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ATLAS実験シリコンストリップ飛跡検出器の較正
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LHC(Large Hadron Collider)/ATLAS detector

• LHC　
- CERNにある陽子・陽子衝突型円形加速器
- 現在、√s=7 TeVで物理データが蓄積されている

• ATLAS検出器
- LHCの衝突点の1つに置かれた汎用粒子検出器
- Higgs粒子や、標準模型を超える物理現象の探索を行う
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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)
- Barrel 4 layers、Endcap 9 disks × 2 から構成　
- 荷電粒子の飛跡を精密に測定

‣ b-taggingなどに重要
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SCTモジュール

• 2枚のシリコンセンサーから構成
- ストリップの交点から荷電粒子の通過位置を検出

• Chip に ADC がなく、各チャンネルで閾値を越えたヒット情報だ
けが読み出される
- バイナリ読み出し
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40 mrad

768 strips
80μm間隔

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



/21

• Chip position

Chip numbering

5

Source of calibration data

3PtGain summaries in the calibration data base.3PtGain summaries in the calibration data base.

Calibration runs at HV=150V since Mar. 2010.

Modules with12 good working chips.g g p
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SCTの較正

• Calibration run
- Physics run とは異なり、beam が出ていない時に行われるSCT

の性能を評価するための run 

• 3Pt Gain test　
- Calibration run の1つであり、SCTモジュールの上の読み出し 

chip のアンプの Gain や Noise を評価する試験
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• Threshold Scan Curve(S Curve)　
- Calibration Pulse を入射し、閾値を変化させ、チャンネル毎
にSカーブを測定

- Efficiency が 50% になる閾値(Vt50[mV]) と Output noise[mV] を
求める

Gain & Noise測定 (1)
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can occur during ASIC manufacture, correction factors were obtained from measurements on a 
number of test structures on each wafer. The applied voltage step used during charge injection is 
adjusted in accordance with these factors on a chip-to-chip basis. 

For each channel, a histogram of occupancy as a function of discriminator threshold is 
created, and a complementary error function fitted. The threshold at which the occupancy is 
50% corresponds to the median of the injected charge, while the sigma gives the noise after 
amplification. An example threshold scan is shown in figure 9. During this calibration scan 500 
triggers were sent per threshold point, and the charge injected was 1.5 fC. 

 
Figure 8. Simplified Block Diagram of a SCT ABCD3TA ASIC [5]. 

(a)

 (b) 

Figure 9. Occupancy as a function of front-end discriminator threshold. (a) The shading scale shows 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 parameters were 
already optimised before this scan, so the channel-to-channel and chip-to-chip occupancy variations are 
small. (b) Mean occupancy and complementary error function fits for each of the six ASICs. 

S Curve 誤差関数でフィットして、Vt50を求める
誤差関数のσをOutput noiseとする

σ = Output noise [mV]
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Gain & Noise測定 (2)

• 3Pt Gain test では、1.5 fC, 2.0 fC, 2.5 fCの3つの charge を用いて、
それぞれで Vt50[mV] を求める

• 3点を直線でフィット
- その傾きを Gain[mV/fC] とする
- Noise[e]=Output noise[mV](at 2fC) / Gain[mV/fC]
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3Pt Gain test

Gain, Noise はチャンネル毎に測定される。
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• Barrel 3(最内層) の gain / noise の時間変化
- 2010年1月~2011年12月

• 2011年6月に gain[mV/fC] が急激に減少し、2010年はじめ頃の値
と比べて ~4.5% 減少

• 2010年9月～11月の LHC のルミノシティ上昇 (~40 pb-1) に伴っ
て、noise [e] が2010年はじめ頃の値と比べて ~5% 減少

Gain / Noise の時間依存性
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• 各バレルの noise [e] の時間変化
- 2010年1月~2011年12月

• 2010年1月と2011年4月の run での chip 毎の noise [e] の比較
- X axis : Noise [e](2010/1)
- Y axis : Noise [e] (2011/4)　

❖減少の仕方に内部構造が有る
➡Layer 依存性 ?

➡Chip position 依存性 ?
10

Noise の減少問題
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• 2010年1月の run のからの noise [e] の時間変化
- Layer 依存性

- Chip position 依存性 (Barrel 3)
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• Barrelモジュールの geometry の観点から見た noise の変化
- Barrelモジュールの geometry
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2.3.2. Thermal specification
The module design must be safe against thermal

runaway of the silicon sensors throughout the lifetime of
the SCT. The requirement is also to maintain the sensors at
a uniform temperature of about !7 1C to reduce the reverse
annealing of the silicon and the bulk leakage current after
radiation damage (Section 2.1). The module design was
therefore developed with the help of thermal Finite
Element Analysis (FEA) simulations. The bulk heat

generation after 10 years of operation at LHC is estimated
to be 120 mW/mm2 at 0 1C in the silicon microstrip sensors
in the worst case (Table 7). The calculated thermal profile
of the module is shown in Fig. 12 for a hybrid power
consumption of 6.0W and a heat sink temperature of
!14 1C at the cooling contact (which is the large beryllia
facing that contacts the cooling block on a barrel, Fig. 11,
through thermal grease and a copper-kapton shunt-shield).
The highest temperature of the module is at the ASIC in

ARTICLE IN PRESS

Fig. 12. An FEA simulation of the thermal profile of the SCT barrel module, with the maximum heat generation in the silicon microstrip sensors, 120mW/
mm2, a hybrid power consumption of 6W, and a heat sink temperature of !14 1C at the cooling contact. The highest and the lowest temperatures are
+5.7 and !13.8 1C, respectively.

Fig. 11. A photograph of modules mounted on a barrel cylinder. The
large beryllia facings of the modules are connected mechanically by PEEK
clips and thermally by grease to heat sinks, which are aluminium blocks
with copper-kapton shunt-shields, soldered to the visible Cu/Ni cooling
pipes (which have 70 mm wall thickess).
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Fig. 13. Temperature of the hottest point in the sensors as a function of
heat generation for a hybrid power of 6W, with the heat sink temperatures
of !14 1C (upper curve) and !17 1C (lower curve).

A. Abdesselam et al. / Nuclear Instruments and Methods in Physics Research A 568 (2006) 642–671 653
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Figure 33. Complete barrel 5, with all services and modules installed, during visual inspection on arrival at
CERN.

above a predefined threshold, hence protecting the modules from overheating if the cooling stops.
The interlock acts on all modules of one cooling loop.

5.1.2 Detector readout system

Control, readout and online calibration of the SCT were performed using the SctRodDaq [21]. The
SctRodDaq was developed within the ATLAS TDAQ software framework [22], whereby multiple
C++ and Java applications can communicate across multiple processors using CORBA.34 The ver-
sion of SctRodDaq used for tests in Oxford and CERN-SR1 comprised several PC’s, a 6U VME
crate for trigger timing control (TTC) specific modules, and a 9U VME64x crate housing up to
14 readout driver modules (ROD’s), 14 back of crate cards (BOC’s) and a timing interface module
(TIM). The ROD’s are used for the main control and data handling, whereas the BOC’s provide
the ROD interface to the front-end modules and to the rest of the ATLAS DAQ chain. The TIM
provides the interface to the ATLAS TTC system. Each ROD/BOC pair is connected optically to
up to 48 SCT modules. Details of this readout system, its hardware and software components are
described in [21].

5.1.3 Test procedure

The SCT uses a binary readout architecture whereby a hit is registered if the pulse height from
the strip exceeds a preset threshold. For calibration of the SCT modules, triggers are generated

34Common Object Request Broker Architecture defined by the Object Management Group.
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• 2010年1月と2011年4月の run での noise [e] の比較 (Barrel 3, chip 4)

- X axis : Noise [e] (2010-1)
- Y axis : Noise [e] (2011-4)
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• Noise [e] の変化量 (Barrel 3, chip 4)
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• Noise の変化の chip position 依存性

❖ Barrel 部分の noise の減少は geometry にも依存している
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• Unbonded チャンネルの noise [e] の時間変化

• シリコンセンサーの表面配向による noise の減少量の違い
- 2種類のセンサーが SCT で使われている

‣ 6’’<100> と 4’’<111>
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Gain の減少問題
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y=x

• 各バレルの gain [mV/fC] の時間変化
- 2010年1月~2011年12月

• 2010年1月と2011年8月の run での chip 毎の noise [e] の比
- X axis : Gain [mV/fC](2010/1)
- Y axis : Gain [mV/fC] (2011/8)　

❖内部構造は見られない
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• 2010年1月の run のからの gain [mV/fC] の時間変化
- Layer 依存性

- Chip position 依存性 (Barrel 3)
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❖ Chip position 依存性はあまり無い

❖ Barrel layer 依存性は有る
➡放射線損傷の可能性が高い
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• Unbonded チャンネルの gain [mV/fC] の時間変化

• 放射線損傷の程度の評価
- Luminosity 依存性
- Non Ionizing Energy Loss (NIEL) 依存性
- Total Ionizing Dose (TID) 依存性
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• Luminosity, NIEL, TID 依存性

❖ Gain の layer 依存性は Total Ionizing Dose (TID) で理解できそう
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• Noise の減少の問題
- 2010年のLHCのルミノシティ上昇に伴って、~5% 減少
❖ Chip position に依存しており、geometry にも依存している 

(Barrelのみではなく、endcapも同様)

❖センサーに起因している可能性が高い
• Gain の減少の問題

- 2010年の頃の Gain と比べて ~4.5% 減少
❖ Layer 依存性があるが、それは TID により理解できる

• これらの問題に様々な方法 / 観点からアプローチを行ってお
り、問題の理解は進んでいるが、根本的な解決策に至っていな
いのが現状

21

まとめと結論
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backup

22
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Gain [mV/fC]

• 1 January 2010 ~ 31 August 2011
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Input noise [e]

• 1 January 2010 ~ 31 August 2011
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Vt50 [mV]

• 1 January 2010 ~ 31 August 2011
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Output noise [mV]

• 1 January 2010 ~ 31 August 2011
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Offset [mV]

• 1 January 2010 ~ 31 August 2011
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Gain RMS [mV/fC]

• 1 January 2010 ~ 31 August 2011
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Noise RMS [e]

• 1 January 2010 ~ 31 August 2011
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Vt50 RMS [mV]

• 1 January 2010 ~ 31 August 2011
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Offset RMS [mV]

• 1 January 2010 ~ 31 August 2011
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• Noise decrease phenomena for Endcap

- Correlation plot (Endcap Outer modules)

‣ X axis : Input noise in run 157929 (Jun. 23 2010)

‣ Y axis : Input noise in run 175603 (Feb. 18 2011)
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• EndcapC, Disk7, Outer module
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• EndcapC, Disk7, Outer module
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• EndcapC, Disk7, Outer module
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• Geometry of Endcap module (from Steve)
- e.g. EndcapC, disk7, Outer ring

• Two groups of Endcap module (from Pat)

36odd phi module

even phi module
IP
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• EndcapC, Disk7, Outer module, chip 6

- X axis : Input noise in run 157929(Jun. 23, 2010.)
- Y axis : Input noise in run 175603(Feb. 18, 2011.)

• Splitting is due to the difference between even/odd-phi modules, pointed 
out by Steve.
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• Chip position dependence of change in noise
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• Chip position dependence of change in gain
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• 2D map of module (|relative difference|<0.03)
- run 145118 (2010-1) vs run 179871 (2011-4)
- X axis : eta, Y axis : phi, Z axis : Number of chips
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分布が一致している！


