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HeavyHeavy Quark and Quark and LeptonsLeptons in the in the 
UniverseUniverse and and theirtheir eventualeventual trace in trace in 

LHCLHC
ThisThis talk talk hashas isis beingbeing summirizedsummirized in the in the 
first 9 first 9 slidesslides: : presentpresent boundsbounds on LHC and on LHC and 
newnew resultsresults on dark on dark mattermatter candidatescandidates
makesmakes HeavyHeavy QuarksQuarks and and LeptonsLeptons
proposalproposal ((withinwithin Standard Standard ModelModel) in ) in 
difficultiesdifficulties. . ThereforeTherefore wewe shallshall discussdiscuss in in 
ourour mainmain presentationpresentation NuclearNuclear
CompositionComposition rolerole in UHECR.in UHECR.
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The The paperpaper waswas inspiredinspired byby::
SheldonSheldon L. L. GlashowGlashow and Andy Cohen and Andy Cohen 

A A SinisterSinister ExtensionExtension of the Standard of the Standard 
Model Model toto SU(3)XSU(2)XSU(2)XU(1)SU(3)XSU(2)XSU(2)XU(1) 

inin
hephep--phph/0504287/0504287

EarliestEarliest ideasideas: 4th : 4th LeptonsLeptons and and QuarksQuarks
in a in a SinisterSinister UniverseUniverse ((briefbrief remarksremarks) ) sincesince 20052005

oror

TeraLeptonsTeraLeptons ShadowsShadows over over SinisterSinister UniverseUniverse 

byby D.FargionD.Fargion and and M.KhlopovM.Khlopov in  in  hephep--phph/0507087/0507087 
and  and  

more more recentrecent 
Dark matter with invisible light from heavy double charged leptons of 

almost-commutative geometry? 
M.Yu. Khlopov∗C.A. Stephan† D. Fargion 

arXiv:astro-ph/0511789v2 20 Nov 2006

http://www.arxiv.org/find/hep-ph/1/au:+Glashow_S/0/1/0/all/0/1
http://www.arxiv.org/find/hep-ph/1/au:+Glashow_S/0/1/0/all/0/1
http://www.arxiv.org/find/hep-ph/1/au:+Glashow_S/0/1/0/all/0/1
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AbstractAbstract on 4th family on 4th family 
The role of Sinister Heavy Fermions in The role of Sinister Heavy Fermions in 2005 Glashow's2005 Glashow's

SU(3)*SU(2)*SU(2)'*U(1) model is to offer in a unique SU(3)*SU(2)*SU(2)'*U(1) model is to offer in a unique 
frame relic Heliumframe relic Helium--like products (an ingenious candidate to like products (an ingenious candidate to 
the dark matter puzzle), a solution to the Seethe dark matter puzzle), a solution to the See--Saw Saw 
mechanism for light neutrino masses as well as to strong CP mechanism for light neutrino masses as well as to strong CP 
violation problem in QCD. Their mass are million times larger violation problem in QCD. Their mass are million times larger 
than common onesthan common ones
The Sinister model requires a three additional families of The Sinister model requires a three additional families of 

leptons and quarks, but only the lightest of them Heavy Uleptons and quarks, but only the lightest of them Heavy U--
quark and Equark and E--"electron" are stable."electron" are stable.

U
E
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Why Heavy relic are  useful? Because old dark matter
Problem (galactic rotation) and very recent candidates
DAMA-(50-100-GeV)---CREST (20-40  GeV): room for heavy 
Neutrinos, not tera-quarks..however the sinister scenario offered..
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Final neutral HeliumFinal neutral Helium--like UUUEE state is an ideal like UUUEE state is an ideal 

evanescent darkevanescent dark--matter matter candidate   candidate   (200(200--900 GeV).900 GeV).
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WhyWhy TeraTera--heliumhelium isis a a goodgood Dark Dark 
MatterMatter gas?gas?

TeraparticlesTeraparticles do not have normal W and Z do not have normal W and Z 
interactions and do not contribute into SM interactions and do not contribute into SM 
parameters, so they can not be excluded by parameters, so they can not be excluded by 
precision measurements of SM parametersprecision measurements of SM parameters
CP' symmetry of CP' symmetry of Glashow’sGlashow’s model helps to solve model helps to solve 
strong CP violation problem in QCD.strong CP violation problem in QCD.
TeraTera--neutrino is unstable, because it gives neutrino is unstable, because it gives DiracDirac
seesee--saw mass to normal neutrino.saw mass to normal neutrino.
UUU as the new form of UUU as the new form of hadronhadron -- bound by bound by 

ChromoCoulombChromoCoulomb forces. It's size is about forces. It's size is about 
1/alpha_QCD 1/alpha_QCD m_Um_U about 10^about 10^--16 cm and it 16 cm and it 
weakly interacts with hadrons.weakly interacts with hadrons.
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However UUUEE  it is reached by multiHowever UUUEE  it is reached by multi--body body 
interactions  along a tail of more manifest secondary interactions  along a tail of more manifest secondary 
frozen blocks in analogy to frozen blocks in analogy to He,Li,DHe,Li,D. They should be . They should be 

now here polluting the matternow here polluting the matter..
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New New ideasideas survivingsurviving cosmiccosmic boundsbounds, , 
basedbased on twin on twin heavyheavy LeptonLepton

Dark matter with invisible light from heavy
double charged leptons of almost-
commutative geometry
M Yu Khlopov1,2, C A Stephan3 and D Fargion

M Yu Khlopov et al 2006 Class. 
Quantum Grav. 23 7305
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HoweverHowever therethere are are reasonsreasons toto stop stop forfor speculationsspeculations on on 
the the presencepresence ofof New Family  New Family  QuarksQuarks//LeptonsLeptons at LHC and at LHC and 

toto considerconsider hot  UHECR hot  UHECR nuclearnuclear adventureadventure:: 
UHECR UHECR compositioncomposition and and MultipletsMultiplets

SinceSince a a centurycentury wewe do do notnot knowknow the source the source ofof
CosmicCosmic RaysRays..
UHECR at 10UHECR at 10--100 100 EeVEeV maymay holdhold directionalitydirectionality
offeringoffering a a newnew astronomyastronomy..
GZK cut off GZK cut off willwill makemake UHECR UHECR sourcessources nearnear:40Mpc:40Mpc
HIRES and HIRES and AugerAuger nownow gavegave or or seemseem toto showshow
the GZK cut offthe GZK cut off
HoweverHowever NuclearNuclear compositioncomposition isis anan unresolvedunresolved 
key key problemproblem

As As wellwell asas newnew UHECR and UHECR and multipletsmultiplets mapsmaps
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UHECR spectra composition and 
maps by lightest nuclei from 

nearest universe 
..see arxiv1106.3749 

..and 
-by ICRC 2011.... 

UHECR fragment  clustering 
in multiplets  tails 

.. arxiv1107.4805arxiv1107.4805 

Daniele Fargion, Rome University Sapienza and INFNDaniele Fargion, Rome University Sapienza and INFN

http://taup2011.mpp.mpg.de/?pg=Agenda&topic=7
http://taup2011.mpp.mpg.de/?pg=Agenda&topic=7
http://taup2011.mpp.mpg.de/?pg=Agenda&topic=7
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AbstractAbstract and and SummarySummary
UHECR UHECR shouldshould open a new open a new astronomyastronomy window window becausebecause of of 
rigidityrigidity and and nearbynearby GZK GZK UniverseUniverse space. space. 
2007 AUGER 2007 AUGER correlationcorrelation withwith the superthe super-- galacticgalactic planeplane fadedfaded
awayaway in 2010. in 2010. 
UHECR UHECR compositioncomposition (nuclei) on 2007 and 2010 (nuclei) on 2007 and 2010 disagreedisagree withwith
directionalitydirectionality ((protonproton). ). 
SinceSince 2007, 2007, CenCen A A isis the the onlyonly nearbynearby (4 (4 MpcMpc) source ) source wherewhere
UHECR UHECR eventsevents are are clusteringclustering (15(15--20%), 20%), 
Virgo events are (almost) absent.Virgo events are (almost) absent.
We solve these puzzles assuming UHECR as He like nuclei We solve these puzzles assuming UHECR as He like nuclei 
Such UHECR  HeSuch UHECR  He--like  fragments at like  fragments at halfhalf energyenergy
shouldshould alsoalso cluster cluster alongalong UHECR UHECR tail…Hastail…Has itit beenbeen
observedobserved? ? arxiv1107.4805arxiv1107.4805

GZK neutrino may rise by  GZK neutrino may rise by  HeHe nuclei fragmentation  nuclei fragmentation  
at tensat tens--hundred TeVs in Icecube and tau neutrino at PeVs  hundred TeVs in Icecube and tau neutrino at PeVs  byby
upward Tau airshower in fluorescence in upward Tau airshower in fluorescence in AugerAuger--TATA--
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IR and UHECR. The IR and UHECR. The VirgoVirgo AbsenceAbsence:: 
onlyonly light nuclei light nuclei maymay bebe cutcut--off off 
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WHY NOT WHY NOT toto agreeagree withwith GZK VolumeGZK Volume 
asas AUGER AUGER beliefbelief = = proton+proton+ SGP?SGP?

MOSTLY BECAUSE THE MOSTLY BECAUSE THE 
SAME AUGER CLAIM FOR SAME AUGER CLAIM FOR 
A HEAVY (A > A HEAVY (A > protonproton) ) 
COMPOSITION IN COMPOSITION IN 
UHECRUHECR
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More More evidentevident the Centhe Cen--A spread  angle A spread  angle 
imprintimprint: : notnot consistentconsistent withwith p p nornor Fe, Fe, butbut 
Ok Ok withwith HeHe UHECRUHECR——alsoalso last 84 last 84 eventsevents
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AUGER AUGER CompositionComposition updatedupdated: : 
agreeagree wiyhwiyh HeHe
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He

Telescope Array
(RICAP-Tinyakov_2011)
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HiresHires claimclaim 20092009
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WhyWhy NotNot ((asas mostmost believebelieve)) 
a mix: Proton anda mix: Proton and--or Fe?or Fe?

BecauseBecause Cen_ACen_A cluster spread cluster spread 
tootoo largelarge forfor a a protonproton
BecauseBecause Cen_ACen_A spread spread tootoo
smallsmall forfor ironiron
BecauseBecause HeHe--LiLi--BeBe explainexplain VirgoVirgo
AbsenceAbsence....
BecauseBecause HeHe bendingbending coexistcoexist
withwith the the Cen_ACen_A spread spread anglesangles
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HowHow wewe diddid explainexplain the the VirgoVirgo 
AbsenceAbsence and the and the CenCen a a verticalvertical 

spread spread clusteringclustering??
HeHe nuclei UHECR nuclei UHECR cannotcannot flight flight asas far far asas VirgoVirgo
(20 (20 MpcMpc) ) becausebecause of of photonuclearphotonuclear opacityopacity. . ButBut
theythey come come neverthelessnevertheless fromfrom CenCen A (3 A (3 MpcMpc).).
HeHe--like nuclei suffer of a random magnetic like nuclei suffer of a random magnetic 
bending on horizontal spiral galactic plane in a bending on horizontal spiral galactic plane in a 
nearly vertical axis resplect galactic plane, as nearly vertical axis resplect galactic plane, as 
the observed ones..the observed ones..
The  HE UHECR random bending, up and down, The  HE UHECR random bending, up and down, 
ranges near ten degree aperture angles: the size ranges near ten degree aperture angles: the size 
and the vertical direction agreed to UHECR  and the vertical direction agreed to UHECR  
recordsrecords....
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CompositionComposition——DistanceDistance: : SurvivingSurviving fromfrom 
CenCen A, A, opacqueopacque toto VirgoVirgo..just ..just HeHe, Li, Be, Li, Be
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A A newnew, 2, 2--months ago, input months ago, input fomfom AUGER: AUGER: 
arxiv1107.4805arxiv1107.4805 

MultipletsMultiplets tailtail aroundaround CenCen A A at 20 at 20 EeVEeV
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20 20 EevEev MultipletsMultiplets ((dozendozen eventevent tailtail))
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UHECR2010 and Multiplets 2011
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• VELA

• OVERLAPPING MULTIPLETS UHECR at 20 EeVs- FERMI-X-Gamma and AUGER

Vela

Cen-A     

LMC 

SMC
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USTERS-UHECR2010 and Multiplets 2011-bent 1.5 times more?
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RandomRandom DeflectionsDeflections inside inside ourour GalaxyGalaxy and and 
alongalong GalacticGalactic PlanePlane towardtoward CenCen AA 
byby LIGHTEST NUCLEILIGHTEST NUCLEI: : HeHe, , LiLi,, BeBe
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FragmentFragment deflectiondeflection at 20 at 20 EeVEeV respectrespect 60 60 
EeVEeV: : factorfactor 1.5;1.5; 

or or a a largerlarger deflectiondeflection ((factorfactor 33 largerlarger) ) forfor HeHe ..

δ_δ_ HeHe = = 11.311.3 (60 (60 EeVEeV, Z=2)., Z=2).
δ_ δ_ He = He = 3434 (20 EeV, Z=2).(20 EeV, Z=2).

δ_ δ_ pp (20 EeV, Z=1)(20 EeV, Z=1)== δ_δ_ DD (20 (20 EeVEeV, Z=1), Z=1)==

11.3 * 3 /2= 11.3 * 3 /2= 1717....
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CLUSTERS-UHECR2010 and Multiplets 2011-bent 1.5 times more?
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CoherentCoherent and and RandomRandom UHECR UHECR 
deflectionsdeflections byby horizontalhorizontal spiralspiral B:B: 

a a verticalvertical imprintimprint....
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The The consequentconsequent UHECRUHECR--UHE UHE 
neutrino Connectionneutrino Connection

UHECR UHECR MapMap maymay mimicmimic a UHE a UHE secondarysecondary neutrino  neutrino  mapmap
UHECR light UHECR light CompositionComposition implyimply low low energyenergy GZK GZK 
neutrinosneutrinos tailstails ((tenstens PeVsPeVs))
EeVEeV GZK Neutrino GZK Neutrino maymay show show differentdifferent clusteringclustering

…More point like sources, but at lower rate …More point like sources, but at lower rate 
Tens PeVs Tau Neutrino secondaries  maybe Tens PeVs Tau Neutrino secondaries  maybe 
Spread like UHECR and discovered at AUGER,  Hires  or Spread like UHECR and discovered at AUGER,  Hires  or 
TA Fluorescence telescopes as well as in ARGO TA Fluorescence telescopes as well as in ARGO 
horizons by Tau Airshowers: they may trace tails as horizons by Tau Airshowers: they may trace tails as 
UHECR clustering mostly at far redshift.UHECR clustering mostly at far redshift.
Tau Airshowers do not suffer of atmospheric nu Tau Airshowers do not suffer of atmospheric nu noisenoise

((asas muonsmuons)  and are )  and are detectabledetectable at at horizonshorizons
(AUGER(AUGER--HIRESHIRES--TATA--ARGO)ARGO)
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Because mixing, even a minimal neutrino  mass
splitting guarantees the flavour transformation 
from Muon Neutrinos to the Tau Neutrinos..
Above hundreds TeVs only Galactic and cosmic 
distances are large enough for a complete neutrino 
oscillation lenghts. No atmospheric Tau!
Astrophysical Tau  neutrinos are born by Muons 
ones in a noise free sky!

8.3 pc
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ICRC 1999-Salth Lake_US
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ννττ
 

TausTaus and Antiand Anti--ννe    e    intointo TausTaus:: 
TestingTesting CPT in CPT in ourour UniverseUniverse

Upward
 

Tau Air Showers
 

from
 

Earth
 

, : D. Fargion, et
 

al. 
Journal-ref: Astrophys.J.

 
613 (2004) 1285-1301 ;

Nuclear
 

Physics
 

B. (Proc.Suppl.) 136 (2004) 119-128
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ννττ
 

TausTaus and Antiand Anti--ννe    e    intointo TausTaus:: 
TestingTesting CPTCPT in in ourour UniverseUniverse

Upward

 
Tau Air Showers

 
from

 
Earth

 
,   Authors: D. Fargion, et

 
al. 

Journal-ref: Astrophys.J.

 
613 (2004) 1285-1301 ;

DF et

 
al. Nuclear

 
Physics

 
B. (Proc.Suppl.) (2009) 
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The Ande Mountains The Ande Mountains asas a target  a target  forfor detectingdetecting UHE  UHE  EeVEeV neutrino tau  neutrino tau  byby 
HorizontalHorizontal AirAir--ShowersShowers at AUGER:at AUGER: 

ANDE  ANDE  SHADOWsSHADOWs (ring (ring maskmask at at horizonshorizons) on GZK ) on GZK CosmicCosmic RaysRays fromfrom West West 
and Young and Young HorizontalHorizontal Tau  Tau  AirAir--ShowersShowers at at EeVsEeVs

D.Fargion The Astrophysical Journal,570,p.909. 2002

ννττ

ττ
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LAST  LAST  augerauger icrcicrc 20092009 
versus versus ourour expectationsexpectations

GZK  ν τ
 

pair,  

HEAT and AMIGA
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HorizontalHorizontal HadronHadron AirAir--ShoweringShowering splittedsplitted byby geomagneticgeomagnetic fieldfield 
at high at high altitudealtitude(30 km) (30 km) 

EeVEeV Tau far Tau far airshowerairshower: at low : at low altitutdealtitutde (2(2--5 km) 5 km) nearlynearly horizontalhorizontal 
TensTens PeVPeV Tau, Tau, inclinedinclined upgoingupgoing nearnear telescopestelescopes fluorescencefluorescence T.(1T.(1--3 km) 3 km) 



Fargion DFargion D--ERICEERICE--1717--99--20112011 3939

SummarySummary
AUGER  Maps

 
at UHECR if

 
protons,  may

 
hint

for UHE tau Neutrino at EeV (UHECR nucleons)
But UHECR Mass Composition and Cen-A 
dominance preferr for UHE He-Li-Be nature. 

Foreseen, probably
 

observed
 

: Tails
 

of FRAGMENT  
CLUSTERING at 15-45 EeV

 
..

 
arxiv1107.4805..arxiv1107.4805..seenseen??

Consequence in UHE neutrino spectra at tens PeV.
Detection by Tau air-showers

at hand by AMIGA and HEAT, Telescope Array or 
F.D. Auger, ARGO arrays may discover it soon..
Tens-PeV tau neutrino astronomy beyond the 

telescope and nearby, their discover at edge
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AboutAbout GRBsGRBs and UHE neutrino and UHE neutrino 
signalsignal

arXivarXiv:1108.0638:1108.0638..last ..last editionedition
GRBsGRBs byby thinthin persistentpersistent
precessingprecessing leptonlepton JetsJets: the : the 
long life GRB110328 and the long life GRB110328 and the 
Neutrino Neutrino signalsignal

http://arxiv.org/abs/1108.0638
http://arxiv.org/abs/1108.0638
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ThankThank youyou forfor
the the kindkind
attentionattention....
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UHECR Nuclei UHECR Nuclei shineshine up up HorizontallyHorizontally,  ,  upup--wardward Tau Tau airair--howerhower 
rise  rise  byby a Neutrino Sky under a Neutrino Sky under ourour ownown Sky: Sky: the the EarthEarth , In a few , In a few 

yearsyears in AUGERin AUGER--AMIGAAMIGA--HEAT   FDHEAT   FD

ννττ ττ

ννττ

ττ

P, 
He

P, 
He
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