Recent jet correlation analysis at RHIC and LHC
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jet/photon suppression(R,,) / event anisotropy(v,)
particle/jet correlation(l,,) / geometrical dependence
mach-cone, ridge / soft-hard interplay

ridge in high mult. p+p events at LHC
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Jet quenching No energy loss for y‘s

--- energy loss of parton in QGP ---
--- difference between hadron and direct photon ---
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Va

Understanding of high p; «° v, and R,, simultaneously

--- assumption of a common origin : energy loss --- PRL105, 142301 (2010)
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Two particle correlation (associate per trigger)

--- two different features at low/high p; regions ---

PRL104, 252301 (2010), arXiv:1002.1077
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Jet pair yield
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Reaction plane (path length) dependent energy loss
--- one of dominant sources of v, at high p ---
arXiv:1010.1521
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Hard Probe 2010, Yue Shi Lai
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Au+Au: 10% most central
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lines: unfolding uncertainty
M.Ploskon (STAR), arXiv:0908.1799.
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v,Jet,n¥ - hadron correlation

--- Comparisons are the most important! ---

cone size dependent jet suppression
can be understood by recovering of
energy loss with a larger cone.

can be used to give a controlled
bias in analysis and in triggering.
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v-Triggered Away-side Correlations:
Jet Fragmentation Function in p+p and Au+Au
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STAR, Phys. Rev. C 82 (2010) 34909

Direct photons from

STAR experiment
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Jet - hadron correlation
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Back-to-back Jet Calorimeter
for LHC-ALICE experiment
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the same data in polar plots (R.P. is x axis) 200GeV Au+Au -> h-h
--- associate distribution for a given trigger direction --- (pT"9=2~4GeV/c, p,/*°=1~2GeV/c)
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the same data in polar plots (R.P. is x axis) 200GeV Au+Au -> h-h
--- associate distribution for a given trigger direction --- (pT"9=2~4GeV/c, p,/*°=1~2GeV/c)
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/ Aut+Au 20-60%, 3<p, "84, 1<p. <2 GeV/c

SQMO09, F. Wang
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Burak Alver, GR, arXiv:1003.0194 (PRC 2010)

Participant Triangularity
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80<N., <120

160<N,, <200

240<N,, <280

Burak Alver, GR, arXiv:1003.0194 (PRC 2010)
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d+Au minimum bias
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An = Nasso = NMirig

Associate

Trigger

1
mid forward
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PHENIX data analysis is in progress by

Takahito Todoroki,

STAR data analysis is about to start...

A¢ = Gasso — q)trig

Associate

Trigger
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pythia8 : Ryo Funato
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ATHIC2008 trigger

in Tsukuba,
S. Esumi
g A away side
x  near side
(1) away side of a back-to-back(b-t-b) jet is wider in 1 than in ¢ 1o

(2) Ifthere are two parallel b-t-b jets, away side of one b-t-b jet can be 4;] o,
near side of the another b-t-b jet.

(3) Suppression as well as modification of b-t-b jet would depend on
relative angle w.r.t. almond geometry, we know this from v,
measurement and believe this is the major source of v, at high p.

(4) Therefore, there should be inter b-t-b jets correlation give by the
geometry from (3), this could make near side ridge like effect,
especially if the effect (3) has shaper dependence than v,(=cos2x).

(5) We always measure inclusive v,, which includes the effect (3).
Therefore any modification which could generates the elliptic
anisotropy would be included in the measured v, .

(6) We subtract BG contribution with this v, from (5) by maximizing
BG contribution assuming zero jet yield at minimum at any d¢.

(7) Ifnear and away side jets overlap each other, this subtraction

underestimates the jet yield and can change the extracted jet shape. o same jet ]
(8) Ifyou extract angular dependence of jet w.r.t. R.P., the results will b~/ e away jet :
easily be affected by the choice of v, from (5). SA R N s
Ad [rad]
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CMS, CERN Seminar, Sept. 21, 2010

Nch = 258 dNch/dn~=65 CERN-PH-EP/2010-031

arXiv:1009.4122v1

CMS Experiment at LHC, CERN

Data recorded: Thu Jul 8 22:25:58 2010 EDT
Run/Event: 139779 / 4994190

Lumi section: 5

Orbit/Crossing: 1302609 / 401
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SILICON TRACKER
Pixels (100 x 150 um?)
e ec o r ~im?  ~66M channels

Microstrips (80-180um)
~200m? ~9.6M channels

~76k scintillating PbWO, crystals

Silicon strips
~16m? ~137k channels

~13000 tonnes

SUPERCONDUCTING
SOLENOID
Niobium-titanium coil N7 >
carrying ~18000 A . Oy FORWARD
' CALORIMETER
Steel + quartz fibres

_ HADRON CALORIMETER (HCAL) ~2k channels
Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS

Overall diameter :15.0 m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers

Magnetic field :38T
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high longitudinal segmentation, to keep low occupancy (~ a few%) also at LHC
nominal luminosity.

* It is the largest Silicon Tracker ever built: Strips: 9.3M channels; Pixels: 66M
channels. Operational fractions: strips 98.1%; pixel 98.3%
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T T T

Level-1: M |‘ l'l‘nl‘l‘rxh Multiplicity70
Require Er> 60 GeV_ 300  — =, " rmms sntcinss

[ ] Detectors

Digitizers in calorimeters >
Front end pipelines 9
o -
Exll .
Readout buffers :
Switching networks eI R
50 100 150 200
Nonlinc

Processor farms / trk

High-Level trigger:
Count number of tracks with p; > 0.4 GeV/c, n| < 2,
within dz < 0.12cm of a single vertex with z <10cm

T T T — T T T T T T T T T T T T T T

—e— MinBias " —— MinBias
= HLT N(»nlint')—]o % HLT Nonllne>85

trk

trk

10° | 1
10* :
ZPE -
Elo & %3\ ..'f §
107 : 2 S t
10 [BFaF LT R 1
g0 lm: | | L
So0.5[ + Jlrrrﬁ -
g I 1 :
0.0 : ' — . : : T

0 .50 100 150 ) .50 100 150

Nen (N[<2.4,p >0.4GeV/c) Ny (in|<2.4,p_>0.4GeV/c)
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Minimum Bias High multiplicity data set
no cut on multiplicity and N > 110

(a) MinBias, pT>0.1GeWc (c) N>110, pT>o_1 GeVlc

R(AN,AQ)

4 The peak is truncated -4
in both distributions

Back-to-back jet correlations enhanced in high multiplicity sample.
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Minimum Bias High multiplicity data set
no cut on multiplicity and N>110

{b) MinBias, 1.OGeVIc<pT<3.OGeVIc

(d) N>110, 1.0GeV/c<p,_<3.0GeVIc

R(AN,A¢)

New “ridge-like” structure extending to large An at A¢~ 0

Heavy lon Cafe, 30/0Oct/2010, Tokyo Shinlchi Esumi, Univ. of Tsukuba
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(a) MinBias, p1>0.1GeVlc (b) MinBias, 1.OGeVIc<pT<3.OGeVIc

R(AN,A0)

R(An,A0)

No 8¢ ~0 structure in PYTHIA 8 at large on
Same for Herwig++, madgraph, PYTHIA6
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PYTHIA D6T MinBias, N>70 PYTHIA D6T, Dijet 80-120GeV

= e

g gy

< ““ ,.i,‘,‘»

:.\ ‘\‘ (qsi“

4 il

1 i

m ""J;, \ \

AAALE 4
-4
L<pre3Gevic HERWIG++, N

% > iy

< w’é’ .

N’ WS )

z \“““ ;f//‘b

: / 4

No ridge effect in these models (with the tunes used)
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Increasing p

>

T T 4 LI T IfT T T T T T T T T T T

0.1GeVie<p <L.0GeVie l.OGe\'IJc<pT<2.0(;e\’/c T 2.0GeVie<p <3.0GeVie 13.0GeVie<p <4.0GeV!

N<35 . cMmS pp ] ]
a

(d) N>110, 1.0GeV/c<pT<3.0GeV/c

PR IR S U S SN N TR TN T N T T N N T T S | ) I T T T T T O Y N 1
T U TR T T T

|y

PR
F T

[ 35<N<90

R(An,A9)

= T —PYTHIAS | _F’_l_r
<] Ll 1 Y
&0 ﬁ .

i 1 I i .
S [ ]
Q | 4 - -
—~ ll- i F]
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[ 90<N<110

Increasing multiplicity

nfﬂfﬂ - J Project |An| > 2
" onto A¢

1

[ENEPEEN B | EPEPEE B EATETE B | BT B BT i
2 30 1 2 30 1 2 3

Ad Alq; A A®
“Rid%e” maximal for highest muTtipIicity and | < pr <3 GeV/c
122

CMS arXiv:1009.4

[
Y=

1
0 1 2 3

Heavy lon Cafe, 30/0Oct/2010, Tokyo Shinlchi Esumi, Univ. of Tsukuba 32



(d) N>110, 1.0GeV/c<p, <3.0GeVic

N>110

Min-bias trigger vs high mult trigger HLT 70 vs HLT 85 for N > 110 1<p;<3GeV/c
S| S| =
N>70, 7 < () Y o\ A
: S>xo: Min bias trigger 1 . HLT_PixelTracks_Multiplicity?70 8— <l W “““t“’“\“,‘,"‘ ‘““.
2 ‘ e — 2 . HLT_PixelTracks_Multiplicity85 — q‘ <":1_ Q’}:‘t’:ﬁ“,‘«"" oY
L v N>90, Trigger70 |- = = g i g < > “‘“‘\,.'(!' bl <
- ] : i & SN
_ ! _ by 1 NI
© | Lorseve i i 4 = 1 - & 4 LN
< " g '
N[ ' ] N’ '
m 0_1 * * * i . m 0~ ; . H - 0 \\(/4 ) b,(\
: *Tlff” ! 5 ARRRRRRY. :
-1 ] -1r N>110 ] Pixel-only tracks “HighPurity” tracks
[ ] L 1<p;<2 GeV/c . . . . - .
L] b a2 3 hits in pixel detector Pixel + Silicon Strip tracker
0 1 2 3 0 1 2 3
A(b A(D (Largely) independent code
Ridge is seen using No trigger bias seen from Independent detectors
min bias trigger + offline selection comparison of trigger paths Also: Variation of tracking +vertexing parameters
Use ECAL “photon” signal Use ECAL “photon” signal
Mostly single photons from n%'s Mostly single photons from x%'s
No efficiency, and p;, ¢ smearing corrections No efficiency, and py, ¢ smearing corrections
. N>110 - 7 N e )
'II<;T133GeV CMS p'relv\mm-arg/. T 1<p;<3GeV/c CMS preliminary .
~ N>110 . e T<>1133G V, ’ ]
< 0.5+ 1<p;<3GeV/c . } ! ¥|Alp|T>2 ev/c . ]
q\ 8_ |An|>2 l . ]
' Wi . SRS AR .
E —""‘"“)‘”i}“ /l""ml‘v\:' m 00 . | ’4\”‘“ f}p "“ ‘ *te, o’
e .'2,'_"'“' 1 4 ., .’ ] SO b .o, ]
AVAN " see
0.5 0 lAq)z 3
4 A

Photon-photon correlations
Qualitative confirmation

Track-photon correlations - )
Independent detector, independent reconstruction
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Select higher fraction of possible
beam-gas or beam-scraping events

Reject beam background by veto
on fraction of low quality tracks

T T T T T T T T T T T fi° " vs p'rehvminar[y ]
I« Increased beam scrabing events b >25% highPurity tracks B
[ . Increased beam halo ¢ ] 2; AR ST ]
2 .+ Standard event selection ] [ e . yiacs ]
L ] L
r—_— i [
< 1t tg € 1 R
4 i § i1 i
~~ s ] m“ 0 ]
m 0'_ i + * ] [
o4y, 4 ] ML
[ ; §3 N>110 ] [ )
1__ 1<p;<2GeV/c 1 -1 N>110 ]
=17 |An|>2 i r 1<p;<2GeV/c
L No eff correction [ | p|T> 2 |
[MS Prelimi.”afy TR BT L : ! LA s
0 3 0 1 2 3

1 2
A
Ridge region shows no sensitivity to beam background

Note: Analysis is done on HighPurity tracks

90<N<110,2.0<|A|11<4.8,1.OGaVIc<p1<2.IJGeVIc

Change in pileup fraction by factor 2-4
has almost no effect on ridge signal

L ® Run 13:‘0»0-138000
L #  Run 138000-139500
L #®  Run 139500-140400
1F
< | 't
<] i .
-t W
Z o P
r H
et g
LI ] 1 ]
..1—‘ | CN}S pre[iminarly—

Compare different run periods
(fraction of pileup varies by x4-5)

0 1 2 3

Ad

¢ 25 e
2? « N>110, |v |< 2 cm :
150 = N>110,|v,>5cm =-_j
1-:_1<pT<2GeV/c s 7
:\An]>2 '
0sp . E
oé s 3
3 . 1
.05:J [] . .t |
£ 5., E
b 80, S prefiminary

Compare different vertex regions
(fraction of pile-up ~ dN/dvtx,)

0 0.5 1 15 2 2.5 3
A9
CcMS |'e\im;n ry ]
AN ]

+

Fraction of pileup

Correlate tracks from high multiplicity vertex with tracks
from different collision (vertex) in same bunch crossing

N>110

1.0GeV/c<p;<3.0GeV/c — Ty

2 2.0<|An|<4.8

= = li ]
< g' [
g g |

~— [} S N
& = i

4 i |

AN a ?

-4 0 1 2 3

Ad
No background or noise effects
seen in cross-collision correlations

dz (cm)

Track longitudinal and
transverse impact parameter
(pr > 0.4 GeV/c)

0.05
0.04
0.03
0.02
0.01
0
-0.01
-0.02
-0.03
-0.04

>0'0-8.05-0.04-0.03-0.02 -0.01 0 0.010.02 0.03 0.04 0.05
dxy (cm)

Single-event track dz

distribution
AZafTr‘eknfz:zlbloallvlnq
30f
20-
10F |
o N o]
-8.10 -0.05 0.00 0.05 0.10

cm

Pileup effects are suppressed due to excellent resolution
Track counting done with oy, og,, 0f O(100um)
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(a) CMSVs = 0.9TeV (b) CMSVs = 2.36TeV (c) CMSVs = 7TeV

R(AN,A0)

pr-inclusive two-particle angular correlations in Minimum Bias collisions

Pythia D6T

(&) PYTHIANSE = 0.9TeV (B} PYTHIANSE = 2.36TeV (c) PYTHIAVE = TTeV

R(AN,A9)
R(An,A¢)
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Ridge is seen at high multiplicity p+p(LHC)
MinBias High multiplicity (N>110)

(b) MinBias, 1.OGeVlc<pT<3.OGeVIc

(@N=110, 1:0GeVicsp, <-06eV/e CMS, CERN Seminar, Sept. 21, 2010

CERN-PH-EP/2010-031
B, - arXiv:1009.4122v1
¥

long range correlation is also seen
at ISR, SppS, Fermi lab.
consistent with CGC picture?
what if there is v2 in p+p?

R(An,A¢)

\ \
OOy /i :
(i) 77N L
4 AR

Charged hadron correlations -4
in CMS k 24
alss sl Cu+Cu @ 200 GeV; 1<pr<3 GeV/c Cu+Cu @ 200 GeV; 1<pr<3 GeV/e

(multipligity ~ CMS p+p) (multiplicity ~ CMS p+p)

seen in Au+Au at RHIC, but not in Cu+Cu?
remember a large v, in Cu+Cu at RHIC
estp ~ Epart (AUTAU)

esrp << €pan (CU+CU)

STAR Preliminary |
v2 subtracted

S N
X «aﬁﬁ\\‘\“,a&'il\\‘t‘ I
. n“\\\““\\|\\ \
Ay

Y

7V TINY

Hard Probe 2010,
J. Putschke
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CERN-ISR
Nucl. Phys. B145
(1978) 305-348

RAPIDITY

RAPIDITY

_TRIGGER SRS AWAY ‘

3< Ry < 45 GeVic

1+ R (y,) for associated particles
with py > 05 GeVlc

mean track density for high-pt events

mean track density for minimum-bias events
1 ]

R+1=
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Summary

jet/photon suppression(R,,) / event anisotropy(v,)
particle/jet correlation(l,,) / geometrical dependence
mach-cone, ridge / soft-hard interplay

ridge in high mult. p+p events at LHC
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