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NASA'’s Fermi telescope resolves supernova remnants at GeV energies
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e Two-zone diffusion model
V(=K VN; + V¢ N;) + 9g(brot Ni — Kge OgNi) + Tann N; = q;
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V(=K VN; + Vo N;) + Og(brot Nj — Keg OeN;) + Tamn N; = q;
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¢ Two-zone diffusion model
V(=K VN; + V¢ N;) + 0e(biot Ni — Keg OgN;) + Tann Ni =
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Bethe’s Legacy — Boron As A Tracer

NARCH 1, 1930 PHVSICAL REVIEW VOLUME 55

Energy Production in Stars*

H. A, BemaE
Cornell University, Ithaca, New York
(Received September 7, 1938)
It is shown that the mumpmwmw ree of energy in  integration of 'theEdd ington equatior x- s 19, Foﬂh
stays is the reactions of ear! umuammn brilliant star ¥ C res are 30

. These reactions rnmacycu o which the o ginal and 32 Ths zvod ﬂzl:mem Wolda for it brght tars of
uced, H=N! Cate,

For Tainicr star, with lower cemte turcs, th
s cocilon H4-H=D.4 o 1od the rsetons folowios i 1
believed to be mainly responsible for the cnergy produc

tion. (§10)
It is shown further (§5-6) that mo elements heavier than
carbon.  Het can be built ut in ordinary stars. This is due to the fact.

Bethe Center for

Theoretical Physics Bethe, Phys.Rev. 55 (1939) 434-456

e CNO cycle shows that boron is not produced in stars

e Boron is produced by spallation of interstellar matter

e Injected boron gg m Measured boron at AMS-02

e Task:

qs = 47 > /dT o7 Misw @i(T')

ie{C,N,O,Ne,Mg,Si}
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Cosmic Ray Primaries

We considered C, N, O,
Ne, Mg, Si as the main
contributions for boron

production

Fits to measured fluxes
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e * Yet no AMS-02 data

e Solar modulation
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Cosmic Ray Primaries

e We considered C, N, O,
Ne, Mg, Si as the main
contributions for boron
production

e Fits to measured fluxes

T C
. — -
o(T)=A <T+b) T
e Yet no AMS-02 data

~~__+ Solar modulation

A~ 3 2

®JONT27 [m s s (GeVin)')

T[GeVin]
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o Force field approximation for solar modulation

(T —Z¢)? +2m(T — Z¢)
T2 +2mT

o Force field parameter ¢ takes care of the solar activity

OTNT — Z¢) = o'S(T)
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Back To The Injection — Cross Sections Reloaded

e Source term:
ds = 47 Z /dT' % n,SMCD,-(T’)
ie{C,N,O,Ne,Mg,Si}
e Parametrization from Webber et al., AJSS 144 (2003) 153
e Large uncertainties, poor experimental data

I data
—— Webber 2003

IS
a

o ('?C - B) [mb]
15

T [GeV]
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Nuclear Physics Meets Astrophysics

e Source term gg for boron determined

» Fokker-Planck equation solved with semi-analytical
approach in two dimensions Maurin et al., Astrophys.J. 555
(2001) 585-596

» With the fit to the carbon flux = B/C ratio computed
(Secondary/Primary ratio)

e Scanned over a sample of random propagation parameters
and kept only configurations which passed y? test

Propagation parameters fixed with highest precision!
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B/C Before AMS-02

L I{
I

B/C

| I PAMELABIC data

10’

Ll R
10% 10%
R[GV]

o Best data before AMS-02 from the PAMELA experiment
Adriani et al., Astrophys. J. 791 (2014), 93
e Clear trend but still large uncertainties




Motivation
000

Cosmic Ray Propagation Antiprotons Reloaded — Dark Matter Under Siege Conclusions
00000000 000000 o
B/C In The AMS-02 Precision Era

107" F

B/C

AMS-02 B/C data
--------- B/C best fit in sample
- propagation uncertainties

Ll Ll
10’ 102

RIGV]

e Low experimental errors and data up to high rigidities

o Still preliminary data = Data quality will further increase
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p/p Ratio With Old Propagation Parameters

p/p ratio
—

107 Dark Matter

b
3
, Secondary production
b

L Donato et al., PRL 102, 071301 (2009); my = 1 TeV
105 e 1T

100 200 300 400 500
Kinetic Energy [GeV]

e p/p ratio computed with outdated (unknown?) propagation
parameters
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Protons And Helium — Primaries Reloaded

e Source term for p production:

p=4r > /dT —=Nism| i(T")

ie{H,He}

‘ ‘ ‘ ‘ ‘ o Fits to measured fluxes with
spectral break

S
T

:; 10° Helium ‘._‘.,yf’r{”f‘f‘ ‘ | q)’( T) = <T—_"_l)) g Ak T Vi

1l 1l 1l 1l
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New p Production Cross Sections

e Source term for p production:

p=4r > / dT'| 9% [nism®i(T')

ie{H,He}
T  New results from NA49
) i o losow experiment with huge
]~ pr-13Gev

phase space coverage
Anticic et al., Eur. Phys. J.
C65 (2010) 9

e Tracking of uncertainties,
hyperon ’feed-down’
effects, isospin effects, ...
RK and Winkler, JCAP 09
(2014) 051

= [mb/GeV?]

o
pp-p
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p/p Ratio With New Propagation Parameters

107

plp

AMS—02 p/p data
--------- B/C best fit in sample
——— Dpip best fit in sample
[ propagation uncertainties

- nuclear uncertainties

L Ll Ll
1 10 102

T [GeVin]

e p/p ratio computed with new cross sections

» New propagation parameters derived from boron = Good
agreement for antiprotons

¢ No need for antiprotons from dark matter annihilation =
Good probe to constrain dark matter models
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Outlook — Positrons, Better Cross Section Data, ...

w
S

I AMS-02¢* data

----- e best fit in sample
propagation uncertainties {{ {

N
a
T

N
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T
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3 o

S
T

o

e Data on positrons can be used to further constrain
propagation parameters
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Outlook — Positrons, Better Cross Section Data, ...
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» New cross section measurements would dramatically
decrease the uncertainty
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Outlook — Positrons, Better Cross Section Data, ...

1 data
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» New cross section measurements would dramatically
decrease the uncertainty
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Conclusions

o With AMS-02 the precision era for indirect dark matter
detection started

« We estimated the antiproton background with very high
precision

e The new antiproton data together with our background
calculation will be a perfect probe for dark matter models

Thank you for your attention!
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