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LSND, PRD64(2001)112007

1. LSND

LSND makes muon anti-neutrino beam from
decay-at-rest pion beam, to search electron
anti-neutrino appearance.
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Data is consistent with two massive neutrino
oscillation model with Am2~1eV?,
87.9+22.4 +6.0 (3.8.0)

3 types of neutrino oscillations are found:
LSND neutrino oscillation: Am?~1eV?2
Atmospheric neutrino oscillation: Am?~10-3eV?
Solar neutrino oscillation : Am?~10-5eV/?

But we cannot have so many Am?!
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MiniBooNE, PRD79(2009)072002,NIM.A599(2009)28 1. MiniBooNE
L(k ) g gscillationt.
n . Lross section
iNi P, (L/E)=sin’20sin’|1.27Am>(eV?)———— || 4 Lorentz violat
1. MiniBooNE - EGev))| &
6. Conclusion
MiniBooNE is designed to test LSND under two-massive-neutrino oscillation model.
v oscillation Ve +Nn—e" +p
" - L/E~500m/700MeV~0.7
Y, oscillation v +p —s e+ +n
u e

Booster Neutrino Beamline (BNB) creates ~800(700)MeV neutrino(anti-neutrino) by pion decay-in-flight.

Cherenkov radiation from the charged leptons are observed by MiniBooNE Cherenkov detector to
reconstruct neutrino energy.
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MiniBooNE, PRL110(2013)161801

2. MiniBooNE

MiniBooNE observed event
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MiniBooNE, PRL110(2013)161801 T T T T TTTT 1. MiniBooNE
2. Oscillation
. . - LSND 90% C.L. 3. Cross section
2. MiniBooNE [CJisnposscL. g- Eorintz violation
. Dark matter
. --=-- KARMEN2 90% C.L._: 6. Conclusion
MiniBooNE observed event — 68% ]

excesses in both mode <¢>‘ — 90%
L b— — 95%
Neutrino mode E 1k — 9%

162.0+ 28.1 +38.7 (3.40)

Antineutrino mode 10 b
78.9+20.0 £20.3 (2.80) :
Under two-massive neutrino oscillation model,
antineutrino mode result is consistent with
LSND, but neutrino mode result shows a little
tension.

10 --=+ICARUS 90% C.L.

AP (eV?)

107

- Neutrino -~

* p
% Queen Mary 10° Lt

CLAL Teppei Katori
University of London cpperharen sin’20




Osc. Prob.

10?

|

1

MiniBooNE, arXiv:1407.3304 F T TTTT
o N ] LsnDso% CL.
2. MiniBooNE i [C]isnDoseCL.
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MiniBooNE, arXiv:1407.3304
Martini et al, PRD85(2012)093012

Osc. Prob.

2. MiniBooNE

MiniBooNE observed event
excesses in both mode

Neutrino mode
162.0 £ 28.1 +38.7 (3.40)

Antineutrino mode
78.9+20.0 £+20.3 (2.80)

2p-2h effect could shift
reconstructed neutrino?
energy spectrum to higher?
(more consistent with
LSND)

Under two-massive neutrino oscillation model,
antineutrino mode result is consistent with

LSND, but neutrino mode result shows a little

/ Genuine CCQE \
H N'
®
VW @
W"‘ 1
V

N N /

/Two particles-two holes (2p-2h)\

H N (N
f 'v’A\/ - @ Q
W+ W

v NoIN

\W+ absorbed by a pair of nucleons/

OO WN -

. MiniBooNE

. Oscillation

. Cross section

. Lorentz violation
. Dark matter

. Conclusion

<L/Ewwe> (m/MeV)

E, (MeV)

tenSIon. _l T I UL I LI I LI II T I T II UL I LI I LI I LI I UL Il T I-

1.50% n _ ]

[ ® MiniBooNE neutrino ) % 0.6 ___ Identifying E\,e with E"c =

ol e A " Qewinmns |

[ - : . ] o e e : ]

— Pred (0.004/1.0eV2) 2 0.5 :— ! \ QE without np-nh ;

1.00% —— —Pred (0.002/2.0eV2) 9 =] o J ‘\‘ 1

: S 04f E

_ @ F —— ]

0.75% — 2 - \ 3

= g 03 : N\ .

0.50% + i A 3

0.25% + g o1 — ," -

- [q ¢t 4/ S

0.00% - ‘25 0 < = -11 ------- g [

_0.25% [ -0'1 -_I L1l I L1l I L1l I L1l II L1l I L1l II L1l I L1l l L1l I L1l I L1l Il 1 ll—-:
0.2 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300



1. MiniBooNE experiment

2. Neutrino oscillation results

3. Neutrino cross section results

4. Test of Lorentz and CPT violation

5. Light WIMP search

6. Conclusion

WO Queen Mary

- Teppei Katori 2014/08/19
University of London €ppel Rator! /08/

10



Formaggio and Zeller, Rev.Mod.Phys.84(2012)1307 1. MiniBooNE
2. Oscillation
3. Cross section

3. Next generation neutrino oscillation experiments 4. Lorentz violation

5. Dark matter
6. Conclusion

, I : Typical oscillation experiment
Neutrino oscillation experiments yp P

 Past to Present: K2K, MiniBooNE, MINOS, T2K (L~100-1000km) always choose

- Present to Future: T2K, NOVA, PINGU, JUNO, HyperK, LBNF 1-10 GeV energy region (only
exception is reactor neutrino

experiment)
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MiniBooNE, PRD81(2010)092005

3. MiniBooNE neutrino cross section results

OO WN =

MiniBooNE flux-integrated CCQE double differential cross section
- Detector efficiency is corrected, but neutrino flux is not unfolded
- Data is presented in terms of “measured” variables (muon energy and muon angle)
- Data is incompatible with old bubble chamber data (both shape and normalization)

PHYSICAL REVIEW D 81, 092005 (2010)

&o 2
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....... R : MiniBooNE data with shape error
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MiniBooNE, PRD81(2010)092005

3. MiniBooNE neutrino cross section results

OO WN =

MiniBooNE flux-integrated CCQE double differential cross section
- Detector efficiency is corrected, but neutrino flux is not unfolded
- Data is presented in terms of “measured” variables (muon energy and muon angle)
- Data is incompatible with old bubble chamber data (both shape and normalization)

x10°
16
}g E (a) 1 |
N IRTEE L L L S S s I.______,._
£ 8 i MiniBooNE data with shape error
b 6g° — = MiniBooNE data with total error
4 -e-eme-—— RFG model with M"=1.03 GeV, x=1.000
8E — RFG model with MY'=1.35 GeV, x=1.007
04 06 08 1 12 14 16 18 2 o ME, —O.Smﬁ
QE,RFG =
x10%° B (GeV) " M-E, +p,cosb,
16 E —%— NOMAD data with total error
}g ;_ (b) —— LSND data with total error QéE = —mi + 2EVQE(EM - D, COSQM)
L 3
£ 190 I i i T T s SR
~— = ——s—— MiniBooNE data with total error
© 25— -- RFGmodelwlthbS:l.(BGeV.»:l.m
2F e Free muckonwith M <103 GeV | CCQE definition in MiniBooNE
(1);_-1- 1 1'0 - single outgoing muon
EQERFG (Gev) - no measurement on rest
; e

VMCCQE flux-unfolded total cross section

wQf Queen Mary

. . Teppei Katori 08/09/14 13
University of London PP /09/



MiniBooNE, PRD81(2010)092005
Martini et al,PRC80(2009)065501

3. MiniBooNE neutrino cross section results

MiniBooNE flux-integrated CCQE double differential cross section

- Detector efficiency is corrected, but neutrino flux is not unfolded

- Data is presented in terms of “measured” variables (muon energy and muon angle)
- Data is incompatible with old bubble chamber data (both shape and normalization)
- Martini et al showed np-nh effect can add up 30-40% more cross section!

o(A-Z) (107 em]

An explanation of this puzzle

Inclusion of the multinucleon
emission channel (np-nh)
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M. Martini, M. Ericson, G. Chanfray, J. Marteau Phys. Rev. C 80 065501 (2009)
Agreement with MiniBooNE without increasing M,
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Alvarez-Ruso,Hayato,Nieves,ArXiv:1403.2673
Nieves et al, PLB707(2012)72

3. MiniBooNE neutrino cross section results

(102 cm’ / GeV)

n

dzc/d'l‘u d cosd

MiniBooNE flux-integrated CCQE double differential cross section
- Detector efficiency is corrected, but neutrino flux is not unfolded

- Data is presented in terms of “measured” variables (muon energy and muon angle)
- Data is incompatible with old bubble chamber data (both shape and normalization)

- Martini et al showed np-nh effect can add up 30-40% more cross section!

- Both shape and normalization are explained by np-nh contribution (and RPA).
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T2K, PRD87(2013)092003
Martini and Ericson, arXiv:1404.1490

3. MiniBooNE neutrino cross section results

T2K flux-integrated CC inclusive differential cross section
- Martini model also describes T2K data ( = MiniBooNE flux prediction is right)
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Lovato et al, PRL112(2014)182502

3. MiniBooNE neutrino cross section results

T2K flux-integrated CC inclusive differential cross section

- Martini model also describes T2K data ( = MiniBooNE flux prediction is right)

Standard Nuclear Physics Approach (SNPA)
- Consistent result is obtained by ab initio calculation
- Enhancement also arise in axial current

. MiniBooNE

. Oscillation

. Cross section

. Lorentz violation
. Dark matter

. Conclusion

OO WN =

Transverse response function for NC interaction
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Sobczyk, Neutrino2014

3. MiniBooNE neutrino cross section results

Short range correlation
12C From (e e’), (e.e'p), and (e,e’pN) Results

* 80 +/- 5% single particles moving in an average potential
— 60— 70% independent single particle in a shell mode! potential
— 10— 20% shell model long range correlations

* 20 +/- 5% two-nucleon short-range correlations

— 18% np pairs (quasi-deuteron)
— 1% pp pairs
— 1% nn pairs (from isospin symmetry}
* Less than 1% multi-nucleon correlations &
T 18%

P 4

1%
[ Single nucleons
. n-p - n-n Dp-p
INT Workshop 4 December 2013 Merfon Lab
from Higinbotham
Teppei Katori - 08/09/14 ~
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Sobczyk, Neutrino2014
Weinstein et al, PRL106(2011)052301

3. MiniBooNE neutrino cross section results

Short range correlation

. MiniBooNE

. Oscillation

. Cross section

. Lorentz violation
. Dark matter

. Conclusion

O WN -

12C From (ee"), (e.e'p), and (e,e’pN) Results

* 80 +/- 5% single particles moving in an average potential
— 60— 70% independent single particle in a shell mode! potential

SRC as a origin of EMC effect?

— 10— 20% shell model long range correlations
* 20 +/- 5% twao-nucleon short-range correlations
— 18% np pairs (quasi-deuteron)
— 1% pp pairs
— 1% nn pairs (from isospin symmetry)}
* Less than 1% multi-nucleon correlations
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M,
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a -0.07879 = 0.006376
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FIG. 1. The EMC slopes versus the SRC scale factors. Thea
uncertainties include both statistical and systematic errors added
in quadrature. The fit parameter is the intercept of the line and
also the negative of the slope of the line.
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MiniBooNE, PRD82(2010)092005: 1. I\/Iini.BogNE
de Florian et al, PRL113(2014)012001 2. Oscnlatlon.
. . . 3. Cross section
3. MiniBooNE neutrino cross section results 4 Lorentz vilatior
6. Conclusion

MiniBooNE flux-integrated NCE differential cross section
- Total scintillation light is used to estimate total nucleon kinetic energy

- Isoscalar axial current is sensitive to additional spin contribution beyond SU(2) (= strange quark spin)
- large uncertainty for spin-dependent dark matter search

) ; dxAs(x) = As = G (Q* = 0)
“proton spin crisis”

1
=SAS+AG+L,+ L,

gluon longitudinal
polarization ~ 0.2

M| —

quark longitudinal polarization
AZ=Au+Ad+As ~ 0.25

quark and gluon orbital
angular momentum ~?
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MiniBooNE, PRD82(2010)092005: 1. Mini.Boc_)NE
de Florian et al, PRL113(2014)012001 2. Oscnlatlon_
. . . 3. Cross section
3. MiniBooNE neutrino cross section results 4 Lorentz vilatior
6. Conclusion

MiniBooNE flux-integrated NCE differential cross section

- Total scintillation light is used to estimate total nucleon kinetic energy

- Isoscalar axial current is sensitive to additional spin contribution beyond SU(2) (= strange quark spin)

- large uncertainty for spin-dependent dark matter search

- Data is not sensitive enough to find As, but first time we demonstrate this method in Cherenkov detector
- Major background channel for beam dump dark matter search

“proton spin crisis” vp to v(n+p) NC rate ratio
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quark and gluon orbital =~ wreeeme MC, AS = 0.5, M,=1.35 GeV
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Alvarez-Ruso,Hayato,Nieves,ArXiv:1403.2673
TK and Grange, MPLA29(2014)1430011

3. MiniBooNE neutrino cross section results

. MiniBooNE

. Oscillation

. Cross section

. Lorentz violation
. Dark matter

. Conclusion

OO WN =

MiniBooNE published >90% of interactions possible measured in MiniBooNE detector.
- Unexpected by-product of oscillation physics, over >1000 citation total

- MiniBooNE cross-section results are relevant from nuclear physics to exotic physics

Neutrino
oscillation

Nucleon
correlation

wQf Queen Mary

University of London

Spin physics

MiniBooNE Neutrino
cross section program

Dark
matter
Nuclear
media
effect
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Kostelecky and Mewes, PRD69(2004)016005;70(2004)076002 1. MiniBooNE
TK, Kostelecky, and Tayloe, PRD74(2006)105009 2. Oscillation
. . . . . 3. Cross sec.:t|onl
4. Lorentz violating neutrino oscillation 4. Lorentz violation
5. Dark matter
6. Conclusion
Lorentz and CPT violation
- Potential signal of Planck scale physics
- Standard Model Extension (SME) is the formalism of SM with particle Lorentz violation
- It was proposed LSND signal might be caused by Lorentz violation, not sterile neutrinos
R SClen_tlflc
American

SME Lagrangian in neutrino sector
| _
L= ElwAFABava -M Y +hec.

SME coefficients

v v v v v s YV 1 v PM 600
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. |
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LSND, PRD72(2005)076004

4. Lorentz violating neutrino oscillation

O WN -

Lorentz and CPT violation

- Potential signal of Planck scale physics

- Standard Model Extension (SME) is the formalism of SM with particle Lorentz violation
- It was proposed LSND signal might be caused by Lorentz violation, not sterile neutrinos
- Small Lorentz violation could be the solution of LSND excess

LSND oscillation candidate sidereal time distribution
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MiniBooNE, PLB718(2013)1303
TK, MPLA27(2012)1230024

4. Lorentz violating neutrino oscillation

Lorentz and CPT violation
- Potential signal of Planck scale physics

1. MiniBooNE

2. Oscillation

3. Cross section

4. Lorentz violation
5. Dark matter

6. Conclusion

- Standard Model Extension (SME) is the formalism of SM with particle Lorentz violation
- It was proposed LSND signal might be caused by Lorentz violation, not sterile neutrinos

- Small Lorentz violation could be the solution of LSND excess

- MiniBooNE data are consistent with flat
- 8 new limits on SME are obtain

These new limits exclude SME values to
explain LSND data, therefore there is no

simple Lorentz violation motivated scenario to

accommodate LSND and MiniBooNE results
simultaneously

wQf Queen Mary

University of London

v-0sc candidate events

v-0sc candidate events
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Kostelecky and Russel, Rev.Mod.Phys.83(2011)11, ArXiv:0801.0287v6 1. MiniBooNE
2. Oscillation
. . . . . 3. Cross section
4. Lorentz violating neutrino oscillation 4 Lorentz vioaton
6: Conclusion
MiniBooNE  Double Chooz IceCube
By combining all work, chance to see MINOS ND MINOS FD
the Lorentz violation in terrestrial
experiments will be very small
d=23 Coefficient e et UT
Re(ar)? 10720 GeV 10719 GeV -
Re(ar)® 10720 GeV 107! GeV 10723 GeV
Re(ar)Y  1072! GeV 1079 GeV 1072 GeV
Re(az)? 107 GeV 1079 GeV -
d=4 Coefficient e et UT
Re (e )XY 10~ 10~17 10~23
Re (e )X? 10~ 10~17 10~2
astrophysical neutrino? Y7z _21 16 _93
(next taik) Re(er) B 10 10 10
Re (cp )XX 10~ 10~16 10~23
Re (e )YY 10~ 10~16 10~23
Re (¢ )%% 10~1° 10~16 -
Re (e )TT 10~1° 10~17 -
" Re (er)™ 10-22 10-17 10-27
wQf Queen Mary Re(er)™ 1072 1077 1077
University of London Re ()72 10—20 1016 _



1. MiniBooNE experiment

2. Neutrino oscillation results

3. Neutrino cross section results

4. Test of Lorentz and CPT violation
5. Light WIMP search

6. Conclusion
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MiniBooNE, FERMILAB-PROPOSAL-1032
Karagiorgi, New Frontier Physics 2014

6. Light WIMP search in MiniBooNE

Light WIMP with new U(1) gauge boson (dark photon)

- Candidate of cold dark matter

- Not accessible with popular direct dark matter techniques

- beam dump experiments

. MiniBooNE

. Oscillation

. Cross section

. Lorentz violation
. Dark matter

. Conclusion

O wWN -

1 5 1 7 v v
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MiniBooNE, FERMILAB-PROPOSAL-1032
Karagiorgi, New Frontier Physics 2014

6. Light WIMP search in MiniBooNE

Light WIMP with new U(1) gauge boson (dark photon)
- Candidate of cold dark matter

- Not accessible with popular direct dark matter techniques
- beam dump experiments

50m
decay region

target and horn absorber

. MiniBooNE

. Oscillation

. Cross section

. Lorentz violation
. Dark matter

. Conclusion

O wWN -

— 1 2 1 2 2 v
Lyy=—7Var +myVy + kV,9,F*

+ Dy xPP — mylxI* + Ly,

FNAL
Booster

. MiniBooNE
500 m dirt detector
A:‘:t’ X —‘———?
X i

MiniBooNE has the capability
to steer the protons past the target
and onto the 50 m iron dump

(absorber)
Be Fins
. Be Target
target (beam-dump) running Al é%%

‘a__@_a’ Queen Mary

. . Teppei Katori
University of London PP

| beam-dump running

Beam spot position in beam
off target mode (~1 mm spread)

-Target is 1 cm diameter
-Air gap between target and
horn inner conductoris ~1 cm
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MiniBooNE, FERMILAB-PROPOSAL-1032
Karagiorgi, New Frontier Physics 2014

6. Light WIMP search in MiniBooNE

Light WIMP with new U(1) gauge boson (dark photon)

- Candidate of cold dark matter

- Not accessible with popular direct dark matter techniques
- beam dump experiments

140 .
[=1 data with total error

— total bkg
=== beam-uncorrelated

120

==+ neutrino bkg

Events/36 MeV

Preliminary

L PR IS S S T T S R
100 150 250
Reconstructed nucleon energy (MeV)

Ollllll

‘Qz’ Queen Mary

. . Teppei Katori
University of London PP

LV.X =

. MiniBooNE

. Oscillation

. Cross section

. Lorentz violation
. Dark matter

. Conclusion

O wWN -

1 1 22 v
—ZV’“’ +5vau + «kV,d,F*

+ Dy xPP — mylxI* + Ly,

First 30% of beam-dump mode data
2 types of backgrounds

- beam-uncorrelated events

- neutrino interactions

Very conservative systematic errors are
assigned.

We expect ~1.8E20 POT data at the
end of the run (Sept. 2014).
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TK and Conrad, arXiv:1404.7759.

6. Conclusions

MiniBooNE finishes oscillation run in2012.

The final osclllahon result of antl heutrino mode agrees with' LSND but neutrlno
mode shows a tension W|th|n two. massive neutrino oscillation model

.

The Cross sectlon. results from MlnlBooNE dr&‘ally change the V|ew of this field.
MiniBooNE set strlngent I|m|ts on Lorentz V|olat|on 'and we rejected Slmple

. Lorentz violation motivated models to explam LSND S|gnal and MiniBooNE data. " *
MlnlBooNE IS currentiy'run'p'lng In beem-dump . mode, fpr Ilght WI-MP_ search. -

Thank you for your attentlon' 48
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MiniBooNE, PRL110(2013)161801 1. MiniBooNE
2. Oscillation
. o — 3. Cross section
2 M | n | BOO o 4. Lorentz violation
" . ] Vu Flux Wc:I&V) s MiniBooNE data (N;=107%) 5. Dark matter
10 B v_Flux o (] iniBooNE: date vith shiap ror 6. Conclusion
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MiniBooNE, PRL110(2013)161801

2. MiniBooNE

SciBooNE 3 track event 550_

8 GeV
Proton

Be

SciBooNE collaboration

00

K* “/'“;

PRD84(2011)012009 O it i

Events/MeV

‘aQ_a’ Queen Mary
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1. MiniBooNE

2. Oscillation

3. Cross section

4. Lorentz violation
5. Dark matter

6. Conclusion

v, from u decay is
constrained from
vMCCQE measurement

v, from K decay is
constrained from
high energy v, event
measurement in
SciBooNE
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MiniBooNE, PRL110(2013)161801

2. MiniBooNE

MiniBooNE observed event
excesses in both mode

Neutrino mode
162.0 £ 28.1 +38.7 (3.40)

Antineutrino mode
78.9+20.0 £20.3 (2.80)

Asymmetric ni° decay is
constrained from measured
CCrng rate (m°—v)
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. Cross section

. Lorentz violation
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Asymmetric

. Dark matter
. Conclusion
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v, from K decay is
constrained from
high energy v, event
measurement in
SciBooNE
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MiniBooNE, PRL110(2013)161801

2. MiniBooNE

MiniBooNE observed event
excesses in both mode

Neutrino mode
162.0 £ 28.1 +38.7 (3.40)

Antineutrino mode
78.9+20.0 £20.3 (2.80)

Radiative A-decay
(A—Ny) rate is
constrained from
measured NCr°

Asymmetric ni° decay is
constrained from measured
CCrng rate (m°—v)

R

University of London
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anomaly mediated triangle diagram

. Lorentz violation
. Dark matter
. Conclusion
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Hill,PRD81(2010)013008
Zhang and Serot,PLB719(2013)409
Wang et al.,arXiv:1311.2151
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MiniBooNE, PRL110(2013)161801

2. MiniBooNE

MiniBooNE observed event
excesses in both mode

. MiniBooNE

. Oscillation

. Cross section

. Lorentz violation
. Dark matter

. Conclusion

O wWN -
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MiniBooNE, PRL110(2013)161801

2. MiniBooNE

MiniBooNE observed event
excesses in both mode

. MiniBooNE

. Oscillation

. Cross section

. Lorentz violation
. Dark matter

. Conclusion

O wWN -

LU B L L I LA BN B
Antineutrino
e Data (stat err.)

+

Neutrino mode

- ve fr * E .
162.0+28.1+38.7 (3.40) 10 = o K 1 v, from u decay is
3 o8 = vsfr9r3'dK° 1 constrained from
Antineutrino mode § ' :12.—'?':; E/VMCCQE measurement
78.9+20.0+20.3 (280) g 06 P E

dirt rate is
measured from
dirt enhanced
data sample

v, from K decay is
constrained from
high energy v, event
measurement in
SciBooNE

Neutring

\/

Radiative A-decay
(A—Ny) rate is

constrained from
measured NCr°

All backgrounds are measured
in other data sample and their
errors are constrained!

Asymmetric ni° decay is 0. P =
constrained from measured 2 04 06 08 E 10 1.2
CCrnrate (°—y) E% (Gev)
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MiniBooNE, PRD81(2010)013005;83(2011)052007;83(2011)052009 1. MiniBooNE

Alvarez-Ruso,Hayato,Nieves,ArXiv:1403.2673 g 8rsc§:!;a;i§:tion
3. MiniBooNE neutrino cross section results 4. Lorentz violation

5. Dark matter
6. Conclusion

MiniBooNE flux-integrated single pion measurements

- Pion kinematics are reconstructed

- It looks data is incompatible with state-of-the-art theories

- One of the “open question in neutrino cross section physics”
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MiniBooNE ©°®° momentum differential cross section of CC1x° interaction with models
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MiniBooNE, PRD81(2010)013005;83(2011)052007;83(2011)052009 1. MiniBooNE
MINERVA, arXiv:1406.6415 2. Oscillation
. . . . 3. Cross seghonl
3. MiniBooNE neutrino cross section results 4. Lorentz voltor
6. Conclusion
MINERVA flux-integrated single pion measurements
- Recent data from MINERVA are incompatible from mny theories and MiniBooNE data
- We are overlooking something? (media effect on pion in nucleus)
MINERVA pion flux-integrated MiniBooNE-MINERVA flux-integrated
4042 differential cross section differential cross section comparison
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MiniBooNE, PRD84(2011)072005;88(2013)032001;arXiv:1309.7257

3. MiniBooNE neutrino cross section results

Predicted Events

8
8

°EidlIlllllllllllllllllllll

Predicted Events

MiniBooNE flux-integrated anti-neutrino cross section measurements
- MiniBooNE demonstrated statistical charge separation to understand “wrong sign” background
- Critical for delta CP oscillation physics (= anti-neutrino beam)
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. MiniBooNE

. Oscillation

. Cross section

. Lorentz violation
. Dark matter

. Conclusion
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MiniBooNE, FERMILAB-PROPOSAL-1032 1. MiniBooNE
Karagiorgi, New Frontier Physics 2014 2. Oscillation
. . . . 3. Cross section
6. Light WIMP search in MiniBooNE 4. Lorentz violation
5. Dark matter
6. Conclusion
Light WIMP with new U(1) gauge boson (dark photon) 1200
- Candldate Of COId dark matter g 1600 — data (minus stmbc& dirt) with stat, crror
- Not accessible with popular direct dark matter techniques > e foomect WS)
- beam dump experiments . — dird -+
1200 T shobe
Light WIMP signature ~ neutral current-like interaction 1000
- Neutrino background can be reduced by “WIMP ToF” in R00

some parameter space. 600

400
200

UW
0 2 4 6 8 10 12 14 16 IR 20

WIMP Time of Flight

50 m dump
50 m decay pipe < 490 m = 1633 nsec at c >
8 GeV_um WIMPs can travel slower than ¢ >
protons
4 Resistive Wall Monitor (RMS) -
E&Qﬁl <€ >

Coax Cable delivers RMS timing signal to detector where it is recorded



MiniBooNE, FERMILAB-PROPOSAL-1032
Karagiorgi, New Frontier Physics 2014

6. Light WIMP search in MiniBooNE

Light WIMP with new U(1) gauge boson (dark photon)
- Candidate of cold dark matter

- Not accessible with popular direct dark matter techniques
- beam dump experiments

Light WIMP signature ~ neutral current-like interaction
- Neutrino background can be reduced by “WIMP ToF” in
some parameter space.
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1. MiniBooNE

2. Oscillation

3. Cross section

4. Lorentz violation
5. Dark matter

6. Conclusion

The experiment can potentially exclude
the “g-2” parameter space.

my, < 100 MeV

=300 MeV o =0.1 POT =1.75 x 10*

Amz and EW fif ———
Direct Detection
Electron/Muon g-2 ——
Monojel ( R
mBo-oNE ------
Relic density ——
BaBar e

103 | o~
~ &
;5’10-36 [ 510—36
z 3

10~38 107

Amzand EW fit ——
_ Direct Detection
10— ol | Moo (CDF) —— lo—‘w -
10—42 1 L 3 2104l PR L1 10-42
ool 10 0.01
My (GeV)

. e
my (GeV)



