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理論グループの研究

• 物質は究極的には何から出来ているのか？


• 相互作用の基本法則は何か？


　　　　　　　　密接に関係


• 宇宙は何でできているのか？


• 宇宙はどのように始まりそして進化して来たのか？


• 宇宙は今後どうなって行くのか？
これらの疑問に答える理論を考えるのが理論グループの研究です



物質の究極の理解 宇宙の探求

インフレーション 
宇宙モデル

暗黒物質 
ダークエネルギー

元素合成ニュートリノ物理
ニュートリノ宇宙論

超対称性理論

大統一理論

アクシオン模型
物質・反物質の 
非対称性の起源

素粒子的宇宙論
理論グループの研究

原始ブラックホール



•質量を与える素粒子 
•ヒッグス 
•2011年　LHCで発見

mH = 124� 126 GeV

標準模型が完成！

標準模型の背後に迫る時代に 
突入している！
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Discovery Channels: H→γγ and H→ZZ→4l
• Results using 80 fb-1

• Probing cross-sections of 
individual production modes

• Up to ~15% precision

• Exp. and theo. systematics play 
a key role

�6

See talk by F. Cerutti, e.g. for simplified template cross-section (STXS) results
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A.2 H! ZZ
⇤! 4`1269

Figure 20 shows the four-lepton invariant mass distribution for the Higgs boson candidates selected by the1270

H! Z Z⇤! 4` analysis, and Figure 20 the distributions of the BDT output in the analysis categories where1271

a BDT is used.1272
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Figure 20: Four-lepton invariant mass distribution for the Higgs boson candidates selected by the H! Z Z⇤! 4`
analysis in 79.8 fb�1 of data collected at

p
s = 13 TeV (black dots) together with the corresponding prediction obtained

from simulation (solid histograms). The uncertainty in the prediction is shown by the hatched band.
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Coupling vs Mass �16

Interpret the results in the 
κ framework as a function 

of the particle mass
assuming no BSM 
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7 Interpretation of results in the  framework693

For a measurement of Higgs boson coupling strengths, production cross sections �i, decay branching694

fractions B f and the signal-strength parameters µ f
i

defined in Eq. 3 cannot be treated independently, as695

each observed process involves at least two Higgs boson coupling strengths. Scenarios with a consistent696

treatment of coupling strengths in Higgs boson production and decay modes are presented in this section.697

7.1 Framework for coupling-strength measurements698

Coupling strength modifiers  are introduced to study modifications of the Higgs boson couplings related699

to BSM physics, within a framework [27] (-framework) based on the leading-order contributions to each700

production and decay process. Within the assumptions made in this framework, the Higgs boson production701

and decay can be factorized, such that the cross section times branching fraction of an individual channel702

�(i ! H ! f ) contributing to a measured signal yield are parametrised as703

�i ⇥ B f =
�i() ⇥ � f ()

�H
, (6)

where �H is the total width of the Higgs boson and � f is the partial width for Higgs boson decay to the704

final state f . For a given production process or decay mode j, the corresponding coupling strength modifier705

j is defined as706

2
j
=
�j

�SM
j

or 2
j
=
� j

�
j

SM

. (7)

The SM expectation, denoted by the label SM, by definition corresponds to j = 1. Modifications of the707

coupling scale factors also change the Higgs boson total width �H by a factor H , defined as 2
H
=
Õ

j B f

SM
2
j

708

and assumed to be positive without loss of generality.709

The total width of the Higgs boson increases beyond modifications of j due to contributions from two710

additional classes of Higgs boson decays: invisible decays, which are identified through an Emiss
T signature711

in the analyses described in Section 3.8; and undetected decays, to which none of the analyses included in712

this combination are sensitive (for instance, Higgs boson decays to light quarks). Including a Higgs boson713

branching fraction to such invisible (Binv) or undetected (Bundet) decays, the Higgs boson total width is714

expressed as715

�H (,Binv,Bundet) =
2
H
()

(1 � Binv � Bundet)
�SM
H
. (8)

Constraints of Binv are provided by the analyses described in Section 3.8, but no direct constraints are716

included for Bundet. Since its value scales all observed cross sections of on-shell Higgs boson production717

�(i ! H ! f ) through Eqs. 6 and 8, further assumptions about undetected decays must be included in718

order to interpret these measurements in terms of absolute coupling-strength scale factors j . The simplest719

assumption is that there are no undetected Higgs boson decays and the invisible branching fraction is as720

predicted by SM. An alternative, weaker assumption, is to require W  1 and Z  1 [27]. A second721
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標準模型を越える物理？

• 標準模型は最終理論か？


• ヒッグスの質量の起源は？


• ニュートリノの質量の起源は？


• 宇宙の物質反物質非対称性の起源は？


• 暗黒物質は何か？


• CP対称性の起源？CP対称性の破れの起源？


• 標準模型では電磁力と弱い力が統一された。更なる統一は期待出来るか？


• 超対称性？

力の統一？ 

究極の理論への道は遠く、 
まだまだ考えることが沢山ある！



宇宙初期
• ビッグバン標準宇宙論


•宇宙が誕生して約１秒から現在までの宇宙の進化を正しく記述す
る


• インフレーション宇宙モデル


•さらに初期の宇宙を記述し標準モデルを補う


• 宇宙の平坦さ（宇宙が長生き）を説明


• 宇宙が因果律を超えて一様に見えることを説明


• 銀河の種（密度揺らぎ）を説明


•宇宙背景放射非等方性の観測からインフレーションの証拠


　誕生直後 (10-36 秒)の宇宙を理解できる時代になった



宇宙論の問題

http://map.gsfc.nasa.gov

• インフレーションを起こす素粒子モデル


• 宇宙の物質・反物質非対称性


• ダークマター・ダークエネルギー

量子ゆらぎ

インフレーション

40万年後 最初の星

137億年

宇宙論と素粒子論はもはや切り離せない！

http://map.gsfc.nasa.gov


宇宙論の問題

 

重力波観測を通じて太陽質量の数十倍の重いブラックホールが発見

EHT による M87 BH の画像 (質量 ~109M⨀)

銀河中心には 103−9M⨀ の巨大ブラックホールが存在

巨大ブラックホールの起源は未だ不明…

インフレーションなどの初期宇宙に起源？

http://map.gsfc.nasa.gov


研究例  1：インフレーションや原始ブラックホールに関する研究

原始ブラックホール
O(1) の揺らぎ δ = (ρ - ρaverage) / ρaverage  がハッブルホライズン H-1に入ると

H-1

Collapsed objects : Mass ~ 4π / 3 ρ H-3 


                                                                 ~ MSUN  (T/0.2GeV)2 

シュワルツシルト半径  G Mass ~ H-1 が object

半径を超える→原始ブラックホール

k = 2π/L 

initial condition of δ

GalacticCosmic

≈

10-4

PBHInflation

V Cosmic
Galactic

PBH

例えば揺らぎのタネはインフレーションでつくる

暗黒物質の候補？ LIGO-Virgo Merger Signal?

(cf. 2017 Inomata (当時D1), Kawasaki, Mukaida, Yanagida )
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The PDF of the non-Gaussian part is now written as

PNG(±) =
X
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Then, we can express Ø as
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Since≠GW is roughly proportional to P 2
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, we define the sup-
pression factor of≠GW as
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Here P
µ3=0
≥

is the power spectrum with µ3 = 0 which gives
the same Ø as that for P≥ with non-zero µ3 in the nu-
merator. We take into account the non-Gaussianity effect
on the induced GWs multiplying this suppression factor
to the ≠GW that is calculated with P

µ3=0
≥

. Note that the

non-Gaussianity also modifies Eq. (15) itself by O (P 4
≥

f
2

NL),
shown in Refs. [22, 25]. Although this modification affects
the shape of the GW spectrum in fNL ¿ 1, we consider the
case of fNL ª O (1) in the following and therefore can safely
neglect the modification.

Results.— As a fiducial example, we take the following pa-
rameter values:

P
µ3=0
≥

(¥D,k§) = 0.0067, k§ = 5£105 Mpc°1,

kD = 1£108 Mpc°1, n1 = 2.5, n2 = 0.8. (28)

Figure 1 shows the PBH mass spectrum with this parameter
set. We can see fPBH ª 10°3 at M = 30MØ, which is con-
sistent with the merger rate estimated by the LIGO-Virgo
collaboration [10, 11].3 The bump around M ª 1MØ is due
to the suppression of the PBH threshold during the QCD
phase transition [56]. Although the mass spectrum seems
inconsistent with the constraint from the CMB anisotropy in
Ref. [76], we should keep in mind that it still has uncertain-
ties in accretion models, as the reference itself mentions.

3 Refs. [81, 82] discuss how this estimation of fPBH ª 10°3 gets modified by
the actual shape of the PBH mass spectrum. Since the PBH mass spec-
trum is exponentially sensitive to the curvature perturbations and hence
the induced GWs, we may easily accommodate this change by a small
modification of the model parameters while having GWs consistent with
the NANOGrav result. Also, there are several uncertainties in the com-
putation of the PBH mass spectrum for given curvature perturbations,
for instance [54, 55]. For these reasons, we just take fPBH ª 10°3 as a
representative value.
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FIG. 1. PBH mass spectrum (black solid) with the parameter set
(28). The shaded regions are constrained by EROS/MACHO [73,
74], caustic crossing events [75], CMB anisotropy with the assump-
tion of the spherical and the disk accretion onto PBHs [76], and
GWs from mergers [77]. See also Ref. [12] for other constraints.
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FIG. 2. The spectra of the induced GWs with rD = 0.8 (black, top,
thick) ª 0.4 (bottom, thin). The difference of rD between two adja-
cent lines is 0.1. p(0.8) = 4.4 is taken for the coefficient of the skew-
ness given in Eq. (21) because of n2 = 0.8. We also show the spec-
trum without the non-Gaussianity from curvaton (µ3/æ = °9/4,
brown dot-dashed). The green-shaded region shows the 2æ region
of the NANOGrav results with the tilt of ≠GW / f

°0.4. The con-
straints are also shown from the previous results of EPTA [78] and
PPTA [79], and the future sensitivity of SKA [80]. The black dot-
ted lines show the spectra on k > kD, which might be suppressed
more because the curvaton decay is not instantaneous (see below
Eq. (18)).

Figure 2 shows the spectra of GWs induced by the scalar
perturbations that realize the mass spectrum in Fig. 1. Note
again that the non-Gaussianity, dependent on rD, changes
the relation between the abundance of PBHs and the power
spectrum of curvature perturbations. From this figure, we
can see that if we take rD & 0.6, the induced GWs are con-
sistent with the 2æ region of the NANOGrav stochastic pro-
cess. On the other hand, for a small rD . 0.6, corresponding
to fNL & 2.1, the non-Gaussianity suppresses the induced
GWs too much to explain the NANOGrav results. For com-
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set. We can see fPBH ª 10°3 at M = 30MØ, which is con-
sistent with the merger rate estimated by the LIGO-Virgo
collaboration [10, 11].3 The bump around M ª 1MØ is due
to the suppression of the PBH threshold during the QCD
phase transition [56]. Although the mass spectrum seems
inconsistent with the constraint from the CMB anisotropy in
Ref. [76], we should keep in mind that it still has uncertain-
ties in accretion models, as the reference itself mentions.

3 Refs. [81, 82] discuss how this estimation of fPBH ª 10°3 gets modified by
the actual shape of the PBH mass spectrum. Since the PBH mass spec-
trum is exponentially sensitive to the curvature perturbations and hence
the induced GWs, we may easily accommodate this change by a small
modification of the model parameters while having GWs consistent with
the NANOGrav result. Also, there are several uncertainties in the com-
putation of the PBH mass spectrum for given curvature perturbations,
for instance [54, 55]. For these reasons, we just take fPBH ª 10°3 as a
representative value.
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(28). The shaded regions are constrained by EROS/MACHO [73,
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GWs from mergers [77]. See also Ref. [12] for other constraints.
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FIG. 2. The spectra of the induced GWs with rD = 0.8 (black, top,
thick) ª 0.4 (bottom, thin). The difference of rD between two adja-
cent lines is 0.1. p(0.8) = 4.4 is taken for the coefficient of the skew-
ness given in Eq. (21) because of n2 = 0.8. We also show the spec-
trum without the non-Gaussianity from curvaton (µ3/æ = °9/4,
brown dot-dashed). The green-shaded region shows the 2æ region
of the NANOGrav results with the tilt of ≠GW / f

°0.4. The con-
straints are also shown from the previous results of EPTA [78] and
PPTA [79], and the future sensitivity of SKA [80]. The black dot-
ted lines show the spectra on k > kD, which might be suppressed
more because the curvaton decay is not instantaneous (see below
Eq. (18)).

Figure 2 shows the spectra of GWs induced by the scalar
perturbations that realize the mass spectrum in Fig. 1. Note
again that the non-Gaussianity, dependent on rD, changes
the relation between the abundance of PBHs and the power
spectrum of curvature perturbations. From this figure, we
can see that if we take rD & 0.6, the induced GWs are con-
sistent with the 2æ region of the NANOGrav stochastic pro-
cess. On the other hand, for a small rD . 0.6, corresponding
to fNL & 2.1, the non-Gaussianity suppresses the induced
GWs too much to explain the NANOGrav results. For com-

NANOGrav Signal vs LIGO-Virgo Merger Signal

LIGO-Virgo で見つかっている 30 MSUN 程度の質量のブラックホールを説明する
PBH 模型でこの重力波も説明可能！

PBH質量関数

重力波スペクトル

LIGO-Virgo

2020 年に NANOGrav (Pulser Timing Array) 実験が 10-9 Hz の重力波の検出の
兆候を報告した

(cf. 2020 Inomata Kawasaki, Mukaida, Yanagida )

PBH = Curvaton (平なポテンシャルを持つ場)の揺らぎで生成
Curvaton の揺らぎが重力波も生成する!

NANOGrav



研究例 2：Muon 異常磁気能率を説明する超対称標準模型
2021 MI, Kobayashi (D3), Nakayama (D1), Shirai (IPMU)

Muon 磁気能率 : [magnetic moment] = ⃗m =
1

2mμ
( ⃗L + g ⃗S )

量子補正によって g - 2 ≠ 0 となる

g = 2 @ Leading order (by covariant Dirac equation)

μ μ

γ

Loop diagrams

Loop diagrams には重くて実験で生成し難い
粒子の効果も効く

g - 2 ≠ 0 の測定は新物理探索の重要 channel !

BNL E821 実験 (2006) が標準模型予言と測定値が 3.7 σ 乖離していると報告

→ 新物理の兆候？



研究例 2：Muon 異常磁気能率を説明する超対称標準模型
2021 MI, Kobayashi (D3), Nakayama (D1), Shirai (IPMU)
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Run !a/2⇡ [Hz] !̃
0
p/2⇡ [Hz] R0

µ ⇥ 1000
1a 229081.06(28) 61791871.2(7.1) 3.7073009(45)
1b 229081.40(24) 61791937.8(7.9) 3.7073024(38)
1c 229081.26(19) 61791845.4(7.7) 3.7073057(31)
1d 229081.23(16) 61792003.4(6.6) 3.7072957(26)
Run-1 3.7073003(17)

TABLE I. Run-1 group measurements of !a, !̃
0
p, and their

ratios R0
µ multiplied by 1000. See also Supplemental Mate-

rial [66].

COMPUTING aµ AND CONCLUSIONS

Table I lists the individual measurements of !a and
!̃
0
p, inclusive of all correction terms in Eq. 4, for the four

run groups, as well as their ratios, R0
µ (the latter multi-

plied by 1000). The measurements are largely uncorre-
lated because the run-group uncertainties are dominated
by the statistical uncertainty on !a. However, most sys-
tematic uncertainties for both !a and !̃

0
p measurements,

and hence for the ratios R0
µ, are fully correlated across

run groups. The net computed uncertainties (and cor-
rections) are listed in Table II. The fit of the four run-
group results has a �

2
/n.d.f. = 6.8/3, corresponding to

P (�2) = 7.8%; we consider the P (�2) to be a plausible
statistical outcome and not indicative of incorrectly esti-
mated uncertainties. The weighted-average value is R0

µ

= 0.0037073003(16)(6), where the first error is statistical
and the second is systematic [67]. From Eq. 2, we arrive
at a determination of the muon anomaly

aµ(FNAL) = 116 592 040(54)⇥ 10�11 (0.46 ppm),

where the statistical, systematic, and fundamental con-
stant uncertainties that are listed in Table II are com-
bined in quadrature. Our result di↵ers from the SM value
by 3.3� and agrees with the BNL E821 result. The com-
bined experimental (Exp) average[68] is

aµ(Exp) = 116 592 061(41)⇥ 10�11 (0.35 ppm).

The di↵erence, aµ(Exp)� aµ(SM) = (251± 59)⇥ 10�11,
has a significance of 4.2�. These results are displayed in
Fig. 4.

In summary, the findings here confirm the BNL exper-
imental result and the corresponding experimental aver-
age increases the significance of the discrepancy between
the measured and SM predicted aµ to 4.2�. This result
will further motivate the development of SM extensions,
including those having new couplings to leptons.

Following the Run-1 measurements, improvements to
the temperature in the experimental hall have led to
greater magnetic field and detector gain stability. An
upgrade to the kicker enables the incoming beam to be
stored in the center of the storage aperture, thus reducing
various beam dynamics e↵ects. These changes, amongst
others, will lead to higher precision in future publications.

Quantity Correction terms Uncertainty
(ppb) (ppb)

!
m
a (statistical) – 434

!
m
a (systematic) – 56

Ce 489 53
Cp 180 13
Cml -11 5
Cpa -158 75
fcalibh!0

p(x, y,�)⇥M(x, y,�)i – 56
Bk -27 37
Bq -17 92

µ
0
p(34.7

�)/µe – 10
mµ/me – 22
ge/2 – 0
Total systematic – 157
Total fundamental factors – 25
Totals 544 462

TABLE II. Values and uncertainties of the R0
µ correction

terms in Eq. 4, and uncertainties due to the constants in Eq. 2
for aµ. Positive Ci increase aµ and positive Bi decrease aµ.

FIG. 4. From top to bottom: experimental values of aµ

from BNL E821, this measurement, and the combined aver-
age. The inner tick marks indicate the statistical contribution
to the total uncertainties. The Muon g � 2 Theory Initiative
recommended value [13] for the standard model is also shown.
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どんな新物理模型で説明できるか？
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Precision measurement で探る新物理
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New physics interpretations 

NP type diagrams mass range probe

Supersymmtery 200～500 GeV

Scalar extensions
20～100 GeV, 

 150～250 GeV

Axion-like particle 40 MeV～6 GeV

Leptoquark 1.5～2 TeV

U(1) μ-τ 10～200 MeV

Vector-like lepton < 7 TeV

[Refs: Athron et al, 2104.03691; Buen-Abad et al, 2104.03267; 

Krnjaic et al, 1902.07715; Dermisek et al, 2103.05645]
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[ 北原さん(名古屋大学)のスライド @ 高エネルギー将来計画検討委員会より ]



研究例 2：Muon 異常磁気能率を説明する超対称標準模型
2021 MI, Kobayashi (D3), Nakayama (D1), Shirai (IPMU)

どんな新物理模型で説明できるか？
超対称標準模型に注目

実は Higgs 粒子の質量の説明しつつ
観測と合わない CP 対称性の破れを生じさせないようにしつつ 

g-2 を説明するのは至難の技…

Higgs 質量 = 125 GeV Muon g-2 

(muon および weak gauge boson の
超対称 partner の質量が O(100) GeV)(quark の超対称 partner の質量が O(10)TeV)

   なんとか条件を全て満たす模型ができました → Collider search に強い予言
(g-2 と Higgs 質量を説明する我々の模型以外の模型は全て CP の問題は妥協している)

＋

＝ 模型の複雑化 

複雑な模型 (=相互作用の種類が多い) ほど CP の新たな破れの原因につながる…
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Figure 4: (a): Posterior distribution of the SUSY parameters consistent with aµ, the Higgs mass
and vacuum stability bound. We choose the parameter points at which mh0 > 124 GeV and
aµ|SUSY > 19.2⇥ 10�10. (b): Posterior distribution with the LHC and LEP constraints (see Sec. 5).
In both cases, the predicted tan� is typically ⇠ 30� 40.

from subdominant gravity mediation e↵ects. Thus, we take Bµ to be vanishing above the messenger

scale. Accordingly, tan � is not a free parameter but is a prediction.

In Fig. 4, we present the result of the parameter scan of the present model. We adopt log-flat

priors for Mmess,M⇤, and linear-flat priors for ⇤L,D

GMSB
, �m

2

Hu
, �m

2

Hd
, imposing M⇤ > 1011GeV and

Mmess > 106GeV. We show the MSSM parameters which is consistent with aµ, the Higgs mass and

the vacuum stability bound on the stau direction [49]. The model predicts light Higgsinos and the

Winos. The impact on the electroweak precision measurements are found to be minor [52].

4.3 E↵ects of gravity mediated SUSY breaking

As the Sweet Spot Supersymmetry assumes a rather large gravitino mass of O(1)GeV, the gravity

mediated SUSY breaking e↵ects could cause FCNC/LFV and CP problems even if they are subdom-

inant. First, let us consider the gravity mediated contributions to the B-term [53]. In supergravity,

the µ-term from the Kähler potential in Eq. (4.1) is shifted to

µ ' µ0 �
AZD

⇤µ

⇥m3/2 , (4.13)

with µ0 = FD/⇤µ in Eq. (4.2). The associated B-term induced by the gravity mediation e↵ects is

Bµ ' µ0m3/2 + 2
AZD

⇤µ

m
2

3/2
, (4.14)

where we have neglected the small contribution to Bµ in Eq. (4.6). Note that B 6= m3/2 due

to the coupling between the holomorphic term, AZDHuHd/⇤µ, in the Kähler potential and W =

14
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Figure 5: The current collider constraints on the Higgsino-Wino system. The orange lines show the
rough upper limits on the left-handed slepton mass to explain the observed aµ.

In Fig. 5, we show the current LHC and LEP chargino constraints on the plane of the Wino

and Higgsino mass parameters M2 and µ with tan � = 40. We show the excluded regions by the

disappearing charged track in green, soft di-lepton in blue and tri-lepton in red.

In the present model, the dominant contributions to aµ|SUSY come from the left-handed slepton-

Wino-Higgsino loops. Thus, for given M2, µ and tan �, we can predict the left-handed slepton mass

to explain aµ. In Fig. 5, we also show the rough upper limit on the left-handed slepton mass to

explain the observed aµ by the Higgsino-Wino contribution at the one-loop level. The figure shows

that the LHC constraint, m˜̀
L
> 660GeV, favors the Higgsino-Wino mass within 100GeV–600GeV.

5.2 Scalar lepton constraint

To explain aµ, the scalar leptons should also be light. In the present model, the left-handed slepton

is typically lighter than the right-handed slepton since ⇤L

GMSB
⌧ ⇤D

GMSB
. Therefore the constraint on

the left-handed sleptons is relevant for the present model, where the left-handed sleptons dominantly

decay into the Wino-like chargino and neutralino.

If the Wino is the NLSP, we can directly apply the constraint on simplified model of ˜̀
L !

`�̃
0

1
(` = e, µ) provided by the ATLAS [90]. In this model, the ATLAS searches for the di-leptons

from the process pp ! ˜̀+ ˜̀� ! `
+
`
�
�̃
0

1
�̃
0

1
are relevant. If the mass of �̃0

1
is less than around 300GeV,

the current upper bound on the cross section of the slepton pair production in the simplified model

is around 0.3 fb.

In the case of ˜̀
L, ⌫̃ and Wino system, the sneutrino production also contributes the di-lepton

signature, as the sneutrino can decay into the charged Wino with a charged lepton. The branching

fractions are BF(˜̀� ! W̃
�
⌫) = 2BF(˜̀� ! W̃

0
`
�), and BF(⌫̃ ! W̃

+
`
�) = 2BF(⌫̃ ! W̃

0
⌫).
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理論グループの成果
•多岐にわたる


•データベース(INSPIRE)で検索してください�

http://inspirehep.net/�
find ea Kawasaki, Masahiro or ea Ibe, Masahiro�

•最近の理論グループ全体の論文数�

1人当たり毎年約2ｰ3編

2012 2013 2014 2015 2016 2017 2018 2019 2020

37 36 34 40 21 25 27 26 29

http://www.yukawa.kyoto-u.ac.jp/spires/hep/


理論グループの特徴
•素粒子・宇宙の研究室が一体的に運営

•セミナーは共通、学生は同じ部屋　 
(水曜日: ランチ・ジャーナル、金曜日: コロキウム)


•素粒子と宇宙の両方に興味がある学生に最適

•閑静な柏キャンパス
•数物連携宇宙研究機構(IPMU) 


• IPMUの人々との積極的に共同研究しています。 


• IPMU の学生との共同のゼミ等があります。 �

サブコース：川崎（宇宙論）A5、 伊部（素粒子論）A1



進学後の道のり
• M1~M2


•基礎勉強 （とても大事）　場の理論、宇宙論

•講義（本郷）

•教科書や論文を読むゼミ＠柏 or 本郷

•興味のある分野の論文を読む

•修士論文の研究開始   　　      12月完成

• Ｄ1~D3


•独立した研究者になる

•博士論文を完成

hep-ph, astro-phをチェック

自ら研究課題を見つけ研究を
遂行する

M1前半は本郷中心の生活 (現在は remote 授業)

修士論文の内容は学術雑誌に発表



•ゼミに使う教科書の例



卒業後の進路　

修士 H22 H23 H24 H25 H26 H27 H28 H29 H30 R1 R2

進学 3 1 2 1 2 2 2 2 3 1 1

就職 1 0 0 0 1 0 0 2 0 0 1

博士 H22 H23 H24 H25 H26 H27 H28 H29 H30 R1 R2

研究
職 1 0 1 2 0 1 1 1 1 2 0

就職 0 0 1 1 0 0 0 1 1 0 2



•大学院で何を学び、研究するかは人生における重要な
選択なのでよく調べて決めてください

•興味のある方は午後のオンライン研究室訪問にお越し
ください。


