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Quark-Gluon Plasma 0% o

o o

quark-gluon-plasma
T, p high
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RHIC(200GeV)
since 2000

LHC(5.6TeV)
sSOo0on

v Physics of QCD in extreme
T, o and small x

v Nucleus-Nucleus collisions
v~ 10 years of RHIC running




Soft & Hard comp. in pp

o (h™+h")/2 (UA1)
p+p v5=200 GeV
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VAt ISR in 1972, deviation from
the mt scaling at high pt region
Is observed as a first time.

Vv Binary parton scattering
followed by fragmentation
produces back-to-back jet.

v'Main source of high pt

barticles. back-to-back jet




Qutine

Vv Soft component and hard component

v RHIC
e Soft physics

= well understood

e Hard physics

= poor understanding
v RHIC vs. LHC
e Expected property of QGP
e Plenty of jets

v Physics of Jet quench

v Summary
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Relativistic AA collision

e

~ ;,
— > ‘——

-

Yasuo MIAKE, 2010.07.07,Tsukuba




x(;'@‘:o

Key 1: Time Eveolution e ®
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Vv It is like Big Baneg.

h Freaerout 4 {1 1. ¥ Time evolution in
\ A e

statistical nature

e Parton cascade followed

by partonic
thermalization (QGP)

e Hadron production

e Freezeout of v2 ?

o Chemical freeze-out
e Kinematical freeze-out

!\l.eed cpnsistent understandipg .of these epocs,
in particular, aspects of statistical nature.
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Key2 : Statistical Nature <2 -

69"

EQGP ~ 2 GeV/ me] < Ex. Lattice QCD

€EQGP 2GeV

<mT>N1GeVN
1

1

T 5x04
>\q < Rsystem

D

Ag

0.2 [fm]

ONN 4[fm2] 1

n 3 Animation by Jeffery Mitchell (Brookhaven National
q Laboratory). Simulation by the UrQMD Collaboration

.
v What we expect,

e Statistical physics at quark level

e Hydrodynamical behavior at quark level
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Soft comp.

Statistical and

Collective Nature
characteristic to the
QGP formation
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Chemical Ea. from particle ..,

yield ratio we

. T,= 15743  [MeV] M.Kaneta, N.Xu, nucl-th/0405068
200 GeV Au+Au, <Npm> =322 h- 94512 [MeV]

| | | | | | | | | 7
p= 3123 [MeV] . 2
p~dp

R v,= 1.03+0.04 _
g Aon W f f/dof=19.9 /10 e(Ei—ui)/T -

Tch [MeV]
m o u
O O O

O t i 4 i 4 i 4
& Tl O 100 200 300 400
”?*W"""W“*"'*'";"'5‘#"'4"‘*4* Npart
| | | | | | | | |

(*1) : feed-down effect is correceed 1o data
(*2) - feed-dowm effect 1= inciuded

v Only few parameters fit every ratio very well !
Vv Tch stays constant from peripheral to central collisions
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Kinematical Distr.:
Transverse mass distr. oo

my— My ) PHENIX, PRC69,034909(2004)
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e Known as mt scaling
e Thermal distr.
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Vv Flatter m: distr for heavier
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e Mass Ordering of Slope param.
o Effect of Collective Flow
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Blast Wave Model
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Time evolution &
Freeze-out conditions

STAR Experiment

Vv Difference of Tch and Tkin
corresponds to time
evolution of the system.

v Kinematical & Chemical

freeze-out show difference

200 400 600 in centrality dependence!
dN_/dn
=»Chem. freeze-out by T

=»Kin. freeze-out by what?

Yasuo MIAKE, 2010.07.07,Tsukuba



Yet, another Temp.

PHENIX P.R.L.104:132301(2010)
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Fun

EPJ C46, 451 (2006

Thermal photons: Au+Au — y+X [0-10% central]

D.d’Enterria-D.Peressounko. TO = 590 MeV,1:0=O.15 fm/c

S.Rasanen et al. T, =580 MeV,t,=0.17 fm/c

D.K.Srivastava. T, = 450--600 MeV,t,=0.2 fm/c

S.Turbide et al. T, =370 MeV,t,=0.33 fm/c

J.Alam et al. T, = 300 MeV,t,=0.5 fm/c

PHENIX Au+Au [0-10% central]

Prompt y: NLO pQCD x T, [0-10%)]




Large Elliptic Flow as a signature o2 s

. 2
o @

N ya
& //
Q)‘O {\@ g
s

7 €

)

y2_|_x2

Vv In non-central collisions, participant region has almond shape.
= azimuthal anisotropy in coordinate space

VIf A< R, azimuthal anisotropy of the coordinate space is
converted to that of the momentum space.

=2 ; second Fourier harmonics of azimuthal distribution

v Goodies :
e Clear origin of the signal N ((/)) =N 0{1 +2v, COS((P B qjo) +2v, COS(Z((P B lpo))}

e Collision geometry can be determined experimentally

Yasuo MIAKE, 2010.07.07,Tsukuba



Beautiful scalings of v2

PHENIX PRL 98(2007)162301

Au+Au 200 GeV
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v mt scaling & quark number scaling hold!!
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Universal scaling of v2?

et

200GeV :closed o ﬂii
62.4GeV :opened

v Systematics
e Au+Au, Cu+Cu

e 200, 62 GeV
e Centrality

B +
Au+Au :large K

Cu+Cu :small A P"'B

eJnwowiys BAep Ag

e Pions, Kaons, protons

v 45 curves scaled to

be one curve!

0.5 1 1.5 2
Ke/n, [GeVic]
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Puzzles in the mid-p: region .."",

o ¢

v2 deviates from the mass ordering
p/ t enhances above 1.5 GeV/c “bove 2 GeV/c

PHENIX Au+Au \]sm. =200 GeV Phenix; P.R.L. 91(2003)172301
protonipion 1t anti-protonipion ] ' o 75 p (PHENIX)

1 om AutAu0-10% ] . B K (PHENIX) O A (STAR)
F o s AutAu20-30% : L ¥ K3(STAR) (] =(STAR)
I Aut+Au 60-92% ] :
1 p+p, \ls = 53 Gel ISR
i - e'e, gluongdéts DELPHI
+ + AaF v e'e, qdark jets, DELPHI

at T|
o
3 4

1 2
p; (GeVic)

Vv In central col., p/n ratio is very large, while in peripheral, p/n ratio similar to

—

i

0

those in ee/pp suggesting fragmentaton process.

Fragmentation process should show n, < n, as seen in ee/pp.

v While mass ordering of v2 seen at low pt region, clear departure observed.
b

Quark Recombination Model

Yasuo MIAKE, 2010.07.07, Tsukuba (Quark Coalescence Model)

Vv Suggesting other production mechanism.




Quark Coalescence explains -**

.A.‘ »‘b\

Baryon Anomaly, and ... &

Vv Quarks, anti-quarks combine to form
mesons and baryons from universal quark

Hadron distribution, w(pt).

¢ ___— Mom. distr. of meson (2q);
2

~C,, - w(

Mom distr. of baryon (3q)
C Wlp) =G P

w(pt);
Universal mom.
distr. of quarks

{steep in pt}

Because of the steep distr. of w(pt), RECO ~ Characteristic scaling features expected.
wins at high pt even w. small Cx. = Quark Number Scaling (QNS)

Yasuo MIAKE, 2010.07.07,Tsukuba
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also explains nq scaling! <2

o o

V' Characteristic scaling behavior

Hadron =>Quark Number Scaling

mmutal distr. of meson (2q);
\ dN 2 2
d—qgl xw” =(1+2v, cos2e)
= (1+4v, coslg)

Azimuthal distr. of baryon (3q);\

dN,
d¢

N -

Azimuthal distr of quark; w
w o (l+2v, cos2p)

Yasuo MIAKE, 2010.07.07,Tsukuba 20
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Adiabatic Expansion Model -2
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V(t) = ctrR(t)* = ctm(Ry
V(o)
Enparto

VB + 452 Brnpa, — Ry
N 207

~ R(tfo)

tfo

T(te,) = T, /3
(tto) O(tfo(Ro + ﬁT?ffo)2)
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Vv Intuitive Model
Vv Assuming,

e Cylindrical expansion

e Freeze-out condition

1
A= — ~ R
[ ) [ ) nO_ [ )
e Adiabatic expansion

T%(t)V (t) = Const.
(5o T?)

Vv Larger fireball
freezees out later
in time




Kinematical Freezeout w. _*°
Adiabatic Expansion e’

o ¢

Adiabatic Expansion Model (M.Konno,Y.M. 2008)

Vv Adiabatic Expansion Model
explains centrality
dependence very well.

100 Tkin ‘ ®* Freeze-out conditions ; 4 ~R
80 '
60‘: AutAu 5, = 200 GeV B

. Kinetic Freeze-out

Chemical Freeze-out
Freeze-out model (finite 3_)

Freeze-out model (|$r=0)

v In central collsions, the F.B. is
so large that F.O. occurs
later than peripheral.

= Kinematical freeze-out is
L o2 e collisional, while chemical is

——— Freeze-out model (finite |'.r;
2/

Freeze-out model (;t"Ol nOto
{

% 100 150 200 250 300 350 400
Yasuo MIA N




Blast Wave Fitting of v2
and spectra

Adiabatic Expansion Model (M.Konno,Y.M. 2008)

Fitting pt range:

0.6-1.2 GeV/c for pi
0.4-1.4 GeV/c for K
0.6-1.7 GeV/c for p

Out-of-plane
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- Data points (upper: in-plane,
middle: inclusive, lower: out-of-plane)
- Lines: blast-wave fit results

In-plane 1072

-
I llllllll I IIIIIII] I llllllll I IIIIIIII I Illllll I IIIIIIII

AR TR NN N N N N N TN NN T TN NN T N T TN TN AN TN NN NN N N M N O

3
107, 0.5 1 1.5 2 25 3
P, [GeVic]

Vv pt distributions measured in plane and
out-of plane are B.W. fitted independently
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B.W. Fitting Results

Adiabatic Expansion Model (M.Konno,Y.M. 2008)

< 200
Q
= 180

2 in-plan
= 160 plane

v
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ouuoy| odiyesep Ag

80

Au+Au/Cu+Cu at\fsw =200 GeV Au+Au/Cu+Cu at"[sNN = 200 GeV

60

- Inclusive - Inclusive

m] In-plane

O u t-Of p I a n e & Out-of-plane

(Filled: Au+Au, Open: Cu+Cu)

40 | In-plane

Fy Out-of-plane
(Filled: Au+Au, Open: Cu+Cu)
i | | | | ' |

1 11 I | I I L1 1 1 L1 1 1 | I I L1 1 | I | I I L1 L1 [ |
50 100 150 200 250 300 350 400 50 100
N

20

III|III|III|III|III|III|III|III|III|III

1 I 1 1 | l | I I I 11 1 1 I | I I | I 11 1 |
150 200 250 300 350 400

part Npart

o
o

v T are the same in plane and out-of plane, while

B t(in-plane) > B t(out-of plane) !
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Modulations wrt. the ére

Adiabatic Expansion Model (M.Konno,Y.M. 2008)
Au+Au 200 GeV 20-30 %

< 160 A 0.7

) n o, u
= B v -
o 140 Tfo 0.6

= - —_—
120

- 0.5F
100 -

- 0.4F
80 -

ouuoy| odiyesep Ag

- 0.3F
60 -
- 0.2
40 -

20f 0.1

o.llll II.2IIII.1llllolIII1IIll

Tto (@) = 1 + 215 cos(¢ — ¢rp) Br(¢) =14 282 cos(¢ — ¢rp)

T, = (-5.4 +/- 4.0) x 103 B, = (3.3 +/- 0.2) x 10?2

v T2 = 0, while clear modulation in 8.

v ' Reaction Plane is determined independently.

Yasuo MIAKE, 2010.07.07,Tsukuba




Adiaba

Au+Au/Cu+Cu at\p‘sm‘=200 GeV 220 v oy :
2 B,/ € gans AutAu .

200

S

B,/ €pan: Cu+Cu

v, (<pT> =0.6 GeVIc)Iepm, Au+Au

80
60

v, (<p > = 0.6 GeVic)/c ,,, Cu+Cu

e

1
1
140
120

Bole ™ Tio

80 , -
| Au+Au 5., = 200 GeV
505 ®  Kinetic Freeze-out

40 ' Chemical Freeze-out
‘ Freeze-out model (finite [3_)

20 | Freeze-out model ([&r=0)

1 1 I 1 1 1 1
0.5 0.6
Eccentricity

v B2/ € is the constant in Au+Au and Cu+Cu,
while v2/ & shows ~ Npart1/3.

°°

= Difference comes from the fact that v2 is sensitive to T as
well. Strength of v2 is diluted if the T+ is high.

= Central collision shows lower T because of the late freeze-out.

Yasuo MIAKE, 2010.07.07,Tsukuba



Q‘a\\ formation




Refer to the textbook !

CAMBRIDGE | Catalogue

Home > Catalogue > Quark-Gluon Plasma

Yasuo MIAKE, 2010.07.07,Tsukuba

Quark-Gluon Plasma

Series: Cambridge Monographs on Particle Physics, Mucle

Kohsuke Yagi

Urawa University, Japan

Tetsuo Hatsuda
University of Tokyo

Yasuo Miake
University of Tsukuba, Japan

Hardback (ISBN-10: 0521561086 | ISBN-13: 97805215610

For price and ordering options, inspection copy requests, and rea
UK, Europe, Middle East and Africa | Americas | Australia and Ne
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Hard comp.

Partonic energy loss
Medium response

Tomography

Yasuo MIAKE, 2010.07.07,Tsukuba



Effects in Hard comp.
observed immediately

v 200 GeV Au-Au, Cent
® 200 GeV Au-Au, Periph

Bl T, scaledp-p

—
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>
L
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Q
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~~
c
o g’
o
[

Yasuo MIAKE, 2010.07.07,Tsukuba

v For comparison, Au
+Au & pp spectra
scaled by Npinary-

v In peripheral
collisions,
Au+Au ~ pp

v In central collisions,
Au+Au € pp

Suppression of vield ?
Loss of pt?




i
High pt suppression in AA T

Phenix; P.R.L. 91, 232301 (2008), PRD76,05 1 106(200%7)
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[W.Vogelsang]
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= Au-Au— 7° X @ 200 GeV [0-10%)]
® p-p—°X @ 200 GeV x TS,

“1 NLO x T2:°* [CTEQS6, KKP, w=p_-2p.]
[W.Vogelsang]

o

\

o
] o
]

L

entral

QO

N

4 6 8 10 12 14 16 18 20
pT(GeV/c)

v Clear and similar suppression up to ~20 GeV/c
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Supqression of high pt
particles

|\N/|uc(;jl$'ar . Ras — "hot/dense QCDmedium” dnaa/dprdy
oaifcation AA = ”QCD vacuum” - <Nbinary> ’ dnpp/dedy
Factor

Au+Au - 200 GeV (central collisions):
Direct v, y* [PHENIX]
Inclusive h* [STAR]
n® [PHENIX]
n [PHENIX]
GLYV energy loss (dN”/dy = 1400)

scaling

% |

%"% \
s
%

- . £ g% &MAM& A JXZ}
participant scalin _ e
rricipant seding N T ﬁ&% % ZT |

Pt

| | | | | ‘ | | | ‘ | | | | |
8 10 12 14 16 18 20
P, (GeV/c)

v Pions are suppressed, direct photons are not
e Accidental with Npart scaling !?

Yasuo MIAKE, 2010.07.07,Tsukuba 32




AutAu vs d+Au

Phenix; P.R.L. 91, 072303 (2003)

2 I I I I I I I I I T I ! = 2 B

< -
< ,
0C 4l Au+Au 200GeV

16 ™ h*+h"0-10%/N+N 1 7°0-10% /N+N

1.4

1.2

i:
0.8-
0.6

0.4
- d+Au 200GeV « h*+h" 0-20%/ N+N

[
7 B
p; [GeV/c] p;[GeV/c]

Au+Au at vsyy = 200 GeV d+Au—h*+X at /sy = 200 GeV

v High pt suppression in Au+Au, while not
observed in d+Au.

= Effect is not due to initial state, but final state.

07,Tsukuba 33




Npart & Nbinary

b < 2RA J Npar“l:;
o # of participant nucleons

e Particle production in hA is
prop. to Npart, (Wounded-
Nucleon Model)

Au+Au collisions J Nbinary;

o # of binary nucleon-nucleon
collisions

e Pass through at high energy.

e Evaluation of Npart & Nbinary

o 3 i 6 8 1o by Glauber Model.

b [fm]
Yasuo MIAKE, 2010.07.07,Tsukuba




Npart scaling?

Phys. Rev. C 67,06 1902(2003)

Yasuo MIAKE, 2010.07.07,Tsukuba

v Rate of initial hard
scattering should be
prop. to Nbinary-.

v Npart scaling may be due
to surface emission of
particles:

= strong quenching limit

v'"Need LHC data !!




v Two quarks suffer a |
hard scattering in AA

collision
e One goes out to vacuum
creating jet,

e but the other goes
through the QGP

suffering energy loss due
to gluon

v ' Manifestation:

) ; e attenuation/
Jet quenching in nucleus- disappearance of jet

hucleus collision. e suppression of high pt
hadrons

Vasuo MIAKE. 2010.07.07 Toukuba e modification of jet frasg. .

2 (quenched) jet




2. Modification of
back-to-back corr.

7 \ < . ° °
2 //IWaway side StariPRL.91,72304(2003) /Dijrect evidence of
BT = 4-6 GeV/c X prc> 2 GeV/e . loss of ‘jet’

e d+Au FTPC-Au 0-20% / Azimuthal
— p+p min. bias i%rm correlation w.r.t. high
* Au+Au Central pt leading particle
(trigger).

pp : clean di-jet

1
1

&
N

1 I I I ] 1 I I 1 I I

o
-l

| | | | | | | | | |

1/Nyigqer AN/ (AG)

dAu; similar to pp

Au+Au; Similar on the
same side (suggesting

AT T Y, jet-like mechanism), but b-
to-b disappeared

bal il o
S i S o S o

1 pedesﬁal and ﬂlow
1 Stbtggred 7

Effect is not in initial
but in final stage

Energy loss of partons
iIn dense matter
created in Au+Au

Yasuo MIAKE, 2010.07.07,Tsukuba



Energy loss in QED

Energy loss of charged particle in a matter Collisional
| | | v Bethe-Bloch

ut on Cu

Radiative

| eth‘Blo | o Foda S v Bethe-Heitler

1 | (thin; L<KA)
v Landau-

- Radiative - Radiative

- Minimum  effects Pomeranchuk-

—

)

o
|

J T TTTTI

(Y
o

Nuclear ionization reach 1% )
| losses T Mlgdal
1 ¢ | | Wlth01|1t S ( thick; l_)) l )

0.001 0.01 . 100 1000 104 10°

By
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v ' Measurements of dE/dx gives prop. of matter

Stopping power [MeV cm?/g]

e Energy loss in QED plasma gives T & mo info.
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Energy Loss in QCD

AE o o
+ Collisional

¥ AE
| Radiative
E-AE

X
(medium)

v Many theories on
e Collisional loss

e Radiative loss

= Bethe-Heitler regime
=_L_PM regime
= “dead-cone” effect

Yasuo MIAKE, 2010.07.07,Tsukuba

Radiative loss is dominant

Effects are;

- suppression of
-unbalanced bac
- modification of

nigh pt hadron
K-to back

jet fragmentation

softer, larger multiplicity,
angular broadening

AE'gluon > AE’qua]c‘k > AE’Chalrm > AEvbottom 39




Intuitive analysis of
energy loss of parton

Yasuo MIAKE, 2010.07.07,Tsukuba

In pp collisions,

3

dn___dn A Githn-=8.1

dp”  2np;dp;dy pr

In Au + Au collisions, fraction of p,. loss; §
p} = (I_Sloss)pT

dn dn dp, A 1 AQ-S,)""

E

loss

dp; dp, dp, p;r (1-S,.) py

— A(l _ SIOSS)n_z/p}n_l
Al p;

RAA = (1 - Sloss)n_2

— S

_1-R/

loss

v Energy loss ~ 0.2 @ RHIC




L-dependence of
suppression

Phenix; P.R.L. 76, 034904 (2007)

5<pr<8GeV/c

v Dependence of suppression on reaction plane angle

v Assume Glauber Model w. Wood-saxon

Yasuo MIAKE, 2010.07.07,Tsukuba



Universal Behavior

Phenix; P.R.L. 76, 034904 (200%7)

v Raa and Sioss
are universal as

3<p;<5GeV/c 25} 3<p;<5GeVic

a function of
path length L

e all centrality

e all pT range

v'No suppresion
forL <2 fm

Yasuo MIAKE, 2010.07.07,Tsukuba



i
High pt supp. w PQM medel 7%

q = 13.21%:% and °37,GeV?/fm

< 1
<L
am

. PHENIX =° (Au+Au 0-5% Central)
| Global Systematic Uncertainty +12%

15 20
PQM Model ( § ) (GeV?/fm)

T R R I S BT R
8 10 12 14 16 18 20
pT(GeV/c)
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i/

Phenomenclogical quench
hydrodynamical expansion

1 1 1
< O - ’ S AEO(()&SCR<C}>L2

See arXiv:0902.201 1 for references
Table 1. Transport coefficients § derived in a 3-D hydro simulation of an expanding QGP with

initial temperature 7o = 0.4 GeV (at Tp = 0.6 tm/c) [145] with different parton energy loss
implementations (ASW, HT and AMY schemes) that reproduce the high-pr ni¥ suppression
observed in central AuAu at RHIC [89]. The a, b exponents indicate two choices of scaling of
g(r,T) with the initial plasma temperature or energy-density: (a) o « T (r,T), and (b) Gy

3/4(

ey (r,T). The PQM/ASW result (Fig. 17, (g) for a static plasma) is also listed for comparison.

| ASW | HT | AMY
G (GeV¥/fm) | 10@ —185®) 132(2M) | 23(a) _430) | 410

Yasuo MIAKE, 2010.0 A0+ Tstkaba



http://arxiv.org/abs/0902.2011v2
http://arxiv.org/abs/0902.2011v2

x(;'@‘:o

Heavy Flavor,.c & b °a ®

L 4
o "'S"
0o @

PHENIX PRL 98(2007)172301

 Amestoetal v Electrons from
van Hees et al. (ll) HeaVy FlaVOI"

3/(2xT) Moore &
12/(2nT) Teoac;:y (mn decay (Charm’
bottom)

vV HF suffers similar
energy loss

(I) ¢ = 14 GeV?/fm

v Large v2HF
indicates charm
flows

= 1V, p_>2GeV/c

= Heavy quarks are
coupled to the
medium

Yasuo MIAKE, 2010.07.07,Tsukuba






Jet - hadron correlation

High Tower Trigger (HT) : (nx ¢)=(0.05x0.05) ET>5.4GeV
Pt assoc>2.5 GeV

1. O<pt,assoc<2 5 G eV

0.2<pr,assoc<1.0 GeV

w

STAR Preliminary

0-20% Au+Au

STAR Preliminary
0-20% Au+Au

dN/dAG
)

- STAR Preliminary
—  0-20% Au+Au

1IN, dN/dAG

Open symbols p+p

.
N
TITTIT[TITY
—h
.
w

s

o
o

3%k
-
2.5 $°
z z
-~ v-z
o)

|
Open symbols p+p +
llllllllllllllllllll . l A
2 4 - 0 1 - 3 4
A= -¢ ' ? AO‘-‘OM'('“‘OQ

Jet ' assoc.

RHIC-AGS’ 09, J. Putschke

Jet axis

meee o On away side, less high pt particles,
while more low pt particles

Assoc.

v'"No mach cone structure !?
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Jet - hadron corr.

STAR Preliminary

o o SN S

. ‘ .._é__

=3

——t—

(Au+Au: 10% central) ‘

Anti-kt R=0.4 0

Au+Au / p+p pf‘>6.0 p:’>6.0
Au+Au / p+p pf>6.0 p;>4.0
. Au+Au/p+p pf‘>6.0 p;>2.0
. Aut+Au/p+p p:‘>6.0 p:’>0.5

-llllllllllllllllllllllllllllllllJll

0 5 10 15 20 25 30
p:ET (GeVic)

ratio: h-recoll jet Au+Au/p+p

Significant suppression of the bias free recoil jet spectrum

v Study of “jet quenching” in terms of the energy flow

Yasuo MIAKE, 2010.07.07,Tsukuba




i/

Jet analysis ~ cone radius p

* Au+Au kt: R=0.2/R=0.4
Au+Au anti-kt : R=0.2/ R=0.4 | [ < R=04 kt
« p+tp kt: R=0.2/R=04 —— R=0.4 anti-kt

p+p anti-kt : R=0.2 / R=0.4 | | | : E:g% g:ni-kt

-% —-

e R

ratio: Y(R=0.2)/Y(R=0.4)

" STAR Preliminary

STAR Preliminary !
lllllllllllllllllll lL.:llll

0 100 =120 230" A0 50
p‘T'" (GeV/c)

p+p: “Narrowing” of the jet structure Au+Au: Strong broadening of the jet

with increasing jet energy energy profile

Vv Effects are energy loss and broadening !!

v Narrow cone may be another control variable
= We like to extend and bring up to a precision meas.
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Tracking
Chambers

Dipole
Magnet

HMPID
L3 Magnet |

PHOS
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View from RHICians

4 snn(GeV)

T/Tc

£ (GeV/fm3)

T aap (fm/c)

Yasuo MIAKE, 2010.07.07,Tsukuba

v 'Nothing much changes
from RHIC to LHC.

e Nevertheless,

= |_arger/longer QGP

= Nice to confirm RHIC results

v Moreover, higher
energy jets become
available!




Chances are at LHC

0

10

v ' Many orders of

—— (h™+h )2, 3" = 5500 GeV . I
_ I snding magnitude!
10° —— (h'+h )12, 8 = 200 GeV

——= p’ s%=200G¥ \/Jet Quench as a

—— (h+h }/2, 8" = 17 GaV
-—— p,s =17 GeV funCt'on Of9

LO pQCD by . Vitev, .
hep-ph/212109 ; o Jet energy

e path length,
reaction plane angle

o
()
Q)
0
E
o)

o
=,
©
D
o

e quark/gluon diff.
v From particle ID to




More gluons !
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parton — hadron+X at p.=5 GeV/c :

quarks

/
/ NLO pQCD, KKP FF [W.Vogelsang]

o \
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How we study

Jet auench
at LHC

Meas. of high pt

suppression/
Hadron corr.

d

Full back-to back jet
analysis of higher
energy Jjets




L/Z

\\
% N iy
N >\ - Z
\ —= S
v Quark Jet V' Mostly Gluon Jet Y Clean x© trig

v Small Xsection V Larger Xsection v Large Xsection

Vv Experimentally VInterpretation v Important for
challenging is complicated DCal

Systematic meas. of these processes for model
comparison provides at high precision level.

Yasuo MIAKE, 2010.07.07,Tsukuba




DCal as an extension of

EM-Cal

ALICE EMCAL

S — .r -

Y
'y
'y 4
\‘-. L ¥
g ) L
- -~ 3 B e
h — - e
N e
~ el ™
4 -~ Tl v
——
n
: 5
v

Extension proposed —

Didet Calorimeter

Yasuo MIAKE, 2010.07.07,Tsukuba

Vv For better performance

of back-to back capability

= Define back-to back jets
= Trigger back-to back jets

v Progress
e Proposed in Feb.,09

e Discussed w. IN2P3 in May,
09

e Discussed in March,09
e Proposal in May, 09

e Partial approval in July, 09

e Full approval by ALICE iIn
Oct. 09

v Construction started !




Beam View

5 contiguous
modules possible,
- while exact back-
to-back is 3

Yasuo MIAKE, 2010.07.07,Tsukuba




What we expect;
Reach of Jet Energy

Inclusive-Jet Annual Yield Di-Jet Annual Yield

Using FastJet Anti-kt o 3
| S
Pb+Pb minbias \Js=5.5TeV N

binary scaling from p+p é..’
L=0.5/mb/s; 10° sec il

=2

BtoB requirement:|[Ao-n|<0.5

y-Jet Annual Yield

ul)
ul)

Using FastJet Anti-kt

Pb+Pb minbias\s=5.5Tev  |— R=0.2

binary scaling from p+p
~ L=0.5/mbls; 106 sec

? Usmg- FastJet.Ami-kt 7
Ph+Pb minbias\'s=5.5TeV
binary scaling from p+p
L=0.5/mbl/s; 10° sec
BtoB requirement:|\o-x|<0.5
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v For 104 events/year in Pb+Pb@5.5TeV,

e Inclusive jet up to 200 GeV
e Di-rJet to 100 GeV
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mailto:Pb+Pb@5.5TeV
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sensitivity

-| Pb+Pb (qPythia, <> = 50GeV*/fm) »
\1’.’._“=5.5Tev, 0-10% central 5=0.289
L=0.5/mb/s, 10° sec
DCAL(R=0.4)-EMCAL(R=0.4)

ES°*" > 100GeV

Mean=0.161 '

EfET B EgET
1/2(E{"T + BJFT)

Balance =

b

2 3
Energy Balance

)

DCAL{R=0.4)-EMCAL(R=0.4)
Pb+Pb\[s =5 5TeV, 0-10%central
L=0.5/mb/s, 10° sec

| @  qPythia(<g>=0GeV*/fm)
¥ gPythia[<g>=50GeV/fm)

EDCAL_EEMCAL
T

1/2(E$CAL+ EMCAL)

an
S
IS
[

| Balance =

(Bal

Mean
p
w

:.IF+!::

v Sensitiv
ity in
data of
1 year
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v AsAssembled in Japan/

& ke DCal assembly

=

APD tested in I
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Summary

v 10 years of RHIC running was very successful
v QGP formation and time evolution of the
reaction well understood (personal bias!)

e Need quantitative understanding of QGP phase

V' Next steps are,

e Discover phase transition point by lower energy
scanning at RHIC

e Quantitative study of QGP property using jet as a
probe at LHC

Yasuo MIAKE, 2010.07.07,Tsukuba
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near side

Shape change of
away-side

B T —

PHENIX, arXiv:0705.3238 [nucl-ex]

_(b) 3-4 ® 1-2 GeV/c

v From broad/none to distinct two shoulders
at AP=xx1 with decreasing momentum.
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Shoulders at A= 1

—o— AU + Au 0-20%
—o— p s p |

PHENIX, arXiv:0705.3238 [hucl-ex]

34®23GeV/c

o
I

N

zi' I o
i O +
‘ O I

rad)

Vv Location & {pt> of shoul er seem to be independent
of centrality and pt.

= |f confirmed, Shock Wave / Mach Cone !

v Effect is very fragile, sensitive to mom. range and
ZY AM correction
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