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Positron-Excess-in-cosmic-rays-is-a-longEstanding-mystery:-

Ref:-0810.4995-



AMS-data-“cemented”-the-existence-of-the-rising-feature-with-great-precision:-



Two-popular-explanaFons-for-such-an-excess-are:-
1.  Positrons-from-WIMPs-annihilaFng-into-2-or-4-charged-leptons-in-

the-galacFc-halo.-

2.  Positrons-from-nearEby-Pulsars.-
-
WIMPs-annihilaFons-could-explain-the-data,-but-it-requires-
-
-
-
A-``boost-factor��-of-O(100)-is-introduced-in-order-to-give-a-large-enough-

annihilaFon-crossEsecFon.-(Refs:-0809.1683;-0809.2409)-
-
Where-does-the-boost-factor-come-from?-
•  Astrophysical-source:-clumpiness-in-the-dark-maAer-halo-profile??-
•  ParFcle-physics-source:-Sommerfeld-enhancement-due-to-longErange-

aAracFon-between-dark-maAer-parFcles??-BreitEWigner-enhancement?-



•  AlternaFvely,-if-the-dark-maAer-decays-with-a-long-lifeFme,-the-
annihilaFon-crossEsecFon-(which-sets-the-relic-density)-would-be-
decoupled-from-the-flux-(due-to-decays)-measured-by-AMS.-

•  The-large-flux-required-by-AMS-positron-excess-translates-into-a-decay-
lifeFme-of-O(1026)-seconds.-No-boost-factor-is-needed!-

Where-does-this-number-come-from??-
-
A-dark-maAer-decaying-through-GUTEsuppressed-dimE6-operators-

happens-to-give-(Ref:-0811.4153)-
-
-
-
-
(In-SUSY-the-LSP-could-be-the-decaying-dark-maAer-if-REparity-is-violated-

by-a-small-amount.)-



The-only-problem-is,-for-both-annihilaFon-or-decays-into-2-or-4-charged-
leptons,-the-resulFng-synchrotron-radiaFon-tend-to-produce-too-much-diffuse-
gammay-ray-that-was-not-consistent-with-FermiELAT-observaFons.-
2/4Ebody-DM-annihilaFons:-

FermiELAT:-1002.4415-



The-only-problem-is,-for-both-annihilaFon-or-decays-into-2-or-4-charged-
leptons,-the-resulFng-synchrotron-radiaFon-tend-to-produce-too-much-
galacFc-diffuse-gammay-ray-that-was-not-consistent-with-FermiELAT-
observaFons.-
2/4Ebody-DM-decays:-
-

Cirelli-et-al:-1205.5283-



So-the-“old-news”-is:--
-
The-convenFonal-2/4Ebody-final-states-of-DM-decays/annihilaFons--
-
-
have-difficulFes-with-diffuse-gammaEray-measurements.-
-
-



One-way-to-alleviate-the-tension-is-to-consider-threeEbody-decays-of-DM-to-
final-states-containing-a-missing-parFcle-(eg.,-LSP):-
-
-
-
-
-
The-physics-behind-the-resoluFon-is-very-simple:-
ThreeEbody-decay-kinemaFcs-with-a-missing-parFcle-give-a-somer-energy-
spectrum-for-the-charged-parFcles-and,-as-a-result,-somer-synchrotron-
radiaFon.-
-

DM ! SM+ SM+Missing Particle

Cheng,-Huang,-Low,-and-Menon:-1012.5300-



Such-a-threeEbody-decay-occurs-naturally-in-REparity-preserving-
supersymmetric-theories-with-mulFple-SUSYEbreaking-sectors,-the-goldsFni-
model.-(Cheung,-Nomura,-and-Thaler:-1002.1967)-
-
One-could-take-a-boAomEup-approach-and-consider-effecFve-operators-
mediaFng-such-decays:-

Cheng,-Huang,-Low,-and-Shaughnessy:-1205.5270-



The-“Primary”-decay-spectra-are-insensiFve-to-the-details-of-the-dynamics:-



Furthermore,-if-the-decaying-DM-mass-is-around-twice-the-mass-of-the-
missing-parFcle,-
-
The-primary-spectra-are-insensiFve-to-a-scalar-v.s.-a-fermionic-DM:--
-
-
-
-
-
-
-
-
-
-
-
This-turns-out-to-be-the-mass-scales-preferred-by-the-bestEfit-to-the-positron-
excess!-



These-small-differences-in-the-primary-spectra-become-even-less-significant-
when-we-consider-secondary-electron-and-photon-spectra:-



In-fiong-the-cosmic-ray-data,-propagaFon-of-electrons,-positrons-and-anFE
protons-in-the-Milky-Way-is-always-a-complicated-business.-
-
Details-can-be-found-in-the-paper.-Very-briefly,-
-
•  Assume-NFW-profile-for-the-DM-density.-
•  PropagaFon-model-using-GALPROP-and-LIKEDM-package-developed-by-

some-of-the-authors.-
•  Choose-propagaFon-parameters-based-roughly-on-MIN,-MED-and-MAX-

parameters.-
•  Solar-modulaFon-effect-is-treated-by-forceEfield-approximaFon,-with-two-

different-potenFal-for-electron/positron-and-anFEproton,-respecFvely.-
•  InjecFon-spectral-parameters-of-background-electrons-are-fiAed-

simultaneously-with-the-DM-parameters.-
•  Use-Markov-Chain-Monte-Carlo-method-for-global-fiong.-

-
-
-



In-the-end-we-perform-the-fit-using-a-scalar-DM-decaying-through-the-
following-interacFon--
-
-
-
And-consider-the-following-benchmarks:-
-
-
-
-
-
-
-
-
The-decaying-DM-in-general-has-a-mass-of-the-order-of-mulFETeV.-

� ! �0 + f + f̄

Cheng,-Huang,-Huang,-Low,-Tsai-and-Yuan:-1608.06382--



The-fit-to-the-2014-AMSE02-positron-fracFon-data-for-ee,#μμ,#ττ#and-bb##
channels:#



The-fit-to-the-2014-AMSE02-total-electron+-positron-data-for-ee,#μμ,#ττ#and-bb##
channels:#
-



The-fit-to-the-2016-AMSE02-anFEproton-data-for-ee,#μμ,#ττ#and-bb##channels:#
-



But-fiong-the-positron/anFEproton-spectra-is-only-half-of-the-task,-as-FermiE
LAT-data-extragalacFc-gammaEray-backgrounds-(EGB)-are-very-constraining.-

-
The-EGB-has-two-components:-

-
•  Prompt-emissions-associated-with-DM-decays.-(Have-higher-energy.)-

•  Inverse-Compton-(IC)-scaAerings-of-electrons-and-positrons-from-DM-
decays.-(Have-lower-energy.)-

-
-
-

-



Amer-all-is-said-and-done,-here-are-the-EGB-constraints-for-ee,#μμ,#ττ#and-bb##
channels:#
-



EGB-constraints-for-flavorEviolaFng-and-flavorEuniversal-channels:-



The-snapshot:-
-
Only-final-states-containing-the-electron-and/or-the-muon-survive-the-EGB-
constraints.-



To-get-an-idea-on-the-various-EGB-contribuFons:-
-
The-twoEhump-feature-is-due-to-the-Prompt-component-(higher-energy)-and-
IC-component-in-the-diffuse-gammaErays.--



To-get-an-idea-on-the-various-EGB-contribuFons:-
-
Hadronic-final-states-(τ-and-boAom-quarks)-give-a-Prompt-photon-
contribuFon-that-overshoots-the-data.-



A-few-weeks-ago-(and-amer-our-paper-was-submiAed-to-the-arXiv),-AMS-
announced-more-data-on-cosmic-ray-positrons,-which-exhibits-a-tantalizing-
“turnEover”-feature:-

AMSE02-Press-Release,-Dec.-8,-2016-



This-is-how-the-threeEbody-decaying-DM-stack-up-against-the-new-data:-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Decays-into-muon-final-states-seem-to-provide-a-beAer-fit-to-the-new-data.-



On-the-other-hand,-muon-channel-is-siong-at-the-edge-of-EGB-constraints:-
-
-
-
-
-
-
-
-
-
-
Are%we%on%the%verge%of%seeing%a%correlated%signal%in%the%diffuse%gammaFray%
data%in%the%near%future?%%


