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Summary of physics opportunities  |!]j1

m LHC will accelerate and collide heavy ions at energies
far exceeding the range of existing accelerators

e The increase of beam energy will result in:
¢ Extended kinematic reach for pp, pA, AA
¢ New properties of initial state, saturation at mid-rapidity
¢ A hotter and longer lived partonic phase
¢ Increased cross sections of hard probes
¢ New experimentally accessible hard probes

m New energy regime will open a new window on hot
and dense matter physics: another large energy jump!

AGS| SPS RHIC LHC

(Pb+Pb)
Vsyn[GeV] 5 20 200 5500
E increase x4 x10 x28
y range +1.6| =+3.0 +5.3 +8.6
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Heavy-lon Physics at the_ Ui
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Kinematics atthe LHC ~ |I|ir
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g CMS as a Detector for Heavy_ UHs

Elgllgﬁir?lﬁ:er:'ed High Resolution aDAQ _and Trigger B

« Hermetic coverage up to [n|<5 ° H_:_%h rite capability for A+A,

e (In|<7 proposed using CASTOR) EI [;E P | Tri ble of

e Zero Degree Calorimeter (proposed) ° fulﬁl re ceomestrtl;lcgt?:rll’ g??ﬁosﬁ ﬁ|
mTracking p from Z9, Jhy, Y events in real time

e Wide rapidity range |n|<2.4

e 6, ~50 MeV at Y k chambers
mSilicon Tracker T e /

m Good efficiency and low fake y e 0 x \

rate for p;>1 GeV

m Pixel occupancy at 1-2% level A1
even in Pb+Pb T 1§

= Excellent momentum resolution Y\
Ap/p~2% for p;<70 GeV and
higher

Fully functional at highest expected

multiplicities ECAL * “\
Detailed studies at ~dN ,/dn ~3000-5000 Si Tracker
and cross-checks at 7000-8000 including Pixels

HCAL
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CMS under construction  |I]j1
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The Tracking Device |I|ir

The CMS all Silicon Tracker

End cap -TEC-

24 m

volume 24.4 m>
running temperature — 10 O0c

Oct ~ 60 Million electronics channels °



Tracker Layout |Ilir

— 1 Single detector
- 2 detectors back to back
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CMS tracker is a powerful tool  |I]ir

-Multiple layers of Si pixel and Si strip detectors

will give us plenty of information about charged

tracks
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H
Detectors near beamline: forward physics i- I i I il

*Hermetic coverage up to |n|<7

«Zero degree neutral energy

*Physics: Centrality, Low-x, Limiting fragmentation,
strangelets, DCC

/] %éél_ gl |
LS} TOTEM T2 || TOTEM T1

Scintillators at BCM Sensor Carri age
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Data Acquisition and Trigger  |l|ir
I:t Level 1 hardware trigger
e Muon track segments

— e Calorimetric towers
@ e No tracker data
— e Output rate (Pb+Pb): 7-2 kHz

— comparable to collision rate

High level trigger
e Full event information available
G e Every event accepted by L1 sent to
an online farm of 2000 PCs
L — e Output rate (Pb+Pb): ~ 40 Hz

HLT e Trigger algorithm same or similar to
offline reconstruction

' Every event must pass the whole chain
G' Selectivity depends on available CPU
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CASTOR

N
CMS advantages compared to oth_ III||

- mHermeticity, Resolution,
. Granularity

e Central region An~5 equipped with
tracker, electromagnetic and
hadronic calorimeters and muon
detector

=

Processors
(z=1140 m)

-6 -4 -2 0 2 4 6 8

" mForward coverage

e Base-line calorimeters extend the
coverage to An~10

e Proposed additional calorimeter
CASTOR extends the coverage to
An~14

totem mHigh data taking speed and
trigger versatility

e Unique two-level trigger system

e Potential ability of “inspecting”
evea/_ fully built heavy ion event on
the High Level trigger farm

(5.32 <1 < 6.86)

ZDC
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Expectation based on RHIC

. | MIT
Charged particle multip

Wit Busza, (MIT) @ CMS Workshop, June 2004 *Determines Physics

Landscape
WHEN CMS STARTS TAKING DATA WITH HEAVY IONS
THIS IS THE FIRST RESULT THAT WE WILL OBTAIN *Influences Detector
1200 Performance
@ch ——— —
dn WEB L T
1000 June 2004 5
800 Pb+Po
VSwy =5.5 TeV
600 10% most central
(N pai= 350)
400 N = 14000
200 ﬂl
0 | I | I I ! .
-0 -8 -6 -4 -2 0 2 4 6 8 10

n

CMS Physics studies conducted for multiplicity densities up or larger than dN_/dn=5000
Muon detection, tracking, jet finding
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Use high granularity pixel detectors

m Use pulse height measurement in individual pixels to reduce

background
m Very low p; reach, p:>26 MeV (counting hits!)

Comparison of dN/dn (MC primary tracks) to dN/dn (reconstructed hits x correction factor)

— -
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2T tevit, 3 +
= 3500 _ 3 i’# ﬁ% $ Hi it ++ ﬁﬂ |
2 3000 0o Tt Hitlit.
2500
e
2000 ;—
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1000 f_ ° simulated primary tracks
E reconstructed x correction factor, statistical error only
500 — reconstructed x correction factor, fit+ 15% systematic error
I R R N TR 2

Pseudorapidity,n (corrected)
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basis.
Momentum Resolution Transverse Impact
Parameter Resolution
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(Event sample: dn/dy ~3000 + one 100GeV Jet/Event)

Performance of the Track Reconstruction IIIII

m Match Reconstructed tracks to MC input on a hit by hit

Longitudinal Impact

Parameter Resolution
FT 0SS deta<os T T
“a [ o 2<eta<25

e Excellent resolution event at the highest particle densities
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Optimization of track reco

i n IMir
efficiency and fake tr
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High efficiency
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Reaction Geometry in CMS: forw_ |||i|-

Energy in forward calorimeters ZDC
PbPb
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QuarkoniainCMS  |l|j1

Y Family region M ,, . I/ Y family
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Opposite sign dimuon invariant mass (GeV/c?)

Opposite sign dimuon invariant mass (GeV/c?)

§ Opy=50 MeV

. 35| 2000 of preselected J/y %
v SEEES fance ., Expect ~24k Jy and ~ 18/5/3 k Y, 1", Y™

= After one month of Pb+Pb running at L=10%2’cm-2s-1
s with 50% efficiency

: Coverage in central rapidity region
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going muons. Simple hardware L1 dimuon trigger is not sufficient

lllustration Of Online Farm Powe_ |||i|-

m Only a small fraction of produced J/y are seen in LHC detectors
e E.g. CMS J/y—puu acceptance 0.1-0.2%, ~O(104) per LHC run
m Detection of low p; J/y requires efficient selection of low momentum, forward

Without online farm (HLT)

With online farm (HLT)

L1 trigger Two 60 Hz L1 trigger Single p ~2 kHz
L2 trigger None 60 Hz L2 trigger Re-fit u 70 Hz
L3 trigger | None 60 Hz L3 trigger Match <40 Hz
tracker
JIy p; >3 GeVl/c JIp p; >1 GeVlc
E::_ _ | Online farm %
) ::: istogram 252 events |mprovement :2;_\
3 Acceptance x2.5 "
22 15hﬂ ‘ZI;lI‘ H‘H‘Z‘S‘ - |3|0‘ - ‘3‘5‘ - I4[] p"r z-g_l I ‘-Ll‘ - -3 0 1 2 Hli‘ll N I5 77




Jets in heavy ion collisions, rol-|||||

mProduction of high p; partons involves
hard, perturbative scale Q>>A,p.

mQ is much larger than any momentum
scale characterizing the medium
(production unaffected by the %«

medium)

mInitial “luminosity” modified by
nuclear effects

mParton shower development affected
by the medium

mAt LHC in A+A collisions:

e wider p; range for suppression studies

e partons will appear as jets for E;> 20-30
GeV, their structure will likely be modified
compared to jets produced in p+p
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Jets as probes: the ob_ Nhr

Note: comparison to p+p and p+A is essential

m High p; particles and particle correlations
m Jet rates: single jets, multi-jets
m Jet fragmentation and shape
e distance R to leading particle
o p; of particles forR<R___
o Multiplicity of particles for R<R___
e Heating: k; = p x sin(6(particle, jet axis))
e Forward backward correlation: A¢(particle, jet axis)
e Fragmentation function: F(z)=1/N;xdN_/dz z=p/p,,
m Rates and shape aided by correlations Jets+y, Jets+Z
m Jets originating from heavy quarks (b, c)

Extensive theoretical and experimental preparatory work
presently in progress
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Jet Reconstruction in CMS using |||i|-
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-E;I 10 g_-‘"' One central PbPb event @ dN/dEta = 5000 :
% ) * » all charged primary-1<n<1
10 3 » reconstructable
- ‘%ﬂ; » reconstructed
0 " *
x il
0 3 4
Pt

& Possibly lower p; cutoff with reduced B field

e Back-to-back particle correlations

e Azimuthal asymmetry vs. p;
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Charged Particle Jet Studies in C-

$ 1!
[ dNidy ~ 3000 + one 30 GeV jetlevent
— MC input
[ . reFonstructed signlal
-2 0

Bolek Wyslouch

A
m Detailed study of phenomena which are already apparent at RHIC

m Study the centrality dependence of:
e Charged particle spectra starting at p.~1 GeV

24



Jet fragmentation Ui

”Nj etst‘:harged’dZ

10 = | 100 GeV Jets + dN/dy 5000 background ?-*5 100 GeV Jets + dN/dy 5000 background
- 1:;6 1¢ — MC input, pi™ > 0.7 GeV
102 E - 5 s reconstructed signal, g > 1 GeV
= E 14
10 prall
3 5, !
i T
G _ &
1 E — MC input ; Z 10
10—1 -« reconstructed signal | "' _2
E- =100 GeV Jets without background 10 : : i [ m_
7 SE— 0 2 4 6 8 10

pJTet

Fragmentation function for 100 GeV Jets embedded in dN,/dy ~5000 events.

High precision tracking out to high momenta will allow for detailed jet
shape analysis to study the energy loss mechanism
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N/4.0 GeV/c*

Z+jet event in the Heavy lIon collision
dNch / dY = 5000

Pb—Pb 5.5 TeV/nucleon pair

e DY +Z
—bb
--cc

-~ /K decays

- b, m/K decays

h
+
+
7‘\‘HmH\Hf"\"}i‘l_w"“},w‘H‘mt‘m
20 40 60 80 100 120 140 160
M GeV/c”
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Balancing y or Z° vs Jets: study of jet with _ I I I il

Eter ,~120 GeV in Barrel
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5 o |
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? 140
; 120
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Channel Barrel+Endeap
jet-+jet, B > 100 GeV 8.7 10°
tet, E2 > 100 GeV SR
Z (._:' / *"+.F' f-_)+jL't: _E«J;q’: Pf ~ 100 GeV 90
Z(— i ) tiet, By, PE > 50 GeV -
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Future jet studies: new generators |I]ir

mNeed better jet modeling at LHC: HYDJET

o ?oft particle production using Hydrodynamic model, includes
low

e Jets produced using PYQUEN (PYTHIA with medium-induced
quenching)

e Full control of soft and hard physics assumptions
mImprovement compared to available generators
e Centrality/geometry dependence

e Energy loss modeling
e Consistency with RHIC results

mNew CMS simulations in progress:
e Physics “Technical Design Report” in preparation
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HYDJET tuned to RHIC data " |1
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HYDJET is being used in CMS Physics TDR preparations
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Conclusions  |Ilir

m LHC will extend energy range and in particular high p; reach of
heavy-ion physics
m CMS is preparing to take advantage of its capabilities
e Excellent rapidity and azimuthal coverage and high resolution

¢ Quarkonia
¢ Jets

¢ Centrality, Multiplicity, Energy Flow reaching very low p;
e Essentially no modification to the detector hardware
e New High Level Trigger algorithms specific for A+A

e Zero Degree Calorimeter, CASTOR and TOTEM will be important
additions extending forward coverage

e Heavy-lon program is well integrated into the overall CMS Physics
Program

m Detector construction is very well advanced and we MUST work hard
to be ready for first beams (including pp)

m The extrapolations/predictions/modeling work must go on to be able
to connect expected RHIC and LHC results and learn new physics
from these comparisons
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