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Motivation

* The present LHCb Muon Identification procedure was optimised to guarantee high muon detection

efficiency at the istantaneous luminosity .# of 2-10°* cm 2 5!

* In the current data taking conditions, the luminosity is higher than foreseen and the low energy purity signal

background contribution to the visible rate in the muon system is larger than expected
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particle fluxes to deteriorate the muon detection efficiency, because of the increased dead time of the

electronics, and in particular to worsen the muon identification capabilities, due to the increased
contribution of the background, with deleterious consequences especially for the analyses requiring high

* For these reasons, it is mandatory to develop a new muon identification strategy in order to recover the
* A worse situation is expected for Run III when LHCb will operate at L =210 m?s causing the high muonlD performances in view of the upgrade phase

LHCDb

* Optimised to study the decays of  ® Excellent PID capabilities
hadrons containing b and ¢ quarks (¢4 ~97% for 1-3% m — u mis-ID)
* Operates at leveled luminosity
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Results

* 5 stations (M1-Mb5) side C v side A

* 4 regions (R1-R4) per station
* Equipped with triple-GEM (M1R1) and
MWPC detectors

* Readout done with logical pads
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* Provides information for selection of
“high”-pt muons (at trigger level) and
muon ID (offline)
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Muon System upgrade for Run Il

In the muon system, particle rate will
be tolerable up to 2-10¥ cm2s™! in all

stations except M1.

The particle flux in the innermost re-
gions of M2 is expected to be very high, so

: : Low Level Trigger
it will be necessary to reduce the occupancy. ot
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The front-end electronics is already read = < _L tstos0me
out at the rate of 40 MHz intended for the - Full track
upgraded experiment, but the off-detector g (_reconstruction
. . . . = 1t02 MHz
readout electronics provides information at S @ to
a rate of 1 MHz. S [ -Track i
- _RICH particle ID
- Inclusive and
Foreseen interventions [2]: excl. selection
* M1 station removal @
* installation of supplementary shielding 2L

around the beampipe in front of M2

* new off-detector electronics in
compliance with the 40 MHz readout

Current muon identification procedure

Tracks reconstructed in the tracking system can be identified (or rejected) as
muons using information from the Muon System.
Two steps [1]:

IsMuon

* Binary selection

* Search for hits inside a Field of Interest (Fol) around the track
extrapolation

* Requires at least one hit in the stations listed in the table

Momentum range (GeV/c) Requirements
3<p<6 M2 & M3
6 <p<10 M2 & M3 & (M4 or M5)
p>10 M2 & M3 & M4 & M5

Muon probability

Discriminating variable

p_ 1 >, (extr(M); —hit(M); 2
TN L Z< pad,(M) )

i=x,y M=2

where:

* N is the number of stations containing hits within the Fol

* extr(M); is the extrapolation of the track to each station

* hit(M); is the position of the closest hit inside the corresponding Fol

* pad;(M) is the sub-detector’s pad size

The likelihood for muon (non-muon) hypothesis, P(u) (P(non-u)), is the
integral of the d* density function from 0 to the measured value.

The logarithm of the ratio between P(u) and P(non-pu) is called Delta Log
Likelihood and is built as

muDLL = log (P (E(()‘; ?u)>

The muon identification efficiency is measured as a function of a
selection cut in the variable muDLL

* Muon misidentification P(r — u) is due to:

* muon decays in flight

* combinatorial background

* Already in Run I, the luminosity was higher than foreseen
* More low energy background than expected

* The standard muonlID algorithm was optimised to maximise
efficiency

* No much effort to fight combinatorial background, expected to be
almost negligible

BUT

°* More information from the Muon detector can be used to
suppress combinatorial background more effectively, e.g.
accounting for correlations

A BDT to identify muons

* Muon multivariate classifier applied on “isMuonTight”
candidates
(isMuonTight, contrary to isMuon, uses only crossed hits,
i.e. with signal in both x and y readout channels)

* MVA approach based on Boosted Decision Tree (BDT) is
used

* Combines the full information from muon detector
variables: space residuals, multiple scattering errors, times,
number of tracks sharing hits with a muon candidate,
number of hits in Fol

* The BDT is trained using data calibration samples of muons
(J/w — pu) and pions (D° — Kr)

BDT improvement is evident with respect to the currently
used muDLL
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[Results are relative to isMuonTight]
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2or: @ new discriminating variable
In parallel to BDT studies, a new variable has been developed
that completes the d” including information from hit correla- o
tions: £ -
* Two hits having the same distance to the extrapolated track B
are equivalent for d? 0.95(—
* The new xZ,r accounts for their different plausibility using -
multiple scattering information i
=-the best set of hits can be different to the closest one 0.9—
xeor=06%" Var ' 6% : 853
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Taking into account the correlations introduced by multiple [Result obtained with Monte Carlo for the Upgrade, ]/ = up sample]
scattering significantly helps muon identification
* Xinc only uses Var; j, i = j, so the improvement introduced by the use of correlation terms (i # j) is clear comparing x7 v and x&or
® X2 .., Uses the correlation terms and is calculated with the closest hits to the extrapolated track in each Fol, while x2,p uses the 5 closest
hits to find the combination with the best value. x> _  seems to have better performances for very high values of ¢,; this is probably
due to the fact that the mean number of hits inside the Fol is higher for pions than for muons

efficiency for muons

* Test on Run I data in progress

* Improvements of the LHCb muon identification procedure are presented

* New algorithms foresee, for the upgrade phase, the same performances as today for pion rejection, ensuring at the same time high

* The methods here presented are currently used for extrapolations at upgrade conditions

Performance of the Muon Identification at LHCb.
JINST, 8:P10020, 2013.
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