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Diagnostics for Physical Processes of X-ray Plasma in
Supernova Remnant

TR KB Kb

Abstract We perform high resolution X-ray spectroscopy of Supernova remnants with Reflection Grating
Spectrometer aboard XMM-Newton. Our results show that charge exchange X-ray emission and X-ray
resonance scattering are observable in SNR. We also propose a method to constrain the 3D structure of
supernova remnants from the effect of resonance scattering.

© 2023 Department of Physics, Kyoto University

EHTRBRICE > TRERIT SN WE ITHBHOWE & #22 L, @H2EE SNR) EMEEn 25T 5
EDOEIRT T A~ &R T 5, XBBHNZEID SNRICEENDETLENDORHE X AR cE, B2
DAER LT RO E DDA MDD ENTE S, ZI0b, BEODEESLEREL VWS TRT
A= —HIRITIN Z, EHE ORI EOEERMEICBD Z LN TX 5, THFEOZEICLDY,
FrEBEOEBGRECERERIE, X SGHERR X, —FRAERBRE T COIRIFRER IS KD
WL FICBMECTH D 2 e b TE T, B, A A & M EOBRAMSONT L 5 X Bkt
O (e.g. [11) 04 AN K DHERE T OHGEL GEIEEL) DR (e. g [2]) 728, ZHET SNR
IZBWTEBINTI R YEIBREOEEEN BRI N TS, 2 b OWEhEREZ il 23 &l
kb7 EOWPEE EMEICITO ZENTE R, —FH T, ZINLOMEEZERMICHETENIE, A4
OIEHHE LT T X~ OBRIT E S DRI 7 & ORENIE O L 2> o 7B EOPE D FIREIZ R D,

T THAITET., B EEL SNR IZB W THIHAREZ2 DM, 7282 W o & FTr
DFLEE AT MIFNTIZHE G035 D DNEH ST 5 2 & & RIS A2 1T o 1=, B o s
ELIZAY 7 BERA A OEEHIRR/ ILERRIRE L 2 K& < 75720, B0V RV —ffRe & FF oM Has
ICE B SNR OBMBLETH D, Hx lZBIERE O T RLX—DAEL > X HIRIHETH D
XMM-Newton & 2458 O[B4 Reflection Grating Spectrometer (ZJ - T, N49 & J0453-6829 DfiF
WraiToTl2, ZHAUHO SNR (FEBIZEEDORW G FECHX A MBBRIEITEY (e.g. [3]). N49 1XFF
B OBNHDLWEATLTEREZ LTS 72 L BRI E-CHIBEELOMR N IFRF T & 5, I OREE.
EHL 5D SNR LEZEEHET T A~ D OS TIEFH TEX RWIEERE 72U o SRS R EEHIRR /L0
PRERIE L 2R3 2 L Vb o Tz, NA9 [ TERHIHR/ LA IREE LELIAMZ S, 0 VIIT Ly B/ ., Fe XVII La
(3s—2p) /(3d-2p) LA K E | IRE FHREN K E WV GERBMRNSKE < HRIBEELORE L Z 1T 09
FERROTRE NI VMERI RN B o 72, Flo, THOOEMIREDIZE A LEIENY LRI BWDELDTZ
A2 X DM ARE LTl TE 72, LA > T NA9 DK & 7 BEHII 5/ T 58 BE b o Ji [K | 33t
EBHEL T 5 EfEiRfT T 72 (4], J0453-6829 |E N49 7¢ & & T, LI EELO IR L 212 < WERkHER
RIBIRE L CWD, F 2T J0453-6829 2R L CiE ATCA&Parkes THUfS L 7= BT — % CHEIEREDOH
BHEIToT2E A, AT HL HALEELTWDZ ENbLoTz, FEEbLALETAY L& Ll L
T2 & A, MM CHRAICESHIR/ FLEHBRE LN KRE S Ro TWND Z R bholz, TNUHDREENS,
J0453-6829 Dk & 72 AR/ SLUE KRR L O R RN B AT AW S CTd 5 & w1 72 (51,

A TS BEL M AT A TR SN D Z L EIR LT, 2T, ZOMEOREE LT,
B EL O R A ERLT 5 2 & T, SN\R 77 A~ DBAITE HHDERZHIRT 2 FEDIRE LTI,
H = NRIED E0102. 2-7219 13/h~E T VEI(FET D, FHn 2000 FFREOBHERE TH D, X
A A—T T, — T2 EERF Ry 2 VBB LR TIRE LTV D28, 20 3 kochEiEixy v
TR0, G ANICEVWHFERTH D72 E 0N H 5 (e g [6]), Fox OFFHT CIIILEEELOZhRITIE
EAEBRIE T, BT ICE WA IIEIEERE R E 2 BE L2 WA ITEA SIS Z ERbho Tz,
ZOFEITFROHBETH D XRISM & AN TEEDORIKIGHEETH D,
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[3] Yamane, Y., et al. 2018, ApJ, 863, 55. [4] Amano, Y., et al. 2020, ApJ, 897, 11. [5]Koshiba, Y., et al. PASJ, 74,
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Quantum Gravity Beyond the End of the World
OB AT - FR s N—" BT E

Abstract The AdS/BCFT correspondence is a generalization of AAS/CFT to conformal field theories with
boundaries and has played an important role in the recent study of quantum gravity. We will discuss
recent progress related to AAS/BCFT including holographic moving mirrors, wedge holography, causal
structures, and dS brane worlds.

© 2023 Department of Physics, Kyoto University

The holographic principle has played a crucial role in studying quantum gravity. In particular, holographic
correspondences associated with boundary conformal field theories (BCFT), CFT defined on a manifold with
boundaries, have attracted much attention in recent years. The reason is that a BCFT has two equivalent gravity
duals. The first one is obtained by introducing an end-of-the-world brane, which plays the role of the boundary on
the gravity side, to the gravity side of standard AdS/CFT. The correspondence between the first gravity dual and
the BCFT is called AdS/BCFT. The second gravity dual is obtained by applying the Karch-Randall brane-world
holography to the first one, which will result in a dynamical AdS gravity coupled to a non-gravitational region.
Such an equivalence between three theories is called double holography. The novel point of double holography is
one can observe non-perturbative quantum effects in the second gravity dual while keeping the first gravity dual
classical. Therefore, in this framework, one can use tools from both BCFT and classical gravity to study the
quantum effects of gravity.

As a field theory, the BCFT ends at the boundary (the end of the world). However, by comparing the BCFT
and its second gravity dual, it looks like quantum gravity arises from and goes beyond the end of the world. In this
dissertation, we study several aspects and developments of AdS/BCFT and double holography [1, 2, 3, 4, 5]. We
start with setups with timelike boundaries. We will first introduce a conformal map method to study dynamics
associated with moving boundaries, the so-called moving mirror setups, in 2D CFT. We will also explain how
studies of black holes using moving mirrors in old days can be related to recent developments of the island
formula via AAS/BCFT and double holography [1, 2]. Then we will move on to a new holographic setup called
wedge holography, which is realized by introducing two parallel end-of-the-world branes in the gravity dual of
AdS/BCFT [3]. While a wedge-like region is left on the gravity side, this construction causes a dimensional
reduction on the field theory side and results in a codimension-two holography. After that, we focus on the causal
structures in double holography [4]. In particular, we show that the causality in BCFT is protected, but that in the
second gravity dual is broken in a certain way for consistency. Then we will move on to a new quantum
informational quantity called pseudo entropy, which is a generalization of entanglement entropy to post-selection
setups [5]. We will end up discussing BCFT with spacelike boundaries where pseudo entropy naturally appears.
We will see how AdS/BCFT provides not only a tool for analyzing setups with spacelike boundaries but also a
strong motivation related to dS holography for doing so.
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Evolution of self-interacting axions around rotating
black holes

REBHEE KXKExRE

Abstract We study the evolution of self-interacting axion condensates around rotating
black holes. We find that for most of the parameter regions, the dissipative effect by the
self-interaction will terminate the growth of the condensate by the superradiance and the
condensate settles to the quasi-stationary state.

© 2023 Department of Physics, Kyoto University

Axions are one of the most motivated particles beyond the Standard Model. They provide a
possible solution to the strong CP problem, can be a good candidate for dark matter, and are
predicted by string theory. In particular, string theory predicts a plentitude of axions in various mass
ranges [1].

When the Compton wavelength of the axion becomes comparable to the size of a rotating black
hole, the macroscopic condensate of the axion will spontaneously form. The basic formation
mechanism is the superradiance, the energy and the angular momentum extraction from the rotating
black hole by a bosonic field. The axion condensate is thought to emit characteristic gravitational
waves. The detection of the characteristic gravitational waves will be evidence of the axion [2].
However, to detect or constrain the axion, the precise prediction of the evolution of the axion
condensate under various effects must be understood.

The self-interaction of the axion can alter the evolution and cause interesting phenomena. Since the
self-interaction is attractive, the condensate might collapse by the self-interaction. This violent
collapse is called bosenova, which can result in a burst of gravitational waves [3,4]. On the other
hand, the self-interaction opens a dissipation channel, which terminates the growth of the
condensate by the superradiance [5]. In this case, the condensate settles to a quasi-stationary state
and continuous gravitational waves are emitted.

To clarify the final fate of the self-interacting axion condensate, we study the evolution of the self-
interacting axion around a rotating black hole. We focus on tracking the evolution starting from
extremely small amplitude to large amplitude where the self-interaction becomes relevant. We find
that the evolution of the condensate depends on the mass of the axion. In particular, we show that
for most of the axion mass, the condensate is likely to evolve into the quasi-stationary
configuration, in which the energy gain by the superradiance and the dissipation by the self-
interaction balance. In this case, bosenova is not expected.
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HUTHREBRIZKBARDINNERAIRNBHEREZIZH TS
PeV FHIEMEDZER

FTHMOIIEE M

Abstract To elucidate the origins of cosmic rays up to PeV, I analyzed gamma-ray observation data in the
vicinity of supernova remnants G106.3+2.7 and HB9. With spectral modeling studies considering a time
evolution of the maximum energy of accelerated particles, I found evidence of PeV proton acceleration in
these supernova remnants.
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KONEHANIZIL 3 PeV FREE F CTFEM (CR) BT & 3 5 KK GEFR. B 1 PeVatron) MN{FLE
THEEZOLNTOVDNRRER TH D HIZIL 1, v RITAERLT & B2 BN ORELZ T v
72 D BRI DR E N FRETH D, M- T, B+ PeVatron MEEFRITIL, ME S 7= B+ 2 KK D D
AT A LR UTBRICAER S D o PR FORREIC L D BER SN v EBHIT 5 Z LA TH
%, PeVatron OEMHRA L L CHEBIEESE (SNR) DBRZET D TWDHN, PeV £ TORF-IIEZTT 5 SNR
iiﬁ%’vfé%f&;oto AMFZETlE, G106.3+2.7 & HBI L W9 2 -2 SNR D vy #pELHIT — & fi#hr 75 . SNR

BUF 5 PeV £ TOR RO FIHEMEE - 7=,

SNR G106. 3+2. 7 [ZHCATAFFREIZ LV 100 TeV 28 2 5 y #2335 . &4 PeVatron & L CTA R ST
b0, ZOFERKICITE =R LT —E 2 MET 5L —EEZE (PIN) 2MBELTEY ., £0D 100
TeV y BB D35 IR 72 D) LR 72 D>, £z, HSRKIRDY SNR 72D 0> PWN 72D, KfgH TH
57212, 3], & Z THRAUT MAGIC i VT, fEkDmrZE L v %%b\%&{“/\ﬁ’%ﬁé (0.07-0.1 &) T
120 HFRIC K 5 TeVy BBUHIZAT -T2, Z OEMEE - E BRI 0.2 TeV LA EOHEIE SNR D
BT & ZEMRIC—3 L. 6 TeV LL EDHHE PIN 72 53 < h“ﬁbt Fﬁf@?ﬁﬁﬁd Shanzk z)/\fp
ST, ZhUE. 100 TeVy #E25 PUN TiE7e< SNRICH T A WD Z L2l Rmig+ 5, 5T
EJFE U E7 L TIL 100 TeV £FTOTRAF =AY MLEFBETET, —FHFT1 PeVIiZh v %7f7%:
FEOBG 7005 OEHZ L » TEHE R A FH CTEX 52 LR 0ho Tz, 7272, 5 kyr FREEDO4FERRD SNR 12

BT 5 PeV F TORLFNERITHRRAIIC AR ARETS & PRI TE Y [4]. SNR G106. 3+2. 7 2> 6 D y BREUH
IZIE T SNR Sk LEIEE S ORBI A ACEE LB I D b0 LR Tx -,

wu REOEERITBLBIRESLO 720y SNR D F RN = 3L F — ORI B E LT\ D, £ 2

fﬁﬁ@*ﬁ%/\%ﬁ%ﬁﬂﬂw‘é SNR AAA &t 5 DRL- 554 % [~ 5 2 [W T AR D vy #A~T7 v E
EE/E'J LH#Ed 25 Z & T, SNR ICBIT DR IEORFFERE R A JIE T 2 FEZH72I2EZZ L, SNR HB9 @

y BABLANCEE S LT, 4 lﬁl%ﬁt Fermi {15 LAT @ 12 [#453 D GeV y #ELHI 7 — # Zf##HT L. SNR HB9
AR L BT ATEIRE L E N & ZERIFCHBE T 2 v B 2 A L7, £ L C, MmfEkD 2~ i

FREOEFEREO T VA BIRE LT VL DV ERTE, BIED SNR TORKINHT 2L X —

(300 GeV) LV HEWTZR/LX— (3 PeV) F THEIZ SNRIZE » TIEI LTV & W ) FEIL A #7-,
Mz T, 2D SNRANKE JED DR AT AFEILD S Dy ALY MV EFRHCET VT 4 FT 52 L1
X0 SNR HLD CR LRI Z O CTHRWEETHE T2 Z L b 00o Tz,

ZDOFETHRE LIZET L%, SNR G106, 3+2. 7, LY, 6335.2+0. 1 0BT —XIcb@EH L, &
D SNR CHRTZETNANNT A—HTARY MNVEBFBBTELZ LN ghole, EHIT, HFHNTZET L
NTGA—=HZHNTSNR 225D PeV (R BEZFHET D &, ZOMEBHERTEBIHI SIS CROJIEME 7 7
I B —3fELUNT T 5 R0 o7, ZAUESNR 23 PeV £TO CRIELJR TH D IRVGEIL & 72 5,
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NINJA SRERICE T HKEMN=2— Y/ REDRIE
AL R N ER

Abstract Understanding the neutrino interactions is essential for neutrino oscillation experiments because
it is the source of one of the largest systematic uncertainties. We performed a neutrino interaction
measurement using nuclear emulsion detectors in the NINJA experiment. The analysis improvements and
measurement results in the NINJA experiment are shown in this presentation.
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EEf=a— N VIREERTHS T2K (Tokai to Kamioka) FEERIZZHMFETIZL T hicBit s
CP XIFMEDRAFE 90% FHEE CHEAL, 2L 7 b ORAAIC OV TR R E CRIEZ1T-> T
E72[1], T2K EROEHERRFFEADER N =2 — ) /) SDETNVOREWETH D, LI > T,
T2K EERPREREZM EL T IZHTz> T, ==2— VU EJFFE%, $FIT Super—Kamiokande &
A KRR CORIGE LV EEMCEET 5 Z EDNEETH H, USTET VOREMEDER TH 5 R4
hA A BRART 5 72 DI, IRWAAHZERNIC B W TRISH RO N R e U DIFHRA TS T 2 Z & BEIT
%, LU, BUTOKERNZ W2 BOSETEIZ W THREER & O 51125 2 B h M < | dEH)
ERMEIE 500 MeV/c FREEICHE E - TWe,

Frxld=a— MY ) KICHKROKE &N N 2R ET 572912, J-PARC (Japan Proton
Accelerator Research Complex) THRKIN/-KIEE==o— KU JE—LA& & 3 RooZEMoiihe
EFOR AR 2 AW EBRTH D NINJA (Neutrino Interaction research with Nuclear emulsion
and J-PARC Accelerator) EERZ1T-> T\ 5 [2], NINJA EBRIZEBW CIRFEERHR & AKER L 2=
— hU 2 B — 2l REE L7- BCC (Emulsion Cloud Chamber) & FRIENLZHHERAZ MWD Z & TH
TAoxt T HIEB ERfEAZ 200 MeV/c ETILETE 5, ECC (ZEIRLWVAET 787 ¥ v A&k LT
BY B3], IKVNARZEF TORGFORENFRE L 72> T D,

AWFFRIZ BN TIE 2019 FEEICATOAL7e NINJA EBROWE T o Ot 21772, £3. il L
NISORIEDT- DB « 3B L7~ Scintillation Tracker (2 OWTCIRBMEGD FiEZFESL L, ]
B« AESRRECHR RO 21T 7= 4], Scintillation Tracker [F4 72V G LF ¥ R
BT 1 m WHOMEERAE, 7D 2-3 mm FREOALESRIEZ ZNK LTz, FHIORE R, WELRIE 25
LT tRE 2 R LTV D Z L DR S v, FERRIZ Bt ECC & DOFBMERE % 24T L7z,

F72, ECC P TOLEBERIELEL MCS, Multiple Coulomb Scattrings) Z H\ 7=k 0> 1EH) &
R TFEZBRE L7z, ECC I TO R X —#HKZ BERBICH I A 2 & T, FroiRiED) &
FBIZIBNTHE LA 7T AZHR L, s FIEOWE L #ERk L7 [5],

ZNHDORRAFE LI FEL AW T, EERIZ 8 kg OKIEMICK L T=2— M / RISHROMERL D
ZEECAIE - EEIEAHE L, 200 MeV/c OREHERE CO=2— KV /KIS HRDRE T
OB Lz, £72, N Fo v OIEVAABZERICB T 2@V RHARIC L > T, SEEICL > T
SN RUSHROMFERL T O kinematics DMIEN==2— Y/ RISOBED = DRI 72 FBx &
HZ &R,

AHEX NINJA EBRICBEWTHIOE=2— M) JAKISHIE E 72> Tk b, SN RFEBLWY
ZNHEANTHELNZRIEHRITASH DO NINJA EBROBIE, BEO T2K EBRITE T 5 RitidEDH|
IDFEE L 72 %, FEREYIZIE NINJA SEERORERE RIS L - T, T2K FZBROBHMAENHIH S, CP *f
MHEDINZFE LT 5D Z &N RIAEN D,
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X-ray Study On Microquasar SS 433/W50 Extended Jets:
Propagation of Non—-thermal Particles and Origin of Knots

FHRTRE L

Abstract We perform spatially resolved imaging spectroscopy of X-ray emission from SS 433/W50. We
found that the electrons are accelerated at the innermost knot and lose their energy via synchrotron
cooling during transport along the jet. We discuss the scenario of particle acceleration and X-ray emission
in this system.

© 2023 Department of Physics, Kyoto University

FHYxy bEX, RENOEEEINE T T AXOHADERTH S, FHOMA RERE TR LD
BRThHY, FipE, AR, THTE, 77 v 7 h—nAhEoar R N RIENLER SIS,
U DPNCHABEKRT T v 7 m—/Lin BT, 100kpe YL EORESITESY = v b IR %L
XN EN D, £, $HTRNT 7 v 7 R— o +2, FIEENSOEHENS,  pc OEX
DYy FHRHSNTND, Y=y bOME AL T, 100km/s JFAGEY = > M &) bHKEHIZ
IV (T ~v#AN—2ZAR) 1222 bdHD, Y=y MIBEES X, v RO R CHEBIK 2 BT
LTRY., FHEHEMEROFEME LTHEESRLTWDS (e g, [1]),

W50 EZEDFLIINLET D SS 433 (X, R TR AL R XHEERD—DOTHDH, FROa N
I NRIK(T T o 7 HR—EFHPMH2) DO YED 26%DE S THEEIZY = v FEEH L TWA[2],
yi/%iﬁ+mcifﬁﬁw #1162 B O TEER A LT D, ZNETO X MBS, ¥
= v D OB > THEIHEN e =7 BNEREIN TS [3], £/, TOFITEEIH -
THART 5. RBETHIIZ Eﬂ HUNvknot EREENDHEERH Y FAU 5L SS 433 [ZHTWMIEIZ head, lenticular,
ring CRMAD & wl, w2 (VEMHD) & PETANS([4,5,6], ZORr—T7nbD XBRESHEY 7 v ha UHBURHT
HY, ZORTEFDPIMEINTND Z L EZRTAHLE 2> TS, LD y OB L > T, &N
D knot 725 25 TeV LA ED y BT 35 .S 4u, K100 TeV £ TORFIENTHILTND Z &350
Mot=[7], LA L. knot OEJFELHLIEMEE R & éﬁiﬂﬂﬁiﬁ><%$ﬁ&510)§¥%ﬁ C’Db\TCOi@H?>ﬁ>&Ciﬁ<>7f
W72, knot D REIRIRCKRLFIE DR 2 G2 T B 72 012i%, X ARIT DIBRBARAIRTH D,

AHFFETIL, XMM-Newton 33 L 8 Chandra i & & FV T, %oﬁ%mxﬁ%%@ CfE) oy Rt G & AT
NIRRT 24T > T2 € DRGSR, ﬁﬁ®m~7ﬂgﬁmmﬁk#ﬂ%m%%ﬁMLtoW%@%WAE%
FRD & BIHGHIEERRIZIEN > TODHDITKR L, FEBWIBIH XY = v Mg IR > Tofi L

TNDZ LB LT, AFFEOMNT 235, SS 433 & head B LY SS 433 & wl ORI %; 27 X R
FR7pnz Enbhotz, fb SS 433 124V knot  (head, wl) 725 ixﬁm#ﬁ%ﬁ%ﬁ&ﬁéﬂko
FDANT MLV E ZFIN T, KR v e s B0 b0 E—FHLTEY  knot T
B IENEE TWD Z EAURBREIND, F72, SS 433 HEINDITONTHFHREENKEL R,
FRIZPE R —7 Tl w2 OAMAI TR BB RELS D 2R A L, 2k, v Zabayr
B 2T 2B ORRKTZRINVXF—=PWNSL b taBRL, BB Vy halERRBRL 78 b
0 UM AEZIT VDR EBZ b5, £Z T, TAITEITHRICESHN T 7 v he B ORFH
WIBET VAR L, BIRE R L O Z1T o7, T ORE. knot DFFICHSG N RWEIKTH D Z & %
O LTz, —F, e —7 TiL, lenticular OIMUITH AT MO E TR EETHY | A
n—7CEH L2 ET A TIERAN TERNWZ 2% A Lc, 2K OB INED AlgetEZ R L T
Wb, £72, FHIO 2 DD knot (wl, w2) OFIZ. 3FELFHEEIT D727 knot (wl.b) & ¥R L7-[8],
AFERTIL, Y=y MR TOY 7 a b U OREFEER LW knot ORKRIZOWTigimd 5.
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Radiation Hydrodynamics Simulations Revealing
Protostel lar Evolution in Direct Collapse Scenario

FAEMBL T TH 7 v—7 KA

Abstract We perform three-dimensional radiation hydrodynamic simulations resolving the interior of
rapidly accreting primordial protostar. Our results show that a ~10 solar-mass very inflated protostar
generally appears, and that realistic initial turbulence causes stellar rapid rotation.
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Recent observations reveal that supermassive black holes (SMBHs) with more than a billion
solar masses already exist at z~ 6-7, and their origin has been studied so far [1]. One
possible pathway to form such SMBHs is Direct Collapse (DC) scenario [2]. In this scenario,
star—forming clouds which collapse via H atomic cooling maintain a high temperature and
protostars grow in mass with high accretion rates (M ~»0.1—-1Aﬂ3). As a result, if the
accretion continues, protostars can grow up to supermassive stars (SMSs; M, ~ 105—106A4O)
and they leave the massive black hole seeds which may evolve into the observed SMBHs.

In this scenario, protostellar evolution is crucial for SMS formation. If protostars emit a
copious amount of ionizing photons, radiative feedback shuts off the accretion, terminating
the stellar mass growth. The protostellar rotation also affects their growth, changing their
evolution by inducing chemical mixing. Moreover, when the protostar rapidly rotates, the
centrifugal force may hinder the gas accretion through the circumstellar disk via the so—
called QI limit [3]. However, despite its significance, protostellar evolution has been
studied mainly by one-dimensional (1D) stellar evolution calculations (e.g., [4]), and
realistic three—dimensional (3D) protostellar evolution still needs to be clarified.

In this work, we develop a new radiation solver employing an explicit M1 closure method and
perform radiation hydrodynamic simulations resolving the protostellar structure in the DC
scenario. We follow its evolution until it grows to 10Mg from two different initial
conditions of spherical and turbulent clouds.

In both cases, protostars evolve keeping its large radius, as predicted by the previous 1D
calculations. In the spherical case, when M, =10M, the protostellar radius is 700Ry, the
luminosity is 105ch and the effective temperature is 4000 K. The radiative feedback is
ineffective due to its low effective temperature. In the turbulent case, the protostar rotates
more than 0.5 times the Keplerian velocity due to the angular momentum provided by the initial
turbulence. As a result, the protostar has an oblate shape with its equatorial radius 2-3
times larger than the polar radius. Its luminosity is an order of magnitude larger than in
the spherical case. However, the effective temperature remains several thousand Kelvin, and
the protostar hardly emits ionizing photons also in this case. Our results indicate that we
need to consider the rotational effect to reveal the realistic protostellar evolution.
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Abstract Neutrino oscillation parameters are measured in the T2K experiment. One of the primary
systematic errors in this experiment stems from the neutrino-nucleus interaction model. To evaluate the
error, we perform studies with the simulated data sets. This talk will present the results of neutrino
oscillation analysis focused on those studies.
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References model according to the neutrino mass hierarchy.
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Abstract The QCD vacuum in the low energy regions can be studied by a bound state between an 7’
meson and a nucleus (1'-mesic nuclei). We performed missing-mass spectroscopy of the *2C(p,d)*'C ®
n' reaction with simultaneous measurement of protons in decays of the 1’-mesic nuclei. We report the
summary of the experiment and the current analysis status.
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T5H & T RFMEDORAUCEE D QCD BZEDIEEIZH D Z & Th D, AFERTIT. 772 L LT 2014
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YA RV UCERAE I LK 1), AR SRS
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THIE L7= FRS BICRRE LI DT T AF
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A OEBG - Z2# L o>, 20X KY 7 b 1 '
SR Lo THEHER L2 fiEh 7 OMEPr7Hy Fig. 1 The WASA detector installed in the FRS F2.
HOIEMEAMITL., RBEEEZ2ZHTE L7, F2 denotes the intermediate focal plane of the FRS.
WASA #HZRNEBICITEIEE Y L/ A RiéA  The figure is taken from [4].
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Black Hole-Neutron Star Mergers
—Universal Evolution Picture Obtained by Seconds-long
Numerical-Relativistic Neutrino-Radiation
Magnetohydrodynamics Simulation—

FMEBAEET FEH 7 Vv—7 MR

Abstract We performed numerical-relativistic neutrino-radiation magnetohydrodynamics simulation of
seconds-long black hole-neutron star mergers and obtained a self-consistent evolution picture of the
inspiral, merger, and post-merger stages. In addition, we found that the obtained evolution picture is
qualitatively universal irrespective of the setups.
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Black hole-neutron star mergers are one of the main targets of ground-based gravitational wave detectors, and
two events GW200105 and GW200115 were detected in 2020 [1]. No electromagnetic counterparts were detected
in these events, but depending on the parameters of the binary, the neutron star could be tidally disrupted, leading
to mass ejections and the formation of the accretion disk around the remaining black hole. In such a case there is a
high expectation for the electromagnetic counterparts to be detected. In the neutron-rich ejected matter, r-process
nucleosynthesis synthesizes the heavy radioactive elements. Radioactive decay of such elements generates thermal
energy and the ejecta shines as kilonovae. If the remaining system after the merger is a highly magnetized
accretion disk surrounding a rapidly rotating black hole, the magnetically driven ultrarelativistic jet could be
launched and drive short-hard gamma-ray bursts.

In order to analyze the observational signals and extract scientific information on the merger events, creating the
theoretical evolution model of the system is essential. Based on this motivation, we performed
numerical-relativity simulations of seconds-long black hole-neutron star mergers incorporating neutrino-radiation
transport and magnetohydrodynamics and obtained a self-consistent evolution picture of the inspiral, merger, and
post-merger stages [2]. In addition, we also performed simulations for various initial and computational setups
and found that the obtained evolution picture is qualitatively universal irrespective of the setups [3].

The universal evolution processes of the black hole-neutron star merger are as follows: As the tidal force of the
black hole exceeds the self-gravitating force of the neutron star, the neutron star is tidally disrupted; Then the
dynamical mass ejection and the formation of the accretion disk take place within the timescale of ~10 ms;
Subsequently, the magnetic field in the accretion disk is amplified by the magnetic winding, Kelvin-Helmholtz
instability, and magnetorotational instability, which induce the turbulent effective viscosity and results in the
angular momentum transport; The post-merger mass ejection driven by the magnetically-induced viscous heating
sets in at ~300-500 ms after the merger as the temperature of the disk and neutrino luminosity drops, and
continues for several hundred ms; If one end of the magnetic field line falls into the black hole and the other end
ascends from the disk by magnetic buoyancy, the magnetosphere along the black hole rotation axis is developed
by the magnetic tower effect; The magnetosphere is collimated by the geometrically-thick accretion disk, and the
strong Poynting flux with the typical maximum isotropic-equivalent luminosity of ~3x10%°-10%° erg/s is
generated; Then the Poynting flux starts to decrease after ~0.5-2 s. The evolution of the accretion disk determines
the evolution of the magnetosphere and determines the timescale of the strong Poynting-luminosity stage.
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Abstract Experimental information on the S = —2 systems is essential for understanding baryon-baryon
interactions. However, it is still very scarce. We are going to perform a high-resolution spectroscopy of
E hypernuclei in a missing-mass method via the (K*, K) reaction (J-PARC E70 experiment). In this
presentation, I will report the current status and overview of the experiment.
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Fig. 1. Experimental setup of the J-PARC E70 experiment.
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Abstract

Recently, a new framework, Gradient Flow Exact Renormalization Group (GFERG), was proposed to
define the Wilsonian effective action with coarse-graining based on a diffusion equation. In this talk, we
investigate the fixed point structure of the GFERG equation associated with the general polynomial
diffusion equation of scalar field theories.
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Abstract We investigate a single baryon and its dilatation mode in holographic QCD based on the
Sakai-Sugimoto model. Using Witten Ansatz, the baryon description converts from an instanton to a
vortex. We study size dependence of baryon mass and the dilatation mode.
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Abstract We study two theoretical aspects of modified gravity. First, we generalize the Bousso's
covariant entropy bound in general relativity to Einstein-Gauss-Bonnet gravity and prove it under a set of
assumptions. Second, we focus on the so-called memory effect of gravitational waves and generalize it to
a scalar-tensor theory in cosmological backgrounds.
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Abstract Supersymmetry (SUSY) is one of the leading theories for solving the problems of the Standard
Model. In this presentation, we discuss a search for supersymmetric-electroweakinos with a small mass
difference between the lightest SUSY particle and the second lightest one, using pion tracks from the
decay of electroweakino with low momentum and large impact parameters.
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BB OWBAR & 72 DRI 035E FALTORNWR EOEN & 5, BT FRMEEER X E PE R 2 R 5 R
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Fig. 1. Feynman diagram for pair production of electroweakinos. Tracks with large impact parameters are
produced due to the long lifetime of charginos.
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Lattice QCD studies on baryon resonances and
pentaquarks from meson-baryon scatterings
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Abstract We analyze meson-baryon scatterings to study baryon resonances and pentaquarks in the HAL
QCD method. We first investigate the S-wave NK scatterings as a test on the efficiency of the
calculation technique for meson-baryon systems. We next study A and Q baryons from Nm and ZK
scatterings, respectively. We finally show the preliminary study of A(1405) from S-wave meson-baryon
scatterings in the flavor SU(3) limit.
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In this thesis, motivated by the advantage of the HAL QCD method among the approaches using lattice QCD for
systems involving baryons, we attempt to study baryon resonances and pentaquarks in the HAL QCD method. To
this end, we analyze meson-baryon scatterings that have quark pair creation and annihilation processes, where we
need to calculate all-to-all propagators. We utilize the calculation technique that combines the stochastic
approximation with the covariant-approximation averaging.

We first investigate the S-wave nucleon-kaon (NK) scatterings [1], which allow no quark pair creation and
annihilation, as a test on the efficiency of the technique for meson-baryon systems. We employ all-to-all propagators
to put the zero momentum hadron operators both at source and sink. In this study, the pion mass m, = 570 MeV.
We have observed that the I = 1 potential is more repulsive than the [ = 0. The scattering phase shifts are
qualitatively consistent with both the experimental data and the previous theoretical results, which suggests that the
calculation technique in this work is useful for meson-baryon scatterings in the HAL QCD method. Furthermore,
we have found no signals corresponding to ©*(1540) in the phase shifts at m, ~ 570 MeV.

We next study A and Q baryons from I = 3/2 nucleon-pion (Nm) and I =0 E baryon-antikaon (EK)
scatterings, respectively [2]. We use a 3-quark-type source operator with zero momentum at m, = 410 MeV and
mg ~ 635 MeV, where not only Q but also A baryons are stable. We have found that the ZK system has a
weaker attraction than the Nm system while the binding energy from the threshold is larger for Q than for A. In
addition, the root-mean-square distance of ZK bound state is smaller than that of Nm. These suggest that an
inequality my + m, —my < mg + mg — mq comes mainly from a smaller spatial size of a ZK bound state due
to a larger reduced mass, rather than its interaction. Results of binding energies agree with those obtained from
temporal 2-point functions within large systematic errors, which are mainly caused by the lattice artifact to the
potential at short distances.

We finally show the preliminary analysis of S-wave meson-baryon scatterings in the two octet representations
and one singlet representation in the flavor SU(3) limit, which have been suggested to couple to A(1405) in the
previous studies using the chiral unitary model. We employ a 3-quark-type source operator with zero momentum
and the octet meson mass my; = 670 MeV. We have found that the 3-point correlation functions have a zero point
in a short distance, which leads to a singular behavior of the leading-order potentials. The ground state in every
channel obtained from the potential seems to be unphysical, probably due to the singular potential. We suspect that
an appearance of a zero point in the NBS wave function is caused by a distractive cancellation between a 1/73
behavior at short distances from a quark-pair annihilation and a regular behavior from meson-baryon interactions
with opposite signs. To overcome this problem, we should calculate the 4-point correlation function in addition to
the 3-point to suppress the 1/r3 behavior, which is left for our future studies.
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Transient Chaos Analysis of String Scattering
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Abstract We look for chaos in string scatterings. Our results show that there is no sign of chaos at least in
bosonic open strings at tree-level. We conjecture that string scatterings can be chaotic if we include higher
loop corrections, or if we consider closed strings or multi-point amplitudes.
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Black holes are characterized by chaos due to the sensitivity of particle trajectories to horizon perturbations.
Since the microscopic degrees of freedom of a black hole originate in a highly excited string, black hole chaos is
expected to be caused by some irregular string dynamics (Fig.1). Recently [1,2] showed that string scattering
amplitudes are highly erratic functions. However, the precise mechanism of how chaos shows up has not yet been
identified, nor has a quantitative evaluation of chaos been made.

/ /

Figure 1. A highly excited string and a black hole as a scatterer. Black holes are regarded as chaotic
scatterers since, if a particle is shot into a black hole, its initial conditions are apparently forgotten due to
thermalization and it takes a long time for a particle to escape from a black hole due to redshift. The origin
of black hole chaos is expected to lie in some irregular string scatterings.

In this work, we look for chaos in string scatterings. As the first step, we study open bosonic strings at
tree-level. In order to extract chaos in string scattering amplitudes, we study two diagnoses for chaos: fractal
structure in scattering data and geometrical structure in string scattering regions.

Our results show that there is no fractal structure in string scattering data nor non-trivial geometrical structure
in string scattering regions. This means that there is no sign of chaos at least in bosonic open strings at tree-level.
Nevertheless, we have not yet ruled out all possibilities. We conjecture that string scatterings can be chaotic if we
include higher loop corrections, or if we consider closed strings or multi-point amplitudes.

Once chaotic dynamics is pinned down in string scatterings, it has the potential to be the microscopic origin of
the Hawking radiation. We hope that this work will be a step toward a formulation of chaos in string scatterings,
bridging the gap between the microscopic dynamics of strings and the macroscopic nature of black holes.
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