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Physics Pregiran Using lons

mA+A: Study of hot nuclear matter
erestoration of QCD symmetries
edeconfinement

e properties of quark-gluon plasma

mp+A: Study of cold nuclear matter
e better understanding of A initial state
enuclear structure functions: large Q% small x
ereference for A+A data and theory interpretation
mNote: ion physics is largely “data driven”: the

theoretical models need verification by varying
lon species, energies etc.
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The Physies [Landscape:

Pb+Pb Collisions SPS->RHIC->LHC

SPS(17) RHIC(200) LHC(5500)
dN.p/ dh 350 700 3000-8000 ?
e [GeV /fm?] ~25 =35-75 =~=15—40
(to =1 fm/c) 1 2 10
Vi [fm?] ~ 107 ~ 7% 10? ~ 2% 10*
1 [ 20
TQGP [fm/c] et 1 1.5—4 4-10
1 3 7
T0 = 1 =~ 0.5 < 0.2
TQGP/T“ 1 6 > 30
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A Compact Muoen; Selenoid for LHC:

A Multipurpoese detector
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Total Weight : 14,500 t.
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CMS as a Heavy/llen Experiment

-Excellent detector for high p; probes:

e Rates and cross sections
¢ quarkonia
¢ jet production
¢ high energy photons
L YA

e Correlated measurements
¢jet-g
@ jet-Z0
& multi jets
m“global” quantities
e Energy flow, including very forward region
e Charged Multiplicity

e Centrality Determination
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2 1| Experimental ASSEts for Heavy lons

mlLarge coverage, high granularity calorimeters
mlarge acceptance muon detector

mPixel detectors

mSilicon Tracker (evaluation in progress...)
mHigh rate data acquisition

mDetector additions to fully exploit heavy ion
capabilities:
e Zero Degree Calorimeter
e Forward calorimeter: “CASTOR”

* *
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Suppression of quarkonia
production has been
advocated as a signal of
deconfinement

J/ly suppression observed
by NA5O at SPS, a “trigger”
for CMS HI program

Major part of RHIC program:
results on J/y expected
shortly (QM20027)

At LHC we will be able to
measure production of
different quarkonium states,
ratio j '/ | as afunction of
Et, pt, y, centrality

NAS5Q Collaboration, CERN
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Quarkonia Cress Section at LHC

L Quarkonla Cross sections
e estimated for minimum bias collisions

escaling » A%22 with a=0.90 for J/y and a= 0.95 for j
(approx scaling with number of nucleon pairs: binary)

Pb Sn Kr Ar

Jly ® 2m(mb) 60 23 12 3.5

i (1S) ® 2m(nb) 380 137 72 19
y(Vy = 2% |(V| 0.47 2/| 0.25
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Quarkonia in CMS

J/y i family
I Yield/month (kevents, 50% eff)
[ o Nominal luminosity for each ion
0 Species
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J/y

i family

min.bigs barrel+endcops low multiplicity
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min.blos barrel+endcops low multiplicity

" Pb

ok
dNi/dn=25DD 10’k Sn dN~— /dn=1200

i R 0
) 2.5 10 185 11

Opposite sign dimuon invariant mass (GeV/c?)

Need statistics to do systematic studies: p., centrality, energy

. Also, compare to pA .
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1. Subtract average pileup
2. Find jets with sliding window

jet

3. Build a cone around E;M2%

4. Recalculate pileup outside
the cone

5. Recalculate jet energy

Efficiency:
>90% for jets with
« Et> 50 GeV in Ar-Ar

. E;r>100 GeV in Pb-Pb

efficiency to find

0.

Resolution:
G(ET)/ET ~19 %
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Jet reconstruction

m Ar—Ar central ¢ollision

® Pb-Pb centraf colligion
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Jet quenching —
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j/]jj ratio

Partons traversing
dense matter
(QGP)

lose their energy

Jets are softer by
AE ~ 10 GeV

1 One of 2 jets from

€9. 99— 99
may not cross

‘4 the threshold Et

Monojet / dijet rate
ratio measures

s 500 dE/dX for gluons
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Balancing Photens and Jets: Energy loss for

guarks
> 180 1
O 5o | 2 weeks at — <E>=0GeV
< oY » <E>=4 GeV
.?’_, 140 - L:1027 Cm'23'1 = - m <E>=8 GeV

mE;,, »~120 GeVin é : B Background
thTJthb%:rreI [ 129 - #

m 1 month + 100 L .
e 900 events for I
Pb-Pb 80 - |

m Example of a i # 1
process where 60 #I#l#ﬁ +
large acceptance » *#

Is essential 40
Jet+Z0 also possible 70
100-200 events per
month O S 20 40
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Z2 production

Z%-mmcan be _
reconstructed with
high efficiency

A probe to study
nuclear shadowing
Iand parton energy
0SS

Z%also proposed as
reference to j
production.

e Nuclear effects
may depend on
mass Z>I\/Ii

Different
production
mechanisms:

¢ Z,: antiquark-quark,
guark-gluon and
antiquark-gluon.

¢ i : gluon-gluon.
~10% events/month
(full CMS coverage)
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Jet Fragmentation; Effect of Nuclear

Matter on Jet Structure

m Find jets using calorimetry
m Study charged particle momenta inside of a jet using the tracker

m For this study use 4-5 outer layers of the tracker (use
conservative resolution obtained in pp studies: AA plausible

with low occupancy in outer layers)

p_T of Charged Particles in Jets with Various E_ T

| Jet 30<Et<50 GeV | | Jet 50<Et<80 GeV | | Jet 80<Et<120 GeV | | Jet 120<Et<170 GeV |
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Similar analysis
can be done with p°
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m Fast algorithms: 3 ns
with coarse local data

m Only Calorimetry and
Muon Detectors

Special purpose
hardware (ASICS)

Centrality with ECAL,
HCAL (including HF)

ZDC for minbias.

Trigger on e, m jets,
Missing E,. Rates
steep function of p-
thresholds

A+A higher
backgrounds
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AA Event Size & Data Flow

Detector # Channels
(1000)
Pixel 45,000
Si Tracker 12,000
ECAL 230
HCAL 14
Muon Det. 400
Total 57,644

Assuming 100 MB/s
~40 Hz Pb+Pb to tape

limited by mass storage

dominated by tracker
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High Rate Capakilities: High Level

Trigger (HLT)

mAll event data available:

e Final data for Calorimetry
and Muon Detectors

e Tracker
mRefine triggered object
mAllows to go lower in p+
| mProcessing time O(s)

mFiltering Farms of
commodity processors
(Linux)

HLT Can analyze large fraction of AA
events: great opportunity
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Collisions
- L1 Trigger Output
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| HC LList of Possibilities

mPb+Pb at highest energy, maximum luminosity

enew territory: complete physics program of CMS
¢ systematic studies of all processes
¢ centrality dependence (number of participants)
¢ dependence on kinematics: p;, rapidity

mA+A (lighter ions)

edependence of nuclear effects on the number of
participants

¢ higher luminosity, high statistics for small number of participants
¢ systematic check of all the processes

mp+A (or d+A)
enuclear structure functions, “cold nuclear matter”
ereference for A+A

mVarying beam energies for p+p, p+A, A+A

eimportant check of systematics, scaling of processes
with energy

* *
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CMS Planning Assumptions

- weeks/year for heavy ions, 4 weeks/year of
clean run for physics

e practically no hardware changes needed in CMS to
switch from pp to non-pp

¢ Change to trigger software
¢ Adjustment of gains and thresholds, timing (software)

mCMS Is most interested in high p; measurements
requiring long stable runs

eassume one set of conditions/year, always running at
maximum luminosity

e possible exception: early “engineering run” with ions

mStatistics limited measurements:
equarkonia
ehigh p; jets
CYA
e jet-gjet-Z° correlations

* *
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= Specific Wishes, 5 Year Plan

mYear 1. Pb+Pb, max energy, max luminosity
mYear 2. Pb+Pb, max energy, max luminosity
mYear 3-5: less clear, may be influenced by results
from years 1-2, present thinking, prioritized:
epA or dA, ideally at energies corresponding to A+A
elLight lons
ep+p d+d, p+A d+A Pb+Pb at lower energies

mEventually we want all of the above, the question
IS In what sequence: physics driven

mEach run should maximize available luminosity
given accelerator restrictions (e.g. lower energy
may mean lower luminosity)

* *
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Conclusions

mCMS is planning arich physics program using
heavy ion capabilities of the LHC

mhe high rate capabilities and large acceptance
make CMS an excellent detector for high p-
phenomena

mCMS can use highest luminosities available at
LHC both in A+A and p+A mode

m\We need to work closely with the accelerator
group to optimize luminosity vs. physics goals

* *
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