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Introduction: WIMP o> 513246 H
J-factoriEE D73 7%

dSphd J-factor#tE DFEEAL,
IR D J-factorfBE D Update
FeH, EL

cf.
- K. Ichikawa et al., MNRAS 468, 2884 (2017), arXiv[1608.01749].
- K. Ichikawa et al., MNRAS 479, 64 (2018), arXiv[1706.05481].



Introduction: WIMP & S #z4& H

Dark mattero =14 -+

- WIMP (Weakly Interacting Massive Particle)
freeze outiC L V) AFDME% - F < 52 HA

Rotation curve Large Scale Structure




Introduction: WIMP & S #z4& H

WIMPHRH D 3 DD 3%

RN
(direct detection)

v

WIMP WIMP

[ 2 5 H|
v (indirect detection)

NN B A > T D

R 25
(collider)
SM SM
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Introduction: WIMP & S #z4& H

iZe Y (Indirect Detection) DM DM — SM SM X SE 3 o> 28 8

SM = y (photon) 7 S &AL %3 Uy,

< RLEREBETTeVE L WE TR X %,
NP aETS

R0 (GC) D ~ 0(10) kpc,

$RAIE F.0 (CG) D ~ 0(10) Mpc,

/B PARER A (dSph) D ~ 0(10) kpc

etc...

Fornax dSph



Introduction: WIMP & Fs12#6 -

L

mEERH (Indirect Detection) DM DM — SM SM X sk o> #78
SM = y (photon) 7 S &AL %3 Uy,
HyVIREREBEBTTe VS bWETRZ %,

e RIS SR
R0 (GC) D ~ 0(10) kpc,
$R;AIE &0 (CG) D ~ 0(10) Mpc,

D ~ 0(10) kpc

Fornax dSph
etc...
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Introduction: WIMP & Fs12#6 -

f#Eta . (Indirect Detection) DM DM — SM SM
SM = y (photon) 7 S &AL %3 Uy,

Gamma-ray flux:

d dN7
(mQZJdeE ) (/p%)MdV)a

N—— —

J-factor

— J-factor (~dSphfrDODMH ) DOHEERBEH
flux, ZLWLIREDBEICERKT S

Fornax dSph



Introduction: WIMP & S #z4& H
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J-factor¥ET® D %=

20ES S DMEEDIESENFRT > v /L (dSph 1ZDM dominant)
Jeans equation (fR7E: spherical)

1 O(veo?(r)) | 26(r)o2(r) - do

Uy (T) 87° r dfr
v.(r) . (BED3DEBED)
o.(r) : (BEOBRAMRMREDED o) : (BEHRT Vv IL)

B(r): (RENBEEEFEAM)



J-factor#E i E D J7 7%

EDES) S DMBEDIE2ENHRT > v /L (dSph (DM dominant)

ERRICERRTE B DI,
ohotometry -+ R: ({iiE) — ¥.(R) : CDEEH%)
spectroscopy -+ vy, : ((BIEAMRE) — 0,,.(R) : FRIRFERES)

¢

2 > dr R?
ton =5 [ T (L B ) 0o
BRICES & 5 hOMERT



J-factor#E i E D J7 7%

EDES) S DMBEDIE2ENHRT > v /L (dSph (DM dominant)

ERRICERRTE B DI,
ohotometry -+ R: ({iiE) — ¥.(R) : CDEEH%)
spectroscopy -+ vy, : ((BIEAMRE) — 0,,.(R) : FRIRFERES)

¢

AnlB) = sty [ s (185 ) o)

EICE D K2 Bd(r)=iRT,
AEHICINTLLH,?
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dSphd J-factor#ETE DREE L,

ENEE) S DMEEDERENRT Vv IL
Jeans equation (fR7E: spherical)
1 O(veo2(r)) | 28(r)o?(r) dod
Vi (1) or | r dr
%i_ ‘5“5%:%5&%2 73
- Constant anisotropy (B8(r) = const.)
- IR IRl («—dwarf spheroidal galaxy)
- NI A —K|ZEBT Prior (ZByj9%H)
- g1=2 (Foreground stars)

Drco dSph



dSphd J-factor#ETE DREE L,

Observed image
(dSph + Foreground)

ENEH s DMBEDES3ENRT VI vIL

Jeans equation ({iE: spherical) Rl
2 2
L 0wodr) | 2B(e2) _ e
Vs (T) or r dr
EAbNSREREER: “‘fl“ .
- Constant anisotropy (B(r) = const.) ki
- BROSFREL (—dwarf spheroidal galaxy) dsph Foreground

- IRTA—RIZET Prior (EFIHT)
- g2 (Foreground stars) <5 [allZ 2 NISEE T %
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dSphd J-factor#ETE DREE L,

Observed image

ForegroundZz=EX V) Br < A% (dSph + Foreground)
LEM7 L3 X L [Walker et al. (2009)] forsit
B S NFc—D—DDEIFEENIC

“dSph” OR “foreground” @ ¥ L oM TH S| ,

Foreground® E T ILICEDE, dSphD ETh HHER
(membership probability) Z&2Z2Z & ICFHET 5,

|||||||||||||

— [95%L F DREETASPhD £ | 721 & HH L.
O(r)=H#HETE — J-factorz 51 E



|
O
>
I
FY
NG
N

dSph® J-factor#E &

Observed image

ForegroundZz=EX V) Br < A% (dSph + Foreground)
2.[Ichikawa et al. 2017] il
“control region” Tforeground® 2 9% % FOHETE . ‘Ej’"”
Z N7z Joll“signal region” (dSph+FG) @™ |
7 —ZHHdSph+FGDEFILICED X - a N

O(r) & HETE— J-factorx 5t&

dSph: Plummer model + gen. NFW
(Anisotropy: const.)
FG: Uniform * Gaussian

dSph Foreground
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dSph® J-factor#E &

Observed image

ForegroundZz=EX V) Br < A% (dSph + Foreground)

2.[Ichikawa et al. 2017]
“control region” Cforeground D E9 % % T O HEE.
Z N & Jtil“signal region” (dSph+FG) @
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g e and % - -
s el AT
¢ "‘h%"." P

> (3L
IS -0 PR
S ATt

T —Z N 5dSph+FGDETFILICE D& -
O(r) & HETE— J-factorx 5t&

Lxir = | | Isfstem (vi, Ri) + (1 = 5) fra (vi, R:))] ;
' dSph
fMem (U; R) — NMemQWRE* (R)g[’U, UMem CZIOS(R)]

- Jeans eq. CI)(T')
fra(v, R) = H Nrc2m RGv; UrG iy OFG.i]
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Number of stars

dSphd J-factor?

Signal, Control region:
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Magellan observation of Draco dSph:
(Duplicate observation averaged, w/ quallity criteria w/o naive cut)
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[K. Ichikawa et al., (2017),arXiv:1706.05481].
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imax = 21, 21.5, 22

YE S N7=Mock samplelZxf L TEE%

ELLKHEETZ SN ?

5 5Eo0AE (KILT)

EIEM7ILOY XA

%% : Contaminated (ERAIE 7=
ExTRTISpho EEES)

SR Bl (Mock4 REF/* 5 X — &)
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[} bl
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I3k D J-factorfE @ Update (in progress)

RS TICR DA > TLBdSphizb R~
(Draco, Sculptor, etc) @j-factorl&@tln? | | 1]

(BBIfTOINALNEHLEDL)

—Foreground contamination& £ & Lf‘J:’C?&b

B Usensitivityx 5 2 T NLAdSph&E&0 1) 7= Ly
s+ T — XA WASphiZX L TldSampling Biash'hh %
—Sampling BiasDFEZ X T D5 W7 X — XHEFEE

conditional likelihood:
L(w,R|0) - L(V|R,0) = L(v,R|0)/L(R|6)




T EE

« 5 117 DMIERWIMP (23T L .
AEMHE Tl TeVE S WOEE E TREAH 3

« B52dSphIZBLEL X —4 v M 1=H. DMS % (J-factor)RE DRI
22N KT LEEERICAGS

« dSphEFHDE L RIFICERA T 52 L TCRIEEDEEZERY R E.
J-factorfE EDRBEZ LY TZHAT ENTES
—DMMEEEEEDEBEELN L VELN LD DICL S

« M DEREZE (cf. axisymmetric profile, constant anisotropy)
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NVock generator

Mock sample: Jeans inversion

HEEDNIMEZ "L TWAEEX, 3DEBESHEHIAHLHNIL
M ZeE _E oA BIs(distribution function) Z k& H 1 5

f(x;,v) 2 v()

KO- MEE Z TTIC. ZAITHE D dSph mock % A X



Photometry

SDSS (Sloan Digital Sky Survey)

" The Sloan Digital Sky Survey has created the most detailed
three-dimensional maps of the Universe ever made, with deep
multi-color images of one third of the sky, _ _

and spectra for more than three million astronomical objects.
Learn and explore all phases and surveys

—past, present, and future—of the SDSS.”

(https://www.sdss.org/)



https://www.sdss.org/

Spectroscopy

MMT/Hectochelle for Draco [Walker et al. (2015)]
6.5 m, Mt Hopkins, Arizona

Magellan/MMES for Carina, Fornax, Sculptor, Sextans [Walker et al,
(2009)]
6.5 m, Las Campanas Observatory, Chile

P F Subsystem delivery to Subaru and )
L P~ re-integration & test Oﬁ?e’m’o”fm

"SM-N": Nth Spectrograph Module SClEnflﬁC use
eeeeeeeeeeeeeeeeeeeeeeeeeee

7 """"" :I;ri mmmmmmmmmmmmmmmmm a
} """"" : Fiber Cable on Telescope
. I I |7 N

2017 § 2018 2019 2020 2021
N
Telescope down time

Construction, integration & test of the subsystems

System integration & test

Commissioning & stabilization 21


https://www.mmto.org/node/55
http://www.lco.cl/telescopes-information/magellan
http://pfs.ipmu.jp/ja/index.html

Cherenkov Telescope Array (CTA

radio microwave infrared I I uv X-ray y-ray
Wavelength(m) 10° 10 1 10" 10?7 10° 10* 10° 10° 107 10 10° 10 10™ 0% 10" 10™ 10™ 10 107 10 10"° 107
L | | | 1 1 | ] | | 1 | | 1 | A 1 | 1 | | 1
I‘ I_} I-ﬁ [~5 I“ 1 1 1 1 1 1 1 1 | I 1 1 1 1 I‘ 1 1 ]
Photon Energy (V) 10° 107 10° 10° 10" 107 107 10" 1 0 10 10° 10 10° 10° 10 110* 110° 10° 10" 1% 10° 10"
Major Astronomical
: SKA ALMA E-ELT Athena

Facilities

https://www.cta-observatory.org/science/cta-performance/

https://www.cta-observatory.org/project/technology/Ist/
http://www.innovations-report.com/html/reports/physics-astronomy/gamma-

ray-astronomy-site-negotiations-for-cherenkov-telescope-array-started.html



Core Cusp Problem

FLEBTDDM densityd.$ b £ LN
o ppm(r) ~177
; y =0 (core) DA y >0 (cusp) DN ?

CTA Galactic hako

> - SRR L DB TIX Z DEIEBEILNTL S
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Sensitivity (example)
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DM mass (TeV) log10J = 18.83, Draco dSph
[The CTA Consortium (2017)]



