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UHECR

Composition

“top-down’models disfavoured!

a) Photons: no candidates over expected backgrounds —

Hernan’s talk
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b) Neutrinos: good sensitivity for GZK neutrinos but no candidates

found.

PeV neutrinos from 0.1 EeV protons colliding 1 eV photons?

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

A

LHC data helped to reduce uncertainties in the mode

S|



ll. Proton-proton cross section at Ecm=57 TeV!
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I1l. Spectrum GZK cutoff

(or proton/iron exhaustion?)

Estqlpan’s talk 1019
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V. Large scale anisotropy (dipole)

Esteban’s talk
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C08m0|09y Galli’s talk

Planck released results in 29 papers!

ACDM is a very good overall fit (but low I's are low, tension at

553[ O ’?%HO with direct measurements). Weak lensing at high I's
etected.

Assumptions:
« Adiabatic initial conditions 1 massive neutrino 0.06eV.

» Neff=3.046 _ » Sudden reicnization (Az=0.5)
Beyond ACDM: opening the Pandora box with many new

parameters, such as Zmv, Nef.



Sensitivity to Zmw: 5 m <0.93 eV

(95%; Planck+WP)

X m <0.66 eV (<0.23eV)
(95%; Planck+WP+highL)(+BAO)

Zm<0.85eV

————————————————————

xm<1.08eV
(95%: Planck+WP+highL)+Alens

Beware of correlations, eg, with os



Sensitivity to Nef

Galli’s talk
Plonck+WP
Planck+WP+highL
WMAPS+ACT1+SPT1 (Hinshow12)
WMAP7+ACT(Sievers13)
WMAP7+SPT(Hou13)
2.0 2.5 3.0 3.5 4.0 4.5 5.0
Neﬂ

Neff=3.51+0.39

(68% Planck+WP)

Neff=3.36+0.34
(68% Planck+WP+highL)

Neff=3.40+0.30

(68% Planck+WP+BAQ)

Neff=3.73+0.27

(68% Planck+WP+HOD)

Neff=3.62+0.25

-(68% Planck+WP+BAQ+H0)

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



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

1009, ,h%(CMB)=2.2020.03 (PLANCK2013)

1009, ,h?(D/H)=2.20£0.02£0.04 (Cooke2013)

D/H observations T

Nuclear Astrophysics (D+p reaction uncertainty)

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



Neff from BBN

2.0

Gustavino’s talk

BBN only

N eff

Cooke2013
| 1

0.021 0.023 0.025
0, h?

2.0

Y, error band mainly due to systematics of
direct observations.

D/H error band is mainly due to the
D(p,y)°He reaction.



Baryon asymmetry

BAU still an open problem. Possibility to have baryogenesis from

thermal leptogenesis in the inert doublet model.
Racker’s talk



LHC / CTA / HESS /Radio & Y-rays
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Luminosity (similar in ATLAS and CMS)

LHC results - Status
A fantastic Run | taking data through 2012 ¥

~5 fb-1 at 7 TeV
~20 fb-1 at 8 TeV

Design proton bunch intensity

Peak luminosity at 7.7x10% s~'cm2

>93% data taking efficiency
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LHC results - Cosmic Rays

Equivalent c.m. energy\Epp [GeV]
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 Cosmic ray p-N collision in the atmosphere
at about 108 GeV can be probed at the LHC
o

Provides a significant lever arm reduction for
hadronic MC for UHECR

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker

Michele Weber

* Measurement of e.g.
inelastic cross section

* Tuning of simulations
for UHECR

e New LHC data
included in MC
simulations

* Ongoing discussion
on dedicated LHC

run for cosmic rays
(LHC-wide working

group)



LHC results - Cosmic Rays Michele Weber
Nature Commun. 2 (2011) 463
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* Further measurements are made difficult by
high instantaneous luminosity

* In principle also p-N p-O (p-Air) collisions are possible,
but require significant beam studies and setup time

+ BLACK HOLES & EXTRA DIMENSIONS - no observed excess

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker



LHC results - SUSY results Xuai Zhuang
How Do we Search SUSY @ LHC ?

gluino-squark and squark pair (mclude )} 4.. b

3rd generation) production , Y* / .

Ll L L ] l 1 LI : <
O[Pb): pp =~ SUSY 1 &
VS=8TeV _| &

1) Generic signatures :

Multi -jets + n_lepton/n_photon(n=0,1, =
>2) + large E,™'ss
2) large xs, but heavy SUSY mass scalg

2 |
=
>-'

Strong
gz \ Production
Strong (1+2 gen. squarks,
production and gluinos)

o
3

@& Final states:
n_jets + n_leptons/n_photons

+ large E /™S (n20)

. ] Qo . L P
Weak production: direct = e p::t"'cll;m o 10
gaugino/slepton production
1) Generic signatures: /%
low—jet multiplicity + 2 2leptons + large \
ETmiss ij: ’
2) low xs, but small SUSY mass scale % ‘\"@

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker



squark @l gluino production

stop

sbottom

EWK gauginos

slepton

LHC results - SUSY CMS results

Xuai Zhuang

Summary of CMS SUSY Results* in SMS framework SUSY 2013
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Xuai Zhuang

ATLAS Preliminary

LHC results - SUSY ATLAS results

ATLAS SUSY Searches* - 95% CL Lower Limits

s St [Ldt=(46-229) b 5=7,8TeV
Model e[ T,y Jets ET™ [rdt[fb™] Mass limit Reference
L] L] L] L] I L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
MSUGRA/CMSSM 0 26jets Yes 203 |§8 1.7TeV.  m(g)=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM 1ep 3-6jets  Yes 20.3 g 1.2 eV any m(g) ATLAS-CONF-2013-062
» MSUGRA/CMSSM 0 7-10jets  Yes 20.3 g 1.1 Te any m(g) 1308.1841
L 44 5-¢00 0 26jets  Yes 203 |§ 740 GeV m(&2)=0 GeVv ATLAS-CONF-2013-047
S g g—)qu(l) 0 2-6jets Yes 203 g 1.3 TeV m(¥9)=0 GeV ATLAS-CONF-2013-047
S 22 Eoq9ki _>qu1)(1 1ep 3-Bjets Yes 203 |& 1.18 TeV m(¥3)<200 GeV, m(¥*)=0.5(m(¥3)+m(2)) ATLAS-CONF-2013-062
w0 sz, g—>qq(€€/£’v/vv))(1 2eu 0-3 jets - 203 | & 1.12 T m(¥%)=0 GeV ATLAS-CONF-2013-089
g GMSB (¢ NLSP) 2e,pu 2-4 jets Yes 47 tang<15 1208.4688
‘@ GMSB (/NLSP) 127 0-2jets Yes 20.7 tang >18 ATLAS-CONF-2013-026
% GGM (bino NLSP) 2y - Yes 4.8 m(¥3)>50 GeV 1209.0753
£ GGM (wino NLSP) Teu+y - Yes 4.8 m(¥9)>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) 1b Yes 4.8 m(¥2)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3jets  Yes 5.8 m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(g)>10"* eV ATLAS-CONF-2012-147
e gebB)?O? 0 3b Yes 201 |& 1.2 eV m(E3)<600 GeV ATLAS-CONF-2013-061
SE E-tth 0 710jets Yes 203 |& 11T m(E3) <350 GeV 1308.1841
T gottl 0-1epu 3b Yes  20.1 g 1Tl TeV m(¥2)<400 GeV ATLAS-CONF-2013-061
650 g—bit| 0-1e,p 3b Yes 201 |g 1.3 TeV m(¥3)<300 GeV ATLAS-CONF-2013-061
biby, b1—>bX% 0 2b Yes  20.1 by 100-620 GeV m(t3)<90 GeV 1308.2631
"o b1 b1, by—th7 2e,u(SS) 03b Yes 20.7 by 275-430 GeV m()(l) =2 m(¥9) ATLAS-CONF-2013-007
X0 7 (light), ;i —biT 1-2epu 1-2b Yes 47 |4 110-167 GeV_ m(¥3)=55 GeV 1208.4305, 1209.2102
3 S #fi(light), L WhP° 2e,pu 0-2jets  Yes 20.3 f 130-220 GeV m(E2) =m(#)-m(W)-50 GeV, m(f)<<m(¥i) | ATLAS-CONF-2013-048
8"8 t1 11 (medium), tﬁfxg 2e,pu 2jets Yes  20.3 f 225-525 GeV m(¥3)=0 GeV ATLAS-CONF-2013-065
< g fti(medium), 1—>gx1 0 2b Yes  20.1 B 150-580 GeV ()g?)<2oo GeV, m(¥5)-m(¥7)=5 GeV 1308.2631
25 t1 11 (heavy), i —t{ 1epu 1b Yes 207 | 200-610 GeV ()f?) 0GeV ATLAS-CONF-2013-037
5 O Hhh(heavy), h—thy 0 2b Yes 205 | 320-660 GeV m(E9)= 0GeV ATLAS-CONF-2013-024
n D t1 t1 f1ock 0 mono-jet/c-tag Yes 20.3 t 90-200 GeV m( 1) m(¥?)<85 GeV ATLAS-CONF-2013-068
111 (natural GMSB) 2e,u(2) 1b Yes 20.7 i 500 GeV m(¥’ )>150 GeV ATLAS-CONF-2013-025
b, bhoh +Z e pn(2) 1b Yes 20.7 t 271-520 GeV m(F)=m(¥})+180 GeV ATLAS-CONF-2013-025
Rl R, P 083 2epn 0 Yes 203 |7 85-315 GeV m(¥3)=0 GeV ATLAS-CONF-2013-049
S )?1)?1 Xy —v(69) 2epu 0 Yes 203 ﬁ 125-450 GeV m(¥2)=0 GeV, m(Z, )=0.5(m(¥7 )+m(¥3)) ATLAS-CONF-2013-049
= O It X1 —7v(17) 27 - Yes 20.7 X1 180-330 GeV m(¥2)=0 GeV, m(z, #)=0.5(m(¥;)+m(t?)) ATLAS-CONF-2013-028
WS xlx —>t’|_v€&€(vv) 58 () 3epu 0 Yes  20.7 ):(f,)g" 600 GeV m(F})=m(¥3), m(¥3)=0, m(E )=0.5(m(¥:)+m(t?)) ATLAS-CONF-2013-035
X1X5—>WX62X& 3eu 0 Yes 207 )fi')fﬁ 315 GeV m(ﬁ):m(/\,’z) m(/? )=0, sleptons decoupled | ATLAS-CONF-2013-035
XiXa—>WXEIhX: 1epu 2b Yes 20.3 s 285 GeV m(¥)=m(¥3), m(¥3)=0, sleptons decoupled | ATLAS-CONF-2013-093
B @ Direct¥i i1 prod., long-lived ¥7 ~ Disapp. trk 1 jet Yes 203 |# 270 GeV m(ET)-m(¥2)=160 MeV, 7(¥1)=0.2 ns ATLAS-CONF-2013-069
= % Stable, stopped g g R-hadron 0 1-5jets  Yes 229 |g& 832 GeV m(¥%)=100 GeV, 10 us<7(#)<1000 s ATLAS-CONF-2013-057
ST GMSB, stable 7, 78, f)+r(e, p) 121 - - 15.9 10<tan<50 ATLAS-CONF-2013-058
S 8 GMSB, ¥3—yG, long-lived 1 y - Yes 47 0.4<r(3)<2 ns 1304.6310
=l g, x‘l’—>qqﬂ (RPV) 1, displ. vix - - 203 |4 1.0 TeV 1.5 <cr<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—y: + X,V —e 4+ u 2e,u - - 4.6 A41,=0.10, 213,=0.05 1212.1272
LFV pp—¥; + X, ¥r—e(u) + 7 lepu+t - - 4.6 A4,=0.10, A1(2)33=0.05 1212.1272
> Blllnear RPV CMSSM leu 7 jets Yes 4.7 m(g)=m(g), ctrsp<1 mm ATLAS-CONF-2012-140
& X]’_Xl,)( Swi? )( —eev,, euve depu - Yes 20.7 760 GeV m(/??)>300 GeV, 1121>0 ATLAS-CONF-2013-036
X1 X1, X1 WXL X 5117, 19, 3@ u+T i Yes 207 | 350 GeV m(X1)>80 GeV, A133>0 ATLAS-CONF-2013-036
£—qqq 0 6-7 jets - 203 |& 916 GeV BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—ott, fiobs 2e,u(SS) 03b Yes 20.7 g 880 GeV ATLAS-CONF-2013-007
. Scalar gluon pair, sgluon—qg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
_°:-’ Scalar gluon pair, sgluon—tt 2e,u(SS) 1b Yes 14.3 ATLAS-CONF-2013-051
"C')' WIMP interaction (D5, Dirac x) 0 mono-jet  Yes 10.5 m(x)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
Vs =8TeV -1
- - full data 10 Mass scale [TeV]
*Only a selection of the available mass limits on new states or phenome o . o . . . .
]
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
L |


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

LHC results - SUSY ATLAS results Xuai Zhuang

] u ]
Inclusive search for squark and gluino production ¢
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C \ Bl Lo ol . - e e navis | b =201
L == Expecied (0.1 jepton, 3 b-} - 1000 — -~ Expected  3.0p10ns, 2 4 jets b, =128mY
~— 800 — < ‘ e Observed  ATLAS-CONF-2013-061 — o w— Observed ATLAS-CONF-2012-151 | B
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- Conditional/indirect limit on LSP:  Strongest limit: m(~g) = 1400 GeV
m> 200-300 Gev3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker | _



LHC results - Mono-X

We look for large missing Er and one jet, Y, 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.
P Name Operator Coefficient
(D1 Xxq49 ?"q/ M; )
D2 X7’ X449 img /M,
D3 XX ity /M
D4 XY’ X479 g /M3
(D5 XV XG Vg /M, )
D6 Xw“vsxfméq 1/M§
D7 | xv"xqvu7q 1/M;
D1 (scalar), D5 |\ —pg 5P’y | /M2 )
(Ve.CtOI’), D8 ( D9 X XG0 19 1/M2 )
(axial-vector), D10 | 0,07 X0 244 i/ M2
D9 (tensor) ( D11 XXG ., GH Qe /4M§_)
and D11 D12 >_<75xGM,,~G“V i /AM3
(couples to D13 | xxGuwG* | ios/4M;
gluons) D14 | x¥’xGuwG* | os/4M;

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker
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LHC results - Example Mono-Jet James Pearce

WIMP-NUCLEON SCATTERING LIMITS

cE‘IO'SS E- ) T LI UL T L I O A
0,10 O, 10
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S1o” S »
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w s= A fbr
104 104 B
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10-46 | 1 Ll 10-46 L1l
1 10 10 10° o
M, [GeV/c?] MX [GeV/cz]

» Cross sections above observed are excluded.

» Assumption is that DM interacts with SM particles solely by a given
operator: SI = D5, SD = D8

» Yellow contours show candidate events from CDMS: arXiv:1304.4279

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker



LHC results - Example Mono-Jet James Pearce

WIMP ANNIHILATION LIMITS

5 ATLAS _ (s=7Tev.47,95%CL
"E 13-26 25 (Fermi-LAT ASphS (00, b5) /- > tI'he results §an also be o
S o —*— DS:GE (G0, /& interpreted in terms of limits
% joz2f P99 Wp, | on WIMPs annihilating to
3 10 1 light quarks
“‘é | » All limits shown here assume
v 100% branching fractions of
g | WIMPs annihilating to quarks
§ 0@ 4» Below 10 GeV for D5 and 70
E 1 10 Wll;lflcl)j nassm GLR: ] GeV for D8 the ATLAS limits
are below the values needed
» Comparison with FERMI-LAT for WIMPs to make up the
is possible through our EFT DM relic abundance

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker



LHC results 7/8 TeV

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker



LHC results - 7/8 TeV
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Discovery of the /
Higgs particle !

> CLICK

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker



LHC results -7/8 TeV
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Discovery of the /
Higgs particle ! First sign of
fwv‘/ headache?

- No SUSY ?

> CLICK - Nothing else ?

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker



LHC results 14 TeV

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

The most advanced : H.E.S.S. 2

Gamma- Detection of

ray high-energy IACT expe"ments a 2 e

gamma rays gt Ao <y
Particle Y g okt Ll Ry OE $

using Cherenkov
telescopes

@: 28m

Phase 2 : +1 Camera :2 ton, >2000 PMTs
Begining of operation : 09/2012

@: 13m

Phase 1 : 4x Camera:1 ton, 960 PMTs
Begining of operation : 2004

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker




Christian Farnier

CTA - Cherenkov Telescope Array

Ty
F Aray | 50 hours LST o
5 sgma MST

background and
systemancs4inuted

0.1 3

Ditteransal sensitivity (C.U.)

0.01

 The CTA observatory, will enlarge this window recently

0.001

opened and allow to discovered ~10 times more sources e
= 27 countries = Currently in the preparatory phase
= > 1000 scientists = Construction phase will start in 2014
= 2 arrays = >1000 sources expected
= 3 types of telescopes = ~1000h obsly

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker
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Example analysis: Line searches «} ictian Farnier

Integration region similar to halo analysis

Data set :
4-tel. events (AE/E), 2004-2007 [112h] (E,)
No OFF subtraction
= Bckg (« g-like » CRs) spectrum fitted

Profile likelihood search of a line-like signal
on top of background

H.E.S.S. Il prospects

CTA expectations : Confirmation of Wenige
(2012) line >50 in 5h [syst. uncertainties] &

vs 2 lines distinction reachable with additional

time and refined analysis
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3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker
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Dark Matter searches with Radio and Gamma rays

Synchrotron emission and radio observations Marco Taoso
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 wirr—r——m—m—m——————"T——"—-
107° | )
Magnetic
107% | *
1—1'_‘ !
| —
51077 F o«
n [
w
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E
>
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810 1% '
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T 1071 ".-‘
v
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Radio - Microwave  X-rays Gamma-rays
3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker



Dark Matter searches with Radio and Gamma rays

Example:

Bounds are better/worse than those
from Fermi & CMB for

leptonic/hadronic channels

Uncertainties:
DM profile
propagation parameters

magnetic fields

Marco Taoso

Constraints on DM

N.Fornengo, R.Lineros, M.Regis, M.T. 2011

Fomengo, Lineros, Regis, Tacso (2011)
1072 | u'u”  GMF model I
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Thank you !

3.9.2013 - Marco Cirelli, Rogerio Rosenfeld, Heidi Sandaker
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Ben Loer: ‘CDMS’ Marco Selvi: ‘Xenon’
The WIMP landscape (late 2012) Recent CDMS result and XENON100 X@

Matter Projoct

Growmg interest in low-mass region

E, keVnrl
40 50

°s;,,'::";' W’

XENONI100 (2012)
== observed limit (90% CL)
Expected limit of this run

+ 10 expected

+ 2 0 expected
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WIMP Mass [GeV/c?]

CDMS Best fit at
at WIMP mass

WIMP-Nucleon Cross Section [cm?]

Event distribution in the discrimination space
that XENON100 would observe for the CDMS
best fit point

6 7 8910 20 30 40 50 100 200 300 400
WIMP Mass [GeV/c?] (New results of CDMSlite cut away the

upper part of the CDMS allowed region.

; . )
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The WIMP landscape (late 2012)

Growing interest in low-mass region

XENON100 (2012)
=== observed limut (90% CL)
Expected limuit of this run:

+ 10 expected

+ 2 ¢ expected
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. . CoGeNT new data at TAUP 2013 -Sept 9 not released yet
- 1 CONnIiiacnce 1mmLervails What isnewt
* Defector recovered from 3 mo post-fire outage w/o ’ ti
bt Hedry it shoea' idstin N%MMQ* i
(compare to 10%-40% in CDMS low-energy analyses). Dotted 76.::5 Ya ;:‘\l ' 8 + J

® Large exposure allows optimal separation of bulk and

1 O —_— ‘39 surface events down to 0.5 keVee threshold. Rise-time *
~ T T T Y T ) —| T T ) 4 behavior as predicted by simulations and calibrations 5"':‘“ ]
5 (PRD 88 (2013) 012002). Smooth variation of it P ™MK
. parameters with energy. R LU S M
™ \ . N NPT -~ ~ . d i int to o : wf pre H
CRESST-II (2012) : 4 T Y
ed isf n bn clu er ; W’ + * {%
DAMA/LIBRA (2008 ST G LN PR S
5 “
better bulk/surface sep;mﬁon (9 {

diti "‘: “‘ {\ i”
- XENON l OO ( 20 l 2 ) . Unontirnized frequentist analysis yields ~2.20 * H‘}Hﬁﬂ}#”‘lﬁﬂiﬂ##u}l

ence over null hypothesis. This however does not
le relevance o
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® Modulation amplitude is 4-7 times larger than that
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YMS 11 Ge |
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st fit, CDMS I Si (2013 PRL)
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The last few years Best s More (data)!
have been like &
(data) open bar

for theorists



Projections Coming up next: SuperCDMS SNOLAB

Move to North America’s deepest underground lab for >100X reduction in

. cosmogenic neutron backgrounds; deploy 200 kg of advanced Ge iZIPs
» LUX has been operatlng underground Now seriously considering including

since spring 2013 silicon iZIPs

» stable detector
operation achieved

} expect first WIMP A i ::.: iﬂflssu(zou)
search result w e
in fall 2013 "\

~ SNOLAB: Ladder Lab
*(and future home)

NCOGONT(ZOH‘!
'
H

10cm X 3.8cm SNOLAB
prototype iZIP

VIARKUS HORN - THE L Loer/WIN '13 2013 Sept 19 # Fermilab

YALEL

XENONNT Ae

Matter Project

is XENONI1T setup but with a larger TPC
and inner cryostat, all the other systems (from the
outer cryostat to outside) remain the same.

Nb of PMTs: almost doubled

Aimed exposure: 20 ton-years
Starting from: 2018

(Violet oval) Magnehc DM
(Blue oval) Extra dimensions
(Red circle) SUSY MSSM

A MSSM: Pure Higgsino

@& MSSM: A funnel

@ MSSM: Bino-stop coannihilation
W MSSM: Bino-squark coannihilation

WIMP-nucleon cross section [pb]
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+ L.Z, Edelweiss, PandaX, Xmass, DarkSide, Deap/Clean, MAX, Drift, Anals...




Projections Coming up next: SuperCDMS SNOLAB

Move to North America’s deepest underground lab for >100X reduction in
cosmogenic neutron backgrounds; deploy 200 kg of advanced Ge iZIPs
Now seriously considering including

» LUX has been operating underground

since spring 2013 silicon iZIPs
» stable detector .‘ SIRERN DN
e L asheved ‘ - (and future home)
» expect first WIMP 8 \\
. search result A\ i

in fall 2013 N\

10cm X 3.8cm SNOLAB
prototype iZIP
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Matter Project

is XENONI1T setup but with a larger TPC
and inner cryostat, all the other systems (from the
outer cryostat to outside) remain the same.

Nb of PMTs: almost doubled

Aimed exposure: 20 ton-years
Starting from: 2018
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(Blue oval) Extra dimensions
(Red circle) SUSY MSSM
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SNOMASS pI‘Q]CCthl’l next decade
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SNOMASS projection: Tunnel proposed ANDES laboratory

'[.JDG'CI}NC Soudan COMS-ite

[LperCoMS Soudan Low Thresnold 2 tunnels, 12m g each, separated by 60 m, ~ 14 km long
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o] % L \\\ 2ol C 4085masl. |
Q \ COMS Chilean entry point on a ridge, at ~ 3600 m a.s.l.
10741} % x il Internal connexion galleries every 500 m
3

\4\
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o2 ,: \\\ - eepest point a m dep
| q [ N %

(2013)

%, Tender in 2013, Construction 2014-2020
vy

10743 DELWEISS

ul :
10 C‘:.(‘)‘%Q%EWI

10_45 Neutrinos \88
Neutrinds

10746

10_47 - (Green ovals) Asymmetric DM
(Violet oval) Magnetic DM

10_48 i (Blue oval) Extra dimensions )

(Red circle) SUSY MSSM

1049 @ wsswt: A fummel & g h oo

emizm gino-stop c:anmhil;:rliot? - there’s a floor
. BINO-squark coanninnaton " i

T 0 10 om0 - we’ll swipe it
all (almost)
- theorists know

3% Fermilab BT\ veXebl=}

(\T
=
Q

PR—
c
2
—
Q
L
v
v
2]
2
Q
c
o
-
Q
=
T
=

WIMP Mass [GeV/c?]
Loer/WIN '3 2013 Sept 19




Neutrinos:

Dark Matter in the Sun

Relic WIMPs gravitationally trapped via elastic collisions

Clean signal

P no Y-rays contamination

» solar neutrinos < GeV

p astrophysical neutrinos > TeV

Search for Dark Matter accumulation in the Sun f'\ Dark M atter

in the Sun

WIMPs (x°) captured by elastic scattering off nuclei in Sun

Accumulation in center — annihilation to neutrinos
(R parity conservation assumed) 10°
ANTARES 2007-2008 (bb) <=+~ Baksan 1978-2009 (bb)
ANTARES 2007-2008 (W'W") Baksan 1978-2009 (W*W")
7 ANTARES 2007-2008 (t*t) - - Baksan 1978-2009 (t*v)
10 SuperK 1996-2008 (bb)
SuperK 1996-2008 (W*W")
- IceCube-79 2010-2011 (bb)
IceCube-79 2010-2011 (W'W")

0 ..
(t*7) for Mwmp<Mw

After some time: equilibrium between capture and annihilation
— annihilation rate depends on WIMP scattering cross section

()

@, (kmZyr)

Sun mainly protons — IceCube mostly sensitive to spin-dependent cross section

spin dependent - spin independent

MSSM incl. XENON (2012) ATLAS + CMS (2012) MSSM incl. XENON (2012) ATLAS + CMS (2012)
DAMA no channeling (2008) a DAMA no channeling (2008)
- - COUPP (2012) - g ' — « COMS (2010)
« -« Simple (2011) Y % = = = COMS 2oV reanalyzed (2011)
- PICASSO (2012) —— CoGENT (2010)
SUPER-K (2011) (b6) =om XENON100 (2012)

SUPERK (2011) (W'W)

log10 (g, /et )
b &

10910 ( 0, ,/ cnrf’)
A

.- 1 Soreg, ———
IceCube 2012 (5) ) * -+ iceCube 2012 (b6)
—e— IceCube 2012 (W'W) —e— iceCube 2012 (W'W)"
o (2' for m,<m, = 80.4GeVic")

2 3 4 46 104
log10(m, /GeVe®) |ceCube Coll.,, PRL 110, 131302 (2013) 9™ (m/Geve®) My (GeV)

Alexander Kappes | WIN 2013, Natal | 17.09.2013 | 11
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Search for Dark Matter accumulation in the Sun

WIMPs (%) captured by elastic scattering off nuclei in Sun

Accumulation in center — annihilation to neutrinos

(R parity conservation assumed)

After some time: equilibrium between capture and annihilation
— annihilation rate depends on WIMP scattering cross section

Sun mainly protons — IceCube mostly sensitive to spin-dependent cross section

spin dependent
— T ——

I

P DAMA no channeling (2008)
- = COUPP (2012)
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Energy and zenith distribution of events

Harder than expected from atmospheric e
baCkgI'OLI nd @ Background Atmospheric Muon Flux

Background Stat. and Syst. Uncertainties
- Signal+Bkg. Astrophysical £ * Spectrum

Excess compatible with isotropic flux (1:1:1) ese Data W
(per flavor E2 ®,=1.2x108 GeV cm2 s sr') , + IceCube Preliminary

% -

Potential cutoff at 1.6*1-5_94 PeV

(otherwise 3—-6 more events at 2-10 PeV) {
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No clustering of events or significant
correlation with Galactic plane

ICECUBE PRELIMINARY |

//showor events 0.1 PeV 1 Pev_

/ p-value = 8% +17 Deposited EM-Equivalent Energy in Detector (TeV)
/ 1
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- 1 e |p-value = 80%
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Energy and zenith distribution of events

Harder than expected from atmospheric e
baCkg rou nd @B Background Atmospheric Muon Flux

222 Background Stat. and Syst. Uncertainties
Signal+Bkg. Astrophysical £ * Spectrum

Excess compatible with isotropic flux (1:1:1) sse Data
(per flavor E2 ®,=1.2x108 GeV cm2 s sr')

Potential cutoff at 1.6*15_94 PeV
(otherwise 3—-6 more events at 2-10 PeV)

Events per 662 Days

No clustering of events or significant
correlation with Galactic plane

e——

ICECUBE PRELIMINARY

0.1 PeV

Deposited EM-Equivalent Energy in Detector (TeV)
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Energy and zenith distribution of events

Harder than eXpeCted from atmotherlc @R Background Atmospheric Neutrino Flux
baCkg round @ Background Atmospheric Muon Flux

Background Stat. and Syst. Uncertainties
—— Signal+Bkg. Astrophysical £ * Spectrum

DM - v, v, (15%), bb (85%)

[E—

<
[e—
o

Excess compatible with isotropic flux (1:1:1) DM - v, v, (I12%), cc (88%)
(per flavor E2 ®,=1.2x108 GeV cm2 s sr') ’
Potential cutoff at 1.6*15_4 PeV
(otherwise 3—-6 more events at 2-10 PeV)

DM — e e™ (40%), qq (60%)

Events per 662 Days

No clustering of events or significant
correlation with Galactic plane

ICECUBE PRELIMINARY

dJ/dE, (TeV cm™2 57! sr71)
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Deposited EM-Equivalent Energy in Detector (TeV)
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Charged particles:

Pierre Salati: ‘Charged Cosmic Rays® Gaelle Giesen: ‘Antiproton constraints’

Milky—-Way seen by a cosmic-ray physicist

Cosmic rays propagate inside a diffusive halo

oylvie Rosier-Lees: ‘AMS-02’

2) The importance of multi-messenger analyses

3) Magnetic turbulence & CR diffusion

we do not know where the sources are located and when they exploded.

A statistical analysis is mandatory
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DM inter-
preta ion
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2) The i

3) Magnetic turbulence & CR diffusion
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The word ‘neutralino’ has been mentioned 3 times!

‘Toy’ models with degenerate spectrum,
featuring Internal Bremsstrahlung:
correct relic abund + features in y-rays

Sharp spectral feature Normalized v spectrum
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The word ‘neutralino’ has been mentioned 3 times!

Laura Lopez-Honorez: ‘DM new ideas’ ‘“Toy’ models with degenerate spectrum,

Michele Frigerio: ‘PNGB as DM’

featuring Internal Bremsstrahlung:
correct relic abund + features in y-rays

DM as a pNGB linked to the EW scale
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The word ‘neutralino’ has been mentioned 3 times!

‘Toy’ models with degenerate spectrum,
featuring Internal Bremsstrahlung:
correct relic abund + features in y-rays

DM as a pNGB linked to the EW scale

DM ass the automatically stable vector of
an extra SU(R)x, mass o(1 TeV),
predictive in terms of 1 parameter Ams

Bound from
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The word ‘neutralino’ has been mentioned 3 times!

Laura Lopez-Honorez: ‘DM new ideas’ ‘“Toy’ models with degenerate spectrum,
featuring Internal Bremsstrahlung:
correct relic abund + features in y-rays

Michele Frigerio: ‘PNGB as DM’ DM as a, pNGB linked to the EW scale

Alessandro Strumia: DM as the automatically stable vector of
‘DM from modified naturalness’ an extra SU(R)x, mass o(1 TeV),
predictive in terms of 1 parameter Aus

The End



