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Abstract For a near detector of the Hyper-Kamiomande experiment, new Water-based Liquid Scintillator
(WDLS) is developed to measure precisely the interaction of neutrino and water. Measurement with
positron beam using 4 X 4 cells’ detector indicates that the WbLS detector can be used as a tracker for the
near detector.
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I, RETEERZ AWV TR ERIE v FL—F2 2 ENLTH DT ~__
b5, MHIEORBMIT, ML > THREEIC lon® OBLORE ~-_ Tl
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Fig. 2. Setup at beam test. WbLS detector is marked in red.
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Abstract T2K near detectors will still be used in the Hyper-Kamiokande period. Then, light yield
reduction due to scintillator ageing and a breakdown of ASIC will be problems. In this thesis, I show the
estimation of scintillator ageing by accelerated ageing test and the evaluation of a new ASIC.
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Abstract We studied the range of possible values for low-energy effective couplings of the UV complete
amplitude with triple product structure in the case of two massive poles. This aims to investigate whether
the allowable region of effective couplings by the positivity bounds can be entirely filled by analytical
examples.
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Abstract We consider the situation that right-handed Majorana neutrino couples to flavourful pseudo
Nambu-Goldstone (NG) boson. In this paper, the possibility of leptogenesis from the decay of right-
handed neutrino with pseudo NG boson is investigated.
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Abstract The large-sized telescope of the Cherenkov Telescope Array observes gamma rays in the
GeV-TeV range. To improve the sensitivity, we are developing a new camera module using
semiconductor detector (Silicon Photo-Multiplier, SiPM). We report the performance evaluation of the
new SiPM, which outputs faster signal than conventional SiPMs.
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Abstract In J-PARC, the preparation for missing-mass spectorscopy for = hypernuclei with high
resolution is ongoing. A new magnetic spectrometer S-2S analyzes the momenta of K *’s generated via
2C(K~ K*)'?zBe reaction. I developed a method to analyze the momentum by using machine learning

technique.
© 2023 Department of Physics, Kyoto University
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Fig. 1. Flow chart for the development of momentum analysis method by using Machine-Learning (Left)
and the demonstration of energy calibration by using beam-through data, =~ and £~ peak (Right).
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Abstract In this thesis, we present a new interpretation of codimension-2 flat holography as an
application of Wedge Holography[1]. From this holography, we seek to explain Celestial Holography,
holography in an asymptotic flat spacetime. This result is based on our paper [2].
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T, ZOIGHE L TRIBR &I 2022 % fh =N IE O RFZE (dS BE22) OAHH 72 BFZE 70 & 0D AdS BEZE LIS O FF
ZEVHPEIR L LD LT RN R IN TS, AMELFHCTIX#NIAI R8T 580 7T 7 ¢4
—XiTd D Celestial Holography # A& E LTI,
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W7 —2 X ORRGERTREMER W2 E D3> T, Z 2T, Celestial Holography 1% d+1 ¥Ry DiT
B 2R REZR 2 361 A HUELIR IR Y d-1 ot D G IGR OMBEEEKICKHET D Vo2 b D TH D
(Fig. 1), ¥FIT d=3 OLAEILRFZE O WET ) 725t FE O M- 2> & BOELIE IR (2 Wk ot I35 BERG O x #i
(Virasoro XFRME) 238 5 Z L D3RS CWA [3],
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Fig.1 Scattering Amplitude and Celestial Amplitude Fig.2 Wedge in flat spacetime

KRELFH LD A A 27 —~1% Celestial Holography % AdS/CFT *HIGDZEF E L CHET 52 LIH D
(2], Celestial Holography ® K& Z2RH8IT & B JF RN T 25 OHGmOW TN E IR ED b
20N ENH ZLTHD, ZDXIRAn T T T ¢ —5bE AdS/CFT RSO TR THE BN TEY |
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[FZ%C Codimension 2 THHAR T T 7 4 —HInEED Z ENTE S (Fig.2), ZTOXHIZLTHE- 7=
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Abstract Extreme mass ratio inspirals (EMRIs) are attractive gravitational wave sources. Self-force
resonance occurs in EMRI under certain conditions, but its full theoretical calculation has not been
performed. In this study, we numerically implemented a toy model in which the gravitational field is

replaced by a scalar field.
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Abstract We have been developing a new muon hardware trigger system that can cope with many more
background events at the High-Luminosity LHC-ATLAS experiment. We report the status of
development, integration of the sequence, and expansion of trigger logics to the entire detector region.
© 2023 Department of Physics, Kyoto University
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Fig. 1. Overview of integrated trigger logic scheme on an FPGA.
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Abstract We study dynamics of blackholes from holographic CFTs. One topic is the ETH ansatz for
CFTs, which gives the sufficient condition for thermalization. The other is moving mirror models, giving
toy models for dynamical blackholes and more general spacetime. We classify the moving mirror models
into 4 classes.
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Abstract In the next experiment SMILE-3, we plan to change the scatterer gas to CF4 in order to improve
the effective area. The gain exceeded the required value with the CF4+ main gas at 2 atm, and
the first ETCC imaging with the gas was successful.
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Fig. 1. Gain curve (Ne-CF4 gas) Fig. 2. Overall photo of ETCC (left) and Imaging(right)
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Abstract We verify a repulsive A potential that can solve the hyperon puzzle of neutron star using
heavy-ion collision and hypernuclear data. We find that this A potential is consistent with these
experimental data. We also discuss about the result the new type of A potential can explain the
hypernuclear data.
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Abstract We attempt to understand some aspects of causality in the holographic description of gravity.
We study chaos in geodesic motions in curved spacetimes and show that the MSS bound can be violated,
even with bulk causality. This suggests that causality is not strong enough to make sure the holographic
principle.
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7o ZOXDRERIFEIIRC T T 7 4 v IR EFTZRNbDEBLXHENTEDH, ZOZ LI,
7 ORBAITIAR G 7T 7 4 FEAEY LT AR THY . X0k L < @ HEEZHIRT 5 &
VIRRO T T T 4y I IRFENFETDH I L ERBT D,
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Abstract In this thesis, we consider the role of the boundaries in holography and in string theories. We
firstly review the basic facts in this direction and then we present our own recent works on entanglement
wedges, AAS/BCFT correspondence and boundary states.
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JE4E, Hawking radiation® =¥ 0 E—DREERB(R—V i) 2 BERANGE 0 77740 —D 77
=y 7 ZIGH LTHAT 2 L w3 n, Db L CHROM & 2 Bfg T 2 Er3EFH I~
DI OB LFEZ 6N, BHEGHIN TV S, ZOBLWXTEETENIHEHROHEELBMHTH
HEHENONZ IO FEINE AT ST 74 —FHICEBOWTERANHERDO A7 MLICED L ) w4
I rziks,

EFTWOICAR ST 74 —FHEEORFEZIRDIEY . Z ORER 2 H 7 ITHA L 7556 DR
(BEREMRE) oW TilBR%, Z41iZAdS/BCFTH G (Anti-de-Sitter/Boundary Conformal Field
Theory) & FEIEILTE D 201 1R ICERE I L7 [ 1], AFwSCTIE Z OFEFERITFZE & L TOne-loopfifilE[2] 5
HRGOBH)3)4 E2FEEOHRLIHE IO TE L O, X 5ICADS/BCFTAIGDIGH & LCTRIGHIKIC
EoT7 L —rBEEIN B[4 DWTIRR S,

—J7. BHEICB O TIEER OB & L CD-brane?’dH %, REOHIND S F 9 LER TR,
A D # s CTldboundary  states(BEFUIRAE) & WX N B IRAECTER I N5, BEFUREEIC O\ TR AT
T RENHE (EP 27 —AZM) LEPSHERDART PIVICHIRS DT 60 2 Lo nTE
D, COEKRTOEADR THENIKRE v, K CTIZLHERAD-branelZ D W THEMER 2 FIHZ L
Ea—L7th, BEDEES OWISITED TR FERTE TH 6 2 Y E 2 v T AR
2B W T HEBfBoundary Information Metric)Z EFH L, I FXELHITEHEAL, @D IAATETOIRS
P ERAEICEHE L2, A0 29 74 —FHICEBI2WEMBTFEL, 7L—rv Eo2h 5 —8D
ER%ZGIHT 2 2 L TP E 2D 7%, Z DBoundary Information MetricldPage CurveDEHIZEWT 7
7w 7 RV OWERIREBOR 2 ER T4 LEI)RTHELEZON S,

AFR TR O G L, BRSO 6#A L% HNT %, FlZBoundary conformal field
theory(BCFT) & Boundary states(BEAHREE)IC D WTHIN L 7288, 5 o DAEH[S|IC DO W T b fiiin s,
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Abstract We explore the accretion and the orbital evolution of binary seed black holes for the purpose of
solving the origin of supermassive black holes. We find that merger time-scale is comparable to
accretion time-scale. This suggests the equal contribution of merger and accretion in the growth of seed
black holes.
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SR HL NI EAICEE R E &7 7 v 7 A— L (Supermassive black Hole, SMBH) 723MF(ET 573 %
DEIFIARIZIT D> TRV, A TEFEOBANC LY, FHBERMD 10 [SERE &V - 2T
HIZH 107 1OMSFREED SMBH 23 207225 TV A28, ZHAHDORJEIZONTHHMDOE E Th H[1].

ZOX IR TOEWT T v 7R — 1 (black hole, BH) Bk % & 2 ABRD#EMIE, T/ HHE
BH Z20R|IZE SER TR L2V EWNWI STHD. Zoko72FUAm 1 2L LT, FMLER
RO BH 2 W AR ICL > TURESEDLEWI0R”H D, L, TABREICL->THbIAENSE
FE X — | THEFHI AW S, TR ECEHEHC L > THARKENH O G572, T ARBREIC
LD ERIIIBAR S D L V) ORERTHD. ITEOHIRICL Y, PIHTE CHRNAEREICL - T
FEINGLEBERE T CIE, WK 220l S, FE BH 2VEEGRSRAYICAIE T& 2 rraetkEns
IRIBEILTVA[2]. S IEHEMORE BH (2B L TR IMIZIAR LN TE 228 ([31%) , R&IERTE
REND EEZHNDHEERE BH OBEICOW TSN EITIEFICE STV A,

Fox OBFFECIE, SMBH JERGEBFE O AT C, EEM BH OH AEEIC X 5 E L #uEEkico
WTEMEY R 2 b—a Y EAWTHRZ, ETEREEN SRV IRE T 7T —[alfisd 2 S8 ol
HHEZ, WEEFEIREREO T AGEES L BH OGHE 232 MEEORME LTRd=. ZofEE, &
AW R ITHE R R PR BN WO B IRA IR EIRE BH OB 4 L RMEICR Y, +oir3< L EMOEA
D2{EIZI D Z Enbrote. £z, FEBH OBEGERIZEH LTI, MBH BT ANLZITHENIETT
7, BETHH AL THLATFNLETRE YT v 7 AL EETHSL Z N> 7-. i BH O
HRIZ NSO Lo TEHliEN 5. ZHIZHOWTHND &, BEEMBEEE BN CTW A HEA I
Yu by, BHEMBHEIESIZONTREL 2D I ENbhoTz.

IO DOFERE S LI BH OH AR L HLuEELORFH A r— &2 BFES 5 &, L2 10 THERE
TIRER CIZR D Z ERbholz. ZORENS, T BH OREIZBWTH AR L #uait b ok i
ZOHAENILICEBEIC/R D Z EBNRB I T,
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Abstract While recent theories predict jet-like explosions for explaining gamma-ray bursts, no clear sign
has been found in supernova remnants (SNRs). Here we present X-ray/radio observations of a Galactic
SNR G0.61+0.01, and show evidence for a bipolar motion, which may support the existence of the
jet-like explosion in our Galaxy.
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0TI RN A N ETIMEFT RO X D IC Y =y MEREZRET DT RN L, BT
TE L THFEOBETIE R Vo y MEEDIREINTWD [1] —FH T, ZTHNOBHEKXZIZ O
T W REOEE TH D REMEZ R L CO 28RN H 208 [2], BB EIZON-> TRBLTY
= v MEHFRBERORENLFHLT Z N E TR I TV, £ 2 CTHo& X8R RO EIR A E 5
FBETEFEEE GO. 61+0. 01 DFRFEFMITIEN -7~ He-like SRFERRAT [3]. < OBHEEE TH LN
% = WAERE DS S TR W IR OB M ICTEH L, X SRBUINC X 5 AR RAROMRAT & B ELl
\Z LB DT ADEIREOREZIT/2 -T2,

l7pC ---------------------
o - l;m/s
HVCC i
/ /
West
East
/
/ H
100 km/s
Line of sight

Fig. 1. Left: He-like Fe image (6.6-6.8 keV) of G0.61+0.01. The white dotted ellipse represents the shape
of G0.61+0.01 suggested by a previous study [3]. The green dotted lines cover entire region of G0.61+0.01
revealed by our observation. Right: Schematic view of G0.61+0.01 (orange) and surrounding molecular
clouds (grey). Black arrows represent the directions of their motions with estimated velocities.

XMM-Newton FEIZ L DA A= ZOFER., 60.61+0.01 1% Fig. 1. EDO X HIZTHEITHEEL -
TRA2ERTDHIENHBAL, AT MV HIRFER 3 keV, i (4-6) X 10° 4E TR D 6
1ﬁ$%f”®%’7< DA G T T X<THD 10%erg BREDTZRXLF—2 L O LB bhoT-, Fiz,

O REIE O B EIIRE S & BE . P07 T X< (Fig. 1. ® East, West) \ZFIEIU K HEOMH
ﬁﬁfmfﬂm77ka@mﬁﬁm%rwﬁémm\%af@ ST HARMEEL TNDZ L ERR

L7z, ZhUE, Fig. 1. AD X ST 60.61+0.01 OA ¥ = 7 Z N MR 2 ESh %2 L CWDEHLE 72 5,
Z LT T A~ OEERIE, =¥ —, BOFEER END 60.61+0.01 [TWEICHELZY = v b
WIBEFEOFTH @ LY = L F—R—HHEV “Faint SN” & XITNAFEBEOER CTH 5 FTREMED E

R 72, AR CE A 1TA ¥ = 7 X ORRIY IR EB OFEL A fs LB 727 7' e —F b8
TERFANTY =y MRIBENPE X722 L 2T /R B S LTz,
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Abstract Gamma-ray imaging polarimeter is a unique tool to search for the magnetic structures of
gamma-ray bursts, which will lead to reveal their emission mechanism. In this study, | developed a new
electron-tracking Compton camera using the CdZnTe detector for better precision in determining the
incident direction of sub-MeV gamma rays.
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== ME, Lo P23 X —RE LI Y = v &2 0E D Tl TR LUV E
RERTHD, TOMSEBIERE CNELZEF LSy e burBchrtExonTns
(1123, RIZkicENRL TS, ﬁ&%ﬁ‘*ﬁ%’%@ﬁi%ODTCKJGZU;*&?%@T%S%%%% HNTHERH Y, =X
—T7 T I ADE—7 B35 MeV ik (0.1 -100 MeV) (2B A RAEBHNEETH S, LovL, MeV
T BTN ST A A =D v T FREN e ARRFEABRHFIZZ < bT N E->TnbH, D8
REZFTHET R, Fex 1 TBFRUBETR a7 o AT (ETCC) #B%E L TCW\W5, ETCC (X4 A% H
V7= Time Projection Chamber (TPC) v 7 /L v FL—2 T LA (PSA) ok s, a7 o
BELCR T 2 B2 ST 5, 1ERETEE L TW A>T EBEFRBOFBRICLY . XFo= X
— 72T TR BERFMLERT LITRETE D, IDHIZ, a7 b UBELIZE T D EGELY > <o B
ZRA LIRS RRETH 5,

a7 N AL E R U RSB A 72 100-200 keV O F >~ #r & HAT0 ETCC TR 512
VT DT REEOR S DS EGELA DR ERE IR E S EBL, FREL 2D, 22T, AT
FVX—REE, EIHIEREZ - 72 27 B CdZnTe (CZT) 8k HZR %2 PSA DbV ICHWD
Z & T sub-MeV il COAESFREDN EE X >7-, ZDOHL
W ETCC TliE, kW= b Y H—J7 (Common-Start
) X957 PSATHRY H—%4K L, TPC ODF—H 2 5ibH%
F5 eV EmENE, CZT OF % U 7 OliEse 1 DK S b FIH

T2, 20728, TPC & PSA 7213 CZT OXF G 7ZH
HoOWREOI MY H—%AT 5 Common-Stop B KU T —J
XNEPAR L7z, B L NY U—miEE%E PSA & TPC 2k %
ETCC (23452t cxo@aeiifEz it L, o,
Common-Start ! ETCC TR L 72> T2 PSA & TPC Ot
y kL= FOEWVICER T DR E 2RI 2 1 ML ERIBT

-200 -100 0 100 200 300

ST LT, E£72, CZT BRHSIIIHELA OREICKE o
%7&.“@‘5%IEL7J VeI R L¥—Lr  TPC T =7 L Fig. 1. Gamma ray image of '**Ce
LA DY T & 2 R & 2 RS K < B35 = (166 keV) obtained by the new ETCC
LD BEND, CZT ORSE L Efmo MG OfE 54 A 7-fiht  (open square : original source position)

FEEBH L 166 keV 128175 CZT O3 /LX—/3fEREIX

FWHM T 2.0%. BRI fREEIL 60 ns ZFERR LT-, Hii-7eT — }
FWHM

BUE L AT 1 b CZT BB OFT 4 i CZT & TPC ok . !
% ETCC 2R L, # o < MORICHD TR L (Fig. 1), = (@155 koV)

Z D ETCC OHELA OB ERE (ARM) 13 166 keV © FWHM &
TT78ETHY (Fig. 2.). #itkd PSA & TPC 2 L% ETCC T °
DAE 20 FED B KIEIZ g LT, E
References * ik eegeee]
[1] P. Mézéros, Science, 291, 79-84 (2001). Fig. 2. The ARM distribution of the

new ETCC
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SRR FR T/ — 7 RS

Abstract One of the keys to understand AdS3/CFT; correspondence is symmetric orbifold CFT. We
provide a new method to translate the analysis in this theory into an analysis of cyclic orbifold CFTs. By
using this method, we find that free fermion symmetric orbifold CFT with N fermions has exp N real-
time periodicity.
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By INRRT Ty IR — b E W TERIR e BB R OBfE D 7o B E 1RO EXIBITER
M FOEE/LREOOE D TH D, ZOFREOOEDIZ, AIS/CFT %t [113% 5, AAS/CFT *Hin i &
ST, d+ 1RILD AdS FZEIZH T 5 & FEIHmEZ . € OEFMUELdRITO IS EGER(CFDIZ L -
TERLTEZ D AHREEDLH D,

BEERIC L D by X T UEREARRC, BIEEERICHE S RV N AT v T e —F OMFRIZ L o
T, AdS/CFT MG RNET 5 Z TR Z T AN BILTWD, —FH T, ZOXISBKANLT D A T =K L
T LTRSS, ZNZEWALNCTHD I ORDHMENPMLETH D, 3 Rt AdS RFZE D E R &
2 It CFT O X%fiis T D AdSs/CFTy XDV T, 2 kot CFT (ZHEBINTAi 1 2 TR VK ST D *EFRAE D 72
D, FOENEAL TV D,

Z D AdSs/CFT, ®Hiis 2 B9~ %5 - Cldk, i PRfE B35 85 (symmetric orbifold CFT) & FEIEAL 5 CFT 7%
LD, LVHODL, BIKHERIC K D AdSy/CFTy XSO EH[NZ 1T % 2 kot CFT (3. Kl 75
FEIEGHEHGROEIC L > THHTE S L 3D, 1EFNTH, R AT v 7178 AdSs/CFTy K OHFSE
IZE VAL o7 2 RIE CFT IOMEESED 9 B 2L &M= T 2 ERMLNTVAR2], EHIZ,
DX REE LUWEEZR LR O MBS B I IR 2 T S AEMERS v, BLEDOFENG |
SIFRFE LIS HE R 1L AdSS/CFT XIS DOAFFEIC B W CEHEE/RVEE HH T\ 5,

AWFFETIE, 20O X 5 Rz R ORI GELERIZ OV T, Hecke B 1 & MEEXN DA 7125
H L. B 7ot FIE 2R Lz, —f&IZ. orbifold CFT DAREEIZIZY A A b « B X — LIEIEN 5 fhiEd
DMELE L. SRS IC B W T B ATl v, TR ILTERERICRBIT YA XA k- 7 X —
DOHERE L Hecke JHE I X > THE X BND Z ED3E BTV =233]. Hecke JHE 1% 7Efi 3 2 J7 iE1XHA
WZ 52 5N TIRholz, FexlZ[4ITI VT, Hecke HFF DM AS A FE S FL G L 0 & HRi7R
orbifold CFT C& % cyclic orbifold CFT OfE#TICIRAE T D Z &t &m LT,

5T, BERBARESTLE LT, BHZ 2L 4 OB GH L AW CEHEA2To 72, HH
7 =)V A cyclic orbifold CFT (%, @ D HB 7 = /LI 4> CFT ON{EORMBEMMEEZ o2 L
HEICK VR TE D, ZOFFEL EiRD Hecke A T OiEmIC LV, BT =L I A OXIFREILE
BHEG ORI E MR 1s BN E TOETOBBOR/NMERE 25 Z L 2NE NN, TIN5
KE MR Texp N & 720 . AdSs/CFT2 % his & O 7= 72 BV RIB XN D,

References

[1]J. M. Maldacena, Adv. Theor. Math. Phys. 2, 231 (1998); Int. J. Theor. Phys. 38, 1113-1133 (1999).

[2] S. ElI-Showk and K. Papadodimas, JHEP 10 106 (2012).

[3] R. Dijkgraaf, G. W. Moore, E. P. Verlinde, and H. L. Verlinde, Commun. Math. Phys. 185 197-209 (1997).
[4] T. Takayanagi and T. Tsuda, JHEP 12 004 (2022).



RERDBH T RILF—FEBRARBRD-OD
BRI ERERFEDERLD A SDRAFK

FTHRAIEE REBILER

Abstract Fluorescence detector Array of Single-pixel Telescopes (FAST) is the next-generation
experiment to observe ultra-high energy cosmic rays. For an installation of next telescope and its
stand-alone operation, I evaluated the basic characteristics of photo-multiplier tubes and developed a new
data acquisition system.
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BT QBN LV M ORI T IEER O MR R 2135 DN E T 5 =V X — & FFoRi 1, Mim—
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Fi R RARBIG A B CX 5 2 ERWIFF SN D, BUTOEBRIZE Y, 57 EeV LA EOFHBICE T 2L
D RIFHEDIRENRE SN TWD, LA L, UHECR ORI, 1kn* 7= 0 1 A0 1 ki T
ERBURIZ A IR T2 IR - IS O eI IR R 2 —HESCT R ER S S (1],
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Fig. 1.
(Left) The experiment setup in a black-box for the test of basic characteristics of photo-multiplier tubes.

(Right) The example of the event signal by the observation test at TA. The width of this waveform is about 250 ns.



2259 b EBOEFiR

b S G S A e A S AL A F S

Abstract Fractons are quasi-particles which appear in condensed matter physics and quantum
information. Fractons have attracted attention from high energy physics recently, because they have
something to do with the gravity theory and new kinds of symmetries. In this thesis, I focus on the field
theoretic description of fractons.
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KAWL TIE, 777 Fr EMEIND XA 7 ORI IV THA D YR 712D C RIS E RS O
IS L AT EREZBENTHNT L=, 7527 F o LRI A YR T34~ BRSO € 5 W2 B
U\Tfﬁi}’bfb\fjﬁ), 2011 #£® Haah’ s code[1]=° 2016 £ X—cube ET7/)L[2] 72 EOBEFFRY FT IEMAE
IR L DDA ETIICEBWTEND 2 ENDhoThb, FHIEAZED LI DE Lo, &5
\EAETCIE, B & OBIE [3] 08k & 7o LUWFEFH O FME & OB W E S, s —
WML OO AFE SN TV D.

7T N AT TN S DD, F ORI BRI XM CEM P 2 B8 T SRS FTE L
WZ ETHD. BZIE, Haah' scode (CHND 7T 7 NIRRT 7 7 Z MG R T2 E 1O
PEDTESUCHLI, 7T 7 X NG ERO LI ULPEIK ZERTERV. 2ok, BEid 5L X(30E
WZHNLD 7T 7 R URERICEID T HUE R 720, F 77, X—cube EFVICEND 7 5 27 R IR
EIXHEMTIIBEN TN TET, XA R NEERTHIETES ZENTEDH L5125 (Fig.
121 . 2o P THREICHER SN TWA DI X—cube EFT LD T T 7 b ThDH.
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Fig. 1 Properties of the mobility of fractons;
1) they cannot move alone, 2) they can move as fracton dipoles, 3) they can move creating dipoles from the vacuum.
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ZRMED X RBEDKIZEL D
HBETEREZ RCW 103 DHREHTE

FHMIEE  RERE

Abstract Circumstellar material (CSM) around supernova remnants (SNRs) reflects the progenitor
history since CSM contains the elements produced in progenitors and blown out by stellar winds. I
obtained CSM abundances of the SNR RCW 103 for the first time with high-resolution spectral analyses
and established the progenitor constraint methodology with CSM.
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LWV D, IBEREEHY O LRI E OB BIKFT D T EN o TRV (1], BIEOBET R
DODHEHEICIEL b Ta-. ERAMEICIZELEELORT TAREINTZTENEG EN, BICKRE
(©), ZEFWN), BEFE (0) OFMRILITBEEDVIHIE BTN 2 T, [EHmEE, i ORRES KL T\ 5
[2]. UL, 5 F CHEIEZRBEOBIICIAL it TX 7 CCD R TIE, KR/ ¥ — (S 1keV) T
DT FX—REENE Y T, REWEDEFRIRFE OO EOILFEMREZWRET S Z L ITEHL
Moz, P

Z ORI T, AIRICB WL TR R —e—vp /v = 0.1
JU X — U DRGEE 53 YT I8 L7z, XMM- 0=y /vx = 0.2
Newton f# 2 FAH D GBI 53 Y8 (RGS) O /v =04
Z, XU Nkl E RO 2R
RCW 103 IZJSH L, K= ¥ —fil (s
1keV) DFSE 7 RN 24T o T Z DS
B, ZOXRKETHD CTEHEOMIR A B H
L, BEEWERAOTHEMKE (N/O =
3.8+ 0.1 (N/O)p) 2137, F£7z, tHEHEA
VIial—varalio THRARBEDE 10°1 S ; .
JEE D N/O 2R L, BLEOWHIIRGE L 10 15 20 25

—_
(=]
L

N/O (abundance ratio)

BJEWE D N/0 ORERZF~7/=. Fig. 11T progenitor mass (M)

VI alb—ay EBNEEE O A2 % Fig. 1. Relationship between N/O of CSM and progenitor mass
T, Z ok L IERE Y OESR &G4 (Natita, T, et al. in prep). Black dashed line and orange hatched
B 52 & T, RCW103 OHFHE DO FIHIE & (10- region show measured N/O of RCW 103. v;,;./vk is the ratio of
-12 M@) L HIHAEEE S (S 100 km s™1) 2 the initial rotation velocity to the Keplar velocity. Colors
BIRR4 2 Z LITEEh LT-. EETEIEE D correspond to models with different vy /vk.

S JEE R O BLE ORISR E A HIR CTE 72D O TOFITH Y, HEIZZDOREREZME > T
FLD ANy FRIKOBHOEFRIZHOW T ORIRZ1T 2 o7z, ARIONIE THSL S - 2 EWE 2 H
WEBEHEE OFEL, A%ITE LT FED X #RKSCHEE XRISM X° Athena (2 & - Tl il ATag 72 KA
WA DT, Frx BHERBOBREOYMEZHIR L TEE EBEOBRZERS ETHEFICH MR
FEZRD LRSS,
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Abstract Fast radio bursts produced in a magnetar magnetosphere can be scattered by particles during
propagation, which greatly constrains the emission mechanism. We calculate the effects of magnetized
plasma and the phase cancellation of scattered waves in electron and positron plasma, and suggest that the

latter dramatically reduces Thomson cross section.
© 2023 Department of Physics, Kyoto University

EDHE P N— A b (Fast Radio Burst, FRB) & 6i$'ﬁ§"fﬁ‘ HHHZWEIOLATH B, FRB DKL
R CHAELTE D, ZORIFIZFERITIZT» > TR, 2007 HFIZH) D THE S 1L TLRE(1]

WIS M L, BEAE F Iz 800 fELA EdH @ FRB 32225 72[2], & 612 2020 4, %N
D2 73— EWHEN B 5 S & FEo bR o N — 2 P BIGUCAHBE L ¢ FRB 2381 X 73], ARBLH]
THERFERAED 1 DDHE 2% > 72, £ 7 FRB OEifbEfs ¢ o s Y E L AR L 72 %2
B 5 2 LT, FHmANDIBHL LR INTED, FHOWMATHELREHR L H>TWw5,

2D X912 FRB OBHIRICHDMHEA TV 2 —77T, FBAEERMICEI L TERMBHTH D IRLY RET LV
PRIBIN TS, BEEICEY, o</ %24 —T FRB 2¥/EIE 2 ETUREAICGEmI N
TWVREH, 738 —D EDHET FRB 4T 2 DM b > THdr> Tk, v 7/ %47 —

2B} % FRB OF A & LT, E&E OH T FRB 2358 2 A € 7L L A BEINTOWE £
*EFM’PFH’C%E‘HL? 2 xRN E RN T TV D 2 ONEITH B,

B S 12\ O ORHEI % FRB OEE DS MHXERIVEER € 7V IZBMREE L EA L VoD
TRV LRI N 256030 5, HANGRIEER T 7V ) EREOR C EfEE L 72 FRB %
FET 54, L2 LSS FRB oficix, F / BREOIEE ICHE ORI O b O [5]5 < M
HLTWwEHD[6]4E, W OPHNRIEERE T VOHLPE LEA L 2VEHIBRS 5,

— )T, BREETNVTHET S FRB i~ 729 —WKBEOET - BT 77 A~ LFEEay 7'
VBGHL & WX 2 LB RRIC X o T S AL S 1, IEERBEINT TRl TE R WA H 5 T L HRE
ST 5[7], HXERIVEERE 7L Tl RKBINED 7" 7 X< BB NI R T/ &
W7z & FRB O#ELIZRTEIZ 72 6 72\,

AWM TIIESE T T VICE T 5 FRB OBiiicx U<, FEa v 7 b VEELD RIGHRZ o 5 HiE
WD 1 DTHD LAY VEELEZHE L7z, BENIC 2y VLIS B W RS Ic 81T 5 (1)E 5
77 R IENSE (2)BELIE D AHMB AR, 2 F 58 L CHELWTRIRE DS & D K 9 ICEH I L5 2D
D7z (1)DRIRIZHEREE & ) BIO U EBER IR L TREICEZ SN TE D [8]. BRI KE L
FIND I EWRINT 0, TLF LY VHELICE LT, HEWHREI IR S N nw I L 2R L
Wi R YBRINR 2 1372, (Q)OFH E LT, Ml ol T L BE T B & 8Lz 2 L 7256,
X 7 EE DB O F IS TH U TH L Z EICHEH L, 2L T, AWISE#E L BT LS
DI U B & gL a e 2 L2 8a. T RIS R T 1 R4 72 D O BGELITIRE DS E 0 1T/ S %2
52 E%ML, 2R —WREIZEWTFRB ek & D IEE TIEcE 2 2 L300 o7z,
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Abstract Recent progress in the study of entanglement entropy in string theory is reviewed. For open and
closed strings and their respective sectors, we show how to explicitly define the entanglement entropy in
string perturbation theory in the form of a series expansion using the orbifold method, and provide a
discussion.
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W, BOFRGRICBIT A A TN A s b hat—iE, wnl o7 4 —FHEOXRCTEOEE
PERFRIR S, AR SN TV A ETH D[], —F TEERICBW T LA b
VR E—EZER - FHMEL LD ETHAREN RSN TE 2, AR TITZERICB T2 X Tt
f=y b e —ICET ORI DHEREEZ L Ea—T 5,

LBOBETwmIIBTA AU A TNV A by habt—d, ZOHMOZEM EOBEETIHOT7 2 ) A4~
vy hpbt—L L TERINDIN, ZOERITBFOEFHDO L~V NEBORFMEZRHAL T\,
—F ., THEHERIIR S AT — A2 b OB EFLRT S, FERFEEZF MR TH D, FDD, HOMH
DEIRFETHRICZ VXU TNV A L N2y bR E—R2ERT D I EIIIRARRRENE T
Wb, L, 29 LEBMIEH 2 00, BRAIZITGOE®RICB T2 7V A b ha
=DV 7Y BB L DA EIET S 2 T OOk RERNRETH B (2],
BOHRIIBIIA2n o2 TNV A v b b =L 7Y BEEHWCHE SN S, L LikEG
Tl A BTl L7=R? EdD N-fold cover |\Zxt9 2 TELEGRA M BN TWRW=, L7 U bk
EEOEFHEHTHZLIETTERY, Z2 T BHONICKH LT RYZy T—E 74—V RZEMEZE X,
Trp/N&FHET D TFENMOLNTWD, TrpNicxt U CTAEEDON DRI L. AEHIICN = 1T
LTy b bE—%2EET 5, ARTIE, RbEHELBZROMEL LT, HREENY » K7 —HE
A5 Dp 7L —r DA ERL, 7T v 7 R—/VIRZeTIE, M 2850 5 22 oo oV i s ¢
DT o KT —WFze L 25, Vo RI—x=r b —d, PR OEBNERKOMIBIZBIT 57
Ty UR— LT haE—DBTHIEL LD LINTX 5D,

HARIIC 1T, WEEFNITx U TR & M 2m /N O #EZERT > 10 R IT Type-11B 5%% C /Zy A —E 7 4 —/L
RERBRLTINA—TREBEEEHEST S, ==2— N UBEEAWTE—E 7 +—/L ROSEREEEN
TffTEe L, = VA by hu B —OfBEMESS, 29 L TI10RILD Type-T1IB 5L
ODNWTCZUH TNV A L hZ hr =% G T2 2 N TE, TV a2 7 —REREEN G LND,
Z OFIRDOIRMEIZ OV TIZI 523 Tld a2, AdS/CFT OXCRTIE, WHfHEgR b= e —0
HIRMENS IR X5 [3] [4],
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Abstract We search for dark-photon cold-dark-matter (DP-CDM) using a millimeter-wave receiver for
~10 GHz. To suppress artificial noise, we developed a millimeter-wave dark box covering the whole
setup. We did not find any significant signal. However, we set an upper limit of y <

0.8~1.8 x 1071 at 95% confidence level.

© 2023 Department of Physics, Kyoto University

FPHEROZ I L =D b, 1,4 13— ~F—LWEIN5 TEETE O FAICEIHITE
RUVE ] THDHLEEZLNTWD, X —7 ~Z—DEm L L CGEFEFEH SN TWAL X —7 74 b oid,
BHMRIIER CTH DG RBNER CTOT R E TRICIHERINIWEERH Y | ZOERRIIF —7 7
+ b LB O A TER x D2 RIZHHFIT D (1], 2O E N EHTI X 5 2 & TR ATEE
LD, EHOLOERBII= R —RFRNC L > TH =2 7+ P OEREITHIS LB 72 5,
FRC X U PEICRhS T 2 Bk, FHBENC L2 HIRA5< . EoM EERIC L BB D20, R
WFZETIL 10 GHz 11 TORB ATV, X —2 T+ MU OFEETER x LE&E mpp OWE, F2IXIb
OHIRMEEZ 525 Z L2 A ET 5D,

B2, AREBROERE TH 5 10GHz #HIZATHR I VD ) A ABNFET D, ZHhOZED B
WEEBREZERT L0, W LIORTHREZ/ER L, Aty N7 v 72 AT, 140~141GHz (B &
(CEHA LT 57.9~58.3 peV/c?) IZBWTC, ¥—27 74 b 2R LT, BRIIZEL o720, #E
EH x < 0.8~1.8 x 10710 & E[RAFHEE 95 % CTRE L= (X 2), Z OFIBRIZFHBIHI D OHlF %
M2 HKETHY, ZNETTRLELOHIBETH 5,

Frequency (GHz)
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- o
S 9
4‘3 10” [ Cosmological Limit
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o Haloscopes
© —-10 —— Tomita et. al.
o 10
c DOSUE-K
i BN This work
3 11
O 10

102 10
Dark Photon Mass mpp (ueV/c?)
B 2 A THRELIZ, ¥ —7 74 b OFREGER x
Zxt T AHIR OR), FifEZ—27 74+ b OE&E mpp
(FE) &2z d 2Es80t o JEwE (B .
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Abstract We analyzed particle motion using Fokker-Planck equation to confirm the reliability of
RUNBA'’s operation. We estimated corrector parameter at each corrector. We developed a prototype of
Angular-Diffusion-Corrector (ADC) and Energy-Dispersion-Corrector (EDC) for the RUNBA. I report
the development process and show achieved results.

© 2023 Department of Physics, Kyoto University

AR (R WFZEOMZEaEEIE, £V EFHFM TR RI ~EIRR > TETWADH. RIIFRARIZ
FERET, TNOERRIC UM EIT O T-OIZIIRI AT HILERH 5. FFEXNRTH D RI OE
A A N S D 1I2IE— IR E— A DO KRIEEAENER ST DD, BERREIIEE & & LV O S
ALV BENES . T R Z HWTEEEISAIZE T, 722 W Th o T L0 KE R E N E
REND, BESITHMEEE DMRICL VRIESN D, i RI OLAWGEE) S FERITI DT+
DISHEREE A B L T2 DIIIEN ZEL LT o 20n. L, BEHEEL T 5 & 0MENMET
L, EHEEAERRETCSH D, DR EIR T SR VWE I ITENZELS T2 L, BRLNEZRZ S TR %
FBY LTZEALEDRI BEFEIND. Tz wik LA 722 RI Th o THEE R RIGHIE 2 FEEL$
HI2ODFEE L TE—2 A7 U U THIRPIRE SN TS, FERPAL e ORIbar) &
LA ZET - CRIEER R e o 2 — (BHCR) CIXILFEZEIC L 0 2 OIS A BIE L T 5.
=2 UY A7 U TSR, NEERNEZEE LS Y v 7 2 BRI 5870 RI BER & ROsET
WZHEIE L TH, FOEMICARN SEERGEZEZ T CERBEE2 2 & Tl RT &2 8K 7 < SEBRICH
WO CTH D, BE, ©—LUH A7V TOEERIEZIT I OILFCITA LTV oA 4%
Y 7 sLSR ZHRAFICHR L, RUNBA (Recycled-Unstable—Nuclear Beam Accumulator) [1]& L CH:
T 2 EHEHED HAU TV D . RUNBA 1T W T, BB A U D =R L F—1 R & = XL F—45H,
AESHIZE VS LTAUERI B =A% Ims 2O T TROATLEI 2td, =3I v ¥ U ALREAM
{E-42% EDC(Energy dispersion corrector)d T ADC(Angular diffusion corrector) ZBAZ<4 5. =
ORMERA & F a5 v — AEE IR L CHB TR, BRI & HEINAIC HARGE - #2954
BERH D,

ABFFETIX, PESHER), EDC, ADC ZE A L7 RINBA 2B D E—LF A F 7 A&tk + 5
Fokker-Planck HFFEXZEH L, ZHEIEHL T
RUNBA DESEJFEROIRFES L O EDC, ADC IZHR S 4L
HEEOHEE & B — AEE ORI F R 2 6 iz
L7z, %72 EDC,ADC 71 h %A 7 (Fig. 1) %
B%E L C, PNEREERY IR IS DV Re G ) & AL
L EERE I E R ERE S SR CEET 5729
- DEIFEZAER L, EERMERE S 2 AR ER
| A7 LCEDC, ADCHINICE 52 L & FE L7z, A
BT, B =AU YA T Y THERD, B RT O
WS % BT DA FETHLZ L %
AT &M, MERL L 7o B E O MR S BR O 5 &
WA, B SN2 o TmBEICOWTigim 5.

Fig. 1. Angular Diffusion Corrector
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Abstract To determine the nucleon density distributions in >Ca, we plan to perform the precise
measurements of proton elastic scattering at RIKEN, RIBF. We now develop a new telescope with
GAGG(Ce) calorimeters and SSDs. I report results of the simulation and of the test experiment at QST,
HIMAC in 2023.

© 2023 Department of Physics, Kyoto University

B ot & W o Tos Ra v 2R SR & T D W E OB R (E0S) 2 ET 5 Z L IR
HORIZBIT D E EMEO—>TH D, E0S OEIL, ITHFERRLINT _HEORKBEELY b OFETRED
BEEBEOMALE2 T E LT, FHEYESIICT 2 RS KRE W], B0S I TH7-h o=
ANK—" A BEp LT A Y A IEAFRE 6 TR LZETEHTE 5, E0S DR T, JIKFHETH
DI RN X —Sp)LEEEWE CTh 5T REONGEE 2 BfET 25 ECRARTHDH -8, ITFEE
HENTWS, Sp)D—RIEOFE THHMEE T A—4F LITARZTHAR A TORMF 2% JEL
VBN H D Z ERMEN TS, 2F 0, FETAFUEZRET S Z E1E, E0S DEE /8T XA —X
ZHIRT D Z ENTE D72, EOS RN DR B0 FIETH S [2], Bax DI NV—TTlE, ~&
TERE B — b % F T s Eh 2 b - i BCELI 1 BT (ESPRI GHE) 2D TV 5, ZOHEENS, T4 VA
B VIR DR ZWR O « RYETRESAAEEREL BIE L TV, 2019 FITIFHME R
13280 T OB HELHE 2 R Eh S8 72 (3], FBIST A Y A U IERFREE O K & WIF A8 T OS5
FLAEZHBE L TBY, TD 777y v 7 & LT ?Ca DR HGELRE (ESPRI+) & FAF RIBE TTE L
TW5b, LaL PCald, MARKORNLER L — L5EE %255 2 BUF RIBF I8 W T, BELEBR To B —
LHRENIEFIT/NE W 1280 OBAITHRTIHU ED WD R R LZER TH D, ZDH, kD
ESPRI ZE5: THWW S N 7- SRR T H o 22U EN FAD T, MEHRRZOBLSEN D, WE T E i
DWRTEZRATH ZENTERY, T2 T, Fex L ESPRIVER &L T, #7212 GAGG(Ce) I 1 ) A —% L Si
A2 RN TSN SRR SN KBS 77 L A a—7 L | L@ (LB AKEER S AT AORF & D T
W5, ZOT v 7T —RMIE0, BOREER 2CalcB T, 6k & FRRE ORE = %L X —5 ke
WEEER L, BTEBESMMOBEBREEZITI ZENARETHDL EEZTND,

AHFFE T, EENHIC L DHT VAT —TICRT HERMEREOMR & ETHETE~ O g OMERE
Pl AT o 72, TOMREE S &I, B HERELIE 2 HBT 5 I 2 L— 3 Y — /L% Geantd (2L Y
RESE L | 2Ca T ESPRIVER THE SN AT RLX —DMREL INEZHER L, T L Aa—7FDk v
N7y L EIT o Tn, IBEETOY v b7 v T, i VX — O RRE AE S 0.6 MeV, INEILE
DRSS CEBIRBIT ¢=2.5fm™") THHAFREAE 30% LA R RIAD D Z & 0vh . ERIEREATNZ LT\ 5
L EMERR LT,

FREORAEEZ S L, BBk T T VA —T O —EET A L, o — A% A YRR FE R &
QSTHIMAC T 2023 /1 AIcAT o7, HIETIX, BT o — L FiA M LR Z FHV T, bRl
G OB ATV, b= R L ¥ — 5 fREE L N E DRI 21T o7, TR ALF—F ¥ U T L — 3 v HIEICK
BORHITH D & OORBEA I3 LTt = R L ¥ — 3 fifHE AEx= 1.3 MeV LU, IEIZOWTIXE
LIy Ialb—va Y —WIIVBELENELFBRETHD Z ENEERTE -, 5%I%. KERT
— B DELRAIRNT L FEBRT — 2 DX v VT L—3 a3 HFIEORHESL, SIN DWINSL R AETELRBFHO%
JEERKRFET A R ZATV ESPRIVERTEE AT HKBKES 7 VA2 —T D7 VT LA Z5ERSE D TE
Th D,
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Abstract

The experiment aiming at systematic measurement of vector meson mass is carried out as the J-PARC
E16. We adopted the silicon tracking system developed by the CBM experiment at FAIR. The readout
system is adapted to the high interaction rate expected in E16. Performance of the modified system is
reported.

© 2023 Department of Physics, Kyoto University

J-PARC E16 EERTIL, JRFEF TOXRT Z—lFOEEANY ML EZOEZHET H 1]
Re 3 QCD BZEF D 7 4+ — 7 il AR AAER LEEEZ BT 5L EZ 20N TWD. 7+ — 7 i &l
BiR  MBERE T CIIEL T EFHRINTEY, ZOXIRBREF ARy 0EEEZET D 2
ETCA R UVEERE 7 +— 7 EEOBBRERLNCT D 2 ENHKkS. ITERRTH D KEK-PS E325 32
BRix o PETIZCOWTHERERY — 7 OB (b aMR Lz [2]. ARFEBRTIE, E325 FEBRO 100 f5OH
FHE, ETEESMERE SMeV 2 HIEL L, N X —FHTOEEAY MO RFEHIRIEZIT .

FEBRCILRIREERS TN B % J-PARC OFEEBI R T B — A2 ISR L, ERshiz~s ¥
— T OET - BE TR ~OREZRET S, EEENEOLZDICHN LMD 1 D3y
Uar A MY » 7RaiHER(SSD) Tdh 5. SSDIL20234ED B — L X A LB ET- I\ EA 2T 5 T ET,
B s K O%e A H L [AI#E % GST-FAIR o> CBM 328 & R CRRF 3] TH 5. meAt LEIEIL, 'L~ b
U H—TCEMET 2 ke A L STS-XYTER ASIC Z 7w by REIEEE LTHWD Z &L BB T
H5D.

B LRI IZ DWW TIE, E16 RO BR 272 TN W DB & 70 5. £, SSD N&EMA
HFIZRE S NDDOITK L, FEdAH LERIZ085 D98 W IGRTICE ) R 1T 72 6720, B 2 B
AT E < 7212 10m LA EORHEED T — R ETFEIZOW THE 21T > 72, T —# 11 320Mbps & V) &
L— R TELNDTD, ZHUCxHE LI —7 Vv E2REL, /LS Y E—4—0flE2{To7-. &
N7 BV AT—=OREEZANDT2D ) A XAV~ RICRELSEET L2 b, REMOT —
BAREIPED /A AL~ DZABIZOW T H 21T > 72,

Fiz, B—LAE L T306eV, 1X10°DEEEE « KIEOR v — A2 N5, R TORIGY
— MZ 10MHz, SSD TOH T T 4 v 7 L— NI 1 EY 2a—LH-0 R 128z & FAEISATWS, =
DNA L= DT —H Bk T 5 ENMETHDN, CBMERTHEEINZT v N A 7 ORI TIX
TS T 2T — F HAROHIRN SR TE PC £ TIEET D 2 AR, ZHUSsHLd 2 72 ot
A LIEED FPGA 7 7 — AU = 7 2 HH L, B TR~OT —Z BOHIBZ{To72. 2077 —AU
=7 BT U — MEDFM 24T - 725658, £ 135MHz £ THRIEZIER 95% C FiticT — & Z#ak T&
DT MRS,
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Abstract We are developing a new isomer tagging technique for elastic scattering measurements with
isomers. The new detector consists of CeBrs scintillator and MPPCs. To optimize performances of
MPPCs, a new optical system based on a fast response laser and LED has been developed. I report the
details of the system.

© 2023 Department of Physics, Kyoto University

OB I8, A, B —1C ko TEIRICELT 5, ZhbDEREE X,
xR AL 2 Lk, TOMWEOBRICEE CTH D, FlziE, BESMIIFE OV % 5
ST DLEEREED — D> TH 5, LELDBE SR ITHMERELIC L0 IE S, R EEG O R R
WCHERFS 2 L&, IFE T, RI B — 28 ossE, ES) 750 T C O RELRNE F1E O
SANC LY . REEREDOBESAARIE S REE 7o 72, L L., BhiIREED M EELIERR L, £ DM
FmRMEEOTD, ZNETEBEIN TV Y, Fx 3L ERMERETHL T A VY ~v—2HNT,
COMBEETRTEL ZLICBVWEST=, LvL, 7TA V~—HEEELOEBUIIE IR T A V) ~—
DIREFIEOMSI N M TH D, A ITERNHNCT WV INO) T, VY~ —Z2HWT, LT A Y
~—[RIEFEDOHSLZ BFE LTV 5, 'N(0) 7 AV~ =T o — G es < R S 2], 4%
oy TR L HRA T CEE A E 2 -9 [3] 72 0. WERANIC b BLRIR ORISR TH D,

—WRIZTIAT) T A V~—DREIF,. AN v /_R—= T A V~—%HDiAR, BTl & 25 B IE
WA EDICEE LS TR T 2 2 & Titbivd, L7zl o CZOBEEEZ LT 5D 2 & nzh=Em
2T AV —RIEOHE 70 B0, FEROFIETIZA b v 3—1C L B HURER O WIS 28 O BL & o il
2 &0 Z OIS (AT TORREE[4]) ., £ 2 C. HAIHTFIE [T/ T 4T A M yR—] BBR
L7, ZOFETE, BEBERERE A Ry /X—=L LTHHWD Z & T, BEHROWI N7 <. &3IK
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Abstract Homotopy algebra is an essential concept for understanding modern string field theory. In
recent years, a partial formulation of superstring field theory, which has been difficult to achieve for many
years, has been developed using the homotopy algebra. We review this formulation and discuss its
extension.
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Abstract It was recently discovered that black holes have infinite hairs other than mass, angular
momentum, and charge. These new hairs are called "soft hair". We studied Hawking radiation emitted
from black holes with soft hair and showed that Hawking radiation was not changed by soft hair.
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