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Cholis & Hooper (2013, 1304.1840)

| X Bd 2y _,::‘,, KY—3dd—ip" 2

Dark Matter models can explain JEESESEE L
the rising positron fraction only § N

if the annihilation proceeds
through intermediate channels
to soften the spectrum.

SRR

AN—rdd—2x" 2

03
| M =1 0TeV 30 Tev

Lopez et al. (2015, 1501.01618)
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- 4+ -
vy = bb, [7
1020 solid:  single-channel
dashed: mixed (uniform )

gl Additionally, Fermi-LAT
7 observations of dwarf
_ spheroidal galaxies strongly

constrain most reasonable
models.



Harding & Ramaty (1987)
Pulsars are also capable of

accelerating leptons to PeV
energies.

j X ..Golden et al, 1987 .
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The total spin-down power of
pulsars (~10°° erg) is capable of
powering the observed
emission.

Current uncertainties include
the supernova rate and the

(foreshadowing!)

Hooper et al. (2009, 0810.1527)



Pamela
Fermi
= AMS

The rising positron fraction | = Mowogen
can also be dominated by
a single nearby pulsar.

--- Background (Galprop)
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Prime candidates are
Geminga and Monogem.

100 1000
Energy [GeV]

Linden & Profumo (2013, 1304.1791)

This adds some Poisson fluctuations into the determination
of the Pulsar contribution. The positron fraction observed at

Earth need not be the average positron fraction observed in
the Galaxy, (could we constrain this?)
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Tloss X (OB + O1SRF) E
0—1
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The reality is likely a combination of the two.
Electrons are more contained at high
energies, and local pulsars likely dominate
the high energy positron flux.

.........................................................

Blasi & Amato (2010, 1007.4745)
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Produce “secondary” particles
inside the supernova acceleration

region.

Secondaries gain the same .
spectrum. Blasi & Amato (2010, 1007.4745)




How Can We Differentiate
these models?



Many have pointed towards a
spectral cutoff as a smoking gun of
dark matter annihilation.

However, this can also be
accommodated in any model with a
non-continuous injection
morphology.

Fermi

armi
" AMS
" | =— Monogem
— Geminga
---- Background {Galprop)

Note: The pulsar injection spectra on
the right are cut off at 2 TeV, the sharp
cutoffs in the local positron fraction
are due only to cooling.

Positron Fraction

100
Energy [GeV]

Linden & Profumo (2013, 1304.1791)




Non-Continuous injection
sources can produce “wiggles”
in the cosmic-ray flux due to
Poisson fluctuations from
nearby sources.

This is most obvious in leptonic
channels due to cooling.
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Shaviv et al. (2009, 0902.0376)



Stochastic acceleration models
invariably accelerate all species
of secondary particles.

Positrons have the most intense
acceleration and are accelerated
at the lowest energies. They are
the first to be seen.

This scenario may be
compatible with Ti/Fe, but may
be ruled out by B/C.

Mertsch & Sarkar (2009, 0905.3152)

Ti/Fe rauo

10~
energy per nucleon [GeV|

*HEAO 3
‘PAMELA
I AMS-02 -

Background #
Ky =43 T

e 126
Kz =40

B/C ratio

5 10 50 100
Fyin(GeV/n)
Cholis & Hooper (2013, 1312.2952)




We will discuss two recent advances in our
understanding of astrophysical models for the
positron excess:

1.) Stochastic Acceleration

2.) Pulsar Emission



At low energies. Cosmic rays are

significantly affected by the solar
wind.

B (Exin +m)? — m?
- (Byxin +m + | Z|e®)2 — m?2

d] \.’Ib]\l

(Exin + | Z|e®),
ISM \
dEk?n

Typically, models have used the
force-field approximation to
determine the effect of solar

modulation (though see Igor’s
talk).

Positron fraction
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Cholis et al. (2016, 1511.01507)



Solar Modulation is dominated by solar activity, and the strength
of the solar wind.

These are observable parameters!

o ’Btot(t)| L AT/
B(R,1) = 0 () + 60 V(@) H(=qA(0)

(%) Caaomer ) (57)

Era Biot| (nT) ry (degrees) Ng > 0)- Hi—qAll)]) Ng<0)- H{—qA[l])

07-12/11 4.7 60.5 0
01-06,12 : 67.2 0
07-12,/12 70.0 .33
01-06,/13 71.0 0.50
07-12/13 70.0

01-06,/14 67.0

07-12/14 62.0

01-06,15 36.0
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This leads to a predictive solar modulation potential with no

degrees of freedom!
Cholis et al. (2016, 1511.01507)



Recent AMS-02 data indicate a
hardening of the antiproton

ratio at energies above 100
GeV.

This hardening is not expected
in any leaky-box diffusion
model, where cosmic-ray
escape produces a secondary
ratio which falls as:

Cholis et al. (2017, 1701.04406)

Trotta et al. (2010, 1011.0037)



“hest  je057upper o O05%lower 2 2 N2
[SM model K Pt K3 0upper oisdlower 32 2 o r. AXioe(from back only)

C 6.1 7.6 4.6 34.0  0.68 10.0
| ¥ 10.4 12.4 8.1 39.9 0.80 19.7
F 7.4 8.9 5.7 37.5 0.7 20.9

Adding stochastic acceleration hardens the injected antiproton
spectrum and improves the fit to the data by 3-4.50.

Such a model naturally produces the majority of the rising
positron fraction.



2HWC Catalog (2017, 1702.02992)

Tested radius Index TeVCat

2HWC J0631+169 -2.57 £ 0.15 : Geminga

” : -2.23 4+ 0.08 : Geminga
2HWC J06354180 -2.56 £ 0.16 . Geminga
2HWC J07004143 : -2.17 + 0.16 . -

” : -2.03 £+ 0.14 . -

The intensity of the multi-TeV emission from Geminga and
Monogem are surprisingly large.

This indicates that a significant fraction of the total pulsar spin
spindown power is transferred into e*e” pairs.



On the possibility of efficient production of electron-positron pairs
near pulsars and accreting black holes

0. E. Snton And provides an

lrnstitute r.'/'A Nuclear Research, USSR Academy of Sciences

answer to a

Astron. Zh. 62, £29-541 IMay-Junc 1985)

The phenomenon of a synchrotron reactor is modeled by the Monte Carlo method under the conditions when °
the intense production of pairs of clectrons and positrons cccurs through 3y interactions (an electron-positron I o n g Sta n d I n g myste ry
reactor). The time-dependent solution [particle spectra, ¢lectron and positron deasitics) was calculated uader

the assumption that the medium is homogeneous under the given initial condivons. It tumed out that in a

wide range of concitions ~ 107" of the initial energy injected intd the reactor in the form of hard particles

goes into the rest mass of electrons and positrons, and the charactenstic photon spectrum is establisked with a

sharp dropofY on the high-energy side in the 1 McV region. Within the framework of the model of an electron-

positron reactor the ongin of the anmihilation v -ray line, like that observed in the direction of the center of the

Galaxy, ssems quite matural. Both an accreting black hole (pair production is most sfficient 1f the mass of the

hole is M 5107 M_)and a young pulsar releasing at least 107 erg/sec in the form of a Mux of hard photons

from the regon of the magnetic poles can serve as the positron source. Other objects for which the

devclopment of an clectron—positron reactor scems very likely are quasars and active galactic nucle: having a

e Hooper & Blasi (2009, 0810.1527)
of excess positrons from Geminga alone (3.5 x 10%° erg). We thus conclude that if Geminga were to dominate the
observed positron fraction at high energies, it would have to transfer on the order of ~30% of its spin-down power
into electron-positron pairs. Such a high efficicney to pairs appears unlikely. The (probably) subdominant role of
Geminga is not particularly unexpected, given its relatively old age.

Gelfand et al. (2009, 0904.4053)
SNRs (c.g. Malyshev ct al. 2009). If this is correct, the average PWN must deposit ~ 1049 ergs
of energetic electrons and positrons into the surrounding ISM, and these particles must have an

energy spectrum flatter than £ ? which extends up to an energy of ~ 1 leV (Malyshev et al.

2009). TFor the sct of paramcters modeled in §3, these conditions arc met for only a short period
of time during the evolution of this PWN. Using this model, it is possible to determine what sets
of neutron star. pulsar wind. supernova, and ISM parameters are required for the PWN to satisfy

these criteria for a longer period of time, and evaluate different models for particle escape from the
PWN and their effect on the PWN’s evolution — particularly if these particles escape gradually or
suddenly [rom the PWN.




Pulsar Energetics

Total Pulsar Spindown Power: ~10%° erg
Electron Efficiency: ~10% (HAWC)
Total Electron Injection: ~1048 erg

Total Supernova Power: 10°7 erg
Proton Efficiency: ~10%
Electron to Proton Ratio: ~0.001% - 1% (cristofari et al. (2013, 1302.2150)
Total Electron Injection: ~104°-1043 erg
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2 x 10" em= /s, & = (0.4
OTE 9, - .
2 x 10 cm*/s, 6 = 0.4
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Dy=2x10®cm*/s, § = 0.4

Flux (Arb. Units)

. OFGL j0631.8+1034

158 -160 -162 -164 -166 -168
I

N 42 .

2 4 6 8 10 12 14
VTS

2HWC Catalog (2017,1702.02992) Hooper et al. (2017,1702.08436)

1 (Degrees)

The large intensity and small spatial extension of this excess
indicates that the propagation of leptons is significantly more
constrained than in the ISM.




Particle Diffusion From Geminga

Due to the extremely fast 12 12 5
energy loss times of high TDiff — ()_D — 6D E
energy electrons, low 0

electrons diffuse farther in
most diffusion scenarios.

|
Tloss X (0B +OrspF) E
d = 1.0 (Bohmian diffusion)

d = 0.5 (Kraichnan diffusion) AE T
0 = 0.33 (Kolmogorov diffusion) ~ szf X El_é
6 = 0.0 (Convection¥*) E TZOSS

* at a single distance
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The intensity of the multi-TeV emission from Geminga and

Monogem are surprisingly large.

This indicates that a significant fraction of the total pulsar spin
spindown power is transferred into e*e" pairs.
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1071 ¢
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Low (blue dotted) and high (green solid) convection:

Spectral Slope (low-convection): -2.47 (0=1.5),-2.59 (0=1.9)

Spectral Slope (high-convection): -2.23 (0#=1.5),-2.32 (0=1.9)

HAWC Data: -2.23 +/- 0.08



Firm identifications
Candidate PWNe

Due to the extremely fast energy Y B
loss times of high energy electrons,

low electrons diffuse farther in
most diffusion scenarios.

ro. & .3
'N:'cgmn X T reEion

f ~

2 ¢
7 R:\l W % 2z MW

~ .95 % Tregion ? AVSN Tregion 20 kpc ’ 200 pe
T 100 pc 0.03 yr—! 109 yr Ruw MW

Quantity Best fit  Posterior mean and Posterior
value standard deviation O5% range

DIFFUSION MODEL PARAMETERS ©

Da(10%8 cm? s 1) 6.59 8.32 £ 1.46
) 0.30 0.31 L 0.02
var (kms—1) 39.2 38.4 4+ 2.1
zp, (kpc) 3.9

7] 1.91

/9 2.40

N, (10 ¥ ecm® st Ll MeV ) 5.00

Trotta et al. (2011, 1011.0037)
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Is Geminga Unique?

L‘Z LZ 5
wiff =5p = \eno ) ©

The Local Bubble

—1] .
TZOSS 0.4 (qu _l_ ¢]SRF) E . Tibet ASy Amencmori eta., 2005 o

If Do = 1.0 x 10%° cm?s™! in a region
around Earth, the diffusion of 1 TeV

electrons is:

.
100pc

— 9 ryo
T1oss = oU0 Kyl

Tpiff = 000 kyr

HSUaIU| ‘|ay



Geminga Geminga

Assuming standard galactic diffusion, Geminga provides a
reasonable contribution to the positron excess.

Note: The majority of these electrons were emitted in the first
~100 kyr of Geminga evolution, the electrons emitted today
don’t contribute!



It is not surprising that —— Sum

——— Geminga

Geminga produces only a B0656.1 14
| Other Pulsars

small portion the excess - ;
other pulsars contribute too! '

Monogem produces the
highest energy e*e’, because

it is younger.

The average pulsar in the field provides the majority of low-

energy positrons.



Fermi-LAT Collaboration (2017)

Recent (yesterday) Fermi-LAT
measurements continue the

v f— Diffuse e°

hardening of the e*+e fluxup § / Sme
tO 2 Tev. \-: \h:::lr;ogom

Monogem + e°
Vela + e

Constraints on the anisotropy
are beginning to enter an : 010
. . Energy, E (GeV)
Interesting parameter space.

—e— Meothod 1, LLR UL
- Method 1, Bayesian UL

—— Method 2, LLR UL
- -+~ Method 2, Bayesian UL
" = Diffuse e*
Vela
Monogem

Dipole Anisotropy at 95% CL

Energy (GeV)



One method to disentangle these
contributions is to search for
anisotropies in the cosmic-ray
lepton intensity

3d (1-0)E/Eiuss Nyo(E)

A

These searches are sensitive
because misidentified hadronic
backgrounds are a statistical, not
systematic, error:

Niot = ( ]\rpsr + ]\'r’r ) + (’N"?-:?'SO L ]VT-’ )

A — Ny— Ny Npsr,f — Npsr.b
]Vf + 1\7h Arp st f + f\rpsr,h + 2 ( jvﬁ AS0 + l\rp)

2T — (1 — E/]:71038)1_5 Nioy(F)

=)
o
-
c.,
o
-
C
78
-
-1

Lin

Dipole Anisotropy at 95% Cl

——CTA (1000 hr)
CTA (300D hr]

—— Method 1 L_RLL
-<3- Mathnd 1 Bayasian LR
- Method 2 LLR UL
comiee Methiod 2. Bagesian LU
~ = Cilfuag e=

Muem g

Energy (GeVY)

Fermi-LAT Collaboration (2017)



For the Rest of this Talk | Will Assume:

1.) A significant fraction of the pulsar spin-down power is
converted into e+e- pairs, and this powers the extended TeV

emission observed by Geminga and Monogem.

2.) This emission is a generic feature of 100-300 kyr pulsars.

These emission halos thus act as the TeV analogs of PWN

Auchettl et al. (2017, To Be Submitted)



| will argue that HAWC is likely to already be seeing TeV
pulsar nebulae that have not yet been observed at other
wavelengths.

These sources are likely to be among the closest pulsars,
and are thus important for the positron excess.

Auchettl et al. (2017, To Be Submitted)



B Blind search pulsar
A Millisecond pulsar

* Radio selected pulsar
«  ATNF pulsar

Radio observations have been extremely efficient at
finding galactic pulsars, the ATNF catalog contains >2500
sources

Is this everything?



Tauris and Manchester (1998) find that the beam window
for young pulsars is approximately:

This implies that ~90% of pulsars are not detected in radio



—  Larimer (2003)
F— ATNF pulsars

Models of the pulsar distribution
of by Lorimer et al. anticipate a

population exceeding 20 pulsars P
within 1 kpc of the sun A'

Instead, only 9 ATNF pulsars are [ 1° o o
detected with t < 300 kyr and
d <1 kpc.

B0O656+14
B0833-45

Additionally Fermi-LAT J0940-5428 mlc+0l
J0954-5430

measurements of radio quiet 2100147

pulsars indicate that we are

missing many systems.

J1732-3131




PWN should also produce
isotropic emission, and can be
detected with sensitive X-Ray
telescopes.

However, few PWN without
associated pulsars have been
detected.

The majority of PWN are within
1° of the Galactic plane, which
should bias us against the
closest pulsars.

Necbula

GU.13-0.11
G0.940.1
G7.4-20
G16.740.1
G18.5-0.4
G20.0-0.2
G21.5-0.9
G24.7+0.6
G2i.84+0.6
(G39.2—-N.3
G63.7+1.1
(GG74.94-1.2
G119.5+10.2
C189.113.0
G279.8-35.8
G201.0-0.1
G203.84-0.6
G3153.3+0.1
G318.9+0.4
G322.5-0..
G326.3—1.8
G327.1-1.1
G328 .4+0.2
(G359.89-D.08

Table 7.6. PWNe With No Detected Pulsar

other name

GeV J1809-2327

GeV J1825-13510

30 396

CTB 87
CTA 1

[C 443
F0453 685
MSH 11-62
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Reference

Wang et a.. U2
Porquet 03

Braje et al. 02
Helfand ot al. D3
Roberts el al. 01
Becker & Helfand 85a
Slana et 1. 00

Reich et al. 34

Reich ot al. 31

Olhert. en al. N3
Wallace =t al. 97
Mukherjee et 2l. 00
Slane et &l 03

Olbert ot al. 01
(aensler et al. N3
Harrus et al. 03
Whiteoak & Grean D6
Roberts et al. 99
Whiteoak & Grezsn 96
Whiteoak & Graan 96
Dickel et al. 00

Hocchino & Bandiera 03

Hughes et al. 00
Luet a. 03

Kaspi et al. (2004, astro-ph/0402136)



Table 1 Candidate pulsar wind nebulae from the pre-selection.

HGPS name

J1616—508 (1)
J1023-575
J1809—193 (1)
J1857+026
J1640—465
J1641 462
J1708—443

J 19084063
J1018—589A
J1018—589B
J18)4-216
J1809-193 (2)
J1616—508 (2)
J1718—385
J1026—582
J1832-085
J1834—087
J1858+4-020
J1745-303
J1746—308

ATNEF name

J1617—5055
J1023—5746
J1811—-1925
J1856+0245
J1640—4631 (
J1640— 4631 (
B1705—44
J1907+-0602

1
2

J1016—5857 (1)
J1016—5857 (2)

B1800—21
J1809-1917
B1610-50

J1718—3825
J1028—5819
B1830—0R (1)
B1830—08 (2)
J1857+0143
B1742—30 (1)
B1742—30 (2)

lgE

37.20
37.04
36.81
36.66
36.64
36.64
36.53
36.45
36.41
36.41
36.34
36.26
36.20
36.11
35.92
35.76
395.76
35.65
33.93
33.93

7“.
(kyr)
8.13
4.60
23.3
20.6
3.35
3.35
17.5
19.5
21.0
21.0
15.8
51.3
7.42
89.5
90.0
147
147
71.0
546
546

d
kpc)
6.82
8.00
5.00
9.01
12.8
12.8
2.60
3.21
8.00
8.00
4.40
3.55
7.94
3.60
2.33
4.50
4.50
2.7TD
0.200
0.200

PSR offset
(pc)

< 26

<9

20+ 7

21 +6

< 20
50+ 5
17+ 3

21 3
47.5+ 1.6
25+ 7
IR+ 5

< 17
607
54+ 16
9+2
233+ 1.5
32.3 1.9
38+ 3
1.42 +0.15
< 1.1

T

2.34 1L 0.06
2.36 = 0.05
2.38 + 0.07
2.57 + 0.06
2.55 = 0.04
2.50 + 0.11
2.17 = 0.08
2.26 = 0.06
2.24 + 0.13
2.20 + 0.09
2.69 + 0.04
2.38 + 0.07
2.34 = 0.06
1.77 = 0.06
1.81 £ 0.10
2384+0.14
2.61 = 0.07
2.39 = 0.12
2.57 = 0.06
3.3 £ 0.2

Rpwn
(pc)
281 4
23.2+1.2
J04+4
41+ 9
25+ 8

< 14
127+ 1.4
272+ 1.5
<4

21 +4
19+ 3
25+ 3
321+ 95
7.2+09
5.3+ 1.6
< 4

17+ 3
7.9+ 1.6
0.62 + 0.07
0.56 +0.12

Li-107Tev
(10%3 ergs—1)
162 1 9
67 =5
53+3
118+ 13
210+ 12
17 =4
6.6 + 0.9
28 — 2
8.1+ 1.4
23 O
42.5 + 2.
26.9 + 1.
2201+ 12
4.6 + 0.8
1.7+ 0.5
1.7+ 0.4
20.8 + 2.
7.1+ 1.5
0.014 +0.003
0.009 4+ 0.003

0
5
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HESS Collaboration (2017, 1702.08280)

Further motivating this model, we note that HESS has seen

numerous TeV PWN




Sensitivity of the 17 months point search

The extended Geminga and
Monogem sources lie far above

the HAWC sensitivity threshold:

The extended Geminga and
Monogem sources lie far above
the HAWC sensitivity threshold

(though they are extended) 20 10 0 1o 20 30 40 50 e

Declination [deg]
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HAWC Collaboration (2017, 1702.02992)

We could see these sources to much greater distances — if they are
farther away they will be more point like, improving the sensitivity:

dGeminga ~ 950 pc (650 pc) @ 20° (50°)
dMonogem ~ 650 pc (450 pc) @ 20° (50°)



ROSAT searches already produce some intriguing hints:

Extended ~ 0.8°

Extended ~ 1° HESS J1849-000 (PWN)? Extended ~ 0.7°
HESS J1813-178 (PWN)? IGR J18490-0000 TeV J2032+4130(PWN)?

N —

o WG 318494087,k

' = .
ool . R oy
; 2 4 ‘ . ; y
s . . <, . , et A
'
5 r .

2HWC 5 1814-173

Declination
1.000 -0.500 0.000 0500 1.000

Declination
-17.500 -17.000 -16.500

Declination
40,600 41.000 41.400 41.800 42.200

-18.000
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Deeper, high-resolution X-Ray searches could begin to see
similar associations in currently unknown HAWC sources.



Prinz & Becker (2016, 1511.07713)

In addition to X-Ray detections of J#
the PWN, optical detections of the gB
pulsar point-source are possible:

10°-10°K=8-80eV

Observations from Hubble can
detect these systems within
several hundred pc.



These observations can answer a number of questions:

1.) Is an X-Ray PWN necessary to produce a TeV nebula?

2.) What is the beaming fraction of mature pulsars in radio/
X-Ray/gamma-ray energies?

3.) What is the breaking index and spin-down power of
pulsars?

4.) What is the contribution of pulsars to the positron
excess?
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{/> Conference Invitation 4 Pre-Conference Mini

Pre-Conference Mini-Workshops

We want to make |eVFA an cpportunity for the community ¢ get tcgether to tackle open
problems that require the combined nput rom dfferent experimental collaborations and

thecrists.

lo help zchieve this, we are nlanning to host a numter of In‘crmal pre-conference min-
workshop sessions, either on Saturday. August 5th or Sunday, August bth. Each sessicn would
address a particular open problem. Potential topics are, for instance, “the anisotropic sky’, “the
Galactic Center excess”, 'high-energy astroprysica neutrino sources’, and "UHECR sources’;
the list I3 non-exhaustive. There would maybe be done or two short presentations. Most of tha
time should be dedicated 10 discussion and to collaboration within and between different

experiments.

Attendees would be a subse: of the TeVPA participants that are working on these problams ar
Interested In them. Each session woulc be made up of members of cosmic-ray, gamma-ray,
gravitational-wave, and neutrino collaboratons, plus nd2pendent theorists. CCAPP would

provide meating rooms, facllities, and coffze breaks.

If vou are interested in proposing, attending, or planning a minkworkshop broadly centered on

TeV Particle Astroprysics, please contact us ai tevpa2017@osu.edu

Workshops

C’:' Code of Conduct




1.) Multiple recent measurements have informed our
understanding of the positron excess.

2.) Dark matter models appear unlikely. Stochastic acceleration
and pulsar production appear reasonable.

3.) In particular, the large pair conversion efficiency of pulsars
has gotten us halfway there.

4.) Electrons and positrons appear to escape pulsars efficiency.
In this case they must produce the excess.

5.) HAWC observations offer the ability to observe the nearest
pulsars, including systems missed by every other survey.
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C 0.32 4.0 1.26 -0.125 -0.010 0.006  44.0 {0.86)
1D 0.32 9.2 083 0.170 -0.046 0.007  59.6 (1.17)
F 0.32 15.6 094 0.055 -0.032 0.006  58.4 (1.15)
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