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ABSTRACT. The outer shell of the ATLAS experiment at the LHC considta system of toroidal
air-core magnets in order to allow for the precise measunémiethe transverse momentumr{p
of muons, which in many physics channels are a signaturet@rfesting physics processeis p].
For the precise determination of the muon momentum Mordtd@eft Tube chambers (MDT)
with high position accuracy are used, while for the fast idieation of muon tracks chambers
with high time resolution are used, able to select muonsabgredefined-pthreshold for use in
the first Level of the ATLAS triggering system (Level-1 triggy. When the LHC peak luminosity
of 10>*cm~2s~1 will be increased by a factor of 4-5 in about a decade from @K C”), an
improvement of the selectivity of the ATLAS Level-1 triggey system will be mandatory in order
to cope with the maximum allowed trigger rate of 100 kHz. Far Level-1 trigger of the ATLAS
muon spectrometer this means an increase ofthtaneshold for single muons. Due to the limited
spatial resolution of the trigger chambers, however, thecteity for tracks above- 20 GeV/c is
insufficient for an effective reduction of the Level-1 rat&/e describe how the track coordinates
measured in the MDT precision chambers can be used to dagigivprove the selectivity for high
momentum tracks. The resulting increase in latency wib &ls discussed.
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1 Introduction

While peak luminaosities at the SLHC will be 4-5 times highempared to the LHC design lumi-
nosity of 16*cm2s71, the Level-1 trigger rate will have to remain at about 100 kHar this to
happen the trigger selectivity for muons with high transeamomentum (p) has to be improved,
the pr distribution of muons falling off strongly with increasing (figure 1). Total muon cross
sections abovepvalues like 10, 20 and 40 GeV are 734, 47 and 3 nb, respectively

Many interesting physics processes with small cross sectiave a signature of one (or more)
muons above- 20 GeV. The capability to trigger on high-piracks was therefore one of the princi-
pal requirements for the design of the ATLAS muon spectremét, 2]. For this purpose a system
of trigger chambers was implemented, covering the full ptzoece of the muon detector, capable
to detect tracks above a predefingdvpithin a sufficiently short latency to be used in the ATLAS
Level-1 trigger. In the barrel and end-cap regions differ@ramber technologies were chosen,
adapted to the different configurations of the magnetic fielthese detector domains. In this
article we describe the barrel region, where the Resistate Ehamber (RPC) technology is used.

2 Performance limitsof RPC trigger chambers

RPCs use pick-up strips perpendicular to the z-directidnfigure 4) to sense the avalanches
generated by traversing particles in the chamber gas, megdshbe coordinates of the tracks along
the bending direction of the magnetic field. The time resofudf about 20 ns of the RPC chambers
is sufficient to tag the beam crossing with about 95 % confidekigure2 shows the schematics
of the Level-1 triggering system in the barrel region. RH@ger chambers (marked in green) are
positioned at three radial positions of the barrel, one énditer detector layer (BO) and two in the
middle layer (BM), below and above the middle MDT.
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Figure 1. Transverse momentum distribution of muons in the ATLAS mapectrometer for various pro-
duction channels.
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Figure 2. Implementation of the Level-1 trigger in the muon barrgjioa. The field lines of the B-field are
perpendicular to the drawing plane.

The slopes in the bending direction)(of the track between inner and middle as well as
between middle and outer RPC layer are compared to the sfopérack with infinite g, i.e. a
straight line coming from the interaction point (IP), thdfelience of the slopes being a measure
of pr, where large deviations mean low ,pwhile tracks with small deviation from a straight
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Figure 3. Acceptance of the Level-1 trigger vsz ffor three typical trigger thresholds. For the 20 and
40 GeV thresholds the transitions from 90-10% efficiencyec@/wide g -range, leading to high rates of
unwanted triggers.
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Figure 4. Tower structure of the muon spectrometer. In the barrektlage 12 towers along the and
16 along thep-direction (see text). Each tower only contributes a snak 1of high-p Level-1 triggers
(< 100 Hz), reducing bandwidth requirements for the readout.

line mean high p. For the fast comparision of the slope of a track with the oha mfinite
momentum track a system of coincidences between the pickrins of the three RPC layers is
used (‘coincidence matrices’).

The width of the RPC strips of about 30 mm limits the precisidrihe slope measurement
of the track. At a p of 10, 20 and 40 GeV sagittas are 48, 24 and 12 mm, respegctlealging
to a corresponding uncertainty of the threshold, as showigime 3. With a threshold setting of
20 GeV (square dots) the trigger is still accepting about 80%e 15 GeV and 15% of the 10 GeV
tracks and is thus not efficiently selecting the interesphgsics events. Replacing the present
RPC chambers by ones with higher spatial resolution wouldrbebvious solution. This costly
conversion could be avoided, however, if the high spatisblkgion of the nearby MDT chambers
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Figure5. Readoutarchitecture to combine the precision track donatels determined in the MDT chambers
with the trigger information supplied by the RPC’s. Only MIDifs along the search path are read out, those
outside (mainly background hits fropnconversions) are ignored, reducing the required bandwidth

could be used for the Level-1 trigger. For this to happen,ttaesfer of information from the
MDT to the Level-1 triggering system must be sufficientlytfmsremain inside the overall ATLAS
trigger latency.

The challenge for an improvement of the Level-1 trigger ideésign a MDT readout scheme
and an interface to the RPC trigger, able to deliver a refiredgiue inside the latency limits of
the ATLAS trigger. The present latency budget of & adapted to the situation at the original
LHC, is insufficient for any refinement of the trigger decisioFor SLHC, however, an increase
of the latency to 6,4us or even 1Qus will be implemented for the frontend data storage of all
subdetectors, providing considerable design freedomdoel-1 trigger improvements.

3 Inclusion of the MDT precision chambersinto the L1 decision

3.1 Towerwisestructure of the Level-1 trigger

The muon spectrometer is partitioned in projective tow&aagthe direction of pseudo rapidity
and the azimuthal directiop, where trigger and precision chambers are matched in stzéaa-
tion in each tower, see figuke High-pr tracks, following nearly straight lines, will mostly trdve
inside one projective tower, and therefore each tower catuate its high-p triggers indepen-
dently from neighbouring towers. The straight high4packs define narrow search paths, where
MDT hits, belonging to the triggering track must be locat€de readout of the MDT chamber can
therefore be limited to a small number of tubes along thekttagectory (see left part of figurs).
The search path is communicated from the RPC to the MDT viadloedinate of the track in the
outer RPC.

The present readout architecture of the MDT chambers igithescin [3]. Being sequential
and asynchroneous with the TTC, it is not suited for the L-dvedfinement. An additional, fast
readout path of the MDT is therefore required, in parallal arlependent of the existing one (see
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Figure6. The determination of the drift times by individual scaleyseach tube.

right part of figures). A simple scheme to have all drift times available at theesarmtant is shown
in figure 6. Each of the 24 channels (i.e. tubes), served by a on-chamaeout card is connected
to a scaler, which is started by each hit of the respective.tubno trigger request is received
from the RPC, the scaler goes into overflow and is automaticaset. If a request does arrive, all
scalers are stopped, and the contents are transferred mtffea for readout. Only the contents
of scalers corresponding to tubes on the search path willdmsferred to the TowerMaster for
sagitta determination.

3.2 Interface between MDT and RPC

To interface the RPC logic with the MDT readout system a cominaiion unit needs to be installed
in each tower ("TowerMaster”). This unit needs to deternilmeexplicite tube addresses along the
search path (e.g. via a LUT) and send them to the on-chamimtrotiers of the MDTSs, called
Chamber Service Modules (CSM). The 3 CSMs, in turn, will rézal drift times from the tubes
on the search path and send them back to the TowerMaster. raéteption of track co-ordinates
from all 3 MDTs the TowerMaster could determine the sag#émnding a confirm or a veto back to
the RPC logic. Alternatively, all coordinates could be farded downstream to the Sector Logic
in the Counting Room for confirmation or rejection.- The slaml ('slow’) MDT readout would
remain unchanged (brown arrows in figie

3.3 Synchronization of thereadout with the TTC clock

The fast readout will be strictly synchroneous with the TTaZk. This means that the RPC request
('seed’) for precision coordinates arrives at the MDT feord a fixed number of beam crossings
after the passage of the triggering muon. This way, due tdidpe time resolution of the RPC,
the absolute drift times in the MDT tubes become known. TH@mas for a consistency check
on the drift times in tubes subsequently traversed by thenmiue. thesum of drift times must be
above a certain limit, otherwise the measurement might beipted by a preceeding conversion.



This quality check of the drift time reading becomes paléidy important at high background
rates, where conversion events may occur at a high rate andretmently degrade the drift time
reading from a traversing muon.

3.4 Reduction of thedrift timeresolution

The resolution of the MDT drift time will be reduced from 126@dit, the corresponding position

resolution of the MDT of about 1 mm (RMS) being still about aetéa 10 better than the one of the
RPC, sufficient for a decisive sharpening of the Level-1geigthreshold. Corrections for the non-
linear r-t relation in the MDT gas and other small effects bameglected at this level of precision.
With the reduction of the number of bits, data volumina amehdémission delays are reduced. In
addition, data redundancy and format overheads will beaedito the strict minimum.

An analysis of the time behaviour of such a readout model shibat a latency of 4,5-5,5
us could be achieved and thus would be a realistic option ferughgrade of the muon Level-
1 trigger for the SLHC. A significant advantage of this schemueild be that the existing RPC
trigger chambers, except electronics, would not need ardifioations.

A similar upgrade scheme could also be applied to the Levdgder in the end-cap region
where trigger chambers of the TGC type are used?]. Because of the different geometry of
the toroidal magnetic field and the different location ofygér and MDT chambers, however, a
modified architecture and specialized algorithms will hevbe used.

4 Summary

The upgrade scheme for the Level-1 muon trigger describedeadllows to sharpen the threshold
of the high-pg trigger by about an order of magnitude, sufficient for theihosity increase envi-
sioned for the SLHC. This way the existing RPC trigger chammlsan stay in place. The readout
electronics of RPC as well as MDT will need complete replasam A number of readout units
along the data path will have to be designed to contain latelligence and the possibility for pre-
cise timing adjustment in order to fulfill the synchronicigguirement, mentioned above. Design,
prototyping, production and installation will require gsificant effort and a strong contribution
from the ATLAS muon spectrometer community.
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