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Outline
• LHC-ATLAS

- 現状と今年の予定
• 京都 ATLAS グループ

- メンバー構成
- 活動内容/今後の予定
‣ TGC : Endcap muon trigger
‣ Level-1 trigger electronics
‣ Jet calibration

• ATLAS の最新結果 @Moriond (少し)
- Scaler boson search
- MSSM Higgs searches

• まとめ

2



 Toshi SUMIDA  Physics II workshop, 12 Mar 2012

LHC 加速器
• Large Hadron Collider

- CERNにある世界最大の
陽子陽子衝突型加速器
‣ 全周: 27 km

- スイスのジュネーブと
フランスの国境に建設された

‣ 最大衝突エネルギー
- 7+7 TeV (陽子-陽子)

• 4+2 個の実験
- ATLAS, CMS

‣ 汎用検出器
- LHC-B

‣ Bの物理
- ALICE

‣ 重イオン衝突実験
- LHCf, TOTEM

‣ 超前方散乱、全断面積測定
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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 |� | < 3.2.
The hadronic calorimetry in the range |� | < 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 (|� | > 1.5), LAr technology is also used for the hadronic
calorimeters, matching the outer |� | limits of end-cap electromagnetic calorimeters. The LAr
forward calorimeters provide both electromagnetic and hadronic energy measurements, and extend
the pseudorapidity coverage to |� | = 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.

– 4 –

ATLAS実験
• A Toroidal LHC ApparatuS

- 100GeV~TeVスケールでの様々な物理に対応した汎用検出器

• コラボレーション
- ~ 3000人の研究者
‣ 1000人以上の

PhD students
- ~180 機関
- 38 ヶ国

• ATLAS検出器
- 重量: ~ 7000 tons
- 高さ: 25m
- 全長: 45m
- センサー数: ~108 

4



 Toshi SUMIDA  Physics II workshop, 12 Mar 2012

LHC/ATLAS の現状

5

Parameter 2010 2011 Nominal
Beam energy 3.5 TeV 3.5TeV 7 TeV
Beam squeeze (β*) 3.5 m 1.0m 0.55 m
Transverse emittance 2-3 µm rad 2.5 µm rad 3.75 μm rad
Protons per bunch 1.2x1011 1.6x1011 1.15x1011 
Bunch separation 150 ns 50 ns 25 ns
Number of bunches 368 1380 2808
max peak luminosity (cm-2s-1) 2.1x1032 3.3x1033 >1034
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• 2010/2011 の運転
- √s : 3.5+3.5 = 7TeV
- peak luminosity
‣ 2.1x1032 / 3.3x1033 cm-2 s-1

- integrated luminosity
‣ 45 / 5000 pb-1

✓ 2011年、LHC は良いパフォーマンスを見せた。
✓ ATLAS 検出器も約 93 %の稼働率で

非常に良く動いた。
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LHC運転 in 2012
• 2012年の運転

- パラメータ
‣ energy

- √s : 4+4 = 8 TeV
✓ Higgs はそんなに得をしないが、

重たい粒子を作る物理には結構効く
‣ beam squeeze (β*)

- 1.0 → 0.6 m
- 期待されるデータ
‣ peak luminosity

- 6.8x1033 cm-2s-1 
‣ integrated luminosity

- 15 fb-1 

• 同時複数衝突 (pile-up)
- 2011年後半の運転
‣ 1バンチ交差での平均衝突数 <µ> ~ 12

- 2012年の予想
‣ <μ> ~ 35 !!
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• 陽子陽子衝突で起こる事

- 陽子陽子衝突
= パートンパートン衝突
‣ 実際の中心エネルギー:

✓ x: Bjorken scale
- 例えば:

LHC での物理

7

Collisions at Hadron Collider

❖ Gluon collision for light object production
❖ Quark for heavy object
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Figure 1: MSTW 2008 NLO PDFs at Q2 = 10 GeV2 and Q2 = 104 GeV2.

with broader grid coverage in x and Q2 than in previous sets.
In this paper we present the new MSTW 2008 PDFs at LO, NLO and NNLO. These sets are

a major update to the currently available MRST 2001 LO [15], MRST 2004 NLO [18] and MRST
2006 NNLO [21] PDFs. The “end products” of the present paper are grids and interpolation
code for the PDFs, which can be found at Ref. [27]. An example is given in Fig. 1, which
shows the NLO PDFs at scales of Q2 = 10 GeV2 and Q2 = 104 GeV2, including the associated
one-sigma (68%) confidence level (C.L.) uncertainty bands.

The contents of this paper are as follows. The new experimental information is summarised in
Section 2. An overview of the theoretical framework is presented in Section 3 and the treatment
of heavy flavours is explained in Section 4. In Section 5 we present the results of the global fits and
in Section 6 we explain the improvements made in the error propagation of the experimental data
to the PDF uncertainties, and their consequences. Then we present a more detailed discussion of
the description of different data sets included in the global fit: inclusive DIS structure functions
(Section 7), dimuon cross sections from neutrino–nucleon scattering (Section 8), heavy flavour
DIS structure functions (Section 9), low-energy Drell–Yan production (Section 10), W and Z
production at the Tevatron (Section 11), and inclusive jet production at the Tevatron and
at HERA (Section 12). In Section 13 we discuss the low-x gluon and the description of the
longitudinal structure function, in Section 14 we compare our PDFs with other recent sets,
and in Section 15 we present predictions for W and Z total cross sections at the Tevatron and
LHC. Finally, we conclude in Section 16. Throughout the text we will highlight the numerous
refinements and improvements made to the previous MRST analyses.
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• 反応断面積
- QCD 反応
‣ 総断面積

- ~50mb = 3x108 Hz ( @ 6x1033  )
‣ Hard process (Jet):

 
- ~300nb = 103 Hz ( e.g. ETjet > 100GeV)

✓ perturbative QCD
✓ 全ての物理解析のバックグラウンド

- Higgs生成 (120GeV):

‣ ~5pb = 0.03 Hz
✓ σ(H)/σ(total) ~ 10桁 !!

- トリガー(どういうデータを取るか)が
非常に重要

LHC での物理(続)
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Allow precision measurements 

Require precise theory: NNLO 
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Pile-up 
• Z→µ+µ- の

イベントディスプレイ
- with 20 vertices 
‣ pT>400MeVの

トラックのみを表示
‣ 楕円の大きさは

primary vertex再構成
の不定性を20倍にして
表している

• カロリメータ(特にハドロン)での
エネルギー測定や、
横方向消失運動量(missing ET)の
測定に大きく影響する

9
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京都 ATLAS グループ
• 2001-2002年度

- スタッフ: 笹尾、坂本 (→東大素粒子国際センターへ異動)
- 学生: 溝内(M2)、隅田(M1、→K中間子実験へ逃亡)、辻(M1)

✓ その後瓦解
• 2003-2010年度

- スタッフ: 笹尾 (??)

•2011年度
- スタッフ: 石野 (6月着任)、隅田(10月着任)
- 学生: 田代 (M1)
‣ 本年度より活動を再開した。

10
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ATLAS trigger system
• トリガーレベル

- L1 : hardware
‣ Calo, Muon, Tracking

- L2 : consumer PC
- EF : full reconstruction
‣ この3つのレベルで、~1GHzから

~400Hz までレートを落とし、
ちゃんとデータ取得ができている。

• L1 EndCap Muon Trigger
- Thin Gap Chamber (TGC)
‣ 日本グループ全体で、検出器の建設(大体やった)から

エレクトロニクスの構築(全部やった)まで大きく貢献 
- トリガーチェーンのうち、特に

Muon L2 以降も日本の貢献が大きい
• これまでのLHC運転中の検出器のオペレーション、

トラブル時のメンテナンス等を石野が主導している

11

石野 (, 隅田)

TGC on BigWheel

ATLAS detector and physics performance Volume I
Technical Design Report 25 May 1999

24 1   Experiment overview

lation cuts can be applied. Trigger information is provided for a number of sets of pT thresholds
(generally 6–8 sets of thresholds per object type). The missing and total scalar transverse ener-
gies used in the LVL1 trigger are calculated by summing over trigger towers. In addition, a trig-
ger on the scalar sum of jet transverse energies is also available.

The LVL1 trigger decision is based on combinations of objects required in coincidence or veto.
Most of the physics requirements of ATLAS can be met by using, at the LVL1 trigger level, fairly
simple selection criteria of a rather inclusive nature. However, the trigger implementation is
flexible and it can be programmed to select events using more complicated signatures.

The maximum rate at which the ATLAS front-end systems can accept LVL1 triggers is limited to
75 kHz (upgradable to 100 kHz). The rates estimated in trigger performance studies, using trig-
ger menus that meet the needs of the ATLAS physics programme, are about a factor of two be-
low this limit. Given that there are large intrinsic uncertainties in the calculations, this safety
factor is not over-generous. However, if necessary, rates could be significantly reduced without
major consequences for the physics programme, for example by increasing the thresholds on
some of the inclusive (single-object) triggers when operating at the highest luminosities, and by
relying more heavily on multi-object triggers.

An essential requirement on the LVL1 trigger is that it should uniquely identify the bunch-
crossing of interest. Given the short (25 ns) bunch-crossing interval, this is a non-trivial consid-
eration. In the case of the muon trigger, the physical size of the muon spectrometer implies
times-of-flight comparable to the bunch-crossing period. For the calorimeter trigger, a serious
challenge is that the pulse shape of the calorimeter signals extends over many bunch crossings.

It is important to keep the LVL1 latency (time taken to form and distribute the LVL1 trigger de-
cision) to a minimum. During this time, information for all detector channels has to be con-
served in ‘pipeline’ memories. These memories are generally contained in custom integrated

Figure 1-2 Block diagram of the Trigger/DAQ system.

LEVEL 2
TRIGGER

LEVEL 1
TRIGGER

CALO MUON TRACKING

Event builder

Pipeline
memories

Derandomizers

Readout buffers
(ROBs)

EVENT FILTER

Bunch crossing
rate 40 MHz

< 75 (100) kHz

~ 1 kHz

~ 100 Hz

Interaction rate
~1 GHz

Regions of Interest Readout drivers
(RODs)

Full-event buffers
and

processor sub-farms

Data recording
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• (本物の muon だけでも大変なのに)
右図の赤い線の様に、ビームハローが
ビームパイプで散乱された低運動量の陽子が存在し、
high pT の muon としてトリガーされてしまう。
- 現在は Endcap Toroid Magnet の

外側の三層(on BW)のみのコインシデンスで
トリガーをかけているため。

- さらに内側に設置したもう一層 (on SW)との
コインシデンスを取る事で、
このバックグラウンドを排除する事ができる。
‣ MC で効果を確認。

✓ 約30%までレートを低減(@95% eff.)
‣ 実際のロジックは、VMEモジュールに

載ったFPGAに書き込む必要がある。
‣ 現在、LHCが停止するタイミングを狙って

早期にこの新ロジックを導入すべく、
ハードウェアでの実装、テストを行っている。

Muon Trigger の問題点

12

Muon Level-1 System 

Jan. 10-13 2012 ZAO2012 International Workshop on Atlas 
Muon Trigger Upgrade 2 

田代, 石野, 隅田

TGC on BW

TGC on SW

Big Wheel 

Reduction by TGC-Inner 

9 

•Implementation into the trigger is planed at 
phase-0 upgrade 

EI:  1.02<|η|<1.24 
FI:  1.23<|η|<1.88 

•Find wire/strip hits in a same 
chamber 
 
•Geometrical matching between 
BW RoI and TGC-inner 

Emulation of trigger with TGC-Inner 

2012/1/12 ZAO 2012  
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Jet calibration

13
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Jet の pT(測定)/pT(MC truth) 

pile-up correction前

pile-up correction後

• Jet の横方向運動量( pT )を
正しく測る事は、あらゆる
物理解析において最重要項目の一つ
- この測定自体が、
‣ パートン分布
‣ 高エネルギーパートンのハドロン化
‣ 検出器中の物質量
‣ カロリーメータのノイズ

- における不定性を含むので非常に難しい

- しかも、pile-up の影響を大きく受ける
‣ 2011/2012年の解析において

早期に解決しなければならない問題
✓ pile-upからのエネルギーの

補正関数を作成、MCを使った
検証を行った。

隅田  
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最新結果 from ATLAS
• Higgs

- 全てのモードで 4.6-4.9 fb-1 を使った
解析結果に update
‣ H→WW(*) , H→ττ を含む

• 結果
- not excluded

‣ 117.5 < mH < 118.5 GeV
‣ 122.5 < mH < 129 GeV

- Best fit
‣ mH= 126 GeV with 2.5 σ (local significance)

- signal strength (SM らしさ) ~ 1

14

Search Channels at ATLAS
4

All#exclusion#limits#shown#are#at#
95%#CL#unless#otherwise#stated

Higgs Decay channel
mH L [fb�1]

Range

low-mH , good mass resolution
H ! �� 110-150 4.9

H ! ZZ ! ⌅⌅⌅0⌅0 110-600 4.8

low-mH , limited mass resolution
H ! WW ! ⌅⇥⌅⇥ 110-200-300-600 4.7

V H ! bb 110-130 4.6
H ! ⇤+⇤� ! ⌅⌅4⇥ 110-150 4.7

H ! ⇤+⇤� ! ⌅⇤had3⇥ 110-150 4.7
H ! ⇤+⇤� ! ⇤had⇤had2⇥ 110-150 4.7

high-mH

H ! ZZ ! ⌅⌅⇥⇥̄ 200-280-600 4.7
H ! ZZ ! ⌅⌅qq̄ 200-300-600 4.7

H ! WW ! ⌅⇥qq0 300-600 4.7

Searches performed in 12 distinct channels using the full 2011 dataset

Combination

! Observed local significance for mH = 126 GeV is 2.5σ (expected 2.8σ)
! Best-fit signal strength at mH = 126 GeV is
! Global probability to observe such a fluctuation in 110 - 600 GeV is 30%

18

Probability#of#background#fluctuaOon BestQfit#of#signal#strength#μ#=#σ/σSM

µ̂ = 0.9+0.4
�0.3

Combination
17

Excluded
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最新結果 from ATLAS/CMS
• Fermiophobic Higgs

- excess in γγ ?
‣ Result: SM like 

• MSSM Higgs search updates
- Φ(h, H, A)→ττ
‣ ATLAS: 1.1 fb-1

‣ CMS: 4.7 fb-1

- H+→τ j, eτ, µτ
‣ ATLAS : 4.6fb-1

‣ CMS: 2.2fb-1

• Result
- No evidence...

• cf.) 普通の jet を伴う SUSY search
- (ほぼ) update なし (すみません)

15

MSSM Higgs Summary"

Mar-6-12!17! Sridhara Dasu 
(Wisconsin)!

arXiv:1202.4083!

ATLAS CONF 2012-11!

CMS PAS HIG-11-019!
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A Additional Plots and Tables

The combined best-fit of the fermiophobic Higgs boson signal strength as a function of the Higgs
boson mass hypothesis (mH) is shown in Fig. 5. The bands correspond to ±1 standard deviation (�)
around the central value. A loss in sensitivity for increasing mH is observed due to the rapid decrease of
the number of expected signal events.

Figure 6 shows the best-fit signal strength for the low and high pTt categories separately and their
combination. The combination is driven by the high pTt categories with a larger signal-to-background
ratio (Table 2).

The fermiophobic analysis has an increased sensitivity compared to the SM analysis because the
larger Higgs pT of the fermiophobic model discriminates better from the backgrounds. This is illustrated
in Fig. 7 with the cross section times branching ratio limits compared to the SM analysis.
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Figure 5: Best-fit signal strength (µ) as a function of the Higgs boson mass hypothesis (mH) in the mass
range sensitive to the fermiophobic model. The light blue band shows the ±1� range.

Figure 6: Best-fit signal strength (µ) as a function of the Higgs boson mass hypothesis (mH) for the low
and high pTt categories separately and their combination.
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 Toshi SUMIDA  Physics II workshop, 12 Mar 2012

まとめ
• 2011年、LHCは非常に順調に稼働。

ATLAS検出器は √s = 7 TeV において約 5 fb-1の
陽子陽子衝突データを取得した。
- 2012年は 4+4TeV衝突、最大強度が約2倍になる。

予想取得データは 15fb-1。

‣ Higgs boson の発見、または
全質量領域での棄却が期待される。

• LHCの強度増大に伴い、トリガーレートや
pile-up から来るカロリメータへ影響が問題となっている。

• 京都グループは、2011年より本格活動再開。
L1ミューオントリガーの構築とそのアップグレード、
ジェットのキャリブレーションにおいて大きな貢献をしている。
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