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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

(€8]



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

Apporoximate Altitude [km]
o o
~ @
T

Apporoximate Altitude [km]
o
o
o
o
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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Sf/d v/ g( 5 R+aR JngR +M3RDR> (1)

THd, ZIT. c=h=1DHMNRETANS, a, 8, 7 ZIRTCD T A—& M, 3IHET5V 7EETH 5,

CDEMZMITS 57280, AAT— - FUYILHRICEESHEI S, £33, Lagrange REFTH. IR TDMBIS
¢17 (;52 = FHWT,

S:/#mc4ﬂ@@g+mQ%—@)+56$—@” (2)

LHEEIMZ D, TIT, F(pr,¢2) = %% + aMy¢? + BM, ¢} + Y My b2, b1 = Mig, ¢ = %, F; = 371:: TH
5, TN ERALTERETS L,

S:/#ng

2

M?2 )
<’” + 20 M2 Py + 3BMIPT + VMo + VD¢1> R — oMy — 2BM,)¢3 — ’YM;L¢1¢2] (3)

¥75, REMHPCT B0, M2hs = 22 +2aM2¢) + 38M2¢2 + yM2¢y + 101 ZFINTEE MR 2 &,

S =M / 2/ =glésR + 6061 — U(or, 63)] (4)
M2 )
U1, 63) = ~52 01 (20 — 1) — aMZd% — AMZ] (5)

ks,



T SIZ/E & f#NT S 5 728 Einstein frame (28 %, 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)~ aMZ6 — BM2G @

B, BT vy Y VOFIE Fig.l ORRIZR 5,
KD GE. BGR20H 0. ¢, o1 TNZTNDOEOEE) HRERNIX

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

b, ATV —va iZl D REMPRRESITmD L, B —HELIC ESMIEI NS L EL, EEMS Y
ned sl HE) SR

N .1 1 5.

0 90+3H<p+1—2U¢=—6'ye 2o p2 (10)
- . 1

¢1: o1+ (BH — 2¢)d1 + W”Um =0 (11)

ks,

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

KTV Y IVIZIRTESHD D Y, THE S TOHOMEIZ (415, 0s) ~ (3a,log (V6a)) & 725, YRGS D T T,
JHEADPSBIZR > TRIZEAPI ESIZ LTI Y IL—2a VI b, +ok4 v 7L —a v %E|SIT72DI

BIERDERP SHNTVWEREDRDH D, v & ¢y KBNSV THEZHERL TEHRET L. [y < a L WS DL
HThHDIENRN5,
3 F&H

AREFFETIE, (1) OFERHZHAW, 1Y 7 b —YavaEil, 1V 7L —Ya Vi ERITNRTA—RERE R
D, Bl HETEZART MBI T VYN - AN T —hERDB1-DDEEED I,

(B 3Tk

[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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TIIIHAVIEFHEEREICE S GRS 1915+105 ORI
Observation of GRS 1915+105 with Fermi LAT

1 @L®IC

A AE

EEHE ALHRMA. LBERED

Ty I R—RdE TR VoA YRy NEEEENSESHEERIE, HENS DT ANKEET S Z L THE

SNLBEMMIZE T XMTHLHE, XFERL DI ND, ZUTXMELEDOHTIZIET Y v RB BT 5

RKEPEHEL, X178 72— - Z0—FTHb, ¥1 /07T —Y—riF FEEAKZO—-HETHEIT—
Y= ERTHLREDOEED 7-8 Ml E/NX < RKOJIERI (ERIMR) WNIZH BN =y b 2& L 5 KK
2T, AIETIE 7 2 VI Y SFHEENR (7o VIFE) 2HVWT, v127r22—%—0D12TH5 GRS
1915+105 FEIKD H > Y #2177 o 72 & T A, #1HT GRS 1915+105 DALE D S D H ¥ T fkf i & R 355 R
Bonz (AEE ~530), 5T HYIMDTIA M HI—TEMERL, O ETHEE L OMBESHER, REKWZES S
FOH VR A=A L2 RE Uz, 72 GRS 19154105 DYz v b HEIZALET 54 > v HIH “Source A”
MR, Vv bEMOSTEOHEFHAIC L DIBERI N TV BRIETH 2 REM LR T .

2 GRS 19154105 8L U Z OREDHRFICDOWNT

Y470y T —%— GRS 1915+105 X =AHZEZH VT, X
7 & B 8.6770 kpe LI N, 7T v s A —VOEERIZ
124729 Mg 2 EZ 5N TWVWS (1), 7L THEIZ K-M star ©
1.2+ 0.2 Mg & low-mass ® X #GEEIZ I N, KA
33.85+0.16 days &> TWb, GRS 1915+105 O 1 D DR
& UTC, SRS S 60 D HMISHEE T XL X —72% ~ 1039 erg/s
T, HHDK 90 % DEENCHEIK S = v b BB & Nz,

E AT BB I NZERE Y =y b AR ([1] - SR
[B] D12 130~151 FEDHIFAN) IZALiE S 57 Source A” & &4 4F1F 724
VRBEHRIZHEEHLTWS, ZOMEEIE GRS 19154105 & &,
7 2V IDHXETNTIEAFGL J1914.5+1107¢ & U THUH % FE3
ULTWh, ETIVOHEED K Z 1T -5 T, AWFFETIE 2 model
( GRS 1915+105 & Source A) & UTHMI L 7z, Source A O J& [
1213 ultra-compact HII $HI% D G 45.454-0.06 72 EEE D E N H A
MFEIET 5 (Fig.l), A2 TIE Galactic Ring Survey (GRS) 2
&5 BCOJ=1—=0) DR FHATFT—K%MHL Source A & D
%R TW5, HADHKREER (vpsr) 1& 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) BpwET —
2 % {dH,

W, EEIRIEREC RS S & ~ 8 kpe 72D DX D EEEEAY GRS 19154105 IZEWATHEMEAVRIR I N D,

3 JIIIHFEEICLLEF

7z )V IR 2008 FFITH B LIPS v BN R TH 5, BUBEMIZH 00, 2RO 20% & HIZE

FHLTBL, 2 A E 0N 3 MEITERERET LA TES, F-EEITIE Large Area Telescope(LAT) &

Gamma-ray Burst Monitor(GBM) @ 2 FEIH OB E A HE R = v, LAT 13 20 MeV-300 GeV D T 1)L ¥ — 4l
CBVWTHRWVEETENA TN TS, AKX LAT OF —X 2T 217> 72,

TF—REMT BI12H 72> T, Fermi F— L FAF U 7z Fermitools 2 H U7z, F 72T %2157 > 7= 5 — X AR
1% 2008/08/04 - 2020/02/14 | #HIHIZ GRS 1915+105 DOfiiE (RA, Dec) = (288.798°,10.9458°) & Hulr& U 72 4%

20 LN, TANLF—4F 1 GeV -1 TeV 2 EIZH Wz, ZTUTHHET VL UTHEBIRIEKED A X v (4FGL 1 &
02 &0 SHE B (gll-iem v07.fits) - 5 /i (iso-PSR3_SOURCE_V2_vl.txt) & EHDE TN ZHEHT 5,

VIR T OISR DD, KT Y VAR RE VR EETD 74 v T4 VT 2T, AREL L
Tl log-likelihood DZEDAETH % Test Statistic (TS) & VTS ~ o LEBIL KD B,
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4 MRITRER
o TSYYTHBLUVIRILF—RARY ML (SED) DIER
£ TS vy 7B XU SED OELHNIZANY 2750 FE LT, Hib 1014
2o FPE TN A EREE 0.91° BN 72 ALiE 0 H B &L HESS J1912+102
MODIEN 5 72K A Z2EBIMU 7z, M EZEEE X Fig.1 12 GRS 1915+105
& Source A k&, 3GeV - 1 TeV TIEE L7 TS ¥ v T3, av
F 71X GRS @ BCO HFHATFT =K %&MA L. Fig.l »5%. 2 model
ENTNDP ST VRBPBRH I N TS L RaE 5, L : ! !
IZ GRS 19154105 D ABRWTIEHK L 72 1GeV - 1 TeV O TS ¥ v ’ ;DEDT::aV;“gEV,Le: ’
TOY—shrE Y, GRS 1915+105 O EEEALE & OBIFREFH 7, f5 & rtsaace
ELUBEY A XOKRE 2L T TS ek 5 T, TS DY — 1
IRE L ZDFRAEERD DT ENTE, A TId GRS 19154105 A°
68 % Confidence Level (CL) @ error-circle NIZ&HEN 3 Z L 2D h -
. ZOMEED ZOFO 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 it LBD 85 i o &
A—2fEEHE U7, Fig.2 ® kA GRS 1915+105 ® SED. ~#* Source Fig.2 (L):GRS 19154105 ® SED,
A D SED #%&7¢, TS < 4 ®%H4E & Upper Limit(UL) & LT H v (F) : Source A ® SED, UL %95 %
ML TW5, bestfit ® PL AR2Z MLl (52— 2 fliId%E 1 % CL Off,
2), ZORERPS TSHEEHEH U7z, R E LT GRS 19154105 725 1% TS = 32.3 (~ 5.30) &. LITH%E
2] DI A FERDT— R TRARBRBICEES Lo 7208, KRR THIOT 5o U EOBREDV R I Nz, £z
Source A 1Z TS =534 (~ 7.00) £72 D, T LIZRIKD extension & PR 7223V E 7R extension IR T E Lo 7z,

SED (GRS 1915+105)

—— best_PL
& Front+Back

1T

v

R

o
E2ergfem?/s]

E2{erg/cm?/s]

* GRS 19154105 @ T4 bH—7 {FM %1 GRS 19154105 (1) & Source A (F) ®
Y4 7u T —%— GRS 19154105 75 DA ¥ < #RIEIEE PL % best-fit ®/35 % — Zff (Fig.2).
W EEZONE72O, 1 GeV - 1 TeV DHiFHDEH M No [em=2 s~ 'MeV 1] N TS

F— %%, 1day/ 1 bin TRV 51 F#—7 (LC) %MK
U, ZEWEZHANTZ, £729 2y SOEL 54—, B
AP S OGS T X FRDSLHELN 7R soft state (SS) B & T
i X FRH K ECHI 72 hard state (HS) & state BV < BIRL TWB & F X 51 [3]. AWFZETIEER X #& (2-10 keV) &
LT MAXI 0@l 7T — & %, 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) DHEARGHEIMRE Wiz 7, 1= Jf7H% [3] T
HS 75 SS NEB L7 X1 I V7 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 E&E

5.30 TR E 172 GRS 19154105 TR 5 O Y I O T u v 2 & LT, MR SR ET F L F =7
EVzy MIEBEIANF—EFLOHE AT b UHELT VIR EDPEZ SN D, —F Source A IZHE L T
JeATIZE [4] T, GRS 1915+105 225/ U & 5 2l TP 5 1AIZALE S 5 IRAS 1913241035 2% ¥ = v FHIET
EUERETHD WD 72, £IZT Source A VY MHERDOREKEEZEZ, THITAMETIESTELLT
vpsr = 50 - 65 kms™! OfEE AW Z & T, K 2EBEHFEREIL 6.94 - 8.36 kpc £ &b GRS 1915+105 ®
8.6728 kpc LMENT—BLTWVWB I W bh o7z, BAELD Source A D 7ot 22 LTIk, BEDOHVIT
EeVzy MROBZAINF -G FAMEHATEZL12&% 70 filEN ViR ENEZ SN 5,

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

[B3E 3CiH]
[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



HITET%AZ W49B & ZDIEEZ FEH DAV TIRBH DFRRE
Gamma-Ray Emission from Supernova Remnant W49B and
Molecular Cloud Associated with W49B

KB
EEHE AILRME
IWHEEH

1 Lo

HERIZEIR T 2 H T 2L F —DOFHROEIIL, REEOMETH S, FHMOBMIEFEHFTHY., XFHD
ITRNVF—ART MVES DI EHBBIHIPSbI>TWD, B EEBOERNIC X 2EENAEFTINEXZ D AR
MVEBIATE 2720, HHERESIIE D RFHROIEFRE Z 2 5 TW\W5,

HIANF—DBEF N FETORFH L OWmETEBRI NS M 1 hlFOFETHI T 2 H > <) (31 ¥
U AR AT v < k) ORI AT ML, S FEEHEERAZ LTV 5EH B 1C443 » W44 72 ¥ TRl n
TWw3, UL, WA9B 288 % < OB BEIRE TR AV MO BB, FEEN 112 & 5850 Yo i,
MEFICXZME DR TR, BHEERE W28 & W 441k, ZOEEOD FEDOMED S LML > 12
YRR I N TE O, B ERECIE S N2 RS DR U, SEEOR FECHEEHT S Z 21
o T LTWEEEZSNTVWS,

AMFTDOHIE, A TELHEEHL TV EHERE W49B & 2 O FEF O T > < U % i L. W49B I8
1B FEHARDNE L ILEE T SN T B8 TH D,

2 BHERE W49B

RS WA9B 13, X MOME TR VB EEREDO D TH S, [1] Fhdid 2900-6000 4F, EEHH 4 53
1 (%913 pe). EEEERY 10 kpe 12D, TN ETO Fermi FRIC K 24 v BN & W49B D AR 7 bV 304
MeV THNHA > TE D, NS LOFHET VTR X D AHEEIARBINT WS D, RfiGlE%2FET 5 L AR TR
Wirotz, 72, 9.4 GeV THHINHA D BERENTH D, FHMOEEE D Sk EPFHBOHIME L ZED
BRELEZLNTWS, [2]

NuSTAR (2 & 25 X ## (9-20 keV) TIHEMGIBHA BRI S N7z, Y BV EFRFETCHL LT L. B
X BRI & 77 2 < KR 2 A — ST E 223 EFH A 1 BE L 2D THIIEREEHINECTIRNETH
%, —HT. YPGB FRETH S35, i X ROBURHREZHRHETE RN 2o, WAIB 5D H V<
KRB D35 TR IR B AL IR DD > TOZR, BIRIC K B BHIH & WAIB (XU S5 A 2349 40 km /s D5 &
CHEEHALTWSEEZSNT VS, [3

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

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

3 Fermi @&

Fermi #7213 2008 4£1Z NASA (I & > THB EiFoh, BIELEAINT WD H Y v irEHI#EE Th 5, Large Area
Telescope (LAT) & Gamma-ray Burst Monitor (GBM) ® 2 DDt & #E#k L T\ 5, AREFZETHH L7 LAT
. BETBE N ERERAD I THYIHEBMILTWS, 24str OIKWHEFZ2 £ B4 3 Rl T2 K% 73—
L. 20MeV-300 GeV O T 1)L ¥ —HifH Thiv b @ W E & B REE > T\ 5,

4 Fermi BEICL D GeV H Y TIREMT

BRI (2008/08-2020/08) DT — X % A\ =, ZHURSEATHFZEDR 2 OB TH v, HEtdH I ELTWw 5,
A1 Ry 7 (5-500 GeV) ZER L. Fig.l £IZRT, ZOIZRLF—HTD LAT @ PSF it, < 0.3deg TH Y,
Z O TIE, W49B AR EH S\,



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 Z&: 17V b= v 7 (5-500 GeV), ##: 5 TEDEW CO(v = 38-47Tkm/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 % sH, W49B O JH B & D i & —kk -‘\
S X OMBERKE L TETMICIA, MO r 22 a0 o v .,
fbXRTT7 4 v T4 V7% UfER%E Fig2 ITRT, LE 30 .
ME% UZFER, 6.2 c(IERELL TS = 46.1) OFEET
W49B OB 7 = 0.36 1009 deg DILAS - 72 it & # it L 20 .
7zo £7-. Figl FROBHIZE DD TEOBRE ZDH v 1o
SRR DIRAYY 0.36 deg & ELELK L T, WA49B EfED 5+ «  Point Source + Radial Disk model
2y FAREDEN D TH o T L bbbz, g S oo SR
NTEDOHA LA IR O R4 B H 2 D0 % Extended source radius (deg)
RE7DIT, DTEPSDOLD > -EWRIEZ2T > 7L — b Fig.2 EML~TFLOERE TS ORI
EUTCETMIMATI A T4 Lk, ZOETVDH
13, 6.6 (TS = 48.1) ThH D . WAIB DD LA - 7= Spectrum Energy Distribution
71 /7%?55(%1@6@? AN FTEDERDHE LS ESI L - e Cloud
WRENZ, MAZETNVOH Y <FE#EEZFHEL T Fig.l
GIZmUtz, AV SBBER D TEDRAITENT LD
Molz, ZTNH6DZ L6, WA9B THIE X - FHike 1
MEFEDRFEEMAMEHA LU TN 57277 v < fR& B L 72
EEZ5ND, WA9B & Z D EFE DD - 72 77 > KU D
AR M VEFE L EEERE Fig.3 I8 L7,

TS

10711

10-12

E2 dN/dE [erg s~ cm~2]

5 = 102 103 104 10°

WA49B DHift% 10 kpe & LT, B U7 # v < S5 o Energy (Mev]

IR D% 63 pc Th D, FHMDOILIBEIZ., Dism(p) = Fig.3 W49B LiEfE FEDH VXA T ML
102 Dog (lr=r)’ cm2s™ ! TH Y, Dog = 1,5 = 0.6 &

F2 &, 100 GeV DOBT-H5 63 pe F THEET 2 012 h22 2 IEIZ# 7000 2T H 5. 2 ik WAIB D4EH & [AFLE T
HY . BN E EH OV S ORFIERBETH D EEZ5ND, DFEOBEES 100cm ™2 LIRKE L. H v <t
B AR ML ERAWTEHEE FOTRIVF—ARZ MV EHE LR, 1 GeV U EDEI R NF =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
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MBBHRERE I+ N4 A —REAVWASEEA A VO 3 RTUEBREY AT LDEHE

SEMEE
EEHE FPHHEH

1 FL®IC

1AY=L WEEZROMEIZEWT, ¥ —LDZEMT 1 7 7 A OVRIERBEEGREREAMND 1 DTH 5, LHif

SEETIX, RO 1 DOTHAMEBUEREL T + M XA A — REEHEEA A4V ORBITIEHA L, 2 RoolhiEs & O

%FW%%V# RIGHIZR R PRI &2 1T o 72, ARBFZETIZ. ZONMEBER 7 + b XA A — KDz D, g KT
—RINEV AT LOWFEEIT>TWVWd, A VKR— I\FPGA%:?”%%LK HTEIRA T EHANSEZ T, oV

I\E{EJE’/XTL\“Cm*&T RENFHETH B,

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

PSD X, B—D7 4 " XA A—FEZHVWT, XOAFMEZJETES LS LAEMEIETH S, Fig.l 12 PSD
DORGEN B L WM % 5:9, PSD OFRAK LG X, PIN B 7 4 b X4 A4 — ROREICHKPTE & B2 0 A1
72HDIZH>TWVWD, PSDICHNP AR T B L, MEITHHIL THEBERVPERIND, ZOXERIE TNETNOEM
ETCOFMIZHEIFL ToEl S, FEBRIOIMY I NG, £z, AUZETHW PSD ik, W #/F PSD &I
EN2E£0T, PEE NEOMWMEIZZNZNEME EPUEAZEO 1 o5nTE D, 2RTOMEIRHATEETDH 5,

AR TR, Sexk AFT 200 IcHER %2 AH LT, MroRit#hco V¥ —ELICHHI L TERS N
LEMEN S A NEZRE TS, BRMEBRM T 7V T EbETHWE I L TARKT 1 >Z OMEZRET
L5ZENAEETH D,

BIR L
i@ x

F/=E1)

(a) W7 (b) Hisp

Fig.1: PSD 03

3 CHEDER DR

VAT LDRAFEIZIZ, FPGA(Field Programmable Gate Array) Z## U7z &# 7Y 24 ¥ 25, FPGA &
k. RBIBERMERR (LS © 1 2ThH D, TNERKITEE D IC LRKICF Y TROEDIZZR>TWDS, FPGA I,
AN— Kz 7 EBE R (HDL) 2O THEO Y — b7 LA ZEEICMABA S 2 L ST TH S, Z07%b, [
DEFEIZFHIIIETEDZ A Y v D3H 5,

AWZETIE, FPGA IZEET 2RO EZIT -7z, PSD ZHWMEMREIZEITS, E50fNhEznRL 7z
RAT 7T L% Fig2 123, PSD OFZBEMTHEUEEIIEMERELT) 7 v I TS, BREET v 7
Lo THIBENG, 20k, FYXAFOTFOIFYZVERE (ADC) 12 & b 7Y 2 LS N-E 21 FPGA I2
%k INd, FPGA N TCESUEZT 7206, Ny 77 D&KEZKD DAQ 71 v 7 KU PXIe N A (PCle /Y A
DEHAIERFAN OHLEEANR) 2L TT — 2 % PC IZiR%E Lid#kd 5. Fig.2 ®”FPGA on Digitizer” DEB57312, FPGA
ECOEBUMDORA TV I LEmRT, 2055, Sum [\, E— 7l /F—V NEEK, MY FEEEO HDL ¥
E21To 72,

4 aiBERAVWEYRATFLDOTRN

HEYATLDTFARME LT, PSDIZ a iz ANXE, 2WICOMHAMBEDOEIE %17 -7, PSD O IZ 1344
BT BEADMIED/ZDIZ, 254 mm Y FOLIN—=HINVEEZIO T TS, TDH, Boivd afid 21k

']l:



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: {550 DHN

TEA A=V DNRR—=VE, EKDORONRR =2 —HULztDIlRbeEx0605, £/, affiie LT Am %
iz, o KiF OB T X)L ¥ —13# 5.4 MeV T, KHEEIX 150 nCi TH B, ZDEERIZ L > THAFL 2 2 Koo
A —V% Fig3 127 T, Figd(a) ik, ANMEEOY =2 WEl» S, aki FOAFMELFEL, 2O A NS
FLELTEDLEBDTHS, ZNED, PSD KTHES AT L2 HAVWT 2RIGA A -V 2 HUFTERL LSR5,
UA U, Fig3d(a) 2R3 L, MICKBIFEEABRELTWD I LDRDN D, T DAY KA M/ 5 PSD
RAEDHENEBDIRIFBENIZLDZEDEEZSNT VS (1, 2, TDDH, ARIFETIE 2 MITA A=Y DR —ip
SBRIBMEDOBRIEZ TV, EAZMIET 27V TV XLADHFESTT > 72 (Fig.3(b)).

5 E—LAXRBRANDGA

ERU 7Y AT L2 EROY — LEBRADIEH 21T o 72, FERRIZ, FEROD
HIMAC(Heavy Ion Medical Accelerator in Chiba) (ZT{7h #1172, HIMAC
ZF\WT 465 MeV /u IZHE X N7z Arl6+ ©— L% Si OFEERIC AR S 72,
il i R D HEE B K ORI D 1 A v & #5512 & o THiBGERI L. PSD
EHWTA A Y DOARMEDRE %2177, EBREOY - LERTHONHER
R AITRT, MR S NTNENDOE—LARY AR ONE Z LN
DB, ZAUZED PSD ZHWMERES AT LAEZETALF—E =LA

Y[channel]

0 20 40 60 80 100 120

DN TH DI L 2 FEiETE, £/, 41 F 2D PSD ~NDEBERE D Xiame
WA WY — A OKEEEE 7oy FLAEDDOEM 4 IZRT., 2A5D (a) #liIE AT

HEENSEHMUAZV AT AR —LATHA T 74 ) YT DIHDIZHNE I ENT
EHLEZOLND,

y
E.
RN E
?‘.

Y{channel]

- 0 20 4 60 8 100 120
: = X[channel]
: : (b) HIE#

Fig.3: a D 2 IRJLA 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
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Fragment detector development for Ion-neutral merged-beam experiments at the
cryogenic ion storage ring RICE
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BRST quantization of strings in an asymmetric vacuum and its extension to

superstrings
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