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Heavy lon Physics atthe LHC  |I]if
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Copious production of high p+
particles

» Nuclear modification factors R,, out
to very high p;
Large cross section for J/y and Y
family production
* 0%~ 10X 0%ryc
* 0% ~ 100X 6%

 Different “melting” for members of Y
family with temperature

Large jet cross section
 Jets directly identifiable
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Kinematics atthe LHC  |I]j1
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CMS detector atthe LHC  |Ilir
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Largest phase-space coverage ever in a collider.
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Particle detection layers in CMS  |I]iy
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Key:

Muon
Electron

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

Hadran Superconducting
Calorimeter Selencid
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CMS is collecting cosmics..  |lI|if

Untitled Document Data { 3D Window #0 ) =[O = Untitled Document Data ( RPhi Window #0 )

Muon

Syste // Tracker
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Untitled Document Data { 3D Window #1 )

L Tracker
Prerequisites:

p - infrastructure, u-trigger,

Only few hours |HIFEERIT | DAQ integration,
after first ik === { /o synchronization,

~ attemptto muon calibration,
integrate TK in reconstruction/tracking,
global running! etc. ...
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CMS is collecting cosmics..  |IliT

Muon ' * Di-muon Trigger:
System \ * Drift-Tube coinc. in
top+bottom, each
> 2 station segments
« Muon signals traced
through
\) ¢ muon system
« Tracker TOB+TIB
- ECAL

« HCAL
Je Global track fit

- Excellent data -
being used for
alighment
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Physics cases for HH@CMS Ui

We will look into... in order to learn about...

0 MB L1 trigger, centrality Global event characterization
1 dN_ /dn )((:gi\c();,glze)lss Condensate,

2 Low p, T/K/p spectra gléc:(reodynamics, Equation of
3 Elliptic Flow ";'i\égg%?t{,"amics, Medium

4 Hard-probes (triggering) ;pggg:%ggnamics & transport
5 Quarkonia suppression Ecrits T erit

6 Jet “quenching” chgtf%ré igﬁ?sny’ <G> transport
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pp Minimum Bias using Fo_l'l'-

Min-bias trigger: Number of HF trigger towers

over threshold > N:
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Unfolding the effect of HF min-bias triggering on

physmal measurements
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'RHIC comb. 130 GeV |
PHOBOS (RHIC)
NA49 (SPS)
E8B66/E917 (AGS)
UAS (Bp)
CDF (pp)

) A+ A

\fpp=225

KN Saturation Model

1,, = -0.287 + 0.757 In ()

Charged Particle Multiplicities
* Predictions vary by a factor of 4!
« dN/dy ~ 1500 — 7000
« (RHIC extrapolation vs. HIJING)

1 | IIIIII‘IIO I IIIIII.‘IIO.2I | 103I 4500;
Energy of Collision o — c.v) i~ opth 0
g 3500 $ 1 4 ﬁ %{ iﬂ% it : ++ +ﬁ$
] ] ] ] ] O 30002— ‘ %’FJFH i %++++++H.-
Hit counting in the first pixel layer =4 One Event
Low p; cutoff ~40 MeV o I\Rn?:’n":ﬂ”"ted
1000 +
‘Needs few events O(1000) - - Systematic Error
‘Few seconds of data taking o4 o 1
n
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Charged-Hadron Spe_ ir

* One of the first measurements to - T oa<mi<os
be done: charged-hadron 6 o
spectrum . ol ‘ aEN/dy de
- Important tool for calibration, g 4h
alignment & understanding of s.l — Simulation
detector response g © “Data”
. . . . o 2|
* Min-bias and/or Zero-bias trigger = | ‘%L _
- Statistics: ~ 2 million events lsmiaion ™™ T
00 _ 04<mhi<06 oK
— 05 A :
£ [CWs prelimmnary | L CMS Preliminary — _ﬁ 1,
Q L simulation ! i L simulation 4 o) 0.4 | a,Ki
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CMS Tracking Performance PbPb  |I]ii
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- Excellent impact parameter resolution
momentum resolution
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CMS HI TDR, Ferenc Sikler (Budapest)

- Changes to tracking algorithms allow access to low p;
particles
« Reconstruct three hit tracks in the pixel system
- Good efficiency to ~ 300MeV/c in Pb+Pb
 Particle ID by dE/dx in Silicon
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Elliptic Flow —[Ilif

100k Events HYDJET, Pb+Pb b = 9fm, no quenching
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Use the tracker to measure v2 differentialy in p; and n
- Event plane and v2 determined from independent sub-events
* No non-flow corrections applied

. tCorrll(pare v2 extracted from simulated particles and reconstructed
racks

- The p; and n dependences of v2 can be reconstructed with high
accuracy.
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Detectors

Digitizers

CMS Trigger and DAQ in p+- UIT

Level 1 trigger
- Uses custom hardware

- Muon tracks + calorimeter information

- Decision after ~ 3usec

Level-1 P+p
@D Front end pipelines Collision rate 1GHz
Ke L 4* Event rate 32MHz
Output bandwidth 100 GByte/sec
Readout buffers Rejection 99.7%
N High level Trigger
Eﬂ_ Switching networks - ~1500 Linux servers (~10k CPU cores)
¢ - Full event information available
Processor famma - Runs “offline” algorithms
sec High Level Trigger p+p
Input event rate 100kHz
Output bandwidth 225 MByte/sec
Output rate 150Hz
Rejection 99.85%
BNL, August 5, 2008 Bolek Wyslouch/MIT 18
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CMS Trigger and DAQ in Pb+Pb vs p+p |1]j}

Detectors

Digitizers

Front end pipelines

Readout buffers

Switching networks

Processor farms

to be partially funded by
- US DOE NP

Level 1 trigger

- Uses custom hardware

- Muon tracks + calorimeter information

- Decision after ~ 3usec

Level-1 Pb+Pb p+p
Collision rate 3kHz (8kHz peak) 1GHz
Event rate 3kHz (8kHz peak) 32MHz
Output bandwidth 100 GByte/sec 100 GByte/sec
Rejection none 99.7%
High level Trigger
- ~1500 Linux servers (~10k CPU cores)
- Full event information available
- Runs “offline” algorithms
High Level Trigger Pb+Pb p+p
Input event rate 3kHz (8kHz peak) 100kHz
Output bandwidth 225 MByte/sec 225 MByte/sec
Output rate 10-100Hz 150Hz
Rejection 97-99.7% 99.85%
Bolek Wyslouch/MIT 19
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Hard Probes: HLT vs Min Bias  |l]ir

..... = HLT
..... ==+ Min.bias
____________ Jy.

PbPb
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10

1 10?
Jet E["" [GeV] or part. p™" [GeVic]

J/y,Y and Jet reconstruction

available at HLT

Example trigger table:

Channel Threshold | Pre-scale | Bandwidth [MByte/s] | Event size [MByte]
min. bias - 1 33.75 (15%) 25
jet 100 GeV 1 24.75 (11%) 5.8
jet 75 GeV 3 27 (12%) 5.7
jet 50 GeV 25 27 (12%) 54
J/v 0 GeV/c | 1 67.5 (30%) 4.9
T 0 GeV/c 1 2.25 (1%) 49
~yPrompt 10 GeV 1 40.5 (18%) 5.8

UPC/forward - ' 1 2.25 (1%) 1

HLT improves hard probe
statistics by more than a

factor of 10!
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T—pup v

Mass resolutlon and acceptance

oy, 3500 . Q4 =TT T T ————
% 30005_ o = 54 MeV/c? _j o rrel + endcaps muons in | < 2.4
§ 2500; E éasi Barrel: both muons in |n| < 0.8
99: 2000; g _; §0.25 %
5. S =
Lﬁ 15002— = e E_H
1000?— 2> NN —f u.1§—
s00f H3th muons with Inj<0.8 1 wsE e X .
85 "é""g.'s"'ﬁlo" 105"';1 00:' B R S S R R RN T
(GeV/C ) pr (GeV/c)
- CMS has a very good acceptance in % ool p—
the Upsilon mass region g 1400f : E
 The dimuon mass resolution allows g 10000 * E
to separate the three Upsilon states: & 600 ty h =
400 3 -
* ~ 54 MeV/c2 within the barrel and 200" PR S
~ 86 MeV/c2 when including the endcaps _zog@%‘a ;W & %‘*W&
8.5 9 9.5 10{\/IJJ+H 1(%59V/(;2;1
0. Kodolova, V. Bedjidian, note
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Jy—up R T

mass resolution and acceptance

N X.JO'B LI VAP -
% 1200 v barrel + - 925
= endcaps — c
g 1001~ E %2:_ I
< - - S F barrel +
»‘é 80; . <)(:).15f— er?dceaps
g 60— ] —
L B ] 01—
401 AN, /dn],—0 = 2500 -
QOM 0'05;_ o IR
> 25 3 35 4 45 T S S B R TR VY
M. (GeV/c?) p; (GeV/c)
0. Kodolova, M. Bedjidian, CMS note 2006/089 25 -
* Low p; J/y acceptance at =
forward rapidities. > 1
S 1o
 The dimuon mass resolution <0
is 35 MeV, full n region.
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p; reach of quarkonia (for 0.5 nb?) |!]if

10° = . - 08— E
- Y e producedin0.5nb? = - -
o 4‘_' "e m rec. if dN/dn ~ 2500 - L g =
=~ = . . 3 — B
> 10 *.. o rec.if dN/dn ~ 5000 : 061 ] =
0 C * - < = +- =
> - g
< 103#%%, ER 0.5F ['] P
o i e, . = o4l =
e " e, . 7 t " F /// .
§ 102 E— 0 li‘....»‘"---, ..j! _E © 03 } —— /)/// B
o B s T Yedy, o = -~ ~~ = ]
L .\‘;%\".-f;k-}”. }é— 0.2 C_ Ve . "--;/ _
10 i i, ¢ "“ Stafistical reach _ - ]
= W] = - - _
= il LEE 1. 3 0.1 - curves from —
17| 1 | I 1 | 1111 | L1 1 1 ‘ 111 | ‘ 11 | ‘ll-./ | O :'-'P_‘*-r"rl—?-| 1 | 1 |N|qq|.| \Ph\y\s.\ |B\4\9|% \(|]-|99|7|)|30|]|-|_$\3\7\ ‘:
0 5 10 15 20 25 30 35 40 0o 2 4 6 8 10 12 14 16 18 20 22

P GeV/c P, [GeV/c]

- Expected rec. quarkonia yields:
« Jiy : ~ 180 000
« Y:~ 26000
 Detailed studies of Upsilon family feasible with HLT

- Statistical accuracy (with HLT) of expected
Y’ /Y ratio versus p; -> model killer...

BNL, August 5, 2008 Bolek Wyslouch/MIT 23



The Calorimeters: Jet Re_ I i I il

Jet E; ~100GeV, Pb Pb background dN_,/dy ~ 5000

Jet superimposed on Jet in Pb-Pb after
pileup subtraction

Jet in pp
Pb Pb background
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Heavy lon Jet Finder Performance |I]i1

High Efficiency Good Resolution
120 A SO_I | T T T T | T T T T | T T T T | T T T T | T T T T T T T T
L Q L
L = B i
L L - a
=100 | S B &l g 25— -
= i L - Pb+Pb dN/dy = 5000 ]
5 80 = 20 -
e r + p= - * -
Fiy [ L C L ]
S 60 =t BABREL I S T =
= [ 5 »
a0 10 p+p - . i
I al Purity C M o
20 [-5 ol Effikienc] 5E- £
u : O:I | 1 11 1 | 11 11 | 11 1 1 | 1 11 1 | 1| 1| I 1 11 I_
0 50 100 150 200 250 300 350 50 100 150 200 250 300 35
E, MC jet In cone 0.5, GeV Er (GeV)

Jet studies from CMS Note 2003/004

* A modified iterative cone algorithm running
on calorimeter data gives good performance
in Pb Pb collisions

» Offline jet finder will run in the HLT
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HLT i t on th h Um
impact on the p; reach of Ry, !l
"""" STV < T SR
r 0-10% central, no trigger _: an 14:_ 0-10% central, jet triggered __

( of B { oF Pb-Pb (PYQUEN) 0.5 nb™" ]
e = e =
0.8~ s 0.8~ =
0.6 . 0.6 | .
0.4 E 0.4° : { I E
- ' : ) | .
0.2 o = 020  Leecccct bt :
B . o | ] - |
C]|‘....|....|'....|....|....|... ] T R ST I A N

b 50 100 150 200 250 % 50 100 150 200 250
o [GeV/c] p; [GeV/c]

d? N /dydpr
R .
4a(Pr) = TEB) - dayyfdydpr

- Jet-trigger allows R,, measurement to pT > 200 GeV/c
* Reach improved by x2 compared to min bias
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High p; Suppression  |I|if

B AuAu @\/sy, = 200 GeV, PHENIX data |

@ PbPb @\/s,, = 5.5 TeV, CMS MC

D; 1 HRHIC .................... gl._;:f.:.;:;.l‘;llg}.(.i;":..5[.].{;[;.::6[.].(.]"%%;%““
}h-,WW# 'H » .I;'I.-I.('.J““’q) |
10° §_ IHI - P;M:@ = 30 - 80 GeV-/fm _§
N N o i
" P, (GeV/c) 10

Clear separation of different energy loss scenarios
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Calorimeter Jets | nl<2 —
0-10% central

10-20% central, x 10
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50-80% central, x 10 ~
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- Jet spectra up to E; ~ 500 GeV (Pb-Pb, 0.5 nb-1, HLT-

triggered)

 Detailed studies of medium-modified (quenched) jet fragmentation

functions

E. [GeV]

BNL, August 5, 2008

Bolek Wyslouch/MIT



Photon-tagged jet fragmentatio_ Um

DOE Review Driven.. Jet axis Jet axis provides
«— parton direction

Hadrons

Multiplicity and flow Charged hadron tracks

measurements used to calculate z = p,/E;
characterize density,
path length
__— Photon Measure jet fragmentation function:
Photon energy tags dN/d¢ with &=-log z
parton energy E;
Ingredients:
Main advantage e Event/Centrality selection
. Photon unaffected by e Reaction plane determination
the medium  Vertex finding All results based on full
_ e Track reconstruction GEANT-4 simulations using
- Avoids measurement e Jet finding full reconstruction algorithms
of absolute jet energy e Photon identification on expected one run-year
statistics
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In-medium modified fragmentati_ |||i|-

dN/d¢
" " OPAL, \61192‘1%%9(?‘3] Quenching increases
~ — in vacuum, Eje;= e *. _ low-p; particles
12 = ---- in medium, E;,;=100 GeV
- Adapted from
10~ hep-ph/0506218
8 k
6
4 8/
2| " T v
10GeV/c
jet 1 2 3 4 5 6
o1 &=log(E/p;) 7250
(Pr—E4] (pr—0)
hadrons Quenching reduces
high-p; particles

BNL, August 5, 2008 Bolek Wyslouch/MIT 30



Photon-tagged fragmentation f_ Illil-
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| generator- - pyTHA 1 ; PYTHIA, p+p, 5.5 TeV |

- level p+p  55TeV] [ a Y ]
e B.>70GeV 5[ P, >70 GeV. E >70 GeV ]
i El>70GeV | § T Ao > 172° -

” E2" 5 70 GeV - 2 - I
2 I A@ > 1720 & s 4
1000 i 815 al
Ll o YL -
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f 1o L
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500 L 0~1 30/0 il \g 1 _+_______._..s.........‘..l..'...!_......*...L..L..L......?....... -

i i = o o | .

L g _| I I
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(El-Er )YE L :

" generator-level i

0lIII|llII|IIII|IIII|JIII|\ltl]lllllllllllllllllll
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X
. Use isolated photons + “back-to-back” cut

LO NLO on azimuthal opening angle between the
:E; ~2 photon and the jet to suppress NLO and

background events

- Determines FF with <10% deviation
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Event generation |l|ir

Study two scenarios

* No quenching: PYTHIA signal and QCD
background (p+p) events mixed with
central unquenched Pb+Pb HYDJET events

« No high-p; particle suppression
 Leads to high background rates

* Quenching: PYQUEN signal and QCD
background (p+p) events mixed with
central quenched Pb+Pb HYDJET events

» Suppression of high-p. particles
* Energy loss radiated out of jet cone
« Challenging for jet finder

PYQUEN v1.2: Eur. Phys. J. C 45 (2006) 211
HYDJET v1.2: hep-ph/0312204
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Signal and background statlst- Ill.-

lllllllllllllllllllll Study for one nominal LHC

Q’TH'A_. 1 Pb+Pb run “year”
gnaly - jet events =
PbPb 05 nb™ _;, e 106 SeC, 0.5I‘Ib'1, 3.9 X 109 events
i e e |+ Use 0-10% most central
7 Pb+Pb
— I - dN/dn]|,_,~2400

 Simulate signal and
background QCD (p+p) events

? * Mix into simulated Pb+Pb events
(~1000 events)

Igenerator-lelvel |
L L1 1 L1l A A [ = |
100 150

200 250
Er [GeV]

Data set pr [GeV/c] ||signal y-jet m mt M n’ ®

unquenched >70 4288 23675 | 47421 | 12267 | 8194 | 30601

unquenched >100 1216 4422 | 9103 | 2357 | 1567 | 5975

quenched >70 4209 7569 | 14616 | 3825 | 2445 | 9235

quenched >100 1212 1562 | 3000 829 515 | 2051
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Reconstru ctio_ I [ I i |-
» Tracking

» Low p;cutoff at 1GeV/c
- Efficiency (algorithmic + geometric) ~ 50-60%
- Fake rate ~ few %

 Jet finding

* |terative cone algorithm with underlying event
subtraction (R=0.5)

. rerfcﬁrmance studies on away-side jet finding (see
ater

 Photon ID

- Reconstruction of high-E isolated photons
* New for this analysis (see next slides)

Tracking: NIM A566 (2006) 123
Jet finding: Eur. Phys. J. 50 (2007) 117
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*F 'p'+'p' éli hits ‘(éél'e'cm'/é 'r'eédéut')]' B | 1
2B —
u 107 - 10°
£
- e 102 102
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3 2 -1 0 1 2 3
IIII|IIII|IIIIT]IIII T T T 17T 17T 17T 17T _'_'r.'.lll T T T LI | T T T T T T T T T 171"
’ “p+p after seed threshold 1 3; b+Pb after seed threshold s L
2 (0.5/0.18 GeV) 2 } -:_(0,5/0.1 8 GeVﬂ
C 107 C 10"
e 0 =
aE E
- 102 102
2
-3:—. N B I R B B B U e L L
-3 -2 -1 1@] 1 2 3 -3 -2 -1 1@] 1 2 3
ECAL reconstruction chain used with standard p+p settings
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* |dentification

10 cluster shape
variables
 based on ECAL

10 isolation variables
« based on ECAL/HCAL

 Track-based cut

« Selection

» Total of 21 variables
grouped into 3 sets

« Linear discriminant
analysis (Fisher) and
cut optimization using
TMVA

0

Ad

TMVA: http://tmva.sourceforge.net
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Set working
point

to 60% signal
efficiency

Leads to0 96.5%
background
rejection

Training is done
on unquenched
samples only

ction
o
0

Back

ground reje
0o

o
h.q

WP

Photon identification performance- I i I i |-

_-I!I!I.|il!lgli|ilililﬁ
H m

ﬁlalﬁlﬁlelelg
- P+P

™
Pb+Pb g

O
[ ]

O

» Unquenched p+p (PYTHIA)
o Quenched p+p (PYQUEN)
= Unquenched 0-10% Pb+Pb (HYDJET)
0 Quenched 0-10% Pb+Pb (HYDJET)

.

CMS Preliminary
1 | | 1 |

o

0.2 I0.4I | I0.6I
Signal efficiency

0.8

_,L|||_|q—|TD|_|||||||||
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Photon identification performanc- I ! I i |-

Quenched Pb+Pb

Before cuts: S/B=0.3 After cuts: S/B=4.5
F T | T T T T | T T T T | T E E T T | T T T T | T T T T | T 3
% ~CMS Preliminary s Non-isolated particles - % ~CMS Preliminary » Non-isolated particles -
(.910-1 :_ ot m |solated photons _; (.910-1 - = Isolated photons _;
o0} S .'. . o0} - . .
~ . . ., C |solated hadrons ~ N O lIsolated hadrons
GCJ.]OZ — ... .... — GCJ,]O-Z — .. ... WP=60% Seff
> 06 ] ... > .. l.
Cl} O ..-- .. CD » ..
Gro%y  °° " ] G10° OO oo, E
. “ it g [ %
” 111+ % H11111i
10 o 108 -
100 200 300 100 200 300
ET [GeV] ET [GeV]

Photon isolation and shape cuts improve S/B by factor ~15
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Jet finding (away-sid_ Illil-

Quenched Pb+Pb

1 |III|I\I|| I||III|I\\\‘\IIIlIlIllIIII
'1&

0.9 —~1 - - v - jet Events, PYQUEN

] i i
0.8 —— + = r E; >70GeV

l 0.8] PbPb, 0.5 nb™, 0-10% central
0.7 = -

0.6 CMS Preliminary

Iso.y - jet Events, PYQUEN —f

o

o
II‘Ill\lll\llil\Ill\IIl\ll\]IilIl\lII‘ll\F

|

R

Away-side jet finding efficiency
o
Fraction of falsely matched jets

0.3 PbPb, 0.5 nb ", 0-10% central _E i
A(pap>172°, In|<2 ] L
024 Reco.E” >30GeV E 0.2 [
0.1F CMS Preliminary = -] e |
- e B RARTIN
0_i\!Illlllli\Il[l\llll\llllillll\ll_ 0\ II.III+|*IIIIII\\\‘\!IIIIIIIIIIIII
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350

MC jet E_[GeV] EX [GeV]

- Select away-side jet with A¢(y,jet) > 172°, In|< 2 and E; > 30 GeV
« The energy cut reduces the false rate to 10% level
» Analysis does not use jet energy otherwise
- Jet finding efficiency rises sharply between 30-100 GeV MC jet E.
« Main source of systematic uncertainty in reconstructed FFs
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Fragmentation Functlon_ |||

I\Il[l\l}ll I|IIII|\IWI|IIII‘IIIIII\ 17

10tk CMS Preliminary ] 10t E CMS Prellmlnary E
- ¢ Unquenched Fragmentation Function 3 -~ e Quenched Fragmentation Function ]
10°E Underlying Event Contribution - 100 E Underlying Event Contribution -
Pb+Pb, 0-10% central = = Pb+Pb, 0-10% central 3
Track p, > 1GeV/e, E Us. 5 70GeV 1 5[ Track p, > 1GeV/e, E lus. . 70GeV
g 10 E T 107 E
5 Unquenched : > Quenched 3
O 10 = T 10f¢ =
2] = )] =
o o F
< 1F E £ A1F =
- - . B :
10" 6 - 10" £ ]
" :*
10°F Underlyln = 102 _
10-3 Lovaa ol 10-3 \I\+IIL|! Lo la
o 1 & 6 7 8 9 10 0 6 7 8 9 10
i In( T/pT P.)

« Obtain dN/d¢ using tracks in R=0.5 cone around jet axis

* For &3 (~p;<4GeV/c) dN/d§ dominated by underlying Pb+Pb event
- Estimate background using R=0.5 cone rotated in ¢ by 902 relative to jet
- Sum event-by-event backgrounds and subtract
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Reconstructed fragmentation f_ I | I i |-

[ TTT ‘ TTTT I TTTT l TTTT ‘ TTTT I TTTT | TTTT TTTT TTTT] [ 2
10°E CMS Preliminary = 1% F CMS Preliminary <
- Track p_ > 1GeV/c, EX* > 70GeV ] - Track p_> 1GeV/c, EZ** > 70GeV 7
5 L Underlying event subtracted a g | Underlying event subtracted |
10 = e Unqguenched Fragmentation Function 10 - e Quenched Fragmentation Function =
up - MC Truth wp - MC Truth
g 10k + g 10 -
= F . Unquenched S Quenched
0 i 0 i
E- 1 E § 1E =
el = prd E
— = Cr= =
-1 i -1 —
10 10 -
102 E = 107 5
10_3 L1l 111 | 11 I Eg g & ‘ 11 10-3 | I +I 11 ‘ 11 | Ll I 111
o 1 2 4 5 6 7 8 9 10 5 6 7 8 9 10
=In(E_/ In(E_/
g /P, (E/p,)

Major contributions to systematic uncertainty (added in quadrature)
— Photon selection and background contamination (15%)

— Track finding efficiency correction (10%)
— Wrong/fake jet matches (10%) + Noorsmall g

. . e . dependence
— Jet finder bias (largest contribution in quenched case) |

‘
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Fragmentation Function Ratio

¥ [ R T
i CMS Prellmlnary

6 Quenched / Unquenched =]
: El > 70GeV

sk ° Reconstructed Pb+Pb/ MC p+p
- — MC truth p+p

4 P

IIIW‘WiIIlIII‘ | ] I\llll\lllll

E. >7OGeV

lillil

5 6 7 8
F,In(E/p)

B T i

9

10

Fragmentation Function Ratio

Fragmentation function rat- I ! I i |-

Reco quenched Pb+Pb / MC unquenched p+p

T T
CMS Prellmlnary
Quenched / Unquenched
El > 100GeV
* Reconstructed Pb+Pb / MC p+p

— MC truth p+p

1/ >100GeV

'I\iF

1 2 3 4 5 6 7 8

e=In(E /p.)

9 10

+ Medium modification of fragmentation functions can be

measured

- High significance for 0.2 < § < 5 for both, E.* >70GeV and E."

>100GeV
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Summary .|||

. The CMS detector has excellent capabilities to
study the dense QCD matter produced in very
high energy heavy-ion collisions, through the
use of hard probes such as high- ‘ET (fully
reconstructed) jets and heavy quarkonia

« With a high granularity inner tracker (full silicon,
analog readout), a state-of-the-art crystal ECAL,
large acceptance muon stations, and a powerful
DAQ & HLT system, CMS has the means to
measure charged hadrons, jets, photons,
electron pairs, dimuons, quarkonla Z0, etc !

- The CMS Heavy lon group is busily preparing for
the upcoming physics runs in pp and PbPb next
year
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* The usual question...
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Pixels+Tracker

[ zoc | cpsto

Hermeticity and resolution
 largest coverage in
* best in resolution: muons (upsilon), charged tracks

 fully equipped with all detection layers, including tracker and calorimeters in 2n
and 5 units of n

DAQ and Trigger
* Unique arrangement, reliance on HLT
« EVERY HI collision can be inspected at HLT
» Transparent switchover from pp to Hi
Collaboration
* Well integrated into CMS, just ask in the CERN cafeteria..

« CMS HI group at CERN (~20 people) are working full time on preparation for
specifics of HI datataklng lots of work

Special feature
« E.g. analog silicon and pixel readout: there would be no PHOBOS without that..




