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ミューオン 𝒈 − 𝟐 アノマリーと超対称性
•ミューオン異常磁気能率 : 𝒂𝝁 ≡ 𝒈 − 𝟐 𝝁/𝟐
標準模型で極めて高精度に計算できる

• 理論値 𝒂𝝁(SM) = (1165918.10± 0.43)×10-9

• 実験値 𝒂𝝁(exp) = (1165920.59± 0.22)×10-9

→ 𝛥𝒂𝝁 = (2.49± 0.50)×10-9

→ 5.0 𝝈の乖離 →新物理の兆候 ?

• 超対称性 (Supersymmetry, SUSY)
• ボソンとフェルミオンを結びつける対称性
• 標準模型粒子と対をなす超対称性粒子を導入
• 暗黒物質の存在、階層性問題の解決
力の大統一など、多くの標準模型の問題を

解決し得る

• ミューオン 𝒈 − 𝟐アノマリーを説明可能

g-2 Scientific Seminar
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•世界最高エネルギーの陽子陽子衝突から生じる粒子を観測し、
標準模型を超える物理を探索する

•第2期運転 (Run 2) では重心エネルギー 13 TeV でデータ解析に資するクォリティの
物理データを積分ルミノシティーにして 140 fb-1 記録した

•第3期運転 (Run 3) では重心エネルギー 13.6 TeV で、
現在までに ~ 165 fb-1の物理データを記録した

LHC-ATLAS 実験
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2.6. SUSY MASS HIERARCHY MOTIVATED BY MUON G− 2 ANOMALY AND DARK

MATTER
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Figure 7. Diagrams induce the couplings of the Higgsino DM with quarks in the presence of the
higher-dimensional operators.

results of the lattice QCD simulations [83, 84]. The SI elastic scattering cross section of

the Higgsino DM with a target nucleus is then given as follows:

σSI =
4

π
M2

red(Zfp +Nfn)
2 . (4.9)

In addition to the contribution, there exists the electroweak gauge boson contribution

at loop-level. The contribution is presented in refs. [85, 86], and we take it into account in

the following analysis.

The SD scattering is, on the other hand, induced by the Z-boson exchange process

illustrated in figure 7(b). The interactions are expressed in terms of the following effective

Lagrangian:

Leff = dqχ̃0
1γ

µγ5χ̃
0
1qγµγ5q . (4.10)

By evaluating the diagram, we obtain

dq =
GF√
2
cos 2θT q

3 . (4.11)

Since the coupling is suppressed by cos 2θ, and since the current experimental limits on

the SD scattering are much weaker than those on the SI one, we can safely neglect the

contribution in our scenario.

Figure 8 shows the SI scattering cross sections of the Higgsino DM with a proton as

functions of |M2| in solid lines. Here we take tanβ = 2, µ = 500GeV, M1 = M2 and

m̃ = |M2|. The φ2 = arg(M2) = 0, π/2 and π, cases are given in red-solid, green-dashed,

and blue short-dashed lines, respectively, and another choice of the CP-phase falls between

them. The upper blue-shaded region is already excluded by the LUX experiment [77].

The lower gray-shaded region represents the limitation of the direct detection experiments;

once the experiments achieve the sensitivities to the cross sections they will suffer from

the neutrino background and cannot distinguish the DM signal by means of the present

technique [87]. In addition, we show the effects of the resummation on the calculation in

the lower panel. As seen from the figure, the SI scattering cross sections highly depend on

the CP-phase in the Higgsino-gaugino sector. When the gaugino scale is low enough, the

future direct detection experiments may detect the signal of the DM. In higher gaugino

mass regions, the electroweak loop effects dominate the contribution to the SI scattering

cross sections and the resultant scattering cross sections become constant, though they are

much lower than the neutrino background limit.
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Figure 4. Diagram which gives rise to the inelastic scattering process χ̃0
1N → χ̃0

2N .

the Higgsino-gaugino Yukawa couplings run differently from the gauge couplings below the

SUSY breaking scale [5–7],6 and accordingly the relations (3.3) do not hold at the gaugino

mass scale. This then affects the ratios Rci and Rdi , especially when the SUSY breaking

scale is much higher than the gaugino mass scale.

4 Higgsino dark matter search

As mentioned in the Introduction, the neutral Higgsino LSP with a mass of around TeV

scale can be a dark matter candidate. In fact, the thermal relic abundance of the Higgsino

LSP is consistent with the observed DM density when it has ∼ 1TeV mass [61]. In

this section, we assume that the Higgsino LSP occupies the dominant component of the

DM in the Universe, and consider the constraints on the DM from the direct detection

experiments.7 The mass of the Higgsino DM is assumed to be lower than 1TeV to satisfy

the environment selection requirement discussed in the Introduction.

4.1 Inelastic scattering

Without the dimension-five effective operators, the Higgsino DM forms a Dirac fermion.

In this case, the Z-boson exchange process induces the vector-vector coupling between

the DM and a nucleon. Due to the coupling, the spin-independent (SI) scattering cross

sections between the DM and nucleons are so large that this Dirac Higgsino scenario turns

out to be already excluded by the direct detection experiments. However, thanks to the

higher dimensional operators, the neutral components of Higgsino split into two Majorana

fermions χ̃0
1 and χ̃0

2 with the mass difference ∆m given in eq. (2.14). Since a Majorana

fermion does not have vector interactions, the Majorana Higgsino DM can avoid the bound

from the direct detection experiments.

Nevertheless, if the mass difference ∆m is as small as O(100) keV, inelastic scattering

processes χ̃0
1N → χ̃0

2N (N denotes a nucleon) may occur through the diagram in figure 4.

The inelastic scattering is also restricted by the direct detection experiments, depending

on the mass difference [72, 73]. Let us consider the constraints on the mass difference ∆m

by studying the process. This bound then can be interpreted as an upper bound on the

gaugino mass scale, as we will see in what follows.

6The RGEs of the Higgsino-gaugino couplings are given in appendix C. In addition, we have included

finite threshold corrections at the SUSY breaking scale.
7As for the indirect search of the Higgsino DM, a robust limit is given in ref. [71] based on the observations

of Milky Way’s dwarf galaxies by Fermi Gamma-ray Space Telescope. According to the results, the current

bound on the DM mass is mDM >∼ 200− 300GeV.
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(b) Inelastic scattering

Figure 2.8: Diagrams inducing elastic and inelastic scattering between neutralinos and quarks. The figures
are taken from Ref. [49].

Figure 2.9: Dependence of the SI elastic
scattering cross-section on the gaugino
mass derived from Equation 2.16 with
"1 = "2, ` = 100 GeV, and tan V =
50. The blue area indicates the re-
gion excluded by the LZ experiment at
<j = 100 GeV [21]. The gray region rep-
resents the range where the sensitivity is
restricted by irreducible backgrounds from
coherent neutrino scattering. This region is
referred to as the “neutrino floor”. The ver-
tical gray dashed lines illustrate the mass
differences between the lightest chargino
and neutralino for the given gaugino mass
("1 = "2).
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2.4.3 Indirect dark matter detection

The indirect dark matter detection of anti-protons and gamma-rays produced from the annihilation
of neutralinos is also very effective in the search for higgsinos. The most stringent limit to the
annihilation cross-section of higgsino-like LSPs is O(10�25

) cm3 s−1, set by the Fermi-LAT
experiment [50] through the observation of gamma-ray spectrum from ,

+
,

� and // final
states. The annihilation cross-section of higgsino-like LSPs at <j ⇡ 1.0 TeV is expected to be
hfEi ⇡ 1.3 ◊ 10−26 cm3 s−1.

2.4.4 Electron Electric Dipole Moment (EDM)

The electron EDM is a very powerful probe for measuring the CP violation induced by elec-
troweakinos in the MSSM. The loop corrections to the electron EDM induced by charginos and
neutralinos are illustrated in Figure 2.10.

30

Figure 2.10: Diagrams inducing spin independent elastic scattering between neutralinos and
quarks. The figure is taken from [90].

tions can be approximated as [91],

∆aµ(W̃
±, H̃±, ν̃µ) " 15× 10−9

(
tanβ

10

) [
(100GeV)2

M2µ

] [
2 · fC

(
M2

2

m2
ν̃µ

,
µ2

m2
ν̃µ

)]
, (2.87a)

∆aµ(W̃
0, H̃0, µ̃±

L ) " −2.5× 10−9

(
tanβ

10

) [
(100GeV)2

M2µ

] [
6 · fN

(
M2

2

m2
µ̃L

,
µ2

m2
µ̃L

)]
, (2.87b)

∆aµ(H̃
0, B̃0, µ̃±

L ) " 0.76× 10−9

(
tanβ

10

) [
(100GeV)2

M1µ

] [
6 · fN

(
M2

1

m2
µ̃L

,
µ2

m2
µ̃L

)]
, (2.87c)

∆aµ(H̃
0, B̃0, µ̃±

R) " −1.5× 10−9

(
tanβ

10

) [
(100GeV)2

M2µ

] [
6 · fN

(
M2

1

m2
µ̃R

,
µ2

m2
µ̃R

)]
, (2.87d)

∆aµ(µ̃
±
L , µ̃

±
R, B̃

0) " 1.5× 10−9

(
tanβ

10

)[
(100GeV)2

m2
µ̃L
m2

µ̃R
/M1µ

][
6 · fN

(
m2

µ̃L

M2
1

,
m2

µ̃R

M2
1

)]
, (2.87e)

where fC , fN are the charged and neutral loop functions respectively,

fC(x, y) = xy

[
5− 3(x+ y) + xy

(x− 1)2(y − 1)2
− 2 log x

(x− y)(x− 1)3
+

2 log y

(x− y)(y − 1)3

]
, (2.88a)

fN (x, y) = xy

[
−3 + x+ y + xy

(x− 1)2(y − 1)2
+

2x log x

(x− y)(x− 1)3
− 2y log y

(x− y)(y − 1)3

]
. (2.88b)

The arguments in the left-hand side of Eq. 2.87 show the sparticles which propagate in each568

loop diagram. If one of them decouples, the corresponding SUSY contribution is suppressed.569

The SUSY contributions to the muon g−2 are enhanced when tan β is large or masses of SUSY570

particles in the loop are light. When masses of SUSY particles in the loop are O(100)GeV and571

tanβ is O(10), Eq. 2.87 become O(10−9) which can explain the muon g − 2 anomaly.572

2.6 SUSY Mass Hierarchy Motivated by Muon g − 2 Anomaly573

and Dark Matter574

There are four major scenarios, depending on which diagram in Fig. 2.11 dominates the cor-575

rection. Here we assume that only one type of loop in Fig. 2.11 dominates the contribution576

1.577

1We could consider the case where multiple loops contribute to muon g−2, but that would be too complicated,
and we will not consider that case. In that case, however, it is expected that constrain will become more stronger
as the number of light sparticles increase and search becomes easier in general.
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• 超対称性粒子を3つ含んだ 1-loop が主にミューオン 𝑔 − 2に寄与する

• 超対称性粒子の質量が 𝓞(100 GeV), tan𝛽 が 𝒪(10) の時ミューオン 𝑔 − 2アノマリーを
うまく説明することができる
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Figure 7. Diagrams induce the couplings of the Higgsino DM with quarks in the presence of the
higher-dimensional operators.

results of the lattice QCD simulations [83, 84]. The SI elastic scattering cross section of

the Higgsino DM with a target nucleus is then given as follows:

σSI =
4

π
M2

red(Zfp +Nfn)
2 . (4.9)

In addition to the contribution, there exists the electroweak gauge boson contribution

at loop-level. The contribution is presented in refs. [85, 86], and we take it into account in

the following analysis.

The SD scattering is, on the other hand, induced by the Z-boson exchange process

illustrated in figure 7(b). The interactions are expressed in terms of the following effective

Lagrangian:

Leff = dqχ̃0
1γ

µγ5χ̃
0
1qγµγ5q . (4.10)

By evaluating the diagram, we obtain

dq =
GF√
2
cos 2θT q

3 . (4.11)

Since the coupling is suppressed by cos 2θ, and since the current experimental limits on

the SD scattering are much weaker than those on the SI one, we can safely neglect the

contribution in our scenario.

Figure 8 shows the SI scattering cross sections of the Higgsino DM with a proton as

functions of |M2| in solid lines. Here we take tanβ = 2, µ = 500GeV, M1 = M2 and

m̃ = |M2|. The φ2 = arg(M2) = 0, π/2 and π, cases are given in red-solid, green-dashed,

and blue short-dashed lines, respectively, and another choice of the CP-phase falls between

them. The upper blue-shaded region is already excluded by the LUX experiment [77].

The lower gray-shaded region represents the limitation of the direct detection experiments;

once the experiments achieve the sensitivities to the cross sections they will suffer from

the neutrino background and cannot distinguish the DM signal by means of the present

technique [87]. In addition, we show the effects of the resummation on the calculation in

the lower panel. As seen from the figure, the SI scattering cross sections highly depend on

the CP-phase in the Higgsino-gaugino sector. When the gaugino scale is low enough, the

future direct detection experiments may detect the signal of the DM. In higher gaugino

mass regions, the electroweak loop effects dominate the contribution to the SI scattering

cross sections and the resultant scattering cross sections become constant, though they are

much lower than the neutrino background limit.
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the Higgsino-gaugino Yukawa couplings run differently from the gauge couplings below the

SUSY breaking scale [5–7],6 and accordingly the relations (3.3) do not hold at the gaugino

mass scale. This then affects the ratios Rci and Rdi , especially when the SUSY breaking

scale is much higher than the gaugino mass scale.

4 Higgsino dark matter search

As mentioned in the Introduction, the neutral Higgsino LSP with a mass of around TeV

scale can be a dark matter candidate. In fact, the thermal relic abundance of the Higgsino

LSP is consistent with the observed DM density when it has ∼ 1TeV mass [61]. In

this section, we assume that the Higgsino LSP occupies the dominant component of the

DM in the Universe, and consider the constraints on the DM from the direct detection

experiments.7 The mass of the Higgsino DM is assumed to be lower than 1TeV to satisfy

the environment selection requirement discussed in the Introduction.

4.1 Inelastic scattering

Without the dimension-five effective operators, the Higgsino DM forms a Dirac fermion.

In this case, the Z-boson exchange process induces the vector-vector coupling between

the DM and a nucleon. Due to the coupling, the spin-independent (SI) scattering cross

sections between the DM and nucleons are so large that this Dirac Higgsino scenario turns

out to be already excluded by the direct detection experiments. However, thanks to the

higher dimensional operators, the neutral components of Higgsino split into two Majorana

fermions χ̃0
1 and χ̃0

2 with the mass difference ∆m given in eq. (2.14). Since a Majorana

fermion does not have vector interactions, the Majorana Higgsino DM can avoid the bound

from the direct detection experiments.

Nevertheless, if the mass difference ∆m is as small as O(100) keV, inelastic scattering

processes χ̃0
1N → χ̃0

2N (N denotes a nucleon) may occur through the diagram in figure 4.

The inelastic scattering is also restricted by the direct detection experiments, depending

on the mass difference [72, 73]. Let us consider the constraints on the mass difference ∆m

by studying the process. This bound then can be interpreted as an upper bound on the

gaugino mass scale, as we will see in what follows.

6The RGEs of the Higgsino-gaugino couplings are given in appendix C. In addition, we have included

finite threshold corrections at the SUSY breaking scale.
7As for the indirect search of the Higgsino DM, a robust limit is given in ref. [71] based on the observations

of Milky Way’s dwarf galaxies by Fermi Gamma-ray Space Telescope. According to the results, the current

bound on the DM mass is mDM >∼ 200− 300GeV.
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(b) Inelastic scattering

Figure 2.8: Diagrams inducing elastic and inelastic scattering between neutralinos and quarks. The figures
are taken from Ref. [49].

Figure 2.9: Dependence of the SI elastic
scattering cross-section on the gaugino
mass derived from Equation 2.16 with
"1 = "2, ` = 100 GeV, and tan V =
50. The blue area indicates the re-
gion excluded by the LZ experiment at
<j = 100 GeV [21]. The gray region rep-
resents the range where the sensitivity is
restricted by irreducible backgrounds from
coherent neutrino scattering. This region is
referred to as the “neutrino floor”. The ver-
tical gray dashed lines illustrate the mass
differences between the lightest chargino
and neutralino for the given gaugino mass
("1 = "2).
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2.4.3 Indirect dark matter detection

The indirect dark matter detection of anti-protons and gamma-rays produced from the annihilation
of neutralinos is also very effective in the search for higgsinos. The most stringent limit to the
annihilation cross-section of higgsino-like LSPs is O(10�25

) cm3 s−1, set by the Fermi-LAT
experiment [50] through the observation of gamma-ray spectrum from ,

+
,

� and // final
states. The annihilation cross-section of higgsino-like LSPs at <j ⇡ 1.0 TeV is expected to be
hfEi ⇡ 1.3 ◊ 10−26 cm3 s−1.

2.4.4 Electron Electric Dipole Moment (EDM)

The electron EDM is a very powerful probe for measuring the CP violation induced by elec-
troweakinos in the MSSM. The loop corrections to the electron EDM induced by charginos and
neutralinos are illustrated in Figure 2.10.

30

Figure 2.10: Diagrams inducing spin independent elastic scattering between neutralinos and
quarks. The figure is taken from [90].

tions can be approximated as [91],

∆aµ(W̃
±, H̃±, ν̃µ) " 15× 10−9

(
tanβ

10

) [
(100GeV)2

M2µ

] [
2 · fC

(
M2

2

m2
ν̃µ

,
µ2

m2
ν̃µ

)]
, (2.87a)

∆aµ(W̃
0, H̃0, µ̃±

L ) " −2.5× 10−9

(
tanβ

10

) [
(100GeV)2

M2µ

] [
6 · fN

(
M2

2

m2
µ̃L

,
µ2

m2
µ̃L

)]
, (2.87b)

∆aµ(H̃
0, B̃0, µ̃±

L ) " 0.76× 10−9

(
tanβ

10

) [
(100GeV)2

M1µ

] [
6 · fN

(
M2

1

m2
µ̃L

,
µ2

m2
µ̃L

)]
, (2.87c)

∆aµ(H̃
0, B̃0, µ̃±

R) " −1.5× 10−9

(
tanβ

10

) [
(100GeV)2

M2µ

] [
6 · fN

(
M2

1

m2
µ̃R

,
µ2

m2
µ̃R

)]
, (2.87d)

∆aµ(µ̃
±
L , µ̃

±
R, B̃

0) " 1.5× 10−9

(
tanβ

10

)[
(100GeV)2

m2
µ̃L
m2

µ̃R
/M1µ

][
6 · fN

(
m2

µ̃L

M2
1

,
m2

µ̃R

M2
1

)]
, (2.87e)

where fC , fN are the charged and neutral loop functions respectively,

fC(x, y) = xy

[
5− 3(x+ y) + xy

(x− 1)2(y − 1)2
− 2 log x

(x− y)(x− 1)3
+

2 log y

(x− y)(y − 1)3

]
, (2.88a)

fN (x, y) = xy

[
−3 + x+ y + xy

(x− 1)2(y − 1)2
+

2x log x

(x− y)(x− 1)3
− 2y log y

(x− y)(y − 1)3

]
. (2.88b)

The arguments in the left-hand side of Eq. 2.87 show the sparticles which propagate in each568

loop diagram. If one of them decouples, the corresponding SUSY contribution is suppressed.569

The SUSY contributions to the muon g−2 are enhanced when tan β is large or masses of SUSY570

particles in the loop are light. When masses of SUSY particles in the loop are O(100)GeV and571

tanβ is O(10), Eq. 2.87 become O(10−9) which can explain the muon g − 2 anomaly.572

2.6 SUSY Mass Hierarchy Motivated by Muon g − 2 Anomaly573

and Dark Matter574

There are four major scenarios, depending on which diagram in Fig. 2.11 dominates the cor-575

rection. Here we assume that only one type of loop in Fig. 2.11 dominates the contribution576

1.577

1We could consider the case where multiple loops contribute to muon g−2, but that would be too complicated,
and we will not consider that case. In that case, however, it is expected that constrain will become more stronger
as the number of light sparticles increase and search becomes easier in general.

(a)

(b)

(c)

(d)

(e)

• 超対称性粒子を3つ含んだ 1-loop が主にミューオン 𝑔 − 2に寄与する

• 超対称性粒子の質量が 𝓞(100 GeV), tan𝛽 が 𝒪(10) の時ミューオン 𝑔 − 2アノマリーを
うまく説明することができる

本研究の目標

ミューオン 𝑔 − 2アノマリー及び 暗黒物質の存在からモチベートされる
超対称性モデルを整理し、未探索のモデルを LHC-ATLAS 実験 Run 2 データを
用いて探索する

1. 未探索モデルの洗い出し

2. LHC-ATLAS 実験での探索方法

3. 将来の展望
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• 左巻きスカラーレプトン、ビーノ、ヒグシーノの順に軽くなる質量階層
• 既存の解析が良い感度を持たない質量階層 
→詳細 backup
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± 2𝜈 生成

• 生成断面積は 0𝑙"
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に比べて 3 – 4 倍大きい

•解析戦略
• 3レプトン終状態
•終状態に現れるレプトン (𝑒/𝜇) の数、
フレーバー、電荷で分類し 2 つの信号領域 (SR) を設定
•全ての信号領域のデータ数を同時フィットすること
により信号を抽出
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1. SR SFOS (3 Lepton Same-Flavor Opposite-Sign)
• 3つのレプトンの中に SFOS 対を要求 (e.g. 𝒆#𝒆$𝑒$, 𝑒#𝝁#𝝁$)
• SFOS 対の不変質量 𝑚&& の内、 𝑚&& −𝑚' < 10 GeVとなる組合せの有無で分類
• 主な背景事象 : WZ → 𝒍𝝂𝒍𝒍

• 事象選別
• シングルレプトントリガー
<レプトン選別>
• 横運動量 : > 28 GeV, > 20 GeV, > 10 GeV
<イベントの性質>
• 消失横エネルギー : 150 GeV 以上
• 横方向質量 : 125 GeV 以上
• b-jet 数 : 0 本

信号領域 (1)

2024/09/19 日本物理学会 第79回年次大会 (2024年) 8 / 16
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信号領域 (2)
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2. SR SS (3 Lepton Same-Sign)
• 3つのレプトンが全て同じ電荷を持つ事象 (e.g. 𝒆#𝒆#𝒆#, 𝒆$𝝁$𝝁$)
• ATLAS では未探索の phase space (cf. b-jetを含むもの→ b-jetを要求するため本信号に適さない探索)

• レプトンフレーバーの組み合わせで分類 : 𝑒𝑒𝑒, 𝑒𝑒𝜇, 𝑒𝜇𝜇 + 𝜇𝜇𝜇
• 主な背景事象 : WZ → 𝒍𝝂𝒍𝒍における電荷同定ミス, フェイクレプトン事象

• 事象選別
• シングルレプトントリガー
<レプトン選別>
• 横運動量 : > 28 GeV, > 20 GeV, > 10 GeV
<イベントの性質>
• 消失横エネルギー : 50 GeV 以上
• b-jet 数 : 0 本
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背景事象推定
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•主要な背景事象の推定方法を確立
•電荷同定ミス背景事象

• MC と実データでの電荷同定ミスの確率の違いを Z → 𝑒𝑒を用いて
測定し、scale factor (SF) としてMC の補正に用いる

• WZ → 𝒍𝝂𝒍𝒍背景事象
• WZ → 𝑙𝜈𝑙𝑙 の purity が高い (> 90%) 制御領域 (CRWZ) を用いて 

Normalization Factor (NF) を見積もる

•フェイクレプトン背景事象
•レプトンの isolation カット等を逆転させ、フェイクレプトン事象を enhance した
制御領域 (anti-ID 領域) を用いて推定する。Z → 𝑙𝑙 + フェイクレプトン事象を用いて
フェイクレプトンが信号事象に入る確率を求める

• 𝒕�̅�背景事象
• 𝒕�̅�事象は MC を用いて推定する
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系統誤差の見積り
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• 背景事象数、信号事象数に関する系統誤差の見積りも完了

• 本解析特有の誤差
• Data-driven な背景事象推定方法の限界に由来する誤差
• 電荷同定ミス背景事象

• Z → 𝑒𝑒以外の寄与をデータから除去する際に付く誤差
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(1)終状態輻射光子による同符号電子ペアは
MCを使って差し引く
差し引きをする時としない時のSFの差
を系統誤差として計上

(2) Z → 𝑒𝑒以外の物理過程やフェイク電子よ
る寄与は質量サイドバンドの平均を使っ
て差し引く
差し引きをする時としない時のSFの差
を系統誤差として計上
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系統誤差の見積り
• 背景事象数、信号事象数に関する系統誤差の見積りも完了

• 本解析特有の誤差
• Data-driven な背景事象推定方法の限界に由来する誤差
• 電荷同定ミス背景事象

• Z → 𝑒𝑒以外の寄与をデータから除去する際に付く誤差
• 電荷同定ミスの確率の parametrizationに関する誤差
….

• 理論誤差
• 生成断面積、𝛼(、PDF 等

• 実験誤差
• MC 較正に関する誤差
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•背景事象を正しく推定できているか確認するために信号領域の周りに検証領域を設定
•全ての検証領域において見積りがエラーの範囲内でデータと一致
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a : 𝑚!" ∈ [30, 200) GeV, b : 𝑚!" ∈ [200, 400) GeV, c : 𝑚!" ∈ [400, ∞) GeV
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信号領域において期待されるイベント数
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• 各信号領域における予想背景事象数の見積りも完了
• SRSS_2𝜇 は smuonの信号に対して非常に良い感度を持つ
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予想される探索感度
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• 世界で初めて slepton-bino-higgsinoモデルに対する直接的な探索
• LSP質量が 150 GeV の時、最大 450 GeV sleptonまで感度を持つ
• 暗黒物質の直接探索が現在感度を持たない ∆𝑚 �̃�+,, �̃�-, > 90 GeV に感度を伸ばす
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[1] Phys. Rev. D 103 (2021) 112003
[2] Eur. Phys. J. C 80 (2020) 123
[3] Eur. Phys. J. C 81 (2021) 1118

ミューオン 𝒈 − 𝟐アノマリーと整合し
暗黒物質の直接探索で棄却されない質量点
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将来の展望
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•高輝度 LHC 後に期待される統計量 (4000 fb-1) において解析を再度最適化
• SR SFOS : 𝐸./011 > 300 GeV
• SR SS : SR SS_2𝜇 を SR SS_𝑒𝜇𝜇, SR SS_𝜇𝜇𝜇 に分離

•現在のミューオン 𝑔 − 2の値を説明する質量領域に感度を大幅に伸ばすことを期待

100 200 300 400 500 600 700
) [GeV]Ll

~(m

100
150
200
250
300
350
400
450
500
550

) [
G

eV
]

30 χ∼ (
m

 Work in progressATLAS
-1 = 13 TeV, 140 fbs

) = 150 GeV
1
0

χ∼m(
exp. 95 % CL, Re-interpretation

ATLAS 3LRes [1]
ATLAS 2L0J [2]
ATLAS 3L [3]

h_Sensitivity_150

ミューオン 𝒈 − 𝟐アノマリーと整合し
暗黒物質の直接探索で棄却されない質量点
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まとめ
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• ミューオン 𝒈 − 𝟐アノマリーを説明する超対称性模型
• Loop 内の3種類の超対称性粒子が全て軽い (≲ 1 TeV) 必要がある
• 既存の解析でカバーされていない質量階層に着目

• (2 lepton / 1 lepton) + di-boson + MET のトポロジー

• 解析概要
• 信号領域 SR SS, SR SFOS
• WZ → 𝑙𝜈𝑙𝑙, 電荷同定ミス背景事象, フェイクレプトン事象
について実データによる correction factor を見積もる
手法を開発

• 見積り方法を検証領域を用いて確認
• 暗黒物質の直接探索が現在感度を持たない領域に
感度を伸ばすことを達成

• 140 fb-1での結果公表を目指す
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L-H-B
R-H-B

質量階層への制約
!𝑊 LSP!𝐻 LSP &𝐵 LSP

No model

L→B→H
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W→L→H

R→H

W : Wino, B : Bino, H : Higgsino, L(R) : Left (Right) handed slepton
Bino 対生成は無視できる, 生成断面積, 崩壊分岐比が小さいものは無視
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e.g. arXiv:1911.12606
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共に含んだ

1-loop無し

共に含んだ

1-loop無し
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e.g. arXiv:2108.07586

2 lepton + MET 

2 lepton + MET 
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共に含んだ

1-loop無し

共に含んだ

1-loop無し

https://doi.org/10.48550/arXiv.2108.07586
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L-H-B
R-H-B

質量階層への制約
!𝑊 LSP!𝐻 LSP &𝐵 LSP

No model

L→B→H
R→B→H

W→H

H→W

W→L→H

R→H

W : Wino, B : Bino, H : Higgsino, L(R) : Left (Right) handed slepton
Bino 対生成は無視できる, 生成断面積, 崩壊分岐比が小さいものは無視

&𝐵 NLSP

!𝑊 NLSP

!𝐻 NLSP

&ℓ" NLSP

&ℓ! NLSP

暗黒物質直接
探索から棄却

L→H H H→B
L→B

R→B

R→B
H→B

L→B

W

W

H

H

H

消失飛跡 

消失飛跡 低運動量
lepton

低運動量
lepton

低運動量
lepton

低運動量
lepton

2 lepton + MET 

2 lepton + MET 

2 lepton 
+ MET 

2 lepton 
+ MET 

Di-boson 
+ MET 

Di-boson + MET 

Di-boson + MET 

Di-boson + MET 

4 / 3 / 2 lepton 
+ MET 

e.g.  arXiv:2103.11684 arXiv:2106.01676 arXiv:1908.08215
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2 lepton + MET 

2 lepton + MET 

共に含んだ

1-loop無し

共に含んだ

1-loop無し

https://arxiv.org/abs/2103.11684
https://arxiv.org/abs/2106.01676
https://arxiv.org/abs/1908.08215

