Prospects on the indirect dark matter detection and
a future spectroscopic survey of

dwarf spheroidal galaxies
(In preparation)

Koji Ichikawa

In collaboration with
Kohei Hayashi , Masahiro Ibe, Miho N. Ishigaki,
Shigeki Matsumoto and Hajime Sugai.

K AV LI

i l M U TeVPa2015, Kashiwa, Oct. 26-30, 2015



Dark Matter Search

Indirect Detection

BN
N

Direct Detection

Collider Production




Signal Target

Extra

. Galaxy/
“..Cluster

Milky-Way Galaxy . . ~10 Mpc

Isotropic

DURISRAE o CMB, Neutrino, X-ray, etc



Dwarf spheroidal galaxies

dSphs: =Clean & DM Rich Target

1. Neighbor galaxies: 10~100kpc

2. Large Mass to Luminosity ratio = DM rich
3. Clean (no strong gamma-ray source)
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See, e.g. Wolfet al (2010) IHalo
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We Should Precisely Determine
The dSph DM Halo Shape

DM\\ v-Rays

Annihilation
(or Decay)
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J-Factor
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Astrophysmal Factor

DIVI Density profile ps(r/rs)_1(1+r/rs)_2 Cusp

p(r) = pe (r/re) T [L4 (r/r)? 10" 1 5 @erir)t@sr/r)?  Cored
\ J

Stellar Density *
Profile: v(r) .
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- (r2) 422221~ (r)‘ _ _GM(r) Fit
vdr r?
long. (deg.) lat.(deg.) dist.(kpe) oy (deg.) fflogo[J(0.5°)/(GeVZemsr)]
] Draco 86.4 34.7 76 0257055 18.8 +0.16
Classical: Ursa Min.  105.0 448 76 0.32+0-15 18.8 £ 0.19
Well-determined Sculptor 287.5 -83.2 86 0.25%033 18.6 +0.18
Sextans 243.5 42.3 86 0.134007 18.4+£0.27
i Segue 1 220.5 50.4 23 0.407p-58 19.5 £+ 0.29
Ultra-faint: A - N Ny Y
Ursa Maj. II 152.5 374 32 0.327; 19 19.3 £ 0.28
Not well-determined. Willman 1 158.6 56.8 38 0257031 19.1 + 0.31

Prior dependence Coma B. 241.9 83.6 4 02503 19.0 + 0.25

Factor 1.6 ~ 2 unc. :Conservative? -



Hidden Systematics...

Galaxy log, JGS15(0,1ax) log; o J(Omax)
[GeV?2 cm™5] [GeV?2 cm™3]

* Non Spherical?
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Hidden Systematics...

* Non Spherical?

=> 0.2~0.4 uncertainty

Axisymmetric: Hayasi and Chiba., arXiv: 1206.3888

* Foreground Contamination?

N < 100: O(1) uncertainty
N ~1000: <0.4

* Prior Bias?/Cut?

N < 100: > O(1) uncertainty

# of models

0.7

llllllllllllllllllllllll IlllllllllllIIIllllllllllIlIl

B P-weighted (MCMC) 30 < Nuvem < 100__

LT CUI P 095 (.\[(.\IC) :I i: E

60_— —f
:
:

i ; Wk
O-SI~ -4 '-3 20 0””|1””2||”|;””~|1?LS?%'6'

logw 3/1™
Bonnivard et al., arXiv:1506.08209

T T | l T |—.| TT | TTTT | TTTT I TTTT | TTTT | TTTT | TTTT | TT
0.6 =LY RN Unweighted (cut Pr=>0.95) -
6 8% o 8 ) E
.. = :‘% 33( 5' > []a!ge.samp_e’f{ i 2 &
= :'-;_ ‘:;:i! FICL g =
= = [ p ; : 5
§ 00T 4 s 3E SR . , 3
7 03 = . ':.i . " A s e 2 Eh
TE  Sepnand g . @ 5
02 ¥ ’?ﬂ",\: (5, I
0.1 = ) . . . O g’
= —
0 __l'l 11 | 1111 | 1111 | 1111 | 1111 I 1111 | 1111 | 1111 | |‘| 111
0 01 02 03 04 05 06 07 08 09 1
famw
Nmem ~ 1000

Bonnivard et al., arXiv:1504.02048



Hidden Systematics...

vvvvvvvvv

Draco |
* Non Spherical? z |
=> 0.2~0.4 uncertainty 5t -
Axisymmetric: Hayasi and Chiba., arXiv: 1206.3888 =
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* Foreground Contamination? _ Tobiiass(300p0) [MgD)

N < 100: O(1) uncertainty
N ~1000: <0.4

Prob. Density
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log,(Mass(300pc) [Mg])

Martinez et al., arXiv: 0902.4715



Hidden Systematics...

* Non Spherical?
=> 0.2~0.4 uncertainty

Axisymmetric: Hayasi and Chiba., arXiv: 1206.3888

* Foreground Contamination?

N < 100: O(1) uncertainty
N ~1000: <0.4

* Prior Bias?/Cut? (For Ultra faint dSphs)
N < 100: > O(1) uncertainty

How to Reduce Them? -> Increase #Nwem!



Prime Focus Spectrograph

FoV 1.3 deg (diam)
with 2394 Fiber
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Prime Focus S

FoV 1.3 deg (diam)
with 2394 Fiber
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Prime Focus Spectrograph
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Prime Focus Spectrograph
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Strategy

1. Mock Observable:

dSph Stellar + Foreground
dSph Stellar Mock

_ Member Star .
15} Mock + 3N

i,

=Boltzmann Equation under DM profile 10 {"}{,ﬁhyﬁrﬂ‘#
Foreground Mock S5 te Preliminary
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St ra_.Fit without Foreground Star
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Foreground Contamination
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Cut Strategy

ROI Cut:
1.3 deg radius for 4 pointing

Color —Magnitude Cut
Gravity Cut

velocity Cut
Teff, Chemical Cut do not so efficient

Current (i~ 20.)
Member 420
FG 30 (w/o vCut: 130)

This contamination is ignored
= Biases dLogJ~ 0.1

PFS (i < 21)
Member 700
FG 80 (w/o vCut: 550)

PFS (i < 21.5)
Member 900
FG 100 (w/o vCut: 650)
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Fit including FG model

_22111 S fsem (Vi, Ri) + (1 — 8) fra(vi, Ri))

Member Fraction

Prob. Dist. Of FG

Member Parameter

5 — NMem
NMem + NFG
2 RY (v—vpom) 2
fMem(fU,R) = ﬂ-R (R) e{ QJ%/-ER)

} = halo information

V2102 (R)
V—URG) 2

frc (v, R) = 2rRNrge [ 2°Fc

J

FG Parameter

Can be considered to be
Gaussian after several cuts.
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FG func Parameters

FG Dominate

ROI

Outer Region Stars

(Data w/o v cut can be used)
=>
FG func parameter inc. its

errors can be determined dSph Dominate

= I 0]
(errors > pr|0r) | 1.3 deg radisu (4 pointings) Preliminary ]

80}
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Results

Current Data
(inc. FG contami)
dLog(J) ~ 0.257
J

PES

(inc. FG contami)
dLog(J) < 0.157

Preliminary Sum /+
H”] {Hm Mem
B0 100 500 1000

Optimization is on-going...

K [pz]




Summary

Indirect detection is essential for DM search.

Gamma-ray observation of dSph can give
robust constraints on the DM annihilation
cross section.

Investigation of stellar kinematics (PFS) will
play a crucial role.

Reduction of foreground stars is important
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