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LHC(Large Hadron Collider)/ATLAS検出器

• LHC
- CERNにある陽子・陽子衝突型円形加速器
- 周長　約27km

- 重心系での最高エネルギー　14TeV

- 2009年11月から実験再開!!!!!!!

• ATLAS検出器
- LHCの衝突点の1つにおかれた汎用粒子検出器
- 全長　44m

- 高さ　22m

- 質量　7000t
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Figure 1.1: Cut-away view of the ATLAS detector. The dimensions of the detector are 25 m in
height and 44 m in length. The overall weight of the detector is approximately 7000 tonnes.

The ATLAS detector is nominally forward-backward symmetric with respect to the interac-
tion point. The magnet configuration comprises a thin superconducting solenoid surrounding the
inner-detector cavity, and three large superconducting toroids (one barrel and two end-caps) ar-
ranged with an eight-fold azimuthal symmetry around the calorimeters. This fundamental choice
has driven the design of the rest of the detector.

The inner detector is immersed in a 2 T solenoidal field. Pattern recognition, momentum
and vertex measurements, and electron identification are achieved with a combination of discrete,
high-resolution semiconductor pixel and strip detectors in the inner part of the tracking volume,
and straw-tube tracking detectors with the capability to generate and detect transition radiation in
its outer part.

High granularity liquid-argon (LAr) electromagnetic sampling calorimeters, with excellent
performance in terms of energy and position resolution, cover the pseudorapidity range |η | < 3.2.
The hadronic calorimetry in the range |η | < 1.7 is provided by a scintillator-tile calorimeter, which
is separated into a large barrel and two smaller extended barrel cylinders, one on either side of
the central barrel. In the end-caps (|η | > 1.5), LAr technology is also used for the hadronic
calorimeters, matching the outer |η | limits of end-cap electromagnetic calorimeters. The LAr
forward calorimeters provide both electromagnetic and hadronic energy measurements, and extend
the pseudorapidity coverage to |η | = 4.9.

The calorimeter is surrounded by the muon spectrometer. The air-core toroid system, with a
long barrel and two inserted end-cap magnets, generates strong bending power in a large volume
within a light and open structure. Multiple-scattering effects are thereby minimised, and excellent
muon momentum resolution is achieved with three layers of high precision tracking chambers.
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SCT(シリコンストリップ飛跡検出器)

• 内部飛跡検出器

• SCT(SemiConductor Tracker)　
- 粒子の飛跡や運動量を精密に測定

• 精密測定には検出器の性能維持が重要！
- Databaseを利用したモニタリング
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• 精密測定には検出器の性能維持が重要！
- Databaseを利用したモニタリング 本日のトークの内容
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SCT Module

• 2枚のSi sensorが40mradの角度で貼りあわされている
- 読み出されたstripの交点により入射粒子の位置(スペース
ポイント)を決めることができる

• ADCがなく、各channelで閾値をこえた情報のみ読み出される
- バイナリー読み出し

module

Barrel
(4 layers)

Endcap
(9 disks)×2

module数 2112 988×2

chip数 6×2 6×2

strip数 768×2 768×2

全channel数 324万 150万×2
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Databaseを利用したモニタリングに至るまで…

• ATLAS実験ではデータの解析がとても大変
- Raw dataにアクセスしにくく、データの量も膨大である
‣ データ解析にはある程度技術が必要であり、時間が
かかる
❖ そこで挫折する人も少なくない…

• 検出器の性能維持のためモニターされるべきデータはDBに
おくことができる(実際に、幾つかの有用なデータは既に
存在）
- そのDBを利用しない手はない！

➡ Databaseを利用したモニタリング
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• 阪大ではATLASのDB関連の仕事を以前からやっている
- Physics runでモニターした結果をDBに書き込む
- その結果を読み出し解析する
‣ 読み出し、解析するにも多少のDBのノウハウが必要
➡ 簡易解析・表示を行うツール(DB Browser)の開発
❖ ネットワーク経由でどこからでもDBにアクセスできる 

❖ これを利用するのにDBに関する知識は必要なく、解析に
かかる時間はDBにアクセスする時間だけである

‣ これを用いて様々な解析を簡単な操作、短時間で行える
✤ データクオリティの向上
✤ SCTの性能・状態の理解
✤ 長期的なモニター

Motivation
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• 現在、DB Browserでモニタリングできるパラメータ
- SCT Data
‣ # noisy strips in physics and calibration
‣ Noise occupancy/ENC(Equivalent Noise Charge) in physics
‣ bias voltage/current
‣ module temperature
‣ etc.

- LHC Data
‣ Beam Energy
‣ #Bunch

❖  原理的にはDBにあるどんなデータでもモニタリングで
きる

Parameters list 
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DB Browser(Architecture)

• プログラミング
- 基本はPythonとC++から構成

C++

python
CGI

DB
serverpython 

script

Client side
web 

browser

txtfile
graph,

histogram,
txtfile, etc.

これらが結果としてBrowserで表示される。

command
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Browser Display

url：http://test-db-monitoring.web.cern.ch/test-db-monitoring/

Specify the parameters 

Click submit!
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Noise解析

• Noise occupancy

- SCTの性能評価で重要
‣ SCTではstripのhit情報のみを読み出す
❖ occupancyしか測定できない

- 様々な解析がなされている
‣ Noise occupancy分布

• occupancy~5×10-4以下を要求
• この解析をするにも結構時間がかかる

- しかし、DB Browserを使うと…

Noise Occupancy = 
ヒット数
イベント数

Table 4: Data set used for determining the noise occupancy.

Run Scan Crate Date

97494 4 0, 2 2008-12-04

97688 0 3 2008-12-06

97502 7 4, 5 2008-12-04

97554 3 6 2008-12-05

97876 1 7 2008-12-07

based on charge injections where many channels are strobed simultaneously which leads to increased

activity in the chip and on the hybrid, and potentially also to increased noise levels. In addition, the

measurement in the noise occupancy analysis is based on a fit of the squared threshold magnifying any

effect from uncertainties in the determination of the gain in the response curve test.

The results of the noise occupancy test are summarised in table 3.
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Figure 4: Noise occupancy averaged over chips in barrel and endcap detectors. The dashed line indicates

the specification limit of 5× 10−4. The values for chips on the inner and middle short endcap modules

are not shown since in the corresponding channels the average noise occupancy lies below the sensitivity

of the performed tests. The average values for each detector region are given together with the estimated

silicon temperature for the operation condition.
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(但し、スペースポイントは含まない)
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Specify the parameters

Click submit!

DB Browser(Noise解析)
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Specify the parameters

Click submit!

DB Browser(Noise解析)

Result !
Noise occupancy distribution

DBにアクセスするための時間(~数十秒)のみで
この結果が得られる
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DB Browser(#noisy strip)

• Noisy stripの数(2Dmap)
• #Noisy stripのrun依存性

1binが1moduleに対応
noisy stripがないと値が入っていない
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Leakage Current

• 放射線損傷下でのleakage currentの変化

‣ 検出器のleakage currentをモニタリングすることは
放射線損傷の観察につながる

LHC 10年(SCT最内層)

過去のビームテスト

0.0001

0.0003

放射線量
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rr

en
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A]
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• 1 moduleでのleakage currentのhistory

- Leakage currentをモニタリングできる
• Noiseのcurrent依存性

- DB Browserでleakage currentとnoiseとの
相関がとれる

DB Browser(Leakage Current)

➡ もちろんnoiseとその他の環境
データとの相関もとれる

time

cu
rr

en
t[

nA
]

EN
C[

e]

current[nA]
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LHC Status

• LHCのBeamEnergyやBunch数もモニタリングすることができる
• Beam CurrentやLuminosity等のデータもDBにUploadされる予定

- 検出器の性能を評価するため、これらとSCTのRaw 

Occupancyの相関等、見たいものが色々ある
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Future plan

• このDB Browserは 先輩である廣瀬さん(D1)に引き継いでもらっ
た

• データモニターツールの1つとして使われる予定
- 阪大もやっているDBに書き込む仕事と密接に関わって、こ
のツールをより役立つものにしていく
‣ 新しいデータがavailableになったらすぐに見られるよう
にする

- DB初心者でも簡単に使えるようにusabilityの向上
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まとめ

• SCTの性能維持に役立つDB Browserを開発した
- ネットワーク経由でどこからでもDBにアクセスできる
- 原理的にはDBにあるデータならどんなものでもモニタリン
グできる

- これを用いて様々な解析を簡単な操作、短時間で行える
‣ Time/Run dependence, 1D distribution, 2D map, correlation 

between two parameters, etc.　
❖ データクオリティの向上
❖ 簡単に解析を行えるようになったので、長期に渡って
の検出器の性能の理解

✤ 検出器の性能維持のため役立つものにしていきたい
fin
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backup
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SCT動作原理

• センサー部分は高純度のn型シリ
コン半導体

• 逆バイアス電圧(150V)をシリコ
ン半導体にかけることによって
空乏層をつくる

• 荷電粒子が通過した時に電子正
孔対をつくる(80e-h/μm)　

• p型半導体(Al電極)に電荷が収集
され、信号が読み出される

20



飛跡検出

• 2枚のシリコンが40mradの角度をつけてはりあわされ
ている。

• 読み出されたストリップの交点により入射粒子の位
置(スペースポイント)を決める事ができる。

40mrad 

768本のストリップ

ストリップ

80μm

ストリップは片面がビーム方向に平行
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• Noise(≡ENC)
‣ ~1500 e (barrel)
‣ 温度に依存している

Noise Occupancy =
1− erf( threshold√

2ENC
)

2

Table 2: Data set of the latest response curve tests for barrel and both endcaps.

Run Scan Crate Date

97357 1 0, 1 2008-12-04

97427 1 2, 3 2008-12-04

97468 0 4,5 2008-12-04

97904 1 6 2008-12-07

97849 11 7 2008-12-07
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Figure 1: Distribution of the input noise values for each chip as obtained in response curve tests. The

average values for each detector region are given together with the estimated average silicon temperature

for the operation conditions.
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Figure 9: The average values of the input noise in three pointgain tests as a function of temperature. The

error bars represent the RMS spread.

Table 6: Data set taken in September 2008 which is used for comparing the response curve and noise

occupancy test results from December 2008.

Run Scan Crate Date

Response curve 85837 5 0 2008-09-01

85837 4 0 2008-09-01

Noise occupancy 85824 5 2 2008-09-01

85818 6 3 2008-09-01

3.5 Effect of the FSI on the noise occupancy

In order to actively monitor deformations of the SCTmodulesand infrastructure, the detector is equipped

with a sophisticated Frequency Scanning Interferometry (FSI) system [8]. This provides a geodetic grid

of, in total, 842 length measurements between nodes attached to the SCT support structure, each of which

is measured to a precision of better than one micron. The final design uses a two colour laser/amplifier

system with phase locked choppers operating to ensure that only one laser illuminates both amplifiers at

any one time.

Tests were performed in December 2008 to assess whether the FSI operation caused any significant

effect on the SCT noise occupancy. With the FSI off, a mean noise occupancy of 3.75× 10−5 was
observed, compared to 3.76×10−5 for operation of a 70 mW laser with a 50 Hz chopper (see figure 12).

Thus this study did not reveal any significant effect of the FSI operation on the SCT noise occupancy.

A slight increase in leakage current was observed on modules in the proximity of the FSI grid laser

trajectories.
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Calibration 

• By injecting various test charge
- calibrate the discriminator threshold
- measure the response of the front-end
⇒ gain measurement

DRAFT SCT DAQ paper  04/05/2007 
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Figure 9. Occupancy as a function of front-end discriminator threshold. (a) The shading scale shows 402 
the fraction of hits, as a function of the channel number (x-axis), and comparator threshold in mV (y-

axis) for all channels on one side of a barrel module (6 ASICs; 768 channels). The front-end 404 
parameters were already optimised before this scan, so the channel-to-channel and chip-to-chip 

occupancy variations are small. (b) Mean occupancy and complimentary error function fits for the 406 
six ASICs. 

To calibrate the discriminator threshold, the DAQ system initiates threshold scans for several 408 

different values of injected charge. Example ten-point response curves for a particular module are 

shown in Figure 10. From the data used to create these plots, the front-end gain and noise can be 410 

calculated. The gain is the gradient of the response curve. The noise before amplification can be 

calculated by dividing the noise after amplification by the gain [26]. 412 

 

Figure 10. Response curves, showing the value of the discriminator threshold at which the mean chip 414 
occupancy is 50% as a function of the charge injected for each of the 12 chips on one module.  

Similar scans are used to optimise the TrimDAC registers. In these scans the injected charge is 416 

kept constant and threshold scans are performed for different values of the TrimDAQ registers.  

DRAFT SCT DAQ paper  04/05/2007 

 Page 13 of 19 

(a)400 

 (b) 

Figure 9. Occupancy as a function of front-end discriminator threshold. (a) The shading scale shows 402 
the fraction of hits, as a function of the channel number (x-axis), and comparator threshold in mV (y-

axis) for all channels on one side of a barrel module (6 ASICs; 768 channels). The front-end 404 
parameters were already optimised before this scan, so the channel-to-channel and chip-to-chip 

occupancy variations are small. (b) Mean occupancy and complimentary error function fits for the 406 
six ASICs. 

To calibrate the discriminator threshold, the DAQ system initiates threshold scans for several 408 

different values of injected charge. Example ten-point response curves for a particular module are 

shown in Figure 10. From the data used to create these plots, the front-end gain and noise can be 410 

calculated. The gain is the gradient of the response curve. The noise before amplification can be 

calculated by dividing the noise after amplification by the gain [26]. 412 

 

Figure 10. Response curves, showing the value of the discriminator threshold at which the mean chip 414 
occupancy is 50% as a function of the charge injected for each of the 12 chips on one module.  

Similar scans are used to optimise the TrimDAC registers. In these scans the injected charge is 416 

kept constant and threshold scans are performed for different values of the TrimDAQ registers.  

Noise Occupancy =
1− erf( threshold√

2ENC
)

2
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• calibration run 
- SCTのみで動作
‣ 他の検出器はoffの状態
❖ 他の検出器からのnoiseがない(clockなど)

‣ ビームがない
‣ SCTの理想的な性能がみれる

• physics run 
- 他の検出器込みでの動作
- ビームがある
‣ 様々なnoiseがある

calibration run と physics run
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