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positron flux 'Anomalies'?
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An anomalous positron abundance in cosmic
rays with energies 1.5-100 GeV

...Our results clearly show an increase in the
positron abundance at high energy that cannot

be understood by standard models describing
the secondary production of cosmic-rays.
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Plan:

* e+ ~ antiprotons (up to radiative losses)

Antiprotons understood

Measure e+ =» measure losses

Radioactive nuclei data agrees =» e+ secondary!

* e+ anomaly?

Theoretically clean channel: €°/P



e+ ~ antiprotons (up to radiative losses)

e+ produced in pp and spallation interactions

—similarto p, B, Sc, Li,...

e+ lose energy radiatively via IC and sync’
- (ordinarily) steep spectrum, loss suppresses flux.

Ignore energy loss - upper bound on flux.



Simple analysis of stable secondaries



Antiprotons understood

Cosmic Ray Grammage
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Antiprotons understood |

10°

Tan & Ng 1982,1983 |

107"

107

(£ atdp")fmh ey ¢

£ = 0.8 GeV/c

J-

Ty

— 11 g y1 [,0 | |
— 107t £5.451C5.p(€) PP Xese o5

m D

Mp .
1 0L 08
xR
—7 T T

— B/IC Data:
@ Proton W M. Fuji ¥ GRAPES-3QGS A KASCADE QGSJET = % Vovager .
210 ¢ HEGRA % GRAPES-3SIB ¥ KASCADE SIBYLL yag

o 4 Mt Chacaltaya * Tibet-BD (HD) @ KASCADE SH | 8 Ulysses |
1 = + Tibet- u -

@ l—:ﬁ_@% H-w "= 3 I HEAO-3
o P UK -

EN = g aums £ 5# ot s Bl |~
@ E o ATIC i
o = g3

o T & BESS ‘
L | ¢ CAPRICE 98

o 5 HEAT O RUNJOB -
B102L ¢ Ichimura @ RICH-I
I E vV IMAX ¥ Ryan
o O JACEE & Smith B
3 L+ wMass A SOKOL
w + Papini @ Zatsepin Strong et al 2007 L L

1 \\IIII\‘ 1 II\HHl | \HHII‘ Ll Ll (NN
ol | al ol




10

phar/p

Antiprotons: data
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secondary
calculation:

no free parameters.



Why does it work so well?

™ Mark A. Garlhick J cspacre-art co uk


http://www.phys.ncku.edu.tw/~astrolab/mirrors/apod_e/image/0501/milkyway_garlick_big.jpg

} Why it could work:

1.4GHz
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Positrons
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h reaction (GeVe=?) (GeV) (GeV) (GeV)
n pnm™ 1.878 2,018 1,233 0.295
n—ﬂﬂ-ﬂ;n_ 2.016 2.156 1,540 0.602

7° ppn® 1.876 2,011 1218 0.280
k' A%pk? 2.053 2547 2520  1.582
K~ ppE K™ 2.370 2.864 3434 249
b PpPP 2.814 3.752  6.566  5.628
p pp 0.938 1.876 0.938 0




Positrons
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-Cooling suppression depends on time scales for escape and loss

Diffusion > T ~ ./t

-At high energy, both time scales not yet measured.
Stable nuclei data (B/C) does not constrain them

-Precise relation model dependent.
E.g., LeakyBox> f ~t_/t

-Cannot predict precise value of f, beyond

€sC

-PAMELA is the first measurement of f at high energy!

f <1
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Positrons: data
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Positrons: data

............... “'
; Z Z Z . ; ; Z “

€ pper bound (€ +e ) FERMI ®=450 MeV

4+

Eupper hound

l(e™+e”) ATIC =450 MeV

e /(e +e ) HEAT ®=712 MeV

............... o upper bound
+

: Eupper hound
- 5 O PAMELA €'/(e"+e)
10' 10°
Kinetic Energy [GeV]

/(e*+e7) AMS01 ©=400 MeV

10




10

Positrons: data

non secondary
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Comparing with radioactive nuclel
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Time scales:
cooling vs decay

But...

Data @ 20 GV?

Yes

Comparing with radioactive nuclel
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Comparing with radioactive nuclel
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e ~ 10 GeV /nuc
fsije ~ 05 1 01 o.oo:;nz' ,

Factor out spallation losses: =

fs10pe ~ 0.4 > Agree with e+




Comparing with radioactive nuclei

Let me gather it for you:
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Positron anomaly?

Claims of a primary source:

e The electrons are assumed to have the same pro-
duction spectrum as the protons, and to suffer the
same energy losses as the positrons fg .- = fq o+.

e The e flux, including the energy loss suppression,
is calculated within a specific propagation model.




Positron anomaly?

Claims of a primary source:
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e The e flux, including the energy loss suppression,
is calculated within a specific propagation model.

Unknown.




Positron anomaly?

Claims of a primary source:

e The electrons are assum have the same pro-
duction spectrum as the proghns, and to suffer the
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Theoretically clean channel:
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= L/100 pc

(a/g)

volume factor

Agashe, KB, Lee, Perez
PRD 81, 075012 (2010)

Theoretically clean channel:

-DM annihilation: volume enhancement

p / p -Secondary component robust. Based on observed p flux, B/C

Volume effect = single fuzz factor.
Not worse than gamma rays..

J}‘J(E’ Fso]) _ (J/')(E: Fsol)) % [1 n fv Q[),DM(E; Fso])jl

J})(GJ F501) J}.)(E, ;501) Q;‘),sec(ef Fsol)

Local injection: no prop’ effects by def’.

Fixed by B/C, p flux
(particle physics)
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Summary & Outlook

Interpreting e+ data: Measure e+ =» measure losses

e+ ~ antiprotons (up to radiative losses);

antiprotons understood

"Anomaly’ ? Doesn’t seem so right

NOowW

10Be agrees =» secondary!
Wait for further data release;
PAMELA reach E_,< 270 GeV

e’/ - theoretically clean

- model independent test for exotics
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Propagation models fit grammage

what does it mean to be conservative?
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Antiprotons understood

What Is the CR grammage?

Why Is the grammage relation natural?



Pbar understood: Stable secondaries, no loss

Ingeneral (R, 1) - / & / i / dRs Qa (Rs.7s.ts) Ca (R, Rsi 7.7t 1)
If oo

. secondary particles with the same rigidity propa-
gate through the ISM in the same way (diffusively
or otherwise ),

2. the rigidity of the products equals the rigidity of

Q. (R Zr (P tn,(R.F,1)

the primarv.

3. the energv of secondary particles does not change

during propagation, oo
G (R, Rs;7,75;t,ts) =0 (R —

. the composition (but not necessarily fhux, spectrum
or target dengity) of CRs is uniform throughont the
region in which most of the secondaries observed
here are produced and during the time thev were

produced.
na(R,7t) /dB—» /dt Proa (T
Qa(R,7, Proar (T




Antiprotons understood

...In other words, ... if*:
* Propagation only depends on magnetic rigidity
 Rigidity fixed on propagation

 Homogenous composition

*Also use the fact that spallation secondary inherits rigidity of primary

Without spallation losses:




Stable secondaries, with spallation losses
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Antiprotons understood

I |
* Propagation only depends on magnetic rigidity
 Rigidity fixed on propagation

 Homogenous composition

*Also use the fact that spallation secondary inherits rigidity of primary

With spallation losses:




Diffusion models fit grammage.

Is.ci-}(,2 contours for B/C (}gzc: 40)

L [&pc]

L E 07 _ Il 1!
0.85 05 : | h
gl—IIIIIIIIlIIIIIIIII|I| ‘

. | .
K, /L [kpc Myr"] 18) X K, /L [kpe Myr™]

Maurin, Donato, Taillet, Salati
Astrophys.J.555:585-596,2001



Diffusion models fit grammage.
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Some things we don’t know.

« Basic physics of CR propagation not known.
Not even sure were primaries come from.

« Spectrum of MHD turbulence not known.
Different analyses give different results.
Spatial distribution not known.

CR back-reaction not known.
Even mean magnetic fields poorly known.
« Galaxy (probably) not a cylindrical cow.

Search for exotic sources:

Stick to data. Some things we do know. e

E.g., secondary €, P come from pp collisions.
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