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Di-hadron correlations
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Di-hadron correlations

Associated

n ==In(tan(o/2))
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 (Coverage:

With tracking:
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Jets — azimuthal correlations
At RHIC energies, jets are dominantly produced as di-jets

Assume that a high-p_ trigger particle comes from a jet

Look at distribution ot high-p_ associated particles relative to trigger

p+p - dijet

i 200 GeV -
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Jets — azimuthal correlations
At RHIC energies, jets are dominantly produced as di-jets

Assume that a high-p_ trigger particle comes from a jet
Look at distribution ot high-p_ associated particles relative to trigger

p+p - dijet

Near-side | /. o

200 GeV -

0.2; — p+p min. bias

4<p. (trig)<6 GeV/c ﬁsﬂn

pr(assoc)>2 GeV/c

1/Ny,1 05 AN/A(A0)

trigger |
| "99%" phys Rev Lett 90, 082302
-1 0 1 2 3 4

A ¢ (radians)
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Jets — azimuthal correlations

T
i —p+p min. bias 200 GeV -
0.2

STAR

1/Npyigger AN/A(A0)

f ., Phys Revilett 90, 082302 -

-1 0 1 2 3 4
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The away-side jet 1s quenched
in Au+Au collisions
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At higher p ...
Au+Au, 0-5%

J'nﬁ_ Phys.Rev.Lett.97:162301,2006
i tri
i 8<pT 8<15
_ 2>pTassoc
).04}-
.02
0

0 Ab

The away-side jet punches through the medium

T
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But at lower p ...

Near-side, away-side: excess yield in Aut+Au relative to p+p
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Near-side

Ridge
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Minimally
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fragmentation

Away-side
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Phys.Rev.C80:064912,2009
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In two dimensions in Au+Au

Phys.Rev.C80:064912,2009
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In two dimensions in Au+Au

Phys.Rev.C80:064912,2009
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Simple picture

IR o R S o
Phys.Rev.C80:064912,2009 R
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e Jet-like correlation: Dominantly produced by
fragmentation
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Simple picture

IR o R S o
Phys.Rev.C80:064912,2009 R

e Jet-like correlation: Dominantly produced by
fragmentation

e Ridge: Two classes of models

— Partonic energy loss in the medium

— Correlation of trigger with bulk

Christine Nattrass ( UTK), WISH, 8 Sept. 2010
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ZLYAM and the two-component model

e Two component model:
Di-hadron correlations are composed of

— Correlations arising from jet
fragmentation

— Correlations arising from elliptic
flow (v )

Christine Nattrass ( UTK), WISH, 8 Sept. 2010
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ZLYAM and the two-component model

e Two component model:
Di-hadron correlations are composed of

— Correlations arising from jet
fragmentation

— Correlations arising from elliptic
flow (v )

Assume jets are not correlated with
background

Christine Nattrass ( UTK), WISH, 8 Sept. 2010
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ZLYAM and the two-component model

e Two component model:

Di-hadron correlations are composed of

— Correlations arising from jet

fragmentation

— Correlations arising from elliptic

flow (v )

Assume jets are not correlated with

background
The background 1s then

B(142 v, v = cos(2AD))

Phys.Rev. C69 (2004) 021901

Christine Nattrass ( UTK), WISH, 8 Sept. 2010
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Phys.Rev.C78:014901,2008
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ZLYAM and the two-component model

e Two component model:

Di-hadron correlations are composed of

— Correlations arising from jet

fragmentation

- Co%‘lrelations arising from elliptic o -
ow (Vz) 1.03 PHENIX " —
Assume jets are not correlated with - g " ° ]
background 1028 o e 1<p;<2<p}<3 GeVic —
The background is then 3 ok L eetetaes.
B(1+2'v "8 v ¢ cos(2AD)) O [ e . . o ®e
Phys.Rev. C69 (2004) 021901 i . : Fag , oo
. . . 1%e,* . O , ]
o Zero-Yield-At-Minimum (ZYAM) - S <
— Assumes there is a region where S

there 1s no signal 0 2 4

Ad(rad)

— Fix B in this region assuming two
component model

- Use v from independent
measurements
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Jet-like yield: p "¢ dependence
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Yield increases with p_"e&*f

No collision system dependence
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Jet-like yield: p "¢ dependence

ﬂ1 E ;— EE Em d_l_Au 1.5 GeV/c < pTassociated < thrigger } |
0.44-O I Cu+Cu ) ?
- ® B Au+Au o,
0.12— PYTHIA (]
= . . |
o1F- STAR Preliminary n,
5 f =
> 0.08 | m
006~ - | O
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0.02F O ®
B . | Eur.Phys.J.C62:265-269,2009
ol— . . | .. A I B
2 2.5 3 3.5 i 4 4.5
pT”gge’(GeWc)

Yield increases with p_"e&*f

No collision system dependence

PYTHIA 6.4.10 Tune A— Monte Carlo p+p event generator
tuned to data and incorporating many features of pQCD

Christine Nattrass ( UTK), WISH, 8 Sept. 2010
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Extent of ridge in An

Au+Avu 0-30% central

2.5 GeV/c > p trigger
0.035 GeV/c > p/a/ssoefated

/' e
e
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dN /dAn

tn@ ch
]

1/N

Phys. Rev. Lett. 104, 062301 (2010)
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Extent of ridge in An

Phys. Rev. Lett. 104, 062301 (2010)

Au+Avu 0-30% central

2_5 GeV/c > thrigger e j PI-I{OBDIS preliminar:: :
0.035 GeV/c > pﬁ?ﬁﬁé@d' R | —e— Au+Au 0-10% N
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< % -. |
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< 2 ! B
30 z -
Z‘E
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Extent of ridge in A n

Au+Avu 0-30% central

2.5 GeV/c > thrigger
0.035 GeV/c > pTass?f:_ilese_c_:
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PR

: ..-..-.__-.:." L . -
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Phys. Rev. Lett. 104, 062301 (2010)

T T I ' k ! I
- PHOBOS preliminary B
- —&— Au+Au 0-10% 1
1_ s PYTHIA v6.325 J n
= - ] 'l 1
: ' .
- 0.5 N
0
| | L l =
4 -2 0 2
An
T T T T T T T T T T
2'_ PHOBOS preliminary
B —a— Au+Au 0-10%
1 5—_ ------- PYTHIA v6.325

Christine Nattrass ( UTK), WISH, 8 Sept. 2010

27



Extent of ridge in A n

Au+Avu 0-30% central

Phys.

Rev. Lett. 104, 062301 (2010)

2. 5 GeV/c > p trigger — PHOBOS preliminary

—a— Au+Au 0-10%
| e PYTHIA v6.325 l! Jl
+41l®

O 035 GeV/C > p assomated .‘-.-
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ch
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PHOBOS preliminary 2
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= PYTHIA v6.325
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------- PYTHIA v6.325
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Ridge vs

N

part

O Cu+Cu 62 GeV
_ @® Au+Au 62 GeV
%0_35_ .| Cu+Cu 200 GeV
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Eur.Phys.J.C62:265-269,2009

No system dependence at given N

102

Christine Nattrass ( UTK), WISH, 8 Sept. 2010
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Ridge vs N

part
4.5¢
aE- O Cu+Cu 62 GeV
- @ Au+Au 62 GeV
3.5 | Cu+Cu 200 GeV
e 3 B Au+Au 200 GeV
3 25 = 3.0 GeVic < p.ee 6.0 GeVic
m E 15 GeV/C < pTassociated < thrigger
Q) 2
9 - -
1.5 = — _
1=
0.5 i_ Eur.Phys.J.C62:265-269,2009
0c STAR Preliminary
F L | |
10 10°
-::Npart::-

No system dependence at given N

Ridge/jet-like yield independent of energy™

*Comparing these two energies in this kinematic region

arXiv:0806.2261/nucl-ex

Christine Nattrass (UTK), WISH, 8 Sept. 2010 arXiv-0804.4683muckex 3 ()



Ildentified trigger: Near-side Yield vs N o

3.0 GeV/c < p,e 6.0 GeV/c; 1.5 GeV/c < p assecated < p trigger

, 52_\/s_m,=200 GeV, |An|<1.7
- | - CDU ".‘“ h-h
:m.{—
Ridge Yield - :'Eo_3:— arXiv:0B04, 4683 muc-ex ] N
No trigger type 2|
dependénce So2- .
o | u
O T
So.1-
X . O D
o
Lo ! ,
10 102 -<:Npa +>

Au+Au Vs, =200 GeV from nucl-ex/0701047

Cu+Cu Vs, =200 GeV from SQM2007
Data poinFs at same N__, offset for visibility
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Ildentified trigger: Near-side Yield vs N

part
3.0 GeV/c < p e 6.0 GeV/c; 1.5 GeV/c < p 2ssecated < p trigger

[\ /5,=200 GeV, |An|<1.7
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:ﬁ - % : :“f,f\hh /.
o4 — = = .
S L vemr | 4
Rl dge y1€1d - %0.3:_ arXiv:0804.4683/nucl-ex ! r
No trléger type § ¢
epen CNNCC >0.2—
> .
2 0.1
X
o
10 102 ‘I<:NpalIrt

Au+Au \/s =200 GeV from nucl-ex/0701047

Cu+Cu \/S '=200 GeV from SQM2007
Data pomFs at same N__, offset for visibility
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Ildentified trigger: Near-side Yield vs N o

3.0 GeV/c < p,e 6.0 GeV/c; 1.5 GeV/c < p assecated < p trigger

\[Sn=200 GeV, |An|<1.7

0-5__ Cu Au
o [ o : Rﬁh_h
Spa | o oI
- - D [ v, error
Rldge y1€1d - EO.S_— arXiv:0804.4683/nucl-ex
NoO trléger type 21
dependénce o2l
o |
So.1-
o B
o
-
10

Au+Au Vs, =200 GeV from nucl-ex/0701047

Cu+Cu Vs, =200 GeV from SQM2007
Data poinFs at same N__, offset for visibility
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Baryon/meson ratios

Centrality = 20-40%

Centrality = 0-20%

() —B— assoc. mesons I I I (b) 1
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e Clear evidence of different behavior for baryons and

mMcSsons
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* For this kinematic region, baryon/meson ratio in
bulk changing rapidly

Christine Nattrass ( UTK), WISH, 8 Sept. 2010
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Jet-like correlation composition

a
8

e
&n

2.5

= . . inclusive p |, 0-5% Au+Au L At et
§ | STAR preliminary E inclusive p’. 20-40% Au+Au :FJ +p/n+n : :::u 200
' - 7 inclusive pl, p+p " Suarez, QMO8 i
2 B ridge, 0-10% Au+Au 2r 5
B A& jet, 0-10% Au+Au - 5 Rdga
- 88 . jet 0-54% Cu+Cu .5k
- » S
1.5 8y # B
I ® 1 O :
_ g - T
1 = [l g' @ [ -
= 0.5 &
: o ’ r
0.5 EF O« é -
! — & .u__
:C' -STAR Preliminary
= | Au+Au 200 GeV Run IV
A TN TN T N T NN TN N NN T NN TN N (NN T NN TN N AN SN N A Y TN M 0.5 e b by by b b bvan s b s bevaa bvnns
qﬂ 1 2 3 4 5 6 1 15 2 25 3 35 4 45 5 55 6

M. Lamont (STAR), J.Phys.G32:5105-S114,2006 p it (GeVic) P (GeVic)
J. Bielcikova (STAR), v:0707.3100 [nucl-ex] T
C. Nattrass (STAR), arXiv:0804.4683/nucl-ex

e Baryon/meson ratios in jet-like correlation in Cu+Cu and Au+Au similar to
p+p for both strange and non-strange particles

e Baryon/meson ratios in ridge similar to bulk for both strange and non-
strange particles
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Jet-like correlation is like p+p, ridge is

like bylk

Cc
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Au+Au central

* inclusive
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s 6<p™<10 GeVic

Phys.Rev.C80:064912,2009
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Spectra of particles associated with ridge similar to inclusive

Spectra of particles associated with jet-like correlation harder

Christine Nattrass ( UTK), WISH, 8 Sept. 2010
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The soft ridge

0-5% " ‘.‘_

-
-
. W

0.8}

ﬁp !\I I:)ref

ptp 200 GeV Au+Au 200 GeV

» Untriggered di-hadron correlations —no p_ cuts

e Similar structure on the near-side - “Soft Ridge”

e Are soft and hard ridge the same?

Christine Nattrass ( UTK), WISH, 8 Sept. 2010
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The soft ridge

| pT>=700MeVic |

| pT>=150 MeV/c |

STAR Preliminary

|_pT >=1500 MeV/c | arXiv:0910.5938v1

STAR Preliminary:

0051

Increasing p_ cut

e Soft ridge — hard ridge
with increasing p_

* Most likely two
structures are the same

*Note the different normalizations for the hard and soft ridge
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- 04 :
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1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1

0

Christine Nattrass ( UTK), WISH, 8 Sept. 2010
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Vacuum Static medium: Flowing medium:
0 e S (refierence) Broadening Anisotropic shape

 Radiated gluons broadened in
pseudorapidity

Longitudinal flow, Armesto et al, PRL 93 (2004)
QCD magnetic fields, Majumder et al,Phys.Rev.Lett.99:042301,2007
Anisotropic plasma, P. Romatschke, PRC,75014901 (2007)

So far unable to make enough ridge

Ve

Armesto et al, PRL 93 (2004)

-1 JFS + broad

Christine Nattrass ( UTK), WISH, 8 Sept. 2010
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Models

 Radiated gluons broadened in

pseudorapidity

Longitudinal flow, Armesto et al, PRL 93 (2004)

QCD magnetic fields, Majumder et al,Phys.Rev.Lett.99:042301,2007

Anisotropic plasma, P. Romatschke, PRC,75014901 (2007)
So far unable to make enough ridge

e Interaction of jet+tmedium

Momentum kick from jet, C.-Y. Wong , Phys.Rev.C76:054908,2007
Medium heating + recombination, Chiu & Hwa, PRC72, 034903

Agrees with data but lots of fits to the data

Christine Nattrass ( UTK), WISH, 8 Sept. 2010
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Yield / trigger
S
ba

Vacuum Static medium: Flowing medium:
(reference) Broadening Anisotropic shape

¥ e

Armesto et al, PRL 93 (2004)

JFS + broad

..................
@® STAR AuAu 200 GeV data (Nattrass et al)

F O STAR CuCu 200 GeV data (Nattrass et al) ]
B STAR AuAu 62 GeV data (Nattrass et al) ]

~ O STAR CuCu 62 GeV data (Nattrass et al) E

- C.Y. Wong

—  AuAu., Momentum Kick Model

0o 100 200 300

— —+ CuCu, Momentum Kiick Model
1 1 1 1 1 1 1 1 1

[~

~ W x
(N.,) (per trigger)

L
)

n

]
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Vacuum Static medium: Flowing medium:
0 e S (refierence) Broadening Anisotropic shape

 Radiated gluons broadened in : “ %j{/
pseudorapidity i

Longitudinal flow, Armesto et al, PRL 93 (2004) Armesto et al, PRL 93 (2004)
QCD magnetic fields, Majumder et al,Phys.Rev.Lett.99:042301,2007
Anisotropic plasma, P. Romatschke, PRC,75014901 (2007)

So far unable to make enough ridge

- 1 5
L] L] L) .5
e Interaction of jet+tmedium
Momentum kick from jet, C.-Y. Wong , Phys.Rev.C76:054908,2007 T JFS + broad
Medium heating + recombination, Chiu & Hwa, PRC72, 034903 0.5 ———m———— 6
. . STAR AuAu 200 GeV data (Nattrass et al) i
Agrees with data but lots of fits to the data g STARCuu0 ey o arss ) ]
0.4 - O STAR CuCu 62 GeV data (Nattrass et al)

LN

%)
(N.,) (per trigger)

e Hydrodynamical flow
Radial flow+trigger bias

S. Voloshin, nucl-th/0312065, Nucl. Phys. A749, 287
C.. Pruneau, S. Gavin, S. Voloshin, arXiv:0711.1991v2
E. Shuryak, Phys.Rev.C76:047901,2007

Triangular flow (v,)

B.Alver, G.Roland, Phys.Rev.C81:054905,2010
P. Sorensen, arXiv:1002.4878v1

[¥]

L
)

—  AuAu., Momentum Kick Model
— —+ CuCu, Momentum Kiick Model
1 1 1 1 1 1 1 1 1 1 1

]

As an added bonus, these describe
the away-side
How can we distinguish these?

Christine Nattrass ( UTK), WISH, 8 Sept. 2010


http://arxiv.org/abs/0711.1991v2

Conclusions

e [ ots of data

- Jet-like correlation dominated by fragmentation
— Ridge 1s bulk-like. From the bulk?

— Hard and soft ridge most likely the same phenomenon

Christine Nattrass ( UTK), WISH, 8 Sept. 2010
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Conclusions

e [ ots of data

- Jet-like correlation dominated by fragmentation
— Ridge 1s bulk-like. From the bulk?

— Hard and soft ridge most likely the same phenomenon
* Theories

— Causal: Have some difficulty reproducing the data

— Non-causal/Hydrodynamical models: Good candidates
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Outlook

* My prediction: There will be a
ridge at the LHC

* Hydro is mass dependent —
need better mass dependent
measurements

*Need to understand the ridge to
understand fully reconstructed jets

— Is 1t background? Is it signal?

e If the ridge i1sn't from jets, can we
use 1t to learn something else?

Christine Nattrass ( UTK), WISH, 8 Sept. 2010
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