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BWEOTHEMERTOSS LOILSE EIFHD 2FRMEE, ®RDUBEDX LS EUTWVET, Harvard-Smithsonian Center
for Astrophysics (CfA) HID & VU FE EHEZEFIERIFTENTWVEAIZLEND., [EREOHEICE > TRER—ERZ > /=5ENE
BIOJSLBMERDASIEULTNBRIEMEULNRN] EVWDORXAYMBHFEELNTNET, ATOJ S LICHID>IEEFIRE
gEE. ARMMZEE U THINDOERERERESIR. ENEN—ELORERBIMEPRNWHERECETUELED, WETTIC
MENDTEEHDZTULLIN, HRBEORZRTREICHER/RTLZEOLENET, ENDBICATOI S LICHIDD
EEFHMREOH LMD, COTOJS LATENMMEBHIENRRVICHERTZIETOYMEEOEDTHE LB ENTENIR,
EMERREEUTRENOEVTY, ENERTOY S LZRABICHE>T. IWOMENMDOYELECBNASETVVELEERENER
WET, DERVERTIN. ZORODEZTOMREAEZREKEATBININZIOBRNEDZEESSAEZITINEUE,

HLOFHTOBNEMEIXAKEN—/N—NRETUIL, SRHUBERFRZREFR RS T RIAREFTHYERAREOEEL >
EihiE. FBARAZEHATEDIICAT T ZEE—TARROERA R/ \O—ORFREELBRE. 2UTHRARARICEES 2EE
—REEOFRNAOYERRE. #TH/—U VI T7O0—MEEHIENDHEORHICHKZ F5ERNARZEDTVELE. &
BESNTL ZBNORZEFMMEECIE. CNEORECET ZRFTOMARRIFEHSNBVEEBHESNTNT, [ENIFEDSEE
3] ENEDIRABEANIZYURHDSEDLDICHATNELURE, —75C. LFOHAENTIE X HERF—LO—BOHTIH, |
FAEOFRT S XY OFEZ Ginga X HANERHEZAVTTERZENDPUFDRRZED CTVWBERET. /y—U>I 70—
MEICERYEA TWDIREEL. BANICEERNICEIEOI NV —TZRNTERTURL, ZARH. EDOHDH. HEOLOE
EHHBIZOIEFES AN STScl THHDN/ISRABIOERSEICHE L. FEEEUTN\—N—NRETHESNBRAED X #HE
AZEEEDT—YEUEBRRBORNEZRERO>TEE UL, TOJSLZRDE. V-V VI TO—MEEVWIRT YAV YD
REOQT7ET7VHEE, HAFED X SEAICLDMAREVZRIN—IZFREOY STV EE EBHFEDN TV EZ KRB
HHEOFICHZERTNBTRBNTIM LIV TEHER>THENSNRKBRYEIEICSMNZROUR UL, UhU. EREEY
Hiz 1 BE&®TURZ.

SH. ECHORBICITEBETHRETURL, EMICIINAR—IPBLET, BEICKEARICRETORENVDETHB &
ZFEICKERBUTNWEEATURL, 2VEFEOILRFEHYERREZOWESANRTHEOEMIERHETBLYR-—NUTED
DTEMTERURZ. ZNICLBE NAR—MORBICIKEFENSK 2 BEAIHNHNZN. NBSEBEEEEHNRA EMERADL
EREDTEBABIENDD. VDT ETUR, ECTRELBETICAE, MEM 1 BELANIC/INR-NERITUTHUNE
BEUE UL, BE5BARUDREIBNEUZ. ENTHEOBRLIERSBNWTAY R UL, HFAXERFERECICOBRULTN
THRO [FEZILCHNIT] EVWDIERZNAZNVDEDICEFRHUTLELD, BRICRE>THRBNGNIEATEHNITCENTES
EVWSBEZZEOITNEUL, RATR. CORFRItFNICESNAICHENMEDSNTNDSOICHFRE >E<BYZSNTLY
B CORBICEMY B ENERRERDBERZWNET BOICLNNCEWN. BREZTIREFRAE UL, THEETOHELEE
DN, HEBREFBRNSHEFEZEE > THOTERSL. ZURBFUFVHEICEDILDCELEENERCT . ENRUT
NEUIEL, BEBICARZICR> TTFHYEMREORTER CEEANRERATOMBEEZED TERL, FTHEERPROLEIBIC
FOTITEE LR, BOTHIBULEEBEIC [WEI CHEBRICHEATVWELEWTERRHZUTRUL] &&KETDE HEM
BHELUTIW] &ESbhaEUz. ATERSOHOBRON—IVEUVT “STEBCERHABYN EVWSFXENSHBZDIEED,
[33133%] EMOLKBBIPFEES > EHATEHELU TCHENEHRODBEBY ZH CERFHZWERESIENTERUR.
ZORTRTEEOTNEDTITE RO TF v NANLEVATY . BEHRTBUROA 7  AXEEEEIXFIOBYICH > TH
WD 20 FIEDDBRIICHYE L) BEERBRHZEDL). SHICZORTEFICE> TNAR-—MNEZEFEEHE UL, H3
FEHOFRHIFICES EVWDTETUR, BREICRITHOTFHNIE. FHYUERRZOWESANFRELTINTNELEZ. BRI
IRTHET. REAFLREFBEEFERIINTT VNS MEEZETENRNVBNS, DFNRDSED TV EIFEZRFEAL
RIS EICRYE U,

—7 T ERRBICHERSMFUVAHGZURINERYETA. EREFECERECEREUTIRFI D EICURUE, KEOD
BRTOCOOHIKIIELOR 11 KTY . +7REHOFLVRYA—NZHBL. MREOXE. REOHIZFETCEFETO
ISR CHBLRESFFEOHRZZEA T, BABEN TEHIL/REFNOSBEFENTEUL, IHEAENTIERZHENVEFETCLR.
HFEREUN—N—RREZORREL LRI THRICEMMNN I 2TV 154 VBRICEFEZEEXRLT<NB LIS
BRUFEURE, O TVWBEICTLVRYI—ROERIIRY RVES>TNE, [INKRTRBYERA, AENFUFU, I—L2ya1sd
A VBREDBIY FROAYTRRAY —RRULWC EZRATAZR/BDENTERURL, HREYH FH—TEFICIT ENR—
MSBEVWTWRUZ, AEICBRHOTFHS T—H T RERKELEZF O THILICITOIEETUL. KEEFETOLYREER
BAL—RICHEH. FEBEYDTSA MTTRNMORHICROILDOENTERUR,

N=N—RREZBFYDRANY - O—HUEEICENV-OREHO 1 FITETCURL, HTHAEFH ETEEOL—DORYFTHE
ICRDOTHDIEICUELUE, $HEHITAE. hFvYENDIBETHZRET EBTVBILDOIHHNHCHOZLETTEEN "What
are you doing?" EEDTIRRINTI N, EYIUUTEZRET "l am waiting for subway." £ & X3 & "Oh, you are waiting for
subway." e —ERUTCEEIIRNTITE E Uz, AYOEFERE DIIDNIZORRICEEICEHNIEITFTY,

BH)N\—N\—RNRZORKBICEE, RAY—ZERURATRY EVTCHEZENVTWAED—L V1M BIRN AT Y X5 EN>T. CNHNBRAY—RRK
EOIFHETY . LEITRBNTIN Z28Td—L Y17 BEOTISEDNT [ERIOBRKRADO SSRERVERFOTVRVAL] EITBHITZE [£
CICESTWB Y I—Y ASANBBYRSIN] EHRERT. BREHNSHEBYTHR TRREMEZEE LIF. XY XY OERSBVOERREEFZER UL, V2
RUICAT EDI—VXSAIC [BRNET SEBTRALEANNN EEDNFEUR. RFVOFHEL TN D/ZDT. ROIAH TRZ N HLEBDRTIVICER
BZRBE. BREBDFSY I AN—LUNEENRNENT, EOFT KB VEREIZBRONT, HAFHICRBEO TCEBNRACREREIC—HUE U,

BHORRERB TR TEOT7E7 Y REPY SOV EERECORVBERIBENTEEURZ, YSIVELEIC [CORN—IZFRFOHRIOMFRE
ZHAULEZN EBENTBERCRIFANTINE U, N—/N—RRETOMARK TR, RAMVEMETHEECUE>TWEMHZHED EUTERKEIC
BONMIBNEZYJILOZETREZ UREY E—HZBHICH T EDRTI Y MY D.C. ICRUEURE. ETNSHE(PLNSYI) TN—IZFRENG DY v—
OvYENVICZOHORNICHEN TS FETURN. EZOHRBKEDOFHIN—HFTHENENT D.C. T—HL. BHHKETY v—OYYENVICBHULEUZ, Yv—OY
YENWICELS EY SOV EENRETETAACKTINTNRURL, 208, EENBETN—ARF1-ZHEL T<NEUIL, WBNWBRNHERNEFEND
YRUENHTE [T 7E7 Y EERATENATE—U VI TO—EFVTHRELE D ETBIFERBITER | EWSMOBRIC[Z7ET VIdo—V 70—
ZEUTVBHER] ERUVTERY SV VEEDEZANNEBHSEHRICEO>TNET, UDIRX V7 MNURHBT Y M UHICREDOEEN DS ERIENUTINT,
DY DO NEBREER. YSVVEEETORBRETRHEV CVWETATUL, TV MY D.C. OEENSRFIVETHNESY I —TREILIEEERD
A MNTZORY Y TV BEWNREYNG /2D T, BHATIFRBREVWRFNVRER>TWEDTUR, ECBMYIIVEEIC [D.C. THBISUTELRIF+IU
=il EEMN TWPBAFEY] EEZXBE [REREEONCKREDEHICHELLZDICEDEVVRNY] EEDN. #1HT “BNOTERYLE DAL “EXNDLH
RTUR. 85BAYSIVELEICE. D.C. BEBMERRHSRNDRIEREATNEE A,

BHEBLH, USIVEREICEY T4 VI UTEBVHREDSYZ VR UL, HFON—IZFRZCRI V-0 TO-HECEDISHROMRENEEL
TWEUIz, BICN—YZ7RZOYT CHICE. KEERLERERFTOARE (NRAO) hHY. £IICE0—U VI T7O-HECEDZSZHOMRENERELUTULEL
2o BEIRICHKOY v—OYYENRI—U VI TO—HEOA Y HENWIREME IO TUR, NIVNAFREOMREZFHHAUILEE, IWHEDIVIHEZL
ESEULTVBHEHAT B E. ENRIESEDHPOTUE DI, EE D THXDERZESNE UL, KRIZBEHLICEZOMENBZHAL C<NEU, fhlZ.
BEMY I 1V —YaYERVWET TO-FTEDTORULEN, HIEERINGHE THRZH > TRUMEOEZX ZROIEOTESORROHN LEEERT D
I3TY, oMU BRHEAUVCRETROIEEOHREZIH UL UL, ETRAVIIVEEDHRETURZ. NUVNAFREICEDNEEEZFLUT. BRHLLT
WBTEZFET & #h D [AUHEZRRZ 7 TO—F THETIEREERI LR, EONIEHER7ZTO—FOFMSHUNWERIIHZEOE] LEDNHE
SNEUL, RERIAVIY U REDSRZRCEZOEA TV EBSYICHRZED D L. NNUNAFEEOR /27 TO—F TREZFESNTVEHLRBERIR
DHU. EOBRZETICHRIHIZL LIFRENTEEURL. RERIC—AULEY 7 MVTIE. YBENEOY 7 MVBRI V—XZRUHEU, KADRET
EOBNEEVWEBRGEROHNRBEICIRS > 7 NV OBBEVEORREDOEUSICE. SF OFOERREHZR TLBIHOIIRBREZSFERAE UL, 0%
Uik, N —ZXOBHTREICRDFDODNIEBOEEADN—RF1—N Z)V—AOREICEENTWEEZRDIEEECRENRSNTNWTEREZC R E
TY,

BEEEEHR. NIFBLEMARICBEUEULEN, IVAVRZICBEULAVII Y EENSBEIEMBRRARNIHRZEE U TIV A THIF B TR Z R
RUTEBNEUIE, RBUTERAUVTEDAIENEDIHDNVERAN, ORIV AV ZRATESZORDBENFESBRO>TVWEDRES S ERS T ENRL
HYFEY, UDld. COEMBERTOYS LORIFANHRED 1 ATHB CIA DT VN1 F—BRIE, BRIV HAVREZOZELSEEDTY ., WAITAY
DRARGZERATNED, BIFEEREDETAVINAF—BEFv Y NATROTWENEUNERA. UNU. —ATREDL SRHFE_EOHBZRBIRILET
TWRMIEMEULNEEA.

[EERTEER] 005 LIk, BREEDHICRYEVWEVWSBNAOHEHEORNCHEZEEIRILRERXAZOREEVDIIDEFNY —LELT, ¥4
LU—DOBEHICREZRELUTNEUE, RERKREFEU T, AT0OY5 LORBRHEATHDHAZMRERIC 2 FHITED SEBICRHVEULET,
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Tohoku University Astronomical Institute
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(£) 2013 % 2 ATFAIC CIA ZRiB UERICBFESNEN—N—RISATDOF 1 F7—0
F39 . BERENDAIAKEOQRR, XV wIEE. T4 20N, F—FKE. THEE.
AIAKE, FHSA. OV—XSA. BEE. RS, 7M1 BV 15 14 V5%E. RIFSAL
ZOHEE. REBSATY,

() 2012 F 2 AICAIAKEELZOBHBFSAOOL—XSA. IVVSAZERD
FREROTTECWSHES S RRABICCHRFUCHOSRFORARTY. 2705
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#13 2012 2 AND 1 £/, Space Telescope Science Institute (STScl) DY—/L Y b - Y4 U XF—1ELDE & THIFE
Z1TD [FRETUEL BRECSNSFEENEMENDE. STScl ICHRET ZPURIICHEERANTERCEZHMY. ENTHERMIC
FEEEEROENDTY, BIBELT 6 EHTFRICEENBH OEDIC. RAECDIAIVITTEBSVNETH ! & EUER
BICT CKEEEUR, HICHICBENKRELR>TWKEZARICEUT 2 AIC STScl A RILBFE U, HElL 9 ABEOFERED
ZOT. 1 ENITHREZRSERHETULN, FE-TENZERSE T, ZhiceXxaEEbE ¥ 8 ARICKREU THEICIL
BESF 1 EDICHRHFEURE, ZUTTHREBRRMAERICITESAHFELURE. REERZBODTY. 7 ARICREANT—FE/R
TRHMXNERUTC, HEZZEZVCREITSZCENTEEUE, EUTESIC 8 ARICEXMEENZE UL, FECHELELE
5AREICRY. STScl hDN\—/N\—RISHFHEE LU THUVHEZRDDIN. ENEEHFRICE > TFECET INTFNRAMNHE
UTee BHEIL CULVERERERIEZE U & STScl THEMEULTWLVEFTEY R - U—R)V NEHBELTEEROTEE UTEE
ICR3 &, ZOMSESELRT EZREEECTILESESE CAHRLU T, EOBERERIICNTERDY, LROFELURE. TORDEE
RIGEEREIR 758 3 BICH D EHYT. BILBICHEMBERZ/ NN Y YFUEUR,
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ST, LEOHNIF 2014 F 2 AKREE. RFEHNSH O TEEEBLUCWETA. CORNIENREREDOENS 10 FL L
ICHIE> TRYED TERLERT —Y ERRITDNETY, TIND. CORMXEARY DEARICT—FEE2TARLRITNIER
UEBA. BF 10 ELLEERZRIIZLENGZD? ERINEULNETA, AHICEDT 10 ERRVTIN, BICESTR
10 FRBAD—RETY, UNU. RICEDORIEERFZO—ROBEIC, SHESEREELRCUTRHATINKOTY,, ZDFEIC
EDOENZEESZABREOHIC 10 FLULEOMBRZRIITNET, BN < 10 FELUEENITRYLEDHTERT—YTIND, &
HEMMENCETENEIL, RNZSDICHABEE LT THSENS ERARICRBUED EZEZA TS, HBATERERTBLUT
WRLDTY, UDIIEOCOERIF—5ZE>T. BUBRIAT—ARNSUF7TE—y— - Uy MELEEBICHRZITVE L. &
IIEBMARRERXICREDTHY., BRUDDHYET, BFEFEHRXZXEDHDOHYET, BIC. RRAFZOHAEHARES
COF—FZEEOTHRZET. RREHIICEEDDDHYET, CNODRIMNEEE OB T, %KIC STScl TERSBIZH
XEEBIC, IRTZRARFICHEBUTHRBRRERRULZNEEITNET,

REIC, 2012 F 8 ARICEFNIERBEE 1 RECRY., BHEEROLSICENFZDOITNET (KDFRALIFERS ). B
ERZEFERTHESHREETRILBDRIREVDNEUNEEAD, BORREZZFITRONEIEREDALEICE>TNSIE
AEBERCEICHEVRLS, WRIEETEKERBUTCHEEA. FEM STScl [CHELTIY—ALVY b - XA AF—ELOELET
WRZTV. BZEFMORA RS ORERE CHERULERIE. RERNZELCHRT D LTRERICI>TVET . ENMEET
BEENBEICRRBRSEMCBERCCLZSABFRRMEYZATICLUTNEY, CNTHEMERIIRDYIRIN, LWoHR. 5
BRIRFEICROFEINE —HEIC (BEIBEE [HR] BNOKEZH>T) BAOKRZICRAFBELTHIZWVR, ERDTVEY
(SBIEBEI—A FERBOFHRUNG, BRATRSIGHIDTS ),

(AT70O55 LICEET 38X - HRE]

Ita et al., “ NIR variable star survey in the Small Magellanic Cloud” , to be submitted to MNRAS

Ita et al., “ Infrared light variations of optically identified long period red giants in the SMC” , in preparation

Takayama et al., “Using broad band photometry to test models for Long Secondary Periods in red giants” in preparation

Angeloni et al., "The VVV Templates Project Towards an Automated Classification of VVV Light Curves", to be submitted
to A&A
Matsunaga et al., in preparation
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ERNERT OIS LICHII3I07— Y& HROFRMNEHE [HHV] OF—yZHLIC [FHOYAMIK] 23058
DTUIL, ALHE+FHOMREEY., W30, EE55FHMONMNDHEBEHEROTITH. COEMFERTHEZT HH
ZVREDIEORBRRERRE 2IEEBUTNET, FIMEHEICKDRFMARIR. 1983 F4T5 LIFOFRMERHEE IRAS LUE,
COBE, 1S0, Spitzer, Herschel, ... &, BCRDEFICIEFREVEL, BFICIKBIIBHETRELUTCEE UL, UM, HEOFBHG
FRAVEEEIL (1995 FICHRNEERE IRTS HMHERY O THIZKZ B ZHEICRASNRULD) 2006 FO [HHY] OITEE
IFOIHTTUR. HEROFRNMEBRISELERERRESEICTIMDEIESABBIERNEY, [HHV] [CH< BARDRNEE
Bl BEMREHHUE IR THENEDSNTLBIRRTY,

Z A%, BERNTEER T Harvard-Smithsonian Center for Astrophysics (CfA) ICHTEU. T4 VI N\A F—1EL EEBICHIFE
ITREBEQHIZNEREEEUL, BERINETTE>ELERRFHOI AMIRKZESEAYN—DOEYT, HEMNIC
EERMRETT, FHOY A MIREVICE > TRIFOBRETIIHY EUR. RN, REOERIZERON N S HIE R
KT, LWOMEREBREEHEAOF—LEERZEYDD, WITUTTAVINAF— LB ERNITBZIETLUEDT. ERES
FESLTEWOIKVEULEBDICRD>TUENFEURE, AN RY NT—ITORMNO>TWBIRELRNA. HEOGEHKE
FAUNRBEND XY NT—TBUICIRIET ZMEOES V. HROBEEZPCKRHOBNTAT Y 1—IVBYICEFRNIER
E.WBNBEEFEHBHYEURZ, UNU. 2006 EO2 B0 [HHV] TS5 EITHAERVNEQYTUEN, BEREROXTY
CRHHZEDETEEOB —RENI V7 TEILRUTY, [HHNVY] BRNMNEEREROT—FRBETLEEYDE 1,2, C
NETOBRFEBICHAU TR, HEARXZLSPHEBETOEBRESRETHEEZ T IHRIE/EUE B, [FHOY A MIK] 7
O NERIEZCNOSHFUNERBICAVETN, T4V INAF—BEEBEMNTEIET. SUHBEULTWELVEER
ER [FEREZEORN] FHOMRERBRFICADTE FUR, HVVERICRERIEREHE TS D EHHELTNET,

—7 T B2 KDON—N—RFETI DT, FROFNGFHEISTENEDZCCRAITERNUED EVWDIKRFS CHEHEZR
CUL&EURZ. FHOLWESZERETHANTZ L. BEVESOFRALZII TRIRBRRENDE OFRAETRIBREN [RA
Tl UEWET, TOUE [RAT] UESEEDZEZEBALERTBICIE. RIRKREOUHEZEREIT D ENDEICRVET,
ZIRSITHRICHRDN—N—RKRET, FHICHITZIRIRTFORRENFMBLTHY., NERE, FHRRERMR, FAOH
RELBRXRER/DCENTE. ZCTOERIE [FAMIK] LAD [HHY] OF—FBFICERITRICENTERUE 4],

ETBT N—N—FCRERSEHHSHEECRZRENELZDTHY. PAUDART TREFREORANTEZIE
BNEQUEDEORERVNET, FIAK. BE. BE. 1V RRETFITORROMAEELFEET BHINHYELEN 5
HIFRFICRAHSOWEE. FTEFUORADNICKSATERONEHRNTUR, FUO7FAVHRICZEBRNGEREEE
THB7IVIYERFZIZUDIE SADOHRNRERBENHY TN, BAFUIR. BE. HRORXE - FEYEZICEOTE
BN ZEHBEEE>THERETRBNWERNET, E3UeHh. SEHAMYEDIEFU AOHRICHARICREIRE FOMEEXREF
PMNEUT, BEFIWEEHAANETEZT D ETSHICHANDERNRED/2LDT ((FvTFFUHE] » [RSIVR-V] &
EQT7ZANBIFEY. HEAR, RTRAAOBIARE), BUNWCECHSRREAATHREOBZRLIE IS AIUTNE
¥, RYIE. BRESHAEROEHRZHAICETI LI T [EHRER] CHFATEVLDRESIN EPUBATNEUE, U
MU, BEPHAOERZMFICEA. ENNRELCEBANSHAICKTESSIE>MMFERD, ENBEEHNIE+TTIC [HEMEK
BER] THY. HRICEDTHMRICE > TEHBICEROHZTOAI I MROEBRESTRBRUTNEY, HRILORFRT
B, RRHNICIIESOABPEEROREEERUE UL, PAUNREAEZEOET. BBEUNTTSAR—rODEHIEH
FURL, EVWIFEBERKHEHEET, UNU. REICE—RBICREICTIZEEZNTI UL R—L - N=FACHFENZZEH
HBYEY, SHADARIIKRBTERUVELEN RIENNBZET, WBWBRAEDDRBUNKIYERDIELIICERUET,

RRIC, WRTHENMRRUZOSE, EEBETHRDILEZZEAZRBERL, POEBREBNTELEITERENWSHES
BUWRRTURED, @ENITHETRNEUZ. XATKNERKRZRZUD, Z<SADRABDH RICEHUIENERNET,

[AT70O55 LICEET B8 - HRE]

[1] Doi et al., "AKARI Far-Infrared All-Sky Survey Maps", in preparation.

[2] Ootsubo et al., "Far-Infrared Zodiacal Emission Observed with AKARI", in preparation.

[3] Ootsubo et al., "Galactic foreground dust emission based on the AKARI far-infrared all sky diffuse map", CMB2013 -
International Conference on Cosmic Microwave Background, June 10-14, 2013, Okinawa, Japan

[4] Ootsubo et al., "AKARI Near-infrared Spectroscopic Survey for CO2 in 18 Comets", ApJ, 752, id. 15, (2012).
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RAFAE [ O—/NV COEl EWSRIDTOY T MCETZHBETRICRZICHET ZCEICROZDTI N, ZDOBRICTENTE
BIOJSLDAYN—EUVTEENMNITVEREE, BRUICEBATORROF v AZEZTVWEREEEURZ, “1EENDST
ETURED, #BREED 1 FERTERILICRY., BRHTHENEHERZICED D128 & BAIEN Harvard-Smithsonian Center
for Astrophysics (CfA) ZFiNBEMTEEURE, COEDICHBEE 2 FIChi>TIOTOY TV MCEDHETLVEREE, K
ZRHUTHBYET,

RABBEO7A By 154 VERBBANTHR TREZRRTTTY, HICHRADENSNUA D FERE &L SRFEIIR/N
F—VEFRRURLI LR, FHRICAEQEEBZEZAE UL, CORBZHRAYT S E TFHOERNIVBECEHN. LWTRRF
HOY = TRV F—OUEZRATBZFINERDCENTERY,, FERBIAO—VFIFWAHA Y —~A (SDSS) &1VD
FHOFAMEZEDRERRFAFHEOY -5 —TEHY. JUBEICNUA YV EBRFOBRZTOCNEY, —HRRSEIC
TFEDOA V7V —r 3y EWIRERZHANRTTENSRILS EREHBRART -V EUVTERURL, &XICFEHYI/O
RERBE (CMB) &S, FHICHSLEBHRICEKRZF>TV=OTI N, YIHFHOBERIE CMB IZIF TR, FHOKRRK
BECHENDIDIBEHAODHEOUNZICEE D TNDEEZONTNEY, COEKBEROEEN BN, 7AEYY151Y
BREHAMRTE R EICRBENDTET. CMB LA FHOKRREEEOHRICA > TN CEICRDE U, COTOPT
O N TOMDOHRT—VIE RAZOEEESEQOERDITENODOIV] TY, UNUBRMNSED E. CORRIPRHNRHED L
SICRWNE. HHZEEU CTHZBMANEBITIDCEICRY KU, CNHDEDEHDEUHZED VEBYRNERNET,

THFHEOECETE > TE. FHORENSH IO THEREEEAEAZRILUTNESRT, IWOEKIIE Y I\ ORIICH >
EEBZBNTWBFHODA Y IV —r 3V EWIRKTI ENCEFHMNRELT 1 BICIBIHNICHLERVWEROTESETY,
UNUBREOFHICIEEVWIHFHORRAE D TNT, WSOMARBZHFENRBYET, —BRRNRDIE CMB OHOFNRRE
WEEEFANBETY . CNFEYINIHD 38 TERICHEZEHIKR T, FSATVRELZ > EOFHORETIHND, 4
DEBRZENSATEOTNBDIFTY, EEFIBROESY. BADDHDESDECHNCEBBEHRN =< SAHYFET, TDOCMBD
WDEEVRADHOESDED. ELICERFHENODAVIE. 12TV —Y IV DEFEFEECHIDDOTNEY, CMBDIFESH
BEEZRTNBIED, HRARHASHNVERNLKEO>TNEY, —HTRADHOIEDIE. BNHFLLOTIN, FFRNICRTZ
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Galaxies collide with one another. We see proof of this both in nearby objects and also in very distant galaxies
as we look back into the past universe. Perhaps half of all galaxies have undergone a collision at some time.
My group has been studying what happens to galaxies when they collide. There are three primary effects: (1)
Interactions stimulate star formation, often in bursts of activity that are presumed to power the high infrared
luminosities typically seen in such systems. (2) They influence the subsequent evolution of galaxies and their
morphologies. Numerical simulations of interactions show there can be a variety of morphological distortions
as well as variable amounts of star formation. The simulations demonstrate the complexity of the problem. (3)
Merger-driven gas can flow into the central regions and feed matter in to the central supermassive black hole,
and make it brighter.

1 have been using infrared images to study these systems, working together with my previous students and
postdocs, Lauranne Lanz and Mireya Etxaluze-Azkonaga, as well as some new students Sarah Willis and Chao-
Ling Hung. There are some controversies and questions to resolve. What happens to the black hole nucleus?
Some astronomers argue that mergers do not make much difference, or at least they say that the evidence is
weak and maybe what happens to the nucleus depends on the details of the collision, for example, the kinds of
galaxies involved, or how directly they approach each other. Another question: What kinds of stars are made
in the merger process? Is it the same range of stellar masses as occurs in normal star forming regions, or
perhaps a different kind of distribution?

In order to answer these programs, our program uses infrared images of colliding galaxies. We have examined
the “spectral energy distribution (SED)” - the amount of light at wavelengths across the spectrum from
ultraviolet (UV) to the infrared (IR): the UV reveals how many very massive hot young stars are present, while
the IR tells us how much dust is present and thus indirectly measures the other stars, because the dust is
heated up by all the radiation from stars that is absorbed and cannot be seen directly. Analysis of the shape
of the SED can tell us the star formation rate, the amounts and temperatures of the dust, the total numbers of
stars, and also hint at the presence of active black holes. To test these ideas, we have run a set of computer
simulations of interacting galaxies, and then measured the SEDs of them to test our assumptions. The work
is still ongoing, but so far we have found that the star formation rate increases dramatically as the galaxies
collide, and that the kind of star formation underway appears to be similar to normal kinds -- there is just more
of it.

Our collaboration with students and faculty of the University of Tohoku in the Brain Circulation Program has
been an important part of making this work successful. We have had the chance to visit the beautiful city of
Sendai, and to host here in Cambridge excellent Tohoku students working towards their Ph.D. degrees. We
have also been working on new astronomy space telescopes to extend our research to the next generation
The WISH (Wide-field Imaging Survey for High Redshifts) satellite project led by Prof. Toru Yamada will
discover the very first stars and galaxies in the universe after the big bang! We are very happy with our past
work together, and excited about the amazing prospects for future discoveries!
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Harvard-Smithsonian Center for Astrophysics (CfA)

Dr. Howard Smith

My group maps the distribution of galaxies in the Universe using data from the Sloan Digital Sky Survey. With

these maps, we detect the long-lasting imprint of sound waves that propagated in the first million years after the
Big Bang. Because of these sound waves, pairs of galaxies are more likely to be separated by 450 million light-
years than by 300 or 600 million light-years. We have used this fossil imprint to measure the cosmic distance
scale to an unprecedented accuracy of 1% and thereby to test the nature of dark energy. My collaboration with
Tohoku University through the Brain Circulation program has focused on additional tests of the theory of galaxy
clustering, aiming to explore whether a class of subtle additional signatures might be present in the data. If

present, we hope to use the additional clustering information as a constraint on how galaxies trace the cosmic web.
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Harvard-Smithsonian Center for Qstrop_hysics (Cf_A)
Dr. Daniel Eisenstein

Masaki settled in at Mount Stromlo Observatory remarkably quickly due to his portable laptop computer and the local
internet facilities. His supervisors from Japan, Professors Ita and Saio, also took the opportunity to visit him. A major
benefit for Masaki has been the opportunity to improve his English skills. 1 hope this has given him a chance to experience
a completely different culture and research environment. A pity he doesn't like the local version of sushi!

Z bOLsOWXYa
Mount Stromlo Observatory (MSQO)

Dr. Peter R Wood

Researchers at Tohoku University, the University of Tokyo, and Harvard University are collaborating to produce
the most accurate maps of interstellar dust ever made. You may ask, "what is dust?" The space between
the stars in our galaxy is mostly empty, but contains small amounts of gas and dust. This dust consists of
tiny pieces of graphite and silicate, and these dust grains absorb starlight and emit longer-wavelength light
called far infra-red. Dust is important to astronomers because the absorption interferes with many kinds of
astronomical measurements and astronomers must use a dust map to correct their observations. We use data
from the Japanese satellite, AKARI, as well as European and American satellites, to make a full sky map of the
amount of dust and its temperature. By combining data from many satellites, we obtain a map that is more
precise, more sensitive, and better resolution (sharper image) than any of the satellites alone could provide.

A wonderful aspect of astronomy is that the sky is there for everyone to see. Nobody can own the sky. In a
similar spirit, astronomers generally share their data with each other, and when they create a useful tool such
as a dust map, make it available to everyone at no cost. By working together, we can advance our
understanding of the universe, and share what we learn with anyone who is interested. We at Harvard have
enjoyed working with our Japanese colleagues, and hope to have many more interactions in the future!
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Harvard-Smithsonian Center for Astrophysics (CfA)

Dr. Douglas Finkbeiner
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