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Outline:

* The soft ridge and bulk correlations

* p; dependence on bulk correlations

* Jet correlations with bulk

* Relative contribution of bulk- bulk and
jet-bulk correlations

e Summary
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from Lanny Ray, RHIC & AGS Users Meetlng, ‘08 . Correlation function with no 0
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trigger = near side peak

« Rapidity width and amplitude
increase with centrality

* Azimuthal width roughly constant
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e Flux Tubes: longitudinal
fields early on

P

e Tubes—quarks+gluons

flux tube

* Correlation function: transverse size ~
- Partons from the same tube are correlated Q"' <<R,
- Correlations between tubes are negligible J

C(Xl, X2) ~ Ré(’?t’l — 'Ft,2)

» Causally disconnected

correlation strength




*Gluon rapidity densit dN —1 2 2
PICY y X Qg (QS)QSRA
Kharzeev & Nardi: dy

* Correlation Strength R o{ #tubes)‘l _ (QSRA)—2

» Long range Glasma fluctuations dN 1,9
scale the phase space density d_y X Qg (Qs)

Dumitru, Gelis, McLerran & Venugopalan;
Gavin, McLerran & Moschelli

* Energy and centrality dependence 9 1/3 1/3
of correlation strength Q5 o< (V's) " (Npart)
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Fireball cross section at freeze out STAR soft ridge

from Lanny Ray, RHIC & AGS User’s Meeting, ‘08

¢ » Mean flow depends on position 7, ~ A7}

e Opening angle for each fluid b ~ Uth/vt x (/\"“t)_l
element depends on r



Schnedermann, Sollfrank & Heinz

° Smgle Particle SpeCtrum P+ (m dydzpt / f

freezout ’Yt’l_ft — \7
» Correlation Function A Hubble like

expansion in used in a
Boltzmann Distribution

Ap(pr, pa) = pairs — (singles)?

freezout

_ _ 2
» Normalization _// Ap = // c= (N

momenta positions



STAR measures: We calculate:

Ap _ P2 — P2, mixed Ap(n, ¢) = // Ap(p,, 1)
\/m \/,OQ’miajed momenta

Pref = // p1(P1)p1(p2)

momenta

Peak Amplitude Au-Au 200 GeV |
Ap * BW scaled to fit 200 GeV
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= Blast Wave (with correlations)

A N
— el Rd— X (blast wave)

Ve dy
" STAR 200 GeV

. v and T from Blast Wave
grareverttt ol Akio Kiyomichi, PHENIX
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* ~10% uncertainty from
BW

) * uncertainty from Qg
E. e | greatest in peripheral
| | | 2Nuin -~ collisions
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Au-Au 200 GeV
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* STAR preliminary

5 55

Au-Au data from Lanny Ray, RHIC & AGS User’s Meeting, ‘08

* Dashed lines from Blast Wave
Centrality and some energy dependence
on blast wave parameters (v and T)

* CGC adds energy and centrality
dependence and now system
dependence

* Theoretical Cu-Cu centrality and
BW parameterizations follow
Au-Au
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Cu-Cu 200 GeV data from Chanaka DeSilva
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e Fit using Gaussian + offset

eRange: —T/2< ¢ < m/2

* Error band: 20% shift
in fit range

« Computed angular
width is approximately
independent of energy
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e Fit using Gaussian + offset

eRange: —T/2< ¢ < m/2

* Error band: 20% shift
in fit range
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« Computed angular
width is approximately
independent of energy
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Soft Ridge Hard Ridge

| “kanny Ray, RHIC & AGS
...................... “-.Users Meeting, '08 | Jorn Putschke, QM ‘06
o4l e Pt ......
P
ol
-0.2
4
1.5
2
A 2 q_,\ 4¢ 2 7 s
Correlated pairs Ap Yield of associated 3 < Pttrigger < 4 GeV
for all p, particles per jet 2 GeV <
\/ . Py, :
pref trlgger assoc

e Soft Ridge: no trigger, pairs not separated by p,
e Hard Ridge: only high p, particles, trigger and associated in different ranges

* Look for a change in the soft ridge as the minimum p, range is increased



Peak Amplitude Au-Au 200 GeV

Min P, limit
all

150

300

500 "

= STAR preliminary

900

1300
1500

III|II|IIIIII|IIII|IIII|IIII|IIII|IIII|I[

o
T

IIIIIIIII|IIII|IIII|IIII|IIII|

o
o
(3]
-
-
(2]
N
N
o
w
w
o

/P
ref Pt >pt,'m,in

ff Ap(ﬁu,ﬁw)

Pt.min

A S P F

Pt.min

* Increase the lower p, limit of the
soft ridge calculation toward the
hard ridge range.

* As the lower p, limit is increased
less particles are available for
correlations.

 Correlation amplitude for the
most central collision plotted vs.
the lower p, limit.
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Peak Amplitude Au-Au 200 GeV
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Most Central Amplitude vs. p,
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/P
ref Pt >pt,'m,i'n,

ff Ap(ﬁtlaﬁﬂ)

Pt.min

—{ ff pl(ﬁtl)pl(ﬁt2)}1/2

Pt.min

* Increase the lower p, limit of the
soft ridge calculation toward the
hard ridge range.

* As the lower p, limit is increased
less particles are available for
correlations.

 Correlation amplitude for the
most central collision plotted vs.
the lower p, limit.



Peak & Width Au-Au 200 GeV

Angular width from
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Most Central ¢ Width vs. p,
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 Higher p, particles received a
o4 larger radial push = narrower
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Cu-Cu 200 GeV Most Central Amplitude vs. p,
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* Bulk correlations alone cannot
explain the data at higher p,

» The contribution from Jet-Bulk
and Jet-Jet correlations should
have an increasing effect with p,

 The azimuthal width narrows
with increasing p,

e Jet contributions should force
the correlation width to approach
the jet correlation width



VAV
NZANIAN

» Likelihood of having a jet (= )

7
. ¢ 7
depends on nuclear density \
(which depends on transverse
position) and the momentum of
colliding partons
Saturation
- Low momentum fraction - >
partons form CGC and tubes
after the collision

» Correlations between a hard
interaction and a tube at the
same radial position

correlation function:

c(x1,%2) ~ R, , 0(Ftjet — Tt.tube)




e Surviving jets tend to be more radial, due to
quenching.

 Jet path

. 2 . Rev.
L(r,¢jet) = \/R?4 — r28in“(@jer) — 7 COS(Pjet) EG%‘:%?)‘}(Z%%RGV c

. - _L("”"bjet)
e Survival probability ~ S(z1,73) = e~ #°

2
.
« Production probability  Pproa(r) o (1 - _>

- Jet Distribution f(Z,D) = — Pproa(r)S(r, djet)
p



» Jet-Bulk Correlations

Ap, . (p1,p2) = (pairs) — (Jet singles)(Bulk singles)

ApJB p17p2 // C;p x17$2 fj(f _’1)f3(f27ﬁ2)

freezout

* Normalization / AIOJB — / Cip = <NJ><NB>RJB

momenta positions
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® STAR PRL vol 91, number 17 (2003)
Invariant Spectrum
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pr— _ 11 _ [}] .
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100 | ® STAR PRL vol 91, number 17 (2003)
Invariant Spectrum

| 6 *’ " p «Both the Bulk-Bulk and
Jet-Bulk contributions are
weighted by the fraction
of bulk or jet particles to

the total.

Ap(n,¢) _ Apys(n,9) ( Bulk ) L Brs5 (0, 9) ( Jet )

B fraction VP15 ;. \Jraction

vp'ref \/pBB ref



— Bulk-Bulk Yield
Yield Jets “turn on” at 1.55 GeV = Jet-Bulk Yield
0.014 = Bulk-Bulk + Jet-Bulk Yield
- |+ Au-Au200 GeV | Jorn Putschke, QM ‘06 .
- | STAR preliminary » Bulk-Bulk correlations
0.012 R
" | 3 < Prigger < 4 GeV still significant, but too
0.01 - Pt assoc. > 2 GeV + + narrow.
f 1.2 < |An| < 1.5 » Jet-Bulk correlations
0.008— too wide.
0.006— e Bulk-Bulk + Jet-Bulk fits
. amplitude and width
0.004  The choice of the
0.002 starting energy for jets
T affects both the bulk and
o- jet fractions
-él | I-I1|-él | I-al | I-Iol.sll | I6I 1 Io-lsl | I+I 4 il | I1.|5I 1 I2 ° Yield iS a different

¢ observable
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e Broad angular width from quenching alone (shuryak)

* Narrow width from flow alone (Gavin, McLerran, Moschelli)

* The jet contribution becomes more significant
with increasing p;,

* Width of the combination seems to work

== Bulk-Bulk
= Jet-Bulk
== Bulk-Bulk + Jet-Bulk

Angular width from
Ap
VPrcs

Pt >Pt,min



Bulk correlations are a nontrivial contribution to the hard ridge
* Glasma provides energy, centrality, and system dependence
* Angular width from flow and jet quenching
e Experimental study is needed
- p, dependence of soft ridge: Chanaka DeSilva

- A common observable between the hard and soft ridge could help



Pruneau, Gavin, Voloshin
Phys.Rev. C66 (2002) 044904

R = <NJNB>_<NJ><NB> <NB>=,B<N>
" (N, ) (Ng)
<NJ> =Oé<N>
CaB(N(N = 1)) —aB(N)(N)  |{N,Np) =af(N(N —1))
B af(N)(N)




Bulk-Bulk + Jet Bulk Central Amplitude vs. p,
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e Bulk correlations dominate
because soft particles dominate
the spectrum at low p,

* ~10% error from BW:; Glasma
errors are at a minimum since
saturation is strongest in central
collisions

% 0.5 1 1.5 Ry E e ne e
P,
Ap -
_p 0.08
0.07;—
0.06;—
0.05;—
* The jet contribution .04
becomes more significant 3
. 0.02:—
at high p, oot

Bulk-Bulk
Jet-Bulk
Bulk-Bulk + Jet-Bulk
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Jets “turn on” at 1.05 GeV

Yield
0.014[
~ | e« Au-Au 200 GeV Jorn Putschke, QM ‘06
B STAR preliminary
0.012—
: 3< pt,trigger <4 GeV +
~ | Ptassoc. > 2 GeV
0.01-| tt |
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0.008
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== Bulk-Bulk Yield
= Jet-Bulk Yield
== Bulk-Bulk + Jet-Bulk Yield



