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Three-dimensional structure of thermal tides in the Venus atmosphere
Masahiro Akiba

Supervisor: Makoto Taguchi
1. Introduction

Fast westward wind which is 60 times faster than the rotation
speed of the solid body of Venus is called superrotation. How the

superrotation is maintained has been one of deep mysteries of the [ Thermal / ﬁonal

Venus atmosphere. g tides ¢ Mt
It is known that thermal tides are excited in the Venus Heating by / '}

atmosphere where most of solar energy is absorbed by the upper sunlight m [

cloud layer. The vertical distribution of temperature in the

altitude range of 65-100 km obtained by OIR (infrared l ? [ ter

radiometer) on board Pioneer Venus showed that a semidiurnal

tide is predominant in the equatorial region and that its vertical . o .
Fig. 1. Schematic illustration of

vertical momentum transport
by thermal-tide waves.

phase is tilted [1]. Vertical temperature distributions observed by
the Venera 15 infrared spectrometer showed that diurnal and
semidiurnal tides predominate at high latitudes in the altitude
range of 55-72 km and at low latitudes in the altitude range of 58-90 km, respectively [2]. It was also
suggested that downward propagation of the semidiurnal tides excited in the cloud layer may contribute
to the acceleration of superrotation by transporting eastward momentum to the ground (Fig. 1) [3, 4].
Therefore, studies on the vertical structure of the Venus atmosphere has been tried in the past, but
detailed analysis of thermal tides has not yet been sufficiently conducted due to restrictions on the
measurement range and period of observation.

Longwave Infrared Camera (LIR) on board Akatsuki acquires a distribution of thermal infrared
radiation emitted from the cloud-tops with wavelengths around 10 pm, providing a brightness
temperature distribution with a temperature resolution of 0.3K. The altitude where thermal radiation
captured by LIR is emitted changes depending on the slant angle of emission with respect to the local
zenith [5]. Using this dependency an altitude distribution of temperature can be derived from a brightness
temperature map obtained by LIR. Using this method the global structure of thermal tides was clarified
[6]. Following this study detailed analysis of the wind fields derived from the UV images revealed that
the tidal waves are the main source of acceleration for superrotation by vertically and horizontally
transporting momentum to the equatorial cloud-tops [7]. In the present study, the three-dimensional
structure of the thermal tides is more precisely and widely analyzed, and the vertical structure of the
thermal tides and the heating source region in which the thermal tides are generated are discussed.

2. Data and Analysis Latitudinal
Level-2C data of LIR obtained during the observation o _3O’a e H:;l _f(?nes R
period from October 19, 2016 to May 28, 2020, which 70° -80° +80° -90°

corresponds to approximately 5.8 Venusian years, were used E 75
in the present study. Among the data, images in which a & 7,5 7
whole Venus disk was captured at a distance between Venus jé 20 /
and the spacecraft of 60,000 — 100,000 km (9.9 — 16.5 Rv) were E‘ 675 BT =
selected so that a sufficient number of pixels for retrieving % o5 EEE ’:f::z/r'”"/
profiles of limb darkening were contained in the Venus disk. Rt .

The calculated effective altitudes, which are altitudes LIR - 0 10 20 30 40 50 60 70 80 90
senses, at each latitude are shown in Fig. 2 as functions of the Emission angle[°]
emission angle [8]. The effective altitude increases as the Fig. 2.Effective altitudes where LIR

senses as functions of emission

emission angle increases for all latitudes, although slight TOHs
angle for each latitudinal zone.

differences exist between the profiles. The differences



between the maximum and minimum effective altitudes are approximately 7 km.

Using the relations between the emission angle and the effective altitude brightness temperature
values of a three-dimensional coordinate in latitude, local time, and effective altitude were determined
for each pixel in a Venus disk for all images [8]. Then, zonal cross sections of brightness temperature were
calculated for the latitude zones of 0°-30°, 40°-50°, 55°-65°, 70°-80°, and 80°-90°.

3. Results

Fig. 3 shows the temperature anomalies from the zonal mean in a zonal cross section in the equatorial
region (latitudes of 0°-30°) for the wavenumber components of (a) one (diurnal tide) and (b) two
(semidiurnal tide), respectively. The semidiurnal tide component is predominant, and the phase is
windward tilted as the altitude increases. This suggests that the thermal tide is generated deep in the
cloud layer by solar heating and propagates upward. The derived vertical amplitude distribution of the
diurnal and semidiurnal tides above ~68 km is mostly explained by the classical theory of thermal tides.
The vertical wavelength of semidiurnal tides was derived from the tilt angle of the phase in the altitude
range shown in Fig. 3 to be about 20 km. The zonal wind speed was estimated using the vertical
wavelength and the dispersion relation equation of gravity waves to be 85 m/s [9, 10], which is consistent
with the zonal wind speed of the actual superrotation (100 m/s). This evidence supports the idea that the
thermal tides propagate upward
and downward with eastward (a) Diurnal (b) Semidiurna1:>

AT

momentum to maintain the 71

~
=

~
o

superrotation. Comparing the

a
©

phases of the thermal tides
obtained by this study with those
obtained by a numerical simulation
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o
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I

with a Venus GCM [11], the 655 Lo R o J esfiiilii T R
altitude region of solar heating o = LOCBIT;:EE T To 5 o LocalT;:ge[h] o %o
should be 60-70 km slightly lower

than that given in the simulation. Fig. 3. The diurnal and semidiurnal tide components

in the equatorial region.

4. Conclusion

In this study, the vertical structure of temperature near the cloud-top region in the Venus atmosphere
is studied using data obtained by the long-term observation of LIR. The amplitudes of the diurnal and
semidiurnal tide components are consistent with the past observations and the prediction by the classical
theory of thermal tide. The result strongly supports the idea that the thermal tide at the cloud top
contributes to the maintenance of superrotation by transporting the eastward momentum to the ground.
The zonal wind speed estimated from the vertical and horizontal wavenumbers of the gravity wave
identified in the equatorial region as the semidiurnal tide roughly agrees with the observed speed of the
superrotation at the could top. The method reconstructing a three-dimensional thermal structure of a
planetary atmosphere may be applicable to an exoplanet when an observation technique with an ultra-
high spatial resolution will be available in the future.
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_ a.. — [ Mo 2, P p3 7
Sf/d v/ g( 5 R+aR JngR +M3RDR> (1)

THd, ZIT. c=h=1DHMNREANDS, a, 8, 7 ZIRTCDO T A=K M, IHETS VI EETH 5,

CDEMZMITS 57280, AAT— - FUYILHRICEESHEI S, £33, Lagrange REFTH. EIRTDMBIS
¢17 (;52 W T,

S:/#mc4ﬂ@@g+mQ%—@)+56$—@” (2)

LHEEIMZ D, TIT, F(pr,¢92) = %% + aMy ¢} + BM, ¢} + Y My 162, b1 = Mig, ¢ = %, F; = 371:: TH
5, TN ERALTERIETS L,

S:/#ng

2

M?2 )
<’” + 20 M2 Py + 3BMI T + VM o + VD¢1> R — oMy — 2BM,)¢3 — ’YM;L¢1¢2] (3)

¥75, REMPLT B0, M2gs = 22 +20M2¢) + 38M2¢2 + yM2¢s + 10y ZFINTEEHR 2 &,

S =2 / v/ =glésR + 6061 — U(or, 63)] (4)
M?2 )
U1, 03) = ~52 1 (20 — 1) — aM26% — AMZ] (5)

ks,



T SIZ/E & f#NTS 5 728 Einstein frame (285, g, = €*?g,, & Conformal ZH# L, ¢35 =e*? LB &,

5= 2 [ TR - 6(T9)? 2 (Ton)? - U(on, ) ©)
M2
Ulor,p) = e [7%1(28*’ 1)~ aMZG — BM2G @

B, BT vy Y VOFIE Fig.l ORRIZR 5,
KDL E. B2 0H 0. ¢, o1 TNZNDOEOEE) FRERNIX

p: \/l—f—gau(x/—_gw”) +29e" 2 (Vp1)? — U, =0 (8)
o \/Q_j_ga"(‘/‘_ge_%i") —Up, =0 (9)

b, ATV —ra iZl O REBPRRESITED L, B —HELIC ESMEI N LEL, EEMS Y
ned sl HE)GREAZ

N .1 1 5,

0 90+3H<p+1—2U¢=—6'ye 2o 2 (10)
- . 1

¢1: o1+ (BH — 2¢)d1 + W”Um =0 (11)

ks,

Figl a=1,8=1TOXRT V¥ ¥ LOMX, #blix M, cEbo. Skl T3,

RF VY Y IVIZIRTESHD D Y, THE S TOHOMEIZ (415, 0s) ~ (3a,log (V6a)) & 75, YRGS D T T,
JHEADPSBIZR > TRIZEAPI EDIZ LTI Y IL—2a v I b, +a9kA4 v 7L —a v %B| S IT72DI

BIERDERP SHMNTVWEREDRDH D, v & ¢ KBNSV THEZHERL TAHRET L. [y < a L WS ZREDL
HTHDIENRN5,
3 F&H

AREFETIE, (1) OFERHZHAW, 1Y 7 b=y avaBEil, 1 V7L —Ya Vi ERITNRTA—RERE R
D, BB TEZART MVEBRT VYN - AW T —hERDB1-DDEEED I,

(B k]

[1] A.A. Starobinsky, Phys. Lett. B 91 (1980) 99

[2] Ana R. Romero Castellanos et al, JCAP12(2018)007

[3] A.L. Berkin and K. -i. Maeda, “Effect of R3 and RR terms on R2 inflation”, Phys. Lett. B 245(1990)348
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TIIIHAVVEFHEEREICE S GRS 1915+105 OERAI
Observation of GRS 1915+105 with Fermi LAT

1 @L®IC

A AE

EEHE ALERMA. LBERED

Ty IR dE TR VoA YRy R EEEN S SHEERIE, HEDNS DN ADKEET S Z L THE

SNLBEMMIZE T XMTHLHE, XFERLBFEND, ZUTXMELEDOHTIZIEZAT v RB BT 5

RKEPEHEL, X178 72 2—HY—bZ0—FTHb, ¥1 /07T —Y—riF FEEAKZO—-HETHEIT—
Y— L AR THLRAEOEED 7-8 ML E/AE <, KOJIEM (BRFR) WIZH B MHMMRAY = v b E24EL B RKE
2T, APETIE 7z VI Y SRTFHEENR (7o VIFE) 2HWT, v127r22—%—D12TH5 GRS
1915+105 FEIKD H ¥ #2778 0 72 & T A, #1HT GRS 1915+105 DALE D S D H ¥ T fkf & R= 355 R
Bonz (AEE ~530), ST HYIMDTIA M H—TEMERL. O ETHEE L OMBESHER, REKWZES S
FOH VR A=A L2 RE Uz, 72 GRS 19154105 DYz v b HEIZALET 54 > R “Source A”
MR, Vv bEMOSTEOHEFHAICLDIBERI N T Y BRI TH 2 RS 5.

2 GRS 19154105 8 LU Z DREDRFICDOWNT

YA vy T —%— GRS 1915+105 X =AHZEZHWT, X
a7 & B 8.6770 kpe LI N, 7T v s A — VOB
124729 Mg B2 5N TWVWS (1), 7L THEIZ K-M star ©
1.2+ 0.2 Mg & low-mass ® X fGEEIZ I N, KA
33.85+0.16 days &b >TW\Wb, GRS 1915+105 O 1 D DR
L UT, SRS S 60 D HFAIZHEE) T XL X —72 ~ 103 erg/s
T, HHDOK 90 % DEENCHEIK S = v b BEEEBH & N7z,

E TR BB S NZE R Y =y b A ([1] - SR
[ D12 130~151 EOHIFAN) IZALiE S 57 Source A” & &4 4F1F 724
YYBRKIZBEH LTV, ZOMHEEIF GRS 19154105 & &0,
7V IDHXETNTIEAFGL J1914.5+1107¢ & U THUH % FE3
ULTWh, ETIVOEREEDIKZ T4 T, AWFFETIE 2 model
( GRS 1915+105 & Source A) & U THMI L 7z, Source A O J& [
1213 ultra-compact HII FHI%D G 45.454-0.06 72 EEED N H A
MFEET % (Fig.l), AHFE Tl Galactic Ring Survey (GRS) &
5 BCOJ=1—=0) DA FHATFT—K%MHL Source A & D
MR ZE RTW5, HADHKREER (vpsr) & 50 ~ 65 kms™! %

Fig.1 Fermi-LAT 3GeV - 1 TeV T
2.0° x 2.0° (0.02°/1pix) ® TS ¥ v 7,
GRS 19154105 & Source A IZFR\\THERK
L. 2 72U Tursr 50 ~ 65kms™"
» GRS BCO (J =1 — 0) BpsET —
2 % {dH,

W, EEIPRIEREC RS 5 & ~ 8 kpe 72D DX D EEEEAY GRS 19154105 IZEWATREMEAVRIR I N D,

3 JIIIHFEEICLLEF

7z IR 2008 FFITH B Lo v BN R TH 5, BuBEMIZH 00, 2RO 20% & HIZE

FHLTBL, 2 ADE N3 MEITERERET LA TES, FEHEITIE Large Area Telescope(LAT) &

Gamma-ray Burst Monitor(GBM) @ 2 FHOBIMIAEE D HE#H S v, LAT 13 20 MeV-300 GeV D L 1)L ¥ — il
EBVWTHRWEBETENA TN TWS, AR LAT OF —X 2 TR 217 - 72,

TF—REMITT B12H 72> T, Fermi F— L FAF U 7z Fermitools 2 H U7z, F 72 %2157 > 725 — X HAR
I& 2008/08/04 - 2020/02/14 | #HIHIZ GRS 19154105 DOfiiE (RA, Dec) = (288.798°,10.9458°) & Hulr& U 72 4%

20 LN, TANLF—4F 1 GeV -1 TeV 2 EIZH Wz, ZTUTHHET NV UTHEBIRIEKD A X a2 (4FGL 1 &
02 B kO SR AU (glliem v07.fits) - % /5 (iso_.PSR3_.SOURCE_V2_vl.txt) L FDET IV EMHT 5,

E 70 VBRI T DERED DI, BTV VR HERE VR BIETD 7 4 v T4 Y7 %470, AEELL
Tl log-likelihood DZEDETH % Test Statistic (TS) & VTS ~ o LEBIL KD B,
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4 MRITRER
o TSYYTHBLUVIRILF—RARY ML (SED) DIERK
£ TS vy 7B XU SED OELHTNIZANY 2750 FE LT, Hib 1014
2o FPE TN A EREE 0.91° BN 72 ALiE O H B &L HESS J1912+102
MODIEN 5 72K A Z2EBIMU 7z, M EZEEFE Z Fig.1 12 GRS 1915+105
& Source A k&, 3GeV - 1 TeV TEE L7 TS ¥ v T ekd, av
F 71X GRS @ BCO HFHATFT =K %ML, Fig.l »5%. 2 model
ENTNDP O AT VRBPBRHEINT NS L RaaE 5, L : ! !
IZ GRS 1915+105 D ABRWTIEHK L 72 1GeV - 1 TeV O TS ¥ v ’ ;DEDT::aV;“gEV,Le: ’
TOY—shiE Y, GRS 1915+105 O EEEALE & OBIFREFH 7, f5 & rtssace
ELURBEY A XOKRE IRV T TS ek 5 T, TS DY — 1
IRE L ZDRAEERD DT ENTE, A TIE GRS 1915+105 A°
68 % Confidence Level (CL) @ error-circle NIZ&EN 5 Z LD h -
Fo ZOMEED ZOFEO RS GRS 19154105 12 & 5 Kt ¥ #55 I
DF7z. £LU T GRS 19154105 & Source A ZNEFNDAET SED & |
Power-Law(PL) D 2= 2 pb 48 = Ny (;25)77 T fit LBD 85 i o &
A—2flEEHE U7, Fig.2 ® kA GRS 1915+105 ® SED, ~#* Source Fig.2 (L):GRS 19154105 ® SED,
A ®DSED #%&7d, TS < 4 ®%H4& & Upper Limit(UL) & LT H v (F) : Source A ® SED, UL %95 %
ML TW5, bestfit ® PL AR2Z MLl (52— & fliId% 1 % CL Off,
Z28), ZOMRERPS TSHEEHEH U7z, R E LT GRS 19154105 725 1% TS = 32.3 (~ 5.30) &. LITH%E
2] DI A FERDT — R TRARBRBICEES o728, AR THIOT 5o U EOBREDV R I N, £z
Source A 1Z TS =534 (~ 7.00) £72 D, T HIZRIKD extension & TR 7223V E 7L extension TR T E L o7z,

SED (GRS 1915+105)

—— best_PL
& Front+Back

1T

v

R

o
E2ergfem?/s]

E2{erg/cm?/s]

e GRS 19154105 ® 54 bH—7 {FM %1 GRS 19154105 (1) & Source A (F) @
Y4 7u T —%— GRS 19154105 75 DA ¥ < #RIEIEE PL % best-fit ®/35 % — 2 (Fig.2).
WS EEZ NS0, 1 GeV - 1 TeV DO HiFHDH No [em=2 s~ 'MeV 1] - TS

F— %%, 1day/ 1 bin TRV 51 F#—7 (LC) %MK
U, ZBEWEZHANTZ, £729 2y POEL 54—, B
AP S OGS T X RO LB 7R soft state (SS) B & T
i X fRH K AL Z: hard state (HS) & state BV < BIRL TWB & F X 51 [3]. AWFZETIEER X #& (2-10 keV) &
LT MAXI Q@7 — & %, i X #& (15-50 keV) & U T swift/BAT DT —XZHWT 7 =)V I DFER L DS
7257, LC ORRE LTI, 2L -7 TS > 9 (30) DHEARGHEMRE Wisd 7, 17 Jf7H% [3] T
HS 75 SS NEB L7 X1 IV 7 TKER radio-flare (Y= v M) BAELTWE D, A <cH MID [day] 56900 -
58200 DI T state 2ERT S LILIZ TS > 9 OBIHIH S A 72720, Z OHIAIZH 7272 flare 234 U 7z Al REMEDS
EZoND,
5 EE

5.30 TR E 172 GRS 19154105 TR 5 DY I O T ut 2 & LT, MR SR ET 3L F =T
EVzy MIEBEIANF—BEFLOH AT b UHELT VIR EDPEZ SN D, —F Source A IZHEL T
JeATIZE [4] T, GRS 1915+105 225/ U & 5 2l TP 5 1AIZALE S 5 IRAS 1913241035 2% ¥ = v FHIET
HRUERETHD WDz, 22T Source A VY MHERDOREKEEZEZ, THITAMETIEHSTELLT
vpsr = 50 - 65 kms™! OfEE AW Z 2T, K 2EBEIFEREIL 6.94 - 8.36 kpc £ &b, GRS 1915+105 ®
8.6728 kpc LMAENT —BLTWVWB I W bh o7z, BAEXD Source A D 7ot 2L LTIk, BEDOHNIT
EeVzy MROBZAINF -G FAMEHATEZL12&% 70 filEN ViR ENEZ 5N 5,

(0.984+0.22) x 107 2.5040.18 32.3
(0.134£0.02) x 1072 2.754+0.18 53.4

[53E 3]
[1] Reid M. J., et al., 2014a, ApJ, 783, 130 [3] Dhawan V., et al., 2000, ApJ, 543, 373
[2] Bodaghee A., et al., 2013, ApJ, 775, 98 [4] Tetarenko A. J., et al., 2018, MNRAS, 475, 448
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HITET%AZ W49B & ZDIEEZ FEH DAV TIRBH DFRRE
Gamma-Ray Emission from Supernova Remnant W49B and
Molecular Cloud Associated with W49B

KB
EEHE AILRME
WHEEH

1 Lo

HERIZEIR T 2 H T 2L F —OFHROEIIL, REEOMETH S, FHMOBMIEFEZHFTHY., XFHD
ITRNVF—ART MVES DI EHBBIHIP LI > TWD, B EEBOERNIC X 2EERAEFTINEXZ D ARY
MVEBIATE 2720, HHEREIIE D RFHROIERE F 2 5 TW\W5,

HIANF—DBEF N FETOR LR L OMmETEBR I NS M 1 hlFOFETHI T 24 > <) (1 ¥
O AREE AT v < k) ORI AT MLAS, S TEEHEERAZ LTV 2EH B 1C443 » W44 72 ¥ TRl 1
TWw3, UL, WA9B 2 B8 % < O@BFH BIRE CIRA VMO BB, FEEN 112 & 551 Yo i,
MEFICEZME DR > TWR, BHFEERE W28 & W 441k, ZTOEFEOD FEDMED S LML > 72
YRR BRI N TE O, B ERECIE S Nz ARG DR L, SEEOR FECHEEHT S Z 21
o T LTWEEEZSNT WS,

AMFEDOHBIE, A TELMHEEHL TV EHERE W49B & 2 O FEF O T < U % i L. W49B I8
1B FEHARDNE L LB E SN THZL8TH D,

2 BHERE W49B

R RS WA9B 12, X MOBE TR VB EEREDO —DTH S, [1] Fhdid 2900-6000 4F, EELH 4 57
1 (913 pe). BEEERY 10 kpe 12D, TN ETO Fermi FIRIC K 24 v <M BIHIA & W49B D AR 27 bV 304
MeV THNHA>TE D, NS LOFHET VTR L D THEENRBINT WS D, RfiGlE£%2FET 5 L AR TR
Wirotz, 72, 9.4 GeV THINHA D BER XN TH D, FHMOEERE D Sk EPFHBOHIME L ZED
BRELEZLNTWS, [2]

NuSTAR (2 & 21 X ## (9-20 keV) TIHEMGFIBHA VBRI N7z, Y BV EFRFETCHL LT L. B
X KRB & 77 2 < KR 2 A — BT & 228 EFH A 1 BE L 2D THIIEREEHINECTIRNETH
%, —HT, YPGB FRIETH S35, i X MROBURTHREZHRHETE RN 2o, WAIB 5D H V<
KRB D35 F R IR B AL IR D D o> TV, BIKIC K B BIH & WAIB (XU S5 A E 23549 40 km /s D5 &
CHEEHALTWSEEZSNT VS, [3

W49B 72 5% 0.2 deg BN 72 L & 12
J1910.24-0904 X RFEERKEKTH 5,

]
YR WA9A HEAE L. WA9A D3 < ICH % 4 ¥ ¥ #iiil AFGL

3 Fermi#HE

Fermi #7213 2008 4£1Z NASA I & > THB EiFoh, BIELEAINT WD H Y v iEilI#EE Th 5, Large Area
Telescope (LAT) & Gamma-ray Burst Monitor (GBM) ® 2 DDt & #E#k L T\ 5, ARIFZETHH L7 LAT
. BTBE N ERERAD ZETH Y IHEBMILTW5, 24str DKW Z2 £ 54 3 Rl T2 K% 73—
L. 20MeV-300 GeV O T 1)L F —HifH T b @ WV E & B REE > TW 2,

4 Fermi BEICL B GeV H Y TIREMT

BIRIWR (2008/08-2020/08) DT — X % A\ =, ZHURSEATHFZEDR 2 0B TH v, HEtdH I ELTWw 5,
A1 Ry 7 (5-500 GeV) ZER L. Fig.l £IZRT, ZOIZFRLF—HTD LAT ® PSF ix, < 0.3 deg TH Y,
Z O TIE, W49B AR EHI S\,
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0.36 deg ] 0.36 deg

e ~

\ /_\\\\' ~
FGL J1910.2+Q904 4FGL J1910.2+Q904 / 4Fi10. +Q904
. . 'é\ — P / . .O-é‘\‘ . R -"/‘ . é(\

oY ooo\ / 43.500
' ) |
&

4FGL J1913.3+0905

Fig.l 7&: 77 v b= v 7 (5-500 GeV), ##: 5T EDEW CO(v = 38-47km/s) ¥ v 7 [4]. fi: Excess ¥ v
7 (5-500 GeV). &7 Vix WAIB % duir& L 72264% 0.36 deg DI, 0.05 deg/pix, FHHE o = 0.1 deg

Extension fitting
WA49B 72 & DU % s, W49B O JH B & O i & —kk .’\

S X OMBERKE L TETMICIMA, MBSO r 22 40 . e,
fbXRTT7 4 v T4 V7% LR %E Fig2 ITRT., LEL 20 .
ME%Z UFER, 6.2 c(IEAELL TS = 46.1) OFEET
W49B DI 7 = 0.3610:00 deg DAY - 72 it & #ethi L 20 .t
7zo £7-. Figl FROBHIZE DD TEOBREL ZDH v 10
SRR DIRAYY 0.36 deg & ELERE L T, W49B EfED 5+ «  Point Source + Radial Disk model
Y FAREDEN ) TH 5 T L hibho e, ° rom sowee et

0.0 02 04 06 08

NTEDOHA LA IR O R4 HHE»H 2 D0 % Extended source radius (deg)
RE7DIZ, DTEPSOLD > -EBWRIEZ2T > 7L — b Fig.2 EML~TFLOERY TS ORIE
EUTCETMIMATI AT 4T Lk, ZOETLVDH
1%, 6.6 0(TS = 48.1) TH D, W49IB DA DILH - 7= Spectrum Energy Distribution

71 /Vﬁﬁﬁtﬁj‘@ﬂﬁﬁ? AWM FEDEBDHE LS<ESI L - e cloud
WRENZ, MAZETNVOH Y <FEHEEZFHEL T Fig.l
GIZmUtz, AV SBBER D TEDHAITENT LD
Motz ZTNH6DZ L6, WA9B THIE X - FH ks 1
MEFEDRFEEMAMEHA LU TN 57277 v < iR & B U 72
EEZ5ND, WA9B & Z D EFEDILDS - 72 77 > KU D
AR M VEFE L EERE Fig.3 I8 L7,

TS

107]]

10-12

EZ dN/dE [erg s~ cm™2]

5 &R 10 10% 104 105

WA49B DHift% 10 kpe & LT, B U7 # ¥ < S5 o Fnergy [Mev]

IR DX 63 pc Th D, FHMDOILIBEIZ., Dism(p) = Fig.3 W49B LiEfEH) FEDH VAR T bL
102 Dog (plr=r)’ em2s™ ! TH Y, Dog = 1,5 = 0.6 &

T2, 100 GeV D71 63 pe % THET % D12 2 h 2 BERIEH 7000 £ TH 5, 2Nl WAIB D4l & ARET
HO . BN E EH OV S ORFIERBETH D EZ5ND, DFEOBEES 100cm ™2 LIRKE L. H > <t
Bt AR ML ERAWTEHEE FOTIVF— AR MV EHE LR, 1 GeV U EDEI R NLF =139 x 10¥ erg
ThHho7z,

[B& k]

[1] Abdo, A. A., Ackermann, M., Ajello, M., et al. 2010d, ApJ, 722, 1303
[2] H.E.S.S. Collaboration, et al. 2018, A&A, 612, A5

[3] Zhu, H., Tian, W. W., & Zuo, P. 2014, ApJ, 793, 95

[4] Jackson, J. M., et al. 2006, ApJS, 163, 145

14



MBBHRERE I+ N4 A —REAVWASEEA A VO 3 RTUEBREY AT LDEHE

SEMEE
EEHE FPHHEH

1 FL®IC

1AY=L AWEEZRIOMEIZEWT, ¥ —LDXEMT 1 7 7 AOVIEREEGREREAMND 1 DTH 5, LHif

SETIX, RO 1 DOTHAMEBUEREL T + M XA A — REEEEA A4V ORBITIEHA L, 2 RolhiEs & O

%FW%%V% RIGHIZS R PRI 2 1T o 72, ARBFZETIZ. ZONMEBERL 7 + b XA A — KDz D, #lilE kT
—RINEV AT LOWFEEIT>TWVWDd, A VEKR— I\FPGA%:?”%%LK WXL T EHANSEZ T, oV

I\E{EJE’/XTL\’Cm*&T RENFHETDH B,

2 (IBEHRET + M4 1 F— R (Position Sensitive Detector; PSD)

PSD iZ, B—D7 4 M XA A—FEZHVWT, XOAFMELZHETES LS LAEMEZETH S, Fig.l 12 PSD
DORGEN B L WM %R, PSD OFRAK LG X, PIN B 7 4 b X4 A4 — ROREIZHEPTE & B2 0 A1
72HDIZH>TWVWD, PSDICHPART B L, MBEITHHIL THEBERVPERI NS, ZOXERIE TNETNOEMR
ETCOFMIZHEFL THEl S, FERIOIMY tHE NG, £z, AUZETHW PSD ik, Wi #/F PSD &I
EN2E0T, PEE NEOMWMEIZZNZNEME EPUEZE I onTE D, 2RTOM B RHATEETDH 5,

AR TR, SeE AFT 20 v IcHER %2 AS LT, MroRit#hcor 2 V¥ —ELICHHI L TERS N
LEMEN S A EZRE TS, BRMEBRM T 7V T EbETHWE I L TARKT 1 > OMEZRET
5ZENAEETH D,

BIME Lr

(a) WrTE

Fig.1: PSD 03

3 CHIEDER DR

VAT LDRAFEIZIZ, FPGA(Field Programmable Gate Array) ###U7-&# 7Y 24 ¥ 25, FPGA &
. RBIBERMERIR (LS © 1 2ThH D, TNERKITEE D IC LRKICF Y TROEDIZZR > TS, FPGA I,
N— Kz 7 EBER (HDL) 2O THEO Y — b7 LA 2 EEICMABA S 2 L ST TH S, Z07%b, [
DEFEIZFHIZIIETEDZ A ) Y v D3H 5,

AWZETIE, FPGA IZEET 2RO EZIT -7z, PSD ZHWEMEMREIZEITS, E50fNh iR~
RAT 7T L% Fig2 123, PSD OFZBEMTHEUEEIEMERIELT) 7 v I TS h, BREET v 7
Lo THIBENG, 20k, FYXAFOTFO7FYZVERE (ADC) 12 & b 7Y 2 LS N-E 21 FPGA I2
kI d, FPGA N TESUEZIT 706, Ny 77 DKEZKD DAQ 71 v 7 KU PXIe /N A (PCle /Y A
DEHAIZRFAN OHLEEANR) 2L TT — 2 % PC IZiRi%E Lit#kd 5. Fig.2 ®”FPGA on Digitizer” DEB57312, FPGA
ECOEBUMDORA TV I LEmRT, 2055, Sum [\, E— 7l /F—V NEEK, b)Y FEEO HDL ¥
E21To 72,

4 aiBERAVWEYRATFLDOTR N

HEYATLDTFARME LT, PSDIZ a iz ANXE, 2WICOMHEAMBEOEIE %17 -7, PSD O IZ 344
BT BEADMIED/ZDIZ, 254 mm Y FOIN—HINLEEZIO T TS, TDH, Bod afid 21k
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Digitizer

Spec.
AmAl Pre-Amp Amp Digitize
Q@ —— PSD | mp-|| (CAEN | = | (GPrcc (=2 | (a2
A1422) 855)

FPGA on Digitizer

L [
o —» | Trigger
4ch
{: T
‘ — ’ Peak

’ Delay detect

Fig.2: {50 DHN

TEA A=V DNRR—=VE, HKDORONRR =2 —BULztDIlnbeEx605, £/, affiie LT Am %
iz, o KiFOME) T X)L ¥ —13# 5.4 MeV T, KHEEIX 150 nCi TH B, ZDEERIZ L > THAFL 2 2 Koo
A —V% Fig3 17T, Fig3d(a) X, ANMEEOY =2 WElN S, aki FOAFMELZFEL, 2O A NY
FLELTEDLEBDTHS, ZNED, PSD KTHES AT LZHAVWT 2RIGA A -V 2 HUFTEL LSR5,
UA U, Fig3d(a) 2R3 L, MIZKBIFEEABRELTNWD I LDRDN D, T OE AKX M4 E 5 PSD
RAEDHENEBDIRIFBENIZLDZEDEEZSNT VS (1,2, TDH, AIFETIE 2 MITA A=Y DR —ip
SBRIBMEDOBRIEZ TV, EAZMIET 27V TV XLDHFESTT > 72 (Fig.3(b)).

5 E—LAXBRANDGA

ERU 7=V AT L2 ERO Y — LEBRADIEH 21T o 72, FERRIZ, FEROD
HIMAC(Heavy Ion Medical Accelerator in Chiba) (ZT{7h #1172, HIMAC
ZF\WT 465 MeV /u IZHE X 17z Arl6+ ©— L% Si OFEERIC AR 72,
il iR D HEE B K ORI D 1 A v & #5512 & o TiBGERI L. PSD
EHWTA A Y DOARMEDRE %2177, EBREOY - LERTHONHER
EHAITRT, MRS NTNENDOE—LARY bARR NS Z LN
DB, ZAUZED PSD ZHWMERLS AT LAEZETALF—E =LA

Y([channel]

0 20 40 60 80 100 120

DISHANTRETH B 2 L 2 HIETE, %72, 142D PSD ~DFEHL D Xetarve!
WA WY — A OMEEEE 7oy FLAEDDOEM 4 IZRT. 25D (a) #liIERT

HEENSEHUAZV AT LR —LATA T 74 ) YT DIHDIZHNEZ ENT
EHLEZOLND,

y
E.
RN E

Y[channel]

- o 20 40 60 80 100 120
; E ; X[channel]
: : (b) A

Fig.3: a D 2 IRJTA A —Y

Y[channel]

Fig.4: ©— LSERD FEERE R

0 50 100 150 200 250
Xichannell

[1] K.Kovacevié, M.Zadro, Nucl. Inst. and Meth. A 423 (1999) 103.
[2] Maurice Cohen Solal, Nucl. Inst. and Meth. A 572 (2007) 1047-1055.
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BRIy IR—ILDd v R—
Shadow of spherically symmetric black holes

] &R
EEHE FA Mk

1 FCs®Ic

— A PEIEERIIK B PO R EOFEO DT HRBEE R Y =2 — b Y OIERITEFHATE R VWL OO R %3
L. N, BV YRR T I v 7 h—NRe, BENOFHEBRMRETT 2, ZhooFHlOZ X, Ek @8
Rz X DRI T VW5, —MAENERICE D, EHOMEIDVETE R HRITHT Z L HIT ZRWVIE RV ZE /TR T
H2377v 7 R—IOBMBROEBEIRMLEINTVS, THDDIEOWESIIRE OO KD & U X4 2 G
DEATHZ EZ TNV, 779 7FR— IOV THARS &, A RAHWERNIEONE EZ ATV 5,

2 ERHREFZE
TAYTaRL VHEROYHESMERTEHE LTES L, ENE4EL 2 Y —R e LTOEKE LD 3L ¥ —fEH)
B VY ME—EMERICB W T, BEERHN D 3, RZEHEERAFITH 23556, Rz

ds* = — f(r)dt* + g(r)dr* + r? (d92 + sin? 9d¢2) (2.1)

L52ehd, TRAAVFX—EEET VYR TH = diag|—p(r),pr(r),pe(r), pe(r)] £H5Z 5. TXLF—HBI®
73 R T = 012 &

po(r) =pg(r) = p(7)

2 1 1 1 22)
200) o) 43 {5 (004 %) = 200+ 4800 =0
PEOENZ, po(r) =p(r) KTHUL, [[J—HLTWB I bD b, 74 ¥>azxs v HEXERED TIUR
o(M + = " p(r )2 dr!
g(r) =1- ( QI(; " )
(2.3)

 roog(Tso) T k2r2p.(rY+ 1,
o) === e [ [

L%, MIZEZEDBEDT 79 I R—IVDERETH D, Too lE 1T >700 Ty f(r) =g(r) BT LERT S, Z
DEFIZED. 1 >71r5 T f(r)=g(r) 1272 L5112, p(r) = —p.(r) DL D LD, ZHUF (2.3) ZHVIUIREET

B —HEHICIE. oo EMESEOIMI p(r) = —p(r) = 0 I F ALV, HEDEE. T = diag[0,0,0,0] % (2.3)
WARATHUR, Schwarzschild fi#

2M 1
ds® = — <1 — T> dt* + @dﬂ + 72 (d6” + sin® 0dp?) (2.4)

s

PREOND, r MTDEN p.(r) =0 DFA. (22) & D, TR LXF—EHET > VL TH &
TE = —p(r), Tr =0, T¢=T%=~(—— _1)pr) (2.5)
e TR0 =T =5 e
i3,
3 Schwarzschild-de Sitter f#

(2.2) CB—D2DEBIEY D B, ZHUE —p(r) =p.(r) =p(r) = =35 TH 3, 2T, AFIETH 3, {LED r T,
HWIZ p(r) = —pp(r) DIz, ZOHA, f(r) = g(r) WHIKK DD, (2.3) ZAVIUR, (2.1) &



2M 1
ds® = — (1 - Ar2> dt* + Wdﬁ + 72 (d92 + sin? 9d¢2) (3.1)
— =% — Ar

7%, ZHUT K SHSNT WS Schwarzschild-de Sitter f [2] TH 2, &% F—DHE2 A shadow & [3] DFTE

i,
3V3M o —2M
i shadow — — —m—m/7/7/ /88— —A .
S1N Oshad. 1 27AM2 Tg’ (3 2)
R85, ZIT. r ZEHEOMBERT, A>0THBDOT. (3.2) Bobhd k512, ro ZERAICELS &, K

IR 5 DT, BREFICWSBHIE,SIES ¥ F=DRAZNWIENE R S,

4 HORBEYMERR
pr(r) =0T, BV RBWEI p(r) = Aexp [—B (r— 7"0)2} DHA. KPA— ArBL L,

A

3
2

K? /OT p(r)yridr = 1 (2\/§T067BT(2’ —2VB (r + 1) e Bor—ro)® 4 \/x (1+2Brg) (erf (\/Ero) + erf (\/E (r— ro))>)

(4.1)
2135, TIZT. A, B,ro \ZIETHEROMEZFDZ 12T %, erf(r) 3A YV ROBMEEBTH 2, ID. r 237 KE
{7232, p(r) =012 b, WEIZERIMITIRE, TIT. reo ZTHRREVET S L,

F> oD AT, erf(VB(r — o)) ~ 1 (4.2)

275, &b,

r(r>roo) A )
2 2 ~ —DBrj 2 —
K /0 p(r)ridr ~ WE (2\/ Broe + /7 (1+2Brg) (erf (\/Bm) + 1)) = Const (4.3)

IZHBID, 1> 1o DAL p(r) = 0= —pp(r) TRD, f(r)=g(r) =1— <2t v EF 5,

ds? = —f(r)dt®> + g~ (r)dr?® + r? (d6? + sin’® 0dy?)

2M+¢(2\/§7‘0673T8 _2\/§(r+r0)671‘3(7-7v-0)2+\/;(1+2Brg)(erf(\/§r0)+erf<\/§(7'—r0))))

glr) =1— ——=22 - (4.4)
Too—2M——4 2v/Br eiBT2 7(1+2B7r2) (erf(/Br 1 r
fir) = gt (e PR RO A ) o [ ]
21572
5 Frd

ARIFFETIE, BROAMFFZED TS v 7 R—N1DT ¥ F—, BIKRT Vv, 74222 RA Y TREICDONT

ATz,

(BEXH]

[1] Misner,Thorne,Wheeler,” Gravitation” (1973)

[2] M. Spradlin, A. Strominger and A. Volovich, “Les Houches lectures on de Sitter space,” arXiv:hep-
th,/0110007.

[3] V. Perlick, O. Y. Tsupko and G. S. Bisnovatyi-Kogan, Phys. Rev. D 92, no. 10, 104031 (2015)



BERIBEICE BN T BEROBEMERICAIF 2 CsI(Na) ¥V FL—9DITRILF—
S RELRIE

BN RE
EEHE REMF RFNX BHERE

1 Bm

NEZEMDFIHIREBONFEDOFEL U TATHEER L BERBENHD 2, REBEEIE L IIRLEMR HHIE
LTt En -2 FOEFE2HET I ICE > TRFHEOERZ2ER T 2 HETHS, LLALUK1IOD
OHe 0 & 5 bt BRI 2% T 2854, YHe 26 fADHIET & ‘He CHET HEMRHH. 2D 6
EDOHMET 2L T 2 DIXREZBO 5, —F THERBEIIE — L LN OBELC & - TEBEI 15 KBRE
FOEHRAWET I Lo THAHOEREZEHT S HETHS, M1 OEMOLSIZ LI ¥—-L4%
B TR I Ly (p, 2p) BUSHE E B0 2 MO KB T & ¥ — A0EHREMET 5 2 & THENLRD
YHe 0EEEZRKD B ZENTE S, HRERIBIEIAEERIEICHAR S L ESBE R TP 72 T
HEEARETH D720, RIAEAHDMBERHNITMHNIRO L THAM L 425,

BTEN i

1 —» Z » 10He /
\
N \\\
[ ]-EEREETUE

11Li

T FEEEETAE @) A ¢
STRASSE
1 T TR B CATANA+

2 CATANA+STRASSE O [1]

Fxid (p,2p) Kb L ERERIEEEZMAGODE CEMRP OEMRELIEEZEZ L LS L LTWD, TD
EBRDOOBIE, Bx DI N—THREET 5 v fftdt CATANA OWERIZ S ) I 2 B8R THERK X
N30 7R #E STRASSE 2 #lAacbt 2 FEhty N7 v T2 B ERER TREEFTH D (1], K21
CATANA & STRASSE Z#la&b¥-Ety b7 v TOM&ERX 2R3, CATANA [$#8 D CsI(Na) #4
W KSR EED XS ICRBELTWS, & 512%F0 CsI(Na) K& (p, 2p) KIS 5 O KBk F O #iR ) =
FNVE—=TH5 100 MeV D 2 f5D#) 200 MeV £ TOGFOEEH T XL X —2HETE 5720, Kk TO
HEEIT 3V X — 2 @R THELAETH S, ZNS6DEy b7y TTEWIIET 2V X — D fRE2E 570
ZiE BT OEB T ALY —% 2 % OSREEN N CTHIET 2 8E,’ D 5, A5 TlE. CATANA ® CsI(Na)
Kz, B -0 TR BREL D S F AT 55 110 MeV OEEBI T 2L X — DG 72 RS L, 5 ToEET 3
F—% 2% DTONMRETHETELZ L 2T 2OVPHNTH 5,
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2 =B

FEERIF B RRE 28 A S8 T N D B 7808 A TR RS
& HIMAC T 230MeV OFg 1% H\WTIT8 o7z, EER
Dy N7y TEEIITRT,

R B 1B - BELOMIE D 72O IZE X 3 mm D
CH, £z F W7z, BB 7l iEL T lix = > o gk
BT DF & A3 90° &b, BEIZMO BT E %8
B —Lip5 BT 45 EDONEIZE < DEELG 723 5
TL5DT, M3 D& ICHlIERIEEZ T Eh 45° DAL
ERE U7z, MHEREEO & EFIC I KB 7 O E &
MEEZHES 2720D%KA N 7 M F = v 3— (NDC)
B U7z, NDC O3 <G BKL 7D T 3 )L ¥ —
BERHEL T —XINEN) T —2ELT 5FE 5 mm D
TIAFy 7Y FL—K— (PL1 & PL2) 2% &L 7z,
BZ PL1 & PL2 O FRICIEE 4 1ZRT 3 20RO
CsI(Na) #f (Typel,4,5) &% & L7z, £NE DR
FEAREE, RE. AL TV B AHEEENRRER > TV,

»
RS
R

M3 EEBoky 7w

4 FEBRTHWZ CATANA Offg ., BFEEHOET% mm TRLTW5,

3 CATANA @I XILF¥—HEREEDTHE

NDC T#lE U 7851 D Kk £ & CATANA O3t E D BfR
ZMWT CATANA ONEZ2 T 3NF -2 ML -, BF-BF
HEBEL O EEEH S Z D DG F D T RV F — OFIL A E I
53 —E77-®, Typed & Typedb O T3 I)LF—DFIN 5 HfREE
B U7z, 2512 Typed & Typed O T3 V¥ —D#RH % 7
T, ZODMBDDRREVRAETH L LINELZEE., —D20D
CATANA #EF DT 2V FX —HREEIFH 1.5 £ 03 % TH B Z
EWRM 0T, BAEFRTIT L D MR IC DO VWTHRKT 5,

S 3k

[1] Construction proposal : Large-acceptance missing mass
setup, CATANA PLUS and STRASE, at SAMURAI

At191MeV, 0 ~ 1.8 MeV
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KR A V&R V7V RICE ZAWVWEHMEE—LEDFA AV E—LDERERICHEIT/-HRE
ek
Fragment detector development for Ion-neutral merged-beam experiments at the
cryogenic ion storage ring RICE
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EEHE HPHHE
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— M T IR E T H 2 72D 720 T H L OHENIE Z 2HERMEL, HED S OLRIMRBENIZ & 5
DT DN 5720, DFDERBEIEAIS WERETH S, FHEMORE L ZOMIZIE, ERIF A t%ﬁﬁﬁg
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KBFETFICREEEI NS, UL, RRCEENESWVEMS TE L EIEN 5 5K T, E?J‘%@%bi‘mﬁﬁif“?ﬁ‘@b\f:
DIZKEVFITKED TE UTHAET D, ZOEMS TETIE, EEOBREES % V72811 X - T 200 FEXEL
LDOEBDFDPIAET B I DD D> TWD [3], FHZEMLAREDF (Complex Organic Molecules : COMs) 132
MR TFEOFET DL AP WTEHELRKE 2> TV,

B2 IZEMDFEICBI 2D FOEBBRZHRSZHDDF A MFEBRE UThMR#E CO L KkES 14V
Hy. Hf ORIEZHARDZe2BEEE LTEY, MYKHEGEL 1 4 V&Y 2 (RIKEN Cryogenic Electrostatic
Ring : RICE) IZEB B LU 72KIZ DA A IR UTHERFE—L260 - BRI, EdYomtz4i75 2 & T
(RIS E2E DB N COMIGW TR OME 217D FETH Do ABFFLTILSOEWT IR D JIE 1 7 1 72 6t 8 D B 76
7o 7,

2 AmE—LZER

Beam Port 2 Beam Port 1
10DEF QD/QF

160DEF

160DEF
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Beam  Product
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O s
- ——— == > —— .F|:d|
C"Beam 10DEF QD/GF QD/QF 10DEF aéa 2y
Beam Port 3 Beam Port 4 up

1 A — L FEERRX

BHRE—LERIZ2 OOV — L2 ZFEHETHHRITLIZLIzL Y, BEMOFERRTHRI > TVWEE-% 10
meV OET XN F —DOHhMRZER L KENTAAVORIEETFARND, X1 I3FEREEOWMKEXTHS, VI
EfLEA A vE—sizd LT, il —0%2 ~ER LCEEETARTAZ L TERIANVTF—OREER I T, K
W TIRRIGIC L D Es N B2 RET 5274 72 2 —B X, MY — L O 217 5 ik TRt g: o Bl 7
Biro7lz, £, R LEBHESEE RICEAT VA =)L, &R —LFEBRIZEIF 2RO T 2 ME 247 - 7=,

3 REBFER

SIGWTER Z IRE T 272012, RT RIVF — KIS & o TES N E Y & e e — 2 DR % JIE 3 2 Rk
DFfFEEIT o 7o BTG ORI, (1) B2z o T Z e a{RIETE 52 L (2) LY OWHEDHH A 5
RICE WiSIZZiET 5 Z &, »RkD SNz, T o OBEH» S ERYRIEGE. ERUPESN T ERS Z T
&, MBI AR=ZADHHE —LKR— b A NIBIZRET 5 Z & 2 QBUTHE 2T o7z, ERYBESHRET 7L 2
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Z—& CEM TH L, A AV By I ab—Y a VEHWTE — AR — bRNEOR S iz A~ — 2 THESEIZ LY
ERoAoNIMEERERE L (K2), 72, Y- 2BHBORRIE. (1) v -2 HTE2 28 (2) —#
)7 Faraday Cup L ULTHEIEL A A U E— LOMEAHBETH D Z &, AR SN, £ DK% Faraday
Cup 2R L. Cup OEIZJE Y &itix S - @B (Target) 2FHET 5 L THELY—L0ME %2 A[EEIZ L7
(K3), 1 AYE—L%HET BEIE Target & Cup 2EBEXE 2 Z & THlE D Faraday Cup & UTEET 5,

Repeller Cup

e\

S) /
S)
Secondary Electrons

Deflector Product o
.

.
.
a®
‘I'
samnuuns®®

| Neutral Beam >

Deflector

I

B2 MR RS
B3 e — LR

4 AFVE—LBMESLSURERT A MER

B — LFEBUCFIT T Y — AlE S X LRSS OMEE 2GR T 572012, H ¥—L08%s L OBt T
ANEfTo7z, HY E— LD T3V F —FFHEOEHE — LERTHWVS 3.5 keV IZ#E L7z, Hf ¥'— A1k ECR
AFVFETEBL, ¥ F 2y MCXBERMHE, ¥—LAK—F 1 %@L TRICE N~k o7z, TLTE—L4%
RICE TH &€, MHBRHZE—L K- 4~LE Uz, Hf ©—L0NRIZEREZTS2H7 0 +47 50 nA
P2 A Faraday Cup (B WVWTHERTE 72, K4 13— LMER D7~ Hy U — 0% AR THRIEL 28R T
»H5, BHNEMHB D727« 7 L7 X —OEEE, #HtilE CEM IZHis xonizh v M THE, T4 71
2 R—BENS &% 300-550 V OHIPHIZEWT CEM DAY Y MUIZE =21 LTz, THIET 1 7L 7 X —BEMN
300-550 V O#iH B WT CEM WAEEY 2K ST Z < EIRNLTWE e EZ 6N, ZORIFYIalL—va
VT BARYIHE R B L7z, (K5), 205 DFERD S U — Ak S & M8 IXEHE Y — A LB AT FE2
Yy b7y T THDLEZON, AR —LERERGBL -,

-550 V
CEM
| +550 V. ]
Deflector
300 V.
CEM
[ +300 V ]

0 s00
voltage [V]
Deflector

B4 M7 A MR
K5 Mty Ialb—vayv

[B& k]

1] Y. Nakano et al, Rev. Sci. Inst., 88, 033110 (2017).

2] S. Yamamoto, “Introduction to Astrochemistry,” Springer, (2017).
3] M. Araki, “List of Interstellar molecules,”

[
[
[

https://www.rs.kagu.tus.ac.jp/tsukilab/research_seikanlist.html
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FERFRAEZEICH T B5KD BRST EFL LBEADHLER
BRST quantization of strings in an asymmetric vacuum and its extension to

superstrings

a3
EEHE FLE

1 FL®IC

ek OEGR (RY VIV, BXER) BV TR B TL U REEMR T 2 & 2 effibh 2 H2e
I left-moving & right-moving M TEFRIN S, TO LI WKERSIN-EZRICEREE FEEHIETEON
BEDARY MOVIZERETH %,

Lo Lads, BEZEODFERIZ left-moving & right-moving Bl X ICEFET 2 Z & BAJRETH D, R ITEL S
IR HZE 28 NS 2 Z LI X D BURTRDFER DG 6N S T 2R L (1]l D5 HD—D 8 LTKDARY
FADERBENCHIRENZ £ 0D DD 5, I HUEKOKIGR L IR ZHRIRENT VB D, KX T
WEREDZRY P IICIR - TH#T %,

AT [1] 2 3HORTILY 70 —FThH 2 BRST & LR IENHZEZOGEICHEH L2GE. (1) &H
FEOREER D RRT PDERMEICHIREI N2 X822 ERLZ,

Fio. I ETOFMET KT (AT MU ZK - T) IRR L 725 E IV T H Nz,

2 JEXNFRREZICHITS BRST EF1t
BRST &Efif Qp (& BRST £ & MUIN 2 B FEZIRDERFTH %, Qp &E— NEETTEL L IEAREY
BT X512k %,

(oo} oo

1
Qp = g; (Lem = Om,0)em = 5 Z; (M — 1) : C—mCnbmin : (2.1)
RIERRED Qp d (2.1) ReFEkICH bR S,
{Qp,bo}lph) = (L™ + L§”)[ph) = 0 (2.2)
(ph{@p, b0} = (ph|(L§™ + L§”) =0 (2:3)
Z Z T Siegel & — V5
bo|ph) = (phlby = 0 (2.4)
ZHALZ. (2.2) Xk (2.3) & DLLT D level-matching S&F
N+N=2 (2.5)

PEONZ, ZHUE[1] DR —HT 2, FXNDEART P BRST 2K DDEROVTUTO=2TH 3%,
: (NaN) = (270)

ILv.2) = (aua’ 0 )k @ | 1) (2.6)

- (N,N) = (0,2)
Tv.2) = (@uali, 84) k) @] 1) (2.7)

- (N,N) = (1,1)
[Lv.1) @ [Tv.1) = (epva @40 k) @ | 1) @ k) @ | 1) (28)

o Z=2lF Pauli-Fierz 3. HZIXE S, Kalb-Ramond 5. T4 7 b TH 3,

3 HEXDOEMA
F TG IEER T BRICAN S b, RY VRIS 7 2V 2 4 VR EERICHAAA R RERTH 5, 2
T RNS ERMLDIHZ & o Tahz#d T, worldsheet FDRY V8 Xt (o, 7) DRTTH B 7 =)V IF
Vbt (o,7) RBAT B Z I Ko TIEAIR
1 _
S:—g/fd%&wxmw%aww (3.1)
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4 Ramond 9% —. Neveu-Schwarz ¥ % —
BN RDOT7 =z IAVEGEREH L, NHHEETR T LAEHEIUATDO L5184 %,

Sy~ [ @ow-ori- +v.0-01) (4.1)
By OEREEZ 5. TFHOZERIEIC (4.2) NOGEHRIENHBLT 2,
05 [ dr(o 80, = 050 amn = (45004 — -0 ) oms (12)

TERDERINC 2 X5 EFHET 5 L (4.2) RIEHARITIR SRV, & 2 TH ¢ GEBTREX 2 T L IE
L7co 0 =7 OEFUHOFSDFEFUC L D, UUTF DD DBREMENTFES 5.
- Ramond 35 5:F
Moz =+ |o=x (4.3)
* Neveu-schwrz 3555514
P lomn = =92 |o=r (4.4)
FASL DG left- & right-moving ZNZHMHIIZ R 7 X —, NS 7 X=X, fHAEDOE & LTNS-NS,
NS-R. R-NS. R-R2% 5%,
FERFR 72 B Z2 DY level-matching SR E 3 ZNEZRUTORD L 5127 5,

1. IERFRREZZICEBIT 3 U 728550 A7 b L

(NS,NS) (NS,R) (R,NS) (R,R)
level-matching & N+N=1 N+N=1/2  N+N=1/2 | N+N=0
N 1 0 1/2 0 1/2 0
N 0 1 1/2 1/2 0 0
M? 2/ | =2/a/ | O 0 0 0

5 GSO 5%

PERDELTIIBEERE Y DO (XA ) ITHIET 2 7 2V I A UBFERS., FFEOBNFMENIAL T
W3, ZhzbhEs 2708 GSO G EfiL, ¥4 2HRT 5,

G-parity EFHEN AL T O LD ICERINZHE TR NS, R ZNZHICEAT %,

Grs = (1)1 = (—1) 2z () (5.1)

Gr = D11 (—1)2nes ndn (R) (5.2

T BI0RITEDH <~ HWT Ty =0 - Ty £ H5bES, NS DA, G-pality ZIRREIZ/EH

IETHIIEZDDERL, ROGE, EAYEL e BINTE 2, IENMREZEOSE GSO FHTA XKL X

~_Z7 FUE (NS,NS) T (N,N) = (1/2,1/2) TH 55 (NS,R). (R,NS), (R,R) &R DEIRT 20 F 412K 5,
Bl LTIEDADRY T 4 2RI EDRY T 4 Z2HFHOREIRYVIDIETLN S,

6 F&o

HIDIZ [1] D Tream ST 2IE R EZICBIF 2R Y VHEORTFLE, BlO7 Fu—FTh3 BRST &1t
TRILARY MAMIHND Z 8RR LTz, RRITRY VB & RO #ER % IS £ TR X 7z, Z 2Tl level-
matching ZeFIMA. X 512 GSO FHIC & o TERMEINITAE EFRE A7 uds (NS,NS) T (N, N) = (1/2,1/2).
(NS,R). (R,NS). (R,R) xR DEIRT 200 F 412D 2 L &R LTz,

[(BEXH]
[1] Kanghoon Lee, Soo-Jong Rey, J. A. Rosabal, JHEP 1711 (2017) 172 [arXiv:1708.05707 [hep-th]]

[2] Katrin Becker, Melanie Becker, John H. Schwarz, “ String Theory and M-Theory A Modern Introduction”
Cambridge University Press (2006)

(3] MIERIR, TRy 7L—>0 , SHAENE (2017)
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