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Cosmic Rays

Energies and rates of the cosmic-ray particles
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Cosmic Rays
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Cosmic Rays

Energies and rates of the cosmic-ray particles
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® He, C hardening: Superbubble?
v O, Ne, Mg, Si, Fe hardening?

® GeV y-ray excess: DM? Pulsar?
v Inverse Compton at TeV? CTA



|5 Dec 2015 Bright Side of the Universe by K. IOKA 8

PAMELA
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Energetics

Energies and rates of the cosmic-ray particles

CAPRICE +—g—
BESS98 +—=—
AMS —e—1 |

— protons only Ryan et al. —v—

JACEE +—— |
Akeno A
Tien Shan ¥

all-particle
MSU +—x— i

B, !i\

electrons if
] X

1072
CASA-BLANCA —m—i
X

) X HEGRA —&— 1
sitrons < CasaMia —e—
e Tibet —=—
AGASA ——

HiRes —e—

PO

X

104
-
X

(GeV cm'zsr'1s'1)

-i "
X
© - antiprotons

E%dN/dE

ﬁ

10'?

-10 1

10°

1
104
Exin

| |
10° 108
(GeV / particle)

10

|
. 10° 1010
Gaisser 06

R

Pproton™ I eV/cm?

Supernova
R 10" erg

" 100yr

| P~ 10"%eV/cm?3

@ 10GeV
10*erg

~/

v 1
p e esC Rp —
10 p tcool

+
e

100yr



|5 Dec 2015 Bright Side of the Universe by K. IOKA 16

Astrophysmal Models
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Pulsars

10-10
R

10+
10t

10-13 - . .
s ,\\\Q\Mu -

101 o
o .‘~f{]_""

10"t
o P

dP/dt (s/s)

10 ¢
108
10495
10%° ¢

102t +

~=1013

o Cer 7o F gsar without timing solution

*  Timed pulsar
Fdio MSP discovered in LAT uniD
® L Tradio-loud pulsar
B LAT radio-quiet pulsar
A L T millisecond pulsar

1073

Abdo+ 13

10 10° 10t
Rotation Period (s)

17

Fermi:
y-ray PSRs
6 —>160

| y-ray MSPs

0 —>60



|5 Dec 2015 Bright Side of the Universe by K. IOKA

Gamma-Ray Pulsars

|.y-ray pulsars: 6 = >160
2. msec y-ray pulsars: 0 = >60
3. Blind search = Later radio pulsars

Ll jo

Ray [2@Fermi Symp.

Fermi satellite (LAT) has found >160 y-ray pulsars

CGRO PSRs (+), young radio-selected (O), young gamma-selected (1), MSPs (<)
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Pulsars = e* Accelelg’gtors
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Pulsar Wind Nebula

Most spin-down energy = Pulsar wind
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Spectral Fitting
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Astrophysical models reproduce e* & e spectra
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Primary e” spectrum may have hardening
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Astrophysmal Models
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Supernova Remnant

Major CR sources
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— 7 —e’e"

Hadronic origin
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1 — Dense matter
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— Reacceleration

Fujita, Kohri, Yamazaki & KI 09
Blasi & Serpico 09
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Antl-Proton
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Dark Matter?
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Constraints on DM
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Limits on Cross Section
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Limits on Cross Section

Bergstrom et al. (2013)
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Future?

* Spectrum at >TeV
* Anisotropy

* Anti-proton, ...
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Spectrum: Fine Structure
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DM-like Pulsar

High-energy e* lose energy by synch. & inv. Compton
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Nearby Young Source
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Line Spectrum by Pulsar?
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CALET

CALorimetric Electron Telescope)

L ST X ~1TeV electron candidate (#1128791625_17544)
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DAMPE

DArk Matter Particle Explore
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LLocal Structures

Spiral distribution Local B Turbulence
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Future: CTA
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AMS-02 Anti-Proton
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Figure 1. Antiproton to proton ratio measured by AMS. As seen, the measured ratio cannot be explained
by existing models of secondary production.
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Antl-Proton
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Just 2ndary Ant1-proton'7

1073 —
& PAMELA 2012 | EXcess is
$ AMS-022015 |
marginal?
| — Small |9]
(Dgir~e™)
— N49 exp.
— Fiducial : @CERN
0 Uncertainty from: Cross-sections <
Propagation — Hard P, He
B Primary slopes
Solar modulation
10—6 - o
1 5 10 50 100
Kinetic energy T [GeV]

Giesent |5



|5 Dec 2015 Bright Side of the Universe by K. IOKA 45

Just 2ndary Anti-proton?

Similar results on anti-proton uncertainties
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Kinetic Energy [GeV]
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Right Branching Fraction

10 10%

5 m———— 1 5 Branching ratio
4 / of pp—e* &P
/ within a factor 2
a3 13 at >100 GeV!
° 5 2 pp or coincidence!

1 Ratio is robust

since the same r ...,
o &ives the same diffusion

|/7|

—e— AMS—-02

O l| I I lIIIIIl l——_l
10 10%

Rigidity [GeV] Kohri, KI, Fujita & Yamazaki 15

-
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Anti-proton fraction

1 10 107

10-3

103

T TTTTTY

10-3

total
- i.f“"""“i*flj\'
N, 104 o8 — 10
e - A ]
L ]
u ’:{:/I _
_;ﬁ! Only background N
F % e~ AMS-02 ]
PAMELA
10—5 ; ] L1 1Iill L1 ||||||| L1 111l 10—5
1 10 107 103

Kinetic energy (GeV)

Kohri, KI, Fujita & Yamazaki |5

Simultaneous Fittings
=2.6e50erg, d=200pc

0=0.42, D,=2e28cm?/s
Dense cloud n=50cm-3, R=40pc
s=2.15,E_._ =100TeV, E

Y Tmax ) “tot
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pp In Supernova Remnant
without Pulsars nor DM?

47

Positron & Electron

1

10

e-e* flux [GeVem-2s-!sr-1] Positron fraction

10

102

103

F e AMS-02

PAMELA
—+HHH

102 | .
F —e— Fermi
L —=— HESS low

H 108

—- 1072

- —— HESS = T8eal bp 1
BETS -~ 1ocalpp
PPB-BETS

—e— ATIC2
| 1 11111 || 11 II |
10 102 103
Log,,(E/GeV)



B/C ratio
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B/C for e* Excess

Similar B/C upturn was predicted for e* excess
e*, anti-proton & boron are 2ndary
No B/C upturn = SN happens in Iow metal reglon7

PAM ELA

e’ excess 1+
%A%H ]

o
w
T

o
N
T

/‘ Ls
@»—(—H
d(e’) / (o(e’)+ o(e )

<
/
/
/
/
/
ya I 1

°
-

Positron fraction

10-2 -

1 10 102 10 104 * PANMELA

| |
energy per nucleon [GeV] 0.01, : T T

Mertsch & Sarkar 09 Energy (GeV)
Also nested-leaky box by Cowsik & Burch 09 Adriani+ 08, 10
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B/C v.s. 1a

AMS-02 has internal inconsistency
B/C

N
EN

;v?ﬂp

0.
Q?EJ?’@“ o

L7 T,

o
W

I

[S)
N
T

° AMS-02

o0 PAMELA (2014)

v TRACER (2006)

&  CREAM-I (2004)

A ATIC-02 (2003)
AMS-01 (1998)
Buckley et al. (1991)

0.05 CRN-Spacelab2 (1985)

Webber et al. (1981)

0.04 |- HEAO3-C2 (1980)

A Simon et al. (1974-1976)

0.03 + Dwyer & Meyer (1973-1975)

o  Orthetal. (1972)

002 | 1 1 bl

Boron-to-Carbon Ratio
o

IIIII|

[¢]

comparison with measurements
from 0.5 GeV/n to 3 TeV/n

h

1 10

Oliva+ AMS days |5

10 10
Kinetic Energy (GeV/n)

2

3

Flux x R’ [GV'" m2sr's|

—h
o

=Y

49

T

— Fit to data
- Ay=0

..
~h

..
~~

10

102

Derome+ AMS days |5

Both boron and Lithium are secondary

' 10°
Rigidity [GV]



Secondary e* still Viable?

secondary upper bound
""""""" ¢ 1 . o PAMELA (2009) +
.............. e A I iy iiost PCR+PISM+
-------------- ielioiiiiiil o AMSO02 (2013) —JU —€

Upper Limits
by B/C

e*/e* rise
if t is

escape
longer at
10’ 2 .
Cowsik(e)& Burch 09,Katz+ 10,  E [GeV] hlgher energ)’

Blum+ |3, Cowsik+ |3
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® e* excess: Astrophysical
v’ TeV spec.,Anisotropy, ... CALET

® p: No excess or pp?
v B/C & Li? AMS-02

® He, C hardening: Superbubble?
v O, Ne, Mg, Si, Fe hardening?

® GeV y-ray excess: DM? Pulsar?
v Inverse Compton at TeV? CTA
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Spectral Breaks

|5 Dec 2015 Bright Side of the Universe
><103
S 14 |- (b) g
Q > 2
O 12 — O
[3) N ‘I-O 2.
g10f -
t:\la 8 ‘}‘2 .
IE 6 d 2
= Ay~0.1 3
aX g€ Y ° Yo m
(I1] - ] x ]
5 C Klnetlc Energy (E ) [GeV] R TR
1 102 1o3
Aguilar+ 15a,b
Ahn+ 10

o W

o © N

O

%)

92

. Helium
T T ]
(c) ~_ Fitto B9, (3

--- Eq. (3) with R =

~~

~a.

Rigidity (ﬁ )[GV]

'IIIIIlIII']IIIlIIIlIIIl IIIIII‘

102

AMS-OZ confirms that

p & He spectral indices
hardens at >200GV

103
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Spectral Difference

8 7 I 1 ] I ] LELELEL I
7.5 (b) Aguilar+ 15 |
- Adriani+ || — pito =4-(2)
2 O PAMELA
I Panov+ 06 /7 BESS-Polar

astro-ph/0612377

p/He has
no break

IlllI IllIllllIIlllIllllIllllIlllllllllllllllllll

Rigidity (R) [GV]

3 ........l L r 0o el 1 R S T
In addition, 10 10°
He is harder than proton by v, ,,.=-0.077
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He/p & C/p

Ohira, Kawanaka & KI 15

Rigidity [GV]

o4

He/p # const
C/p # const

He/p oc RO-98
C/p oc RO-08

He/p>[He/p]s
C/p>[C/ple

No breaks
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He/p & C/p

10° pr——————————————3 He/n = st
E B | L po 08 o ns
A ,/' =c
10 X7 wHe/ P’C\ Pat\on ‘
%‘DTC} CNLE“:Cfaea . (3
10T ol AT ind)

pOSIEO™ 5 Herp>Herp,
(cO SP 1 C/p>[Clplo

10’ 10° 10> No breaks
Ohira, Kawanaka & KI 15
b Rigidity [GV]
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Helium is Special

® He/p ~ 3XY ! @100TeV My /M<

~0.|
® Stellar nucleosynthesis e
never double the meanY
(*.” Schonberg-Chandrasekhar)
: Reason to invoke Big Bang

= Ejecta-enriched region
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CR origin ~ Superbubble?

He & C-rich

Isolated SNR Multiple SNR
(~Fermi SNR) Superbubble

not a main channel?? Predict hardenings of heavy elements
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Composition Gradient
/
A Early shock  Late shock
¥ > T

=

High-energy proton Low-energy proton

Spectrum

Density

Radius Ohira & Kl 1|

Ohira, Kawanaka & KI 15



|5 Dec 2015 Bright Side of the Universe by K. IOKA 29

Scenarios for Break

1035"f|"T|"T|||"T|@

|. Propagation 14

2. Injection

3. Local high-energy souirﬁéw 1

4. Local low-energy source ...

Vladimirov+ 12 0°F et Ll
g ¥ Si x 5x10°°

B/C break!? 5,..@%& FFFFF |
O, Ne, Mg, Si, Fe breaks? = “fiostsosid

E gy(GV ucleo )
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Contents

® e* excess: Astrophysical
v’ TeV spec.,Anisotropy, ... CALET

® p: No excess or pp?
v B/C & Li? AMS-02

® He, C hardening: Superbubble?
v O, Ne, Mg, Si, Fe hardening?

® GeV y-ray excess: DM? Pulsar?
v Inverse Compton at TeV? CTA
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Morselli’s talk

Galactic Center

 Aharoniant 04 Aharonian+ 06

Point-like Galactlc ridge

y-ray source (Fresh
(Sag A%, SIRH—

5
-30°0’ s o
17h48m 17h45m 17h42m
| | |
L4
.

e T

Fermi bubble
F(S'tfg"Af’*?”'*b”U‘f*@f?‘)b’“

"0 = "d‘g
& .:% -Wg,‘s.‘ ..1» ,. fH ,’“i

v

\'.
?\\\ ~

F|nI<be|ner+ IO
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Morselli’s talk

Galactic Center

Ah + 04 . .
%f:f’”'a” Point-like Galactlc ridge

y-ray source (Fresh
(Sag A, SR

Aharonian+ 06

e
Y
0o

-30°0’ 5 o
17h48m 17h45m 17h42m
| | |
»
.

i

Galactic latitude (b)
o

Fermi bubble
“(Sé‘g”A@"?”’*bT]‘if@f?’)b'“

GeV y-ray
e S

A ,"’"
o e 3“ y \
Zr .:% —ng -“ ,’ ‘ ,}“v

\'.
?\\\ ~

Finkbeiner+ IO - 7°)(7°~| kPC2

Galactic longitude (1)

I
V)
o

__|




Galactic latitude (b)
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GeV y-ray Excess

Goodenough & Hooper 09
Vitale & Morselli 09
Hooper & Goodenough ||
Boyarsky+ ||

Hooper & Linden 1|
Abazajian & Kaplinghat 12
Gordon & Macias |3

Huang+ |3
Abazajian+ 14
Daylan+ 14
o 0 e Zhou+ |4
Galactic longitude (1) Calore+ |4

Bertone+ |5
Fermi collaboration |5 ...
Caveat: Background model systematics is not small



I5 Dec 2015

Dark Matter v.s.

energy photons Positrons
> o
Vin 3

ANA AR Av_‘a e

Medium-energy -_fle(tm"s
gomma roys

- )_'_. Neutrinos
" .

Low
Quorks

. . . 7 ;
'* Leptons " '/VVVV!}T‘ A

A-_) Antiprotons

S

Supersymmetric

neutrolinos Protons

I —— 3

Bright Side of the Universe by K. IOKA

a ! | L T

s — bb Procar=0.4 GeV/cm® E
r — — - C¢C

ol oo ss ]
[ —— uu,dd

40°x40°, y=1.18
Full Sky, y=1.28

1 QBR’ Q

AV . 10”V(
2c

2 t{.-: ) | L . PR ST R
30 40

my (GeV)

30

100 s™

)
"éo Or cosmic-ray bursts? (Carlson & Profumo [4;
Petrovict+ 2014; Cholis+ 15)

nglsar

B

64

Ba

R

10°G

I

10°cm

)3
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Most Pulsars are Unseen

y-ray pulsar distribution We are observing
e only nearby pulsars

MSPs are faint

Galactic center may

have O(103-4) MSPs
= GeV excess!?

Abazajian | |; Gordon & Macias |3;
Yuan & Zhang |4; Petrovict |5;
Bartels+ |5; Lee+ |5

Hooper+ |3; Cholis+ |5

Abdo+ 13

A MSP; @Radio-loud; lRadio-quiet



|5 Dec 2015 Bright Side of the Universe by K. IOKA 66

Pulsar Wind Nebula

Most spin-down energy = Pulsar wind

(Relativistic plasma

GeV y=ray of magnetized e?)
> |oroidal wisps L 1 O L
/~/
\ e~ Y
| PWN—SNR—ISM
= Inverse
Inner ring Compton
emission

20 arcsec
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Inverse Compton Spectrum

| I I.Illlll I I IIIIIII I T rrrm I I IIIIIII | | lllllll I 1 IIIIIL
-5 Fermi excess ——— power-]aw
107 FHESS Ridge —— fr=09
g MSP —— :
» 100k bremss — — — .
N = ICS - --- =
= . ‘
> _ i
5 107E 3
< iy :
= . -
= 10" F i E
o ! 3 propagation \\\\\ - . &
- models RGN F e, -
) SIS~ _
-9 ~3 ~ o o
10 = Il NN S 1<0.8 , b<0.3
E - \Q & ]
| 1 IllIIlI | 1 IIIllII | | Illllll | 1 IllIllI l\l\? I\lllll 1 | lllllT
10 10" 10" 10! 10> 100 10
Yuan & KI 15 E (GeV)

Petrovic+ |5

Extended
7°%x7°
Power law E—
(E_ =50TeV)

max

Electron BG
(Isotropic)

4
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Surface Brightness

-10
10 I 1 I I I I 1 I 1 I I 1 | 1 | I I | 1 |
i | | f—IESS rldge |
S S E;,=200 GeV - - - - -
B I oo - - - - ——— 1 ~A-09
o I : power law | ~0
o ] L 1 1 shallower
e I : 1 than GeV
Q
= | | AT . _
> - ———— .
O | /e e e - -
= |
I ot HESS ridge 1/ | _
¢ - ~Inverse Compton '— —— . )
- = Detectable by CTA I Fermi suggests IC
O L1 Il L1 1 |2 I [ g I R B il. Str’onger’ than

Yuan & KI 15 0(deg) baseline models
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p/He & Bre

Two types of anomalies

I. Proton/Helium Ratio

e .
= Adrianit+ ||
g Panov+ 06
? astro-ph/0612377

L — ]
~ Also PAMELA :
nd ATl C 2 A Z%?eﬁéﬁsgaagg% liock 0 chnted
Gl e O = -
1 10 102 10° 10%

R (GV)

p/He is continuous across break
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1A
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—
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10°E f\
.o,f f
L 3 ‘%gﬁﬁJ Mg x10™
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/9
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107F ..*”"ﬂ?% & Fe x10”
i Ahn
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107 1 10 10® 10® 10* 10° 10°
Energy (GeV/nucleon)




|5 Dec 2015

Bright Side of the Universe by K. IOKA

AMS-02 New Results

The AMS Experiment

12
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Air Shower
CTA LHAASO

cherenkov telescope array

=, T

10 107 10° 10* 10° 108
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Proton

Flux x R27 (m2 s sr GV)-1 Gv2-7

ay
o
H

10

102
R (GV)

103

Bright Side of the Universe by K. IOKA

p & He Breaks

Helium

Flux x R27 (m2 s sr GV)1 Gv2-7

T T TTTTIT T T TTTTT

10

102 10°
R (GV)

74

CREAM+ 10
PAMELA+ | |

p & He

| Index hardening

Ay ~0.12£0.02
AYy,.~0.16+0.02



15

Dec 2015

Bright Side of the Universe by K. IOKA

75

AMS-02: p & He

Spectral breaks disappear?

£

2

=

Flux x R*” (m?sr's?'GV'’) ¥

2

Proton flux: search for structures

AMS-02 Data o

Pamela Data @

A ll Rig!dity I(le) L LA L L l

10

102 10°

[
o
>
Q
=
&}
]
w
o™
E
~
o
o
X
X
=
i

10°

AMS-02, ICRCI 3

Helium flux: search for structures

AMS-02 Data »
FPamela Data @

I lll L I L I I L lll 1 l—.
102 10° R (GV)

10

AMS-02 has changed the claim as events increase

¢/ He remains harder than p Ohira &Ki 11
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CR Hellum Hardenlngs

105— I TIIIT1YI 1 Frrrrns 1 | l ! 11T]1”
S b [,=-2.66£0.02
> - 1
3 | \
< P oGl -
= i | . q]é] ¢ & —
10°E ¢ = s il
o [ 4N ” I,.=-2.5810.02 |.He/p hardening
1Y he ~0.2~Y, @GeV
>
=l x~3 @100TeV
el el v 2. Spectral Break
10 107 10° 10°* 10° ~
2 ey (Gov) @~200GeV/n

Ahn 10 for all (p-Fe)
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Origin of Different Spectra

TABLE 1
SCORE SHEET FOR MODELS OF DIFFERENT COSMIC-RAY SPECTRA
Model Mechanism  Score Comment Reference

Propagation Spallation o Grammage Blasi & Amato (2012)
Different sources Wind A H wind Biermann et al. (2010)

Reverse shock A Energetics Ptuskin et al. (2013)
Injection Gyroradii o C/He # const. Malkov et al. (2011)
Inhomogeneous environment  Ionization S C/He # const.  Drury (2011)

Superbubble v Mixed ejecta  Ohira & Ioka (2011)

The last 3 are related to
the nature of CR accelerators



e by K. IOKA

Mixing Fraction of ISM

* [He/P] Ejecta~[He/P]ISM

* [C/P] Ejecta>>[C/P]ISM
« AMS-02: C/He~const within ~20%
= ISM fraction <20% at ~10 GV
<|0% at~I0TV

* Cosmic rays originate PRIMARILY
from supernova ejecta!
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Spectral Breaks
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= P I
e” rropagation

0 - 2 0 5 -
_f(t’ge,x)=K 86 V f+— bgef +Q(t9837x)
¥ [fff) I age [ ]
b 10—16G V-l —Il en Enel‘gy loss by |n]eCtlon
- 0 |IC & synchro.

/3
K(e,)~538 X10280m23_1(1+ 4(?6\/) — B/C ratio

For a single burst with g « £, Power law spectrum

f = q308€ (1 _ th )0“2 e_(d/ddijf)z Atoyan+ 95, Shen 70
/2 13 e
Td g
Spatially uniform over Spectral cutoff 1

~ —

1/2
ddiﬁ” (t’ge) ~ Z[K(Se)t] Ecut bt
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Energetics

~—10° . — proton
v solar Modulation: ® = 442 MV .
0 2 — helium
k7 10 — electron
= 102 —— positron
'-'> photon
S 10 — antiproton
= z
b 1 —
3 - &
h —
C 2
— n
— ~
©
E ~
— N
— L))
o))
= wn
= e AMS-01 protons ©
4 B ® AMS-01 helium
1 0 E- A AMS-01 electrons g
= + ATIC € +e*
— * PPB-gI;'?S e+e’
1 0'5 B X  HESS e+e'
— v  HEAT 94/5 positrons
6 — AMS-01 positrons T
1 0 E— A Frfﬁxegn%?;:ggzs :
— ¢  Caprice 94 antiprotons ‘
-7 & Caprice 98 antiprotons
1 0 = =  BESS 95/97 antiprotons
— ¥ BESS 02 antiprotons
10-8 | | llIIIlI | | IllllII | 1 lIIIIII | | | i
-1 2 3
10 1 10 10 10
0903.1987 energy [GeV]

U(proton)

~leV/em?

< Supernova
remnants

U(electron)

~10-2eV/cm3

U(positron)
~10-3eV/cm3

~ 0.1% of p
Even less @TeV
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Spectral Fitting

Positron

Both e* can be fitted

| e Backaround ' PAMELA —e—1 |
---------------- Saciground by the same model
> | GRB/Pulsar (a)
= —— GRB/Pulsar (b)
tm ——————— GRB/Pulsar (c)
=
: __ Electron
c i ] T T T
'% i = Background+(a)
S ! -~ Background
c A Y D B GRB/Pulsar (a)
e | —— GRB/Pulsar (b)
s S T ~ GRB/Pulsar (c) ﬁh*;
o P T
T rf“i’!'f?-» -lT
/ | h 3 I vy
0.01 ' i B
10 102 10°

E GeV

B o
e P
(a)Fiducial (b) Harder (c) Older x HEBS(08
0.9¢50 erg 0.8e50 erg 3e50erg I ?Ess_ggg

ermi

2e5 yr 56e5yr  3ebyr 10 .
a=2.5 a=1.8 a=1.8 10

e.g, Hooper+ 09, Profumo 12,KI [0 Energy ¢ [GeV]
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0.50 i

0.20

et (et +e)

0.05

0.02

For both DM and pulsar models
Still within the Fermi systematics

0.10
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Tension with Fermi?

X—>¢¢—>2e‘ 2/1 27r‘ at 1:1: 2
M, =500 GeV /1.6 TeV

S+

E (GeV)

1
50

1
100

e"+e~ E3x diff. flux GeVZ(m? s sr)~!

1000
500 f

100 f

i
(=]
T

S

—

o)
1

Slope declines = Does not fit Fermi data

/\/—)¢¢)—>2€i 2u*, 21t at 1:1:2
M =500 GeV /1.6 TeV

1000
E (GeV)

Cholis & Hooper 13, Ibet+ 13
Yuan+ [3,Yuan & Bi 13
Masina & Sannino 13, Jin+ 13
De Simone+ |3, Feng+ |3
Gaggero & Maccione 13
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1,000

ES30dN/dE, (m2s-1sr1GeV?)

10

100 L

Spectrum
T

10 100 1,000

Chang+ 08 Energy (GeV)

84

Peak +
1 Cutoff
1= DM?
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Dark Matter Structure

N-body Simulation The Aquarius Project
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e” Anisotropy: Dark Matter

I I lIIllll I I IIIII]I I | Il]llll | I llllll]

10'= Nearby DM clumps o
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DM Over-Density
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- can use hadronic
T modes to fit e*/e*
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