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The ATLAS detector

Electromagnetic Calorimeter
Stand-alone p-system Hadronic Calorimeter
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= Some striking features:
= Hermetic calorimeter |n|<4.9

Fine granularity and 3
longitudinal segmentations

(both in EM and hadronic)

,' ‘n < ﬁ\
Inner Detectors

Superconducting Coils for Silicon Pixels + a pre-sampler

Toroidal Field for p-spectrometer  Silicon Strips | 5146 |,-spectrometer |n|<2.7
Transition Radi

Silicon Tracker |n|<2.5






Central Pb-Pb collisions

= Simulation: HIJING+GEANT
dN./dn|...~ 3200 in central Pb-Pb

max

c.f. 1200 from RHIC log extrapol.
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= Large bulk of low p; particles 1s stopped 1n the first layer of the EM

calorimeter (60% of energy)
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Heavy quarkonia suppression

Original idea: color screening prevents various v, Y, y states to be formed

when T—T, the T to QGP (color screening length < size of resonance)
2 — | Modification of the potential
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ro
state JIY Xe bd T(1s) Xo 1(2s) Xp' 1(3s)
Mass [CeV}| 3096 | 3415 | 3686 | 946 | 9859 | 10023 | 10232 | 10.35
BE [Cev]| 0.64 02 0.05 11 067 | 054 | 031 02
Ta/Te 1.10 0.74 0.15 2.31 113 0.93 0.83 0.74

In fact: complex interplay between suppression and regeneration




Identical J/ap suppression at SPS and RHIC
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Whereas medium is expected
much denser and hotter at RHIC

Recent lattice data: Jhp may
surviveto T twice T, =>
only x. and ¥’ states are
dissolved at SPS and RHIC
(a lack of feed-down
contribution is observed)

Or: the recombination of cc
compensates the extra
suppression at RHIC

=> Crucial to go to higher energy (LHC) and to study the Y family



Upsilon reconstruction

Study the - in a full stmulation (GEANT-+reconstruction)

Upsilon family Y(1s) Y(25) Y(3s)
Mass (GeV) 9.460 10.023 10.355
Binding energies (GeV) 1.1 0.54 0.2

Dissociation at the temperature ~23T, ~09T, ~0.7T,

=>Important to separate Y(1s) and Y(2s)

= 1" u mass resolution is 460 MeV at Y peak in the u-spectrometer
=> uses combined info from p-spectrometer and ID (Pixels + Strips,
not yet from the Transition Radiation Tracker)



Strategies to measure quarkonia —u u-

“Combined pn”’= both u‘s are fully reconstructed in the u-spectrometer & ID

“Combined+tag”= at least one n is fully reconstructed, the other one
may be partially reconstructed (tag) inside |n|<2,
to increase statistics without loss of mass resolution at low p;.
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Additional way to increase acceptance is
to reduce the toroidal field of the u-
spectrometer, e.g. of a factor 2 , see CERN-
ATL-PHYS-PUB-2008-003 3
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Acceptance/efficiency for the Y
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Full p;coverage even if the p, of the muons >4 GeV



Mass resolution and acceptance for Y—=u*u-
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A compromise has to be found between acceptance and resolution
to clearly separate Y states with maximum statistics (e.g. || < 1.5)




Y—u*u reconstruction

combined+tag p+ >3 GeV
combined u| In| <1 | |n] <1.5] |n| <2.5
Acceptance [ 6.0% [10.8% | 23.2% For the full n range, we expect
xefficiency | 3.6% | 6.8% |[17.2% 35K Y—=u"u /month of 0.5 nb"!
Resolution [147 MeV|[162 MeV|182 MeV
Rate/month 21533 :Ilgggg ggﬁgg S/B ranges between 0.8 and 1
E sooi— +ﬂ++ I'Y]l <1
A s00| - t ATLAS Preliminary The Transition Radiation
gt Tracker has not been
g “°F considered for this study.
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Jp—=pu’

Acceptance/efficiency for the J/Ap:
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The full p; range of the J/ 1s not accessible for p*>3 GeV, but is
accessible for p* >1.5 GeV. Acceptance is forward and backward.



JA—=utu reconstruction
U

combined+tag

combined p p+>3 | pi*>1.5
Acceptance |0.075% | 0.785%
xefficiency 0.051% | 0.301%
Resolution 69 MeV| 81 MeV
S/B 0.4 0.15
0.5 0.2
S/N S+B 74 158
66 111
Rate/month 19000 | 192000
13000 | 74000

We expect 19K to 192K Jp—putu-
per month of 0.5 nb-1
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A low p; trigger is under study (worse backgr., better rate & significance).

Possibility of measuring . decaying into Jh.



Trigger/DAQ

For Pb-Pb collisions the interaction rate is 8 kHz,
a factor of 10 smaller than LVL 1 bandwidth (75 kHz).
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Bunch crossing T T
rate 40 MHz

LEVEL 1
TRIGGER

< 75 (100) kHz

Pipeline
memories

Derandomizers

| Readout drivers
(RODs)

Regions of Interest | |

LEVEL 2
TRIGGER

~ 1 kHz

Readout buffers
(ROBs)

Event builder

Full-event buffers
processor sub—farms

Data recording

EVENT FILTER
~200 Hz

The event size for a central collision is ~

LVL 1 di-u trigger can be based on ¢
information from u-trigger chambers for
a low p; cut (toroidal B bending is in 1),
and defines Regions of Interest.

LVL 2 & 3 are based on reconstruction
in the Regions of Interest.

Under study.

5 Mbytes.

Similar bandwidth to storage as pp implies ~ 50 Hz data recording.



Y—ete, JAp— efe

The Transition Radiation Tracker can be used fully if N_, is low enough
partially in central Pb+Pb

= as tracker:

simplest strateqgy for central Pb+Pb: keep the 2 first time steps (out of
13) of the drift tubes

=> occupancy of 30% as in pp
=> 4 to 6 additional hits for track reconstruction
=> improves mass resolution, reduces fake tracks
= as electron detector:
defines a road where to look for transition radiation to identify electrons
& get Y and Jhy— e*e-

A rejection factor of 30-100 against = can be achieved for an electron
efficiency of 50% if dN_, /dn|, ., =3200-1600 (ATL-PHYS-PUB-2008-003)

Scenario under evaluation



First di-muon candidate in Vs=900 GeV pp data?

GATLAS

.b_EXPERIMENT

2009-12-06, 08:25 CET
Run 141749, Event 133538

Collision Event with 2 Muon Candidates

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html




Summary

»Heavy quarkonia physics (suppression in dense matter) well accessible,
capability to measure and separate Y and Y,
to measure the Jhp, Y’ using a specially developed u tagging method,

and to reduce background from 1 and K to an acceptable level.

»A study of Y, Jhp — e*e-and of open heavy flavor production

are under way.

»>First Pb beams expected at the LHC this November with half energy

(Vsyy=2.76 TeV) and low luminosity (L . =2x10%5cm? s <=>160 Hz

max

instead of 10%” nominal) .
17



Extra slides:



Machine parameters for Hi running

208 Pb82+ — <=208 Pb82+

Parameter Nominal Early (2010)
Beam energy/nucleon [TeV] 2.76 1.38

Peak luminosity [cm2s1] 10%7 10%°-2 x 10%
No. of bunches 592 62

Bunch spacing [ns] 100 1350

Optics (B*) at IP1 0.55 3.0

No. of Pb ions per bunch 7 x 107 7 x 107
Luminosity half-time (3 expts)[h] 3 5.5

J. Jowett QM2008, http://arxiv.org/abs/0807.1397v1

(meeting 25.02.2010)




Heavy-ion physics programme

= Global variable meas

dN/dn dE/dn el

TAN region, z=140m,
on each side

azimuthal distribution:

= Jet measurement and

* Quarkonia suppressi

Y J¥ P B

" p- A phySiCS 2x4 modules of tungsten/quartz sandwich

= Ultra-Peripheral Collisions (UPC)
Idea: take full advantage of the large calorimeter and p-spectrometer

A Zero Degree Calorimeter 1s being added for trigger and UPC tagging




Atlas acceptance

Muon Spectrometer
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displaced

Open heavy flavors -~ =

vertex A
~ @
b by

B and D meson decays appear at secondary primary
vertices, determined by lifetime and Lorentz 7

boost. S !
f"‘ =

X

prompt tracks “z
Impact parameter resolution for E_ZSO__ Impact parameter resolution in Pb+Pb
reconstructed tracks from o 4 m<l oz
central Pb+Pb collisions: 200 - \ o ®orl,
A Preliminary
L A
=> semi-leptonic B, D decays BT ) -
and B-chain channel can be : . .
identified by displaced vertices 100 - . Y
via uu, possibly ue and ee ; . ¢
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