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Abstract

The observation potential of the B — K*0y and BY — ¢v decays with the ATLAS
detector at the LHC is described in this paper. Radiative B decays involve b — s or
b — d transitions which occur only at loop-level in the Standard-Model (SM) where they
are sensitive to the CKM matrix elements V4| and |Vi4|. They come with small branching
ratios and provide a probe of indirect new physics effects.

This paper shows the feasibility of a radiative B decays trigger in ATLAS. This study is
based on a simulation of the ATLAS detector response at 2 x 1023cm™2s~! luminosity. We
show that for one year about 10000 BY — K*%y and 3300 B? — ¢~ events can be selected
by trigger, and that the signal to background ratio can be improved from 10~7 before LVL1
to about 1072 after LVL2 and event filter. Because the online reconstruction tools were not
available, the trigger analysis were emulated using the offline software.



1 Introduction

Flavor-changing neutral-current involving b — s or b — d transitions occur only at loop-level in
the Standard-Model (SM). Therefore they come with small branching ratios and thus provide a
probe of indirect new physics effects.

Radiative B decays, like Bg — K*%y and BY — ¢, are the most ”frequent” rare B channels.
Within the SM, these decays are sensitive to the CKM matrix elements |V;s| and |V;4|. Moreover,
it has been shown ([1],[2]) that new physics contributions could enhance largely CP or isospin
violation in this sector.

Since the first observation of By — K* in 1993 [3], inclusive and exclusive measurements
of radiative B at LEP and B factories provided new informations about branching ratios, CP
and isospin asymmetries. However, precise asymmetries measurement still suffer from large
experimental uncertainties [4], and By sector will remain inaccessible to BaBar or BELLE.

LHC will provide high statistics in all the rare B decays area, but the background will also
largely increase.

This note shows that a radiative B decays trigger is feasible in ATLAS. This study is based
on a simulation of the ATLAS detector response at low luminosity of 2 x 1033cm™2s~!. The
online selection scheme is described in section 3. In section 4, a preliminary significance estimate
shows that we will be able to observe clearly B — ¢y and Bg — K* after only one year at
low luminosity at ATLAS.

2 Data samples

The Monte Carlo events that have been used in this study are described in table 1. These events
have been produced within the Data-Challenges framework: DC1 [5]. Pythia 6.2 [6] interfaced
with PythiaBModule [7] has been used at the generation level.

Generation Simulation Reconstruction
Process Stat. Release Stat. Release Stat.  Release
bb — pgX + Pile — Up 40000 7.0.2
By — Ki?K+7r_fy 30000 7.5.0 30000 @ 6.0.2 30000 7.0.2
By — ¢_g+g-7 30000 7.5.0 30000 @ 6.0.2 15000 7.0.2

Table 1: Data samples produced for the study.

The Initial Layout geometry [9] was used at the simulation level and the pile-up at low
luminosity was added to the background sample. The electronic noise was taken into account
in the calorimeter at the reconstruction level.

2.1 Signal generation

At the generation level, b-quark pairs were produced in pp-collisions at /s = 14 TeV either
directly via the lowest order process, or via gluon splitting or flavor excitation. Only events
passing the ATLAS trigger LVL1 requirements for B hadrons (a muon with a pp > 6 GeV/c
and |n| < 2.5) were retained’.

A decay model [10], taking into account the non-uniform angular distributions of the ¢ and
the K*0 decay products, was developed and interfaced with Pythia in order to produce the

!Throughout this paper, the symbol pr is used for the transverse momentum, computed in the laboratory
frame, with respect to the beam direction, and 7 for the pseudorapidity.



signal events (for more information, see [11]). Only events with K*O decaying to K7~ and ¢
decaying to KK~ were considered in our study.

A full GEANT3-based modelization of the ATLAS detector was used for the simulation.
Pile-up was not included in the signal events.

As the muon chambers were not included at the reconstruction level, LVL1 trigger muon has
been selected using the MC truth. The results presented throughout this paper assume a 85%
identification efficiency for the muon.

2.2 Background definition

The generic background is constituted by pp — ugX events. The composition of this process is
given in table 2. All background cross sections in table 2 are related only to the events in which
muon passed a sharp pyr > 6 GeV/c cut. This approximation is relevant to the situation after
LVL2 muon reconstruction. The situation after LVL1 is discussed in the section 3.1. Secondary
muons, coming from pions and kaons decays, are constituting the majority of the events (about
60%). Prompt muons, coming from b or ¢ quarks decays, come with a proportion of 25% and
12% respectively. According to earlier study [9], combining the inner detector and muon system
information, about 78% of the secondary muons can be rejected at the beginning of LVL2.

Process Cross-section (in pbarn)
pp — bb — X 2.3
pp — € — ugX 1.1
pp — (K, m) — peX 5.4

Table 2: Generic pp — ugX background composition (pr(u) > 6 GeV/c)[9].

As pp — c¢ — ugX events were not yet produced, they have been included to the pp —
bb — X cross-section. The secondary muons effect was also taken into account artificially by
adding 20% of their global cross-section (the proportion of secondary muons passing the LVL2
muon confirmation) to bb’s ones.

Finally, only pp — bb — ugX events have been produced. However, in order to take into
account the other effects, the background cross-section within ATLAS LVL1 acceptance, oy,
has been overestimated as follows:

opg = 0(pp — bb — peX)+o(pp — cc — pX)+0.20(pp — (K, 7) — pX) = 4.5 pbarn. (2.1)

However, as each contribution will be quite well identified at the end of the online selection,
we could reasonably consider this value as a pessimistic upper limit.

2.3 Irreducible background

Irreducible background is constituted by the decays which are kinematically very close to the
signal. Their branching fractions are comparable to the signal one, consequently they are not
taken into account in the general background sample. For By — K*v these background modes
are the following: By — K*°n°, B, — K*~, By — pv and By — Kf0(1270)'y.

As shown in table 3, all these modes have production rates which are at least 10 times
smaller than By — K*v. For example, the B; — K*97% experimental branching fraction limit
is Br(By — K*'7Y) < 3.6 x 1076 [12].

In addition, further cuts can be applied in order to improve this limit (for example /7"
separation in By — K*070 case).

A complete analysis of the different modes is found in [13]. It justifies the fact that we only
use the generic bb — pgX sample for the background study at trigger level.



stgnal

Decay channel Problem prod

N

By — K*70 7/~ identification > 10
B, — K™ B/ By identification > 40
By — py p/K*0 identification > 10

By — K;°(1270)y  K;°/K*0 identification > 25

Table 3: Summary of the specific background channels for By — K*0.

We have presented the B; — K*Y~ case only, but it is straightforward to extend this analysis
to By — ¢7y. Moreover, only Bq — ¢+ and Bs — ¢7°? have to be considered in this case.

2.4 Cross section and event rate

The bb cross section within ATLAS LVL1 acceptance has been estimated by Pythia:

g—)ythia = o(pp — bb — peX) = 2.3 pbarn [14].
For the signal, we get:
bz = (maatev) ~ { §TAE B - K00n)x B0 — a)
=1 Br(K* — Ktr™) =2
89

2.
The B meson is forced to decay to B — K*°(¢)y. For this reason we have Br(B —
K*9(¢)7y) = 1. The values obtained with Pythia are the following:

~—

Pythia { 0.147 pub for By — K*0y (2.3)

signal — 0.036 ,ub for Bs — QZ)’Y

We then can calculate the event rate for the observed signal in the ATLAS detector accep-
tance:

Nsignal =2X O_Pythia X BT(B - K*O(¢)7) X Einst ) (2'4)

signal

where Lins = 2 x 1033em™2s71. The factor 2 is due to the fact that we generate only B

mesons while we have to take into account the B. If we admit that Br(By — K*%y) ~ Br(B; —
¢y) = (4.1740.23) x 107" [4], we obtain at low luminosity:

12200 £ 700 By — K*0v/fb!
Nsignal = -1 (25)
3000 £ 200 Bs — ¢v/fb
The background rate is of the order of 9000 events per second, i.e. 4.5 x 10° events per fb~!!
Therefore, it is clear that some cuts should be performed to overcome this background at the
trigger level. These cuts are presented in the next section.

3 Radiative B decays selection

The main goal of the study is to develop a radiative penguin trigger strategy for ATLAS. For
this group of channels we are required to reach an output rate of the order of 10 Hz at the level
2 (LVL2) and 1 Hz after the Event Filter (EF). The three steps of the proposed strategy are
the following:



e At Level 1, we look for a muon in the spectrometer together with an isolated Region Of
Interest (ROI) in the electromagnetic calorimeter (ECal).

e At Level 2, we first perform a photon identification in ECal ROI, then define an inner
detector (ID) ROI matching the ECal one in order to select track pairs.

e At Level 3, we perform a complete event reconstruction.

It should be noticed that the work presented below was done using the offline software.
However, the cuts were taking into account timing and resolution constraints based on earlier
studies of B-trigger group [9].

3.1 Levell

After LVL1 and applying the 6 GeV/c single-muon trigger, the expected event rate would be
as high as 22 kHz at luminosity 103 cm—2 s—1 [8]. However, this value is not relevant in our
case, as we require both electron and muon signature at LVL1, thus reducing substantially the
LVL1 output rate [9].

One of the most critical parameters is Ep: the transverse energy threshold of this ROI.
The lower the threshold is set, the higher is our chance to select the photon we are looking
for. However, a low threshold will increase ROI multiplicity which will be difficult to handle
correctly at LVL2. We thus choose 5 GeV as a lower limit for the Ep threshold value. For the
muon, we start from the usual ATLAS LVLI1 requirement: pp > 6 GeV/c.

As a summary we have at LVL1:

e Muon with pr > 6 GeV/c and |n| < 2.5.
e At least one isolated ECal ROI with Er > 5 GeV and |n| < 2.5.

As we are not using LVL1 trigger software, the results presented below are obtained with 3x3
offtine-like clusters instead of 8 x 8 ECal ROIs. Indeed we consider, as a first approximation,
that the 3 x 3 cluster and the 8 x 8 ROI (1, ¢) barycenters are identical. This argument is
justified by the fact that we are at low luminosity, with a low probability to have more than one
shower in a 8 x 8 ECal ROL.

The search for K*°(¢) decay products in the inner detector will be done at LVL2, in an ROI
centered around the ECal ROI. In order to define the inner detector ROI dimensions, the ECAL
ROI coordinates are compared to those of the two ID tracks we are looking for, coming from
K*9(¢) decay products. To this end we introduce the following variables:

{ A(j) = ¢track - gb’y ) (31)
AT] = Mtrack — Ty

Ay and A, are represented on figs.1 and 2 respectively. Histograms values are normalized to
1. For the background, all the possible combinations were considered. The peaks at Ay = A, =0
values are due to electrons. The area defined by the values (Ay, Ay) = (7,2) contains most of
the signal events. Consequently, the transition between LVL1 and LVL2 works as follows:

1. For timing reasons, if there is more than one ECal ROI, the one with the highest Er is
chosen.

2. A ((A4,Ay) = (m,2)) ID ROI, centered on the Ecal one, is prepared for the LVL2.

3.2 Level 2

Apart from the muon confirmation which will not be discussed here, LVL2 is divided into two
parts:

1. ECal ROI full reconstruction and photon identification.

2. Track pairs search in the previously defined ID ROL.
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3.2.1 Photon identification in the calorimeter
Two kind of questions were studied for the photon identification in the calorimeter:

e Study the particles shower shapes and perform the necessary cuts to clean the data samples
from unwanted background.

e Find a good way to reject the 7°.

Shower profiles provide interesting features as, at equal energy, a hadronic shower shape is
wider and deeper than an electromagnetic one.

The fraction of energy deposited in the hadronic calorimeter (HCal) first sampling describes
the shower longitudinal development. It can be expressed as :

Hecalt
_ ET
P = FEcal
T

(3.2)

The distribution of the parameter P; is shown on figure 3 for the signal (Bs — ¢y and
By — K*Y9) in full line and the background in dashed line. Both figures are normalized to 1. The
mean values extracted from these distributions are (P1)signat = 1.2% and (P1)packground = 2.0%.
A non-negligible background fraction can be eliminated using the following cut:

P <20%. (3.3)

For the lateral shower development, we can define three parameters. The first interesting
one is the shower width, computed on 21 strips. It is shown on figure 4 for the signal (full line)
and the background (dashed line):

Py =Wy . (34)

A clear difference is observed between the signal and the background shape and the mean
values obtained are: (Ps)signat = 1.78 and (Ps)p, = 3.14. This leads to the following selection
cut:

0.5 < Pp<34. (3.5)

The other two parameters defining the lateral shower development are the leakage in n and

¢ directions:
E?. — E2 E% — E2
Py =37 33 5 33 and Py =1 37 5 3T (3.6)
E37 E77



0.07

0.06
1

10

0.05

0.04

2 PR
10
0.03

0.02

5,

0.01

L e P |l
0.01 0.02 0.03 0.04 0.05

5 6 7 g

o \\Hu‘w
PRC)
-
N
w
IS

Energy fraction in HCal 1 s sampling Cluster width (on 21 strips)
Figure 3: Py: Energy fraction in HCal Figure 4: Py: Cluster width on 21
first sampling. strips.
r N
[
e Es
t,
) =
. .J
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A definition of the leakage variable is shown on figure 5.
The P3 and P, parameters are plotted on figures 6 and 7 and the extracted mean values for
the signal and the background are:

(P3)signal = 5.68 % (P3)pg = 16.57 %
{ (P)signat =513 % ™0\ (Pi)yy = 19.96 % (3.7)
Therefore, we deduce the following selection criteria:
Ps<15% and Py<14%. (3.8)

The P;-P, parameters provide a set of reasonable cuts for a clean photon identification.
However, a non-negligible hadronic background, due mainly to neutral pions, will remain.

Neutral pions decay into two photons producing two maxima in the highly segmented ECal
first sampling. The /70 rejection is thus based on the identification of a second maximum in
ECal strips. Two new parameters are therefore defined:

E? Ed
Py = -1t and Py = "™ | 3.9
° Estrips 0 Estrips ( )

The Ps parameter is related to the second maximum and the Py gives its significance. They
are defined on figures 8 and the distributions are plotted on figure 9 and 10 for both signal and
background. The mean values of the distributions are:

{ <P5>signal =3.67 % and { <P5>background =11.58 %

<P6>signal =270% <P6>background =10.02 % (310)
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The optimal selection cuts are therefore determined as follows:
Py <10 % and Ps <8 % (3.11)

A previous study of /7" rejection [15] has shown that such cuts would provide, for 50 GeV
photons and with a 90% photon efficiency, a rejection factor of the order of 3. Combined
testbeam photon data will soon allow to analyze v/7° rejection in a large photon energy range,
but it is clear that the 7° background will not be completely suppressed at LVL2.

However, a good v/7° identification will be primordial only at offline analysis level, in order
to reject for example By — K*°70. In this case, other cuts could be applied (see for example in
[16]), thus providing a good rejection factor.

3.2.2 Track pairs search in the inner detector

First, we reconstruct the tracks contained in the ROI defined previously. Tracks with transverse
momentum? lower than 1 GeV/c are not considered. Reconstructed tracks are then separated
into two groups; negatively charged tracks in the group a and positively charged tracks in the

2Computed in the laboratory frame.
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group b. Hence we start with the following selection criteria (labelled V;):

Vi
Vy .

ps > 1 GeV
ph > 1 GeV

Vs : Charge® x Charge® = —1

(3.12)

Once the two groups are formed, and if there is at least one track in each group, we look for
interesting track pairs, i.e. tracks coming from K*9(¢) decay.
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As shown on figs 11 and 12, the opening angle between these two tracks is relatively small
compared to the background. Therefore we set the following cuts on the parameters® ¢, — &

and 1y — Mt

{ Vi |ba — ) < 0.3 rad
Vs i na—m| < 0.3

(3.13)

The selection process after V4 and Vs is presented on figure 13. Three different mass calcu-
lation are successively performed, in order to separate ¢ from K*° hypothesis.

3Parameters discussed here are estimated at the vertex.



First mass calculation concerns ¢, kaon masses are assigned to the two tracks, and invariant
mass of the two tracks is calculated. If this mass corresponds to ¢’s one (within a 20 MeV
mass window), further cuts, described later, are applied. Otherwise, the K** — K+~ option
is tested, and then finally, if the event is still rejected, the K** — K~7t. If no mass cut is
passed, event is definitely rejected.

Start (v, = vy

LE¥MEL 2

\I/ J/ Track selection
Track A Irack b
K K"
I I
y/
M, -M,| < 20MeV 2
k
Track A Track B
F o Kt
Vi - l<0.2 2 X
vt M, Myl<0.2 2 1M, -Mp=0] < 100MeV ?
¥, opeptf? R
¥, : plep 22 2 - .
i i Track A Track B
K x*

L
|M, —Heg=u| = 100HeV ?

7
EVENT EVENT
REJECTED REJECTED

Vg

(IP selection)

Figure 13: The track selection process at level 2, between Vs and Vg.

If one of the three mass cuts is passed, selection on the transverse momentum distribution
of the decay products is performed. These distributions are shown on figures 14, 15 and 16. We
observe large differences between the signal and the background, particularly for the ¢ decay.
The difference is smaller for the K*0, as its decay products have different masses. In addition, it
would be difficult to distinguish online K** — K+7~ from K*¥ — K~7t decay. Consequently
the selection process is identical for these two decays.

Taking into account these remarks, cut V7, depending on the decay, is defined. It is described
in table 4, with the corresponding mass cut V. As it is shown on figure 13, V4 and V5 are slightly

10
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Decay Ve V7
KTK~ Mgy — My| < 20 MeV/c? g > 1pb and ph > Lps
¢ — | Mab sl < eV/e pp > 5pp and pp > 3Py
K — Ktn~

KO0 et } |Map — Mpceo| < 100 MeV/c2  ph > 2 GeV/e or p > 2 GeV/e

Table 4: Definition of the selection cuts Vg to V7.

modified in ¢ case. Indeed the opening angle between the two tracks is smaller in this case.

Then, events passing trough those cuts have to satisfy a selection involving the impact
parameter.

As we consider that K*?(¢) and B decay vertices are identical (because of K*9(¢) very short
lifetime), the tracks we are looking for are issued from a displaced vertex. Consequently their
respective impact parameters should be larger than for the background tracks, these latter are
in general issued from the primary vertex. In addition, the two tracks are kinematically very
similar. Thus their impact parameters should be similar too.

This means that the tracks a and b should have, in most of the cases, the same impact
parameter sign. This property is clearly verified on figure 17, where the product of the two impact
parameters is plotted. As expected, we observe a symmetric distribution for the background,
and a shifted one for the signal. However, a direct cut on the value of this product would affect
B meson mean proper time measurement. We thus define the following selection criteria, which
are not biasing proper time parameters:

Vg : Alracke s glracks g or | Alracks _ AR < 950 pm. (3.14)

In case of a negative value for the product, the pair is selected only if the two impact
parameters are close.

3.2.3 Summary of the LVL2 study

The reconstruction efficiencies obtained for the different event samples, after all the applied
LVL2 cuts, are summarized in table 5.
The trigger rate was estimated using the following formula:

NLZ' =€r; X Nback:ground = €L; X Opg X Linst s (315)

where Lins = 2 x 10%3em 2571 and opg is the global cross-section estimated in section 2.2.

11
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Type Background Bs — ¢y  Bg — K*9
MC events 37796 14235 26807
After LVL2 188 938 1439

€L, (in %) 0.50+£0.04 6.6+0.2 5440.1

Table 5: Comparison of the efficiencies after LVL2.

On figures 18 and 19 are plotted the trigger rates at different levels (1 and 2) as a function
of the LVL1 muon momentum threshold and the ECal ROI E7 threshold. The table 6 shows
the values obtained for these rates, for the minimal thresholds defined in section 3.1.
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¢ 200 ¢ 2
o 180 A
s L § *
2ok a60c £l
r r 0
£ 140C -
9 9 25
r 1200 -
8 100C s 20
800 15
7
600 10
6
400 5
5 200 I IR B
10 11 12 9 10 11 12
Muon Pt (in GeVi/c) Muon Pt (in GeVi/c)
Figure 18: Trigger rate after LVLI (in Figure 19: Trigger rate after LVL2 (in

The flexibility of the thresholds (pr, Ep, etc...) is an important feature of the present study.
Thresholds values can be slightly increased without affecting too much the physics reach. The
next subsection will demonstrate this assessment.

12



Ni, (in Hz) 2150 % 20

NL2 (in HZ) 45+ 3

Table 6: Mazimum trigger rates after LVL1 and LVL2 at 2 x 1033cm=2s~1 luminosity.

3.3 Level 3

At LVL3 (Event Filter), one is able to propose a specific trigger scheme for each decay study.
We introduce two labels as follows:

o EFg~: dedicated to By — K0+,
o EFp,: dedicated to Bs — ¢.

This separation was prepared at LVL2. Indeed, an event passing LVL2 trough the ¢ mass
selection will be directly assigned to EFp~, and to EFk. if it passes the K *0 mass selection.

However, the difference with LVL2 is that we can refine the ID analysis, particularly on the
reconstructed K*9(¢) decay vertex.

The CTVMFT [17] vertexing routine is used to this end. This routine gives the following
information on the fitted vertex:

e % x?/dof value.

e (z,y,2): vertex coordinates.

o p = (ps,py,p2): K*¥(¢) candidate momentum.
o E: K*°(¢) candidate energy.

The invariant mass of the candidate is calculated once we have passed the quality cut on the
vertex which is x2?/dof < 4. This mass, computed using fitted track parameters, is of course
more precise than the one calculated at LVL2. The following selection criteria are applied to
K*%(¢) meson candidate:

0.79 GeV/c? <m0 < 0.99 GeV/c* (EFk-~)

1.00 GeV/2 < my < 1.04 GeV/c2 (EFp») (3.16)

A cut on vertex transverse length is then performed. As shown on figure 19, a significant
part of the background could be rejected using a simple cut: Ly (Bsq) > 250 um .
For the B meson, a loose mass cut is applied:

4.7 GeV/c? <mp, , < 6.0 GeV/c* . (3.17)

Efficiencies obtained after performing these cuts are summarized in table 7.
This efficiency leads to the following trigger rates:

EF EF
Ny PV ~10+05Hz and Np; %7 ~12+05Hz. (3.18)

which are in good agreement with our requirements. These cuts are largely sufficient to ensure
very low output rates. Therefore, and in order to maximize the number of staged events, we
will keep some other cuts for further analysis.

Using the cross sections determined in section 2, it is straight forward to evaluate the number
of triggered signal events. We obtain:

Np, ¢y ~ 158 £ 16 events/fb*

Np, . x+o0~, ~ 469 + 41 events/ fbo~ L. (3.19)

13
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EFp, EFg,
Type Background Signal Background Signal
Before LVL1 37796 14235 37796 26807
After LVLS 4 754 ) 1021

€rs (in %) 0.011 +£0.005 5.3 +£0.2 0.013 +0.006 3.8+0.1

Table 7: Compared efficiencies after LVL3 for the different schemes (numbers refer to MC
events).

For ~ 20 fb~! (1 year at low luminosity), we get:

Np, ¢y = 3160 £ 320 events

Np,— k0, ~ 9380 + 820 events. (3.20)

These values are obtained with the minimal thresholds, i.e. EY@OI > 5 GeV and p%’:‘wk‘s >
1 GeV/c. They are to be compared to the LHCb expectation for the same running period, i.e.
9300 Bs — ¢y and 35000 By — K*%v [16]. The positive aspect of ATLAS events is that muon
is present in each of them. This muon can be used for B flavor tagging, which is required in CP
violation measurements.

However, we have shown the most optimistic expectation and it will be perhaps necessary,
because of bandwidth constraints requirements, to raise the trigger thresholds.

Figures 21 and 22 gives an estimate of the triggered events for different threshold values of
pr. The different distributions correspond to different pgf‘“ks thresholds, from 1 to 3 GeV/c.
These values could be compared to the CDF experiment estimate of about 60 By — ¢~y events
and 180 By — K*%y events within 2 fb=! (Run II integrated luminosity) [18].

The number of expected By — K* events at B-factories (BaBar and BELLE) at the end
of the running period is about 1000 events for each experiment. It becomes clear that ATLAS
will be very competitive with current experiments, and will also allow an interesting crosscheck
with LHCD results.
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Figure 21: Reconstructed Bs — ¢y Figure 22: Reconstructed By — K*Oy
events for 30 fb~1 events for 30 fb~1

3.4 Summary of the radiative B decay selection

Here is a summary of all the steps and selections we have performed in order to get radiative
penguins events:

e At LEVEL 1 we take a muon with a pp > 6 GeV/c in the spectrometer, and an isolated
ROI with (E7 > 5 GeV') in the electromagnetic calorimeter.

e At LEVEL 2 we perform a photon identification in the ECal and analyze the ID ROI.
We only reconstruct the tracks with pp > 1 GeV/c¢, and group the tracks as a function
of their charge. Then, we look for the interesting track pairs. At this step, different mass
combinations are tested, in order to choose between ¢ and K*Y hypothesis.

e At LEVEL 3 we perform the event reconstruction, mass cuts, vertexing, displaced vertex
cut, and we define specific trigger schemes for each channel: EFg. for B; — K *0~ and
EFp, for By — ¢r.

Table 8 gives the maximum output rates for the two strategies which have been studied.

Type EFk, EFp,
Nrvii (in Hz) 2150 £ 20
NLVLQ (in HZ) 45 + 3

NLVL3 (ZTL HZ) 1.24+0.5 1.01+0.5

Table 8: Summary of the different trigger rates obtained with the minimal thresholds.

If necessary, values presented in this table can be slightly lowered using higher thresholds.
But even with higher thresholds, the number of reconstructed signal events in ATLAS will be
significantly larger than the existing/expected results of CDF and B factories.
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4 The significance estimate

The significance is defined to be the ratio of the signal to the squared background for a given
running period:

S e \/§ (0156 4 0.004) % \feigmai < /5 % \/[ Eastdt (B — K*0)
VB B (0.077 +0.002) % \/Exignal X @ x /[ Lmsedt (By — )
(4.1)

Our background sample was not sufficient to develop a complete offline analysis. Indeed such
a study will require several millions of background events and the production of specific events
such as By — K*°7°. However, 40000 background events were enough to perform a preliminary
estimate of the significance.

The background suppression can be performed at different steps, the first one is to improve
K*%(¢) identification in the ID. The reconstructed K*°(¢) mesons are plotted on figures 23 and
24. The plain plots show the good events, identified at the reconstruction level by the ”truth”
variable. Open lines distributions show all the reconstructed event. The purity of the different

. true
signals, defined as: p = Luts

Bolsreconstructed 1 is summarized in table 9.

100

o 0
08 082 084 08 08 09 092 094 096 098 1 1005 101 1015 102 1025 103 1035 104
K "% inv. mass (GeV/c 2) @inv. mass (GeV/c 2)

Figure 23: Reconstructed K*° Figure 24: Reconstructed ¢

pe (in %)  86.8 £1.0

pr+o (in %) 73.2+£1.1

Table 9: Purity of the signal in ID at level 3.

The results of table 9 confirm that ¢ signal is easier to reconstruct than K*° one. For the
background, we select after event filter 96 events in the inner detector. Therefore, we have a
reasonable statistic to deal with and to use for testing our event selection.

Improving the K*(¢) purity can be done using the impact parameter significance and the
isolation of B meson.

The impact parameter significance is defined as:

SIP(Ag) = Ao , (4.2)

O A

where Ay is the impact parameter of the track and o4, the error on Ag. This parameter should
be larger for the signal tracks (issued from displaced vertex) than for the background ones. This
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Figure 25: Impact parameter significance after level 3: dashed line is for the background, full
lines for the different signals.

effect is clearly observable on figure 25. We can use the cut STP(Ap) > 1 in order to reject most
of the background tracks.

It has been demonstrated that B hadrons carry most of the originating b quark energy [19].
The consequence of this property is the B hadron isolation. This property is measured using a
cone whose vertex is exactly the B decay vertex. The isolation criteria is thus easy to define:

pE

Isol(B) = (4.3)

i€cone
pE+ X P
i¢B
If the selected track pair is isolated, the isolation criteria value should reach the value 1.
The transverse momentum of the reconstructed tracks constituting the cone are selected if
pY > 0.5 GeV/c. The cone is defined around the direction of the K*°(¢) mesons.
On figure 26 is plotted the isolation criteria for the different event types. As expected, the
signal events distributions are peaked to 1.
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Figure 26: Isolation parameter after Figure 27: Isolation parameter for the
LVL3: dashed line for the background, background with (dashed) and without
full lines for the different signals. (full-line) the pile-up

On figure 27 are plotted the isolation parameter for the background with and without pile-up
respectively. It has to be noticed that this parameter does not show a dependency on the pile-up
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at low luminosity. This will allow us to use this cut on the signal when it will be studied with
the pile-up:

0@
Isol = e > 0.7 . (4.4)
) recone .
igK*0(9)

4.1 Summary of the results

When all the selection criteria defined previously are applied, we obtain new ’clean’ results
presented in table 10. The purity of the signal is clearly improved. As shown in table 11, the
loss in the signal reconstruction efficiency is of the order of 30% which is small compared to the
gain in background suppression. Indeed, the background in the inner detector goes from 82 to
11 events, giving a rejection factor of 7.5. It is also interesting to notice that at the B meson
level, no event remain.

py (in %)  97.3+£0.6

pr-o (in %) 96.54 0.6

Table 10: Signal purity in the ID after offline cuts.

Type By — K*% By — ¢y

el (n %) 3.840.1  5.3+0.2

et en%)  2.6+£01  3.7+0.2

sitgnal

after 0.68 +£0.02 0.69 + 0.02

signal
L3

Table 11: Effect of offline cuts on the reconstruction efficiency.

The signal to background ratio is given by:
nal
§ . 623‘9;? €LgVL?) § (4.5)
B ~ signal bg B ’ :
after €LvL3 eafter LVL3
and the calculated values are found in table 12. As shown, the signal to background ratio has
been improved from 10~7 before LVL1 to nearly 1072 after preliminary offline cuts. In addition,

these preliminary value can be slightly improved in future analysis if more statistics is available
for the background sample.

Type By — Ky By — ¢y
(%) 3 (in %) ~0.10 =~ 0.03
($)ufier %) =047  ~0.17

Table 12: Signal to background ratio after the ID cuts.

On figures 28 and 29 are plotted the significance estimates as a function of % and the
integrated luminosity. The efficiencies values €,;gnq used to compute the significance are those
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indicated in table 8. A dashed line on each plot shows the preliminary signal to background
value presented in 12.

We can reasonably expect to obtain % far better than one percent. And we see on figs 28 and
29 that one year at low luminosity with a % = 0.5 % leads to significance larger than 4. With
our preliminary estimates, which use very pessimistic lower limits, we have already significance
values of 5 for By — K*9v, and 2 for By — ¢y with 20 fb~!. This result is a guarantee for
observing radiative B decays in ATLAS even for a very short data taking period.

5 Conclusion and perspectives

A trigger scheme to study radiative B decays in ATLAS has been presented. The number of
triggered events after one year at luminosity 2 x 103 ecm™2 s~! will be of the order of 9400
and 3200 signal events for By — K*9y and B, — ¢ respectively. We can expect to keep about
70 % of these events after the offline selection, with signal to noise ratio of the order of at least
10~2. The proposed strategy should now be tested using realistic trigger simulation. Qualitative
arguments presented in section 3.1 should be checked using LVL1 calorimeter trigger software.
The possibility to perform LVL2 calorimeter analysis before LVL2 inner detector analysis should
be also tested, in order to allow best photon candidate selection.

Better signal to background ratios can be reached if a complete offline analysis is performed,
which was not discussed here because of too low background statistics (A precise offline analysis
requires at least 3 x 10% background events).

However, preliminary significance estimates already show very encouraging results. ATLAS
should be able to obtain clear radiative B decay signals after one year at low luminosity, thus
allowing precise branching ratio measurement and useful crosscheck with LHCb results, in par-
ticular for Bs — ¢7y. This latter mode will certainly be discovered only at LHC.
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