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Outline 7{’/\@“

* |Introduction of Correlations at RHIC energy

* Jets study through high-p; correlation
* Direct photon as the controlling filter

* Initial state study through low-p; correlation
e Summary and outlook

High Energy Strong Interactions - A School for Young Asian 2

2014/9/23 .
/91 Scientists



Why High-p-? is\ﬁﬁ“

n vacuum Theoretically:

hadro leading

7 particle
—qZ = Heavy-ion collisions produce QCD matter,
q dominated by soft partons p ~ T~ 100-300 MeV

4//
hadrons P

= Hard-scattering produce ‘quasi-free’ partons at
the very early stage of collisions, long before the
medium forms.

in medium 7 .
hadron leading = These partons probe the medium through
T?Zv particle energy loss. Such ‘hard probes’ are sensitive to
y 4
N 4 é”' (\ (suppressed ?) - adium density and transport properties.
VI arny |
hadmn;7l\’ Experimentally:
suppression ® The initial state production of such partons are

¢ known relatively well from pQCD and p+p

collisions results.
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Singles and Fragmentation Functions SsTar

Stephen Horvat and Evan Sangaline, QM2012

B STAR Preliminary

-
‘Energy loss’ § ‘Absorption’ _ —— o
NZ 10— Not feed-down corrected 19.6GeV
Ti - h+ + h‘;ﬁ+ - X 23223
/_,,/:"Z—'" PP Downward shift - Pl : gﬁi:ggsmmzoom
- o 2.76TeV ALICE

Shift spectrum to left

A+A

Ree (0-5%/60-80%)

{

:
+
4‘%
-

pT Al b by b by by b bvwwn b na by
10 3

4 5 6
Measured R,, is a ratio of yields at a given p; PGV
The physical mechanism is energy loss / absorption, shift of yield to lower p; and yields.

Out-of-cone radiation
R,,<1

. /,'7 * Energy loss is not single-valued, but of a
Incoming

distribution.

parton
In-cone radiation © Perturbative QCD happens at t ~ E/Q?
Jet broadening ¢ Medium Modified Fragmentation Function
(FF):
— must take place where the medium acts.
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tudy Fragmentation Function with<tmg

PRIy P R
correlations
near side away side

uncl LI_StE-I'Ed hadron

. ‘Q&\_\ /’4‘!_-" IR

leading hadron  sypleading hadrons Jet

e Basic structure: back to back hard QCD event
e Trigger object: leading hadron, vy, Z°, clustered jet

A \1|o|r~| n'F nrn nhlnrfc rnr~|||ror~| in med um. R nhcarvahlac
1 1 |||’ |\AA NINNIGC VUNILY

e Trigger object deflnes near and away side
—> correlation observables, near and away side 1,,, correlation angular
width
e Hadron analysis inside a found jet
—> jet observables, jet shape and fragmentation function
e Can all be done dependent on orientation with event plane
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Phys. Rev. Lett. 97 (2006) 162301

d+Au Au+Au, 20-40% Au+Au, 0-5%

0.31

1

STAR

Facts:

* Correlations are formed with particles at
specific kinetic region .

[+ ]
A
aal i ] '% * High-p; particles are better proxies of jets.
, . s = Natural proposal:
02— ; ' ' ' ' 1 &
52 015} 1= Raise the p; of all particles in correlation to
K] = . : .
_l"g 0.1 16 get a higher purity of jets source.
% 0.0sf ] “E’
b n:ﬂ - @
0.1 1o Result:
2 o o . . _
vosl | | g .The away-side peaks are back with high-p;
ﬂ v trigger and associate.
L W b . O e o A * The recoil jets are restored, but their rates
A (rad) are much lower.
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Di-jets Imbalance AsResult

STAR

c 0.22f
(=] - IS T T T T T T
T 02 STAR Prelimina ry p:'>0.2 GeV 102 Background subtracted —
(V] I~ - E trig E
p C ] ® 05 - ig S - 90<p. <19.0GeV/c 3
p 0.18 —:H: pp HT @ AuAu MB o - Preliminary jet ' 015.R=03 ]
S 016 + ® AuAuHT % 10°%E  ©% OPYTHIA (p+p) =
o o14f— S s o #STAR Data (0%-10%) I
T :$: Au+Au 0-20% o i "0y, ]
0.12f Anti-K  R=0.4 B 04k +_*_-’- o |
i o g 3
o = 204 - toq o U =
C =Vu. o B 4 —o0— ]
0.08 =
- :?: 2 10°L ++ —4— .
0.06/— —— > E 3
- pte(p™'>2 GeV)>20 GeV e = - ]
0.04 __ ;m,,_mT it —a— -6 [1Jet energy scale uncertainty
ooz2E- Pr "{pT =2 GeV)>10 GeV - 10 3 | | | | | E
{I B 1 I 1 1 11 I 1 1 1 1 1 1 1 1 1 1 | 1 1 I¢ 1 S 1 [T T T T T T T T T T T T T T T T T T T ]
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 = i
A x i 1
! H 0.5 . b
§ L el T
10 15 20 25 30
recoil jet p T-pA (GeV/c)

First di-jets imbalance Asresult in Au+Au collisions at RHIC:

1) p;>0.2GeV/c, R=0.4: A,(AuAu) =A,(pp) changes in Au+Au collisions are all contained
in the cone, unlike the LHC. For R=0.2: A;(AuAu) # As(pp), the cone is too small.

2) Recoil jets are suppressed, path length is maximized.

3) Tools for jet analysis are ready at RHIC.

High Energy Strong Interactions - A School for Young Asian 8

2014/9/23 L
/91 Scientists



Jet(-axis) correlation is\l"‘“

(L8500

The reconstructed jets are used as
DA‘.‘_’[(_;U’_T‘ ass50C < aAs80C

) =Yaua.(p7 PT ) AuAu triggers, instead of single high-p-.
— Yoo (P7°°°) - (077 ) pp Higher acceptance, better background

_ _ . subtraction, more clear jet sample.
with appropriate background subtraction.

: : . Near-side of jets are consistent

g0 7T T 1
- [ detector uncertainty between p+p to Au+Au. Proof of
53 ] v, and v, uncertainty surface-bias.
% trigger jet uncertainty
O 2 : :
= (5 = 200 GeV The associated particles on the
< Sav = 2 e i
21 a away-side (|Ap—m|<m/2) are
T .
g integrated and compared.
1 Away-side energy balance: “lost”
| at high-p; associated are largely
el e il e e e L .
v 2 4 6 pams(GeV}c") 2 u 16 balanced by “gain” at low-p;end.
T
j ong Interactions - A School for Young Asian 9
2014/9/23 Phys. Rev. Lett. 112 (2014) 127307 "0



Jet-axis to hadron correlation

Agreement within others

STAR

Di-trigger (jet proxy) to hadron correlation

= ——— T T T
4M T TT | | | T | > : :
: B detector uncertainty 3 Phys. Rev. C 87 (2013) 44903:
53k v, and v, uncertainty >~ 1.5 H -
% igger jet uncertainty < C H ]
c?2 1= ]
Qi \[Syx = 200 GeV w- | | ]
W L ot i
=} p ~— L . . .
¢ @ W\ Phys. Rev. Lett. 112 (2014) 122301 3 05 Primary trigger selection
= O0F 3 - ®p." c [4,10] GeV/c
= F o+ T
<F o ® Op," e [8,10] GeV/c
F (b) w- [ Op,™* € [10,15] GeV/c
D I R B S T QL OSE
= passoc (GeV/c) ‘a 0.5 1 1.5 2 2.5 3
T Lower threshold of p3**** (GeV/c)
AuAu 200 AGeV 0-5% centrality YaJEM-DE. 2+1d hydro
trigger 8 - 15 GeV 5 0-10% central AuAu . ,
T — « SR il [— | Theorists’ work
osl s vaEMDE| | [, — P =10-13Ge —T. Renk at QM2014
' © ASW A — P¥=20-40GeV
energy transfer into deium AdS 1 2 A STAR 10-15 GeV
L Rl L L A STAR 20 - 40 GeV . .
<0'6 subleading hadron production | é 2_— Deta”s Stl” N argument:
" o4k {3 I * Radiative vs. elastic Eloss
51 o  Path-length dependence
0.2F $  $7 I I j»- |
- T / T : 1l -1F . T - * etc.
. ~—— ’lost’ energy is not recovered -
005 06 oz 1.7 | ; g — ) | :
201479/23 Z HighEnergy Strong InteractionslOA School fod¥oung Asian 10
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Different observables, ez o
L

h-h correlations: significant kinematic and

parton type bias, low statistics #a0 Ge¥ Trisser, 0107 276 ATev PP
—> Strong surface bias, maximizes recoil path

|ength near side away side Hadron trigger

trigger: leading hadron observable: away side yield % [Fm]
YalEM. LHC (Z+1 =D hydro

jet-h: reduced bias, higher statistics %‘
—> Less surface bias, partially cancelled by Jet trigger F
background fluctuations near side away side ~ %
I | 8
trigger: jet observable: away-:-;;de yield and transverse width E ,[;'m] !
Other biases such centrality and reaction plane
High Energy Strong Interactions - A School for Young Asian 11
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® 2-particles correlations (Ad):
FF of the recoiling parton from direct y and =°

> Parton initial energy “Compton-
Scattering”

> Different path length “on average”
> Different q/g compositions

Observable: 1, = D,,/Dyn

® Reaction plane (A¢):
Azimuthal anisotropy of =% and y

> Path length dependence of AE
Observable: v, (p;) = <cos(2(d,; - Wgrp))>

2014/9/23 L
/91 Scientists

direct
photon
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(%)) Direct photon correlation -- 1,, 35T

High Energy Strong Interactions - A School for Young

T T T T T T T AstamSeientists————— Renk, PRC 74 (2006) 034906
1[12<p, <24 GeVic, 3< pI™*< 24 GeVic ~ ®n-h" i T !
=3 = cmoothed geomeiriza] suppression|
: ZT > 0.25 . T -hi : '__":;L + }EFID]I—“l]IaqL"—L'EdLIr i
- STAR Preliminary o - £ o Lt
0.8 B Au+Au @ 200 GeV | _E': Joo. . _T(Y) €
_ e N
[r D ] L] [ -
B ] = = = f X § 3 3
{ 0-6 [ ] ]_‘ FY
| — 5 i
—{ | "' o _'_._ | ] J__h ey
® . —["_ pp [HeV]
0.4 . | _| Private Com.
0.2~ . * + B °F E,(trig) > 8 GeV -
= o -
o] I R R R R R B - 1
0 0.2 0.4 0.6 0.8 1 i E
trig CIEI : ICI.IZI : ICI.I4I : I\‘J.GI : ICI.IBI : I1II : I1.|2I : I1.|4I : I1_|GI : I1:.8
7_= passoc/ e
T pT PT

» Both I,, of direct photons and = are flat within current uncertainties in

the measured kinematics range 13
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Reaction-plane Correlations: v, is:"mn

v BEMC: || <1.0,TPC:|n| < 1.0 v BEMC: |n| < 1.0, FTPC: 25 <|n | <4.0
{;0_3:| L L L L I S L ! {:« L e e e L T, T T T T
- Vi{EP} TPC o ¢ VI{EP} FTPC -
o0z AutAu (10-40%) ElE S AutAu (10-40%) E
;:J 02;_ Au+Au @ 200 GeV vgl {EP} TPC—; i:“ {].23— Au+Au @ 200 GeV V2 {EP} FTPC_f

0.15?— + +i —f 0.153— —f
0.1;— _+_+i _i 01‘+74+7+++ _f
0.05§+_‘_ . +- —; {msf— —— _f
= B + T ___________ = - + .

- m o0 ]
o ;_ STAR Preﬁminary_; 008 5# E
a1 - 01 f_ STAR Preliminary _f
a1 B I e R I;fo -0-155' - Ve ;
E. [GeV] 10 12 14 16 18 £ [Ge\zl'?

> v, of direct photon is consistent with zero within the current systematic errors
» Fragmentation photons have negligible effect on overall v, of direct photons

> v, of n0 using the FTPC is apparently due Y v,<0:jet-medium photons
to the path length dependence of energy v’ v,=0:direct photons
loss v' v, >0: frag. photons

High Energy Strong Interactions - A School for Young Asian 14
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Evidence of initial state effect? JA"*"

PHENIX d+Au Double Ridge

geqg-) [0-5.0.7512[0.5,0.75] GeVle - [0.50.75}2[1.0,1.25] GeWlc Jio=<10™

CMS pp_ixeP 09 (2010) 091

{d) CM DGeVic<p <3.0GeV/e oF 9 E:Z%b‘f@ . gl ol
_ Near-side Ridge 2 2
S [ Jo
< 12
.: T ; 3

=] [

g =5

z

= 0
b [0.5,0.75]2(1.25,1.5] GeMic T [0.5,0.75]2(1.25,1.5] GeVie ik
B same-sign ¢ ¢ oppesite-sign 8
B 16
\ 4 4
STAR d+Au VS p+p Z cos(2(w, —@,))) 3 e
‘E;.'l 05 10 1.5 2.0 253'.;_ 05 10 1.5 2.0 25;”]"2

PRL 111 (2013) 212301 ]
Possible physics mechanisms:
] v Hydro ?
10 12
p, (GeVic) \/ CGC ?
PRC 72 (2005) 014904
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Correlations from d+Au Collisions L.

® Near-side

0.17—‘ | F'II'I'-'IC clerl'lh"alllt‘y‘1‘<‘p_lr<:|3tl';‘|evllc | _ __ | | | o —_ m 40'100% 0-20%

s | 40-100% o Away-side | [ Width 0.336(6) 0.382(9)
Ei Li g; il Area 0.0459(10) 0.0594(18)
EE R L Pedestal 0.0019(4) 0.0070(9)
N "t x2/ndf 19/25 19/25
= En 0 1 I T S R . U
An An
¥1D? I
i 45<An<p  STARPreliminary - (1< p; < 3GeV/c)
)4 - m ncil I\ID - . .
-ﬁ_ Positi 1) Near-side peak: centrality
g 5 ><] Negative — d
3 i \ ependent
T | N
== | 2) TPC-FTPC correlation, Ridge with
z - An~3. Only for positive particles.
0 : T Flow effect is not seen in this
ZYAM=0.0923(2)
i ST T 2vAM-008ee(2) analysis.
0 2 4
Ad
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Summary ﬁsw‘

Hard-scattered partons and their evolution are
important to probe medium properties.

Correlations have been an effective tool to study
medium-modified fragmentation functions of
such partons.

Different trigger / observables bring different
biases, but work as filters of physics OTH.

Whether the flow-like correlation is due to initial
effect is still uncertain.

Stay tuned for more STAR results!
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Backup
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A group of Ry, is\f““

§2'4 . PHENIX Au+Au, \/s,, =200 GeV, 0-10% most central
02 2.2~ @direct y 0-5% cent (arXiv:1205.5759) ¥ Jiy 0-20% cent. (PRL98, 232301)

"~ #° (PRL101, 232301) ® 0-20% cent. (PRC84, 044902)
2 -
| in (PRC82, 011902) } et (PRC84, 044905)
1.8 ¥ 6 (PRC83, 024090) i K" (PRC83, 064903)
16" & p (PRC83, 064903)
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