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Harvard-Smithsonian Center for Astrophysics (CfA)
Participation in the Tohoku Brain Circulation Program

I'am Head, Infrared Group, in the Optical and Infrared Astronomy Division of the CfA.
Our group contains about 20 members, including astronomers, graduate students, and
administrators.  Our research, using both imaging and spectroscopic observations on
ground-based and space telescopes, covers a wide variety of topics, including the study
of the formation and evolution of galaxies in both the nearby and very early universe,
understanding the origin and the nature of energy sources in active galactic nuclei, the
study of star formation and evolution in our galaxy and nearby galaxies, and observations
of the properties and sizes of near earth objects. Iam also Principal In vestigator of the
Infrared Array Camera (IRAC) on the Spitzer Space Telescope. Spitzer is the fourth
and final space telescope in NASA’s Great Observatory Series. It was launched in
August, 2003, and continues to produce exciting new views of the universe at infrared

wavelengths. Our Infrared Group makes extensive use of Spitzer observations.
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My group focus on studying galaxies at z=2~3. This is the epoch when star formation rate "CE’ ')
reached the peak value in the history of our universe. Most present-day gigantic galaxies ,._,/
started to form with extremely intensive star formation. Our group collect large samples of
galaxies with multi-wavelength data to study properties of this type of galaxies.

What triggers such an intensive star formation? There is venue a new type of galaxies in
this redshift range with very extended emission line nabula.  Our study shows that the
central galaxy in the nabula may undergo very intensive activity. Our group now work with o
astronomers in Tohoku University to obtain a very large sample of emission line nabula to
unveil the physics that makes such a large nabula shining.
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I am an Astrophysicist at the Harvard-Smithsonian Center for Astrophysics.

My job is to serve as the Mission Operations and Data Analysis lead for the Infrared Array
Camera on Spitzer. Actually, you could say that I have two jobs.  On the one hand, I'm
one of the people responsible for any issues related to our camera’s safety and performance.
Fortunately, the camera has been very healthy ever since Spitzer's launch back in 2003!
So I spend much of my time working on science projects — my 'other' job.

I'm interested in nearby galaxies, in distant galaxies, and in how stars are formed in them.
I've been very fortunate to work on my favorite science interests with Spitzer. But the
most rewarding part of my job is advising the very insightful students that I've worked with

during my time here at the Center for Astrophysics.
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Many of the most luminous galaxies in the universe - the brightest ones, with over a hundred times the emission
of our own Milky Way galaxy - are powered by bursts of star formation or accretion onto massive black holes. The

ultraviolet light generated by these processes is often absorbed by dust grains that then re-radiate it at infrared

wavelengths, where the galaxies shine most strongly.  Collisions between galaxies can trigger the events. My
group has just completed a series of papers on the full spectral behavior of colliding galaxies in the local universe
(closer than a few hundred million light-years) using new datasets from far-infrared sensing spacecraft like Herschel
and Spitzer, to ultraviolet sensing missions like GALEX and Swift. We are able to analyze the radiation to infer
the mass of stars in the galaxies, the rates of star formation, the dust masses and temperatures, the stages of the
interactions, and many other properties. We also perform complex computer simulations of galaxy collisions and
their emission, and compare the models with the observations to refine the models and extract even more physical
insights. ~ Our results will be very important in the analysis of distant galaxies whose sizes are too
small to identify collisions, and for which all we have is the spectral energy distribution.

Distant galaxies are the primary goal of the proposed Japanese WISH mission. Indeed, WISH will
find the very first galaxies in the universe! WISH, with its proven technology and simple, clean
design, is one of our primary interests for the next decade. 'We expect that the results of our recent
research on modeling nearby interacting galaxies will assist the WISH team in telling the story of
how galaxies in the early universe formed, and then how they evolved. Our Milky Way galaxy has a
still-unknown and mysterious history that traces back to its ancestral galaxies in the young cosmos.
We hope that our new and ongoing research, together with a successful WISH mission, will allow
us to reveal and understand this history, and with it the cosmic context for formation of life on
Earth.

N—N—F-ZAIV=7 KK Y—
Harvard-Smithsonian Center
for Astrophysics(CfA)

OB AN

Dr. Howard A. Smith

REICEY KTEND 5 OFRIMRERIC LS ERME DMK TEE. B
BRT7OJZLREA4ICEVTIREMREDOLEEE COT 7 & WISH EHE
CIAF—LDibEFETo>TNS. YTFa—tv Vg,

Vol.4 2013 Summer



- 3 ’ ' \,
e L FaHlE
++ ] Ehlj:'L\'U . BLY 137 @R
']
’

»BH—sah5
. k> ESONTOET

FHBEOKRESD
g7/ // FHEB Tl

B2 Kh @< & TIC

ll_‘;\f'?‘ C:.IQ ® il ROROLERED FEIC5OWSHIERN S

S NTIIOD | — 4~ 4 rhUETHS  ELERZEVLH LR

CALDMAT ST FBHEIC
DI ENERT DED D
Bt %
COWIRTZIW->TWLS
EWDZELLRKRVET

HACKRT: Kb
AR RSCA K

S i BEHBTOSDIE

R0 mens

100 REFFLEED

N Z f;ifi;tiﬂ _ = - R 5 T

-

- AGER SO N

= - : : *OEIEEN

— = .___ \i \ _: = __._. _':-' ._ & - ! —\é‘b_(’ﬁ%bdia t L/_(L\éﬁé
Rﬁi’ﬁyg | == kA N : B\ N5 L TEBATT
® ——— Eﬁ(,\f:g_(‘_: A y :

6 EEbEEs



ERAFHICSWLT - #EBAN DS
A ED XS ITIRIET , [TIE5E=E] ClROHNI:
EDLESICHEL TLShEHU-L] o] St @ig %
e CDFT—X % : HHo-T&x L
PAYR 2TV TICHD
Center for Astronomy (CfA)
EVLOSIBPRTHETES LIS
TUELL:

LT
FLHTAYAICRNBELT
BHia<

[Spitzer FHL=FE] T
wmI iz

B UsalD
HREEOFINET —5D
ATHEEHHS D CIAIC
EHLNTEI-ATY

Al AR T

BRIz D

KEBRELDT
FELBDE ETHBL DS

HRELTLS - _ 9145 &Spitzer | || =i

, 120 BEAIDFHER TCHDE
e 2
P “‘ | oF
[ < ._ 3. | €

€L
[C CICiEBROLERD

Bt [Co<HbLE55]

; n BAERSERD SE3EUE WolEWWBEB5 1] &
\ . ' ; K] & [RE] O AU 2 OB OSRSH FHELTW:
\ A : . T MASDHY ! [ TUFICIE

KBOMUFLIZ

AROFIH B> Ok U

58I DR
B i WED>T=ATT

EDHATLSD %
FAT St !

ETHBEIE e
L E TORRT - ChETRIB TGN 1 Hamlro
che P BOORANTIEL LUk [120 IO ORI BER LIRSS
s SR 1= (3 EOUSLOERUELS ESLTIARICED ?
FUDINIZHET [BAIEEAEABAIL] r -
E5AESE (B4 A& ABIIL) L s ;
ﬁﬂg%r%g%iw AN = AHHEE> TOS T BEBE Tl
wRSl- < BNEFULHE A . aHHRE> TL LiRHT ‘
pnEEEns B> T E TREMDA = 1 | UK IR A B N
N = ) e A\ —~ A\ [
LD LSl b CER L FS o SaRaD ALl BEELTOUZON?
B (5] % D U713 ‘ INY T FEHLEED LEEATLS
FUBELTOINE EZIDOHhEULNhEh? SR =B DPH 5 S i R T
FHER o [120 {BEFEaIDIR ORI ES5H? DERLWLKDN?
S hopcannad BB KIS % '
FFICRUELTES S £

TEHLEHOCLiFNE
mHE0

HELHLES
ChE TOMRERTIX
B&EDES LH
BTClhhoi1z
EVLDTJREMD ' HBHAL »
HmOHhEWHZEZND
FHATIEATY

SRAICIXBMEN B Y
SFEIFEL REB] ICAD
&A OME M DR A&
st IZHANGT TN
BORICDOEHL BN
HHTY

WRPO#EELRI=-C DL

T U W iRRam iR 0=
EBLELIELTLBDENHS
FAIKUYUTH>TLLKDIF
H-URITY !

S.G. Diorgovski et. al. & Digital Media Center, Caltech ZJ5tIC{ERE

§§H§7?§£§ Vol.4 2013 Summer




L2
Great =& BHAS->TULS
| ALY ED
KEN ! HEICOOTIE
HUITAIN_ZTIC .
LOBPIROD o Fazio
RABUS | Gioval
I ICRE A DD
2 IHED B BT |
] ‘ HLOLEA%E
SRR LTLBL
#®bh->TH ChETORIi%
BhLTHiRE FEHT
HEHTOS | SEDOHRAET
; FRLTHES |
/ ‘IDn.Hashengliuang
: ‘. Bt

WR&I1C0IF T
65 EHAET
AOWAERST  gumEC
FLBVELES | mmpieho
B> TE1-UT B0
ZLWHH
BEDITS £
T5L510h 1

(E!
HUNED
SSLET -

. 7_ ..
Btz 1

§EH&?7§£§

BT — 5 & R L T
tZho N _
SRS DAL & A EN D
R DRI

chhHRET D
202747

r:mfgaug;:‘
BATHRTOSIEA
BRAICERTWS]- li '

2T =——
RED DD | =

— T
TEOKIEN
~Ca3i39!8

RILAZED B
HRICRUE L 1=
COBBEODT
ERBHED
CTEBAIEB5D |

¥

FEFI-ELL!
faIBICHB/NhT
2DD>TC

WE -




SE R IR

-— ‘yramotionof moderp,

fﬁpﬁhjlﬁfhﬁﬂmn%%
A—Z bS5 TABDBZELED [#]

HFAREBZBNCEHBIREL. HREDHF CHRZELEETIERNMAREEET CHEZXIET S [HENERZMNET 2EFH
REHBEHENRET OIS L], IWVEBRIARERFHREMERUE" N\—N\—RRKXEZZE U KERFEHEE & OEERELIC
FBDFHFERREYESFORKA” & COTOIZLO—DE UTERK 23 FEICHKRSNE UL, HAlE. 7 AU DOWRFEHEETH
% Harvard-Smithsonian Center for Astrophysics (CfA) & Space Telescope Science Institute (STScl) @ 2 hErDEFHEE
DOZALBARFEE T U, UNU. FK 24 EKICIAEDO OIS LTEBIFS 4 DOFEORNDOEDTHD [EDEILORIK
EFSOREH] 2R DOEFIREMREZ. RIBNDORFREOBIUBICN N VY YFTRZEICRVEURL, ZOREOFEMIE.
CO. ENERIO/SLZ1—AVY—E 3B 14HICHEUKEWTHYEITDT. BECELHBCETS, BIUEDIRELRE
EZBICHI=DT. CIA £ STScl ICEBDONBC ERKHRPATREFE I ERDNBHAZERED. EVWDIERGHTHIU. K. BRES.
ZUTHIFHEEREESIEFROD 4 ATHARFOBEERFZEN N DIHEREZ FRIRICOE TR ZERE UL, EDHFDUEDIC
Peter Wood BN NS A—ZA NS UFZOIY TN - ANOLORYXE (EBE) MELUE UL, BRRIC. BILEOFEEZEBEULT
TRBFEZ Wood FEEDTTICROFEDM. FhE 24 FHFKDETUR. Wood ZEICEBEZFHIBELUTRITANHAEE ER>TLVEEL
EERITZURECA, ICICREBEZUTCVWWEEEEUR,

EFNHOERBEERTOJS LAZRY FEHDTNIEMREAZICHDLOIBRTIFETEEENVEHU. AEOHZDIAIDTELKER
NREOHOENEENDBHZRITRYELUZ, SIUEIR. FH25F 1 BHEANSREEA—A NS U 7 TOWEEEZRB L. BHEIC
EOTWET, HAETOTOSS LG, FTEESHODBONDEET D CICENMND >Efesd. EOEFEICRO>TWNET, 47—
AN U7 OHEKEEEFENTNDDIC. BHAUVNWREBDNLEAEBOENBDEBNFEITHA. SEHLESL, ZORDYRERET
OO S L&ld. "Promotion of modern astrophysics collaborating with Havard-Smithsonian Center for Astrophysics and
Space Telescope Science Institute" HD "Promotion of modern astrophysics collaborating with Havard-Smithsonian Center
for Astrophysics, Space Telescope Science Institute and Mount Stromlo Observatory" [CCDEYUYZEEUTWLET,
WEOTOISLOOTB LRI EF—ARNSUTZHEINDIELDICRODECECBRIZTDABNSEDURDIMNERNET,
5&D2EHRICENVNLDICEUBNDDIE. E2EXDEBNTT,

2 bOLsOlxysa

Mount Stromlo Observatory (MSO)

=AU OEEF v ORSHERICAET D, 1924 F£3
BV INWAKBRIEEWDHAITERSNL, 1957 FICH—
ANZUZEURZOHBEERY, RXEORMARED [A O
LOWRXE] b Nnic. ENV Y AMREZRIET D [MACHO
TOvzo M ICAVWSNEE B0 A Y FERFRENFRIZ DN,
2003 F£ 1 AOWAEIC K YETHIFTORLS BOMRERMNEBE, BEKX
EEMEOMIC. ABRUERERO—BZREL—RAITOX
XEEIF—ZRASREF Y IURSHRICLCHULENTIS,

FvoNTERRDOEEE+ 1 B, EHETY—1 LPEAESN+ 2BRICEDD, £ 1 ~ 2 BORKRIETFR 8 &
LS EPRWVIFDL I I =23 > &AL LATNS, EleF v ONTIFER IS EEDLOERR (IR 35 )
ZEFRICH O CEREDBSICAEL. FHPBARERFETHD. TDIDIAD Y JAR AR T—PFETED.,

F—ANTUFPDIFEAEDHEIZ—FZBL TEZRL TS, TOHDEZIFILNEDIE
ATV FYINTOEOTURIF 40 EZBABAPE L BRVDHIELLEZRDED ST TH
RCIFAARD 25 ERTEICHEE T 2, —ALBIIKK[RTETTHPREPHRRTURIEE SITH7z0N,

£ DI EERICEAE N
R SRR

A—=ZARSUFPZEEARHY AN —, HEHIFESEISEBRFICHI A
W—OAZAMNHY, A—=N=[CIE& [NW—I—h~] BLEXSENTIB,
ENBEEDORT. BEHF v RS TEHNSH km BEND & E ZIXFEE.
AVHAN—OHBREFLI I—PAREONRERELSHER LTINS,
RICEHBZIRITIEFEIYEARDNLEROL D CEFREZHLELTL
B, TOREHIMEBIIABICH T ZERONELS . BWESIZDRAEIC
AVHBW—H1 ENSTEEBLLIR,

o [E] 2AMOLOWLRZBIIAZHNZLOE EICHD, ZIIIA> -
| 7=EOEFEDHTHY . BAROBHAD=2EZ A TR ICHI DT,
; ZOBEEYHDRLVERICT Y ZRANISKED > A —Ich<Db LT,
| [E] BRSBTS THHF v AT OIS, IFOELFHLNTL
L APRNTHREBLEBLTVDEDPZN, EEWATRED LD REPD
| BIEERDERDBNOEATHY . BEYOZREDN RTINS,
o [A] BHTIINRBLZEDPIFD. LIFLIEH DT DR 30cm
EBAD NOT. BIEPRTAVTHD, EeA—AMZUFTErAOT
A NWERNZ) T B, TOWRIHEBOTREDS L S AEBIRR,

¥ CREEDPPSHICRAZS>THH?

HAOBOZEICRABEEDN DI —ANSUTHDERZCENTES, HAORDERE
EUTHERBA VA VERZEOENESBICENE [US4L] A, ZOBNETBICHNE [RF))
£2] BEELUTNS, CHRRFVEIZN/U AL LYIBICHELTNBHNDE, —HF—2
NSUZTAHUAVERRED CB-EDEOLOZEICEEATRINERERN, T3ESEIFL
UIDOHBICRHBELTVBRFVEIZADES NS &Y HEDEN
ECAICHMBUTRAS, &BICEANCEIC, FUFVEORSZY
CRHBELTNBRFVEYE, ARNDRF VA VEQERICESC
ENRTEBN, F—ANSUZTREFICKEUTCEZS, DEYEA
NS REEOZEOEERA—Z NS U 7OIOEICF LA I LTESN
REUVTENZORE, SO ERARAICES> TAESYRERELED,
TRODBA—A NS U7 TRABRIZYOABICRA. ZOMER [4
MBEA] BEHUTTL LSCRAZ0E, BUBARICERNSF—2
NSUZOEORFERTHENSED, EXERNTENSEUES
COIZBERN, P FEENREVERES, LREFHECEDK
BABREEDZTINBT LB, BATIE

CARATHEDIC




LSP M:4IC:85 !

EENDBRXZEICENRECEYET, RXENMIZAS [FenonRl. ELICT>THEMDDNRI. AU
BERF2EEEERN] EVWSHEEZVNICEYBZ. FHOBOBHICRYEDHNCOT Y ZRERUTHWEUR,

COIEMEEZ@BU T, 7—A NS U FZEILKREZED Peter Wood DT [Long Secondary Period(LSP)]
EWS, FREEEOHATREON DEROENXREROEHDIEDICHIEZ U TNET,

LSP I Wood BB E M 20 HIERICHKRE ULEREK T, BEEMN 500 ~ 1500 HEWS EEHODEDEHXTY,
ENEXUVTCRABDCHLTRERANDY FET, BENFRIGET ZMECVWOIHEKMES o2V, HEDHBEICIK
HENTEORIZBYBRES [B] . SVL—R—IVOIIBREFRUEEOHENMEC ST, EOHEHSS
PEDDODTRABDTY, ECANLSP ODEXOFERZENFEDIZERL OBRFEOHRICXDHHETRFEL
BIITHBENDMDODTEFEUR, LSP ICKDERIIIRENCU TV B EIE ZF SRS IRENC LN ERIR
ICESHAEL S UAEEOHERRPICFMETY , —HEDREOBEIEE (IRE) TN IEERINGEDRERE.
HETONBERAEGEEE) FRBEALECHLEECBERDENTIASINTNET, RBSHDEDH
EICUTIREEENNET ZEZEND, FoE<BE2THhIFOOMSRIVEHEEUTWET,

CNHEOEFMILLSP HRRLURS K OMBREDEEZEDD EHIC. HOEZZVICHKEETESE
UTco LSP OMEIFBETHRRERXZOHUSDVEDTH S ELICT>THEMDDNRLY]
EVWDHEZMEICRUEEDT. REHREB UMV DHDEKRFVFTHDERO>TNETD,

FEMEZOILFY A T4 JIRBEEICHT U, LSP OFERE TH S Wood LED T THSFE
MTEBDENDIARETESUIVMEBICWNET, F— AZORITHICHENHRD ENVWD DI
B32BONKEL. BRICHBANCHBYVET, COIDIREFENHEEDH>EICK>TS
BWC ERDTEDICHREFTZREUEDEE>TVWET, MATH—ANSUZIFHAE
FB|EHAFEENDEIT TR BEEMHNABERFZLTOEYATEEBDIRNRE, EE
ICWoEY EUERENRNDE CHBEHDOUODVEEFIT D ENTEFET, HERN
BUKRBRYZFEITHN, HEEENSONYIZYTOBE | EFOF—ANSUTSAT%
UL ERNWET,

SRR RZRIREBIR XCFZER 152 2 4

Astronomical Institute, Tohoku University
EETHES

&l i Masaki Takayama

HEER  RERIUMUISFRZR  REFE | RICKFERZFREEMEHRLEEFIR
2013 FHE RIAFAFRERMABAESY BHRERF2F

ELERZET

Astronomers

Astronomy is probably the most international of sciences.
typically collaborate with co-researchers in several countries and they often travel
internationally as part of these collaborations. So when Dr. Yoshifusa Ita said that
his Ph.D. student Masaki Takayama would like to come to the Australian National
University to work with me as part of the brain circulation program, I was delighted.

My research is a mixture of theoretical and observational studies of evolved stars,
particularly red giant stars in the Magellanic Clouds.  The InfraRed Survey Facility
(IRSF) run by Yoshifusa and collaborators has monitored the variability of Magellanic
Cloud stars over the last ten years or so and this data provides an opportunity to
explore in a new way some of the unsolved problems associated with red giant stars.

In particular, Masaki and I are trying to solve a long standing problem:

What causes about 30-50% of luminous red giant stars to vary in brightness with

long periods of typically 500-1500 days and with light amplitudes of up to a factor of 22
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