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Figure 120. Cross-section of the barrel
muon system perpendicular to the beam axis
(non-bending plane), showing three concen-
tric cylindrical layers of eight large and eight
small chambers. The outer diameter is about
20 m.

Figure 121. Cross-section of the muon system in a
plane containing the beam axis (bending plane). Infinite-
momentum muons would propagate along straight trajecto-
ries which are illustrated by the dashed lines and typically
traverse three muon stations.

4 GeV and a 20 GeV muon track traversing the barrel region of the muon spectrometer is shown in
Fig. 123. An overview of the performance of the muon system is given in [161].

In the forward region (2 < |η | < 2.7), Cathode-Strip Chambers (CSC) are used in the inner-
most tracking layer due to their higher rate capability and time resolution (see Section 6.4). The
CSC’s are multiwire proportional chambers with cathode planes segmented into strips in orthogo-5295

nal directions. This allows both coordinates to be measured from the induced-charge distribution.
The resolution of a chamber is 40 µm in the bending plane and about 5 mm in the transverse
plane. The difference in resolution between the bending and non-bending planes is due to the dif-
ferent readout pitch, and to the fact that the azimuthal readout runs parallel to the anode wires. An
illustration of a track passing through the forward region with |η | > 2 is shown in Fig. 124.5300

To achieve the sagitta resolution quoted above, the locations of MDT wires and CSC strips
along a muon trajectory must be known to better than 30 µm. To this effect, a high-precision optical
alignment system, described in Section 6.5, monitors the positions and internal deformations of
the MDT chambers; it is complemented by track-based alignment algorithms briefly discussed in
Section 10.3.2.5305

An essential design criterion of the muon system was the capability to trigger on muon tracks.
The precision-tracking chambers have therefore been complemented by a system of fast trigger
chambers capable of delivering track information within a few tens of nanoseconds after the pas-
sage of the particle. In the barrel region (|η |< 1.05), Resistive Plate Chambers (RPC) were selected
for this purpose (Section 6.7), while in the end-cap (1.05 < |η | < 2.4) Thin Gap Chambers (TGC)5310

were chosen (Section 6.8). Table 32 gives the intrinsic time resolution of the detectors, to which
contributions from signal propagation and electronics have to be added. The design goal was to
keep these contributions low enough for reliable beam-crossing identification with ≥ 99% prob-
ability. Both chamber types deliver signals with a spread of 15–25 ns, thus providing the ability
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内部chamberを用いたtrigger削減

複数の方法でのtrigger 削減について評価

- EIL4 + FI のみ使用

- NSW + EIL4 + BIS7 を使用
- NSW + EIL4 + BIS7 + BIS8 を使用
- NSW + EEL + EES を使用
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Phase0 でのL1_MU20 

2012年のTGC L1_MU20 rate
- 50 ns BC
- √s = 8 TeV
- L = 4e34 で　約 3 kHz

phase0のTGC L1_MU20 rate
- 25 ns BC
- √s = 13 TeV
- L = 2e35 
を過程すると、約48 kHz

×2 (BCが50 ns → 25 ns)
×1.6 (√s が 8 TeV → 13 TeV)
×5 (L が4e34 → 2e35) 

この48 kHzを削減する
- 最大でも25 kHzまで
- 25/48 〜 0.52 なので、

48 % の削減が必要

使える手法
• EI/FI coincidence
• Hot RoI mask
• region切り捨て (|η|>2.0)
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EI/FI coincidence

EI/FI - BWのcoincidenceをとる
- まず、通常runを用いて各SSCでのefficiencyを計算
- efficiency < efficiency_thresholdの領域では

coincidence要求をとらない
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例 :  efficiency_threshold = 0.8 (25 ns Ebhanced Bias run)

全L1_MU20に対する
trigger削減

offline muonを伴った
L1_MU20 trigger削減

Entry数      : 435987　→　270198
trigger rate : 48 kHz → 29.7 kHz
　

38 %のtrigger 削減

matching のとれた
offline combined muonの数 :

5808 → 5675

98 % のefficiency
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Hot RoI Mask

Hot RoI mask : trigger の多いRoIをmask
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RoI 毎のMU20 rateの分布 RoI 毎のMU20 rateの分布 (high rate RoI)

25 ns Enhanced Bias runを用いて、各RoIでのtrigger rateを見積もった
- EI/FI coincidenceをとった後のtrigger
- trigger rateはphase-0 での予想値

どの程度のRoI trigger rateをもって
”Hot RoI”とみなすか ? 

15 % 程度の削減を目指すなら、
 10 〜 15Hz あたりに
閾値を設ける必要がある。

- efficiencyへの影響はこれから計算する
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 Region cut
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Entry数      : 435987　→　179098
trigger rate : 64 kHz → 19.7 kHz
　

59 %のtrigger 削減

matching のとれた
offline combined muonの数 :

5808 → 4338

75 % のefficiency

Region cut : |η|>2.0 のtrgger を全て排除
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今後

• Hot RoI maskによるefficiencyの変化を計算する
- 終わったら一旦結果をまとめる

• Phase-1 についても評価を行う

• Global testpulse 
- まだデータはとれていない。
- 来週月曜から再開できる
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