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1. Introduction



After the Higgs discovery in 2012,

® The Standard model (SM) has been found to be a very good
theory below a TeV scale

® But there're some inconsistencies, especially cosmological
side
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Cosmological issues:

® (Almost) isotropic, flat universe
® Baryon asymmetry
® Dark matter

® Dark energy



Cosmological issues:

* ® Dark matter
® Dark matter (DM) is beyond the SM physics

® Many DM searches are ongoing

111

LEPTONS
.;°: s'—g 53;:‘;;3%
iele'le e
-:- .S";:’ms';é SE:;
@' ieﬁge‘[‘%e%

3°3 S"é S';; SZ’_":;
EG{ 2’@5@‘5%&5

N
1% ail|? *
i@)!9|:@ 20
GAUGE BOSONS -

+ something
(DM, ...)




DM searches

® Direct detection

* & e
® |ndirect detection (via cosmic rays) Fermi-LAT

® Collider

® Axion like particle searches
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DM searches

* ® |ndirect detection (via cosmic rays) Fermi-LAT




Positron fraction

DM signals in cosmic rays?

® Positron AMS-02’13

IIII 1 1 IIIIIII 1 1 IIIIIII
° AMS-02

o PAMELA
A Fermi
-1 o
10 T o,
| o O
5
d:l
o
")
QQ)OQOW
1 II L1 II
1 10

e* energy [GeV]

® Antiproton AMS-02°16
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DM signals in cosmic rays?

® Positron AMS-02 13 ® Antiproton AMS-02°'16
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DM signals in cosmic rays?

® Antiproton AMS-02°16
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Detalled discussion in Alessandro’s talk
And In Martin’s talk



Are those really DM signals?



Are those really DM signals?

—> We may check with other observables

Today'’s topic

DM search using local galaxy distribution



Important ingredients for our study:

a). Inverse-Compton (IC) 7 -rays in the extragalactic region
b). Astrophysical sources in the extragalactic region

c). Tomographic cross-correlation using local galaxy distribution
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Important ingredients for our study:

a). Inverse-Compton (IC) 7 -rays in the extragalactic region

b). Astrophysical sources in the extragalactic region
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Important ingredients for our study:

b). Astrophysical sources in the extragalactic region

c). Tomographic cross-correlation using local galaxy distribution

Cuoco, Xia, Regis, Branchini, Fornengo, Viel '15



Important ingredients for our study:

a). Inverse-Compton (IC) 7 -rays in the extragalactic region
b). Astrophysical sources in the extragalactic region

c). Tomographic cross-correlation using local galaxy distribution

Our present study



Outline

2. Overview of the analysis
3. Results

4. Conclusion



2. Overview of the analysis



Important ingredients for our study:

a). Inverse-Compton (IC) 7 -rays in the extragalactic region
b). Astrophysical sources in the extragalactic region

c). Tomographic cross-correlation using local galaxy distribution



Important ingredients for our study:

a). Inverse-Compton (IC) 7 -rays in the extragalactic region



a). Inverse-Compton (IC) ") -rays in the extragalactic region

1. About 27% of the total energy of the universe is DM




a). Inverse-Compton (IC) ") -rays in the extragalactic region

2. Assume that high energy ei are produced by decay or annihilation of DM




a). Inverse-Compton (IC) Y -rays in the extragalactic region

3. They hit the CMB photons and produce high energy 7 -rays

IC scattering
e

e A




a). Inverse-Compton (IC) ") -rays in the extragalactic region

Kl, Matsumoto, Moroi '09
Profumo, Jeltema '09

® The story is very simple

® |f we specify DM model, the QED tells us the IC spectrum
exactly especially for decaying DM

® A good tool to test DM scenarios which accommodate the
anomalous positron or antiproton excess



Important ingredients for our study:

b). Astrophysical sources in the extragalactic region



b). Astrophysical sources in the extragalactic region

Ando, Kl '15
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b). Astrophysical sources in the extragalactic region
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——> (Constraints on DM scenarios



Important ingredients for our study:

a). Inverse-Compton (IC) 7 -rays in the extragalactic region

b). Astrophysical sources in the extragalactic region
Ando, KI '15



Decaying DM

Ando, Kl 15
For the anomalous positron
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Decaying DM scenarios to explain the anomalous positron or
antiproton are partly excluded



In the study, we considered that the gamma rays from the extragalactic
region is

® Statistically isotropic

® |[ntegrated over the cosmological distances



In the study, we considered that the gamma rays from the extragalactic
region is

® Statistically isotropic

® [ntegrated over the cosmological distances

But due to the recent observational developments,

® Anisotropies
® Cosmological distances

of the gamma rays can be used for the study



Important ingredients for our study:

c). Tomographic cross-correlation using local galaxy distribution



c). Tomographic cross-correlation using local galaxy distribution

Gamma rays are almost isotropic, but ..

DATA (P6_V3 diffuse), 1.0-2.0 GeV
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c). Tomographic cross-correlation using local galaxy distribution

There're anisotropies

DATA (P6_V3 diffuse), 1.0-2.0 GeV

— g
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Fermi-LAT 12



c). Tomographic cross-correlation using local galaxy distribution

Ando, Benoit-Levy, Komatsu 13
® Anisotropies Fornengo, Regis '13

Gamma rays Local galaxy distributions

DATA (P6_V3 diffuse), 1.0-2.0 GeV

—7.0 n— s —4.0 Log (Intensity [em™® s™' sr7'])

2MRS "11
QSO, 2MASS, NVSS, MG, LRG)

We cross-correlate the gamma rays with local galaxy distribution



c). Tomographic cross-correlation using local galaxy distribution




c). Tomographic cross-correlation using local galaxy distribution

2MRS "11

6000<v<7000km/s
7000<v<8000km/s
8000<v<9000km/s

We know the distance from each galaxy by its redshift



c). Tomographic cross-correlation using local galaxy distribution

® Cosmological distance

Ando ‘14
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c). Tomographic cross-correlation using local galaxy distribution

® Anisotropies

DATA (P6_V3 diffuse), 1.0-2.0 GeV

—7.0 n— e 4.0 Log (Intensity [em ™ s™' sr7'])

Gamma rays Local galaxy distribution



c). Tomographic cross-correlation using local galaxy distribution

Xia, Cuoco, Branchini, Viel '15

® Anisotropies

® Cosmological distances

DATA (P6_V3 diffuse), 1.0-2.0 GeV

—7.0 — s 4.0 Log (Intensity [em™® s7' sr7'])

Gamma rays Local galaxy distribution

Tomographic cross-correlation using local
galaxy distribution



3. Results



The reported anomalous cosmic rays:

® Positron
® Antiproton (over 100 GeV)
® Antiproton (~ 80 GeV DM mass)

[ [ [ [
T — — T Ty I (a)
o AMS-02 ; o
= PAMELA ;>9 10~
A Fermi * AMS-02 - =
|
c o PAMELA .T"’
o &
ks (TE
©
& T S L L - 1 1 pbar/p AMS-02
s | et X (b)_5104 s -~ BestFit (9o =0)
% 10 T, °u°"u — (Dﬁ/q)e+ T E ° © 10_5 | . - ::rstti:ru;wmh 1o 20
& B gd] - — I } . ® . [— oM™
1 +
*%0g Pt =
DDQQOBO q) /(D — 103 05
I 1 1 1 11 1.1 II 1 1 11 III 1 1 1 1 | | |Rigiditly| [GV] :
1 10 10° () 100 200 300 400 500

e* energy [GeV]




The reported anomalous cosmic rays:

® Positron

® Antiproton (~ 80 GeV DM mass)
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Decaying DM (for the anomalous e™)

Here we focus on three-body leptonic decay: DM — vi*iF

(a). yluie:':&yeieq: (malnly ei )

(b). v pT &vet T (Mainly 1)



Decaying DM (for the anomalous e™)

Ando, Kl 16
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Decaying DM (for the anomalous e™)

Ando, Kl 16

Y 779 S ) SOV 108 S

- ——  DM-+Astro E - —— DM-+Astro
- DM only i} - DM only

1025 .::I L IIIIII| L L IIIIII| L L IIIIII| L L Ll 1 1 1] 1025 -:I: L IIIIII| L L IIIIII| L L IIIIII|

10! 102 103 104 10! 102 103 104

Including astrophysical sources give ~10 times
stronger constraints



Decaying DM (for the anomalous e™)

(a).
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Impacts of IC gamma rays

(a).

Ando, Kl "16
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Impacts of IC gamma rays Ando, KI '16
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|C gamma gives 1-2 orders of magnitude stronger
constraints over TeV region



Impacts of IC gamma rays Ando, KI '16
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|C gamma gives 1-2 orders of magnitude stronger
constraints over TeV region

—> |C gamma rays are crucial to constrain over TeV DM



Annihilating DM (for the anomalous P )

DM DM — bb Ando, Kl 16
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Annihilating DM (for the anomalous P )

DM DM — bb Ando, Kl 16
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4. Conclusion



We have studied DM using local galaxy distribution

® The preferred regions for the anomalous positron flux
mpy = 1-10 TeV, mpy = 10°72% sec are excluded

® |C-induced gamma rays are crucial for the exclusion

® This analysis will be another check for 80 GeV
annihilating DM motivated by the anomalous antiproton



