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Overview: DM indirect searches 
Advantages	
  
n  Can	
  probe	
  DM	
  annihila/on/decay,	
  important	
  to	
  

understand	
  the	
  origin	
  of	
  DM.	
  
n  Tiny	
  signals	
  enhanced	
  	
  by	
  huge	
  volume	
  of	
  the	
  DM	
  

halo	
  
n  Many	
  observables:	
  CR	
  leptons,	
  hadrons,	
  photons	
  in	
  

mul/-­‐wave	
  lengths.	
  	
  Both	
  energy	
  spectra	
  and	
  
morphology	
  can	
  be	
  measured	
  
	
  	
  

Challenges	
  
n  “backgrounds”	
  not	
  well	
  understood,	
  difficult	
  to	
  

dis/nguish	
  “signal”	
  and	
  “background”	
  
n  Informa/on	
  loss	
  aGer	
  	
  propaga/on	
  (for	
  charged	
  CRs)	
  
	
  	
  	
  	
  	
  	
  	
   	
  -­‐	
  spectrum	
  change	
  du	
  to	
  E-­‐dependent	
  	
  	
  	
  	
  	
  	
  	
  

	
  propaga/on,	
  convec/on,	
  re-­‐accelera/on,	
  E-­‐loss	
  	
  
	
  -­‐	
  anisotropic	
  source	
  -­‐-­‐>almost	
  isotropic	
  signals	
  

n  Significant	
  uncertain/es	
  in	
  theore/cal	
  predic/ons	
  	
  
	
  	
  	
  	
  	
  	
  	
  e.g.	
  model	
  of	
  CR	
  propaga/on,	
  distribu/on	
  of	
  ISM,	
  	
  
	
  	
  	
  	
  	
  	
  	
  interac/on	
  cross	
  sec/ons,	
  Solar	
  modula/on	
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CR positron anomaly 

3 

A	
  rise	
  in	
  positron	
  frac4on	
  (flux)	
  is	
  well-­‐established	
  (PAMELA,	
  Fermi-­‐LAT,	
  AMS-­‐02)	
  
n  Viable	
  explana/ons:	
  PWN,	
  SNR,	
  DM	
  and	
  unconven/onal	
  secondary	
  sources	
  
n  Models	
  with	
  modified	
  propaga/on	
  constrained	
  by	
  AMS-­‐02	
  B/C	
  data	
  
n  Upper	
  limits	
  on	
  dipole	
  anisotropies	
  not	
  stringent	
  enough	
  to	
  	
  
	
  	
  	
  	
  	
  dis/nguish	
  DM	
  	
  and	
  astrophysical	
  (PWNe,	
  SNRs)	
  sources	
  
n  Ferm-­‐LAT	
  gamma-­‐ray	
  data	
  (also	
  Planck	
  )	
  strongly	
  disfavor	
  DM	
  annihila/on	
  with	
  or	
  
	
  	
  	
  	
  	
  	
  w/o	
  Sommerfeld	
  Enhancement	
  

Positron Flux 

56 

AMS-­‐02	
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Positron	
  frac4on 



Multiple astrophysical sources can account for 
both positron and electron spectra 
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Figure 3. Results of our simultaneous fit on the AMS-02 data for the electron flux (top left), positron
flux (top right), electron plus positron flux (bottom left) and positron fraction (bottom right). The
best fit model is represented by the solid black line, and is embedded in its 3� uncertainty band (cyan
strip). In each panel, the dot-dashed yellow line represents the electron flux from the far (>3 kpc)
SNR population, the dotted green line the electrons from the local SNRs, while the short dashed blu
line describes the positron and electron flux from PWN and the long dashed red takes into account
the secondary contribution to both electron and positron flux. The fit is performed on all the AMS-02
data simultaneously. Together with our theoretical model, data from AMS-02 [6–8], Fermi-LAT [4, 5],
Pamela [1–3], Heat [174–177], Caprice [178, 179], Bets [180, 181] and Hess experiments [44, 182] are
reported.

and, in turn, the positron fraction; at lower energies, far SRN are dominating the flux of
electrons and of (e+ + e

�) (this occurs for energies below about 100 GeV), while secondaries
determine the positron flux and the positron fraction (for energies below 10-20 GeV). It is
therefore remarkable that a single model for all the source components, for both positron
and electrons, fits simultaneously all the leptonic AMS-02 data, without any further ad-hoc
adjustment. The best fit values found for the free parameters of SRN and PWN are in very
good agreement with the ones quoted in Sections 2.1 and 2.2.

Another quite interesting result concerns the positron flux interpretation. The secondary
positron component adopted in our analysis, as discussed above, depends only on the p
and He primary fluxes (which we have determined by a separate, independent, fit on the
recent AMS-02 data), on the nuclear cross sections involved in the spallation process and on
propagation in the Galaxy. It therefore has no free parameters, as far as the e

± analysis is
concerned. However, we have allowed a free normalization q̃sec, in order to check a posteriori

the compatibility with the AMS-02 data. The fact that we find a best-fit value of q̃sec very
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4	
  Nearby	
  source	
  can	
  generate	
  significant	
  anisotropy	
   



Ferm-LAT limits on anisotropy 

Fermi-­‐LAT,1703.01073	
   



High-energy antiprotons 

Energy[GeV]
-1

10 1 10
2

10
3

10

/P
P

-6

10

-5

10

-4
10

/P, BackgroundP

PAMELA2014
AMS-02
Conventional
MIN
MED
MAX

FIG. 2: Predictions for the p̄/p ratio from the four propagation models list in Tab. 1.

The data from AMS-02 [2] and PAMELA [29] are shown.

The flux cosmic-ray antiprotons from DM annihilation depend also significantly on the

choice of DM halo profile. N-body simulations suggest a universal form of the DM profile

⇢(r) = ⇢�

✓
r

r�

◆��

✓
1 + (r�/rs)↵

1 + (r/r�)↵

◆(���)/↵

, (7)

where ⇢� ⇡ 0.43 GeV cm�3 is the local DM energy density [31]. The values of the pa-

rameters ↵, �, � and r
s

for the Navarfro-Frenk-White (NFW) profile [32], the isothermal

profile [33] and the Moore profile [34, 35] are summarized in Tab. 2. An other widely

↵ � � r
s

(kpc)

NFW 1.0 3.0 1.0 20

Isothermal 2.0 2.0 0 3.5

Moore 1.5 3.0 1.5 28.0

TAB. 2: Values of parameters ↵, �, � and r
s

for three DM halo models, NFW [32],

Isothermal [33], and Moore [34, 35].

adopted DM profile is the Einasto profile [36]

⇢(r) = ⇢� exp


�
✓

2

↵
E

◆✓
r↵E � r↵E

�
r↵E
s

◆�
, (8)

with ↵
E

⇡ 0.17 and r
s

⇡ 20 kpc.
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Giesen,	
  1504.04276	
  

H.B.Jin, Y.L.Wu, YFZ arXiv:1504.04601, PRD	
  

AMS02	
  (2016) 

CR	
  an4protons	
  
n  AMS-­‐02	
  data	
  roughly	
  consistent	
  with	
  

background	
  
n  PWNe	
  	
  unlikely	
  to	
  contribute	
  
n  SNRs	
  	
  s/ll	
  possible	
  source	
  
n  Cooling	
  is	
  less	
  important	
  ,	
  compared	
  with	
  

CR	
  electrons.	
  
n  More	
  sensi/ve	
  to	
  propaga/on	
  

parameters	
  and	
  DM	
  profile	
  



Low	
  energy	
  excess	
  ? 

High	
  energy	
  excess	
  ? 

Possible excess and DM interpretation 

H.B.Jin, Y.L.Wu, YFZ arXiv:1504.04601, PRD 

7	
  

Low	
  energy	
  excess:	
  40-­‐50	
  GeV	
  DM	
  to	
  2b,	
  thermal	
  cross	
  sec/on,	
  consistent	
  with	
  GC	
  γ	
  excess	
  
High	
  energy	
  excess:	
  10	
  TeV	
  DM	
  annihila/on	
  into	
  2W,	
  2b,	
  boost	
  factor	
  ~10-­‐100 

Giesen,	
  1504.04276;	
  Ibe	
  1504.05554;	
  	
  
Hamaguchi,	
  1404.05937;	
  Lin,	
  1504.07230	
  

Chen,	
  1504.07848;	
  Chen,1505.00134 H.B.Jin, Y.L.Wu, YFZ arXiv:1504.04601, PRD	
  



The possible high-energy excess 
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Implica/ons	
  
1.  The	
  spectral	
  feature	
  can	
  be	
  well-­‐fiZed	
  with	
  a	
  power	
  law	
  spectrum	
  with	
  a	
  cut	
  

off,	
  typical	
  significance	
  ~3	
  sigma.	
  
2.  DM	
  direct	
  annihila/on	
  (DMDMàf	
  karàpbar	
  +X)	
  predicts	
  a	
  broad	
  bump,	
  

too	
  smooth	
  to	
  explain	
  the	
  excess	
  in	
  a	
  narrow	
  	
  energy	
  range.	
  
3.  SNRs	
  can	
  produce	
  secondary	
  an/protons	
  but	
  with	
  a	
  flat	
  (or	
  smooth	
  rising)	
  

spectrum.	
  

For	
  DM	
  interpreta/on,	
  propaga/on	
  is	
  one	
  of	
  the	
  major	
  source	
  of	
  uncertainty 

Power	
  law	
  with	
  cut	
  off SNR DM	
  à2q	
   



Cosmic-ray transportation equation 
diffusion convec/on 

reaccelara/on 

E-­‐loss 

source 

9 

spalla/on decay 
Sources	
  of	
  CRs	
  
•  Primary	
  sources	
  from	
  SNR,	
  pulsars	
  
•  Primary	
  sources	
  from	
  WIMP	
  
•  Secondary	
  source	
  from	
  CR	
  fragmenta/on	
  	
  
Processes	
  in	
  Propaga4on	
  	
  
•  Diffusion	
  (random	
  B	
  field)	
  
•  Convec/on	
  (galac/c	
  wind)	
  
•  Reaccelera/on	
  (turbulence)	
  
•  Energy	
  loss:	
  Ioniza/on,	
  IC,	
  Synchrotron,	
  
	
  	
  	
  	
  	
  	
  bremsstrahlung	
  
•  Fragmenta/on	
  (inelas/c	
  scaZering)	
  
•  Radioac/ve	
  decay	
  (unstable	
  species)	
  
Solar	
  modula4on	
  

Uncertain4es	
  
•  Distribu/on	
  of	
  primary	
  sources	
  
•  Parameters	
  in	
  the	
  diffusion	
  equa/on	
  
•  Cross	
  sec/ons	
  for	
  nuclei	
  fragmenta/on	
  
•  Distribu/on	
  of	
  B	
  field	
  
•  Distribu/on	
  of	
  gas	
  
Approaches	
  
•  Semi-­‐analy/cal,	
  two-­‐zone	
  diffusion	
  model.	
  
•  Numerical	
  solu/on	
  using	
  realis/c	
  
	
  	
  	
  	
  	
  	
  astrophysical	
  data.	
  
	
  	
  	
  	
  	
  	
  GALPROP/Dragon	
  code	
  
	
  



Determine the propagation models 
 

Observables	
  
1)	
  Secondary/Primary	
  	
  
•  B/C	
  	
  and	
  sub-­‐Fe(Sc+V+Ti)/Fe	
  

	
  sensi/ve	
  to	
  combina/on	
  D0/Zh	
  
	
  
2)	
  	
  Radioac/ve	
  species	
  (cosmic	
  clock)	
  
•  10Be/9Be,	
  36Cl/Cl,	
  26Al/27Al	
  

	
  sensi/ve	
  to	
  diffusive	
  halo	
  size	
  
	
  
3)	
  	
  Stable	
  primaries	
  
•  Proton	
  and	
  	
  electron	
  fluxes	
  

	
  sensi/ve	
  to	
  primary	
  sources 

Degeneracies	
  between	
  parameters	
  
1.  D0	
  /Zh	
  ,	
  most	
  relevant	
  for	
  DM	
  	
  
2.  δ+γp2	
  	
  	
  =	
  	
  2.7	
  
3.  Va	
  	
  scales	
  as	
  (D0)1/2	
  A. Putze et al.: An MCMC technique to sample transport and source parameters of Galactic cosmic rays. II.
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Fig. 2. From top to bottom: posterior PDFs of models I, II,
and III using the B/C constraint (dataset F). The diagonals
show the 1D marginalised PDFs of the indicated parame-
ters. Off-diagonal plots show the 2D marginalised posterior
PDFs for the parameters in the same column and same line
respectively. The colour code corresponds to the regions of
increasing probability (from paler to darker shade), and the
two contours (smoothed) delimit regions containing, respec-
tively, 68% and 95% (inner and outer contour) of the PDF.

Table 3. Best-fit model parameters for B/C data only (L =
4 kpc).

Model Kbest
0 × 102 δbest V best

c V best
a χ2/d.o.f

Data (kpc2 Myr−1) (km s−1) (km s−1)

I-F 0.42 0.93 13.5 . . . 11.2
II-F 9.74 0.23 . . . 73.1 4.68
III-F 0.48 0.86 18.8 38.0 1.47

correlated with Va, which is related to a smaller δ being
obtained if more reacceleration is included. On the other
hand, the positive correlation between δ and Vc indicates
that larger δ are expected for larger wind velocities.

We show in Table 2 the most probable values of the
transport parameters, as well as their uncertainties, corre-
sponding to 68% confidence levels (CL) of the marginalised
PDFs. The precision to which the parameters are obtained
is excellent, ranging from a few % to 10% at most (for
the slope of the diffusion coefficient δ in III). This corre-
sponds to statistical uncertainties only. These uncertainties
are of the order of, or smaller than systematics generated
from uncertainties in the input ingredients (see details in
Maurin et al. 2010).

As found in previous studies (e.g., Lionetto et al. 2005),
for pure diffusion/reacceleration models (II), the value of
the diffusion slope δ found is low (≈ 0.23 here). When con-
vection is included (I and III), δ is large (≈ 0.8− 0.9). This
scatter in δ was already observed in Jones et al. (2001), who
also studied different classes of models. The origin of this
scatter is consistent with the aforementioned correlations
in the parameters (see also Maurin et al. 2010).

The best-fit model parameters (which are not always
the most probable ones) are given in Table 3, along with
the minimal χ2 value per degree of freedom, χ2

min/d.o.f
(last column). As found in previous analyses (Maurin et al.
2001, 2002), the DM with both reacceleration and convec-
tion reproduces the B/C data more accurately than with-
out: χ2/d.o.f= 1.47 for III, 4.90 for II, and 11.6 for I. The
B/C ratio associated with these optimal χ2 values are dis-
played with the data in Fig. 3. We note that the poor fit for
II (compared to III) is explained by the departure of the
model prediction from high-energy HEAO-3 data.

4.2. Sensitivity to the choice of the B/C dataset

For comparison purposes, we now focus on several datasets
for the B/C data. Low-energy data points include ACE
data, taken during the solar minimum period 1997-1998
(de Nolfo et al. 2006). Close to submission of this pa-
per, another ACE analysis was published (George et al.
2009). The 1997-1998 data points were reanalysed and
complemented with data taken during the solar maxi-
mum period 2001-2003. The AMS-01 also provided B/C
data covering almost the same range as the HEAO-3
data (Tomassetti & AMS-01 Collaboration 2009). Hence,
for this section only, we attempt to analyse other B/C
datasets that include these components:

– A: HEAO-3 [0.8− 40 GeV/n], 14 data points;
– C: HEAO-3+low energy [0.3−0.5GeV/n], 22 data points;
– F: HEAO-3+low+high energy [0.2−2 TeV/n], 31 data

points;

6

TroZa,	
  etal,	
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  etal,	
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Constraining the propagation model using 
AMS-02 data 

Standard	
  approach:	
  B/C+	
  10Be/9Be	
  	
  
	
  	
  	
  pros:	
  B/C	
  source	
  independent,	
  only	
  constrain	
  D0/Zh,	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  10Be:	
  	
  τBe10	
  =1.4	
  Myr,	
  sensi/ve	
  to	
  D0	
  only,	
  break	
  the	
  D0/Zh	
  degeneracy	
  
	
  	
  	
  	
  corns:	
  	
  lower	
  precision	
  10Be/9Be	
  data	
  (	
  from	
  ACE,	
  ISOMAX)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  data	
  come	
  from	
  different	
  exps.,	
  different	
  solar	
  ac/vity	
  periods,	
  	
  
	
  
Alterna4ve	
  approach:	
  B/C	
  +	
  	
  Proton	
  
n  B/C	
  +	
  	
  Proton	
  	
  forms	
  a	
  complete	
  set	
  for	
  determining	
  all	
  the	
  propaga/on	
  

parameters.	
  	
  
n  Both	
  have	
  been	
  measured	
  by	
  	
  AMS-­‐02	
  	
  	
  

–  Very	
  precisely	
  measured	
  
–  Avoiding	
  combina/on	
  of	
  syst.	
  errors	
  in	
  different	
  experiments	
  
–  All	
  data	
  from	
  the	
  same	
  period,	
  easy	
  to	
  model	
  solar	
  modula/on	
  effects	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
 

H.B.Jin, Y.L.Wu, YFZ, JCAP 1509 (2015) 09, 04	
  



Proton flux breaks the D0/Zh degeneracy in 2D diffusion model  

with ↵
E

⇡ 0.17 and r

s

⇡ 20 kpc.

The interstellar flux of the cosmic-ray particle is related to its density function as

� =
v

4⇡
 (r, p) . (11)

For high energy nuclei v ⇡ c. At the top of the atmosphere (TOA) of the Earth, the fluxes

of cosmic-rays are a↵ected by solar winds and the helioshperic magnetic field. This e↵ect

is taken into account using the force-field approximation [42]. In this approach, �TOA the

cosmic-ray nuclei flux at the top of the atmosphere of the Earth which is measured by the

experiments is related to the interstellar flux as follows

�TOA(TTOA) =

✓
2mTTOA + T

2
TOA

2mT + T

2

◆
�(T ), (12)

where TTOA = T � �

F

is the kinetic energy of the cosmic-ray nuclei at the top of the

atmosphere of the Earth. (4)

Analytical solution to the propagation equation can be obtained in a simplified two-

zone di↵usion model in which the thin galactic disk is approximated by a delta-function .

For an illustration, let us consider a simple case where the reacceleration and energy loss

are negligible, and V

c

is a constant along the z-direction. The steady state propagation

equation in this case can be written as

0 = D

xx

r2
 � V

c

r � 2h�(z)
1

⌧

f

 � 1

⌧

r

 + 2h�(z)q(R, z, p). (13)

where h ⇡ 0.1 kpc is the width of the galactic disk. Using the Bessel expansion of the

number density

 (R, z, p) =
1X

i=1

 

i

(z, p)J0

✓
⇣

i

R

R

h

◆
, (14)

where J0(x) is the Bessel function and ⇣
i

is the i-th zero of the Bessel function, the equation

for the coe�cient  
i

(z, p) can be written as

0 = D

xx

✓
@

2

@z

2
� ⇣

2
i

R

2
h

◆
 

i

� V

c

@

@z

 

i

� 2h�(z)
1

⌧

f

 

i

� 1

⌧

r

 

i

+ 2h�(z)q
i

, (15)

where q

i

is the coe�cient of the Bessel expansion of the source term q(R, z, p) similar to

 

i

from Eq. (14). The solution of the above equation at z = 0 is given by
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with ↵
E

⇡ 0.17 and r

s

⇡ 20 kpc.

The interstellar flux of the cosmic-ray particle is related to its density function as

� =
v

4⇡
 (r, p) . (11)

For high energy nuclei v ⇡ c. At the top of the atmosphere (TOA) of the Earth, the fluxes

of cosmic-rays are a↵ected by solar winds and the helioshperic magnetic field. This e↵ect

is taken into account using the force-field approximation [42]. In this approach, �TOA the

cosmic-ray nuclei flux at the top of the atmosphere of the Earth which is measured by the

experiments is related to the interstellar flux as follows

�TOA(TTOA) =

✓
2mTTOA + T

2
TOA

2mT + T

2

◆
�(T ), (12)

where TTOA = T � �

F

is the kinetic energy of the cosmic-ray nuclei at the top of the

atmosphere of the Earth. (4)

Analytical solution to the propagation equation can be obtained in a simplified two-

zone di↵usion model in which the thin galactic disk is approximated by a delta-function .

For an illustration, let us consider a simple case where the reacceleration and energy loss

are negligible, and V

c

is a constant along the z-direction. The steady state propagation

equation in this case can be written as
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 + 2h�(z)q(R, z, p). (13)

where h ⇡ 0.1 kpc is the width of the galactic disk. Using the Bessel expansion of the

number density
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In the limit S
i

Z

h

⌧ 1, one can use the power expansion coth(x) ⇡ 1/x+x/3+O(x3) and

obtain

D

xx

S

i

coth(S
i

Z

h

/2) ⇡
✓
D

xx

Z

h

◆✓
2 +

V

2
c

Z

2
h

6D2
xx

+
2Z2

h

3D
xx

⌧

r

+
2Z2

h

3R2
h

⇣

2
i

◆
. (18)

SinceD
xx

/ D0, the above expression shows the well-known behaviour that the parameters

D0 and Z

h

are almost degenerate in the flux of cosmic-ray particles. This degeneracy is

however slightly broken by the two subleading contributions. One is related to the decay

of the radioactive species, and the other one is related to the fixed halo radius R
h

.

The values of D0 and Z

h

can be determined by fitting simultaneously to the B/C flux

ratio and the ratio of the isotopes of Beryllium nuclei 10Be/9Be, as 10Be is radioactive

and sensitive to D0. A great advantage of using such flux ratios is that the propagation (2)

parameters can be determined without knowing the primary sources. On the other hand,

as can be see in Eq. (18), for a fixed value of D0/Zh

, an increase of Z
h

will result in a

decrease of the flux  even for stable cosmic-ray species. Thus, in principle, the primary

cosmic-ray fluxes can also be used together with the B/C flux ratio to determine the values

ofD0 and Z

h

, if the primary sources are specified. The flux of cosmic-ray protons is among

the most precisely measured quantities. As it will be shown in Sec. 4, the combination of

proton flux plus B/C ratio can constrain D0 and Z

h

with reasonable precision.

Some of the other propagation parameters are also strongly correlated. For instance,

in the re-acceleration term the Alfvèn speed V

a

scales as
p
D

xx

as can bee seen in Eq. (3).

At high energies above ⇠ 10 GeV, the approximate relation � + �

A

⇡ 2.7 holds very well,

due to the energy-dependent di↵usion coe�cient.

We shall solve the di↵usion equation of Eq. (1) using the publicly available numeri-

cal code GALPROP v54 [43–47] which utilizes realistic astronomical information on the

distribution of interstellar gas and other data as input, and considers various kinds of

data including primary and secondary nuclei, electrons and positrons, �-rays, synchrotron

radiation, etc. in a self-consistent way. Other approaches based on simplified assumptions

on the Galactic gas distribution which allow for fast analytic solutions can be found in

Refs. [48–52].

3 Bayesian inference

The Bayesian inference is based on calculating the posterior probability distribution func-

tion (PDF) of the unknown parameter set ✓ = {✓1, . . . , ✓m} in a given model, which

actually updates our state of belief from the prior PDF of ✓ after taking into account the

information provided by the experimental data set D. The posterior PDF is related to
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In the GALPROP code, the diffusion equation is solved numerically on a spatial grid

with widths ∆R = 1 kpc and ∆Z = 0.2 kpc. The momentum grid is on a logarithmic

scale with a scale factor 1.4. For sampling the posterior distributions and calculating

the marginal distributions, we use the numerical package CosmoMC [51] which implements

the Metropolis-Hastings algorithm in the MCMC scan of the whole parameter space. We

have built 18 parallel MCMC chains with ∼1500 samples in each chain after the burn-in.

These chains satisfy the convergence condition that the ratio of the inter-chain variance

and intra-chain variance is less than 0.2 [55]. In total 2.6 × 104 samples were obtained

from the MCMC scan. The result of the best-fit values, statistical mean values, standard

deviations and allowed intervals at 95% CL for these parameters are shown in Tab. 2.

For a comparison, we also list the allowed ranges determined from a previous analysis in

Quantity Prior Best-fit Posterior mean and Posterior 95% Ref. [23]

range value Standard deviation range

Zh(kpc) [1, 11] 3.2 3.3±0.6 [2.1, 4.6] 5.4±1.4

D0/Zh [1, 3] 2.02 2.00±0.07 [1.82, 2.18] (1.54±0.48)

δ [0.1, 0.6] 0.29 0.29±0.01 [0.27, 0.32] 0.31±0.02

Va(km · s−1) [20, 70] 44.7 44.6±1.2 [41.3, 47.5] 38.4±2.1

γp1 [1.5, 2.1] 1.79 1.78±0.01 [1.75, 1.81] 1.92±0.04

γp2 [2.2,2.6] 2.46 2.45±0.01 [2.43,2.47] 2.38±0.04

TAB. 2: Constraints on the propagation models from the global Bayesian analyses to

the AMS-02 data of B/C ratio and proton flux. The prior interval, best-fit value, statistic

mean, standard deviation and the allowed range at 95% CL are listed for each propagation

parameter. The parameter D0/Zh is in units of 1028cm2 · s−1kpc−1. For a comparison, we

also list the mean values and standard deviations of these parameters from a previous

analysis in [23]. The value of D0/Zh in the parentheses is obtained from [23] using a naive

combination of D0 and Zh without considering the correlation.

Ref. [23] which is based on data of B/C, 10B/9Be, Carbon and Oxygen nuclei flux prior to

AMS-02.

As it can be seen from the table that although the fitting strategy is different, the

parameters determined by the AMS-02 data are quite similar with the previous analysis

in Ref. [23], but with uncertainties significantly reduced. For instance, the ratio D0/Zh is

found to be

D0

Zh
= (2.00± 0.07) cm2s−1kpc−1. (21)
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Correlations between parameters 
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FIG. 1: Two-dimensional marginalized posterior PDFs for the combinations of some

selected parameters involving Zh, D0/Zh, δ, Va and γp1. The regions enclosing 68%(95%)

CL are shown in dark blue (blue). The red plus (yellow cross ) in each plot indicates the

best-fit value (statistic mean value).
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Prediction for 10Be/9Be  consistent with data  
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FIG. 4: Cosmic ray nuclei fluxes and flux ratios from a global fit to the AMS-02 proton

and B/C data. (Upper left) the fitted spectra of cosmic-ray proton flux. The band

corresponds to the values of propagation parameters allowed at 95% CL. The data of

proton flux from AMS-02 [27], PAMELA [28] and CREAM [71] are also shown. (Upper

right) the fitted spectra of B/C ratio. The data of AMS-02 [26], ACE [72], CREAM [63]

and HEAO-3 [61] are also shown. (Middle left) the prediction for the antiproton flux at

95% CL. The data of PAMELA [73] and BESS-Polar II [74] are shown. (Middle right) the

prediction for the antiproton to proton flux ratio at 95% CL. The data of PAMELA [75]

are shown. (Lower left) the prediction for 10Be/9Be flux ratio, the data of ACE [69] and

ISOMAX [70] are shown. (Lower right) the prediction for positron fraction, the data of

AMS-02 [2] PAMELA [4] and Fermi-LAT [5] are shown.
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FIG. 7: Prediction for the antiproton fluxes resulting from DM particle annihilating into

bb̄ final states in the three propagation models listed in Tab. 3. In each plot, three curves

correspond to the typically minimal (dot-dashed), median (solid) and maximal (dotted)

antiproton fluxes at 95% CL. The four plots corresponds to the four different DM density

distribution profile NFW (upper left) [37], Isothermal (upper right) [38], Moore (lower

left) [39, 40] and Einasto (lower right) [41]. The mass of the DM particle is 130 GeV and

the annihilation cross section is fixed at ⟨σv⟩0 = 3× 10−26 cm3s−1.
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The “MIN”, “MED”, “MAX” models in Galprop framework 
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FIG. 1: Predictions for the proton flux (left) and the B/C flux ratio (right) in the four

propagation models listed in Tab. 1. The latest data of proton flux from AMS-02 [2] and

PAMELA [29, 30] are shown.

show an overall agreement with the current data in these models. In the “conventional”

model, the predicted B/C ratio is a little higher for the kinetic energy below ⇠ 10 GeV/n,

but are consistent with the B/C data in the higher energies. The predictions for the back-

ground of the p̄/p flux ratio in these models are shown in Fig. 2. The “MIN”, “MED”

and “MAX” models are highly degenerate in the p̄/p ratio. Compared with these models,

the “conventional” model predicts more low energy antiprotons but at high energies above

500, the predicted antiprotons are less. In all the four models, below 10 GeV the GAL-

PROP di↵usive re-acceleration model underpredicts the p̄/p by ⇠ 40%, which is a known

issue. The agreement with the data can be improved by introducing breaks in di↵usion

coe�cients [27], “fresh” nuclei component [28] or DM contribution [3]. Nevertheless, the

background predictions agree with the AMS-02 data well at higher energies in the kinetic

energy range ⇠ 10 � 100 GeV. This remarkable agreement can be turned into stringent

constraints on the DM annihilation cross section for heavy DM particles.

model R(kpc) Z
h

(kpc) D0 ⇢0 �1/�2 V
a

(km/s) ⇢
s

�
p1/�p2

Conventional 20 4.0 5.75 4.0 0.34/0.34 36.0 9.0 1.82/2.36

MIN 20 1.8 3.53 4.0 0.3/0.3 42.7 10.0 1.75/2.44

MED 20 3.2 6.50 4.0 0.29/0.29 44.8 10.0 1.79/2.45

MAX 20 6.0 10.6 4.0 0.29/0.29 43.4 10.0 1.81/2.46

TAB. 1: Parameters in the propagation models “Conventional” [13, 15], “MIN”, “MED”

and “MAX” models from Ref. [26]. D0 is in units of 1028cm2 · s�1, the break rigidities ⇢0
and ⇢

s

are in units of GV.
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Spectral feature of DM annihilation through light mediators 
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Hierarchical limits 
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Non-hierarchical case 
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Sharp antiproton energy spectra 
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X.J.Huang, Y.L.Wu,  YFZ, arXi:1611.01983, PRD 



 Secondary antiproton from inside SNR 
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•  An/protons	
  can	
  be	
  generated	
  from	
  pp	
  inelas/c	
  scaZerings	
  
	
  
	
  

•  An/protons	
  accelerated	
  by	
  the	
  shock-­‐wave	
  
	
  	
  	
  	
  and	
  propagate	
  in	
  the	
  same	
  way	
  as	
  protons	
  

Diffusion	
  coefficient	
  inside	
  SNRs 

. 
P.	
  Blasi	
  and	
  P.	
  D.	
  Serpico,	
  0904.0871.	
  

P. Mertsch and S. Sarkar, 0905.3152 



Spectral feature of SNR antiproton 
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SNRs	
  can	
  in	
  principle	
  explain	
  the	
  rising	
  	
  of	
  both	
  the	
  positrons	
  and	
  an/protons,	
  
but	
  also	
  over	
  predicts	
  in	
  B/C 

Mertsch, Sarkar, 0905.3152 
Mertsch, Sarkar, 1402.0855.  
 



Global fits in the three scenarios 

A:	
  DM	
  à	
  2b	
  with	
  5	
  GeV	
  mediators,	
  	
  B:	
  DM	
  à	
  2b	
  directly	
  C:	
  an/proton	
  from	
  inside	
  of	
  SNR 

X.J.Huang, Y.L.Wu,  YFZ, arXi:1611.01983, PRD 



Comparing DM and SNR explanations 
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5	
  GeV	
  mediator	
   

no	
  mediator	
   

SNR	
   

X.J.Huang, Y.L.Wu,  YFZ, arXi:1611.01983, PRD 



Limits from dwarf galaxies  
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Fermi-­‐LAT	
  sets	
  limits	
  per	
  energy	
  bin,	
  	
  sensi/ve	
  to	
  the	
  spectral	
  shape 

X.J.Huang, Y.L.Wu,  YFZ, arXi:1611.01983, PRD 



Conclusions 

•  CR	
  an/protons	
  is	
  a	
  very	
  important	
  probe	
  of	
  new	
  sources	
  
par/cipa/ng	
  strong	
  interac/ons.	
  

•  The	
  AMS-­‐02	
  data	
  show	
  hint	
  of	
  a	
  structure	
  	
  at	
  high	
  energy	
  
region	
  (~300	
  GeV).	
  

•  CR	
  an/proton	
  flux	
  are	
  sensi/ve	
  to	
  propaga/on	
  models.	
  The	
  
cosmic	
  ray	
  propaga/on	
  models	
  can	
  be	
  determined	
  by	
  the	
  
AMS-­‐02	
  data	
  on	
  B/C	
  and	
  proton	
  flux.	
  

•  DM	
  par/cle	
  annihila/on	
  through	
  light	
  mediators	
  (around	
  p-­‐
pbar	
  produc/on	
  threshold	
  )	
  can	
  generate	
  a	
  spectral	
  structure	
  
consistent	
  with	
  the	
  AMS-­‐02	
  data.	
  


