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UHECR/Cosmo/BBN/BAU Summary



UHECR
I.      Composition

a) Photons: no candidates over expected backgrounds –
	
   “top-down”models disfavoured!
	
   	
   Hernan’s talk



c) Neutrons: search with clustered events – null results

d) Hadronic primaries: tendency for heavier primaries (iron?) at
	
   high energies from Auger but tension with HiRes and TA.

	
   	
   LHC data helped to reduce uncertainties in the models!

b) Neutrinos: good sensitivity for GZK neutrinos but no candidates
	
   	
  found.
	
   PeV neutrinos from 0.1 EeV protons colliding 1 eV photons?



II. Proton-proton cross section at ECM=57 TeV!
Edivaldo’s talk



	
   GZK cutoff
(or proton/iron exhaustion?) 	
  	
  	
  	
  

III. Spectrum

	
   Esteban’s talk



IV. Large scale anisotropy (dipole)

Galactic center

Esteban’s talk

	
   Great attractor?



Cosmology
Planck released results in 29 papers!
ΛCDM is a very good overall fit (but low l’s are low, tension at
2.5 σ on H0 with direct measurements). Weak lensing at high l’s
detected.

Beyond ΛCDM: opening the Pandora box with many new
parameters, such as Σmν, Neff.

Galli’s talk



Sensitivity to Σmν:	
  	
  	
  	
  

Beware of correlations, eg, with σ8	
  	
  	
  	
  



Sensitivity to Neff 	
  	
  	
  	
  

No significant evidence for new relativistic species from
Planck data alone.	
  	
  	
  	
  

Galli’s talk



	
   BBN
Good agreement between Cosmo and BBN on baryon density.
Main uncertainty in BBN results is in some low energy nuclear
cross sections.
	
   	
   Gustavino’s talk

LUNA at LNGS will perform a new measurement of the relevant
cross sections (also for the lithium production).



Neff from BBN
Gustavino’s talk



thermal leptogenesis in the inert doublet model.

Baryon asymmetry
BAU still an open problem. Possibility to have baryogenesis from

Racker’s talk



LHC / CTA / HESS /Radio & Υ-rays 
Win2013

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 



LHC results - Status

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 

Michele Weber



LHC results - Cosmic Rays

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 

• Measurement of  e.g. 
inelastic cross section

• Tuning of simulations 
for UHECR
• New LHC data 

included in MC 
simulations 

• Ongoing discussion 
on dedicated LHC 
run for cosmic rays 
(LHC-wide working 
group) 

Michele Weber



3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 

LHC results - Cosmic Rays

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 

+ BLACK HOLES & EXTRA DIMENSIONS - no observed excess 

Michele Weber



LHC results - SUSY results

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 

Xuai Zhuang
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Summary of CMS SUSY Results* in SMS framework

CMS Preliminary

m(mother)-m(LSP)=200 GeV m(LSP)=0 GeV
SUSY 2013

 = 7 TeVs

 = 8 TeVs

lspm⋅-(1-x)motherm⋅ = xintermediatem
For decays with intermediate mass,

Only a selection of available mass limits
*Observed limits, theory uncertainties not included

Probe *up to* the quoted mass limit

LHC results - SUSY CMS results Xuai Zhuang

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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MSUGRA/CMSSM 0 2-6 jets Yes 20.3 m(q̃)=m(g̃ ) ATLAS-CONF-2013-0471.7 TeVq̃, g̃

MSUGRA/CMSSM 1 e,µ 3-6 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0621.2 TeVg̃

MSUGRA/CMSSM 0 7-10 jets Yes 20.3 any m(q̃) 1308.18411.1 TeVg̃

q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-047740 GeVq̃

g̃ g̃ , g̃→qq̄χ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-0471.3 TeVg̃

g̃ g̃ , g̃→qqχ̃
±
1→qqW ±χ̃01 1 e,µ 3-6 jets Yes 20.3 m(χ̃

0
1)<200 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1 )+m(g̃ )) ATLAS-CONF-2013-0621.18 TeVg̃

g̃ g̃ , g̃→qq(""/"ν/νν)χ̃
0
1 2 e,µ 0-3 jets - 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-0891.12 TeVg̃

GMSB ("̃ NLSP) 2 e,µ 2-4 jets Yes 4.7 tanβ<15 1208.46881.24 TeVg̃

GMSB ("̃ NLSP) 1-2 τ 0-2 jets Yes 20.7 tanβ >18 ATLAS-CONF-2013-0261.4 TeVg̃

GGM (bino NLSP) 2 γ - Yes 4.8 m(χ̃
0
1)>50 GeV 1209.07531.07 TeVg̃

GGM (wino NLSP) 1 e, µ + γ - Yes 4.8 m(χ̃
0
1)>50 GeV ATLAS-CONF-2012-144619 GeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 4.8 m(χ̃
0
1)>220 GeV 1211.1167900 GeVg̃

GGM (higgsino NLSP) 2 e, µ (Z ) 0-3 jets Yes 5.8 m(H̃)>200 GeV ATLAS-CONF-2012-152690 GeVg̃

Gravitino LSP 0 mono-jet Yes 10.5 m(g̃ )>10−4 eV ATLAS-CONF-2012-147645 GeVF1/2 scale

g̃→bb̄χ̃
0
1 0 3 b Yes 20.1 m(χ̃

0
1)<600 GeV ATLAS-CONF-2013-0611.2 TeVg̃

g̃→tt̄ χ̃
0
1 0 7-10 jets Yes 20.3 m(χ̃

0
1) <350 GeV 1308.18411.1 TeVg̃

g̃→tt̄ χ̃
0
1 0-1 e,µ 3 b Yes 20.1 m(χ̃

0
1)<400 GeV ATLAS-CONF-2013-0611.34 TeVg̃

g̃→bt̄ χ̃
+
1 0-1 e,µ 3 b Yes 20.1 m(χ̃

0
1)<300 GeV ATLAS-CONF-2013-0611.3 TeVg̃

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 20.1 m(χ̃

0
1)<90 GeV 1308.2631100-620 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e,µ (SS) 0-3 b Yes 20.7 m(χ̃

±
1 )=2 m(χ̃

0
1) ATLAS-CONF-2013-007275-430 GeVb̃1

t̃1 t̃1(light), t̃1→bχ̃
±
1 1-2 e,µ 1-2 b Yes 4.7 m(χ̃

0
1)=55 GeV 1208.4305, 1209.2102110-167 GeVt̃1

t̃1 t̃1(light), t̃1→Wbχ̃
0
1 2 e,µ 0-2 jets Yes 20.3 m(χ̃

0
1) =m(t̃1)-m(W )-50 GeV, m(t̃1)<<m(χ̃

±
1 ) ATLAS-CONF-2013-048130-220 GeVt̃1

t̃1 t̃1(medium), t̃1→tχ̃
0
1 2 e,µ 2 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-065225-525 GeVt̃1

t̃1 t̃1(medium), t̃1→bχ̃
±
1 0 2 b Yes 20.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
1 )-m(χ̃

0
1 )=5 GeV 1308.2631150-580 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 1 e,µ 1 b Yes 20.7 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-037200-610 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 0 2 b Yes 20.5 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-024320-660 GeVt̃1

t̃1 t̃1, t̃1→cχ̃
0
1 0 mono-jet/c-tag Yes 20.3 m(t̃1)-m(χ̃

0
1)<85 GeV ATLAS-CONF-2013-06890-200 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z ) 1 b Yes 20.7 m(χ̃
0
1)>150 GeV ATLAS-CONF-2013-025500 GeVt̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z ) 1 b Yes 20.7 m(t̃1)=m(χ̃
0
1)+180 GeV ATLAS-CONF-2013-025271-520 GeVt̃2

"̃L,R"̃L,R, "̃→"χ̃01 2 e,µ 0 Yes 20.3 m(χ̃
0
1)=0 GeV ATLAS-CONF-2013-04985-315 GeV#̃

χ̃+1 χ̃
−
1 , χ̃

+
1→"̃ν("ν̃) 2 e,µ 0 Yes 20.3 m(χ̃

0
1)=0 GeV, m("̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2013-049125-450 GeVχ̃±

1
χ̃+1 χ̃

−
1 , χ̃

+
1→τ̃ν(τν̃) 2 τ - Yes 20.7 m(χ̃

0
1)=0 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2013-028180-330 GeVχ̃±

1
χ̃±1 χ̃

0
2→"̃Lν"̃L"(ν̃ν), "ν̃"̃L"(ν̃ν) 3 e,µ 0 Yes 20.7 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m("̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2013-035600 GeVχ̃±

1 , χ̃
0
2

χ̃±1 χ̃
0
2→W χ̃

0
1Z χ̃

0
1 3 e,µ 0 Yes 20.7 m(χ̃

±
1 )=m(χ̃

0
2 ), m(χ̃

0
1)=0, sleptons decoupled ATLAS-CONF-2013-035315 GeVχ̃±

1 , χ̃
0
2

χ̃±1 χ̃
0
2→W χ̃

0
1h χ̃

0
1 1 e,µ 2 b Yes 20.3 m(χ̃

±
1 )=m(χ̃

0
2 ), m(χ̃

0
1)=0, sleptons decoupled ATLAS-CONF-2013-093285 GeVχ̃±

1 , χ̃
0
2

Direct χ̃
+
1 χ̃
−
1 prod., long-lived χ̃

±
1 Disapp. trk 1 jet Yes 20.3 m(χ̃

±
1 )-m(χ̃

0
1 )=160 MeV, τ(χ̃

±
1 )=0.2 ns ATLAS-CONF-2013-069270 GeVχ̃±

1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 22.9 m(χ̃
0
1)=100 GeV, 10 µs<τ(g̃)<1000 s ATLAS-CONF-2013-057832 GeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ - - 15.9 10<tanβ<50 ATLAS-CONF-2013-058475 GeVχ̃0

1

GMSB, χ̃
0
1→γG̃ , long-lived χ̃

0
1 2 γ - Yes 4.7 0.4<τ(χ̃

0
1)<2 ns 1304.6310230 GeVχ̃0

1

q̃q̃, χ̃
0
1→qqµ (RPV) 1 µ, displ. vtx - - 20.3 1.5 <cτ<156 mm, BR(µ)=1, m(χ̃

0
1)=108 GeV ATLAS-CONF-2013-0921.0 TeVq̃

LFV pp→ν̃τ + X , ν̃τ→e + µ 2 e,µ - - 4.6 λ′311=0.10, λ132=0.05 1212.12721.61 TeVν̃τ
LFV pp→ν̃τ + X , ν̃τ→e(µ) + τ 1 e,µ + τ - - 4.6 λ′311=0.10, λ1(2)33=0.05 1212.12721.1 TeVν̃τ

Bilinear RPV CMSSM 1 e,µ 7 jets Yes 4.7 m(q̃)=m(g̃ ), cτLSP<1 mm ATLAS-CONF-2012-1401.2 TeVq̃, g̃
χ̃+1 χ̃

−
1 , χ̃

+
1→W χ̃

0
1, χ̃

0
1→ee ν̃µ, eµν̃e 4 e,µ - Yes 20.7 m(χ̃

0
1)>300 GeV, λ121>0 ATLAS-CONF-2013-036760 GeVχ̃±

1

χ̃+1 χ̃
−
1 , χ̃

+
1→W χ̃

0
1, χ̃

0
1→ττν̃e , eτν̃τ 3 e,µ + τ - Yes 20.7 m(χ̃

0
1)>80 GeV, λ133>0 ATLAS-CONF-2013-036350 GeVχ̃±

1

g̃→qqq 0 6-7 jets - 20.3 BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091916 GeVg̃

g̃→t̃1t, t̃1→bs 2 e,µ (SS) 0-3 b Yes 20.7 ATLAS-CONF-2013-007880 GeVg̃

Scalar gluon pair, sgluon→qq̄ 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826100-287 GeVsgluon

Scalar gluon pair, sgluon→tt̄ 2 e,µ (SS) 1 b Yes 14.3 ATLAS-CONF-2013-051800 GeVsgluon

WIMP interaction (D5, Dirac χ) 0 mono-jet Yes 10.5 m(χ)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147704 GeVM* scale

Mass scale [TeV]10−1 1
√
s = 7 TeV
full data

√
s = 8 TeV

partial data

√
s = 8 TeV
full data

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: SUSY 2013

ATLAS Preliminary∫
L dt = (4.6 - 22.9) fb−1

√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1σ theoretical signal cross section uncertainty.

LHC results - SUSY ATLAS results Xuai Zhuang

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/CombinedSummaryPlots#SusySummary
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/CombinedSummaryPlots#SusySummary


Xuai ZhuangLHC results - SUSY ATLAS results

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 



• We look for large missing ET  and one jet, ϒ, W/Z or b
• Interpretation is done using EFT
• We assume it is valid for LHC
• We assume a heavy mediator, with very low rates
• More discussion in the various Mono-papers !

• No excess observed
• LHC most sensitive to the low X mass range
• Mono- X searches at the LHC are competitive and 

complementary to direct and indirect detection 
experiments.

LHC results - Mono-X

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 

James Pearce

D1 (scalar), D5 
(vector), D8 
(axial-vector), 
D9 (tensor) 
and D11 
(couples to 
gluons)



LHC results - Example Mono-Jet

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 

James Pearce



3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 

James PearceLHC results - Example Mono-Jet



LHC results - 7/8 TeV

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 



LHC results - 7/8 TeV

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 

Discovery of the  
Higgs particle !



LHC results - 7/8 TeV

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 

Discovery of the  
Higgs particle ! First sign of 

headache?

- No SUSY ?
- Nothing else ?



LHC results - 14 TeV ?

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 

Ah, but we are not yet at design energy = 14 TeV !

- SUSY ?
- A surprise ?



3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 

Christian Farnier

IACT experiments have entered into a new era
• Already >140 sources detected @ VHE
• HESS-II inaugurated a year ago - new results soon



3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 

Christian Farnier

• The CTA observatory, will enlarge this window recently 
opened and allow to discovered ~10 times more sources



Example analysis: Line searches

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 

Christian Farnier

Bergström, Bertone, Conrad, CF, Weniger   2012

• CTA expectations : Confirmation of Weniger 
(2012) line >5σ in 5h [syst. uncertainties] & 1 
vs 2 lines distinction reachable with additional 
time and refined analysis



Synchrotron emission and radio observations
Bounds on DM from present radio surveys 
Extragalactic radio background and searches of extra-galactic DM radio sources 
Based on Fornengo, Lineros, Regis, MT 2011, 2012, 2013 (in progress)

DM searches with gamma-ray lines
Status of the 130(5) GeV line Gamma-ray lines in DM models 
Based on Jackson, Servant, Shaughnessy, Tait, MT 2010, 2013

Dark Matter searches with Radio and Gamma rays

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 

Marco Taoso



Dark Matter searches with Radio and Gamma rays

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 

Example:
Marco Taoso



Thank you !

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker 



Marco Cirelli
(CNRS IPhT Saclay)

21 September 2013
‘WIN 2013’, Natal, Brazil

NewDark

Dark Matter Summary:
direct detection, neutrinos, charged cosmic rays, theory



Direct Detection
Ben Loer: ‘CDMS’ Marco Selvi: ‘Xenon’

Markus Horn: ‘LUX’



Direct Detection
Ben Loer: ‘CDMS’ + Marco Selvi: ‘Xenon’



Direct Detection
Ben Loer: ‘CDMS’

Graciela Gelmini

CoGeNT still 
sees modulation

Malbek doesn’t see 
anything at all

+ Marco Selvi: ‘Xenon’



Direct Detection

The last few years 
have been like a 
(data) open bar

for theorists



Direct Detection

The last few years 
have been like a 
(data) open bar

for theorists

More (data)!



Markus Horn: ‘LUX’
Direct Detection

Ben Loer: ‘CDMS’

Marco Selvi: ‘Xenon’

+ LZ, Edelweiss, PandaX, Xmass, DarkSide, Deap/Clean, MAX, Drift, Anais...

Ben Loer: ‘CDMS’ 



Markus Horn: ‘LUX’
Direct Detection

Ben Loer: ‘CDMS’

Marco Selvi: ‘Xenon’

+ LZ, Edelweiss, PandaX, Xmass, DarkSide, Deap/Clean, MAX, Drift, Anais...

Ben Loer: ‘CDMS’ 



Direct Detection
Ben Loer: ‘CDMS’ 

- huge effort
- there’s a floor
- we’ll swipe it
  all (almost)
- theorists know 
  how to dig



Direct Detection
Ben Loer: ‘CDMS’ 

- huge effort
- there’s a floor
- we’ll swipe it
  all (almost)
- theorists know 
  how to dig

ANDES laboratory
Osvaldo Civitarese + Hiroshi Nunokawa: ‘ANDES’ 



Indirect Detection

Alexander Knappes: ‘ICECUBE’ Alexis Dumas: ‘Antares’

Alexis Dumas: ‘Antares’
Neutrinos:



Indirect Detection
Alexander Knappes: ‘ICECUBE’

+ GC
+ halo
+ dwarfs



Indirect Detection
Alexander Knappes: ‘ICECUBE’



Indirect Detection
Alexander Knappes: ‘ICECUBE’



Indirect Detection
Alexander Knappes: ‘ICECUBE’ Arman Esmaili: ‘PeV decaying DM & ICECUBE’



Indirect Detection
Pierre Salati: ‘Charged Cosmic Rays’ Gaëlle Giesen: ‘Antiproton constraints’

Sylvie Rosier-Lees: ‘AMS-02’

Charged particles:



Indirect Detection
Pierre Salati: ‘Charged Cosmic Rays’ Gaëlle Giesen: ‘Antiproton constraints’
Charged particles:

DM inter-
pretation

CR
physics

Sylvie Rosier-Lees: ‘AMS-02’
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The End


