with opposite electric charges,47

contains the atom signal, a combinatorial background, and the attractive Coulomb e↵ect.48

The like-sign method, which pairs a hadron and a muon with the same change, contains a49

combinatorial background and repulsive Coulomb e↵ect. The mixed-event method, which pairs50

a hadron and a muon with opposite charges from di↵erent events, contains only a combinatorial51

background. Note that the attractive Coulomb force in the unlike-sign method will enhance52

the distributions; and the repulsive Coulomb force in the like-sign method will suppress the53

distributions. The following variable was used to cancel the Coulomb e↵ect in like-sign and54

unlike-sign and get the correct signal:55

UL⇥ LS/ME

2 � 1, (2)

where UL ⇥ LS stands for unlike-sign ⇥ like-sign, which cancels the Coulomb e↵ect, and ME56

stands for mixed-event for normalization. Figure 1 shows sharp peaks at zero net mass in57

UL⇥LS/ME

2�1 distributions after the Coulomb e↵ect was rejected. Here the net mass is the58

atom mass subtracted from hadron and muon mass.59

First observation of anti-matter and strange µ atoms

 µ  “Perfect” early time probe 
- colorless, no interaction with QGP 
- little background from later stages 

Au-Au 200 GeV

p-µ K-µ
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Much to digest and more coming soon!

15

BES-II 
  detailed exploration of systems close to CP and smaller systems 
p+Au, d+Au, and 3He+Au collisions  
 test when and how “more” becomes “different” 
Polarized p+Au  
  unique RHIC capability single spin asymmetries probe saturation scale

MTD and HFT - detailed heavy flavor measurements coming soon 

iTPC Upgrade: 
 Rebuilds the inner 
sectors of the TPC 

EPD Upgrade: 
Allows a better and 

independent reaction 
plane measurement  

critical to BES 
physics 

EndCap TOF Upgrade: 
Rapidity coverage is critical for 
several proposed BES Phase II 

measurements 

Ultimately onto eSTAR

 
 

1 

 
 
 
 
 

 

 
 

 

 
 
 

 

A polarized p+p and p+A program for the next years 
 

The STAR Collaboration 
 

 
 

May 2014 
 

Forward calorimetry 
and tracking upgrade: 
 New forward coverage



Backup
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Polarized pA

17
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2 = (1.0 GeV)2 

QsA
2 = (2.5 GeV)2 

δ = 0.16 GeV 

•  Dependence of QsA on A 
•  Combined with other measurements 

this can estimate Qsp  

Kang, Yuan: PRD 84, 034019 (2011) 

Y. Kovchegov & M.D. Sievert: PRD 86, 034028 (2012) 

A unique capability of RHIC! 

Single spin asymmetries can act as a 
probe of the saturation scale – the p+p 
reference will also be better understood 
with new instruments.  
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 = 200 GeVsp+p  

 
to

 C
EM

  R
at

io

0
1
2

J/Ψ%in%p+p%and%d+Au%
• pT%range%in%p+p%extended%to%14%GeV/c%%
–  prompt%NLO%CS+CO%describes%data%

–  prompt%CEM%describes%data%at%high%pT%
–  direct%NNLO%CS%underpredicts%high%pT%

• RdAU%consistent%with%model%calcula@ons%
–  shadowing%from%EPS09%nPDF%

–  nuclear%absorp@on:%σabsJ/Ψ=3mb%

Stellenbosch%PP%11/4/13% Hard%Probes%2013%::%STAR%Overview% 8%

PLB%722%(2013)%55%

STAR%Preliminary% STAR%Preliminary%
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Bottom suppression

Peripheral → consistent with no suppression.

Min-bias and central → a hint of less suppression than for D0

Bottom suppression

19

Given D and NPE can deduce B suppression

Hint that RAAD < RAAB

Does this mean 
less energy loss?
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J/Ψ polarization

20

• Polarization parameter λθ  
in helicity frame at |y| < 1  
and 2 < pT < 6 GeV/c. 
 
• λθ is consistent with  
NLO+ CSM. 
 
• RHIC data indicates a 

trend towards longitudinal 
J/\  polarization as pT 
increases. 
 

• More precise 
measurement from  

     p+p 500 GeV expected. 

J/\  polarization 

jaroslav.bielcik@fjfi.cvut.cz 
8 

PHENIX: Phys. Rev. D 82, 012001 (2010) 
COM: Phys. Rev. D 81, 014020 (2010) 
CSM NLO+: Phys. Lett. B, 695, 149 (2011) 

  

appeared  on  arXiv today 
arXiv 1311.1621  
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Is this random background? 

21

Assumption:  balancing for jets with low pT constituents only due to 
background fluctuations, not correlated signal yield! 

pT,cut=2 GeV/c!
pTLead>20 GeV !
pTSubLead>10 GeV

Method 1: Random Cone (RC): !
Take di-jet pair pTCut>2 GeV/c (w/o low pT)

Calculate |AJ| with 
pTCut>0.2 GeV/c  
using cone of R

!
the 2 Jet vectors!
into a Au+Au 0-20%  
Minimum Bias event 

Embed randomly 

p T
 [G

eV
/c

]

η ϕ

Method 2: EtaCone (EC): !
Take di-jet pair  
pTCut>2 GeV/c (w/o low pT)

!
vectors into 0-20%  
Au+Au HT event 2*R  
away from reconstructed  
di-jet pair in that event 

Embed the two Jet
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Null-hypothesis 

22

Anti-kT R=0.4, pT,1>20 GeV & pT,2>10 GeV with pTcut>2 GeV/c

|AJ|

Preliminary

Method 1 !
(RC)

Method 2 !
(EC)

Sys. Uncertainties: 
- tracking eff. 6%  
- tower energy 
  scale 2% 

Balancing of Au+Au matched di-jets due to  
correlated signal yield in a cone of R=0.4  
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3.1 Dijet properties in pp and PbPb data 13
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Figure 8: Df12 distributions for leading jets of pT,1 > 120 GeV/c with subleading jets of pT,2 >
50 GeV/c for 7 TeV pp collisions (a) and 2.76 TeV PbPb collisions in several centrality bins: (b)
50–100%, (c) 30–50%, (d) 20–30%, (e) 10–20% and (f) 0–10%. Data are shown as black points,
while the histograms show (a) PYTHIA events and (b)-(f) PYTHIA events embedded into PbPb
data. The error bars show the statistical uncertainties.

120 GeV/c and pT,2 > 50 GeV/c. The threshold of 3.026 corresponds to the median of the
Df12 distribution for PYTHIA (without embedding). The results for both the PbPb data and
PYTHIA+DATA dijets are shown as a function of the reaction centrality, given by the number
of participating nucleons, Npart, as described in Section 2.3. This observable is not sensitive
to the shape of the tail at Df12 < 2 seen in Fig. 8, but can be used to measure small changes
in the back-to-back correlation between dijets. A decrease in the fraction of back-to-back jets
in PbPb data is seen compared to the pure PYTHIA simulations. Part of the observed change
in RB(Df) with centrality is explained by the decrease in jet azimuthal angle resolution from
sf = 0.03 in peripheral events to sf = 0.04 in central events, due to the impact of fluctuations
in the PbPb underlying event. This effect is demonstrated by the comparison of PYTHIA and
PYTHIA+DATA results. The difference between the pp and PYTHIA+DATA resolutions was used
for the uncertainty estimate, giving the dominant contribution to the systematic uncertainties,
shown as brackets in Fig. 9.

3.1.3 Dijet momentum balance

To characterize the dijet momentum balance (or imbalance) quantitatively, we use the asym-
metry ratio,

AJ =
pT,1 � pT,2

pT,1 + pT,2
, (1)
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Di-jet imbalance AJ Au+Au 0-20% R=0.2 
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3.1 Dijet properties in pp and PbPb data 13
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Figure 8: Df12 distributions for leading jets of pT,1 > 120 GeV/c with subleading jets of pT,2 >
50 GeV/c for 7 TeV pp collisions (a) and 2.76 TeV PbPb collisions in several centrality bins: (b)
50–100%, (c) 30–50%, (d) 20–30%, (e) 10–20% and (f) 0–10%. Data are shown as black points,
while the histograms show (a) PYTHIA events and (b)-(f) PYTHIA events embedded into PbPb
data. The error bars show the statistical uncertainties.

120 GeV/c and pT,2 > 50 GeV/c. The threshold of 3.026 corresponds to the median of the
Df12 distribution for PYTHIA (without embedding). The results for both the PbPb data and
PYTHIA+DATA dijets are shown as a function of the reaction centrality, given by the number
of participating nucleons, Npart, as described in Section 2.3. This observable is not sensitive
to the shape of the tail at Df12 < 2 seen in Fig. 8, but can be used to measure small changes
in the back-to-back correlation between dijets. A decrease in the fraction of back-to-back jets
in PbPb data is seen compared to the pure PYTHIA simulations. Part of the observed change
in RB(Df) with centrality is explained by the decrease in jet azimuthal angle resolution from
sf = 0.03 in peripheral events to sf = 0.04 in central events, due to the impact of fluctuations
in the PbPb underlying event. This effect is demonstrated by the comparison of PYTHIA and
PYTHIA+DATA results. The difference between the pp and PYTHIA+DATA resolutions was used
for the uncertainty estimate, giving the dominant contribution to the systematic uncertainties,
shown as brackets in Fig. 9.

3.1.3 Dijet momentum balance

To characterize the dijet momentum balance (or imbalance) quantitatively, we use the asym-
metry ratio,

AJ =
pT,1 � pT,2

pT,1 + pT,2
, (1)
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Di-Jet Imbalance AJ Au+Au 0-20% R=0.2 (I)
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Di-Jet Imbalance AJ AuAu 0-20% R=0.2 (II)
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Quick summary of AJ measurements
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R=0.4 R=0.2

Au+Au vs. p+p!
p X X

Matched 
Au+Au vs. p+p!

(p O X

X = “Non-identical” AJ distribution (Au+Au vs. p+p)!
O = “Identical” AJ distribution (Au+Au vs. p+p)
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R=0.4: ΔAJ larger for Au+Au than p+p  
→ more energy recovered at low pT 
R=0.2: ΔAJ Au+Au ~  ΔAJ p+p  
→ similar energy recovered at low pT
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Figure 8: Df12 distributions for leading jets of pT,1 > 120 GeV/c with subleading jets of pT,2 >
50 GeV/c for 7 TeV pp collisions (a) and 2.76 TeV PbPb collisions in several centrality bins: (b)
50–100%, (c) 30–50%, (d) 20–30%, (e) 10–20% and (f) 0–10%. Data are shown as black points,
while the histograms show (a) PYTHIA events and (b)-(f) PYTHIA events embedded into PbPb
data. The error bars show the statistical uncertainties.

120 GeV/c and pT,2 > 50 GeV/c. The threshold of 3.026 corresponds to the median of the
Df12 distribution for PYTHIA (without embedding). The results for both the PbPb data and
PYTHIA+DATA dijets are shown as a function of the reaction centrality, given by the number
of participating nucleons, Npart, as described in Section 2.3. This observable is not sensitive
to the shape of the tail at Df12 < 2 seen in Fig. 8, but can be used to measure small changes
in the back-to-back correlation between dijets. A decrease in the fraction of back-to-back jets
in PbPb data is seen compared to the pure PYTHIA simulations. Part of the observed change
in RB(Df) with centrality is explained by the decrease in jet azimuthal angle resolution from
sf = 0.03 in peripheral events to sf = 0.04 in central events, due to the impact of fluctuations
in the PbPb underlying event. This effect is demonstrated by the comparison of PYTHIA and
PYTHIA+DATA results. The difference between the pp and PYTHIA+DATA resolutions was used
for the uncertainty estimate, giving the dominant contribution to the systematic uncertainties,
shown as brackets in Fig. 9.

3.1.3 Dijet momentum balance

To characterize the dijet momentum balance (or imbalance) quantitatively, we use the asym-
metry ratio,

AJ =
pT,1 � pT,2

pT,1 + pT,2
, (1)
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Semi-inclusive recoil jets

28

Trigger hadron 

Recoil jets 

Trigger: Charged hadron 9<pT<19 GeV/c!
Recoil: Charged particle jet:!
! Anti-kT R=0.3!
! Constituent tracks: pT > 0.2 GeV/c!
Recoil jet azimuth: |φ-π|<π/4Semi-inclusive Observable: !

! Recoil jets per trigger

Ensemble-averaged analysis: !
! ! No rejection of jet candidates on!
 jet-by-jet basis!
! ! No bias on recoil jet!
! ! Jet measurement is collinear-safe 
with low infrared cutoff (0.2 GeV/c)
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Preliminary

Preliminary

Semi-inclusive recoil jet spectrum
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Event mixing gives good description of combinatorial jet background

Charged Jets Au+Au 60-80% Charged Jets Au+Au 0-10%

→ Triggered Recoil jet distribution:!
! ! !  Same Event (SE) - Mixed Event (ME)            

Preliminary

pTtrig>9 GeV/c
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Semi-inclusive recoil jets
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Charged Jets Au+Au 0-10%

Preliminary

Central Au+Au: Strong suppression (relative to PYTHIA)

Charged Jets Au+Au 60-80%

Preliminary

Peripheral Au+Au: Good agreement between data and PYTHIA

Au+Au background subtracted distributions (SE-ME):!
PYTHIA smeared using response matrix!
!  includes fluctuations and detector effects measured for Au+Au!         
          (Aim to correct to particle level via unfolding)

Dominant sys 
uncertainty: 
Tracking eff. ➞ 
Jet energy scale 
(JES) uncertainty 
~7%
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Medium induced acoplanarity?
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Charged Jets Au+Au 60-80%

Preliminary!
(stat. errors!
 only)

Charged Jets Au+Au 0-10%

Preliminary!
(stat. errors!
 only)

Au+Au central vs peripheral: !
! Similar widths        

SE ME SE-ME

Δφ
Charged Jets Au+Au 0-10%

STAR Preliminary STAR Preliminary STAR Preliminary

Future: probe large angle radiation!
d’Erramo et al. ArXiv:1211:1922

40<pTcorr<60 GeV

Pb+Pb 2.76 TeV 0-10%

RHIC vs LHC: Comparable widths
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Biases - taking control at RHIC!
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FIG. 11: Conditional distribution of away side parton mo-
menta given a triggered jet assuming the kinematical condi-
tions at RHIC vs. LHC.

VII. CONCLUSIONS

On the conceptual side, jet-h correlations offer a num-
ber of advantages. The use of a jet trigger as compared to
a hadron or even γ trigger allows experiments to collect
much higher statistics since the rate of jets into a given
PT range is higher than the rate of hadrons or photons,
and this in turn allows differential studies of the away
side. At least for RHIC kinematics, there is a reasonably
good correlation between jet trigger energy range and the
underlying parton energy range which is probed, however
this is no longer the case at LHC — here presumably γ-h
correlations are needed to constrain parton kinematics.
At the same time, jet triggers appear very versatile

tools which can be engineered to lead to a certain geo-
metrical bias by a suitable choice of the jet constituent
PT cut. In simulations, both an almost unbiased distri-
bution and a distribution biased beyond what is seen for
hadron triggered events could be achieved.
Measuring the correlation of hadrons on the away side

allows to probe the longitudinal and transverse single
particle distributions of jet constituents down to very
low PT and out to large angles, which is a particular
advantage for tracing the medium-induced modification
to jet structure. In this, a correlation measurement is
superior to jet finding on the away side, as jet finding in
an A-A environment is limited in its ability to reach to
large angles and low PT . In principle, in order to access
the medium-modification of intra-jet correlations and to

probe physics like a modified subjet structure or modifi-
cations of angular ordering [37], correlations of a trigger
with two away side particles can be used.
On the physics side, the longitudinal and transverse jet

structure of modified jets as measured by DAA(PT ) and
the angular Gaussian width is well described by YaJEM-
DE except in the very low PT region where the physics
is not dominated by pQCD and the model is expected to
fail. Thus, the observed jet modification is well in line
with the general idea that the medium opens additional
kinematical phase space for radiation, the induced soft
radiation is rapidly decorrelated by subsequent interac-
tions with the medium while a small part of the energy
lost from hard partons directly excites medium degrees
of freedom. The combination of these mechanisms leads
to apparently unmodified but rate-suppressed jets above
a scale of ∼ 3 GeV and a wide-angle, soft plateau-like
structure below this scale.
Of particular interest for determining the precise na-

ture of the interaction of hard partons with the bulk
medium is the origin of the scale Pmed ≈ 3 GeV. It
is certainly consistent with a back-of-the-envelope esti-
mate that the scale is given by the typical accumulated
medium momentum probed during subsequent interac-
tions Pmed = L/λ⟨P ⟩. Choosing a typical length L = 5
fm, a mean-free path λ = 1 fm and for the typical mo-
mentum scale in the medium ⟨P ⟩ = 3T with the medium
temperature T = 200 MeV leads to Pmed ≈ 3 GeV. How-
ever, in this case it would be very interesting to demon-
strate the change of the scale by experimentally vary-
ing temperature (e.g. by comparing RHIC and LHC)
or by varying mean free path. An alternative position is
that Pmed is set by strong coupling physics not accessible
via pQCD arguments. Future reaction plane differential
measurements of jet-h correlations at RHIC and LHC
might be a suitable way to distinguish these scenarios
and to establish in detail what aspects of jet physics are
governed by pQCD and what aspects by strong coupling
QCD.
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R=0.4, 
pTCut>2 GeV

RHIC’s steeply falling spectrum 
means good correlation to initial 
parton energy remains even 
after threshold cut

Theoretical calculations of jets at RHIC The Physics Case for sPHENIX
Jet Surface Emission Engineering
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Figure 1.17: Dijet surface bias in YaJEM for various trigger definitions. As the trigger is
changed from a single hadron (left) to a reconstructed jet with a minimum pT selection on
charged tracks and electromagnetic clusters (middle) to an ideally reconstructed jet (right),
the surface bias in the production point becomes less pronounced. sPHENIX is capable of all
three types of measurements. (Based on figure taken from [85].)

respectively. The calculated AJ distributions reproduce the CMS experimental data [71].

In Figure 1.18 (right panel) the calculation is repeated with a medium temperature ap-
propriate for RHIC collisions and with RHIC observable jet energies, ET1 > 20 GeV and
R = 0.2. The calculation is carried out for different coupling strengths as between partons
in the medium themselves and the parton probe and medium partons. The variation in
the value of as should be viewed as changing the effective coupling in the many-body
environment of the QGP. It is interesting to note that in the parton cascade BAMPS, the au-
thors find a coupling of as ⇡ 0.6 is required to describe the bulk medium flow [88]. These
results indicate sizable modification to the dijet asymmetry and thus excellent sensitivity
to the effective coupling to the medium at RHIC energies.

Figure 1.19 demonstrates the determination of the effective coupling in the model of
Coleman-Smith. The different curves in the left panel show the distribution of dijet
asymmetry for different values of the effective coupling. The data points are generated for
a particular value of the coupling strength and the uncertainties are representative of those
that sPHENIX would record. By performing a modified c2 comparison of the model to the
data, one obtains the curve in the right panel. From that curve, one is able to determine
the coupling with an uncertainty of about 5%.

Figure 1.20 (left panel) shows the temperature dependence of the dijet asymmetry, now
keeping the coupling as fixed. One observes a similar sharp drop in the fraction of
energy balanced dijets with increasing temperature to that seen for increasing the effective
coupling, and so combining these observations with constrained hydrodynamic models
and direct photon emission measurements is important. Given that the initial temperatures
of the QGP formed at RHIC and the LHC should be significantly different, this plot shows
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Trigger types, pTCut, R, 
can be used to change 
systematically 
pathlength of  recoil jet

Can also potentially be 
used to bias parton type

Trigger Track 20-40 GeV/c
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Where Does the QGP Turn Off?
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Critical Hc from lattice ~0.6 GeV/fm3: lowest energy range explored 
still expected to be above transition region

No guarantee to see turn-off of QGP

Can we use v3 vs ¥snn to look for turn off of QGP pressure?
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Quark Matter 2013
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Generic features of A-A collisions - III
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Lattice:   
εc   ~ 0.6 GeV/fm3

Above critical density for all collision energies and centralities
QGP at all energies?


