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The development of light-emitting materials that exhibit a variety of luminescent colors is being vigorously
studied for a broad range of applications such as solar energy utilization. This project demonstrated that
photoluminescence of the unsubstituted anthracene confined in zeolites was drastically affected by the zeolite
topology, Si/Al ratio of the host zeolite, and the acidity of the solvent used for the anthracene introduction,

resulting in ultrapure blue and white emission from 2DA confined in MOR and FAU zeolites, respectively.
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The development of pure-blue and single-white
light emitters is considered very significant for the
development of full-color light-emitting devices.
Various polycyclic aromatic hydrocarbons (PAHs),
mainly anthracene and pyrene rings, have been
reported as pure-blue emitters. However, because the
methods used to synthesize these PAHs are very
complex, alternative green methods are needed from a
green  chemistry

perspective.  Indeed,  white

light-emitting devices can be obtained by mixing the
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respective light-emitting molecules that emit the three
primary colors of light, but it is further difficult to
create ideal conditions due to phase separation and
cohesive quenching.

Strong confinement of luminescent molecules or
metal clusters into angstrom-sized nanospace is an
alternative strategy for controlling luminescence
behavior without complex organic synthesis. The
confinement of small molecular PAHs in micropores
such as zeolites can be proposed as a promising

method for highly

obtaining

color-rendering

2-dehydride-anthracene (2DA)
@MOR

Fig. 1. Scheme of 2-dehydride-anthracene incorporation in MOR zeolite (2DA@MOR) synthesis via

deamination of 2AA already introduced in the microcavity.



luminescent materials without complex organic
synthesis.

In this paper, we have integrated unsubstituted
anthracene molecules in the nanocavity of Al-rich
zeolites via ab-intra zeolite catalyzed deamination of
anthrylammonium cation already introduced in the
zeolite cavity, which is an application of our
previously reported introduction technique of
unsubstituted anthracene into layered clay minerals.
Figure 1 shows the schematic image of the
liquid-phase introduction of unsubstituted anthracene
into the microcavity of proton-type mordenite
(H"MOR) zeolite using 2-aminoanthracene (2AA) as a
precursor. The introduced 2AA was protonated by the
protons in the zeolite cavity to form a
2-anthrylammonium cation. Subsequently, acidic sites
of zeolite induce catalytic deamination for cleaving
the C—N bond of intercalated 2-anthrylamm onium to
generate 2-dehydride-anthracene (2DA) in the zeolite
cavity. The addition of mineral acid such as
hydrochloric acid in the solution of 2AA introduction
induces the formation of extra-framework aluminum
(EFAL) species in the cavity to some extent
simultaneously occurring with the confinement of the
2DA. Photoluminescence of the 2DA was drastically
affected by the zeolite topology, Si/Al ratio of the host
zeolite, and the acidity of the solvent used for 2AA
introduction, resulting in ultrapure blue and white
emission from 2DA confined in MOR (Fig. 2) and
FAU zeolites (Fig. 3), respectively.
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Fig. 2. Emission and excitation spectra of 2DA@MOR
(Si/Al = 7.9) synthesized in EtOH/HCI mixed solvent.
Inset shows the photograph of the particulate sample
under 365 nm light irradiation.
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Fig. 3. Emission spectrum and a lifetime of
2DA@FAU (Si/Al = 250) synthesized in EtOH/HCI
mixed solvent. Inset shows the photograph of the

particulate sample under 365 nm light irradiation.
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Many small celestial bodies (i.e., comets, asteroids, and small planetary moons) preserve pristine relics of the
early solar system. Small-body missions Hayabusa—1, -2, Rosetta, and Osiris—REx have returned notable
samples and data. The confirmed MMX (JAXA) and HERA-Juventas (ESA) missions will explore Martian
moons (i.e., Phobos and Deimos) and the binary asteroid Dimorphos, respectively, which are small bodies
orbiting a primary body. In such missions, not only the complex gravity of the primary body, but also the
position of the secondary relative to the primary, the ephemeris, perturbs the orbiting operations as well as
the science return. The ephemeris error had not been experienced in previous missions. However, it can
greatly perturb the GNC and geodesy in the near-term non—heliocentric small body missions. The impact of

ephemeris error had not been identified nor tackled before, which was addressed in this project.

EiEi S SIEESENONIE S

Problem statement

Previous work generally constraints the number of
estimated variables or set the a-priori uncertainties
to 5%, and only assumes a few hundred meters of
ephemeris error. The error of estimated Cs goes to
30%, libation amplitude cannot be estimated, errors of
orbits are 200 m and 5 cm/s large, libration amplitude
cannot be observed, as ephemeris error goes from 0
to just a few hundreds of meters. The realistic
ephemeris error can be a few Kkilometers. This
accuracy of degree—2 gravity terms and libration
amplitude is useful in reflecting the internal structure
of the target. Ephemeris error has at least three
influencing position components. It is tricky to
identify all variables, namely, spacecraft’s six orbit

states, geodetic parameters, and the ephemeris error,

as the overall uncertainties are too large, and the
estimation problem has too many local optima.
Approach 1: Consider ephemeris time shift in
estimation

The ephemeris error can by approximated by the
error in the transvers direction and represented by a
mean anomaly or time shift Aet. As the fly tracking
information barely exhibits signature of the ephemeris
error, it is still tricky to recover this single variable.
The applicant treated A et as a “consider parameter”
in estimation. That means, it is not estimated, but its
noise on the estimation of other parameters is
considered (Pub. [1]). As a result, even under an
ephemeris error of 2 km, orbit determination error
becomes 10 times smaller, and the libration amplitude
(0) identification of geodetic parameters of the

target is significantly improved. The degree—2 terms



can be estimated to an accuracy of 0.5%, and libration
amplitude 8%. which is excellent for distinguishing the

interior families (Fig.1).
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——— Ephemeris errors present but NOT considered in estimation
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Fig. 1 Errors of gravity coefficients

estimated in the three situations

Approach 2: Parallel high—fidelity orbit
propagator—based estimation

The applicant developed the full dynamics orbit
propagator that can take dynamical variables, such as
ephemerides and non-spherical gravity fields of
celestial bodies. The tool is coded in C to enjoy fast
integration and can be called by Matab (using the
C-MEX interface) to enjoy fast and handy matrix
operations. In the problem of interest with many
variables to estimate, many local minima exist and can
cause the linearization-based estimation (e.g.,
extended Kalman filter) to fail. The estimation based
on the more accurate modeling unscented transform

(e.g., unscented Kalman filter) works much better for

such a non—convex problem. While there are the
sigma points, which are 2 times the number of
estimated variables, to propagate, the propagations
can be performed in parallel. Therefore, the parallel
propagator comes to play a role (Fig.2). The
estimation takes into account almost all variables (30
of them) and reasonable a—priori uncertainties, and
still return good estimation performance. The OD
accuracy reaches 20 m and 0.4 cm/s in just one day
(Fig.2), much more advanced than the presumed
performance of MMX, namely 86 m and 0.5 cm/s in

one week. Thus, this mission manner is promising to

support quick and autonomous navigation in the

highly perturbed small-body environment.
(s ]
1. Chen, H.; Rambaux, N.; Lainey, V.; Hestroffer,

D. Mothership—Cubesat Radioscience for Phobos
Geodesy and Autonomous Navigation. Femote
Sens. 2022, 14, 1619.

2. Chen, H., Rambaux, N., Lainey, V., and

Hestroffer, D., “Mothership—CubeSat

Radioscience  for  Phobos  Geodesy and

Autonomous Navigation”, in 44th COSPAR
Scientific Assembly. Held 16-24 July, 2022, vol.

44, p. 228.
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1. Irwansyah, Otsuka S, Nakagawa S, Improved
Low-Frequency Crosstalk Cancellation in Bone

Fig. 3 Left: Measurement locations for the
hardness of the pinna. Right: The durometer and
pinna-holding jig for the hardness measurement.

Fig. 4 Auricle dimensions.
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VE R KM% By
R %, BUED ADHD 218

(CRDTEB R ML B

F(ADHD) LI EE. 8, EEIPEDITEIN DD MR MRS PR
ZiE BB KL 2 DR A L Th D, D12 THORHTS 248

BEEO T 7 AR LOAIH

HINNIE: SR 'y
LFEATEE AEEIR IR e

ETHY NED 5~8%0

[ZDE 2T BATRIZ ADHD LRSS —ABHIINL TV, ADHD i 5 7 HilllC TRYIZ W T & o OB
RITHEE THD, AWFFED HIZ, ADHD E7 VB & 6 41, ATEERATEE O BB AFBI L . ADHD fii 5 22 W
DT T NAVZLZRIHTHIETHD, ADHD OF T NVEMIERR B L OIS A A F 2 DT ATE P Ok

R ZUC

RS2 K OIRTE B2 RS R OMEL A 1T o1, TORR, SBIERELSE 7 LB
DOIERL, F— S35 EOMEEBIORFEHIC ALz, 4

ST, 2SS ADHD SEIRFE O RiFERT

HOR =R BLOMRIEEZEHIL, THT7 LIV LOAIHZ HIEL T,

(W ZERR 3 J OV A

ADHD DJR[R%E8 % H #5 L7-F%E Tl ADHD f&
F ORGSR E B & G L 7B RN 0, FE T,
ADHD B2, AF /N7 ==F — RISl %
PSS, ZOFEOIRFICED | #iTEERTEZE DR
—/ XUREED ER- 5200 > TS (Fona and
Nutt, 2005), LA, FHHIBERR D 53 i aE CBRBE O
PRIz kY, ORTERTRE DR —/SIURED L5
FTHILICEY AT EARIEB R E D INET D
D2 | SHIZQZDOFFETEENZALICLY, 2o eIk
DEETDHOMTONTIL, K

WEBEDOZNETOWRT, 77 A/3—=T 4 AR
—ika FIO T, I R ST T R DR — /33 D
BB SN DT ITHFZe & D TX T, AR
TlX, ADHD EF /L~ AEHRIT, 178 - F—/33
T B2« AR RR TG B & A RS R 32 SRR PR A L
ADHD O RENREZ BN 522 HIYE LT,

(AR FEETHD,

B 1 ADHD &5 /<7 RO VER LT B -

A% 5 B B OShEL C5TBL/6] ~7 AZHER kL L
THW=, SIERIC, Erh=rB IO/ VTR T
FHIAZ L ERSED T 7 T R (20mg/ke)
RCFIES LT, 30 Zrtkic, BRIk A kD EIZ14y

M X, FREZ DN 7, BEEE ERR . MIBNEEIC 30 u g

/ 31 6-OHDA(PBS TIEfif)Z1EALT=(X 1), 6-
OHDA JEAfL, 37 FEDRY ML —h BICHH, HEE
% BBObLLICRE LTz, ZHBRIRIT, 22-24°COH

uyfz
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¢
| ':». f ; ; !
B s
- Iﬁ s 4

1 ﬁw;rﬁs OHDA’élhf-@ﬁit O kO—LERD
FOL ke FOFLS—E(TH)ERE



ECHREBE I, 12 B oY% # (Light on: 7:00.
Light off: 19:00), KEBIOE_PIZOWTIZHHIZ
BEATRE T -7z, £1% 24 HHIC, HIBEOA—TF

T 4—)VR(EES Im., B E:45em) T AR 10 43[BTV,

ITEVEEZRE LTz, 2O, Control {E{EE T,
6-OHDA {E{RTIL, TEEAMEINL7=(X 2), ZD7=

» . ADHD &7 VB OVERRIZ RN LT,
EHAIR IS

Control

X2 Control{El{F &£ 6-OHDAE AB{EDITEIZDELY,

— T4 — L ECERBEFROITHEFEHH LR,
ControlfE&IZADBEFERL TWVAFIZX L. 6-OHDA
EFETER. HOBCHOFLEES & S GTENSHA SN,

EBR 2 ATEERTREDOR — VR E - PRIEE O
ElSE]]

FEER 2 TiE, 322 H D C57BL/6] ~7 A% V=,
BBRIRZ AV 7 VT L TIRRECGEA - 3%, HERF: 1%L .
SFH [ R B [ LT, R RIS | S R
DREEZGIBAL ., SHEE 28 Sz, AisHA R E
(Bregma 7> AP:+1.8 mm, ML:-0.9 mm, DL:-2.2
mm, A 20° )OI RU LV TEHZEF IR EHIT T,
ZORERIRICKIL T, 7T RERET AV AAAV) %
T, AAVI-CAG-d-Light (F— 3324 fk)&
AAV9-hsyn—RGECO(B L7 AL | ) EZZ
AU 100nl FEA LTz, FEABAL_EET 200 pm (2, 77
AINR—=D YR N KD I =2 — L ZAF AL, B
EEH 7L —heEbicT 2B A NCREELT,

2 AMOREIEWIME, TTEVEREIT o7, FHRIM
LLT. 8 kHz Dh—1/N— 5% F L7~ 28

WELT s @ Air puff 2 L, #BRIKD7E H T Air
puff 23 72D IDNTERE LTz, E I Z bs TR R1%.
Air puff 2487~ U7z, R—7 XU B LA TG B 0D 5
I, JBEESE 470 nm & 560 nm AL, HOE 520
nm (Fk& 610 nm GRZFHAIL7Z, d-Light (IfkE.
RGECO [IREDENEFET DI F—s 3 Lo
PG 22 NE NS FHAI T BEL 72D, £ DRE R,
ATEAATEELIC RO T, FOHE/R T, d-Light 8L
JRGECO CIHHImCZ bIFBLNS L2 o7, — T,
Bl FEAIR RN 126 L C, d-Light O e L BT A
L7, JRGECO DHEbIF LA L, — 77, B
Wofs 7113, IRGEGO OHDE B L, d-Light D¢
S B U,

AIBEAIRE
|;(] = —d-Light( F—/33 )
5 ~ + v —jRGECO (##%iZ8h)
o | i {
5 10’> I ~—
Qo ,
o 5 | \\“
M or\—=‘—'7r—-'f~—J;. y M’“‘
-5 0 5 10 15 20
v v
o 19 ; ‘ 7 E i
510} v |
B I ] >
@ 5 | =
H O\Iﬂw\hm‘—'ﬁ"\ma
-5 0 5 10 15 20
Time [s]

B3 BEERTRE D F—/ 3 U & RER ORI, HA N \1 ALY
(d-Light: F—/3 = iR, JRGECOMIEEMTELHBAIL LI LREE

E)NZ& Y, TEIDOEBREMND F—/S v EWBEHORFICHTI L .

INBEORERNG, BIEAR B EICB N T, F—33
AR BN D [FRE NN LT B 2 DD, &
HIZ, BTEARRATE BB W T, MIRIGEEI B LR —33
AFEME O T REL TRISHE T, BRI L

THISTHIERHONI 2o Tz, F, MG EI
EUTRITR— IR ED RS ERSNIZTZ0
BRI 272012 R— S0 2 LT
2 A REMEDVRIB S AT,
(R 3]

7L



(W 39-48)

XIS L O B AERRER I I E <

AT =0 —a7 — R\ 7|2 LA E RS

3T DB

RFEWIEE RERFH T deBdR  #E R

(W FEOREE)

ARFFECIE, BhOEEMRER L2 BELZ, =2—a7 4 —R A\ 2L DI AT AOBR%% B Fe LT,
FriZ, IR RZ R D DO D FEEL T, PARMRRICIB T DMEEN N A LEKREZ R §% B AL

IR L IMEBLIRIT R E LTS HATLD U AT MG TR T, BARIIC

ETDIODEMREZELT, EFIREE
D ARAIRTE

A OEEARREAHE

SRR 8 AL LM X NS FEBI OB (258 B L, — 5 /D EIRIRTE (I
) EHEE T DIZDDAEME 5L TR ENIAE A Uiz, L EDERE ZZ) T V2 A LIS

RN D =2—u 74—y ZFIH AT LaAEGEL | Z DRI R D FGEZHED D,

(e 5 L ORER)

M | LlE, MRESRIC AT SN D8R % 72085 1
(FAFRANER T 72 & O TURIE ) 2 BuksiR L, =
DEEDIRBUTIECT— O 1 WA S AT BR
FlALO R REA R, 2D kD
R ESEEIT, B E S B AR B W CE Y
ITEZ D=0
al R E AT OHEERERETHDLIEL AL
TD, ZO X7 IEBHREZ G 572D DR R
ZHFRIELL T, =a—a 74— Ry 7 LI A4
in3dpony, ZOHEMEFHLIZIIFIc W TIR, £
DOENRAMENEDRKENZEBERHEIN TS, K
e T, 2O L7 =a—m7 1 —R w7 FIEh R
2% TURT D7D FEEL T, JIFHF Iz IT 5.0
BIRAE (AR RRAE) =4 —CEHHE G R = —
07 4 =Ry VIS AT LOREEEE R,

B LA o —n T — Ry 73R ICE
VT, A O TR RO IB I E R R M R 3
TENLDH DL E FRRE R AL PRI AL DK

HITAIVE—DIE

WZARANLDTET TR, U T —

BRI Uz, 260 M TR A A RS
TR AR T B CRUR S DM THY | SR
IR Z AT D LR E DR 22D R A R,
KU AT LTI ZOED705% NI D i B TR D22
{bZV T NEALZE=H—FTHZET, FIEHE DOE
BORREAHEE T DAL R A RAE LT,

— 77 AR RIRBEDHEE (21, D ERBEMIS
NORWEIFITNDIE SORBEBCE R L, #
HL7-RIERIFRIZRL  h— s = b e — AT 2 1
HF52LT, AR RREEE E Beib LTz, TR
FERDD 1 DFREORBEFEIRT —ZHAM UK
BBV E CEHILA R T O REF TND, 20D
FERIT. 5 HREDT — 2 REVLELTHUERMT
FOBIT NVEALVEENDHER THY, =2—1 T4
— R 7RI AIAT ZEN ATRE TH LB DL
SAD. G EELIZRICHESE EEEREON
RO OLNDLMNICONTEFEEHED TS,
(w3
RIE






(W 39-50]

Lo B oK : BN 588 55 [ 77 72427 (aphantasia) | D42

REWZEE mEREANRE UL R

(WFZE DAL 2]

AR —

777 #YT (aphantasia) 1%, FEEEOFTIIHEREL CODH DDA A=V EEL IREETHD, T7 7
2T ORGEFETMSLSNTEL T, HBLEROA A=D1 IRE S Ty, RFETIEy =
T H W KRB LTI LT, 7770 20T OB A A= VR (ZEFA A=) ORE 21T o7,
ZORER, T77 2T OB 3.9% (R AA—VHEEPINED FENE) LY 12.2% (B O EORUE) Th
of, Fiz, ZREFEAA—VITOWTUL, 77702V THE(VIQ < 32) IZBW TR TOEREEX VT A DA A=Y
TERHEEL Y 555, R RAYITHTEAA— D O L Y S0 R & R 7 AT DIFAEDR B IR oT2,

(et 3 L ORER)

AWFFEL, KIRFGRAEICZV T 77 20T OB
HORETE B LA A= VRNE (BT A A=) 12D
WTRRRTT HZE2 HRyE LT,
¥’ &

WESIE 1,060 4 DREIZEZNEL, MiDdH2(E
KETBEEZERNZ 1,032 ZE0HgE L
(B1E 545 44, 2 478 4, BE[RIE 9 4 1 H) Al
= 40.6 %, SD = 10.5), ABFFED ML, 5K
WFoEmEE B2 0B A4 58 T L72(2021-01),

BREB ORIZEEHEOEME (MR, Fi, i 7mE,
TE), @A A—TfERM: (QMI [Questionnaire upon
Mental Imagery]: Betts, 1909), @ A A— fEHH
£ ( VVIQ [Vividness of Visual Imagery
Questionnaire]: Marks, 1973), @F8EIAK AL (VVQ
[Verbalizer-Visualizer Questionnaire]: Richardson,
1977), @A C#E (FELEOURAA—T O
DAENZONTRRT, QIZONTIHENA A=Y
TERNHDININA A=V TERW LEIE LS
A, E6I12 19 HA O BE BB ~DRIZEZ RO T2

(Zeman et al. [2015] ZZ ML TIERLTZ),

Fhix WESHEZEBELC, A TA VTV T
\Z&D 5 [ENZA T TEMLT,

mRLER

TI77 BT OHBRE WELIZT —F05, VIQ
ZEDT 77 20T OHBRER L, VIQ @
HEHE (VVIQ < 32: Dance et al., 2022; Zeman et al.,
2015) Z AN THBIREZRINL72L25, 3.9%(40 44)
Tholz, AT TY 3.9% L#HiED %5 (Dance et
al., 2022) ZEH0, ARBFFED VVIQ & MWz HELHE
I Dance et al. (2022) 2L 72LE 2D,

W, B OHEECLDT 770207 O BLRE
BHLZ, THEVA A=V TERNHDHNE A A—
UTERWERIZ LG ZRELIEZA, 12.2%
(126 4) Th-oTz, ACHREEEZNN T 77027
T OHBLRIZOWTIE, BEICHED RV, 777
YEUTIRFEO SUIRTIEA2\DS Faw (2009) 23E{EIL
TLHEET>THRY, AA—VHEENEHLWEIS X
10-11% Toh o7, ABF7ED H ClEEE W2
L3RI Faw (2009) D REFPILIZHDEF 2D,



T I 7o BT DAA—VREE (ZEREAA—D) K
HELVTADBRDST 77 2T DA A—VRpE
ERRETT 5728, VVIQ D HEHE (VVIQ < 32: Dance et
al., 2022; Zeman et al., 2015) |Z3% 4 T HHET 77
VHEDTREEERL, QMI O ALK T (RS, BER,

fil B, ARPERETE, DR, BT, NIBETE) OFEE
Bt 7z FRaE LTz oI A% — 5381 (ward
1B) ZATolc, EDFER, 3 DDIIAZ—ZhH LT
(ENETNITAZ— 1, 2,3 £T5), ZNENOR
TN T TAZ =B INE IR & LT —ZE A
DA EATOIZE T, K7 TAZ —DFFEAERFIL
720 ZORER, RTORFIZIBNTITAZ—DEZ)
B LBHHL(6.04 < F<42.26, p<.001), ZHE 8
B, IR TCIII7I7A%— 1 =2 <3 ONEIZ z 555
BRI, TOMODRET TIIITFAZ— 2<1<3
DNEIZ 7 15103 E< 72572 (2.04 < ¢ < 8.73, p<.05),

LB, 2TOREEX VT AZONTITAT—
1L 213 Kb AA—VOMMENH LN L, SHITZE
ENEDRFEEX VT A TITAZ— 2 OFHR 1 1D
HAA— VIR NFEL WA, BERIZ DWW T & T
EWRRONRNZER DT,

E3:9)

AHFFETIL, VIQ LA B EEZ W=7 770
BT OHBIROHEE, BIOZEREAA—VICE
oA A=V RED R FT 21T o7, HBLRIZONT
1%, VVIQ 12X HIBLE (3.9%: Dance et al., 2022) 33
FJOH CHEEICI DB (10-11%: Faw, 2009) &
BRI R Th o7, FloAA—TRHEIZ OV TUT,
T AP TRE(VVIQ < 32) 128V T, TR
FHVT A TAA=VIEEDEE LN, FERAICHT
A A=V DHAA— VTGN HELNE PFIEL T,

ARIFGEDORERDD, VVIQ 72T Tl A Ol & 1k

RLEEAA—VEBESTHIET, TI 7 20T %
EHT HIYERY T IAT OB SIRBHLE A
Do SRIL, AT REEZMNDIET, 77705
T DERICOWTIREEZ @D LLENDHD, D
IZT, T7 7 EZVT DAFAEICOWT, iz hiT
LHf e IR SN D,

(a) |y
2
MiEEE BE
0
{2
By y B
s ,+ereres Cluster 1
HE Cluster 2
===« Cluster 3
(b) #HE
2

K1 EREXVTAESLOBE, @IXT 770407
FE(VVIQ < 32), (DITHEHIFEO T 07 40— V%R,

(F&F i3]

1. Takahashi, J., Saito, G., Omura, K., Yasunaga, D.,
Sugimura, S., Sakamoto, S., Horikawa, T., and
Gyoba, J. (2022). Diversity of aphantasia revealed
by multiple assessments of the capability for
multi-sensory imagery. PsyArXiv.

https://doi.org/10.31234/o0sf.io/pucsm
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T EDIFBINEE S DI IR E R R OB TE O K5

ERMIZEE R R

(FFE O]

SLRIZHE T GHA B L

AWFIETIE, P THREIATONTODIRZE (X A gebiiES)) 20l Ul P2 VRO IR RE ) (FLd:
R H AR DEFIBEDLBENN OO S HENT ZfFIT LT, R ZENDSAEEE A~O[HER T
BRNEDOFENT (Wi, EFrp) IRUBIERN T RIVZRNEDZENT (RITZ5, #hiT &) 1L UshEL]
DEHR | AEOILFEMES LT E S NED R EEEORRE R, —RIVRNED S ENT THAE-ELD
FHFBHRE ) D1 EITAH 20T, REPHE A S OB IL e A DBEND DA LRDDH LIVRY,

(B 7ERE I KOV
BHGMEZLMEEL T, WEHCHEB)H

RENHD CCTHEFA L 2022; AR —YJT, 2022),
ZNBIFFERRAEE ) DB Tkt ) 2T B 220 T
EBHHELY D=8 | FEMEC B O A S SO 7
ENENBUIGIC LB ESND,, EE) - AR — Y THE)L,
HEMEL B O EO W LIZHET22E00, F
BRBE BT HEE R B R EORNIER S
DD, EDXORER DL B C A &
DHDFEMIZIB S T-WFFRIT R, TS, eI
TERNZ Y RRA L PR THHoT2 ] 28N, FE8%
TEHOEBSITEIOZECICEIRT 22800 (AR —
VT, 2022)  ARWFFE T, FEBBMIEA~DF L)
FHECRT WV ERIEE) T4 v A B LA 5 &
LT SRR B O 20 1A D D 2T O 5 ZEH
ITENAARIR LTz, 7R BAFZEIL, THERS RPN A A5
ET DEF R L B ) DGR
fiizi7= (No. HS2021-191),
1, RO m LIt F 5 THEENT

FEBRND A PPt L R4 2 7T A (B F 38 44,
- 30 40) DI~ NEE) (G 8 KffH]) J 2t RELT,

(UGS

HYHE L, PERREETOHRBERTEHTD
FEE 2 FHOREF LB (FMREH 2 7yh
R—/L) Tho7z, 3 BLLEDORIED RS HLUXT
Y —bhDEIEICME DS T 8 LEHERL, 60 4
(B1354 ., L1 2540) OFT — 25Tt G e Uiz,
REMYHBITHER ST IV A~ A2 EEBL T,
BEFOHEMPOELE~DOFENTETLITDEL
BT, BEOITEN A Y T A AT TRsk LTz, £ D%,
IO SHEN T, REERMGLETHLOE 24K
3~4 NTOZN—T o BT ob0u 7 —T7 ],
— NERRLTDLOZMEANIELT 3 FEICHEL
oo MA T, BEREOSEETHEN], FBIER &
IERZREBZ S IER ) RENREBZ G T L
LT, SENTONAEE 3 RIS, SbIc, Bk
e NBE LS TG & TR o T
D aal BRI LT T, ZORBE LKL
2o WL THEEOSENT BT A 11X, X
ARAVIZIFZE THIUL 1 BIOSEEINT, BRSO S L)
FORENE DTG EITERDOSHEMTFEL T
L2, AA~OSENFITON T, BAFEL
A4 B LA ICE ST T AEFFITX



ST, BN EREEZTONT AL FIEL, B
JLD T T, EFHEIC B RFEK Questionnaire of
Cognitive and Affective Empathy % [R5 S| GBA1Y
R EAF B IL A FEATR L 72,

f R, vy MNEE T L SR &
THEICHI, LT THBIETLAZM D, 75
T FBI IR KIT 220> 72 (K 1),

Main effect of time: p = 0.0108
Main effect of sex: p = 0.0244

Interaction: p < 0.0001 Main effect of time: p = 0.1076

* kKK Main effect of sex: p = 0.0128

100 80 Interaction: p = 0.8024
2 & 2 60

60
E E 40 Ek
& 40 ool ®F
R "
[ #r 20

)
1=}

Lib@g‘rih(};;ﬁ;t%&{pﬁl)\Améﬁf)xﬁkwE’?Jf%%:zf
HE(FE 1) BT ERMBBGR R ABN 2o
b DD | - TIXEERDO T EL | B TR
HEOECRICHEER EOHBANRALNT (r =
0.426, p < 0.05), F/=, [FEH TN EDOS
LT | a5 T TR LA B IR D 2L RICH &
TRIEOFBAN, - CHLIZ (r=0.437,p<0.05),
A T&ATiE, T30 ) 252 0 7o Bl L E B ) 3R
DEALRIA B AOMBEN, & THLNT (r=-

0.465, p <0.05),

1 SHENTEZT mEE L SLEE O Z LR O BIR
BA

EEN FBIEN EEH BEL KR
—f) BN —fEy A4 —ky B
BF
= -0.157 0.045 0.060 0.053 - 0.241 0.053 -0.197
0.088  0.044 0.116  0.066 - 0.063 0.169 -0.112
“F #
0252 0211 0.091 0.160 - - 0.426* -0.305
0.098  0.092 0437*  -0.090 - - 0.094 -0.465*

HAARB R AR, *p <005,

2, HEBAEOM LicF 5335 ¥E»T
FERIRND A h 2 1 A2 7T A (BT 32 4.

- 35 4) OTBURKIV X Lo#23E (G 6 FEfE) | &%t

HLlle, A BRI, TERIRMEIRE OB R

ZHETLHERE 1 AFEROEFLMHE (HFEE :

b Eitk) Thotz, RiREFRIBEOBRH T 4 44 2 Pk

L. 63 4 (51 32 4., &+ 31 44) DT — & fihrst

BT, SHENTOREKIT LRLERIERIZIT o7, H

TR T, AT B ARGERRFER B 22 )R

EREESE, B O AL,

i R, D B O )BT A TR EY BT
% CTHBEIED 72 (K 2:Fa,61=6.168,p = 0.0158)

Main effect of sex: p = 0.4808
150 Interaction: p = 0.3010

X2 &rAiEEHILEZE
.87 B OO 2L
CRF i e,

BEHHE (R

H 2 NNEOZALIREENA~DELENT EDOFELR
hHHE(ER 2)  BFCIIA BERMBEBERN LN
oIz DD L TIFEEND G T ER) TR
NEDSHENT IR TBIEN T RN AED S LE
T 1 ZZ T e E B E RO EALRICH B
IEOFEANR AN (FER ;1= 0.599, p<0.001; 5
1EAY:r=0.546,p<0.01),

#2 SEMNTEZIIEEE BOIEOELRO G

BA
BSEN FBIER HENR
—RE B4&H —fRE BEH —ME BRR
BF BHCHHE 0273 -0.150 0.161 0.190 0139 0.106
Z¥ BAeHhRk 0.599**  0.106 0.546** - 0.036 0.053

HAAR PR AR 3, % p <0.01, *** p < 0.001.

S, HFEH ORLDHBER TH, AUFFELF
FROFERDIFONDE D, o, BELAEEONE
OB DL ERE DB EEL T, &
HERBETEIOR S 12 o721T 2,

(&K )

1. E&®. w7 o B e ROE
BIZFH G-I HIRE R ERFOZERO S T . B
TG RF2H FEMTIE, 5 40 5. 2023.
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EMEREA X — 3y NEEBEOFIE L B EE RS E LT LDzl EO B 5

REMFEHE PR

2
EFBTEE B EERY

(TR

R

b 2% B
IS SR

BE
e
Ehea

R

AT TIE, P ZER P E S 72 O£ 40cm ORI 7 e F im0 - B A, vk
A B —F oy MR L CEE PR DEED D O REBIH 21T > 7o, ERBHIC SN L @A o
REFZV TNEZA LTORBEINET L, mOWFEEEKZ R L, Zhid, BREOY —r e L
TOA F =y FEEEOGORT ¥y Ve Wiio TRV | FERAITITERR « BUERN R K722 8E
REICBIT AN BRBEITEO =22 % Z IR SN,

(WPt 36 LU
1. ERRELA U —Xy NEEE

Pl a v oAV AOMAR 7 BY P RIZ LY

INFRLIN B RFE TDL K DFRERIRIEZ R
e Sz, BFETHERELZLDOTELFA
WZOWTIEL, BERE S A BEATREL 2 TER
TAT D T LI FTRETZAS, 2R - B & 5 BB O
FEEICITNEEDN 2, T A IV RERHER D GEANE
L7z 2020 £ 3 | AR M 40em DO
FmsE (1. DIk, 40cm 85) SERE I,
INEE LA v H— %y MO IUE, B
BHRED T2 O RIFBIH 25/ TIT 25 £ 51Tk
D, EOFEMEHET, AiFFEEZ 22— kLT,

2. 40cm SEDOBAFE &l

40cm B2, FFEZRFORMEEO—EE L L
THWEEH L BEE B DB TEALLHERO
Y ThbH, TA— 7 ARERICHTEL VD
Bifai &2 B0 A 7oA E LT Y | PC THIEET 2
CEMHERETH D, ALY HIEERDES 2T
LIZHEML L 72 A D7 4 v % — (BVRI) L&

JREEM AN CCD 1 A T 45 L, KILFOREMAY 72
HPEBI BT 25 (HAEIED 2022),

DL Fh & 13 A0em SEA AR 1M B O B %S -
FEAFICHL D FLA TE 72, 40em BETER 6m O
KL R—=HIZHD BN TN D, FE 40 FELL EDOZ D

B1 (L) 40cmEEE (F) 6m F—L



R—2Zi%, FEEE 57200 —% —Z 20
TW5 L0, filflT2FEHATH D, SHIC, &
g AL EERGE ) A AR ESETE
wEE L A PC 0I5 2 FRE 2% AT OB
RUNTE < ORBEZ R Z TV e, I A RR
BTS2 & OB 2B 2B/ T, T—F—D
B BRI ) A RERDO T2 DDA L R— 2 —%
Rl L7z, &I, [EHRfA 2 - I 5720 0
Tra—Z—bE0 AT, 40cm $5 LB L TRl
TLHEOMEEED T (ERIE) 2022), £/,

40cm BEOHIHM PC 21 2 —2w MTHHE L.

A H—Fy MELICERBRIECTE 2 X212 L,
EBZ, THLEAOY T N Y= TS CCD
T A7 OVEREFHIE b D ($iARIEA 2022) 2022
AR F Tl R B & FE i T 5 Heli 2 T 2 7,

3. EMEEH & T OBER

Hefif L7z 40em S54RI L CL AFZEHART I %
FR O OimEEIN A "R T, — B BT 2022
6 HICHIm SR O < ZERIFI AL
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