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Figure 2: Ratio of isolated prompt photon production rates for|! " | < 1.3 in pp collisions between
!

sNN = 5.5 TeV and
!

sNN = 2.76 TeV as a function of photon transverse momentum,pT
" . The photon

rates were calculated using JETPHOX [41] with CTEQ 6.6 parton distribution functions.

Ð Complete replacement of the ATLAS inner detector with silicon pixel and strip detector with
substantially reduced material budget and, thus, less multiple scattering, conversions, and
bremsstrahlung.

Ð Goal: achieve current tracking e! ciency and momentum resolution with 150 collisions per
crossing over|! | < 2.5.

The IBL and Phase 1 upgrade are expected to provide signiÞcant beneÞts for the heavy ion physics
program by providing better charged particle tracking in high-multiplicity events, improving b-tagging
of jets, and by providing more selective photon, electron, and muon triggers. In particular, the ability to
reconstruct full events with the FTK will facilitate trigger algorithms that require inner detector tracks
which are currently not available for most Pb+Pb collisions due to the long processing time required for
reconstruction of the high-multiplicity events.

The ATLAS phase 2 inner detector upgrade should provide further substantial beneÞts to the heavy
ion physics program. The reduction of material and improved high-multiplicity performance of the in-
ner detector will yield beneÞts for all Pb+Pb measurements by improving pattern recognition in Pb+Pb
events, reducing multiple scattering, and reducing rates for photon conversion and electron bremsstrahlung.
The reduced multiple scattering should signiÞcantly improve the# mass resolution and provide better
separation between the three# states. Measurements using" -jet andZ-jet events beneÞt from better
photon and electron e! ciency and improved background rejection.

3.3 Currently planned heavy ion program prior to the third long shutdown

In the 2010 and 2011 heavy ion runs, ATLAS collected an integrated luminosity of 0.14 nb" 1 for Pb+Pb
collisions at

!
sNN = 2.76 TeV. As discussed in Sec. 3.1, the total integrated luminosity expected for

!
sNN = 5.5 TeV Pb+Pb collisions for the period preceding the third long shutdown is conservatively

estimated to be 1 nb" 1, a factor of# 6 higher than the currently available data. The factor of two
increase in

!
sNN will increase rates for many of the high-pT processes of interest and further improve

the statistical precision of the measurements. Figure 2 shows the ratio of isolated prompt photon cross-
sections inpp collisions between

!
sNN = 5.5 TeV and

!
sNN = 2.76 TeV calculated using JETPHOX

[41]. Neglecting di" erences between proton and nuclear parton distribution functions, the results in the
Þgure represent the expected enhancement factor for per-event isolated prompt photon rates in Pb+Pb

7
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Figure 3: Comparison of HIJING+PYTHIA Monte Carlo ! -jet xJ distributions corresponding to
0.14 nb−1 of Pb+Pb collisions at

√
sNN = 2.76 TeV (black) and 1 nb−1 at

√
sNN = 5.5 TeV (red)

for pT
! > 70 GeV (left) andpT

! > 100 GeV (right). Distributions are shown for reconstructed
R = 0.2 jet xJ in the most central 10% Pb+Pb collisions and for conservative kinematic selections:
pT

jet > 30 GeV,|" ! | < 1.3, |" jet| < 2.1 and! #! −jet > 7$/8. ThexJ distributions are shown over the
rangexJ > pT

jet
min/pT

!
min, wherepT

jet
min and pT

!
min are the minimum jet and photonpT values, to

avoid partially populated bins.

collisions due to the increase in collision energy. That factor varies from∼ 2.4 at pT
! = 30 GeV to∼ 6

for pT
! > 200 GeV. Combined with the increase in total luminosity, the results in Fig. 2 imply a factor

of ∼ 16− 40 increase in isolated prompt photon and! -jet yields for the period prior to the third long
shutdown.

Figure 3 demonstrates the consequences of the improved statistics on! -jet measurements in ATLAS.
The Þgure shows results of Monte Carlo calculations of the reconstructedxJ ≡ pT

jet/pT
! distribution for

isolated photon - jet pairs in the 10% most central Pb+Pb collisions, for the number of pairs expected
for 0.14 nb−1 of

√
sNN = 2.76 TeV (black) statistics and for 1 nb−1 of

√
sNN = 5.5 TeV Pb+Pb collisions

(red). The distributions are shown forpT
! > 70 GeV(left) andpT

! > 100 GeV (right). The Monte
Carlo calculations were obtained by overlaying GEANT [42] simulated PYTHIA [43]! -jet and GEANT
simulated Pb+Pb events generated using the HIJING [44] event generator run with jet quenching disabled
1. The distributions in Fig. 3 do not include the e" ects of jet quenching observed in the Þrst Pb+Pb! -jet
measurements [45] which stretch the distributions to smallerxJ values. With the available 2.76 TeV
data, the statistical uncertainties on thexJ distributions even with the lowerpT

! threshold of 70 GeV are
too large to allow information to be extracted from the shapes of the distributions, though the meanxJ

provides some sensitivity to jet quenching [45]. However, the improved statistics for 5.5 TeV provides
! -jet xJ distributions whose shapes are statistically signiÞcant and which should provide stringent tests
of theoretical descriptions of jet quenching. The increased statistics also makes feasible the use of higher
pT

! thresholds, as demonstrated in the right-hand panel of Fig. 3. The higherpT
! threshold extends the

xJ distribution to smaller values where the e" ects of jet quenching are most pronounced.
A similar evaluation of the consequences of improved statistics is shown forZ-jet measurements in

Fig. 4 for two thresholds onpT
Z, pT

Z > 60 GeV (left) andpT
Z > 100 GeV (right). The two panels show

PYTHIA+HIJING Monte Carlo distributions of reconstructedxJ = pT
jet/pT

Z for Z-jet pairs for a number
of counts consistent with the currently available data for the 10% most central collisions (black) and for a
factor of ten (blue) and thirty (red) increase in statistics. Since the increase inZ-jet rate between 2.76 TeV

1The jet quenching implemented in version 1 of HIJING is generally considered to be unrealistic and therefore not useful
for predicting jet quenching e" ects.
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Figure 4: Comparison of HIJING+PYTHIA Monte CarloZ-jet xJ = pT
jet/ pT

Z distributions for current
statistics obtained from 0.14 nb! 1 of Pb+Pb collisions at

"
sNN = 2.76 TeV and 10# and 30# current

statistics forpT
Z > 60 GeV (left) andpT

Z > 100 GeV (right). Distributions are shown for R= 0.2 jets
with pT

jet > 25 GeV and|! jet| < 2.1. ThexJ distributions are shown over the rangexJ > pT
jet

min/ pT
Z

min,
wherepT

jet
min andpT

Z
min are the minimum jet and ZpT values, to avoid partially populated bins.

and 5.5 TeV should be greater than in the case of the photons, the factor of thirty increase is likely to be
more relevant. As in the case of the" -jet measurements, an order of magnitude or more increase inZ-jet
statistics radically changes the quality of the measurements. Currently apT

Z > 60 GeV measurement
is statistically marginal and apT

Z > 100 GeV measurement is not practical. With improved statistics,
the shapes of thexJ distributions for both thresholds become statistically signiÞcant. The number of
counts for thepT

Z > 100 GeV bin is comparable to the statistics in the ATLAS dijet asymmetry paper
for the 10% most central collisions. Since that data has already been used for detailed tests of theoretical
descriptions of jet quenching at the LHC [46, 47], thepT

Z > 100 GeV measurement in 1 nb! 1 of Pb+Pb
collisions at 5.5 TeV should have su! cient statistical precision to constrain jet quenching calculations Ð
but with the advantage that theZ provides a precise reference for evaluating the quenching of the balance
jet.

3.4 Heavy ion program at higher luminosity

Even with the increased statistics for high-pT Þnal states that would be provided by 1 nb! 1 of 5.5 TeV
Pb+Pb data, potentially important measurements will likely remain statistically limited. A few examples
of such measurements related to jet quenching are:

• Jet fragmentation in" -jet andZ-jet events

• " /Z ! b jet

• " /Z-multi-jet

• " $-jet measurements with" $ mass o" theZ resonance

The inclusive" -jet andZ-jet measurements provide both improved precision and a measurement of
mostly quark-jet fragmentation functions (FFs). Such measurements combined with inclusive jet frag-
mentation measurements could show di" erences in the e" ects of jet quenching on quark and gluon FFs.
The " /Z ! b jet measurements provide the same advantages as inclusive" -jet or Z-jet measurements,
but for b jets. The" /Z-multi-jet events will allow a study of the interaction between the hard virtuality
evolution and the QGP modiÞcations of a parton shower with well-deÞned parton shower kinematics.
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Figure 2.12: ! c ! pK" ! +
in Pb–Pb collisions at

#
sNN = 5.5 TeV: signal-to-background ratio (left panel) and

significance per event (right panel) for current and upgraded ITS with 0.3% x/ X0 layer thickness. The results are

shown for 0–5% central collisions and peripheral (70–80%) collisions.
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Figure 2.13: Comparison of statistical precision for different cases of ITS performance and integrated luminosity:

current and upgraded ITS; “high-rate upgrade”, i.e. 50 kHz readout rate that provides 10 nb
" 1

; “no high-rate

upgrade”, i.e. 500 Hz readout rate that provides 0.1 nb
" 1

.

“high-rate” scenario, instead, ! c production is measurable down to a transverse momentum of 2 GeV/ c
in central collisions. In addition, a measurement of the ! c elliptic flow is feasible for pt > 4 GeV/ c in

semi-central collisions (e.g. 30–50%) and for pt > 2 GeV/ c in peripheral collisions (e.g. 60–80%) [?].

The signal-over-background ratio is expected to be very small ($ 10
" 4

in 2–4 GeV/ c). Therefore, the

signal yield extraction from the invariant mass distributions will require a dedicated strategy to minimize

the systematic effects from background fluctuations and correlated backgrounds. This aspect is discussed

in detail in the ITS Upgrade CDR v1 [?]. In the following, a summary of this study is reported.
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captures the trend and magnitude of the! / K0

S ratio (see Þgure2.4). The pp expectation from the PYTHIA 6.4.21
generator [10] is also shown.

Thev2 extraction can be perfomed using the raw signal yields in two large intervals of azimuthal angle#
with respect to the Event Plane (EP) direction" EP, determined for each collision [36]: [" ! / 4 < ## <
! / 4] # [3! / 4 < ## < 5! / 4] (in-plane) and[! / 4 < ## < 3! / 4] # [5! / 4 < ## < 7! / 4] (out-of-plane).
Given the in-plane and out-of-plane yields,Nin andNout, one hasv2 = ( ! / 4) á(Nin " Nout)/ (Nin + Nout).
In order to measure separatelyv2 for prompt (charm) and secondary (beauty)D mesons, the prompt
fraction will be determined for the in-plane and out-of-plane signal using theD0 impact parameter Þt, as
described in section2.1.1.1.

We have estimated the statistical uncertainties onv2 considering that the relative statististial uncertainties
onNin andNout are

!
2/ (1± v2) times larger, respectively, than those on the total raw yield and assuming

v2(pt) for prompt and secondaryD mesons as in the predictions of the BAMPS model [2], shown in the
top-right panel of Þgure2.2 (the v2 for non-promptJ/ $ is used forD0 from B decays). The resulting
statitistical uncertainties are reported in Þgure2.16for 1.7á1010 events in the 30Ð50% centrality class,
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Figure 2.29: Estimated statistical uncertainties onv2 of prompt and secondaryD 0 mesons
in the no high-rate (left) and high-rate (right) scenarios for PbÐPb collisions in the cen-
trality range 30Ð50%.

statistical uncertainties onNin and Nout are
!

2/ (1 ± v2) times larger, respectively, than
those on the total raw yield and assumingv2(pt ) for prompt and secondaryD mesons
as in the predictions of the BAMPS model [2], shown in the top-right panel of Þgure2.2
(the v2 for non-prompt J/ ! is used forD 0 from B decays). The resulting statistical
uncertainties are reported in Þgure2.29for 1.7á1010 events in the 30Ð50% centrality class,
which correspond to 10 nb! 1, and for 1.7 á108 events, which correspond to 0.1 nb! 1 (no
high-ratescenario). The systematic uncertainties can be expected to be rather small, since
most of them are common for theNin and Nout raw yields and cancel in thev2 ratio. A
detailed estimation is being carried out.

2.3.5 Charm baryons: ! c ! pK " " + as a benchmark case

The physics motivation for the measurement of charm baryon production was discussed
in the Þrst part of this chapter. The most promising measurement is the decay of the
! +

c in three charged prongs (p, K ! , and " + ) with a B.R. of about 5.0% [39]. In order to
identify the decay vertex, a very high resolution is needed, owing to the short mean proper
decay length of the! c, c# # 60 µm [39]. Therefore, an improvement of the resolution
would allow a much cleaner separation of its decay point (the secondary vertex) from the
interaction point (primary vertex) with respect to the current ITS.

The decay channel of! c ! pK ! " + is studied by analyzing the invariant mass of
fully-reconstructed three-prong decays, selected by applying topological cuts and particle
identiÞcation criteria, namely the proton and kaon identiÞcation using the TPC and
TOF information. As for the D 0 case, our simulation study used theHybrid approach
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