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T2K is a long baseline neutrino oscillation experiment

Tokai, Ibaraki
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T2K... can be used to produce and then detect WIMPs
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Current underground direct detection experiments
have poor sensitivity to low mass WIMPs
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Current underground direct detection experiments

have poor sensitivity to low mass WIMPs
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A mediator that decays to low mass WIMPs

Standard Model Hidden sector
fermions bosons
u c t Y |/
d s b Z \A®V\/\/\ vector mediator, V'
e M T W WIMP candidate, X
v, vy, Vv, g

my > 2 m,

V - x+x

Higgs

Kinetic mixing between Standard Model v and vector mediator V' is one possibility
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Production in T2K target, and detection in far detector

direct production . ) N v N
p+p(n) = V7 = Xx

indirect production

p+p(n) = n— Vy— vxy

> I X\)®

30 GeV graphite 295 km

protons target NUPER
50 kt water Cerenkov detector aK
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Theorist estimate of T2K Super-K sensitivity is complementary
A.Ritz and P. deNiverville, private communication.
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Super-K water Cerenkov detector is well understood
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Super-K water Cerenkov detector is well understood

otonne (22.5 kilotonne fiducial)

_ WIMP signature may be similar to
neutrino neutral current on oxygen,

detect nuclear de-excitation *y
: S|
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Nuclear de-excitation gammas after the neutrino-oxygen
neutral current quasi-elastic (NCQE) interaction

160
V\>®/Y

600 MeV, single nucleon emission is dominant mechanism

Pir “--CD

excited nucleus decays by emitting gammas

P32
contribution of p;,, is overwhelming: Sii2
6.32 MeV from (ps,),
6.|8 MeV from (P3/2)n neutrons protons
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Analysis of neutrino-oxygen NCQE events in T2K Super-K
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Selection cuts

* 4 - 30 MeV reconstructed energy

> 34° Cerenkov angle to remove muons
* *100 ns of beam timing
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Improve analysis of neutrino-oxygen NCQE, then apply to WIMPs

16
1 O primary
—— @ —  gamma

( \ neutron

\‘®/
\ secondary
gammas

\ﬁ B
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Improve analysis of neutrino-oxygen NCQE, then apply to WIMPs

Study gamma production from neutrons

|) simulations of neutrons on a water target,
compare FLUKA and Geant3
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1 O primary Q\‘\N\N
— @ —  gamma E——) Y

neutron beam
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Improve analysis of neutrino-oxygen NCQE, then apply to WIMPs
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Study gamma production from neutrons

|) simulations of neutrons on a water target,
compare FLUKA and Geant3

—_—

neutron beam

2) 2.2 MeV tag from neutron capture on hydrogen
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Improve analysis of neutrino-oxygen NCQE, then apply to WIMPs
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1 O primary
—— @ —  gamma

( \ neutron

T
\ secondary
. gammas

\% B

Corina Nantais

Study gamma production from neutrons

|) simulations of neutrons on a water target,
compare FLUKA and Geant3

—_—

neutron beam

2) 2.2 MeV tag from neutron capture on hydrogen

n+p — d+v %&% ©
22MeV

| b
10 — 100 MeV
proton beam target neutron beam
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Time of flight to separate WIMP from neutrino

J-PARC near detector

295 km | ms for neutrino

neutrino-oxygen NCQE de-excitation gamma events

my  TOFdelay g6 sioon 'sl e
30 MeV 50 ns 3 | >+100ns | | o
Px = 3 GeV 100 MeV 500 ns [ consistent with | ’ i
PRD 86 035022 (2012) - beam- unrelated backgr'OUnd$ =
300 MeV SR 4 A
Beam structure . B
* 8 bunches per spill i
* bunch is approximately 20 ns wide 7L i
* bunches separated by 580 ns gaps i
* spill delivered every 2 —3 s i ]
’
Mass sensitivity requires a full analysis 01 - é

Corina Nantais CAP Congress, 20 June 2014 time relatlve to trigger (us) 17



Conclusion: A competitive and complementary search

Search for low mass dark matter candidate produced in T2K neutrino beam
* understand detection of de-excitation gammas in Super-K after neutrino-oxygen NCQE

* improvements to current analysis, then apply to WIMP search

*  WIMP/neutrino discrimination using time of flight




