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Abstract

We looked at three new electron Likelihood discriminants in
pl7 for both pl4 Pass 2 data and pl17.03.03 reprocessed data.
The Likelihood efficiency is measured for both Z/vx — efe”
signal events and EM+jet QCD background events. The three
new Likelihood discriminants show similar performances as the
old Likelihood discriminant used in p14.
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1 Introduction

Electron Likelihood is used to efficiently select high pr, isolated electrons
by combining several preselected electron identification variables. To con-
struct an Electron Likelihood, first, distributions of each variable are ob-
tained for signal and background samples. Then the distributions of each
variable z; can be used to assign a probability for an EM object to be signal
or background: Pj;,(z;) and Py,(z;). Assuming the variables are uncor-
related, these probabilities can be multiplied to get the overall probability
for the EM object

P(x) =11P(z:) , (1)

where x is the vector of the variables for the electron. The electron
Likelihood is then defined as:

Pyig(x)
(2)
Psig(x) + Pbkg(x)
When L(x) is approaching 1, the EM object is more signal-like and
when it is approaching 0, it is more background-like.

In p14[1], seven variables are selected to construct the electron Like-
lihood LHood. They are:

g fem
e H-matrix(7)

L(x) =

[ ] ET/pT

o PTOb(szatial)

e Distance of Closest Approach(DCA), which measures the shortest dis-
tance of the selected track to the line parallel to the z—axis which
passes through the primary vertex position.

e Number of tracks in a AR=0.05 cone, around and including the can-
didate track

e Total track pr in a AR=0.4 cone around, but excluding the candidate
track



The study described in [2] shows that there is a significant correlation
between f,, and H-matrix(7). So three new Likelihood discriminants with
good discriminating power and small correlation variables are constructed.
Five variables were selected:

e Ny in a AR=0.05 cone
o > pit* between AR=0.05 and AR=0.4

d Xgpatial
L4 fiso
o Er/pr

Using the first three variables the 3-variable Likelihood LHood3 was
constructed. By adding f;s, or E7/pr to the three variables the 4-variable
Likelihoods LHood4Iso and LHood4EOP, respectively, are defined.

In [2] p14 Pass 2 data was used to look at the new Likelihood discrim-
inant efficiencies. That analysis used top_analyze, while in this analysis
we use em_cert which utilizes dOreco and dOcorrect. First, it was checked
for p14 Pass 2 data that the results derived with the two different analysis
tools give consistent results. Then p17 reprocessed data was analyzed.

2 Event Selection

For the p14 Pass 2 data, events are reconstructed using p14.03.00, p14.03.01,
p14.03.02, p14.05.00, p14.05.02 and pl14.06.00 versions of the D@ code
and a dOcorrect v8.3 code. For pl7 data, events are reconstructed using
pl17.03.03 and a dOcorrect v9 code. We analyzed the electron Likelihood
efficiency for both signal and background. For the Z/v* — eTe™ signal we

use the Common Sample Group’s 2EM skims.
For pl14 Pass 2 data, the SAM dataset definitions are:

e (CSskim-2EM-PASS2-p14.03.00
o CSskim-2EM-PASS2-p14.03.01
e CSskim-2EM-PASS2-p14.03.02
e (CSskim-2EM-PASS2-p14.05.00



e CSskim-2EM-PASS2-p14.05.02
e CSskim-2EM-PASS2-p14.06.00
e CSskim-2EM-PASS2-p14.06.01

For p17 data, the SAM dataset definition is CSskim-2EMhighpt-PASS1-
p170303raw.

The event selection criteria are:

There are two EM objects passing:

e pr > 15 GeV
o fon >0.9, fiso < 0.15, H-matrix(7)<50
e Loose spatial track match
We also require that:
e At least one of the EM objects passes single EM trigger
e The invariant mass of the two EM objects is between [80,100] GeV

As to background we use a sample with one EM object and one jet
which are back-to-back (EM+jet). We use the Common Sample Group’s
EMI1TRK skims.

For pl14 Pass 2 data, the SAM dataset definitions are:

e CSskim-EM1TRK-PASS2-p14.03.00
e CSskim-EM1TRK-PASS2-p14.03.01
e CSskim-EM1TRK-PASS2-p14.03.02
e CSskim-EM1TRK-PASS2-p14.05.00
e CSskim-EM1TRK-PASS2-p14.05.02
e CSskim-EM1TRK-PASS2-p14.06.00
e CSskim-EM1TRK-PASS2-p14.06.01

For pl7 data, the SAM dataset definition is CSskim-EMinclusive-
PASS1-p170303raw and we set the skim flag as “SKIM_EMI1TRK” to only
select the EM1TRK skim.

The event selection is as following:
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e Exactly one EM object satisfies the single EM cuts above
e Event passes EMQCD trigger

o |[AG(EM,MET)| > 15

° p%?t > 15 GeV to be a good jet

e 2<number of good jets<4

e pr(leading jet)>25 GeV, ng.¢(leading jet)<2.5

e A¢(leading jet, MET)<1.5

e Missing Ep <15 GeV to remove W's

3 Electron Likelihood Efficiency for pl14 Pass 2 Data

The Likelihood efficiency is measured using a tag and probe method for
both signal and background. Details can be found in [3, 4, 5]. The program
package used for this analysis was em_cert [6, 7]. All results shown here
are consistent with those of [2]. Figure 1 shows the Likelihood efficiencies
as functions of Likelihood cuts in different calorimeter regions for Z /vy —
ete” signal. Here we compared the three new Likelihood discriminants
LHood3, LHood4EOP and LHood4Iso with the old Likelihood discriminant
LHood. Figure 2 shows the same plots for the QCD background.
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Figure 1: Likelihood efficiency as function of Likelihood cut for Z/v+ — ete™

pl4 data.

LHood efficiency vs likelihood cut_CC

1

0 0.1 020304 0506 07 08 0.9

(b) ECN region

LHood efficiency vs likelihood cut_ECN

1

0.7 0.7
t - LHood IR - LHood
g LHood3 r Y LHood3
060 -+ LHooddlso D'B’JVV 5 -+ LHooddlso
[x° o~ LHood4EOP [ "V” o LHood4EOP
o L
0.5 "0 0.5
[wo L 1
[mo [
Ee i
044 041
[ r
0.3 0.3
0.2 0.2
0.1 0.1~
ol bl i b e b 0 | Y N NN U ETTT FETTE FETTE FTTTY IO I

0 0.1 020304 0506 07 08 09

(a) CC region

Figure 2: Likelihood efficiency as function of Likelihood cut for EM+jet background in

pl4 data.
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3.1 3-variable Likelihood LHood3

Figure 3 shows the 3-variable Likelihood distributions for both Z/v* —
ete™ signal and EM+jet background. We can see that background and
signal have very different Likelihood distributions so that they can easily be
separated. The separation power can be derived from Figure 4, where the
background efficiency vs. the signal efficiency is plotted for both LHood3
and LHood. We can see that the 3-variable Likelihood performs similar to
the 7-variable Likelihood. However, the performance is worse in CC where
e.g. for a signal efficiency between 90-95% the fake rate is higher by 3-5%.
But in the EC region, the performance of the 3-variable Likelihood almost
matches with that of the 7-variable Likelihood.
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Figure 3: 3-variable Likelihood distribution for signal(red) and background(blue) in pl4
data.
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3.2 4-variable Likelihood

With the variable Er/pr added, the 4-variable Likelihood LHood4EOP
works better than LHood3. Shown in Figure 5, is the Likelihood dis-
tributions for both signal and background. In Figure 6, the background
efficiencies vs. the signal efficiencies are compared for 3,4 and 7-variable
Likelihood discriminants. We can see that in the CC region, LHood4EOP
performs better than LHood3. Above a signal efficiency of 90% it almost
matches with that of LHood. In the EC region, however, its performance
is a little bit worse than that of LHood3 and LHood. E.g. for a signal
efficiency between 90-95% the fake rate is higher by 3-5%.
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Figure 5: LHood4EOP distribution for signal (red) and background (blue) in p14 data.
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With the variable f;5, added, the 4-variable Likelihood LHood4lIso
is defined. In Figure 7 the Likelihood distributions for both signal and
In Figure 8, the background efficiency vs. the

background are shown.

signal efficienciy is plotted for LHood3, LHood4Iso and LLHood. In both
the CC and the EC region, LHood4Iso performs better than LHood3. In
the CC, LHood4Iso matches with LHood and performs even better above
a signal efficiency of 95%. In the EC, its performance is much better than
that of LHood. E.g. for a signal efficiency between 90-95% the fake rate is
lower by 5-10%.
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3.3 Kinematic Dependence of the Likelihood Efficiency

We also examined the kinematic(pr, 7, ¢) dependence of the Likelihood
discriminants efficiencies for the signal is shown in Figure 9. Here we
set Likelihood cuts to be larger than 0.85. Figure 10 shows the same
dependences for the background. The Likelihood cuts are selected so that
the corresponding signal efficiency is 85%.
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Figure 9: Kinematic dependence of the Likelihoods efficiencies for signal in p14 data.
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4 Electron Likelihood Efficiency for p17 Data

Figures 11 and 12 show the four different Likelihood efficiencies as function
of the Likelihood cut for signal and background, respectively, in different
regions of the calorimeter.
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Figure 11: Likelihood efficiency as function of Likelihood cut for Z/y* — eTe™ signal in
pl7 data.
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4.1 3-variable Likelihood LHood3

Figure 13 shows the Likelihood distributions for both Z/y* — eTe™ signal
and EM+jet background. The separation power can be shown in Figure 14,
where the background efficiency vs. the signal efficiency is plotted for both
LHood3 and LHood. We can see that the 3-variable Likelihood performs
worse in the CC with the fake rate being higher by 5% for a signal efficiency
between 90-95%. In the EC region, its performance is worse with the fake
rate being higher by 5-10% for a signal efficiency between 90-97%. This
is different from the results for p14 data where LHood3 almost matches

LHood.
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4.2 4-variable Likelihood

With the variable Er/pr added, the 4-variable Likelihood LHood4EOP
performs better than LHood3 for p17 data as was the case for pl4 data.
Shown in Figure 15, is the Likelihood distributions for both signal and
background. In Figure 16, the background efficiency vs. the signal effi-
ciency is compared for the 3- ,4- and 7-variable Likelihood discriminants.
In the CC region, for a signal efficiency of 90% LHood4EOP is better than
LHood3 and almost reaches the performance of LHood. In the EC region,
it is similar to LHood3 but significantly worse than LHood.
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Figure 15: Lhood4EOP distribution for signal (red) and background (blue) in p17 data.
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With the variable f;5, added, the 4-variable Likelihood LHood4lIso
works better than LHood3. In Figure 17 the Likelihood distribution for
both signal and background is shown. In Figure 18, the background ef-
ficiency vs. the signal efficiency is plotted for LHood3, LHood4Iso and
LHood. In both the CC and the EC region, LHood4Iso delivers results
similar to LHood. This is different from the case for p14 data.
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Figure 17: LHood4lIso distribution for signal (red) and background (blue) in p17 data.
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Figure 18: Background efficiency vs. signal efficiency for LHood4Iso compared to LHood3
and LHood in CC and EC region in p17 data.

4.3 Kinematic Dependence of the Likelihood Efficiency

We examined the kinematic(pr, 1, ¢) dependence of the Likelihood discrim-
inants efficiencies for signal, as is shown in Figure 19. Here we require the
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Likelihood to be larger than 0.85. Figure 20 shows the same dependences
for the background. The Likelihood cuts are selected such that the corre-
sponding signal efficiency is 85%.
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Figure 19: Kinematic dependence of the Likelihoods efficiencies for signal in p17 data.
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Figure 20: Kinematic dependence of the Likelihoods efficiencies for background in p17
data.

5 Conclusions

We measured the efficiencies for three new electron Likelihood discrimi-
nants. They perform pretty well comparing to the old Likelihood in both
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the CC and the EC region of the calorimeter. We also examined the kine-
matic dependences for the efficiencies. We have checked that this analysis
is consistent with earlier results by comparing the results for p14 Pass2
data with [1]. We find a good agreement between these different analyses.
We also looked at p17 reprocessed data. Here the new Likelihood discrim-
inants show a similar performance as in p14 data. Furthermore we found
that the 4-variable Likelihood LHood4Iso shows a similar performance as
the 7-variable Likelihood currently used by default for physics analyses.

However, the Likelihood has to be retrained for p17 data. Then the
comparison of the performance of the different Likelihood discriminants
has to be redone. This will be the subject of a future study.
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