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Astro-particle results from 

LP09 

Bill Carithers 



Entire program--slides and videos-- available 

http://lp09.desy.de/ 

And follow links to program (Indico) 
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Systems work together to identify and measure the flux of cosmic gamma 

rays AND (e++e-) with energy 20 MeV          > 300 GeV. 

e+ e– 

!"

Calorimeter 

Tracker 

ACD 
[surrounds 
4x4 array of 
TKR towers] 



12 

Annihilations result in many different particle types:  gamma rays, e+,e-, p,    , etc.  

Recently results on e+, e-, p and     could be interpreted as signaling DM decays or 

annihilations 

Ground, balloon, and satellite experiments have published results  

p

p

Baldini, TeVPA 2009 

Geometric Factor (m2-sr) 
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!! 1500 electron events/

day above 100 GeV 

!! 1 LAT day ~ year for 

PAMELA 

!! 1 LAT day ~ ATIC 

Balloon Flights  



16 

!! High Energy By-Pass Trigger 

!! Tracker 3-in-a-row Diagnostic 

Trigger 

LAT has two Trigger Modes which 

can used to measure electrons: 

Two independent analyses start 

from these hardware triggers. 
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PRELIMINARY!PRELIMINARY!
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All-sky map of 

simulated gamma ray 
signal from DM 

annihilation  (Baltz 
2006)!

                 Satellites 

Low background and good source id,  

but low statistics, astrophysical background 

    Galactic Center 

Good Statistics but source  

confusion/diffuse background 

      Milky Way Halo 

Large statistics but diffuse 

background 

        Spectral Lines 

No astrophysical uncertainties,  

good source id, but low sensitivity 

because of expected small BR 

              Extra-galactic 

Large statistics, but astrophysics, galactic 

diffuse background  

Pre-launch estimates of sensitivities published in Baltz et al., 2008, !
JCAP  0807:013  [astro-ph/0806.2911]!
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PAMELA Protons No evidence of DM.   Weakens expectations on b-bbar 

final states 

PAMELA Positrons Rise in fraction could indicate DM.   More likely near-by  

pulsars. 

ATIC   CR Electrons In conflict with Fermi-LAT results. 

Fermi-LAT CR Electrons Definite structure at high E,  could indicate DM. More 

likely near-by pulsars 

Fermi-LAT GeV Excess Previous EGRET results not validated,  consistent with 

CR expectations 

Fermi-LAT Galactic Center Weak limit,   no spectral features seen 

Fermi-LAT DM Lines Not found,  weak constraint on DM due to energy range 

and uncertainties on branching fraction 

Fermi-LAT DM Satellites  Not found,  starts to constrain  Boost   <!v> 

Fermi-LAT dSph Not found,  starts to constrain Boost   <!v> 

Fermi-LAT Galaxy Clusters Not found,  starts to constrain Boost   <!v> 

Fermi-LAT EGD Results similar to re-analyzed EGRET EGD,   starts to 

constrain Boost   <!v> 

•

•

•

•



2009 August 20! Lepton Photon 2009                                      Per Olof Hulth!

Where are we ? 

South Pole 

Run way 

Amundsen-Scott South Pole Station 

New Station 

IceCube 



2009 August 20! Lepton Photon 2009                                      Per Olof Hulth!
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2-1304.5%

2009 August 20!

Detector Number of 

OMs 

Enclosed 

mass 

(Megatons) 

Depth 

(m.w.e) 

Status 

Baikal 230 10 1100-1310 Operating 

AMANDA 677 15 1350-1850 2000-2009 

ANTARES 900 10 2050-2400 Operating 

IceCube (59 strings) 

IceCube (86 strings) 

3540 

5160 

500 

900 

1350-2250 

1350-2250 

Operating 2009 

Ready 2011 

KM3Net (NEMO site) 

KM3Net (Nestor site) 

KM3Net (ANTARES site) 

!10,000 

!10,000 

!10,000 

!1000 

!1000 

!1000 

2300-3300 

2000-4000  

1400-2400  

Design study 

GVD (Future Baikal) !1500 !1000 800-1300 Design Study 

22!Lepton Photon 2009                                      Per Olof Hulth!



2009 August 20! Lepton Photon 2009                                      Per Olof Hulth! 23!
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No excess found! 
!!all-sky p-value is 61%, not 
significant 

2009 August 20! Lepton Photon 2009                                      Per Olof Hulth!



2009 August 20! Lepton Photon 2009                                      Per Olof Hulth!
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Preliminary!

2009 August 20! 24!Lepton Photon 2009                                      Per Olof Hulth!
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The end 
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S. Profumo & T. Jeltema 

!!Large Boost factors from 

substructures 

!!Sommerfeld Enhancements 

!!Lepto-phylic Decay Modes  
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MINOS 

Is !13=0 or just very 

small? 

(Topic of this talk) 

What is the rest 

mass of neutrinos?  

What is the right mass 

hierarchy?  

Are neutrinos their own antiparticles? 

Are there more than 3 neutrinos (sterile, heavier than Z)? 

Do neutrinos obey CP, CPT? 
And also: 

! Plenty of room for discovery! 

However, our knowledge of neutrinos remains 
incomplete:  

Is !23 exactly "/4? 

7 
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Exp’t 
Power 

 (GWth) 
Distance  N/

F (m) 
Target 
N/F (t) 

Double 
Chooz 

8.6 400/1050 8.6/8.6 

RENO 17.3 290/1380 16/16 

Daya Bay 
11.6 
(17.4) 

360(500)/ 
1990(1620) 

2x40/80 
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[%] 

!
syst 

rel. 
[%] 

sin22"
13 

>  
(90% CL) 

Double 
Chooz 

0.5 0.6 0.03 

RENO 0.3 0.5 0.02 

Daya Bay 0.2 0.4 0.01 

345%6.78%
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3 GeV Synchrotron!

Linac!

30 GeV Synchrotron!

" Beams!  

(to Kamioka)!
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Neutrino Spectrum and
Solar Neutrino Experiments

2009/8/22 7Y. Suzuki@Lepton-hoton Symposium, Hamburg, Germany

! Real time Counter
"H 2O: KamiokandeKamiokande(ES) ( 8B)
"H 2O: Super-KamiokandeSuper-Kamiokande(ES) 

( 8B)
!8B

SK-I=2.35±0.02 ±0.08x106cm2

Pred: 5.94(1±0.11)x106cm2
BPS08(GS)

"D 2O: SNOSNO(CC, NC, ES) ( 8B)
!8B

SNOIII(CC)=1.67+0.05
-0.04

+0.07
-

0.08x106cm2

!8B
SNOIII(NC)=5.54+0.33

-0.31
+0.36

-

0.34x106cm2

"Scinti: BorexinoBorexino (ES) ( 7Be,  8B)
7Be: Meas: 49±3sta±4sys 

c/day/100ton
7Be: Pred: 74±4 c/day/100tonBPS08

(GS):
7Be: Pee("e!"e) = 0.56 ±0.10(1#)
8B:  

!8B
Borexino=2.65±0.44 ±0.18x106

cm2

! Radio-Chemical
" Ga: SAGESAGE, GALLEX/GNO (pp, , GALLEX/GNO (pp, 

  77Be….)Be….)
"e+71Ga!e+71Ge:E">235keV
Meas: 66.1±3.1 SNU; R=0.52
Pred:127.9+8.1

-8.0 SNUBPS08(GS)

" Cl: Homestake (Homestake (   88B, B,   77Be,..)Be,..)
"e+37Cl!e+37Cl:E" > 816keV
Meas: 2.56±0.16±0.16 SNU
Pred:8.46+0.87

-0.88SNUBPS08(GS)



KamLAND and Global Analysis 
(sol+KL)

KamLAND (KL)
! Reactor neutrino experiment

" L ! 180 km
" E ! a few MeV

! Good "m2 determination:
" better knowledge of L/E

! KL only
" "m2  = 7.58 x 10-5 eV2 

(2.7%) 
" tan2# = 0.56 (!25%)

2009/8/22 17Y. Suzuki@Lepton-hoton Symposium, Hamburg, Germany

! Solar+KL
$ Solar: 

Cl+Ga+SK+BorexinoSN
O(PhaseI-II-III)) (SNO 
Analysis)

" "m2  = 7.59 x 10-5 eV2 (!2.8%) 
" tan2# = 0.468 (!10%)

   (Sol  Only)
" "m2  = 4.90 x 10-5 eV2 (!34%)
" tan2# = 0.437 (!10%)68,95,99.73%CL

Global Analysis by SK-GroupGlobal Analysis by SK-Group
1) All solar,  2) All solar + KL
 including SK-III

m2  = 7.6 x 10-5 
eV2 

an2# = 0.47 
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