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LHC / LHiC
as a new tool for HI Physics
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= | LHC as a new tool for HIP brd
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& | Production Rate at LHC =

d Various hard probes over a larger kinematic range
d Plenty of heavy quarks (b & ¢)
A Weakly interacting probes are available (W* & Z°)
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Jet quenching: strong interaction of SEI'Oﬂglq coupled hok
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LHC Heavy Ion program : motivation

dData from SPS & RHIC show new and
unexpected properties of hot nuclear matter

—-Jet quenching, strong elliptical flow, d+Au- control
data indicate that we have produced strongly
interacting color liquid

A LHC significantly increases energy density
—new properties of the QGP

e Continuation of strong coupling regime?
e Weakly interacting Plasma?

—New discoveries are guaranteed!
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1 Innermost Endcap Disk e
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Total 66M Si Pixels
Occupancy<2% at dn,
/dn ~ 3500
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HB, HE: [n|<3

Sy I A N N —_——

. | Hadron Calorimeter ot

T

... Energy Resolution
Q Barrel (HB) and Endcap (HE): Cu/Scintillator :
0 Forward (HF): Fe/Cerenkov(fiber)

0 High granularity: Anx A¢

= 1 interacting in HCAL only ]
o5 | o/E = (91 +/— 12)%/¥E @ (3.8 +/- 0.5)% E
2 = 7 interacting in ECAL or HCAL ]
F wm 0/E = (124 +/= LOYR/VE @ (4.9 +/~ 0.2)%

Energy Resolution {fracﬂhn}

0.087x 0.087 (barrel) a: _ .

0.087- 0.35 x 0.087 - 0.175 (endcap) s _

0.152 - 0.3 x 0.175 (HF) Y —_
d 5.15 interaction lengths at n=0 aos | ;
0 Dynamicrange: 5 MeV-3 TeV I p.;‘fEnef:;{G‘;ﬁJ
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‘ . { Measuring Muons =

I 1 1 | 1 1 1 |
om im 2 5m &m im
Key:
Mu
Electron

Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)
----- Photon \

i | Cosmic muon

For 100Gel) muons

dp,/p, ~ 2% with Inner tracker
dp,/p, ~ 8-16% with vertex constraints
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Centrality and forward detectors o)

Centrality (impact parameter) determination is needed for physics analysis
Zero Degree Calorimeter

Vs > | Phototubes
7‘ Light guides

Quartz-Quartz
Fibers

Energy in the forward
hadronic calorimeter

.+ Tungsten Plates Fiber Ribbons ==

i » Tungsten-quartz fibre structure

@;‘. ﬁ 2 Forb . » electromagnetic section: 19X,

o000 | Pb+Pb . » hadronic section 5.6A,
4000 £ . » Rad. hard to ~20 Grad (AA, pp low
2000 | ' lum.)
1000 £ . ' » Enerqy resolution: ~10% at 2.75 TeV

I U TR BRI BRI B e ... ol
0 2 4 6 8 10 12 14 16 18 20, .y » . o
Impact parameter, fm | ® P0Sition resolution: ~2 mm (EM sect.)
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& | CMS HI participants e

d CMS Heavy Ion institutions:

—13 countries, 25 institutions, > 100 participants, ~10 koreans

* CERN, Croatia (Zagreb), Greece(Athens, Ioannina), France
(Lyon, Paris), Hungary (Budapest), India (Mumbai), Korea
(Seoul, Korea Univ.), Lithuania (Vilnius), New Zealand
(Auckland), Portugal (Lisbon),Russia (Moscow), Turkey
(Cukurova), USA (Colorado, Iowa, Kansas, Los Alamos,
Maryland, Minnesota, MIT, Vanderbilt, UC Davis, UI Chicago)

BAE®
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KU, KNU, SKKU, ] 10 post-doc researchers,
UoS, CNU, KWNU 28 graduate students
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Hard observable:
Quarkonia (J/psi, Y)

Soft observable: S
Elliptic flow LR

Prof. I.C. Park Prof. K.S. Sim
Dr. C.W. Park Prof. B.S. Hong

S.K. Kang D.H. Moon

M.K. Choi H.C. Kim

G.M. Ryu J.H. Kim
M.H. Cho
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Recent results



d Most of CMS results are to be approved soon for
Quark Matter 2011, which will be held in May

— results & plots are not allowed before the conference
d Korea CMS made major contributions in muon
analysis (J/Psi) and flow (v2)
—J/Psi will be presented in QM by D.H. Moon
— v2 are in the process of approval (a CMS note)

d In March 4, CMS showed only limited results in a
HI@LHC workshop.

—Thus, I could only pick up few slides from this approved plots
—Z7° in Hot & Dense matter, Jet imbalance

d Most of approved results will be shown in QM2011
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Latest survey =

eano HI at the LHC: a first assessment (04 March 2011)

EII] - - [ + ‘@Dhltp /lindico.cern. ch;cunferenceDlspIay pylconfld=118273 C] CO,' HI at LHC 2011 @ D A I 'I CE
° ° °
- V2, multiplicity
Jet quenching
A discussion of the first results from the 2010 heavy ion run of the LHC, with an assessment of their

Overview theoretical implications.

Jet, J/Psi
The meeting will be broadcast via EVO (detailed info will appear at the time of the meeting in the "Video ,

Services" item on the left menu bar)

HI at the LHC: a first assessment

04 March 2011 CERN
Europe,/Zurich timezone m

Timetable
Registration

i For those attending, information on accommodation, access to CERN and laptop registration is available
9 from http://Ipcc.web.cern.ch/LPCC/index.php?page=visit

List of registrants

Video Services Dates: 04 March 2011 (08:00-18:30)

Timezone: Europe/Zurich - Jet, J/PSi

Location: CERN
Room: TH Theory Conference Room

Chairs: Mangano, Michelangelo
Wiedemann, Urs
Salam, Gavin

http: /findico. cern. chievent f118273
Last modified: 04 Harch 2011 20:32

P

T

Powered by Indico
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2 O 1 O H e avy IO n Run ”:“'z-“

= Delivered 383 b i ,_fl,
4 8 — Recorded 872 b | ; Y

N\

Data taking without
magnetic field

- [} w = w =

H i
Oﬂ.fﬁ 13/11 19/11 25/11 01/12 07/12

d 2010 Mar-Nov: pp ~ 40 pb
[ 2010 Nov-Dec : Pb-Pb ~9ub™
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d Di-muon trigger
—Level1: 2hits in the muon system
—HLT: 2 tracks with muon hits with Pt>3GeV

d Jet trigger

—Level1: A jet with Uncorrected E > 30GeV
—HLT: A jet with bkg subtracted E>50GeV

d Min-bias trigger

CMS PbPb \[s,,, = 2.76 TeV -

—
4]
—

g8 F
[ ] [ ] m :_ 1

—Both HF coincidence (~97%) £ o1 I
E o8l ”
s |
5 ol
&
£ 04f
- -
4 L Jet Trigger
2 02r l (uncorrected p_> 50 GeVic, nl<2)
g F

CID 50 100 150 200 250 300

Corrected leading jet P, (GeVic)
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Centrality )

@ ® © 0 ® ©

% (@) CMS PbPb \[5,,,=2.76 TeV ic’-; 10, (b) CMS Pbe \[8,,=2.76 TeV :
2 10" ——— Minimum Bias Trigger 3 1; ———— Minimum Bias Trigger
(7] | ——— Jet Trigger %) F e Jet Trigger
o L4107, ,
Q0 o -
E10% E10%; ]
g .510"’ -
£10° E10* |
- A=Y O.nb! o
& 10 | 5 10 o
o S107H |
L ; L :

10-5 W L 1 | 108 "._.j b bt | | L]

0 20 40 60 80 100 120 140 160 1005 75% Sos 255 0%
Sum HF Energy (TeV) Centrality Bin

d HF (Forward Hadron Calorimeter) energy
> participants 2 centrality

from C. Roland talk on 2011/03/04 in “HI at the LHC: a first assessment”
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= 1Z boson in hot & dense matter =2

e I | | ] I ] | H
% CMS PbPb\s,, = 2.76 TeV *Dpposit_ﬁ-sinn One OF main
15— JLdt:?.z ub? S v KCMS
o™ 518 OeVIc. b1 < 2.4 ® | [cMS pp7Tev29pb
‘ r L] ]
2 it contributions
Q10| =
w
> amas T
2 30: Pb+Pbs\%=2,76TeV ]
5 | | — .‘E L ébala ]
= i MC ]
i L ] |
. i |
A Teweoe T el 8 ;
30 40 S50 60 70 80 90 100 110 120
Dimuon mass (GeV/c?) I |
Lt bt 4
d 39 Z° were reconstructed P ivarant mass [Gev]
—Not sensitive yet for any mass difference observation
—38 Z found in ATLAS

from C. Roland talk on 2011/03/04 in “HI at the LHC: a first assessment”
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B 1 o 15F -1V E [0-100]% [0-101%
- @ cms 1 = - 1 > 40p E
20 [ —— POWHEG + PYTHIA 6.4 1 &~ 1 1 = g3pf ——— POWHEG+PYTHIAG4 E
[ aeeees Paukkunen et al., CT10+isospin 1 o r ] = SSECTTTTTEE: Paukkunen et al., CT10+isospin .
10k 2 Paukkunen et al., idem+EPS09 ] r ] E 20F «ixiaas Paukkunen et al., idem+EPS09 =
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[ .=« Neufeld et al., idem+eloss ] 1 T E = ==== Neufeld et al., idem+eloss 3
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0 02040608 1 12141618 2 0 5 10 15 20 25 30 35 0 50 100 150 200 250 300 350 400
Rapidity Transverse momentum (GeV/c) Npart

O Differential distributions are consistent with pQCD
d Eta
a Pt
O Npart

from C. Roland talk on 2011/03/04 in “HI at the LHC: a first assessment”
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Jet spectrum =

,,,,, . sy S —
1;.(8) cMs ILdl-:)S?pb 1(b) 50'100% ILm 6.7ub" -:F(c) 30-50% ?
: - pp\Es7OTeV 1° ‘L —e- POPbVE_ =276 TeVE * | p, >120GeVic
: Bl as 3N ]
§ ot [ —— PYTHIA ?_ I. —— PYTHIA+DATA _‘F X 5 P> 00 'j
g E Anti-k,, A=0.5 3 "% lterativeCone,R=0.5 + Le “..’%‘ rad 3
F— : > : b
v p | -
; S &
g o f TT* DR s ]
> f 1 ’ : LT ]
§ 10°p PP 1@ f 1
3 :
a Ve FEVS F < &R ol AV RV RN i) " " ) R AR BV T l Lo
T @ 20:30% (e) 10-20% ' iU 0-10% ' '
3 E-. l ?E‘—. I E. _i
. e °
< I
%F- 10‘r Y l R !r . . E’ |. -
1 1
§ " T, :
2 '0F ¢ T Lt 1 b e ;
: ‘ @) +1 @ |
10 ] - T - HEhiE
R BN L | 1

A T RN W PP O PO T B RO WA O KN
150 200 250 300 150 200 250 300 150 200 250 300
Leading Jetp (GeV/c)

A Leadlng Jet distributions are well described by
PYTHIA+Bkg Data model

from C. Roland talk on 2011/03/04 in “HI at the LHC: a first assessment”
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Dijet angular decorrelation

(b) Jrat=s7” 1
» -o- ppVs=7.0 TeV —e— PbPb Vs _=2.76 TeV : P, > 120 GeVic I )
510 3 —— PYTHIA ~—— PYTHIA+DATA # 3 P;,> 50 GeVic ¢. -
g " N
@ ]
T ¥ 1
§10"2=' “
10°F E
o4 H ¥
(d) .
C‘IO";’ ‘P] .
g | | '
Lg i R o
2o S ‘ )
€10°F ' . - ﬂ E
g T 'T TQ ﬁ Pt 4 R 3
w [ ‘ | Loeell] | f
ST RIS RO
I LT 0
E';., AN VBN LU, L s :‘{, v AU A LTS8 RN Ty

L
2 25 3 05 1 15 2/ 25 3

L - N | oAl J
008 1 15 2 2§ 3 05 1 15
Ao (rad) Ap > 211/3

d No serious discrepancy was observed

from C. Roland talk on 2011/03/04 in “HI at the LHC: a first assessment”
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0.2 *-ppVE=TOTev | ] +PbF'h\'i“=2.?5Tu"f—-:——'_ - P“:T;:::c 4
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g T pp 1 + *H QO X @ -
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o 02 04 06 08 1 02 04 06 08 1 02 04 06 08 1
Ay =Py 1P (P, P, )

d Dijet selection
- |eta| < 2.0, Del(phi) > 2/3 pi —
—-J1 > 120GeV, J2 > 50GeV PTl +PT2

from C. Roland talk on 2011/03/04 in “HI at the LHC: a first assessment”
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- - - 4 T - 4T
$ g 3 10-20%] Sy=2.76 TeV 0-10% ]
2 > 2 [ 1 2 o ATLAS |
2 = 2. A9 1 2 %o Pb+Pb
3 3 < | g 7wt
= = = g 1 = =2 + |
< 10 < 10F < 10 < 10F
5 S g g
= P prd =
=) L=] =] =]
T 1 - 1 ~x 1
Em Em Em Em
10" 10" 107 107
10.2 10-2

10° 102

d ATLAS PRL 105, 252303
—Strong jet quenching
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—Linear increase, ~30%.
d arXiv:1102.3010 cmS will be
—Same flow from 39GeV to 2.76TeV at am2oli
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d ATLAS Phys. Lett. B697, 294-312

- CMS

cmS will be in aM20II
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O Most of CMS HI results will be presented in May

—QM is in May, and today isn’t a good day to show anything
before the main ceremony.

d Only some of official/approved plots were shown
—Long range two particle correlation was published
—Z0 in HI were reported
—Large jet momentum imbalance was observed

A Soft proves, e.g. v2, results will shortly be available
—-KCMS : 1.C. park

d J/Psi, Y results will be shown in QM
— KCMS : DH Moon 2 QM speaker
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