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SUSY signals into skySUSY signals into skySUSY signals into skySUSY signals into sky
�� Cosmic Rays and UHECR are reaching highest energy wellCosmic Rays and UHECR are reaching highest energy well�� Cosmic Rays and UHECR are reaching highest energy well Cosmic Rays and UHECR are reaching highest energy well 

above LHC ones.  Because photopion production they above LHC ones.  Because photopion production they 
might hide UHE GZK neutrino that may airshower at Earth might hide UHE GZK neutrino that may airshower at Earth 
H i Th Ai h l T i d dH i Th Ai h l T i d dHorizons. These Airshowers mostly are Tau induced ones. Horizons. These Airshowers mostly are Tau induced ones. 

SUSY t i ht b l h d i id thSUSY t i ht b l h d i id th�� SUSY traces might be also searched inside the same SUSY traces might be also searched inside the same 
UHECR shower occuring on Earth. I ndeed UHE UHECR shower occuring on Earth. I ndeed UHE 
neutralino and other surprising SUSY secondaries may offer neutralino and other surprising SUSY secondaries may offer p g yp g y
a novel Astronomy at the edge by inclined airshowering. a novel Astronomy at the edge by inclined airshowering. 

�� But also UHE  SUSY and Neutrino traces maybe  But also UHE  SUSY and Neutrino traces maybe  
i i t d i id th d di d i ti i t d i id th d di d i toriginated inside the sources and discovered in present originated inside the sources and discovered in present 

Telescopes, as Magic one. Telescopes, as Magic one. 

2
SUSY Showering-D.Fargion-

SUSY2007-Karlsruhe-26-July-2007



Where, when and how  SUSY traces maybe revealed and Where, when and how  SUSY traces maybe revealed and 
disentangled from Neutrino ?disentangled from Neutrino ?disentangled from Neutrino ?disentangled from Neutrino ?

�� Assume a sharp event occur in the Universe, as the Assume a sharp event occur in the Universe, as the 
blazing of a BL Lac or of a GRB: it may be a trigger of blazing of a BL Lac or of a GRB: it may be a trigger of 
a Gamma burst as well as of a UHE neutrino event. a Gamma burst as well as of a UHE neutrino event. 
(Possibly its tau event may escape the earth and arise  as (Possibly its tau event may escape the earth and arise  as 
a Tau Aira Tau Air--Showers)Showers)

�� The same event may contain  a rare neutral SUSY The same event may contain  a rare neutral SUSY 
particle (UHE Neutralino, UHE  gluino)particle (UHE Neutralino, UHE  gluino)
whose masses are above hundred GeV value. Being whose masses are above hundred GeV value. Being gg
neutral it may flight in line and in time correlation.neutral it may flight in line and in time correlation.
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The SUSY imprintThe SUSY imprintThe SUSY imprintThe SUSY imprint
Th SUSY d i i f i lTh SUSY d i i f i l d l dd l d�� The SUSY production is source of a signal The SUSY production is source of a signal delayed  delayed  
respect of the BL Lacrespect of the BL Lac-- GRB event.GRB event.

�� Indeed an EeV (or 0 1 EeV) UHE Neutralino orIndeed an EeV (or 0 1 EeV) UHE Neutralino or�� Indeed  an EeV (or 0.1 EeV) UHE Neutralino     or Indeed  an EeV (or 0.1 EeV) UHE Neutralino     or 
GluinoGluino
may reach the observer at a Lorentsmay reach the observer at a Lorentsmay reach the observer at a Lorents may reach the observer at a Lorents 
factor (10 or 1 million) and its delay  (for a cosmic factor (10 or 1 million) and its delay  (for a cosmic 
source at Universe edge)  ranges from source at Universe edge)  ranges from g ) gg ) g
half and hour to a couple of days: Thereforehalf and hour to a couple of days: Therefore
SUSY rise as a Neutralino or Gluino BURST SUSY rise as a Neutralino or Gluino BURST 
a day after..a day after..
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The UHE SUSY versus UHE The UHE SUSY versus UHE 
Neutrino air ShoweringNeutrino air Showering

�� The UHE Neutralino scattering on electron The UHE Neutralino scattering on electron 
making smaking s--electrons,  behaves as a resonant PeVs electrons,  behaves as a resonant PeVs gg ,,
Glashow antiGlashow anti--neutrino electron interacting  via neutrino electron interacting  via 
W boson:W boson:W boson: W boson: 

�� a difference, SUSY goes into electromagnetic a difference, SUSY goes into electromagnetic 
airair--showers always , while W has most hadronic  showers always , while W has most hadronic  
channel decayschannel decays
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If UHECR hides (as most model require) SUSY If UHECR hides (as most model require) SUSY 
d i th UHE N t li tt i ithd i th UHE N t li tt i ithsecondaries than  UHE Neutralino scattering with secondaries than  UHE Neutralino scattering with 

fermions in matter must occur: fermions in matter must occur: 
S l tS l t S kS k S t i RS t i RSelectronsSelectrons--SquarksSquarks--Sneutrino ResonancesSneutrino Resonances
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The simplest the bestThe simplest the bestThe simplest, the bestThe simplest, the best
�� The neutralino  SUSYThe neutralino  SUSY

resonance at UHE PeVresonance at UHE PeV--EeV energiesEeV energies

The Selectron resonance behave like the well known Glashow W one:
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The Neutralino versus Neutrino cross sections The Neutralino versus Neutrino cross sections 
for equal energiesfor equal energies
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Resonant Cross SectionResonant Cross SectionResonant Cross SectionResonant Cross Section
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Different Squark Different Squark ––Selectron and Sneutrino masses Selectron and Sneutrino masses 
ÆÆDifferent Neutralino UHE Resonant EnergiesDifferent Neutralino UHE Resonant Energies
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UHE neutralino scattering onto relicUHE neutralino scattering onto relicUHE neutralino scattering onto relic UHE neutralino scattering onto relic 
light neutrino leading to Sneutrino light neutrino leading to Sneutrino 
Resonance channel, like ZResonance channel, like Z--Burst Burst 
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Range of SUSY parameters: Neutralino maybe Range of SUSY parameters: Neutralino maybe 

among us making most of the dark matteramong us making most of the dark matter
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Up dated narrow Neutralino allowed AreasUp dated narrow Neutralino allowed AreasUp dated  narrow Neutralino allowed AreasUp dated  narrow Neutralino allowed Areas
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mSUGRA Benchmark Scenario : the mSUGRA Benchmark Scenario : the 
test  points (J.Ellis et all 2003)test  points (J.Ellis et all 2003)
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Narrower  range of Neutralino mass parameters  followingNarrower  range of Neutralino mass parameters  following
WW--Map LEP and gMap LEP and g--2 constrains2 constrainsWW Map, LEP and gMap, LEP and g 2 constrains2 constrains
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CCConsequent Consequent 
resonant resonant 
N t liN t liNeutralinoNeutralino
electronelectron--
S l tS l tSelectronSelectron
cross sectionscross sections
l th il th ialong the main along the main 

SUSY pointsSUSY points
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Neutralino FluxesNeutralino Fluxes
in agreement with WB flux in agreement with WB flux 

�� Assumed SpectraAssumed Spectra
�� Comparable  with the Neutrino power lawComparable  with the Neutrino power lawp pp p

one at exponent  one at exponent  --1.5  for Fragmentation1.5  for Fragmentation::

Or a Fermi-like power law at exponent -2 :
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Spectra FluxesSpectra Fluxespp

Index -1.5

Index -2
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Constrained best Neutralino parametersConstrained best Neutralino parameters
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Number of events expected for Cubic Km/ year
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Real Energy released per SUSY Showers: Imprint of Selectrons Real Energy released per SUSY Showers: Imprint of Selectrons 
(and Squark) mass in Cubic Km.  Similar Consequences in (and Squark) mass in Cubic Km.  Similar Consequences in 

H i l AiH i l Ai ShShHorizontal AirHorizontal Air--ShowersShowers
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SUSY Points of interestSUSY Points of interestSUSY Points of interestSUSY Points of interest
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.
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SUSY SSUSY S--electron may airelectron may air--shower at shower at 
HorizonsHorizons

�� In air the sIn air the s--electron may arise as a Glashow electron may arise as a Glashow 
resonant event. At best at Horizons resonant event. At best at Horizons 

�� In air also Gluino may air shower at best.In air also Gluino may air shower at best.
Th UHE N i T l dTh UHE N i T l d�� The UHE Neutrino Tau must also appear and The UHE Neutrino Tau must also appear and 
airshower at greater rate. Therefore we show a airshower at greater rate. Therefore we show a 
brief summary of UHE Neutrino tao astronomy brief summary of UHE Neutrino tao astronomy 
at the Earth edge.at the Earth edge.at t e a t edge.at t e a t edge.
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Tau first,UHE neutralino afterTau first,UHE neutralino after
GRB probing UHE Neutrino and SUSYGRB probing UHE Neutrino and SUSYGRB probing UHE Neutrino and SUSY GRB probing UHE Neutrino and SUSY 

AstronomyAstronomy
Th f d iTh f d i�� The near future detection The near future detection 
of prompt neutrino maybe of prompt neutrino maybe 
correlated with  GRB correlated with  GRB 

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

activities:activities:
however the SUSY masses however the SUSY masses 

i d d l di d d l dmay induce delayed may induce delayed 
events: events: half   an hour for half   an hour for 
z=1 and EeV eventz=1 and EeV eventz=1 and EeV event z=1 and EeV event 

and a SUSY 100and a SUSY 100--200 GeV 200 GeV 
Gluino mass AGluino mass AGluino mass. A Gluino mass. A 
coincidence?coincidence?
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THE SUSY VERSUS UHE NEUTRINO SIGNAL at HORIZONSTHE SUSY VERSUS UHE NEUTRINO SIGNAL at HORIZONS

Th UHECR Ul Hi h E C i R i h i li hTh UHECR Ul Hi h E C i R i h i li hThe UHECR Ultra High Energy Cosmic Ray airshower in peculiar way at the The UHECR Ultra High Energy Cosmic Ray airshower in peculiar way at the 
horizons with  splitting signature due to geomagnetic fields.horizons with  splitting signature due to geomagnetic fields.
This offer a novel spectroscopy of UHECR.This offer a novel spectroscopy of UHECR.This offer a novel spectroscopy of UHECR.This offer a novel spectroscopy of UHECR.

�� Neutrino Astronomy may arise  by upwardNeutrino Astronomy may arise  by upward--horizontal airshowers :horizontal airshowers :

antianti-- ννee Glashow resonance andGlashow resonance and--or by Tau Neutrino Earth Skimming Airor by Tau Neutrino Earth Skimming Airantianti ννee Glashow resonance andGlashow resonance and or by Tau Neutrino Earth Skimming Air or by Tau Neutrino Earth Skimming Air 
showers may split  into sky.  The  showers may split  into sky.  The  τ τ airshower are mostly  GZK guaranteed airshower are mostly  GZK guaranteed 
and oscillated neutrinos at EeV energy. and oscillated neutrinos at EeV energy. 

�� Magic is already looking for Horizontal Tau Air Showers at PeVsMagic is already looking for Horizontal Tau Air Showers at PeVs--EeV. EeV. 

�� AUGER may look Neutrino Showering by three ways:AUGER may look Neutrino Showering by three ways:�� AUGER may look Neutrino Showering by three ways:AUGER may look Neutrino Showering by three ways:

�� 1) 1) τ  τ  airshower  by airshower  by Young Airshowers signatureYoung Airshowers signature

�� 2) 2) τ  τ  airshower airshower in Ande Shadowsin Ande Shadows

�� 3) 3) τ  τ  airshower  airshower  inside  AUGER (cloudy) skiesinside  AUGER (cloudy) skies..
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May UHE  NeutrinosMay UHE  Neutrinosyy
trace UHECRtrace UHECR

and solve the never ending puzzles of UHECR?and solve the never ending puzzles of UHECR?and solve the never ending puzzles of UHECR?and solve the never ending puzzles of UHECR?
There is not just 1 neutrino butThere is not just 1 neutrino but

3*2 6 diff N i3*2 6 diff N i3*2 = 6 different Neutrino3*2 = 6 different Neutrino
AstronomiesAstronomies

Electrons are very dissipating and short.Electrons are very dissipating and short.
Muons are very penetrating ones.Muons are very penetrating ones.y p gy p g

BUTBUT
Tau are the most penetrating short at smallTau are the most penetrating short at smallTau are the most penetrating, short at small,Tau are the most penetrating, short at small,

but longest at highest energiesbut longest at highest energies
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Unstable  tau versus muons at highest energyUnstable  tau versus muons at highest energy
D F i A J 2002 d A J 2004D F i A J 2002 d A J 2004D.Fargion ApJ 2002 and  ApJ 2004D.Fargion ApJ 2002 and  ApJ 2004
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Why  Horizontal – Upward Tau air-
showers are easier to be revealed 

than muon tracks ?than muon tracks ?

Because an air shower is amplifiedBecause  an air- shower is amplified 
By its huge secondary number and in large area
Millions muons, billions gamma , e-pairs,
trillions or more Cerenkov photonstrillions or more Cerenkov photons.

A U i M i i l d hi littlAn Unique Muon is single and shine little.
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Why  Horizontal – Upward Tau Showering is y z p g
so much linked to neutrino mass and mixing ?
Because mixing even for minimal masses guarantee the flavourBecause mixing, even for minimal masses guarantee the flavour 
transformation from Muon Neutrinos to the (otherwise very 
difficult to produce) Tau Neutrinos. 
Galactic  and cosmic distances are huge respect the 

neutrino oscillation lenghts. Even at UHE energiesg g

8.3 pc
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26th ICRC,He 6.1.09, p.396-398.1999., , p
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Expected  GZK   neutrino fluxExpected  GZK   neutrino fluxE pected  G    eut o uE pected  G    eut o u
following most authors (Semikoz,Sigl..)following most authors (Semikoz,Sigl..)
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GZK neutrino and Upward TauGZK neutrino and Upward TauGZK neutrino and Upward TauGZK neutrino and Upward Tau
dNΤ����������������������������������������������

d d dt dA dE
E �cm�2 sec�1 sr�1

�

1.�10�19

dΘ d� dt dA dE
E �cm sec sr �

E�1018

E�1019

E�1020

E�1021

1.�10�21

14

E�1015

E�1016

E�1017

E�10

1.�10�23

E�1011

E�1012

E�1013

E�1014

0 0.25 0.5 0.75 1 1.25 1.5
Θ �rad�

E�1010

Following Zas 2005Following  Fargion et all 2004
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MAGIC , while  pointing a GRB , SGR  or  BL Lac 
Below The  Horizons (~ 1% of the  GRB-SGRs 

events ) on rock behave (near EeV  � �  ) (
energy) as  a 75 km3 NEUTRINO  TELESCOPE

Horizons  distance d= 167 km √(h/2.2 km) Cerenkov 

astro-ph/0511597
D. Fargion
Progh.Part.Nucl.Phys.57
(2006) 384 393( )

Shower opening angle  ~ 0.3°

Inclined Rock Cilinder depth L � 10 km

Inclined Conic Rock  Base Area    A ~ 3*50 =150 km2

(2006) 384-393.

Inclined Rock Cilinder depth L � ~ 10 km

Rock Cilinder depth l t ~ 0 5 km w e

L �   ��   
km w.e.l t = 0.5   km w.e.

Rock Cilinder depth  l t  0.5 km w.e.
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UHECR Mirror airUHECR Mirror air--showersshowers
and their polarization:and their polarization:and their polarization:and their polarization:

an Useful test for UHECR meteran Useful test for UHECR meter

�� Reflection on the Sea of  UHECR airReflection on the Sea of  UHECR air--Showers Cherenkov  lightsShowers Cherenkov  lights
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MAGIC , while  pointing a GRB or a SGR  Burst 
at Horizons (~ 3% of the  GRB-SGRs events ) 

behave as a km3 NEUTRINO  and

Horizons distance d= 167 km √(h/2 2 km)
SUSY  NEUTRALINO and GLUINO TELESCOPE

astro ph/0505459Horizons  distance d  167 km √(h/2.2 km)
Cerenkov Shower opening angle  θ  ~ 1°

Conic Air Base Area A ~ 30 km 2

astro-ph/0505459
Neutrino Astronomy beyond 

and beneath the Horizons
: D FargionConic Air Base Area    A  30 km 

Truncate Air Cone height h ~ 100 km

3

: D. Fargion

Truncate  Air Cone Volume V  ~ 1000 km 3

Truncate Cone Mass M ~ 1 km 3
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The Ande Mountains as a target  for detecting UHE neutrino tau  The Ande Mountains as a target  for detecting UHE neutrino tau  
by Horizontal Tau Airby Horizontal Tau Air--Showers at AUGER:  MOON  AND SUNShowers at AUGER:  MOON  AND SUN

Sh d diffi l bSh d diffi l b ANDE SHADOW bANDE SHADOW bShadows difficult to observeShadows difficult to observe-- ANDE  SHADOWs  must be ANDE  SHADOWs  must be 
OBSERVED  (OBSERVED  (within the 2008 ?)within the 2008 ?)

D.Fargion The Astrophysical Journal,570,p.909. 2002
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Tau Young AirTau Young Air--Showers versus Hadron Old Showers versus Hadron Old 
ones in AUGERones in AUGER

Pierre Billoir, AUGER 2006 NOW
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The Ande Shadows on AUGERThe Ande Shadows on AUGERThe Ande Shadows on AUGERThe Ande Shadows on AUGER

Pastor et All 2005
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AUGER  SKY EDGES and THRESHOLDS

20 km.20 km.
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Long life Horizontal Long life Horizontal gg
AirShowersAirShowers

with no Surface Detector eventwith no Surface Detector event
A l iA l i��A Novel way to Neutrino A Novel way to Neutrino 

d SUSY A td SUSY A tand SUSY  Astronomyand SUSY  Astronomy
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THE FLUORESCENCE lightening by TAU and 
SUSY: NO SD TriggerSUSY: NO SD  Trigger
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PredictionsPredictionsPredictionsPredictions
A i A d Sh d l hA i A d Sh d l h�� Auger tracing Ande Shadows may reveal there  an event Auger tracing Ande Shadows may reveal there  an event 
in two years. Both Tau, Glashow and SUSY may be in two years. Both Tau, Glashow and SUSY may be 
bornbornbornborn

A d fA d f dd�� Auger detector fineAuger detector fine--tuned to EeV may seetuned to EeV may see
Fluorescent airFluorescent air--showers at ten km  altitude andshowers at ten km  altitude and
Should reveal Tau AirShould reveal Tau Air--showers at 1showers at 1--22
E ent a ear ALSO a fe Cherenko flashE ent a ear ALSO a fe Cherenko flashEvent a year. ALSO a few Cherenkov flashEvent a year. ALSO a few Cherenkov flash
On Clouds in Auger SkyOn Clouds in Auger Sky--ALSO by SUSY  sourcesALSO by SUSY  sources
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AUGER showering into clouds:AUGER showering into clouds:
Tau and SUSY a few event a yearTau and SUSY a few event a year
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ConclusionsConclusions
1.1. τ  τ  Neutrino Earth Skimming Astronomy is at the edges Neutrino Earth Skimming Astronomy is at the edges 

within the Earth horizons and  within our lives.within the Earth horizons and  within our lives.

2.2. MAGIC and Veritas and Hess might discover taus MAGIC and Veritas and Hess might discover taus 
within horizons tracing  active GRBwithin horizons tracing  active GRB-- BL Lac  sourcesBL Lac  sources

33 AUGER d MUST fi dAUGER d MUST fi d ττ GZK i i li dGZK i i li d3.3. AUGER may and MUST.. find AUGER may and MUST.. find τ  τ  GZK   in inclined GZK   in inclined 
events WITHIN 1events WITHIN 1--2 years from NOW: 2 years from NOW: 

4.4. A DIFFERENT  TRIGGER for fotopluorescent A DIFFERENT  TRIGGER for fotopluorescent 
UPTAUS d HORTAUS i h NO S f DUPTAUS d HORTAUS i h NO S f DUPTAUS and HORTAUS with  NO Surface Detector  UPTAUS and HORTAUS with  NO Surface Detector  
event : 1event : 1--2 event a year.  Just beyond a corner2 event a year.  Just beyond a corner

5.5. SUSY may arise at Tens PeVs on MAGICSUSY may arise at Tens PeVs on MAGIC--HESS HESS 
pointing at horizons  or at a few  degrees below the pointing at horizons  or at a few  degrees below the 
edge.edge.

Tau  Neutrino  and SUSY sky lay just beyond  our own sky  
…the  EARTH
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Thank you DFThank you DF
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