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p+p: Limits of Hard Scattering Picture
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Heavy lons: Soft Physics @ Higher pt?
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Heavy lons: Soft Physics @ Higher pt?
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Natural Explanation: Recombination Models

quarks close together in
phase space come together
to form final state hadrons

resulting hadron at higher
pT than parent partons, in
contrast to fragmentation

dominates for exponential
parton pr spectra

R. Fries
implies partonic degrees of 2 3 4
freedom and a QGP (Fries
et al, PRL 90 202303
(2003))

Anne Sickles  BNL  August 8,2007 ISMD 2007 4



hard scattering still happens...

Direct y
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hard scattering still happens...

Direct y
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Looking at the Whole Picture

® single particles:

® energy loss, //

4

® changes to particle ratios,
® biased toward surface

® near side correlations:
® changes to fragmentation, /\‘
® different surface bias than single particles

® away side correlations:
® biased toward long medium path lengths,

® energy loss & changes to fragmentation

Anne Sickles  BNL  August 8,2007 ISMD 2007 6



Correlations Between
Righ and Intermediate
pT Hadrons



High pt: Near Side Nearly Unmodified Fragmentation
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conditional yields constant:
vacuum fragmentation
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energy loss

J. Jia, QM2006

Anne Sickles  BNL  August 8,2007

ISMD 2007 8



A Closer Look at Cu+Cu
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Correlations Between
Hadrons @
Intermediate pT



Intermediate pt: Single Particles

Au+Au, 200GeV
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Intermediate pt: Conditional Yield

mesons: yield suppressed, yield/trigger enhanced
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Intermediate pt: Conditional Yield

mesons: yield suppressed, yield/trigger enhanced
baryons: yield scales with Ncoll, yield/trigger enhanced
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Away Side Yields

Au+Au, 200GeV
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(Multi-)Strange Correlations
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Strange-hadron Correlations: Jet Widths

Au+Au, 200GeV, Ridge Subtracted
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What about the baryons?

near side yield/trigger
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What about the baryons?

near side yield/trigger
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What about the baryons?

PLB 649 (2007) 359-369
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Recombination & Jet Correlations

® incorporating hard physics into reco models: partons
associated with a hard scattering recombine with medium
partons (Ko et al, Fries et al & Hwa et al)

® wouldn’t recombination wash out the charge ordering of
the p/pbar correlations?

® does the surface bias for near side correlations minimize
sensitivity to recombination?

® what about the away side correlations?! baryon & meson
triggers are consistent

® do the correlations break the v; scaling?

® are there other ideas which can explain the data!?

need calculations that explain all the data with one set of
parameters

Anne Sickles  BNL  August 8,2007 ISMD 2007 17



What'’s the Particle
Composition of the
Jets!?



Extra Baryons in Near Side Jets...

hadron trigger: 2.5 < pr < 4.0GeV/c
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...And Even More Baryons in Away Side Jets
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hadron-strange Correlations
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hadron-strange Correlations

i f”Q ( ‘J assoc

0.04— + a‘ng (ﬁ A'] assoc

dN

|\Itrig d.ﬂ(l}
T
+

‘S'TAR Pi f:"fmunmj Aut FAH H)% 40”

pT trlg

1<p;,ss<4 GeV/c

0.02— H + ....... ++ —

GeVlc

] ] ] |
4 v PNEE — J‘
Ao
Particle Ratios Near-Side Away-Side
(A+A)/KS 0.77 = 0.12 (stat] 0.18 (sys) 1.7 = 0.3 (stat] 0.6 (sys)

!. Zuo SQMO07

Anne Sickles BNL

August 8,2007

ISMD 2007

21



What About the Jet
Shapes?



Jet Shapes In h-h Correlations
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Shapes at Intermediate pt

non-identified hadron triggers Au+Au 200GeV
Centrality = 0-20% Centrality = 20-40%
L L L B L LB L LB L L B |

B —l— AsS0C. mMesons 7]

- i) b .
§ 0.6 g @ x5 —e— assoc. baryons %3 » 2 2
B 1 =
g ®  PHENIX Preliminary m 18

o - | —
— . ﬂj.
c [ ® 9 [ = 1o
- mu, Bm - 1 &

20.2 e @ ¢ ® [ N —
chelndl B Q [ e Bm 1 &
E - ’ ...‘_. @ g H :‘ ....._ E

A S LT o S °n_ om® . i

e - 2.5%p,, <4.0 GeV/c E— | | =

- . P
s [ O ., oo @ 1,
3 02m B 1=
- - 1
g | | |8
- L m 4 o
& . le PN
T 01 H - _ \é?
o | @ e 9 b 1€
zZ I HEEg 1 @

G ----- I----I_.,-.--I ----- b I----.-I- ----- I---.-.I_.-.-!I ----- b b I__

0 05 1 15 2 25 3) 05 1 15 2 25 3
A ¢ (rad) A ¢ (rad)

Anne Sickles  BNL  August 8,2007 ISMD 2007

24



Shapes at Low prt
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putting it all together...
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putting it all together...

® Yields: modified pout distribution for high pr-intermediate pr
correlations, strong centrality dependence when both particles are at
intermediate pr
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putting it all together...

® Yields: modified pout distribution for high pr-intermediate pr

correlations, strong centrality dependence when both particles are at
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® Particle composition: extra baryons, especially in away side
correlations, both strange and non-strange particles

Anne Sickles  BNL  August 8,2007 ISMD 2007 26



putting it all together...

Yields: modified pout distribution for high pr-intermediate pr

correlations, strong centrality dependence when both particles are at
intermediate pr

Particle composition: extra baryons, especially in away side
correlations, both strange and non-strange particles
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putting it all together...
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putting it all together...

Yields: modified pout distribution for high pr-intermediate pr

correlations, strong centrality dependence when both particles are at
intermediate pr

Particle composition: extra baryons, especially in away side
correlations, both strange and non-strange particles

Shape: extra peak for both associated baryons & mesons, Mach Cones!?
Ridge: associated with trigger hadron — jet like?
We clearly have a probe that is sensitive to the presence of the medium

® changes in particle composition seen along with medium response
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putting it all together...

Yields: modified pout distribution for high pr-intermediate pr
correlations, strong centrality dependence when both particles are at
intermediate pr

Particle composition: extra baryons, especially in away side
correlations, both strange and non-strange particles

Shape: extra peak for both associated baryons & mesons, Mach Cones!?
Ridge: associated with trigger hadron — jet like?

We clearly have a probe that is sensitive to the presence of the medium
® changes in particle composition seen along with medium response

How can we quantitatively understand the wealth of data!?
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putting it all together...

Yields: modified pout distribution for high pr-intermediate pr
correlations, strong centrality dependence when both particles are at
intermediate pr

Particle composition: extra baryons, especially in away side
correlations, both strange and non-strange particles

Shape: extra peak for both associated baryons & mesons, Mach Cones!?
Ridge: associated with trigger hadron — jet like?

We clearly have a probe that is sensitive to the presence of the medium
® changes in particle composition seen along with medium response
How can we quantitatively understand the wealth of data!?

® need to characterize the correlations more differentially: widths,
connections to higher pr, jet variables
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Strange Correlations in Cu+Cu

Jet Yield
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hadron-hadron correlations
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Shapes
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Recombination & Correlations

stronger centrality

PHENIX PLB 649 (2007) 359
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The Future: Better Detectors and More Data

® Run 7 just completed

10

® PHENIX took ~5B events, x3 more
than Au+Au data shown here 8

® TOFWest Detector installed

T-T,
~

® 90ps timing resolution, charge
particle PID at higher pr

® doubles intermediate pt PID

: 10
acceptance S S

1 1 1 | 1 1 1 I
2 4 6
charge*momentum(GeV/c)

® full azimuthal coverage for

identified particle correlations precision measurements of

® new reaction plane detector will jet-medium interactions
allow more control over medium
path length
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Recombination Models & Correlations
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AutAu: High pr

b < PT,trig <7 GeV/c
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Intermediate pt: Hadronization
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