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Towards quantitative estimates

* Need to estimate significance and back rejection improvement expected in data (what
has been done is not from a MB MC sample)
* S,B = signal, background per event

* for a given set of cut
* ¢ = D% efficiency, from charm enriched sample -> from Correction Framework & Hybrid
approach (ongoing, feasible)
¢S = S/e per event

corrected

Too poor stat. analysed from the
MB sample

*Use the charm enriched sample
not trivial it's 1 > Not too big a bias since we

then scale to data
/S' Jata2010

ITSupg — EITSupg X Scorrected

* in many cases extrapolation, assumption
« eg.R,  below2 GeV/c
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Scaling factor for background

3 similar methods
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1) Fit the background in the mass plot
side bands with an exponential function
and then extrapolate to the DO mass
region to get the background amount.
Then get the ratio of data/MC

backgrounds

\ Invariant Mass Tight Cuts Signal ptbin=4 |

E PR
. M ww% *mwﬂ i MWM HW
o N Hm

Invariant Mass [GeV]

* Calculate the ratio data/MC bin by bin
and then

2) get the average

3) Fit with a straight line and get the
value at the DO mass
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Scaling factor for background

Data/MC Scaling factor for background

o
w

—— hBackScalExpo

o *Same results with the 3 methods,
— hBackScallLinRatio

Bask scaling fagor (data/MC)
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15 *Still have to think whether the
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° ° . ° °
Getting the signal: ingredients
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PbPbVs,,=2.76 TeV, 1.3x10 events, 4.0 < pf" <5.0 GeVlc
3005 Mean = 1.863 + 0.003
- 600 Sigma = 0.017 + 0.003
50— .§4on§— 4 **4;
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sof- — hSignifUp 800
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(almost done)

For current case: do not rely on fit to get
the background in the peak-> use MC sigma

— % & 8 10— |12 — 14| — 16
P, (GeV/c)
Scaled to 107 central even‘:\

Need to merge bin in 2<pt<4 GeV/c to get
proper info from measured spectrum

Signif(3x10° ev): ~5.5
In agreement with data
(with same set of cuts)
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Scaling to data performance

hSignifCur hSignifCur
120 Entries 5
B Mean 4.682
100 RMS 2.2
80—
- Procedure & code ready
60— Something to be fixed...
B Ongoing should be finalized by
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B from displaced DO

Started to write, figures on which I am working:
* comparison of prompt and secondary impact parameter in a given pt bin for
current and upgrade OK
* comparison of DO imp. par resolution in current and upgrade scenarios OK
* comparison of method performance to get the fraction of secondary DO

* will not done with the best possible performance ongoing

* should optimize the cut to reduce the fraction of prompt

* Should be feasible to get the text and preliminary figures ready by Friday but
probably more time will be required for final results  almost done
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0.2 DMeasurement of Beauty production via displaced DO

Most of the B meson decay channels includes a D?(D?) or a D*, BR(bpaa,. — DP°X) = 61.0+
3.1%, BR(bpadr. — D*X) = 17.3+2.0%, for B+ /B°/B°/b—baryon admixture [?]. According
to FONLL prediction [?], the ratio between DO from B decay and prompt DO increases with
transverse momentum from about 5% at p; &= 1GeV /e reaching 25% at py =~ 20GeV /e in
pp collisions at /s = 7 TeV. As depicted in Fig. 5, the kaon and pion tracks coming from
secondary DY decay are, on average. more displaced from the primary vertex than those
coming from a prompt DO decay, due to the relatively long lifetime of B mesons (e7 ~ 460 —

The impact parameter (dp) distribution for DY mesons can be described with the following
function:

Fa, = fpFaet(do) - (1 — fp) /FB () Faet (do — x)da . (1)

In the above formula, Fget represents the detector resolution function for D0 meson. and
describes the impact parameter distribution of primary D0, that is determined by the detector
resolution on the kaon and pion track positions and momenta. The integral term is the
convolution of the true impact parameter distribution function for secondary DY (F B)) with
Faet: 1t expresses the probability to reconstruct an impact parameter dg if the true impact
parameter (x) distribution is described by Fpg. fp is the fraction of primmary charm. By
properly modelling each term., Eq. 2 can be used to fit the impact parameter distribution of
the reconstructed candidate D and recover fp, treated as a fit parameter.

J
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B from displaced DO
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B from displaced DO
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* S/B much higher-> less problem from background subtraction: probably the main

point
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Extra
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2.2.2 DY meson reconstruction as a benchmark for detector per-
formance

Authors: A. Hoss:, 5. Moretto
As described in Section 77 and reference therein, ALICE measured the [} meson

Faa m Pb—Pb collisions at VENN = 2.76 TeV wvia the recontruction of the D% —
K—7t (BR=3.80%. er = 123 pm), ID*" — K-atxt (via D*t — D%, strong de-

cay, BR=67.7%). DT — K- o 7" (BR=9.4%, er = 312 pm) decay channels (see [?] for

* Motivations

* Current/Upgrade performance on cut variables (sec. vertex resolution in the
previous paragraph on the hybrid approach)

* Performance on signal extraction with current "standard cuts”

* Cut variation study to get the best performance achievable with the upgrade and
comparison of current/upgrade in the terms of the best achivable

* stat. error (significance)
* purity (S/B)
* efficiency (S)

13
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2.2.2 DY meson reconstruction as a benchmark for detector per-

formance

Authors: A. Hoss:, 5. Moretto

As described i Section 77 and reference therein. ALICE measured the [} meson

Fasn in Pb-Pb collisions at /snn = 2.76 TeV wvia the recontruction of the D" —
K—7t (BR=3.80%. er = 123 pm), ID*" — K-atxt (via D*t — D%, strong de-
cay, BR=67.7%). DT — K- 7 x" (BR=9.4%, er &= 312 pm) decay channels (see [?] for

16 CHAPTER 2. FHYSICS MOTIVATION
//'TII
’ pointing Jngl:fil}__mmw
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impact parameters ~100 1 m

Figure 2.16: Schematic view of the DY decay in the D" — K ~7+ channel.

the decay properties quoted). All analyses are based on the reconstruction and selection
of secondary vertex topologies with a few hundreds of microns separation from the pri-
mary vertex. Displaced tracks are selected and good alignment between the D meson
momentum and the flight-line connecting the primary and decay vertex is required (i.e.
small pointing angle, see the sketch of the D? decay in Fig. 2.16). The amount of D° and
D7t decaying in the selected channels is comparable because the larger DT — K ~wtr™
BR is balanced by the more copions D° production (a factor about 2.3 [?]). However,
despite the smaller lifetime, the two prong decay topology males the signal extraction
easier in the DY — K ~7t case than in the Dt — K~ 7wt case. The main reason is
related to the higher combinatorial background, which rises proportionally to N7 with
Ny the event multiplicity and 7y, the number of prongs. As shown in Fig. 2,16, due to
the relativistic boost, the pion and kaon tracks have an intrinsic impact parameter in
the transverse plane typically of the order of the D% or for sufficiently high D° transverse
momentum, thus can be identified as displaced tracks if the track resolution in the vicinity
of the vertex is of the order of tens of microns. The average pt of the decay tracks is lower
for DF than for D% hence, especially at low py, DV tracks are more affected by multiple
scattering effects. Therefore, the % — K~ x* decay channel was reconstructed in Ph—Pb
collisions in a wider pt range, 2 < p, < 12 GeV/c, and yielded the most precise Raa
measurement, with a statistical error of the order of 25% in the centrality range 0-20%.
The better signal extraction and the possibility to have a realistic reference of the per-
formance on real data, provide a more detailed understanding of the analysis and allows
for a more realistic study of the benefits that would come from an upgrade of the ITS.
Therefore, the D% case can be considered as a benchmark for all the I meson analyses.
In what follows a comparison of the performance achievable in Pb-Pb collisions with the
current ITS and the upgrade scenarios described in Section 77 is presented. The hyrbid
simulation approach described in Section 77 was used to account for the ITS track
position and momentum resolutions for different upgrade scenarios. The precision on the
measurement of DY production performed with 2010 Ph—Ph data has been considered as
a reference: in central (0-20%) events the statistical significance was of the order of 8-10
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in the 2 < p < 12 GeV/c, depending on the py, and the statistical error (that can be es-
timated also as the mverse of the statistical significance) was at the level of 10-15%. The
main eut variables used to extract the D signal are the product of decay track impact pa-
rameters, the cosine of the pomting angle and the decay length. These last two variables
are calculated also in the transverse plane only, to improve the separation between signal
and background profiting of the better resclution in the r¢ plane with respect to the =
coordinate (see Figure 7). For the background, composed mainly by pair of primary
tracks, the distribution of the product of decay track impact parameters 1s symmetric
and peaks at 0, the width being determined by the detector impact parameter resclution.
For the I meson signal, the distribution 1s asymmetric because the displacement of the
secondary vertex induces a large tail at negative values of the product. The cosine of the
pointing angle is peaked towards 1 for signal candidates, while it has a fatter distribution
for the background. The decay length distribution of reconstructed D% meson is the con-
volution of the true decay length distribution and a resclution term, which characterizes
the background distribution. The narrower the background distribution is, the better
the signal and background shapes can be distinguished. An improved detector resolution
would prowvide a better separation between signal and background. thus the possibility to
reject more background and release the cuts in order to keep more signal, increasing the
selection efficiency. Generally, this also allows to reduce the systematic uncertainties aris-
ing from a not fully precise description of the detector properties (includmg alignment)
and performance (e.g. vertex and track reconstruction precision). Add a figure with
the comparison of signal and background distribution for some wvariable, for
example the product of impact parameters.

A companson of the sgnal over backround ratio and of the statistical significance
obtained with the current I'TS and in the upgrade scenario 1.. here we should call
it is reported in Figure 2.20. The signal was obtained by multiplying the 0" spectrum
measured with the 2010 run data by the efficiency calculated from the smulation. In the
Monte Carlo sample, the background shape and abundance do not reproduce realistically
those observed in data. Therefore, the background in the D" mass peak region ohserved
in the simulation was scaled in order to match the background level measured in the 2010
Fb-Fb data. The comparison of the efficiencies in the current and upgrade scenarios,
displayed in Figure 2.21, shows that almost the same signal 1s selected in the two cases
for p > 2 GeVjiec. Conversely, the background rejection improves by a factor 6 for
p = 2 GeV/e and, consequently, the smgmficance, normalized to the square root of the
number of events, improves by a factor 2.

HERE SIGNIFICANCE STUDY AND ALSO USE OF Z COORDINATE
IN THE FUTURE For the ahove comparison the selection used for measuring the D°
Rp s in 2010 was applied to the D° eandidates in both the current and upgrade scenarios.
The better separation between background and signal 1n the upgrade case allows to vary
the values of the applied cuts in order to further merease:

e the statistical significance, thus reducing the statistical error,

14



A.Rossi ITS upgrade meeting, 05/09/2011

| .
dyod, distribution (vix wio these tracks) d<d, distribution (vix w/o these tracks)
F------ Background F----- Background
—— signal . r— Signal
10'e f 107
E 1.0p <2.0 Gallic = 4.0.p <5.0 Galc
Current.
102

10°

oo ben b b b b Lol v 1o L |||II|||I|||I|||I ||II|..I“|:['H{|H 10

-1 08-06-04-02 0 0.2 0.4 0.6 0.8 1 -1 -08-06-04-02 0 02 04 0.6 0.8 1
dydl,fem?] dpe<d [em’]

TTTTHH

Figure 2.17: Products of the daughter impact parameters for background and signal
candidates in the current configuration in two different p; ranges. More details in the

text.
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Figure 2.18: Products of the daughter impact parameters for background and signal
candidates 1n the upgrade configuration in two different p, ranges. More details in the )
text.
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2.2, PHYSICS PERFORMANCE STUDIES FOR THE ITS UPGRADE 19
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Figure 2.19: Comparisons of the products of the daughter impact parameters in the
current and upgrade configurations for the signal(left) nad background (right)candidates
in the py range 1 < py < 2 GeV /e, More details in the text.

- - B _1al purity and the capability of
“tagoing” DY mesons, desirable for correlation studies,

e the signal amount, thus the efficiency, providing a better control of the systematic
errors.

A scan of the cut values used was performed to look for the set of cuts optimizing the
performances on the signal over background, significance and selected signal per event.
The cut on the product of the impact parameter was varied between ggg and cce while
that on the cosine of the pointing angle was wvaried between ggg and ccc. The cut
values used for other variables were fixed to the same considered for the analyses shown
above. Figure 77 shows on the left panel the values of the significance obtained for each
combination of the dUxd0 and cospoitning angle value with the current I'T'S scenario in
the p; range ptmin < py < ptmax. The results for the upgrade scenario are shown in the
right panel.

The D Raa reported in Figure ?7? is quite flat in the p, interval 5 < p, < 12 GeV/e,
increases at lower py values. The comparison with the pion FRaa suggests that, at low
pt the DP is less suppresed, even if the Ras are compatible within the systematic errors,
which are quite large. As described in Section 77?7, many models describing the radiative
energy loss of high energetic partons traversing the QGP medium predicted a pattern
Ras(plon)< Raa(D) < Raa(B), induced by both the different coupling (Casimir factor)
of the gluons and quarks to the gluons in the medium and by the suppression of the
radiation at small angle with respect to the parton momentum for massive quarks (dead-
cone etfects). A higher precision (should quantify) and a lower pi-reach on the FHaa
measurement would allow to better test these predictions. The low-p, region is also more
affected by cold nuclear matter effects, like nuclear shadowing. Measuring the D° Raq
down to py = 0 would allow to compute the total cross-section for charm production in
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Figure 2.20: Comparison of the signal over background ratio (left) and significance (right)
obtained for the current and upgrade I'TS (scenario 1). More details in the text.
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Figure 2.22: Left: comparison between the Invariant mass distributions of DY candidates
obtained for 2 < p; > 4 GeV /e obtained from the analysis of ~ 3 x 10° central (0—-20%)
Pb—Pb events at ,/syy = 2.76 TeV with the current and upgrade scenarios.

obtained from the MC sample described above in the current and upgrade I'TS scenarios
for 2 < p, <= 4 GeV /e, By scaling to the current performance on data, the improvement
achievable with the upgrade of the ITS can be quantify in a factor 00000 . In the pt
range 0 < py < 2 GeV /e (right panel) the background rejection improves by a factor 25
allowing the extraction of a clear D" signal (significance=9) that cannot be seen with the
current I'TS.
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