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The!physics!case!

Evidence&for&light&sterile&neutrinos&would&be&a&major&
discovery&in!par<cle&physics&and&cosmology&

43!!!!!!!
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π!Decay,In,Flight!experiments!

Complementary!ways!to!search!sterile!neutrinos!and!address!exisDng!
anomalies:!reactors,!radioacDve!sources,!DAR,!etc.!

DIF!beams!provide!a!rich!oscillaDons!program!with!a!single!facility:!

–  νµ!→!νe!appearance!

–  νµ!and!νe!disappearance!
–  both!neutrino!and!anDneutrino!beams!possible!
–  CC!and!NC!interacDons!
–  cross!secDon!physics!over!a!broad!range!of!relevant!energies!

However,!
–  Need!detectors!that!can!disDnguish!electrons!from!photons!in!order!to!reduce!key!

backgrounds:!liquid!argon!TPCs?!

–  MulDple!detectors!at!different!baselines!is!crucial!for!reducing!systemaDc!uncertainDes!
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USA!P5!report!recommendaDons!

The!Fermilab!SBN!program!
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Address!the!issue!by!a!comprehensive!!
ν→νx!!!and!!νµ→νe!oscillaDon!program!(SBN)!

Short,Baseline!Neutrino!beam!at!FNAL:!

•  The!Booster!Neutrino!Beam!(BNB)!is!shallow!
(~10!m!detector!hall!depth!at!all!baselines)!

•  neutrino!fluxes!well!understood!due!to!
dedicated!hadron!producDon!data!(CERN!
experiments)!and!>10!years!experience!by!
MiniBooNE!and!SciBooNE!

•  SBN!experiments!offer!a!great!opportunity!for!
use!of!mid,scale!detectors,!which!will!see!large!
neutrino!exposures;!conDnue!development!of!
the!liquid!Argon!TPC!technology!for!neutrino!
physics!
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Detector!technology!choice:!LAr!TPC!

•  !ICARUS!T600!is!the!first!large!LAr!TPC!having!been!operated!at!LNGS!(CNGS!beam)!
and!consDtutes!a!wealth!of!knowledge!in!the!field!

•  The!WA104!R&D!project!at!CERN!(CENF)!will!rebuild!the!T600!and!prepare!it!for!
beam!at!Fermilab!

•  The!approved!T,1053!(LAr1,ND)!experiment!at!FNAL!will!perform!the!needed!R&D!
and!develop!the!technical!design!for!the!LAr1,ND!detector!

•  The!MicroBooNE!detector!(E,974)!will!be!coming!online!soon!and!be!the!first!of!the!
whole!program!

•  The!LArIAT!(T1034)!experiment!will!provide!charged!beam!calibraDon!of!the!LAr!TPC!!

•  More!ideas/soluDons!might!come!from!the!R&D!being!conducted!in!Bern!
(ARGONTUBE/ARGONCUBE)!

!Together,!the!SBN!program!offers!a!valuable!and!exciDng!opportunity!for!the!
!internaDonal!community!who!is!pursuing!this!technology!as!a!cornerstone!in!
!neutrino!physics!for!the!next!several!decades.!!!!!!
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MicroBooNE!
The!first!phase!of!the!next!generaDon!SBN!Program!begins!
soon!with!MicroBooNE!coming!online!later!this!year!!

June!23,!2014!
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MicroBooNE!and!the!MiniBooNE!“Low,Energy!Excess”!

MicroBooNE!will!invesDgate!if!the&excess&

events&seen&by&MiniBooNE&are&electrons&or&

photons&

>5σ!!staDsDcal!

>4σ!!staDsDcal!

6.0!x!1020!POT!

6.0!x!1020!POT!

MicroBooNE&

MiniBooNE&
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Advantages)of)the)LArTPC)for)Particle)ID)
MiniBooNE)

MicroBooNE)

(Cherenkov&Detector)&

(LArTPC)&

⇡0 ! � + �Electron,&
Photon&

Muon& Proton&

⇡0 ! � + �
Electron,&
Photon&

Muon& Proton&

Address!the!LSND/MiniBooNE!signal!with!LAr!TPCs!
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The!
MicroBooNE!
TPC!being!
inserted!into!
the!cryostat!



MicroBooNE Collaboration + project team!
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Brookhaven: M. Bishai, H. Chen, K. Chen, S. Duffin, J. Farrell, F. Lanni, Y. Li, D. Lissauer, G. Mahler, D. Makowiecki, J. Mead, !
X. Qian, V. Radeka, S. Rescia, A. Ruga, J. Sondericker, C. Thorn, B. Yu, C. Zhang!

University of Cambridge: A. Blake, J. Marshall, M. Thomson!
University of Chicago: W. Foreman, J. Ho, D. Schmitz, J. Zennamo!

University of Cincinnati: R. Grosso, J. St. John, R. Johnson, B. Littlejohn!
Columbia University: N. Bishop, L. Camilleri, D. Caratelli, C. Chi, V. Genty, G. Karagiorgi, D. Kaleko, B. Seligman, !

M. Shaevitz, B. Sippach, K. Terao, B. Willis!

Fermilab:  R. Acciarri, L. Bagby, B. Baller, D. Bogert, B. Carls, H. Greenlee, C. James, E. James, H. Jostlein, M. Kirby, S. Lockwitz, !
B. Lundberg, A. Marchionni, S. Pordes, J. Raaf, G. Rameika+,  B. Rebel,  A. Schukraft, S. Wolbers, T. Yang, G.P. Zeller*!

Kansas State University: T. Bolton, S. Farooq, S. Gollapinni, G. Horton-Smith!
Los Alamos:  G. Garvey, J. Gonzales, W. Ketchum, B. Louis, G. Mills, Z. Pavlovic, R. Van de Water, K. Yarritu!

MIT:  W. Barletta, L. Bugel,  G. Collin, J. Conrad, C. Ignarra, B. Jones, J. Moon, M. Moulai, J. Spitz, M. Toups, T. Wongjirad!
Michigan State University: C. Bromberg, D. Edmunds!

New Mexico State University:  T. Miceli, V. Papavassiliou, S. Pate, K. Woodruff!
Otterbein University: N. Tagg!

University of Oxford: G. Barr, M. Bass, R. Guenette!
University of Pittsburgh: S. Dytman, D. Naples, V. Paolone!

Princeton University: K. McDonald, B. Sands!
Saint Mary’s University of Minnesota: P. Nienaber!

SLAC: M. Convery, B. Eberly, M. Graham, D. Muller, L. Rochester, Y-T. Tsai, T. Usher!
Syracuse University: J. Asaadi, J. Esquivel, M. Soderberg!
University of Texas at Austin: S. Cao, J. Huang, K. Lang!

University of Bern: A. Ereditato, D. Goeldi, I. Kreslo, M. Luethi, C. Rudolf von Rohr, T. Strauss, M. Weber!
INFN: F. Cavanna, O. Palamara (currently at Yale)!

Virginia Tech: M. Jen, L. Kalousis, C. Mariani. R. Pelkey!
Yale University: C. Adams, E. Church, B. Fleming*, E. Gramellini, A. Hackenburg, B. Russell, A. Szelc!

*spokespeople,  +project manager 

    3 countries 
  23 institutions 
136 collaborators  
  31 postdocs 
  24 grad students 
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Next!steps!towards!a!complete!FNAL!program!

MicroBooNE:!focused!on!understanding!the!MiniBooNE!neutrino!anomaly,!not!
designed!to!explore!the!whole!sterile!neutrino!oscillaDon!parameter!space!on!its!own.!

LOI!submimed!to!the!Fermilab!PAC!(LAr1!project)!in!2012:!1,kton!LArTPC!to!serve!as!a!
second!(near)!detector!along!with!MicroBooNE.!

January!2014:!two!proposals!were!put!forward!to!the!PAC:!

P,1053:!LAr1,ND!
Realizing!the!importance!of!a!near!detector!to!measure!the!unoscillated!fluxes!and!
the!physics!program!enabled!in!a!first!phase!with!a!ND!+!MicroBooNE,!LAr1,ND!
was!proposed!as!the!next!phase!in!the!SBN!program.!

P,1052:!ICARUS@FNAL!
Proposal!to!relocate!an!upgraded!ICARUS!T600!LAr!TPC!detector!to!the!BNB!and!to!
construct!a!new!one,fourth!scale!detector!based!on!the!same!design!to!serve!as!a!
near!detector!for!oscillaDon!searches.!!

hmp://www.fnal.gov/directorate/program_planning/Jan2014PACPublic/LAr1ND_Proposal.pdf!!

hmp://www.fnal.gov/directorate/program_planning/Jan2014PACPublic/ICARUS.pdf!!



13!

LAr1,ND!

•  LAr1,ND:!LAr!TPC!exploiDng!as!many!
design!elements!developed!for!LBNE!!

•  High!staDsDcs!measurement!of!intrinsic!
BNB!content:!sensiDve!oscillaDon!searches!
in!combinaDon!with!downstream!
detectors!

•  With!MicroBooNE,!provide!full!
interpretaDon!of!the!MiniBooNE!excess.!!
Photons!or!electrons?!Intrinsic!to!the!beam!
or!appearing?!

•  Side!results:!reconstrucDon!development!
and!GeV!ν,Ar!cross!secDons!

•  O(1M!νµ!and!6000!νe!events/year)!!

100m!

BNB!
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LAr1,ND!CollaboraDon!

10#US#ins)tu)ons#
� !3!DOE!NaDonal!Laboratories!
� !6!NSF!insDtuDons!

!8#European#ins)tu)ons&
� !6!UK!insDtuDons!
� !1!Swiss!insDtuDon!!
� !CERN!

11!groups!also!on!MicroBooNE!
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ICARUS!at!FNAL!
•  T600!LAr!TPC!to!be!located!along!the!BNB!at!

~700!m!from!the!target!

•  New!T150!TPC!to!be!placed!at!150±50!m!from!
the!target!

•  T600:!also!ν’s!from!the!off,axis!NuMI!beam!with!
(~2!GeV)!with!enriched!νe!flux!

•  T600!plus!T150!would!extend!the!informaDon!
coming!from!MicroBooNE!
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ICARUS!CollaboraDon!
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!SBN!program!development!

•  Members!of!LAr1,ND,!MicroBooNE!and!ICARUS,!representaDves!from!Fermilab,!
INFN!and!CERN,!have!been!working!together!to!develop!a!coherent!SBN!
program!on!the!BNB.!

•  Coordinator!(Peter!Wilson,!FNAL)!to!work!with!contacts!from!the!three!
detectors!to!assess!cost,!schedule!and!requirements.!!

•  InternaDonal!Task!Force!formed!to!lead!the!preparaDon!of!a!SBN!proposal!to!
the!FNAL!PAC!

•  Proposal!to!include!the!physics!sensiDviDes!for!a!mulD,LArTPC!detector!program!
with!LAr1,ND!near!100!m,!MicroBooNE!at!470!m,!and!the!ICARUS!T600!detector!
near!600!m!along!the!BNB.!
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!Four!Working!Groups!acDve!on:!

1. Cosmic!backgrounds!
•  Impact!of!cosmic!showers!on!oscillaDon!searches!

•  MiDgaDon!strategies!

2. Neutrino!Flux!and!SystemaDcs!
•  OpDmizaDon!of!ND!locaDon!

•  Consider!opDmizaDon!of!the!BNB!for!higher!flux/p.o.t.!

3. Detector!Buildings!and!SiDng!
•  Building!requirements!

•  Costs!and!schedule!

4. Cryostat!and!Cryogenic!Systems!
•  Design!of!cryogenics!including!possibility!of!standardized!systems!for!both!detectors!

!SBN!program!opDmizaDon!



19!

Neutrino!oscillaDons!in!the!BNB!

ICA
RU

S&
ICA

RU
S&

At!peak!BNB!neutrino!energy,!E!=!700!MeV!
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LAr1,ND!

ICARUS!T600!

MicroBooNE!



SBN!faciliDes!

beam!

SciBooNE!

LAr1,ND!

beam!
ICARUS!T600!



νμ→νe!appearance!sensiDvity!

6.6x1020!p.o.t.!exposure!

,!80%!νe!CC!ID!efficiency!

,!Beam,related!backgrounds!only!

,!Possible!cosmogenic!backgrounds!
not!included!

PRELIMINARY!
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SBN!schedule!
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Summary!

•  The! internaDonal! SBN! program! at! Fermilab,! strongly! endorsed! by!
the! P5! report,! is! going! to! play! a! key! role! in! resolving! the! exisDng!
hints!for!new!physics!happening:!sterile!neutrinos!!

•  A!discovery!would!be!a!major!science!result!(for!parDcle!physics!and!
cosmology)!

•  The! SBN! program! addiDonally! provides! supporDng! physics!
measurements!and!detector!R&D!towards!the!future!long,baseline!
neutrino!program!(LBNF)!

•  Finally,!the!SBN!program!will!serve!as!a!development!pla|orm!and!
demonstraDon! of! extremely! sensiDve! disappearance! and!
appearance! neutrino! oscillaDon! measurements! by! using! the! LAr!
TPC!technology!
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Thank$you$for$your$a9en2on!$
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Thank$you$for$your$a9en2on!$


