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Search for Supernova Relic Neutrinos
at Super—Kamiokande IV
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Abstract A search for supernova relic neutrinos with a Super-Kamiokande IV 2970.1-day data set is
performed. In the search, muon spallation and atmospheric neutrino backgrounds are estimated with
improved methods. These have provided the world’s most sensitive search to date.

© 2020 Department of Physics, Kyoto University

Supernova explosions are among the most powerful and complex phenomena in the universe, and revealing the
details of their properties would help solve various mysteries in physics and astrophysics. In particular, the
supernova studies via neutrino detections are important, though the observation of neutrinos from the supernova is
limited only to SN1987A. Supernova relic neutrinos (SRNs), which are the integrated neutrino flux from all past
supernovae, if detected, would provide valuable information about the explosion mechanism. So far the SRN
signature has never been observed despite enormous experimental efforts towards the discovery. The world’s
most sensitive searches have been performed in Super-Kamiokande (SK) [1, 2]. In the SRN search at SK, the
signal is inverse beta decay of electron antineutrinos, and the main background sources are muon spallation and
atmospheric neutrinos. Understanding these backgrounds is essential to the search.

SK is exposed to about 2 Hz cosmic-ray muons and highly energetic muons break oxygen nuclei in water,
producing electromagnetic and hadronic particles. These will subsequently undergo reactions with other nuclei in
the detector, leaving many excited isotopes. Eventually the excited nuclei will decay via many channels, some of
them contain a beta or gamma which becomes a background for the SRN search. Since there is no reliable Monte
Carlo simulation, a data-driven method is developed in the analysis. For each signal candidate, muons that come
within 30 sec. are compiled and their correlations with the signal candidate are investigated. This serves a reliable
estimation of the muon spallation background.

Atmospheric neutrinos are another main background source in the search. Their interactions are categorized
into two types: the neutral-current quasielastic (NCQE) interaction and the others. The NCQE interaction
produces an excited nucleus which usually decays via gamma emission and involves a nucleon knock-out. Prior to
the present work, this background was not measured nor predicted precisely. Then a measurement of this channel
with artificial neutrino and antineutrino beams in the T2K experiment, whose energy region is similar to that of
the atmospheric neutrinos, is conducted [3]. The results have improved the background estimation. The other
interaction background than NCQE is estimated using the side-band region in the energy spectrum based on data.

In the end, the world’s most sensitive search is achieved. In this talk, estimates of the backgrounds and the
search results as well as their comparison with theoretical predictions are presented.
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Abstract Supersymmetry (SUSY) is one of natural extensions of the Standard Model (SM) of particle
physics. Searches for supersymmetric electroweakinos with compressed mass spectra in events with two
soft leptons are presented, using 139 fb™' of Vs=13 TeV proton-proton collision data collected by the
ATLAS detector at the Large Hadron Collider. No significant excess above SM predictions are observed,
and lower limits on the masses of electroweakinos are set for some simplified models.

© 2020 Department of Physics, Kyoto University
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Fig. 1. Feynman diagram showing the target Fig. 2. Schematic diagrams of the difference in
process. Electroweakinos are created in pair at track distribution around prompt leptons (left) and
pp collision, and decay in 2-lepton final state. non-prompt leptons from hadron decays (right).
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Abstract In 2002, a penta-quark candidate © "was discovered at the SPring-8 / LEPS facility. However the existence
of ® "has not been confirmed. We plan to search the ® "using photon beam, produced by the backward compton

scattering at SPring-8/LEPS2 beamline. The current status and overview of the experiment will be reported in
this presentation.

© 2020 Department of Physics, Kyoto University
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Fig. 1. The experimental setup at LEPS2 beam line
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Connection between Planck Scale Physics and Field
Theory in the IIB Matrix Model
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Abstract We study the 11B matrix model, a candidate for nonperturbative formulation of string theory.
We show that the model consists of positive-norm states of higher spin fields that become massive at low
energy. We also discuss a possible structure of effective field theory for the 1B matrix model.

© 2020 Department of Physics, Kyoto University

To construct the theory of quantum gravity and spacetime is believed to be solved with a
nonperturbative formulation of string theory. Among the candidates for it, the IIB matrix model is
one of the most promising ones. There have been a lot of works pointing out that the IIB matrix
model contains the spacetime and gravity. On the other hand, the physical meaning of the degrees
of freedom 1n it is not fully understood.

In many works, matrices are interpreted as noncommutative coordinates. There it has been
reported that the matrix model contains the graviton despite the lack of general covariance. On the
other hand, when one regards matrices as derivative operators on curved spacetimes, gravitational
fields can be described more directly[1]. This is called the operator interpretation (OI). It is in
question, however, whether the model with it is positive-definite, since the model contains infinitely
many fields that are massless at tree-level, and the presence of higher spin gauge symmetries is not
trivial. The structure of its effective field theory remains to be studied as well.

In this work, we study the IIB matrix model with the focus on the gravitational and higher spin
fields. We first discuss how the gravitational force should be described by the model in the
noncommutative treatment, which is found somewhat unnatural. Next, we move to the OI. We see
that the naive reduction of the massless fields leads to inconsistency. However, we show that the
model possesses higher spin symmetries for them, and that mass terms for them are induced when
the supersymmetries are broken. These two results are partial evidence for the
positive-definiteness of the matrix model.

We also investigate possible structures of the effective field theory for the IIB matrix model
with OI, by pursuing the consistent structures within the framework of field theory. It has been
known that the effective action become a function of ordinary actions[2], which gives a theoretical
origin for degenerate vacual3]. Since the direct analysis is difficult, we investigate how inflation can
be realized with inflaton potential which has degenerate minima, and obtain the detail of the
allowed form of inflaton potential. As another study, we attempt to construct the Lagrangian for a
massive higher spin field in curved background, which is expected to emerge from the matrix model.
There we show that a field with spin higher than 2 cannot be described by a consistent Lagrangian.
It is likely that infinitely many higher spin fields are needed to be introduced.

Our results complementary support the consistency of IIB matrix model with the OI.
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Abstract A spectroscopy of pionic atoms is one of the most established ways to investigate quantitatively
partial restoration of chiral symmetry in medium. We plan to perform a pionic atoms spectroscopy
experiment using the 136Xe(p,zHe) reaction at RCNP. In a pilot experiment using 124gn target, we
observed peak structures corresponding to pionic states. We are now preparing for the experiment with
B%e gas target.

© 2020 Department of Physics, Kyoto University
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Quantum Gravity aspects of Tensor Model
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Abstract The success of matrix model in describing 2-dimensional simplicial quantum gravity has motivated
researchers in finding an extension, called tensor model, for higher dimensional cases. The importance of time
direction for the theory highlighted by other works leads to our study of a tensor model in the canonical
formalism.

© 2020 Department of Physics, Kyoto University

In a tensor model in Hamilton formalism, which we call Canonical Tensor Model (CTM), the fundamental
physical object to be described is a rank-3 tensor P,.. Its dynamic is controlled by a total Hamiltonian

Herm = ngHg + ngplap
where n, and ng, are Lagrange multipliers.H, and J,;, are constructed by P,,. and its canonical conjecture
Mgpe @S

1
Hy = E (PabcpbdeMcde - AMabc)

Jab = % (PacaMpca — PpcaMaca)
Comparing to the ADM formalism of classical general relativity, H, and J,;, are dubbed as Hamiltonian
constraint and momentum constraint respectively
The locality of P, in aformal continuum limit is ensured in the way that P,;,. can be expressed as sum of only
delta function §(a — b)8(b — ¢) and its derivatives 6™ (a — b)6™ (b — ¢) with different coefficient ﬁftmff)
With the assumption that S’s decays rapidly as orders go high in the derivative expansion, the dynamics that the
lowest several orders of f’s satisfy can be computed through the total Hamiltonian and shown to be identical with

a classical gravity system coupled with a scalar field with the following action [1]
A .
S = f dP*tx V-G <2RD+1 — =GY0;¢0;¢p — Ae23¢)
. 2
up to a transformation from B’sto G and ¢ when 2 <D < 6.

The exact wave functions of CTM is known to have a similar expression as the grand partition function of the
Randomly Connected Tensor Network (RCTN)

Z(P) = f dp eSPP)

T

which gives a setup to understand the quantum aspects of CTM. By the way, RCTN itself has a geometry structure
on its boundary [2], which makes this topic more interesting.

A previous work [3] shows that for a Lorentzian context with a completely imaginary S =i (¢2 + P¢3), the
partition function shows significant peaks at those tensor P that are invariant under Lie group symmetries. For a
better understanding of the wave function in the quantum gravity scheme, we move on to consider a mixed case
where S = —¢? + iP¢”3 whose result can be directly linked to a certain type of matrix model [4]. So far as we
have studied, the partition function still has a favor of those invariant tensors. Computations ensures that the first
derivatives at these special P, are zero, though it is not yet clear whether they are local maxims or saddle
points. Further study is required.
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Inflationary long—wavelength quantum fluctuations
in our local universe
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Abstract Physical significance of large infrared loop corrections from a spectator field to inflationary
correlators is studied. We find that large corrections appear only when taking the ensemble average of
various realization histories of long-wavelength fields. This implies we will not observe large infrared
corrections. © 2020 Department of Physics, Kyoto University

Large infrared(IR) corrections to the inflationary correlators of curvature perturbations are
generically induced when there exist light scalar fields other than inflaton. The appearance of large
IR effects has been simply interpreted as an artifact of taking a classical statistical average of
various realizations of IR fields over the whole universe, and such IR effects will be irrelevant for
our local universe which we observe [1]. Theoretical justification of this classical statistical
interpretation is still lacking, however.

We thus study the theoretical consistency of the stochastic interpretation of large IR effects. We
consider a test scalar field in de Sitter space with a sufficiently flat interaction potential, which
mimics isocurvature modes during inflation. We introduce an initial time and choose the Hubble
scale at the initial time as an IR cutoff, and the adiabatic vacuum state as an initial quantum state.

By integrating out shorter-wavelength modes, we find that various time evolution histories of IR
fields are decohered to each other very efficiently (exponentially in cosmic time) but not exactly.
We then show that it is necessary and sufficient to consider coarse-grained histories of IR fields for
ensuring the theoretical consistency of the stochastic interpretation of large IR effects. Probability
assigned to each coarse-grained history can be evaluated using effective equations of motion for IR
fields reproducing all the large IR effects, which take the form of Langevin equations [2, 3]. We
also estimate the amplitude of the long-wavelength fluctuations in our local universe by considering
the quartic interaction potential as a toy model. We find that it is typically suppressed by the
coupling constant. This implies that we will not suffer from large IR corrections when evaluating
observable quantities in our local universe.
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Abstract Investigation of baryon-baryon interaction enables us to understand nuclear force in terms of
quark interaction. J-PARC E40 experiment aims for measuring cross sections of Xp scatterings with high
statistics by overcoming difficulties of hyperon-nucleon scattering experiment. In the presentation, I'll
show the analysis status of X*p elastic scattering events.

© 2020 Department of Physics, Kyoto University
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Abstract Properties of Higgs boson can be modified by several scenarios beyond the Standard Model. To
explore these effects, a measurement of associated production of Higgs bosons decaying to b-quarks with
vector bosons is being performed. Current efforts to reduce systematic uncertainties as well as expected
sensitivity are presented.

© 2020 Department of Physics, Kyoto University
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F7c, Fig.2 TR LETFTHEIN DM OWEMEOHER K A4, HER)N S DT 2o
(Effective Field Theory) (Z35(F Dy Witkifg & k32 2 & T, A G Ok 4 72 ATREZ2 T 410UC
L TCHIEBE 52D TETHD, EOHRIZHAND,

] ‘w“w"w”w‘H\H‘\‘D“t\“w“w‘” N_— LS e e SN mA Sl
! —e— Data -
° ATLAS Work In Progress B VH, H > bb (1=1.00) | % ATLAS Simulation Work In Progress
P (s =13 TeV, 139 fo” Diboson b S ZH->(lyv)+bb, \5=13TeV, [Ldt = 139.0 fb", Expected
= . y B =
S 2 leptons, 2 jets, 2 b-tags B Z+jets [ L . |
u>J pY > 250 GeV eu-CR data 79.8 fb” (expected): =Total —Stat. —Theory
Uncertainty w/o polarization: —Total —Stat.
«+e Pre-fit bacliground w/ polarization: —Total —Stat.
— 1 e
ZH, 75<p!<150 GeV — o 362
——a—H
“““““““ L 02 |
y = 1 18.8 577
~~~~~~~~~~~~~~~~~ ZH, 150<pT<250 GeV ¥ 1 18.8 78
18.8 157

----- " ] a8y

R R B R I T ZH, p>250 GeV | ¥ 1 a8 "4

SRR ; i

LIS SESRESEE A W bl
E 3

0.5%”\‘”\‘”\”‘\‘”% ! 10 102 10

PN PRI R A
-1 08 -06-04-02 0 02 04 06 08 1 H B2
X By xBjji v [fD]

O.
BDT,,, output True py

Data/Pred.

Fig. 2. Expected uncertainties of the production
cross-sections of the VH signal in bins of

Fig. 1. Output distribution of a multivariate

analysis used in the measurement. Signal (red)

transverse momentum of Z bosons with and
events are separated from backgrounds.

without improvements of the analysis.
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J-PARC NINJA RERICH T HKEFEH=2— b/ RICDAIE
FT R X —WEAREE PR

Abstract The NINJA experiment aims to measure neutrino-water interactions. We use nuclear emulsion
to measure low momentum protons from the neutrino interactions since these protons play an important
role in construction of neutrino interaction models. The analysis status of 3kg water-target run in
2017-2018 will be reported.
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BHM=a— MY VIREIERTH D T2K 1L, KWIRITH D J-PARC A C=a— Y J E—L %4k
% L, J-PARC N O HITE AR H #5365 L O 295km Bt 72 Iy B IRTREBE T AR 128 D A — "= I AW TI2H
WC=a— ) JRIGEZBINTHZ LT, =2a— MY JIREIST A =X 2B ETHERTH S (1],
Br=a2—F) VOHBEFELREL NI a—==2—F) JOWEREBHTLZ LK TRE#HI T A —
ZEMETDLZZENARETHY, =a— ) ) EK==2—) ) TCOBMZEITH> Z L TLT MR
% CP XM EDEN 2B+ 52 L2 BfEL T 5,

CPHNDGFEILE 30 TE B2 DITIE, ==2— bV RO RKIGEDOAREMH KO RIREZ B
L2 ENBEOEELREE > TND, =2— ) JIREERTI=2— ) ) XX —KTFT 5
72, IRENN T A—ZDOREIZITHED=a2— ) ) X VF—ZFHBRTIOILERND D, AV
F Vv Td % CCQE(Charged Current Quasi-Elastic) KIMEIFIRIETL T N LB OE DT DA S
N, VLMo OEBREEAENS =2 — ) ) XX —OFERNTRETH S, LL, ZhEBr
RN PFNRESICHTL 29t =a2— U JRISE—RERBESL L. L7 P TIEMRIC
TRAX—FHEREZIT) 2 ENTE R RS, LER->T, ==2— bV /RIS EMICHRE LR EME2
HI T 27201213, V7 P B0 TRAEREO N R U E2BEBICHET S Z EREE SN TN S,

Za—RF) JRIRIC Ko TEKRSND N RFr D) B E AT FIIREAE W -, ZivE TRV E
BEFEME CTORERNRETH 72, & <ITHAETIMBBTIIA— /=D I A7 LR UKERND =
22— U JRIENPOHAIZBWEGFEZRET I EIIRECHY . T2K ORIERHZTIIZNET
500MeV/c FEEDEFHEMM COB T LIE SN TI o7z [2], 2 TlE==2— Y /KSETHT
CHEBZOLNTWAE 1O BEGRELMIETE T, KVERVEBEFRE CORNENLE L I
TWb, 22 CTHALILNINJA EBRE W) o e VWi =2 — R Y SO RS RIE LB % J-PARC
TIT72 > T2 [3], NINJA SEBRIT R T EEREMR & AKEE) %2 22 B~ g & o v F b— X TRBME H 2%
WD Z LT, 200MeV/c OEB)ERE CAER=2— Y J RISHDOBFE2RIET D Z L NAHET
HD, TIICK VRO 0. S DIZIEWIREEO o Ff 1 %2 IEE IS m O E S fERE THIET 5
TENTE, 22— M) ) SETVORFEIC E > THEFICEHEREFEREZ FICAND LN TE S,

NINJA FEBRIIHAE J-PARC (2T 75kg D /KIER)Z FH W= ARFEBROBIE %2 Blh L T\ 5, AREBRIZIHT
H. 2017-2018 4FIT1% 3kg DAKREERIZ W2/ MREFD /S A |y NEBRBI T, /S 7y MERTIT
M=a—hU /) E—RKOE—LRNBEIN, £ 90 A X2 FOKEN=2— ) ISR ST,
BRI INETH L cD=2— ) JERICHONONTE R, AKENEZHAWTRAEER =2
— MY RIS EBR L7203 MATH D, =a— ) NI E > THTLS 2KRED I =2 —F
NAHFFBIOGFOMETOIL, BAIZINICEVIZILH T, KTEEZE=a—F ) V&1 D
DIEEE & D 51 % 200MeV/c DB TR 5 Z LIZkDh Lz,

ARETIEH, 2o M vy FERICED=a— Y /SO L, $IREOHIERL 1D % HE
XA L OEB ESMICER L THEZIT O,

References

[1] K. Abe, et al. (T2K Collaboration), Nucl. Instrum. Meth. A 659 106 (2011)
[2] K. Abe, et al. (T2K Collaboration), Phys. Rev. D 98.3 (2018): 032003.

[3] T. Fukuda, et al., Prog. Theor. Exp. Phys. 063C02 (2017).



Moduli Fields in String Phenomenology

SRR E A IH

Abstract In superstring theory, there are moduli fields, and the moduli must be stabilized appropriately.
We have investigated a moduli stabilization, and a use of the moduli as the inflaton. We also investigated
the instability of a vacuum in the supersymmetric abelian gauge theory in higher dimensions.
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HEXEERIE 10 ROTHEZE ECOGRCTh 572D, RENTAHET D 6 WonZEMBn a7 Mesh b
TR 25, ZORE 6 Wtz & L TIBxFrEE R->7- % Calabi-Yau ZEMEN —RIIICE X HiLd,

Zoar Ry MEIZER L, &5 6 RoTZE M O e 8T O | B3G9 % moduli 35 3MFET 5, 2
5 o513 Kahler moduli, complex structure moduli, axio-dilaton & 33 &5, 06 OH KT RLF
— % T massless TIE(ET S L5 DJj & LTBL, BUEOBIE FIET 2720, @R E2HIAHE & E
BaREO X ) ICHETE SN2 T L 5720, complex structure moduli, axio-dilaton (ZBJ L Tix, flux % &
AT HZ L Ttree level DART ¥ ¥ )V TCHEESND Z ERFMBLATNS 2, Kahler moduli 128 L CTix
RIS — TR EZ 2 T EEE S ey, 2o Kahler moduli O fEEICEI L TiE, Large
Volume Scenario (LVS) [1]72 E ¥R STV 5,

AWFFEIE. 2@ moduli HOEECZE OISR £ BEELER O 1L —FEIIZ OV T moduli #5%
AP A i Lt%@f%é FEAERERY T chiral 2BIGR CTHDH I ENFMHNTWVHD T, UV TOHLGR
chiral matter % [FI&kICETe L WIFFS LD, EDOBLED 5 chiral matter 2 v 7= Kahler moduli D E (2B
LT, EDO XD IR 0D A&, F7= chiral matter |2 X - T, ADfE% > LVS HZE4IEDOT
AINF—IZETRHRDL EFonhs Z L 2R LEZ[2].

moduli %513 axion Z & te/=, IWHELTA V7T FoROF =T~ X —~OiE M7 EN ZivE Tl
ZRINTWD, KR, FEBENIMICME) < #5 A% 5 (poly-instanton W4 & FEIZI D) FIET D 2 & D3VA
SN TWB[B] A, ZDRWRIT L - T axion IRT > 3 v /LRI AR ER 2 HARICH B, A 7 L —
arurFEBLILENW) ZEEH LM LT[4].

F IR L X —BER OREEEIC ﬁwfﬂyﬂﬁF*ﬁi?®&@%@@%éﬁ%%ﬁé’&i%%
Thod, ENODOEEEKOERVES D, BIIFEG & Vo IeBR 2B RS RE S D, FRIT
WITIZI T B B2 Al 7 — U BRERIZ U T, Fayet-Iliopoulos THZS Lb— 7 S CA R S v, Z 4l _i
S>Tay Ry NEMETCHEBRBEENRENLT L2 ERMLNTND, ZORELES &K TEHZET
N—TRIEE T 2 & E OEZERNARLZEILRY 595 L) T &% b5 kon, 6 tZEMEZHNTRL
72[5,6]. 7= Z OARZEMIL complex structure O [E & 12 BE ST 5405 [6].,

AFEFRTIE, moduli FHZOWTOMEZ B L7=D 52, chiral matter 2 fv 7= Kahler modulus o [#
E L, ADMEE O LVS BZEORD EIFIZ oW TOMIE[2] % H OISR T 5,

References

[1] V. Balasubramanian, P. Berglund, J. P. Conlon and F. Quevedo, JHEP 0503, 007 (2005).

[2] T. Kobayashi, O. Seto, S. Takada, T. H. Tatsuishi, S. Uemura and J. Yamamoto, PTEP 2019, no. 9, 093B04
(2019).

[3] R. Blumenhagen and M. Schmidt-Sommerfeld, JHEP 0807, 027 (2008).

[4] T. Kobayashi, S. Uemura and J. Yamamoto, Phys. Rev. D 96, no. 2, 026007 (2017).

[5] H. Abe, T. Kobayashi, S. Uemura and J. Yamamoto, Phys. Rev. D 100, no. 6, 065020 (2019).

[6] H. Abe, T. Kobayashi, S. Uemura and J. Yamamoto, work in progress.



MeV Ao VHREREIZLPEMRIKEER &
SR A RO pE I D £R RN

FHMTEE HIE

Abstract Observations of nuclear gamma rays and electron-positron annihilation line are unique probes
for astrophysics. We are developing an electron-tracking Compton camera (ETCC) as a high-sensitivity
telescope. In order to confirm the performance of ETCC for celestial objects, we had one-day balloon
observation of the galactic center region (GCR), and the annihilation line emitted in GCR had an excess
with the significance of ~5 sigma. This significance was consistent with the expectation before the
balloon flight.
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