25th International Workshop on Weak Interactions
and Neutrinos (WIN2015)
MPIK Heidelberg, 13th June 2015

ASTROPARTICLE PHYSICS
THEORY SUMMARY

Laura Cowi

Institute for Theoretical Physics

Georg-August-University Géttingen

-

Y 4%Vt | o) =
| |/ 1) | &
..{ J.}_/—-_/— —d o

~ 1rier= | - reieveees e S o -~ 11 ! -t 74 ot
nzutrinos, dang matter & dzing 2nargy pnysics




OUTLINE

< Effective Theory for DM Direct Detection
< DM Indirect Detection and backgrounds

¢ The LHC and DM connection

< DM and Baryo connection



“LEITMOTIVS” OF THEORY

¢ Power and limitations of effective theories !

< More precise determinations of backgrounds
and signals...

< Interdisciplinary approaches

< Connection of DM with Baryons, Neutrinos,
Model Building, etc...



EFFECTIVE THEORY
FOR DM DD



EFFECTIVE THEORY FOR DD

[Riccardo Catena Astro-1]

» Only 14 linearly independent operators can be constructed, if we demand
that they are at most linear in Sy, S, and v~

» The most general Hamiltonian density is therefore

A= Y aou
%

O, N N = iS, (S~ ,?y)
O, = iSx (}‘ v ) 01 = iSn - m‘
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EFFECTIVE THEORY FOR DD

Interference matters ! [Riccardo Catena Astro-1]
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Reconstruction
o not univocal...

More Ops can contribute
¢ O =8, -8n, Ou =S, - 4/m to solar capture



DM INDIRECT
DETECTION &
BACKGROUNDS



Indirect Detection
Background computations for antiprotons:

Main ingredients:
e primary p (and He) ge®
e gpallation cross-sections [
¢ propagation
¢ solar modulation

Marco Cirelli - Astro-2




Background computations for antiprotons:

Uncertainties: M. Cirelli - Astro 2

Primary slopes uncertainty: ' Cross-sections uncertainty
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Antiproton data vis-a-vis the background:
M. Cirelli - Astro 2

PAMELA 2012 No
AMS-02 2015 :
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E+/E- EXCESS

[ Andrea Vittino Astro-2]

The rise is not compatible with the
hypothesis that all positrons have a
secondary origin

¥

It implies the existence of additional
sources of primary e*

e* energy [GeV)

N

In principle, these high-energy positrons can be generated by astrophysical
sources or by the annihilation/decay of WIMPs




E+/E- EXCESS: NO DM !?!
f;_(: o AMS-02 dakqlAndrea Vitino Astro-2]

Accardo et al. PRL 113, 2014
s .o Agullar et al. PRL 113, 2014
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E+/E- EXCESS: DM BOUNDS

Constraints on DM
[ Andrea Vittino Astro-2]
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PLANCK: DM ANNIHILATION

WIMP annihilation also modifies the epoch of recombination
due to the release of energy in the primordial plasma and leaves
imprints into the CMB | Planck can now exclude cross-sections

as those needed by PAMELA and AMS-02:
[Planck 1502.01589]
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CMB B-MODE POLARIZATION

| Masaya Hasegawa Astro-7]

Science with CMB B-mode

Gravitational Thomson B-mode
Inflation Wave Scattermg ontss | | /.
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B-mode is a smoking gun signature
of inflationary universe!

MASAYA HASEGAWA » KEK



CMB B-MODE POLARIZATION
| Masaya Hasegawa Astro-7]

Science with CMB B-mode

Gravit

Lensing B-mode

Inflation W‘

Pure E-mode Distorted by E-mode leaks into
(even-parity) @LSS gravitational lensing B-mode

B-modeisas
of inflationary

MASAYA HASEGAWA

B-mode is the signature of lensing, and good tracer of LSS.

MASAYA HASEGAWA Xy KEK



CMB B-MODE POLARIZATION

| Masaya Hasegawa Astro-7|

First-Season POLARBEAR Results

(1) BB Power Spectrum Astrophys. J. 794, 171
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« First measurement of lensing-B mode spectrum.
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MASAYA HASEGAWA €y KEK



J-FACTOR IN TRIAXIAL HALO

DM halos in simulations are not spherical !
Consider the effect of a triaxial structure.

Results: J factors for annihilations
[Raghuveer Garani Astro-6]
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Deviations from Typically
spherical average quoted value

are in the range 5 - 10 % .
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PEV NEUTRINOS

P y E
af3 Y L L g X [ Stefano Morisi Astro-3]
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TEV-PEV NEUTRINOS

[ Andrea Palladino Astro-2]

In 3 years IceCube detected 37 High Energy Starting Events
(HESE) with deposited energies above 30 TeV .

Total | u background | v background | Energy Range |

(37 | 84+42 | 6635 | >30Tev |
20 | 04 | 24 > 60 TeV

It is the first evidence for a high-energy neutrino flux of
extraterrestrial origin.

Ongin of neutrinos

Flavor ratio is the key to understand the origin of these
neutrinos. The flavor identification is possibile studying the
topology of events.



TEV-PEV NEUTRINOS

[Andrea Palladino Astro-2]

In 3 years lceCube detected 37 High Energy Starting Events
(HESE) with deposited energies above 30 TeV *.

:Total p ba
| 37 8.4

= LRETL T ‘“W
Shower

It is the first evid
Track

extraterrestrnal or

PEp— -v ——— E—— 2l y ! P

Flavor ratio is the ™ Shower: charge current (CC) interactions of v, and v;

neutrinos. The fl; and neutral current (NC) interactions of all neutrinos;

topology of event ® Track: charge current interactions of 17,;

The crucial observable quantity is the track-to-shower ratio.
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TEV-PEV NEUTRINOS

[ Andrea Palladino Astro-2]
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m Despite other recent claims, * the present observational
agrees with extraterrestrial neutrinos produced by standard
SCenarios;

m there is no clear preference yet for a specific neutrino
production mechanism.

(1:0:0) purely v, at the Earth disfavored at ~ 3 o
(0:1:0) purely v, at the Earth disfavored at =~ 45 o



LORENTZ VIOLATION

LV modified reactions [Jorge Diaz Astro-3] - QT

a observaton of TeV-PeV neutrinos
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LV modified reactions [Jorge Diaz Astro-3] ST

Astrophysical Cherenkov threshold

2 Z P = Yim(p) o~ 2m;
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TR 7 two-sided bounds can be obtained from
55 Bt Do several events distributed in the sky
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LHC & DM
CONNECTION



LHC: SIMPLIFIED MODELS

imperial College |O. Buchmueller Astro-6]

London

Interpretation in Simplified Models

CMSSM What the individual searches
reke oduction % are sensitive to is much more
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Simplified model spectrum (SMS)
with 3 particles, 2 decay modes




SUSY & DM Searches @ LHC O. Buchmiller

LHC: SIMPLIFIED MODELS

imperial College

|O. Buchmueller Astro-6]

London
.
Interpretation in Simplified Models
CMSSM What the individual searches
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LHC EFT BREAKDOWN !

|O. Buchmueller Astro-6]
Validity of Effective Field Theory Limits

Iuvkxl

Recent work from OB, M.Dolan,C.McCabe: arXiv:1308.6799

“simplified model”
Conclusion:
use v The EFT is not an appropriate framework for a comprehensive . cion
Interpretation of DM searches at colliders and especially must
taken with very (as in VERY) special care when comparing with _
other experimonm such as Direct Detection!

g » Compare Effective Field Theory (EFT) with Full Theory (FT)
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i » EFTis valid!

1 Region |I: Medium m__, -~ Resonant enhancement
1 » EFT limits are too conservative!

i Region Ill: Low m,

| » EFT limits are too aggressive!
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LHC EFT BREAKDOWN !

|O. Buchmueller Astro-6]
Validity of Effective Field Theory Limits

Los vkm

Recent work from OB, M.Dolan,C.McCabe: arXiv:1308.6799

“simplified model”
Conclusion:
use v The EFT is not an appropriate framework for a comprehensive . cion
Interpretation of DM searches at colliders and especially must

E » Compare Effective Field Theory (EFT) with Full Theory (FT)
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LHC:EFT BREAKDOWN !

imperial College |O. Buchmueller Astro-6]

Collider vs Direct Detection
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MODELS AT LHC

¢ SUSY |Sven Heinemeyer Astro-2]
2 7’ models [ Farinaldo Queiroz Astro-6]

< Baryon Number -DM models [Sebastian Ohmer Astro-5,
Michael Duerr Astro-6]



SUSY NEUTRALINO DM

[Sven Heinemeyer Astro-2]
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GU'T-based models prefer large mass scales above 400 GeV,
while phenomenological models point to 100-300 GeV DM |



ma@ direct detection: NUHM?2
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SUSY NEUTRALINO DM

[Sven Heinemeyer Astro-2]
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For GUT models DD signal could be lower than neutrino floor,

in the pMSSM more favorable prospects for DD !



Z’ MODELS AT LHC

Astro-6]

- ” . b / . s
pp—=Z' = jj =2 +ixi+i—-Pr+i pp—Z —jj

Large mass for the mediator implies DM masses above 1 TeV !



BARYON-DM MODELS

S Gl DM e | [Sebastian Ohmer Astro-5,

Baryonic Higgs Decays Michael Duerr Astro-6]

ay R "y | !(\

w7y 12TEV. m, =l 2TeV. my.m, =
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S e e standard model Higgs
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010 2y / '..",_ » 8] < 102 loop
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0 . = = § electroweak standard
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T R » Leptobaryons leave
. footprint in loops

» Distinguish models with
different fermionic
content
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BARYON-DM MODELS
_ Leptchuners m Owk Matiw | [Sebastian Ohmer Astro-5,

Baryonic Higgs Riiii ii Michael Duerr Astro-6]
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Daryons Dark Matier



DM & BARYON
CONNECTION



What if 2, = 5Qpis not
just a coincidence?

[Sofiane Boucenna Astro-5]

In a nutshell, ADM theories

set DM abundance via its g @ ‘N\E-)A/[‘@)

chemical potential; they
relate number denSitlteS, £.9. sphalerons or transfer operators

DM asymmetry is protected thanks to extra
charge - N0 annihilation signal. Also, DM mass

IS a free parameter.



[Sofiane Boucenna Astro-5]

Minimal ADM

MADM is a framework based on an extension of SM
by hypercharged SU(2) multiplets and an effective
interaction playing two roles:

At hight T, it transfers

asymmetries between
1 / SM & DM (ADM)

Xxo™
Aty+2(s=1) | \AAfter EWSB, it splits

the d.o.f. of the neutral
e state, and regenerates
Spin the symmetry (WIMP)




[Sofiane Boucenna Astro-5]

Minimal ADM

MADM is a framework based on an extension of SM
by hypercharged SU(2) multiplets and an effective
interaction playin hun ralae: y=1

EFT breakdown

/ I DD constraint

EW sphalerons constraint

1 D 10 510 100
A[TeV]

Fermionic MADM



RESONANT LEPTOGENESIS
_

A Unified Framework [Bhupal Dev Astro-5]

@ OQur flavor-covariant formakism provides a unified framework to consistently
decribe all pertinent flavor effects: mixing, oscillation and decoherence.

@ Mixing and Oscillation are distinct physical phenomena, analogous to neutral
meson systems.

@ Confirmed in a more rigorous “first principles’ approach using Kadanoff-Baym
formalism. 18D MEingion. Plaftsis. Teres! ‘14

MOk e



B}
Lower Bound on My, from Leptogenesis [ Bhupal Dev Astro-5]
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[BO. Lee. Mohapatra 15




Lep&ov\ Flavour Violation - Resulks

[Julia Harz Astro-5] * Most stringent limits on LFV set by
r ' A 1 6-dim AL = () operators
14° , ' :
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10,
10" 1 * Current & future limits:
- : ' 3 vey < 5.7 %107 (6.0 x 10719)
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2 l()"r 1 Brewrs <40x10°% (1.0x10°%), £ =¢. 0
T r E RM, <T70x107" (27x107'7)
m“r 1
; : * determine temperature interval in which
% LFV process equilibrate pre-existing
FLuce ! flavour asymmetry
Il |
1«) rw scale & 1 * IF LFV processes are observed as well,

S R - loophole of asymmetry being stored in
§ 11 Ouey Orty Opegq another flavour sector is ruled out

F. Depossch, 4. W. Huang, M. Hirsch, H. P&s, arXan: 1503 07632 fhep-ph)

Julia Marz Falsitying Hgh-Scale Baryogenesis with Ovbb, LFV and the LHC June 12* 2015



Lep&on Number Violation ab Ehe LHC A

s M e .
logm% > 6.9+ 0.6 (—‘ - 1) +logy, —hC g

TeV b

* For any realistic cross section at LHC with
e > 107% fy washout highly effective
1074

P z
H =~ :
510
* enormous washout of any
pre-existing lepton asymmetry 10
EW 1K ic e ¥
0y [ =expl—=T'w/H) o

0 | 2 g 4

&"\ ITCV
* LHC starts to exclude top of parameter plane

_> « observation of LNV processes sets serious bounds on washout
- « excludes LG models which generate asymmetry above

F. Deppesch, JM. M Hesch, PRL 112 (2074) 221601, arXiv 1312 4447 [hep-oh)

Jula Harz Falsitying Hgh-Scale Baryogenesis with Ovbib, LFV and the LHC Jung 12% 2015 ]




CONCLUSIONS

< Improvement in the model-independent
parametrization of DM-matter NR interactions

< Better understanding of propagation and
background uncertainties in DM 1D

< Connection LHC-DM more intensively
exploited, in SUSY but not only !

< Tests of leptogenesis/baryogenesis possible !

< Very lively session and very active theory
astroparticle community
... stay tuned for more results !
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