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Searching for Bright Metal-Poor Stars
Using Subaru/HDS

Hiroko OxADA

'Nishi-Harima Astronomical Observatory, Center
for Astronomy, University of Hyogo, 407-2
Nishigaichi, Sayo-cho, Sayo, Hyogo 679-5313, Japan
’National Astronomical Observatory of Japan,
2-21-1 Osawa, Mitaka, Tokyo 181-8588, Japan

Abstract: Metal-poor stars are low mass stars formed
in the early Universe. Their surface abundance is ex-
pected to preserve the chemical composition of the in-
terstellar gas from which they were formed. Thus, they
serve as key observational tracers for understanding
nucleosynthesis and chemical evolution in the early
Universe. In recent years, growing attention has been
paid to the origin of carbon, nitrogen, and oxygen
(CNO), which regulate low-mass star formation at ex-
tremely low metallicity. However, because internal
mixing associated with stellar evolution can modify
surface abundances, only a limited number of stars al-
low a direct measurement of their natal CNO compo-
sitions. In this study, we conducted follow-up observa-
tions of metal-poor subgiant candidates using HDS to
build a sample of bright metal-poor subgiants suitable
for future CNO abundance measurements.
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A NIR Multi-object Spectroscopic Obser-
vation of Young Very Low-mass Objects
with Subaru/MOIRCS: A Report from
Student-PI On-site Observation Program

Takahiro KANAI

Graduate School of Science and Engineering,
Saitama University, 255 Shimo-okubo Sakura-ku,
Saitama, Saitama 338-8570, Japan

Abstract: We have conducted NIR multi-object spec-
troscopy of very low-mass objects using Subaru/
MOIRCS as part of a student PI on-site observation
program. Very low-mass objects are objects with
masses below the hydrogen-burning limit, and we
have been investigating their characteristics across
various environments. In the on-site observation,
I was able to see things that can only be experienced
on the summit, such as the facilities and instruments
in operation. During the observations, having a sup-
port astronomer by our side helped to prevent mis-
takes and allowed us to adjust the schedule flexibly,
which was much more efficient than remote observa-
tion. As a result, we successfully obtained all the data
planned for our 0.5 nights X 2. This article outlines the
scientific background of this observation and shares a
report on the preparations and the actual on-site ob-
servations.
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Measuring the Distance to Andromeda

Fumihiro Naokawa

Department of Physics, Graduate School of
Science, The University of Tokyo, 7-3-1 Hongo,
Bunkyo-ku, Tokyo 113-0033, Japan

Department of Physics, Graduate School of
Science, Tohoku University, 6-3 Aoba, Aramaki,
Aoba-ku, Sendai 980-8578, Japan

Abstract: We were awarded 17 half-nights of Subaru
HSC in semesters 24B and 25B for a consecutieve
monitoring survey of the Andromeda galaxy (M31),
aimed at measuring its absolute and addressing the
Hubble tension. I stayed in Hilo for a total of 30 days
as a student PI, and I report here how fruitful this stay
was.
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Search for Outflows in Distant Quasars
Based on Near-Infrared Spectroscopic
Observations and Development of a
MOIRCS Data Reduction Pipeline

Ayumi TAKAHASHI

Kanagawa University, Yokohama Campus, 3-
27-1 Rokkakubashi, Kanagawa-ku, Yokohama,
Kanagawa 221-8686 Japan

Abstract: We conducted near-infrared spectroscopic
observations of distant low-luminosity quasars using
MOIRCS on the Subaru Telescope from August 2023
to June 2024. The aim of this study is to investigate the
incidence of quasar outflows in the distant universe by
searching for broad absorption lines that may appear
on the blue side of the Civ emission line. Here, I
would like to share some memories of my stay in Ha-
waii and briefly introduce the MOIRCS data reduction
pipeline I developed.

327



EURE KA st 3k 3k sk sl sk e e st st st st 3k 3k 3k sl st e e s st st sl 3k 3k 3l sk sl sl e st st st sk sk sk sk sl sk ke e st st st sk sk sl sk sk st st st sie st sk sk ok

B BEIRR ¢ ERAKIRIR:
AT2023cIx RS &R A D 5 DR
= 5 7 i

{Columbia Astrophysics Laboratory, 538 West 120th Street, New York, NY 10027, USA)
e-mail: ku2204@columbia.edu

HAROICEET ZBREET 5 v 7h—ILE, BYHIERSR (TDE) ICRERIN SRR
HRECIN 5 EEMEBNIRR %5387, ABETIITDEQEAYEL M LIck, Bk
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Bridging Nuclear Transients-Insights
from The Case of AT2023clx

Kohki Uno
Columbia Astrophysics Laboratory, 538 West
120th Street, New York, NY 10027, USA

Abstract: Supermassive black holes in galaxy cores
trigger dynamical outbursts called nuclear transients.
The number of such transients has been increasing,
leading to discoveries of serendipitous phenomena
renewing our understanding. We present spectropola-
rimetric observations of AT2023clx, among the most
nearby nuclear transients classified as a tidal disrup-
tion event (TDE). We detected two polarization com-
ponents; one originated from an aspherical outflow
associated with the transient, while the other from a
persisting dust torus in an active galactic nucleus
(AGN) via light echoes. We found that the outflow
was aligned perpendicular to the torus plane. This
implies that the pre-existing AGN disk influenced the
orbit of the disrupted star, or even AT2023clx might
have been triggered by a sudden AGN accretion event
rather than a TDE. Irrespective of whether AT2023clx
was a TDE or AGN activity, we conclude that
pre-existing AGNs play a crucial role in producing
some transients with TDE-like features.
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RAOAZRD, FHAARCTEIEZEDH TS,
3] tEKEONTE. LHOALRADHAREICED, BEDOAARIIHMERIEZ bhad > YRR R
ICBURTH S bbb > TEfe. AFETIE, Intrinsic Alignment (IA) Y Midh 3, HRADOEHR
FARDFEB/URT—ILT (255 BRITEAL, WAFREWSIESZHOERUEL, 75X
2 2 T TIRBZIC S WIEIFEOIESEA MR/ T+ BRNOBRICRELZ /155 L &8
N9 5. IAZAVWCH LWIHFHEREOIREE SBROBREZHEHT 5.

CNET, FEHAMAREIL TRAIEzRL LTHR

1. L &®IC

BN, BT IR &R S NS & D
2, TERIBIRERT. ¥ I ADPTFHm TR, )
e THCE ] DRCIRI ) v voltRE 2k
EHe LTS ceiddhoTh, 20Kz b
DICEH LIt ES (T, 20k
®, FHiim WO E D% & 2 55T,
MRS M 2 e Lo ) e w8k
W a—2snkfr»rhz.

L2L, EhLvy X850 & 2 IR o IRo 0
DEPFHMATUN AL ND L8> THh D
3, TI1E 2 0 FELEG S 2 5 [Suprime-Cam |
% [Hyper Suprime-Cam| O & 5 72 @ MEfE 7 2
T & o TIRM O RG 7 — 2 OE K m -
L, SRR R B & 2 W FEH 280 2 &
SN 78 o To. FHHERMIZEE 23 5 22857 FRRE D[]
EU, 8% TR T3z, ZERINRIAD Y ¢
M) & 2RO RIKE U TARRINIR & 2 ERBSICH
LIcDTH D [1-6].

SRYTIRE, S9EE L v R0 T8 Bl
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CLTHBETHZIZTTIERY. ITFETIE, LY
RN EI, ISR - LT B
L, KHIEMET O HZORE 2@ Tk 3
EHEIRZE Db O»3, FHimM 72 HHR e 5 nlhe
MrEHSIN T3, b L OEBERIRE#i:7%
FHamN Y 7 Fove LGEYNCTER T I L, F
Hinm S 7 X — 2 HEE DREEN FICD 75535 7213 T
72, T HOYHE LR 2 L WERENC D 72 D
=725 [7].

T, SRMOBIRE, Yok 5 L CHIATE
DIERESIWIBZZDIZA I 2?2 ZOMwEE R
%9 ZATHE 200, FHi~A 7 st
(Cosmic Microwave Background; CMB) <5 Hi
O KBS (Large-Scale Structure; LSS) O
FRrEZonTws, PHHTFHTERS A
RO & I, T b EEHR0 L & (DL
T, FHIB0L ) Thb.

INETOCMBE &L TULSS OB » 5, ik
05 OGN, BINERA ORI T Y 257
MeBENTHE RSN TWV 3 [8-10].
L»L, ORI »61E, Tt ZiE1 v 7
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V—va v o e HHESH AR o ¢
Vol OLFOENEMEEY —RICRET S8
3TE\. I THEICRZ 005, AU R
LOLTH»RITNTH2FEBIELTD 21 (Pri-
mordial Non-Gaussianity; PNG) Td % [11].

A 2T HIUE, O ERIE 2 SAHE,
TbL7—)ZZEHTONT — 22 pvic
Fo TR SNG. —77, FEIEIER Y 2T
UL, 3RHHBE ONf 2_2 bov) <4 piHHBY
(F T4 2T FV) 0o fe i RAERNS, W1
FHOSPEPWHAEHOBRMY»Z & 2. ST —
AT PV [ 6 FORSI SO Zid
g2 DL, BRIESY AR T57220 6
EFEBCD LK VT2 A2
re®, FIL:PEL 5222 oWIlFHET
W 2R TR 5. FBE, BURAIES
7 2P Z N E TEICCMB O ER AR Y b VR
Bric & o THEGEE S N, EURIAE S TR IRIKAETE I
KL TG HIE2S 6 T S 7.

S HISEFE T, RO 3o & v 78R
25220 Y ZRITICBCTH, N4 2X2 |k
WORIESR, BARRT —MCBIN 3 KNy o
FIVTH B R — RIFENSA 7 2R HCT, A
A 22 HIBR S 2 e sitEE L T 5 GEM
'3 %5 3% ). Sloan Digital Sky Survey III Baryon
Oscillation Spectroscopic Survey (BOSS) %° Dark
Energy Spectroscopic Instrument (DESI) 7% ¥'®
KB —_A4 OERICE Y, ZOREIZE
Fcm kL Tw3 [12].

W 2 522 v ZARERNCIRN e TR ¢
AL, ZOZEMMoOMEHEICER T 28R
THZDITH L, WEY — A TIIALENHRICI
2T, iR OIS FREOIBRL M S 5, i
& 0 B uffle T2, 2 2i, )i
BIREHC2EE»H 5. WFEIRE, T2 5
22 ¥ ZI2 TR 2 W o I
G FORREMEDS H Y, FEAIEA Y 2 EDHT L
WHRGEETFER Y LIRS nTv 3.

H119% Hes

ARGTIE, SRR & BRI TR > 2
e L TIRZZ2HEES O HANT 2. R,
VAN ERoTo] N
<o, B2 6 T E LIS WM Y EhE

FEDREYIT & 2 875, FIHFHOER® & &

~OBE R DG DH?

- RO TRIR) CEHT 2002802 5

22 7RG TIEEZIC W OERY, B

RIGF 1252007
i, SRR T EYPEOBEEIC R L
BaEe, FHEOORIOBRE LT 2.

2. FHOKRRIEE € RAAIR

2.1 Intrinsic Alignment (IA)

FEHERY 72 PR € T v (ACDM € V) 1L
W, MREER O Y 72 2 I OYIERE W & &
BA Y7 L=y avil&o TERSHIZERO G
FEEFEL T2, oo FIEEIRLENE
PEUTKEL, NS BEE»ERERYIIEL T
FORSGHGENCHET 28 b o7 v TRIOR
BREZRT. 9 LIERIC L > TERS Ak
N (X—2r <& —rn—, LR rm-—)
OHTT, RN, HHZ RSN, 20
LR B CTEHOANBEMESMES N
%.

AL o o=, FMOELE (b
LR ORE, YMER) OB e 238 biE
RS ng. fle LT, K374 57X bMEED
PTER ST n—LHEE 2 L5, BGE
FRCBI 2EOREEL, 74 9 XY FBHUT
CAAR LRI DR T o, e —RE
Koo M S IHMETHNC 7 1 T2 ¥ bOJFIY
MRS 2 Cepsfiifishz. Zokdic, ne—
LR OTIRDS,  JE P O KBRS E © AHBE L Tt
I T2 2 5 1 Bi%3, Intrinsic Alignment
LAFIA) PHER 2 [13]. ¢ L ICKEMERM T,
SR AR O TR 23 6 BR 0 3147 4 % bLig e i B
WS 2728, TADFEELFEREGE 4o T
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2K REiTTE, IAKC X BBy vk ER
INCREA S 2 7 D OHERE TV EAN T 5.
2.2 TA OYNEHIEG CREIESR
KR Ove =) ORI, WYk 2 h
BRI (Bl Z (3 E =m0 ) pD RE —

5 —
AU ETUVIIV
1
I; ZWId3rp(r)W(r)nrj, €))

PHOTLELEERSNS. 22 Trid kKo
Hbh & OFEE, widTEOEABE, NIEY
BRBEERTH B, T3, WREEKOEIRE
ZHAAEREM AR LGENT 2 2 2oy 3.
YIal—va Bl 15 hic 2 OKRK
XL TCLERIEL, 200 2 ERIKONIEX IS
THED T TRET 2 2 v T, JBIROZEmMN (L
T, R L THEETE 2. 2, ZEH
DA L T3X3DORFTHI AR T 2 43,
TROL2MORT I ThH b, 2D6D
HHER, REOYA X %2ERT FL— 21D
Y, WIRERHOI 2 L —2 L 25> (GE
ADRE S22 FHOME30) IZHIHT 3.
M —ERE A TEDOE & 0, AIROHGEHTS
(FgE|) BBk T4abb Uy = {TrD /3T
H206, BIRZOWSL XS, %

I; (x)

(Try/3” @

6ij + Sij(x) =

D &I wEETIUL, Sp =0l L, Fdo
E» 6, SR REIEIRDBAERY 6 DEAERT
TYINEOWE I .

ST 2YEETVEEZ LS. B 11
ZHO7—-V) - FSk OHEDGDECL
TERINZH, 22 TIEIEEL = 100k Mpc

(ZEfE e E k=2m/A < 0.1 hMpc™ ") OFHHamy
27— bDFHIFEHT . 50z 3,
Dgidn—rs2 7 4 vz & L CORBE S iz B
WKHeRES 5.

D&%, WEe A —ERD R —v &Y
135 ICEREDE — F 2 R BLERE CAERK T
3L VoD, ZoREIEA Y7L —Ya
VTHERINICFEBOLEFTHIRCEZLNS.
3 I 2RS0T T, Bl SRR E
NET Y2 n0OD &5 5 H—D 2 A7 =ik
B3 2. %1, RIKEROFEEIEZ DOE— FIcx
LCHa RN &8 2129, FfiFfEo Rt
1, AR O E I FRIG KA OREZE EoffiiEic
MofchT vy e vO R Gl <d
2. LLEEY, FHEmRNAT—vDE— K250
PRSI Z NS A~

$i(x)ocV,V,0(x)ocV YV, V8,(x), (3)

DIETHZbNE., 2 ToBYERKELTH
h, REBEOMGRICER T Y v AR,
Z NI TA OB G € 7 v (Linear Alignment
Model) ¥ MHEN, FHIMMN AT —ICBY 2K
HOEIRIG ¢ WHRO R T > ¥ v WG YIER LS
PORSIROEARANZEFTVTH B [15]. K1
2, ORIEHEERE TG RS, K
ISR 2 RABLERE 2 R COERK SN 3 129,
L2 OFIKRE R 2 e NT7D0T 0205, ZEOKR
HOIEIRZ I L T A 2 v %0 11t W)
o) MBI 2. HBIREGIHB s S 2 &
L, KAy > 7 vottEd (H&, XE, @rzy)
SLICIROWE ST HE R CREE 75 CWARAFT 5.
2T, BT OREN L BIIE T H 2 #
2522 v 7ofEme Beiliz 5. Bl
NIRF OBEETEDW & I8, 132 5 =R b

FUORKRTCHROD S, RRCBT D 070 WBR DRSS CRIERIEIEIE IR L AR CIRIERID ¥ 3 . REH SR C 1 SR
KEDTGIRDTA D LR 75 2 —)5C, B TIIBIRE Y b 2 vy (IR S oflls@#ERIh s o

T HE [14].
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FHBNAT —ILOYEREDE

*/A\N\\_/)V>~\*

\“ o= (A}
-

Y] ~ Al

X1 TAOKAEHC L > TTFS3N5, B
o —OIROZER SN 2 — > ORI,
FHEMN 2 7 — v OPERED 5 & (FTldK
FHEOE=F) ORELRT. KEOOKH
&, 2 O®— RAEZEIY 15O MiE T AN
MIST 2. (Ha IR EEaoksrrm) »3EH
DY IIG BT 2 e, 200 OZE/Y
728 % — > BB OFHERMN 2 5 — v o)
BRESE N L— 2T B,

L—H—TdhbH, FHRIIERr —icHB T
3, (x)oc V2@ (x) <), (%), 4

CRBOLCR Lo, B i’k @
DT VI WVIRNDOEHRSIERTH Y, WA OFIK
BRBHTHO T vy VRO L= —TH B
RT3 2. 205 RIADFHMMN Y 7 F v
¥ L TORMMGEETH S, MEm ol
o i THIZE D HED LTV 3.
23 IADBHEELRT—2D b DRE

T, HBEOBMT—2»5IA0ET vEY
D& IKFEEL, Z 20 FHEmMMERE 5| S H
HBEDIEAIH? T TRIRIKE 3XITNRIE
RGEME) v LTilio Ta7hs, EEICET
S5 mi3, REKENCHR S iz 20t IR
(M) A TH L. L, b D3R
TR IR 2> & RAR T 1000 TETE 72 17 D K59 % B D HH
THEIFTHY, BIROBEHEIZSHHEL» G 2H
HEACEDT 2. ZNHI3FZEMTIE2ODE
PRSI L, — /A7 — V= ZEMTIREE— K
YBE— FEIZHIGT 2. 2O &5 BIBIRG»
O, B2 KHHBIRE S, 207 — ) 28T
H2NT—=2ARZ MR DR ERTSE
3. FHEIPIRGO ST — 227 FUVIZEHL,

ZOMEL LTt TE /. LIFTIE, #
DOWZED—EBE AN T 5.

X21%, BOSSTHUF S N7z ofiEEs &
BIRF—% (EKD) ¥, 270 h bR L 2%
B IRGOME ST — 22 v (X)) &R
T [16]. MHE AT =22 FvORIEE, SR
HEOZEMZR CHITEIR GRArmS) D%
= OBH|OEENIIGT 5 (K12,

AT CHR AT AEET R € 7 v (ACDM+ 4w
2MEWASAE) (2B 2 IADREEGR T, X
) DEIBRGIH—D 2 H T =Tk L,
D EERSINIDEIHMEBIZEE—FDATH
3. LIcdioC, BERCEE—FOMHE (BHEoD
IED GIEruTHhH i/, BE—Fr oM %
HOXHD @dEAENTEYrSEHINS. BE—F
MBS, MESLHMTORTEESIC L 2 Ae g
OHBEOEETLH Y, ZhyHHFEEY v n v
HLTV3Z¥id, E€—FOMEM»THimmHE
DY TFNTHEIEEEIF TS, Fi, HBHE
FRITIA DREHGRORE 7+ v FETVTH D,
2 = RIEIE T — 2 v Bl T 3.

RNy =227 b vOIZIRE, BHETHGRE TV
WCBWT, AN v EBIRE G K O ER
5Y, BERTHRNIERE ST, ok, i
W2 9220 v oG GHTEE T — 22
7 bviz ) YHAGDE T, FilamsiT A —&
ofilfRod#Er BIs 3wt bitbh w3 [17].
RETIE, —/T, B REGIASRIEOIGE 2 5%
&, BIRGD D — 22 F Vich] 2 03 G
LIOIEAY 2EOFE wikim L, IADHIIHF
HOYEE~OBEEE ¢ 72 2 BG5BT 5.

3. WIEAFEHORE & L TOIRAAIA

3.1 FEERIEH VM
FEHER 72 AR E 7OV TR, T O KBRS
TERR DR Y 72 - 12 JRURWW & T3 2MERE T H

2B ¥ @ oRATIE, MR —nr b BHERNES. (Stochasticity) 3MEHL T2

H119% Hes
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- } oW 5 L = ./
.. R N A S e S E S —— Best-fit linear model
PP G R L Yo W PN .
Fa Fig R RATOOR R T § Density x E mode
o b X.'..‘.-‘:; L J B .‘; I Density x B mode
S A T —
4203 15 S A e 4 S
ot aorse delliie g el L o
i s el T e
& $ s W IRORY SR q
[} e T - R i
Baolan I S AT e (TR S
9 % €\ e \?} '_."ﬁ :"-:. AT g
[a] .".\S'. . ‘f:.., :\ k./., . :':.’-.r'. e n.;
38 e e ¢ e il g =
ALY P ¥ R T R |
e e o .'\_ AR
‘l'n'\'" ; - "V::_V;E ""‘\’ i ' .
L 3 . POt S S
b s N e Dy Bt
36l ks ¥ X, o
SR S e 70 o
- _;-5‘\\(1{ . ': i ke u -4 .
180 178 176 174 172 170 0.05 0.10 0.15 0.20 0.25
RA [deg] k [AMpc~1]
B2 [/EX] BOSS OIRMIALE ¢ JEIR 7 — 2 0—H8. HmiE, 70EBIINC & ) 2<2 b ovnsiids S fufc R o KERIf

EofiE GR/iREI2047<z<05DV 254 2) 28T, IN6DI b, WRT—%H 6 MRS ERE
WCHE SN EIcHO VTR, Haokoms e EST20RREPET. HROKOEIZ, —<4 dkoIE

MO0 F2MET 270D 7 v X LkFTH 5.

O, ST Y I REROAREREO B & 2

1/14600 (#8245 3. [£7[4] BOSS ® North Galactic Cap (NGC) fEIKICF T 3, AR 0.2<z<0.5 DR
YT OIE Lo, SEABERELY ¢ SRIBIRS O E ST — 22 v, WEOIA REDXED 13,
INEFNEE—F BE—F) BIRG ¢ oMEMEL/RY. K, ZRERE (k=2nX 2/ 2 r —voil
B wERLU, XREMETHER 27— WEEE b S OMIE~HEIEIE 2 7r —) s d 5. RHER
WBEHEFHGHE 7V (ACDM+ 4D MG ORIPEERIC & 2B 7 4 v FETIVERT. IREORHES
BHAPIRROMAN Y LT, 74 v M@ EDH TR,

BUAESNG. B ZEDK Y OGS, 0b
S OMETIIIEEE 2 FAHBIRE OXv —2x2Z b
) CRE, fEMERTc3® s 7 -y E—F
FlEMNTTH 2. FHERIEL Y 2P (Primordial
Non-Gaussianity; PNG) & 2 O 7% 70 2 %
PHLOTHY L TEHRSNSG. #YRGTIEERX
OEAEFHBIE RS 2 5 OISR L, JFIAIES ™ 2
PEDS & AUT AR D> & 3 JUHHBE ON A4 2% 27 b ov)
L4 (K54 22 b)) pIEE R Y725,

CNFHBE—FOR2E (E—FAvy TV ¥
7)) OIFEREKT 2 (X3).

O IHE e B4 « 2n—p— v v 7 L —
T arTE, ZoFhEICIEFE IS e
3N, ITNEFTOCMBRIBHZ 2% v
OBIIHIR  LEEATH 2. Lo LERRIED Y
2P, ST =27 PV TIREKRILIZ W
WIHTHHE T VO ERE K LIG 2 729, Z O
RIEGYIATHYEOMAIC B TEETH S, &£
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Bg(q1,92,93)

q1
%

K3 77— RN BT B A3 SAHB O3 2R
2 v, By) ¥ERE4ASHIE (RS54 222k
v, Te) ZHRFOT B IER 2 N oVELE O
RK. By (Ty) ZZ2hzh, 32 (4D) O
B2 PO T =ME (k) oKS 3%
TEIROBE e 72 5. FENCHIE T 2 8518
RLEFIEIRD N T — 2R v~ DEB,
—i () 3z oftioi]l (G b~k
NS CHENKE D & OF 50 R K
e e GEMEARSO.
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B, JFIAIET Y 2K S SR F M, B
—15 (single field) #»> #%(¥; (multi field) 7,
H2CRIMHEEHOE (EHO/NS 3%) 2 XK
T2F» Y e 01Gs [18]. FFEDIK « iR
THNZIED Y 2RO, 1 v 7Lv—vay
WAL LB T O R 52 KIS 2729, %
DHEESL A VICET 2 T2 2525 [19].
O & FEEIES Y 2, FIHTH E T v
O 2 52 56 ) 2 BIIHEREE T H 5.

3.2 [REE3S4EEE: IEFHRARE

T BHGR OO Wl O i b ATHER I b 4 B G
Ao 2 LT, Jafif (local type) ¥ IS
N2L0HH 5 [20]. BT, FIHE KR
TV e VIR Y 28 ¢ DFEZEM]T O JR Y 75
R A e L

O(x0) =¢ (0 +fu (¢’ G0 —<{p?), (5)

YERINDG., TDEINA AR FIVBaIEK 3T
RY & 92— hiENR T AT (squeezed con-
figuration) THIME SN, Z DR (k=g;<q=
91=q) T

0 Gaussian

E @ Non-Gaussian (s=0)

— f E € Non-Gaussian (s=2)
@)

= [
(?Z 105} BN it

x ] o] 3

£

: 5 .
Ce ¢ .

104
k [hMpc~1]

102 101

Bo(q1, Q2 q3) 4Py () Py (g), 6)

¥4 d. I ITPREIG ST — 27 by, fu
FRTRIER D 2O KRS S 2RO T 385
X=X THDH. EENZHE— - 20—10—)1A
V7 U= a Y TR A — RIS IERE I
SVrlifisna oo, b LARICKS 2R
okt S hiig, BER—-GE v eBR 5
Y (BERIG OB ) RT3,
JRIFTIEIE 7777 2 PR KBRS (b RN 72 5
BrhHzrZepmohnTes [21]. EdlLic &
S, —IABENIZABOE—FRAy 7Y v
i, BEET—F W »HEEEE—F (@ D&
Fr7s T 6 SOMS | & ZEMINIC ST 5.
B =BT NR T — v b EF OGRS IR TH 3
o, ORI NP —RCIRTTOBEHEED L &
SICEHERT ¥ v v VOBl T 2% 52N
3. zofEH, X @ TRLE, Py aEA%
PECRCD NSRS, ¥ IS, D A2z L
BIBEfR (BRI N4 7 2) 3fiEh, k> THRT 2
2 — AR R OB INEDEL 2 (K40 kK

} 0 Gaussian

@ Non-Gaussian (s =0)
”‘8_ 104 i i ¢ Non-Gaussian (s=2)
= LX ™
T

¢
= gE"egg
= $
5 LI
o ¢
'mi @
1d_2 10'—1

k [hMpc~1]

B4 FHRPINKY I ab—va v olE L, WERES o —BREGOME T — 22 bv (XD
BLU, MEREL - WIROEE— FEOMHAE ST =22 by (FK). tarid 5oz, v a
L= a YOG OEC R R L, 20ehsy 2 EYIAZME (Gaussian, IR S PUA), RATLEAIE D
2 MW (Non-Gaussian (s=0), BEEOAL), [FEHSTN72 ] RIFTREGAIE S D 2 PEFTIASAT (Non-Gauss-
ian (s=2), HEHEOER) 1L T 2. ~a—HEE e »n—BRYNE, 2020587 2 FRIET Y 2Rt

BELT, KAZ—VTHIlRET 3 2 evbhr 3.

B19HE Hes
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M), oz e, HEshreifn O
n—) BENT— 27 bIVOFHRIIK R —
WTOIRB T2 5, R o 158 flR 2 >
JBIEHNTEB [10].

A (6) THRIRFATENA 27 b ovidfi K
FMEE RS, FHMNZIER Y 2EICHIET 3.
—47C, R oO—by U TAEKREE Y R
MRS 5172 JRATRGE Y 2k b & 2 6.
2L, 2ROy v v RAVEZEAL, FPHVS

B@(ql, 9o (13)H 4f?\I:LZ L, (H)P¢(k)P¢(q), @

rRIN, THEUEMKFELRS. 22T
u=cos O=k-qEHEE— FEEEET—FOD
BIMORY (K30 LRKBE) ThH, il
IEE T 72 JRATRIE T A R RO B85 X —
2THb. ZOMOMHERFE NN 22 bvid,
Bl ZIER 2 PUVGOES [22, 23] RERZAE U
DEL [19] 2 FL VL 2D A4 Y I L —Ta v
YFUAFTTFEING.

ZoEE, REEE— FEEREO L F0%S
M7 RIE T2 <, 20 [PUEMTZ S5 o
MRS R ZEEINC SRS 3. 2 OFER, R R
KO EREET— RIS L, Ahb e FEED
e &b, X B) TRLIEAY 2WEAZMC
B 3 IR ¢ VB o FLFIBE RIS L T
b, K27 — Tk THKRT 23RBS h
% [24]. K4 OHERNE, WIHASCIEE TR T
REH Y 22 A L2 ais, EBICY 3 a
L—ya vy TlELera—JBRED 8T — 2
7 VDI S B T ¥ BIRT [25].

DILEEY, #EgEE Y L CEANRRFTEDED
o 2P, FRIGEIEE TR E 2 RO T
B, ZRENERZ 3 ENMNLCHIE R 52 50 5.
FEICEH 513, BOSS DR~ 7 vr HHlE L
TR C ARG ORI H 8T — 2_ 2 kv (K245)
& A CIEEANRATRIIE S Y 2 M 2 %I H OB
E» WD THIRL, ful=—71"30%17% [16].
Z OHIRIE, BAED Planck iz & 2 filflo (Fi)) =
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20 [8] & ORI—Hg 0D, FOROAKIEHGA Y —~
A THLNZ LV RERT YT LY, FREE,
B3zl EOFIR SRS uTw 3 [25].
3.3 [RIA4 M8 /Y T 1 IERTFRAIREY

JFEE0 & SO 45HMHEE (k74 2_2 b)) 13,
3B TR Z 1 WHEER, B0
LN T 2R AT & 2. FROIEE, )
HFHIC BT 280 7 1 SFREOBEN 2 MEET 2
HatBr LTHEHSA T3 [26]. 285 =1
DWLE (IR0 6 SPHEEO S X) 122w
T, 20 B IERRSR 3 DE B =ML, B
ML 7R b R0 & » CroidE e EhGbt
LN5. Mt —HREMELIET 2 ¥ 20613
A—fH3INd7c8, 25 3RMEIRIST TS
VT4 AT E o8 T4 D 6 KA &
Vo =77, AR B DU ARG — I BER HEL
TIE—HL 27z, 45HBTIE8) 7 4 A
DERDEEL CTTE 2 (K5 LRSI,

FZFE, BOSSS° DESI DR 7 5 22 ) v 7' D4
RAHBEBE D) T 4 T DR > 6, XY
7 A MFMED I 2 R T 2 Ik EiE S Tw
% [27-29]. L2°L, Z#o OFEFIZHNT OFRIC
D&M Z IR 2 IR TH D, R
AL BHE O L MHE» SIC L2 R-PTD Y 7
FTHBAREME LR S [30] 7o®, BT
FEM3EZ > TBLT, RyF—< 35 REHEER
FREEFRE Y L ThRED T L Tw» 5.

— T, WONE (A5 —8) IZFIZRS
TR (Fy Vg, 2vy2m) 2@ElEy L
THZAL Y, & VIERROMETTH Y 7 4 O
NOMGEN TR 2 (X5 TSI, &L
OO v, BIRO2 SR TH 58T —
A2 VDI B, Y T4 AL TH B EBIN
=227 bVEHL T, NY T4 RO S
A 22 VR RERT S 2R BRI [31].

Z ORZETIE KBS O A 308 O #Em  (Ef-
fective Field Theory; EFT) O #:ffl & % H T,
IADEB/XT —ZR%Z b vhs, 8 5 4 7D JELA
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X5 R O3IXICEE C Z OFHE O 7 4 ZHY
ORIRK. o sk sEmn e £, (L]
SRR 2 (NEERO ) v LTl e, 8
BT 212307 e b 486 72 B [—
S Rz o EdE (PUTiA) kg e s, [F
EX] SEmMcigIR (REMR, $7abbs vy
TEH) 21532 ¢, 2500 IR EHR
THR OXBIHAHEIZ 2 5.

P oA RRT bovDRAEMER (collapsed limit)
CIEN G, PUEADI AR O—>H Tz XIE
(K3 TEZHD, Wl E 2 R> e Z/RL .
W U) F=vRERUA Y7L —vavE
Fov [26] BN, K27 —nTP(k)~k > Dk
ME2sBN S 2 2R L, EEICTFH MmN S
Ial—YavEHuTIoTFEEMEEL: (K
6ZM). & 612, DESIE & UfVera C. Rubin Ob-
servatory Legacy Survey of Space and Time (L4
FLSST) TfRbhdfeks —2 2/UE L2 Tl
b, IADEB/ ST — 227 v, S0 4 fiAHRE
L CMB F J 4 27 bVIERT > L1361 TW0 %08
U 7 4 SRR B 2 IR AR IE Y R TPEICBT g B0
O ORI 2 UGE LG5 e Rl

4. FLHRE
ARITW, BT O AT AR T iR 2

B19HE Hes

2000+
—— Best-fit EFT model
1500+
o~ 1000}
3
s 500"~
T
< o—O0—=no
g —500f,~ @ Gaussian
Q_E $® Agayge= +3x10°
—1000t ¥ Agauge= —3x10°
—1500( ¥ Agauge= +6x10%
— ¥ Agauge= —6x10*
102 16—1

k [hMpc~1]

K6 TFHmMWNIAY Iav—vavroillElis,
na—JBIRSG D EBoXT — 22 v (O3 7 4
BT =22 Fv) ¥, RT3 EFTRE
74w hETIV G ol tridso
I, Y Ial—vavoggfoEee
28 7 4 FOFUAIEST D ZEDOIRIE (Agug) P
KESOBECIIHIGT 5. HY 2 MRS
HikEPUfA, ) 7 1 SISO T,
IE (B) oFE»EE (HE) bl, Hul
(XHD PIRIBEOK S SITHHET 2.

s — v OFHBIT & % Intrinsic Alignment (IA) %
WL, IAZYIIHTHYEORS e LT 2
ATREMEICBE 3 2 55 O ofiZE 2/ L7z, SR
R, RAZEAORS SRS OFReTC
HBTHY, BHFHOBENM» LMK TS 7Y
WG LTHRZONE. 0o, YIHTHOIE
ST B 2 9EE, B 2 EIEESIES D 2R
280 7 4 IEFEIEAT Y 2P L CEnc R B
b, 2 5220 v 2RIV
FHETNVEMGET 285 TFBRe 20155,
7z, ARTINL» - 72 TA O TR
e LT, JREEEJ1E (Primordial Gravitational
Waves) OJEHZHIAITIRD & RET 2 7L bt
LT3 [32-35]. S BICIA, WIHHTHEYFA~
OBEEt e LTl s s 22 ) vkl
AADE LT, BHEFHROTHM/ ST X —
& (IERE Q. PHEO b I ORI 72 ) 16
FTAHREEZSET 2 v bRINT3 [17].
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Probing Early Universe Physics with Gal-
axy Intrinsic Alignment

Toshiki KURITA
Max-Planck-Institut fiir Astrophysik, Karl-
Schwarzschild-Str. 1, 85748 Garching, Germany

Abstract: Primordial non-Gaussianity (PNG) of the
curvature perturbation encodes key information about
the underlying physics of the early Universe and has
therefore been studied extensively using precision mea-
surements of the cosmic microwave background and
galaxy clustering. In this article, we focus on intrinsic
alignment (IA), the phenomenon in which intrinsic
galaxy shapes become coherently aligned on cosmolog-
ical scales, and explain how IA statistics can be sensitive
to signatures of anisotropic PNG and parity-violating
PNG that are difficult to access with galaxy clustering
alone. We conclude by outlining the prospects and out-
look for probing early-Universe physics with IA.
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