
高エネルギー現象の「直接」測定 
LHC・ATLAS実験

*

Intensity Frontier
LHC, J-Parc , B-Factory , FNAL

Energy Frontier
LHC : 14TeV ( →33TeV →100TeV )

Cosmic Frontier
CMB , Dark Energy , …

新物理

• ΔE x Δt ~ h ：ループの利用
• ニュートリノの物理・（陽子崩壊）
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H→ZZ
Analysis reoptimized for full 2011+2012 data set

Tighter electron identification for low mass ee pair
Improved mass-pairing and lower mass cut
Z mass constraint and new FSR recovery procedure

ATLAS-CONF-2013-013

Best fit mass: Signal strength:

Observed significance: 6.6σ
(Expected: 4.4σ for SM Higgs)

23

H→γγ
Updated to full 2011+2012 data sets
Re-optimized event categorization to improve coupling measurements

New categories for associated production
Multi-variate selection for VBF categories

ATLAS-CONF-2013-012

Observed significance: 7.4σ
(Expected: 4.1σ for SM Higgs)

Best fit mass:

Signal strength:
μ= (2.3σ above SM Higgs prediction)

Fiducial cross section:

• そもそもPlank Scaleより手前に
新物理は必要なのか？

M_Higgs = 125GeV：真空の安定性

よくわからない，意味深である，
特定の理論にbiasされない研究態度

宇宙年齢程度であれば，Plank Scale まで真空は安定．
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ATLAS-CONF-2014-009 
(March 20, 2014)  

結合定数の測定 
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Figure 5: Results of fits for the 2-parameter benchmark model defined in Section 5.2.1 that probe di↵erent
coupling strength scale factors for fermions and vector bosons, assuming only SM contributions to the
total width: (a) Correlation of the coupling scale factors kF and kV ; (b) the same correlation, overlaying
the 68% CL contours derived from the individual channels and their combination; (c) coupling scale
factor kV (kF is profiled); (d) coupling scale factor kF (kV is profiled). The dashed curves in (c) and (d)
show the SM expectations. The thin dotted and dash-dotted lines in (c) indicate the continuations of the
likelihood curves when restricting the parameters to either the positive or negative sector of kF .
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階層性の問題を いわゆる Mpl の手前で解決9

LHC : 7 -> 8 -> 13 -> 14TeV 
新粒子をみつけるなら，「今」

!

ABA!
DC!

?(����-.&$�1�@!
#

!
!

!
#�������	��!
$%&"�	�
�"

# # !'�<�-.&$�;���	����-.8*�5"��>%�7#���%�,��6�02/�����3!'� ��#

9�����
��#

#

!
!

!
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !):4+=�# # # # # # # # # # # # "

ヒッグス粒子の質量は輻射補正によって二次発散を含む (ヒッグス粒子の階層性問題)。これは現在の
素粒子物理学における未解決問題の一つであり、これを解決するには素粒子標準模型を超えた物理が
必要である。ヒッグス粒子の階層性問題を解決する物理モデルの 1 つに、vector like quark(VLQ)
がある。VLQ はカイラリティの左手系、右手系が同じ SU(2) 表現に属するクオークであり、特に左
手系右手系ともに SU(2) 一重項に属し、電荷が+2/3 である VLQ T(以下、T と表記する) は図 2 の
ようにヒッグス粒子と標準模型トップクオークと結合し、ヒッグス粒子の質量の発散を解消する。[1]

Figure 1. One-loop Higgs mass renormalization in a model with a fermionic top partner,

such as the Littlest Higgs.

the theory. What is the minimal set of new particles that must appear below 1 TeV to

avoid fine-tuning? It is well known that the only SM contribution to the Higgs mass

that must be modified at sub-TeV scales is the one-loop correction from the top sector.

All other SM loops are numerically suppressed by either gauge or non-top Yukawa cou-

plings, by extra loop factors, or both. As a result, the states responsible for cutting o↵

these loops can lie above 1 TeV with no loss of naturalness. Thus, the sub-TeV particles

that soften the divergence in the top loop, the “top partners,” provide a uniquely well-

motivated target for searches at the LHC, and it must be ensured that a comprehensive,

careful search for such partners is conducted.

The best-known mechanism for canceling the Higgs mass divergences is super-

symmetry (SUSY). In SUSY models, the quadratic divergence in the SM top loop is

cancelled by loops of scalar tops, or stops. Recently, a number of papers [2] empha-

sized the importance of stop searches at the LHC, and reinterpreted the published

LHC results, based on the 1 fb�1 integrated luminosity data set, in terms of bounds

on stop masses. It was found that completely natural spectra are allowed so far. On

the other hand, incorporating a 125 GeV Higgs in the Minimal SUSY Model (MSSM)

does require significant fine-tuning, of order 1% at best. (Fine-tuning can be reduced

in non-minimal models [3].)

However, SUSY is not the only option for canceling the quadratic divergence in the

SM top loop. An alternative is to introduce a spin-1/2 top partner T , a Dirac fermion

with mass mT , which is an SU(2)L singlet, color triplet, and has electric charge 2/3.

In the Weyl basis, T = (TL, TR). This field couples to the SM Higgs doublet H via

L = ��TT
†
RH̃Q

3

+
�2

t + �2

T

2mT
(H†H)T †

LTR + h.c. , (1.1)

where Q
3

is the SM third-generation left-handed quark doublet, �t is the SM top

Yukawa, �T is a new dimensionless coupling constant, and H̃ = (i�
2

H)†. The one-

– 2 –

図 2: Tがヒッグス粒子と結合するファインマンダイアグラ
ム。(a)のループによるヒッグス質量の発散が、(b)と (c)の
ループで解消される。

Tの探索における問題点はTは背景事象
の多さである。膨大な背景事象を含むデー
タの中から Tの信号を探し出さなければ
ならない。これを解決するため、トリガー
とオフライン解析の両方で十分に背景事象
を削減できるよう工夫する必要がある。

LHC RUN2では衝突エネルギーが上が
り、Tの生成断面積が上がるため、RUN1
では探索できなかった重いTの探索が可能
になる。Tの質量が大きくなると、その崩
壊によって生じる粒子の pT が大きくなる。私はこの pT の高さを利用して従来よりも背景事象の少ない解
析が行えるのではないかと考え、この研究の着想に至った。
参考文献

[1] A Fermionic Top Partner: Naturalness and the LHC, arXiv:1205.1103(2013)

田代 拓也

(b) 作成した回路の動作検証
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図 1: レベル 1ミューオントリガーの擬ラ
ピディティ分布。コインシデンス回路の導
入により、19.6%のトリガーが削減される。

(a)で作成した回路に対し、まずコンピュータの回路シミュ
レーションを用いて動作確認を行った。次に任意の入力信号
が作れるようなテストシステムを作成し、作成した回路の実
機に対して様々な入力信号を送り、全ての入力信号に対して
回路が正しい出力を出すことを確認した。この結果をまとめ
て日本物理学会 2012年秋季大会にて発表した。
(c) 新しい回路の実装準備

2012年 11月より、私が作った回路をATLAS検出器に導
入した。ここで回路の安定性を確認することが出来たため、
これ以降ATLAS検出器には私が作った回路が実装されてい
る。
(d) 回路導入によるトリガーの影響の見積もり

2012年に得られたデータから、回路導入によるRUN2で
のトリガーレート削減およびトリガー効率の変化を見積もっ
た。図 1にミューオントリガーの擬ラピディティ分布を示す。
新しいコインシデンス回路の導入によって低下するトリガー
効率を 1%程度に抑えつつ、約 19.6%のトリガーが削減可能であることをここで確かめた。以上の結果を
修士論文にまとめ、発表した。
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Figure 1: A representative diagram (a) illustrating heavy quark pair production and vector-like decay
modes. The pair production cross section versus quark mass (b) as predicted by HATHOR [35] for pp
collisions at

p
s = 7 TeV and 8 TeV. The bottom panel shows the 8 TeV/7 TeV cross section ratio.

cross section is shown in Fig. 1(b) as a function of the new quark mass. The prediction has been computed
with HATHOR v1.2 [35], an approximate next-to-next-to-leading-order (NNLO) calculation, using the
MSTW2008 NNLO 90% C.L. [36] set of parton distribution functions (PDFs), and is independent of the
electroweak quantum numbers of the new quark. The 8 TeV cross section ranges from approximately
5 pb for a quark mass of 350 GeV to approximately 10 fb for a quark mass of 850 GeV. Uncertainties
have been calculated according to the MSTW prescription [37] and range from approximately 10 to 20%
in the mass range considered in this analysis.

Once produced, the final state topology depends on the decay modes of the new quarks. Unlike chiral
quarks, where only the charged-current decay mode occurs at tree-level due to GIM suppression of the
neutral-current modes, vector-like quark decays can proceed at tree-level to a W , Z, or H boson plus a SM
quark. Additionally, vector-like quarks are generally assumed to couple preferentially to third generation
SM quarks, as the mixing is proportional to the mass of the SM quark [38]. Therefore, Fig. 1(a) depicts
a T or a B vector-like quark, represented by Q, decaying to either a SM t or b quark, represented by
q/q0, and a Z, H, or W boson. The branching ratios of a T quark versus its mass, as computed by
PROTOS v2.2 [39, 16], are shown in Fig. 2(a). A weak-isospin singlet T quark hypothesis is depicted, as
well as a T that is part of a weak-isospin doublet. The doublet prediction is valid for an (X ,T ) doublet,
where the charge of the X quark is +5/3, as well as a (T,B) doublet when a mixing assumption of
VT b ⌧VtB is made [16]. Note that BR(T !Wb) = 0 in the doublet cases. Similarly, Fig. 2(b) shows the
branching ratio of a B quark versus mass for the singlet and doublet hypotheses. In the case of a (T,B)
doublet, BR(B!Wt) = 1. Branching ratio values are also shown for a (B,Y ) doublet, where the charge
of the Y quark is �4/3. The charged-current mode, BR(B!Wt), is absent in this case.

Simulated samples of leading-order pair production events were generated for the T T̄ and BB̄ hy-
potheses with PROTOS v2.2 interfaced with PYTHIA [40] v6.421 for parton shower and fragmentation,
and using the MSTW 2008 LO 68% C.L. [36] set of PDFs. The cross section normalization of these
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Andreas Hoecker, Physics Startup 2015, Oct 7, 2013 

Physics prospects with the first few fb�1 of Run-2 
Andreas Hoecker, ATLAS week at Marrakech, Morocco, Oct 7, 2013 

Hopes and fears for 2015 ?  

Facts: 
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Will concentrate on fast-track 
analyses which are expected 
to produce results during 2015 
(provided sufficient luminosity) 

1 

Strong interaction 
dominated processes 

Electroweak processes 

LHC : 7 -> 8 -> 13 -> 14TeV 
と増加していく時は、new particle searchに、と
てもよい季節　（ ave. １０年に １度 ）

(a) 300 400 500 600 700 800 900 1000

 ) 
[p

b]
Q

 Q
→

( p
p 

σ

-310

-210

-110

1

10

210

310
 = 8 TeVs

 = 7 TeVs

 [GeV]Qm
300 400 500 600 700 800 900 1000

(7
 T

ev
)

σ
(8

 T
ev

)
σ

1.5
2

2.5
3

(b)

Figure 1: A representative diagram (a) illustrating heavy quark pair production and vector-like decay
modes. The pair production cross section versus quark mass (b) as predicted by HATHOR [35] for pp
collisions at

p
s = 7 TeV and 8 TeV. The bottom panel shows the 8 TeV/7 TeV cross section ratio.

cross section is shown in Fig. 1(b) as a function of the new quark mass. The prediction has been computed
with HATHOR v1.2 [35], an approximate next-to-next-to-leading-order (NNLO) calculation, using the
MSTW2008 NNLO 90% C.L. [36] set of parton distribution functions (PDFs), and is independent of the
electroweak quantum numbers of the new quark. The 8 TeV cross section ranges from approximately
5 pb for a quark mass of 350 GeV to approximately 10 fb for a quark mass of 850 GeV. Uncertainties
have been calculated according to the MSTW prescription [37] and range from approximately 10 to 20%
in the mass range considered in this analysis.

Once produced, the final state topology depends on the decay modes of the new quarks. Unlike chiral
quarks, where only the charged-current decay mode occurs at tree-level due to GIM suppression of the
neutral-current modes, vector-like quark decays can proceed at tree-level to a W , Z, or H boson plus a SM
quark. Additionally, vector-like quarks are generally assumed to couple preferentially to third generation
SM quarks, as the mixing is proportional to the mass of the SM quark [38]. Therefore, Fig. 1(a) depicts
a T or a B vector-like quark, represented by Q, decaying to either a SM t or b quark, represented by
q/q0, and a Z, H, or W boson. The branching ratios of a T quark versus its mass, as computed by
PROTOS v2.2 [39, 16], are shown in Fig. 2(a). A weak-isospin singlet T quark hypothesis is depicted, as
well as a T that is part of a weak-isospin doublet. The doublet prediction is valid for an (X ,T ) doublet,
where the charge of the X quark is +5/3, as well as a (T,B) doublet when a mixing assumption of
VT b ⌧VtB is made [16]. Note that BR(T !Wb) = 0 in the doublet cases. Similarly, Fig. 2(b) shows the
branching ratio of a B quark versus mass for the singlet and doublet hypotheses. In the case of a (T,B)
doublet, BR(B!Wt) = 1. Branching ratio values are also shown for a (B,Y ) doublet, where the charge
of the Y quark is �4/3. The charged-current mode, BR(B!Wt), is absent in this case.

Simulated samples of leading-order pair production events were generated for the T T̄ and BB̄ hy-
potheses with PROTOS v2.2 interfaced with PYTHIA [40] v6.421 for parton shower and fragmentation,
and using the MSTW 2008 LO 68% C.L. [36] set of PDFs. The cross section normalization of these
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いずれにせよ …



よいデータをとる・よい物理をだす11

25 reco. Vertex 
in 2012

よいデータ・よい物理を引き出すための努力 
自分の名刺がわりになるような仕事をひとつ 

やり遂げ、物理解析 
→ドクター論文を仕上げて次の 
ステップへ行ってほしい 

→２つの可能性

イベントの重なりが，困難を引きおこす 
ハードウエア・解析、進化させ続ける
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Lumi の上昇は嬉しいけれど …



b-jet
b-jet

νW
W

H

ミューオントリガー（ハードウエア・L1） 
の回路・検出器開発

40MHz → 100KHz（L1・2μsec） →  400Hz
どのイベントを記録するか？（捨てるか）

選択するのはトリガー

ハドロンコライダーの物理はトリガーで決まる

    10-1  b： p-p 非弾性散乱 
→ 10-8  b： Z ボソン生成 
→ 10-11 b： Higgs生成

µ

研究の種１12



LVL1_Muon Trigger

3,600 TGC 
320k ch.

2008 春
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開発
↓
製作
↓

くみたて
・試験
↓
運転
↓
評価
↓
改良

Run-1：石野 
Run-2：隅田

南條・石野
田中

石野

田中



完成までの道のり：絶対に失敗できないモノ作り14

2002 2003

20072005



戦友たち：～50人15
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CERN・KEKのものより，
コンセプトは２歩先を行っている

だが，

動作状況は，
１歩，遅れをとっている …

（2014.04の時点では３歩遅れていた）

回路の基礎を学びながら， 
システムをたちあげよう !!
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ATLAS-CONF-2014-009 
(March 20, 2014)  

結合定数の測定 

Vκ

0.8 0.9 1 1.1 1.2 1.3 1.4

F
κ

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

3

SM

Best fit

68% CL

95% CL

ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s

b,bττ,ZZ*,WW*,γγ →Combined H

(a)

Vκ

0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6

F
κ

-2

-1

0

1

2

3

4

 bb→H  bb→H 

ττ →H ττ →H 

 4l→H  4l→H 

νlν l→H νlν l→H 

γγ →H γγ →H 

 bb→H ττ →H 
 4l→H νlν l→H 
γγ →H Combined

SM Best Fit-1Ldt = 20.3 fb∫ = 8 TeV s

-1Ldt = 4.6-4.8 fb∫ = 7 TeV s
ATLAS Preliminary

(b)

Vκ

0.8 0.9 1 1.1 1.2 1.3 1.4

)
V

κ(
Λ

-2
 ln

0

2

4

6

8

10 ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s

b,bττ,ZZ*,WW*,γγ →Combined H

]Fκ,Vκ[

Observed

SM expected

(c)

Fκ

-1 -0.5 0 0.5 1 1.5

)
F

κ(
Λ

-2
 ln

0

2

4

6

8

10 ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s

b,bττ,ZZ*,WW*,γγ →Combined H

]Fκ,Vκ[

Observed

SM expected

(d)

Figure 5: Results of fits for the 2-parameter benchmark model defined in Section 5.2.1 that probe di↵erent
coupling strength scale factors for fermions and vector bosons, assuming only SM contributions to the
total width: (a) Correlation of the coupling scale factors kF and kV ; (b) the same correlation, overlaying
the 68% CL contours derived from the individual channels and their combination; (c) coupling scale
factor kV (kF is profiled); (d) coupling scale factor kF (kV is profiled). The dashed curves in (c) and (d)
show the SM expectations. The thin dotted and dash-dotted lines in (c) indicate the continuations of the
likelihood curves when restricting the parameters to either the positive or negative sector of kF .
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γ –jet + Z-jet + MJB combination

→ spline-based combination of in-situ results

→ full treatment of uncertainties and correlations

(DB)

b-jet
b-jet

νW
W

H

µ
研究の種２：(b-)Jet Energy Calibration

絵は flavour blind …
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