‘Brem electrons

Original Electrons Path

Reconstructed Path

Require “loose truth matching”
for Monte Carlo

= If (el origin == 12)
isDirectMatch = true;

“ If (el origin ==12) ||

(el type == 4 && el originbkg
==40 ) ||

(el type == 4 && el originbkg
== 12 ) ) isLooseMatch =
true;
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‘Simple subtraction method

s TTSS w1318
nbgd = TI60 +. 1309

nsigThe = 10498 +/- 143.1
nbgdThr = 2018+ 89.]

Begd
template
(data’
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‘LOOSE iIdentification

Hadronic leakage Ratio of E7 in the first layer of the Ry.41
hadronic calorimeter to Et of the EM cluster
(used over the range || < 0.8 and || > 1.37)
Ratio of E7 in the hadronic calorimeter to E7 of the EM cluster Ry
(used over the range || > 0.8 and |n| < 1.37)
Second layer Ratio in 17 of cell energies in 3 x 7 versus 7 x 7 cells. Ry
of EM calorimeter Lateral width of the shower. Wp2




MEDIUM identification

Medium cuts (includes Loose)

First layer + Total shower width. Wstol
of EM calorimeter. + Ratio of the energy difference associated with E utio
the largest and second largest energy deposit
over the sum of these energies

Track quality +  Number of hits in the pixel detector (= 1).
Number of hits in the pixels and SCT (= 7).
Transverse impact parameter (<3 mm). dy

Track matching * An between the cluster and the track (< 0.01). Ay




TIGHT identification

Tight cuts (includes Medium)

b-layer

Number of hits in the b-layer (= 1).

Track matching Ag between the cluster and the track (< 0.02). Ay
Ratio of the cluster energy to the track momentum E/p

Tighter Anp cut (< 0.005) Any

Track quality Tighter transverse impact parameter cut (<1 mm). dy

TRT Total number of hits in the TRT.
Ratio of the number of high-threshold
hits to the total number of hits in the TRT.
Conversions Electron candidates matching to reconstructed

photon conversions are rejected




‘Efficiency: simple counting

The simplest case 1s just counting the number Ny of candidate events and the number N,
that pass a cut. The efficiency is then given by

N

. 1
N (1)

€

Since N, and Ny are correlated, using equation 1 with propagation of uncorrelated Poisson
errors does not give the correct uncertainty on the efficiency. Usually, this is handled by
noting that this is equivalent to a binomial problem with total events Ny and a probability
¢ for each event to pass. The uncertainty on e is then given by

E(l—f).

- 2)

(Ae)* =




Efficiency: simple counting

An equivalent, alternative method is to consider the number N, ol events that pass
and the number Ny that fail (see pages 46-48 of Statistics for Nuclear and Particle
Physicists by Louis Lyons, Cambridge University Press, 1986). These two are uncorrelated
and hence easier to use in error propagation. Note that in this approach, the total number of
events Ny = N, + Ny is not a fixed number, but is itself Poisson distributed. The efficiency
is \

e=—2 (3)
ﬂ-"p 4 N f

Standard error propagation then gives

@ = (g% )Q(M-;,)M( o )Q(Mf)? (1)

N, ON
Ny ’ r 2 —Np ’ roy2
— __2 (&.‘.nﬁ'lp:] _|_ 72 (ﬂ‘n’lf) (5}
Ng N
_ (- f)?h:z + €Ny (6)
N
<0
(1 —¢€)

- (7)
J.ND

Note that this is exactly the same result as obtained by considering it as a binomial problem,

as it should be since they are equivalnet. The reason for considering the second method is

that it is easier to extend to the cases considered below.



‘Efficiency: fits

Instead, suppose that the fit number that pass the cut is N, = AN, and the fit
number that fail the cut is Ny = ANy, The efficiency is
N.

_ P
TN, N, 8)

Standard error propagation gives

(Ae)? = (a‘?—i)?(mg,)hr(i)g(ﬂxm? (9)

ON;
(1= €*(AN,)* + (ANy)? 1)
- N ’

(11)

where we assume Ny = N, + Ny (which is not exactly true in each case since each of these
numbers comes from a fit, but is a hopefully good approximation).

10



‘Efficiency: fits

Instead, suppose that the fit number that pass the cut is N, = AN, and the fit
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numbers comes from a fit, but is a hopefully good approximation).

11



‘Efficiency: fits

If we also assume that (ANy)? = (AN,)? + (ANy)?, then we can rewrite (Ae)?
completely in terms of results of fits to the total number before the cut and the number that
pass the cut, that is,

(1-€)%(AN,)? + e?(&f\.f})g

(A - — (12)
|
(1= QE)(ﬁNp)? + 52((&%)? + (&Nf)g) (13)
- N
| (- 2(AN2 4 ANy Y
) i | (14)

Note that if we replace (ﬁj‘\fp)? and (ANg)? by their Poisson values of N, and Ny, respec-
tively, we get back the usual binomial formula.
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Efficiency: side-band subtraction

We define a signal region and a side band region. Let N, and N, be the numbers of
events in the signal region that pass and fail the cut, respectively. Let N, sp and Ny g be the
corresponding numbers in the side bands. Define Ny = N,+ Ny and Ny gp = N, s+ Ny sB-
We want to include the fact that the side bands may not have the same number of expected
background events as the signal region by defining the ratio of expected events to be «, that
is, if there are Ngp side band events, we expect aNgp events in the signal region. In this
derivation, it is assumed that « is the same before and after the cut. If this is not the case,
the reader is left to extend the derivation.

The efficiency is

N, — aN
e= ——_—» nSB _ (18)
4"\';, + f\"f — (}.(f\'p:gB —+ A"f_{SB:]

Standard propagation of errors gives

) de \?, I
(Ae) = |57 ) (AN + | 57— (AN, sB)* +

N, ONp. sB
de \? 2 e ? AT 2
(5&-}) (ANg)” + (m) (ANysB) (19)

B (1 — E)Q({&ﬁ},}z + a? ('&*'NTIJ,SB}2:] + E“Z((.&i\rf )2 + a? (.&;"\f},g‘g)z) ‘
— I = (20)
(No — aNy sp)?

= [(1 =26)((AN,)* + a*(AN, 58)%) + €((AN,)? + (ANf)?) +
a®((ANp s8)* + (AN s8)?)] /(No — aNo sB)? (21)
(1 —2¢)(N), + a?N, sp) + €2(Ny + a? Ny 55)

= : 22
(ﬁ-‘rg — r]u?\fT(),SB}Q ( )




Particle identification
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The ATLAS electromagnetic calorimeter

Lead/LAr EM calorimeter divided in 3 longitudinal

compartments + Pre-sampler in front

« Good energy resolution :
o(E)/E = a/E @ b/VE @ ¢ (with a ~
0.3 GeV, b~ 10%, c ~ 0.7%)

LAr hadronic
end-cap (HEC)

LAr eleciromagnetic

« Good angular resolution :
o(®) ~ 107 rad

o(n) ~5.10% rad  S*™P9 3rback)

_ T
LAr electromagnetic ra \. Lo 831 Touy,

barrel

LAr forward (FCal) /_T - -1...|
Tl = D ¢}¢ 16X (r
/ NN Trgoor
e — ) A w(?irw”
Layer Granularity = Radiation length gy ;11\—1 bz 7
An X Atp & li%u:qm :ﬁ% i

Pre-sampler 0.025 x 0.1 lm % sampling 2
Strips 0.003 x 0.1 4.3 XD ““|-:-~ 2 ("middle")
Middle 0.025 x 0.025 16 XO "".:;“T_;.[Lﬁﬁn.n.

Sampling 1
(“strips”)

lﬁ"
0
== Presampler
:

Back 0.05 x 0.025 2 X




he ATLAS Inner Detector

("R = 1082 mm
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