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Adriani'et'al,'Nature'458'(2009)'607,'arXiv'0810.4995'
*I.V.'Moskalenko'and'A.W.'Strong'Astrophys.'J.'493,'694K707'(1998).''

Theory&Predic?on*'



Gast'&'Schael,'ICRC'Conference,'Lodz,'2009'

22'years'full'cycle'(max'every'11'years,'with'polarity&reversal)'
previous'data:'solar'polarity'favored'posiXvely'charged''

parXcles,'opposite'for'PAMELA'

LowDEnergy:'correct'for'
(chargeKdependent)'
solar&modula?on&
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Cosmic'Ray'SecondaryDtoDPrimary&raXo'

sources'of'Cosmic'Ray''
protons'and'electrons,''
e.g.'SNR'

Diffusion'“soGens”'the'proton'spectrum;'
secondaries&inherit'a'so`er'spectrum''

~'any'cosmic'ray'model'predicts''
a'declining&slope&for'highKenergy''
secondaryDtoDprimary&raXos'

HighKenergy'protons'diffuse&&
before'producing'secondaries&&



First'contribuXon'from'FermiDLAT:''

measure'the'“denominator”'(e+eD'flux)!'

FermiKLAT'CollaboraXon,'Phys.Rev.Leh.'102'(2009)'181101'



Kudos'to'the'(preKPAMELA)''
perseverance'of'Alex&Moiseev!'

First'contribuXon'from'FermiDLAT:''

measure'the'denominator'(e+eD'flux)!'



Electron'plus'Positron'spectrum'from'FermiKLAT'

GalacXc'Cosmic'Ray''
accelera?on&should''
produce'a'powerDlaw&&
e+eK'injecXon'spectrum'

Fermi-LAT Collaboration, Phys Rev D 82 (2010) 092004, arXiv:1008.3999 

Fermi'data'compa?ble&&
with'addi?onal&

highKenergy'source'

FermiKLAT'CollaboraXon,'Phys.Rev.Leh.'102'(2009)'181101'(topcite&600+)''

No'ATIC'excess!'



SoluXon:'postulate'addi?onal&source&&
of'(highKenergy)&electrons'and'positrons:'

What'is'the'nature'of'this''
new&powerful'electronKpositron'source??'



Image'Credit:'NASA/GLAST'collaboraXon'

Exci?ng!''
It'could'be'New'Physics:''
Dark&MaPer&AnnihilaXon!'



A.'Tylka,'Phys.'Rev.'Leh.'63,'840K843'(1989).'[ErratumKibid.'63,'1658'(1989)]'

Dark'Maher''
parXcle'mass&

Exci?ng!''
It'could'be'New'Physics:''
Dark&MaPer&AnnihilaXon!'



M.'Kamionkowski'and'M.'Turner,'Phys.'Rev.'D'43,'1774K1780'(1991)''

Exci?ng!''
It'could'be'New'Physics:''
Dark&MaPer&AnnihilaXon!'



Exci?ng!''
It'could'be'New'Physics:''
Dark&MaPer&AnnihilaXon!'

…or'it'could'not…'



Harding,'A.'K.'&'Ramaty,'R.'The'pulsar'
contribuXon'to'galacXc'cosmicKray'positrons.'

Proc.'20th'ICRC,'Moscow'2,'92K95'(1987).'

Pulsar&Magnetosphere'

RotaXonKpowered'Neutron'Stars'produce'
e+eK'pairs,'injected'in'ISM'when'out'of''

Pulsar'Wind'Nebula'



Atoian,'A.'M.,'Aharonian,'F.'A.,'&'Volk,'H.'J.'
Electrons'and'positrons'in'the'galacXc'cosmicK'
rays.'Phys.'Rev.'D'52,'3265K3275'(1995).''

Pulsar&Magnetosphere'

RotaXonKpowered'Neutron'Stars'produce'
e+eK'pairs,'injected'in'ISM'when'out'of''

Pulsar'Wind'Nebula'



1.'is'the'positron'excess'real?'

Two&Key&Ques?ons&

2.'can'we'discriminate''
''''pulsars'vs'dark&maPer?'

FermiDLAT&key&to&both!&



1.'is'the'positron'excess'real?'

…almost'1,000&citaXons!'



Superluminal'Neutrinos'@'OPERA:'
>200'theory'papers'

Experimentalists'get'ignored'if'they'are'right,''
and'hugely&cited&if'they'are'wrong.''

Theorists'get'ignored'if'they'are'wrong,''
but'a'Nobel'Prize'if'they'are'right.*'

*'quoted'from'the'Guardian'



How'does'Fermi'tells'e+&apart'from'eD?'

FermiKLAT'CollaboraXon,'1109.0521,'Phys.Rev.Leh.'108'(2012)'011103'



Geomagne?c'field'+'solid'Earth'shadow'='
direcXons'from'which'only'electrons'or'only&

positrons'are'allowed'

Slide'concept:'JusXn'Vandenbroucke'

eK'blocked'while'e+'
allowed'from'West'

e+'blocked'while'eK'
allowed'from'East'

For'parXcular'direcXons,'electrons'or'positrons'are'completely'forbidden'
Pure'e+'region'looking'West'and'pure'eK'region'looking'East'

Regions'vary'with'par?cle&energy&and'spacecraG&posi?on&



Why'is'this''
measurement''
important?'

(i)'For'every'(50'GeV)'cosmicDray&positron,'
10'electrons'and'10,000&protons!'

important)confirma,on)that)the)extra)positrons))

measured)by)Pamela)are)not$mis(ID$protons!)



(ii)'Extends'Pamela'results''
to'higher&energy,'E=200'GeV'

consistent)spectrum,)no)turnover)

Why'is'this''
measurement''
important?'



What'do'we'learn'from'Fermi&e+/(e+eD)&

about'the'source'of'highKenergy'positrons?''

if'it'is'Dark&MaPer,''

must'be'heavier''

than'200'GeV'

Grasso,'Profumo'et'al,'0905.0636'



if it is a pulsar,  
slightly different 
age-distance 

correlation 
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What'do'we'learn'from'Fermi&e+/(e+eD)&

about'the'source'of'highKenergy'positrons?''



some'explanaXons'

ruled&out&

(e.g.'SNR'distribuXon'

inhomogenei?es)'

Shaviv'et'al,'0902.0376'

What'do'we'learn'from'Fermi&e+/(e+eD)&

about'the'source'of'highKenergy'positrons?''



beher'take&seriously&
the'excess'of'HE&positrons…'

2.'Can'we'determine'the'source?'



750/900&papers'advocate'Dark'Maher'
…despite&some'obvious'and'significant'issues:&

(i)  Need'very'large&annihila?on&rates&&
'(<σv>'~'102K103'x'10K26'cm3/s)'

(ii)  Need'rather'large&masses&(~TeV)'

(iii) Need'special'annihilaXon'or'decay'modes'
'(suppress'an?protons&+'have'a'hard'spectrum)'
'e.g.:'µ+µK,'or'4µ"

interesXng'riddle&to'test'a'theorist’s&crea?vity!&



Redman’s Theorem 

Roderick)O.)Redman)

(b.)1905,)d.)1975))

Professor)of)Astronomy))

at)Cambridge)University$

“Any&competent&theore?cian&
can&fit&any&given&theory&

to&any&given&set&of&facts”&(*)'

(*))Quoted)in)M.)Longair’s)

)“High)Energy)Astrophysics”,)sec)2.5.1))

“The)psychology)of)astronomers))

and)astrophysicists”$



“DissecXng'Pamela'with'Occam's&Razor:''
exis?ng,'wellDknown&Pulsars&naturally'account'for'the''
"anomalous"'CosmicKRay'Electron'and'Positron'Data”'

Profumo, 0812.4457; Grasso, Profumo, 0905.0636 



…plus,'radioKquiet'gammaDray&pulsars!'

Gendelev,'SP'and'Dormody&
JCAP'1002'(2010)'016'



Dark&MaPer:'a'“Universal”'Phenomenology'

Large'annihila?on&rates&
Large&masses&

Hard'charged&leptons&

Final'State'RadiaXon' Inverse'Compton'



Jeltema, Profumo & Fermi-LAT Collaboration, JCAP 2010, arXiv: 1001.4531 

GammaKRay'Searches'from'Galaxy&Clusters&



no substructure 

galaxies only 
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Jeltema, Profumo & Fermi-LAT Collaboration, JCAP 2010, arXiv: 1001.4531 

GammaKRay'Searches'from'Galaxy&Clusters&
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no substructure 

galaxies only 

Jeltema, Profumo & Fermi-LAT Collaboration, JCAP 2010, arXiv: 1001.4531 

substructure  
with M > 10-6 MSun 

AddiXonal'constraints'from'CMB,'
extragalacXc'gammaDray&background'

GammaKRay'Searches'from'Galaxy&Clusters&



Is'there'an'“experimentum&crucis”&to''

discriminate'between''

dark&maPer&and'pulsars?'



Nearby Pulsar 
Anisotropy in the  
arrival direction 

(sufficient, not necessary) 

Dark Matter 

Diffuse  
secondary  
component 

(observationally tricky) 



Nearby Pulsar 
Anisotropy in the  
arrival direction 

(sufficient, not necessary) 



No&Anisotropy&observed'
in'the'Fermi'e+eK'
E>60'GeV'data'

FermiKLAT'CollaboraXon,'PRD,'1008.5119'

Pulsars 

Excluded 
by Fermi data 

Monogem 

Vela 

Vela 

Monogem 

Pulsar'interpretaXon'
enXrely'consistent&

with'all&data!'



S.'Profumo,'arXiv'0812.4457'

5&yr&staXsXcs'might'be'crucial&&
to'detect'anisotropy'signal'



The origin of the positron excess 
is still unsettled 

Pulsars explanation is fine; 
Dark Matter is a viable,  

though highly constrained, option 



What Next? 
Update on AMS 

Launched 5/16/2011 
Installed on ISS 5/19/2011 

*'Iris'Gebauer,'private'communicaXon'

•  Ongoing Calibration & Alignment 

•  Jan 2013: e+/(e+ + e-); analysis by two  
    independent groups within Collaboration* 

•  Next priority: antiprotons; then, high-Z 

•  B/C and 10Be/9Be for propagation models 



Opportuni?es'for'FermiKLAT'

•  Search'for'Anisotropy'with'4&yrs&vs'1'''

•  CrossKcalibraXon'of'AMS'electron''
'and'proton'fluxes'

•  Extend'e+eD&spectrum&to'low'energies,'
'greater'staXsXcs'



New&Physics&and'Fermi''

CosmicDRay&Positron&Excess& the&130&GeV&line&



Positron&Excess& 130&GeV&line&

Likely'not'instrumental' Maybe'instrumental??'

Likely'not'New'Physics' Likely'New&Physics&

If'New'Physics,'weird&
kind'of'New'Physics!'

If'New'Physics,'weird&
kind'of'New'Physics!'

  AMSD02&e+'fracXon'
  Fermi'4'yrs'Anisotropy'

  PassD8&
  HESSKII'





ATIC:'excesses'at'highKenergy'
in'every'cosmic'ray'species!!'


