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Outline

® |ntroduction
e Neutrino oscillation
e The LSND signal and sterile neutrinos
o Experiments: SciBooNE and MiniBooNE
e SciBooNE-MiniBooNE joint v, disappearance analysis

e Results
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Neutrino oscillation

A . .
Vv
W W |
Pontecorvo Maki,
Nakagawa,
Sov.Phys.JETP Sakata
6:429.1957
Prog.Theor.Phys. 28,
Sov.Phys.JETP
26:984-988.1968 Source Detector 870 (1962)
e |f neutrinos have mass...
e a neutrino that is produced as a v,
e (eg. T —u vy
e might some time later be observed as a ve
e (e.g.ven —e*p)
Imperial College SciBooNE( Birmingham HEP Seminar ' Morgan O.
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http://www-spires.dur.ac.uk/cgi-bin/spiface/hep/www?j=SPHJA,26,984
http://www-spires.dur.ac.uk/cgi-bin/spiface/hep/www?j=SPHJA,26,984
http://www-spires.dur.ac.uk/cgi-bin/spiface/hep/www?j=SPHJA,26,984

Neutrino oscillation

In a world with 2 neutrinos,
iIf the weak eigenstates (ve, vyu)

: : _ V1 A Vu
are different from the mass eigenstates (v1, v2):
V2
Vel  [cosO sin0 Vi 5
vy)  \—sin® cos® ) \ vy >
Ve
The weak states are mixtures of the mass states:
vV, > = —sinB|vy > 4cos8|vy >
: —iEt —iFHt
Vu(t) > = —sinb ([vi > e "™1") +cosO (|va > e ™)
The probability to find a ve when you started with a v, is:
_ 2
Pascillatian(v,u — Ve) — ‘ < Ve‘v,u(t) > ‘

Imperial College SciBooNE o _ ' Morgan O.
——4 Birmingham HEP Seminar
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)
P(v, — v) = sin2y, sin2(1.27Amf2E)

Probability

'llllllll

e 2 fundamental parameters T :
e Am?2 <> period 041 .
. Vv —V -
e 01, <= magnitude 0_2‘_( Vel -
] 0— : [ R (IR DAY a9y R R | L ] [ [ | ]
¢ 2 experimental parameters w8 B " =
€x10°
e | = distance travelled oo
- 3
® E = neutrino energy 2 oo
6000

® Choose L&E to target ranges of
AmZ and 6 2000

® Neutrinos disappear and appear

2000

O 96 025 05 075 1 125 15 175 2
E (GeV)
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)
P(v, — v) = sin2y, sin2(1.27Am§2E)

Probability

e
()

llllllll

0.6

¢ 2 fundamental parameters
e Am? <> period
e 0, <= magnitude

lllllllll

0 0.5 1 1.5 2 2.5 3

® 2 experimental parameters L

e | = distance travelled
® E = neutrino energy : * H

® Choose L&E to target ranges of 8
Am?2 and 0 R i 1l

® Neutrinos disappear and appear

Imperial College  SciBooNE réC Morgan O.
cfealiig Birmingham HEP Se Ev ™ (GeV)
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)
P(v, — v) = sin2y, sin2(1.27Amf2E)

¢ 2 fundamental parameters
e Am? <> period
e 0, <= magnitude

® 2 experimental parameters
e | = distance travelled
® E = neutrino energy

0.6

Probability
e
(e -
Bi<) | | |
- o
= i
< |
] l | G R | l L1 1 -]

® Choose L&E to target ranges of

Am?4 and 6

® Neutrinos disappear and appear

Imperial College SciBooNE(
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)
P(v, — v) = sin2y, sin2(1.27Amf2E)

e | and E determine Am?
sensitivity o
e 01, sensitivity determined |
by statistics, 1
backgrounds, and
uncertainties o
® No signal: exclusion
curve 1072
® Signal: allowed region
10°°
10 0 ° o 10 i
sin’2%
Imperial College SciBooNE‘ Birmingham HEP Seminar ' Morgan O.
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Neutrino Interactions

VWM'
W+
A
/ CC interactions \
preserve neutrino

flavour, but require
enough energy to

produce rest mass of
\_ Charged lepton!  /

-~

\_

~

NC interactions

can happen equally for
all flavours because

there is no energy

requirement

/

Both interaction modes are useful for neutrino
oscillation experiments

Birmingham HEP S

emin

ar

oooooooo



Three flavours

flavour atmospheric Cross-mixing solar mass
Ve 1 0 0 C13 0 8136_2(S c12 S12 0 V1
V,u - 0 Co23 893 0 | 1 0 —S812 C12 0 V9
Vr 0 — 8923 (€93 —81367’(s 0 C13 0 0 1 V3

where cij=cosbj, sij=sinBj

Vu Vr

Mass (eV)

0.05 atmospheric

0.009 solar

Imperial College SciBooNE o _ ' Morgan O.
_< Birmingham HEP Seminar

Wednesday, 16 January 13 11



Atmospheric Oscillation

flavour atmospheric Cross-mixing solar mass
—120
Ve 1 O 0 C13 O 513€ C12 8512 0 V1
VN 0 Co23 893 0 1 0 —S12 C192 0 V9
U, 0 —s93 Co3 —513€% 0 13 0 01 V3
- - - - »n 1 5 ! ! !
Multi-GeV e-like Multi-GeV pu-like + PC ~ i ﬂ
2225 2 o |
= - = 500 - MIN
L 200 Super-K 9 No oscillation © OS + «\»
= 175 = 400 o 1 —4;—
> 150 3 N e wil
2125 2300 g | .u e
£ 100 *Lm: E s |
Z 75 Z 200 9 05__ —4— Far detector data i
50 100 '®) Best oscillation fit
25 — - Stats. only decay fit
6 0 &U ‘ — Stats. onlydecohg'ence fit
3 0% T B 1 4 9% B 05 1 4 6 8 10
Up-going  ¢0s©  Down-going EoRe Reconstructed neutrino energy (GeV)
Phys.Rev.Lett.81.1562(1998) PhysRevLett.101.131802
Imperial College SciBooNE( Birmingham HEP Seminar ' Morgan O.
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http://prl.aps.org/abstract/PRL/v81/i8/p1562_1
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http://prl.aps.org/abstract/PRL/v101/i13/e131802
http://www.hep.ph.ic.ac.uk/~wascko/
http://www.hep.ph.ic.ac.uk/~wascko/

Solar Oscillation

Cross-mixing

flavour

1 0

atmospheric

0
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Ly/E (km/MeV) L,=180km is used for KamLAND

KamLAND

Phys.Rev.L ett.100.221 2
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http://prl.aps.org/abstract/PRL/v89/i1/e011301
http://prl.aps.org/abstract/PRL/v89/i1/e011301
http://prl.aps.org/abstract/PRL/v100/i1/e221803
http://prl.aps.org/abstract/PRL/v100/i1/e221803

Cross Mixing

flavour atmospheric Cross-mixing solar mass
—10
Ve 1 0 0 C13 0 513€ C12 8512 0 V1
VN =| 0 Co23 893 0 1 0 —S12 C192 0 V9
10
V., 0 —s93 Co3 —s13e*° (0 0 01 V3
10-2
—— T w— 7 1 T T
! K
Atmospheric L/E i
— i 2 [ Ams;, >0
> I r
TO 0 5 - (Of; 0+
> ' :
E: I R ] . 90% CL UL Sensitivity 7
B -T2 - = Best fit to T2K data
[ 68% CL
i SO'anE - S ——. "A‘q(.vll(Al;.‘lAA. j
1(‘), EE— ; I ““1‘0 : "0 001 02 03 04 05 06
L/E (km/MeV) 20
Phys.Rev.Lett.107.041801 (2011)
Causes Ve disappearance in reactors and ve appearance in accelerator experiments
Imperial College SciBooNE( Birmingham HEP Seminar . Morgan O.
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http://prl.aps.org/abstract/PRL/v107/i4/e041801
http://prl.aps.org/abstract/PRL/v107/i4/e041801

Current picture

flavour atmospheric Cross-mixing solar mass
Ve 1 0 0 C13 0 8136_2(s c12 S12 0 V1
V# =| 0 Co23 893 0 1 0 —S812 C192 0 V9
U, 0 —s93 Co3 —s13¢ 0 c13 0 01 V3

where cij=cosB0ij, sij=sinBij

S
()
e Vu Va 2
2.35E-03 (eV?2)
S V3
\ 5 7.58E-05 (eV2)
atmospheric ON-z€ero o. .
0.05 Phet matter vs antimatter 0.306
'\/2 ' 042
_ .
0.009 solar V1 0.02
2 2

. . arXiv:1106.6028 [hep-ph] '
Imperial College SciBooNE Morgan O.
_<c - Birmingham HEP Seminar
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http://arxiv.org/abs/1106.6028
http://arxiv.org/abs/1106.6028

Open Questions

.
Normal Inverted
Quasi-Degenerate Hierarchical

Imperial College SciBuoNE(

Wednesday, 16 January 13

¢ \What is the value of 8137 d5cp??
® \What is the mass hierarchy?

e \What is the absolute mass
scale?

e \WVhat is the nature of neutrino
mass”?

® Dirac or Majorana?

® Answers important for theories
about origins of neutrino mass

e Relations to flavour? GUTs?

e Cosmological and astrophysical
implications

' Morgan O.
Birmingham HEP Seminar
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The LSND Signal

e The LSND experiment observed a small excess of Ve
events in a v, beam.

Data excess: 87.9 £ 22.4 £ 6.0 (3.8 0)
Best fit: Am? ~ 1 eV?, sin%28 ~ 0.003

Phys.Rev.D 64, 112007 (2001)

% 175 ‘“"ﬁ‘m— B -
& ol N ® Beam Excess
W r 0 LSND
15| BEE p,—v.e'n o _ _
S : — | ELE v, OV,
% 105 : Lol pfVe.e)n <] |
! S other L
I 0 E
10} |
: 10 — .
72| Atmospheric
5f . 3_ VM—WX f
25| : :
rioesiels e A P Sl et 1D s SO]HF MSW _
O :_\——;—V\‘._'{"a\'_/.k-/ TaTHaTaTeTs x-_'_{'a-}‘_' ey \-(\-_{( '\';)"y"'f?}:‘x_‘;‘}f-/){_'{":"\’,‘-* E V ﬁv .E
' C e X ]
C , | f f f f | f f , | ) - m
-5
0.4 0.6 0.8 1 1.2 1.4 LD ""'L';_3 — L['j — ""'L'[':I_L — L
L/E, (meters/MeV) <in220
Imperial College  SciBo NE( ' Morgan O.
- Birmingham HEP Seminar
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http://prd.aps.org/abstract/PRD/v64/i11/e112007
http://prd.aps.org/abstract/PRD/v64/i11/e112007

Sterile Neutrinos

e | EP experiments
measured the number of
light neutrinos: 3

ALEPH

¢ Only two independent Am?
values for 3 neutrinos

®2.5X103+7.6X10° # 1

ag (nb)

e | SND signal involves
sterile neutrinos, if it is due
to neutrino oscillation

Eneray (GeV)

Phys.Lett.B 313 520 (1993)

= They do not interact via
the weak force

Imperial College SciBooNE .. .
——4 Birmingham HEP Seminar

Wednesday, 16 January 13



Active-sterile Neutrino
Oscillation?

e Sterile neutrinos could still mix with active neutrinos!

3+1 sterile neutrino scheme
A simple realisation of the sterile neutrino is

. . : 4 | LT
a right-handed neutrino vk, which can be
mixed with active v..
AmzLSND
/ Uel UeZ UeS Ue4 \ / V1 \
-z 22:2 7]
UT]_ UTZ UTS UT4 **e Vs ] v
2 S
Usll U812 U813 U814 *ee Vg Am; F o] \
e o o e o o e o o e o o ooo) \ooo) 2_ AZ_ I:I,VM
| ——— o B v,
Imperial College SciBooNE( Birmingham HEP Seminar ' Morgan O.
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MiniIBooNE ve Results

e MiniBooNE recently tested the LSND signal.
e Ruled out most of LSND region in vy— ve search.

e However, observed (small) v, — ve €xcess.

e (Consistent with LSND?7??

e \We want to test this with disappearance measurements!

10

IAm?l (eV?/c?)

-
Q

T T T
Vu—> Ve

1

— MiniBooNE 90% C.L. 1

--- KARMEN2 90% C.L.

- = Bugey 90% C.L. “

L 1 1 111l

-
-----
~
-

————

-
__—
- -
-~
-

hY

S~
Se
~

Sa
~
~
~
~
-
S
~

] LsND 90% C.L. S .
[ ] LSND99% C.L. S S

Phys. Rev. Lett. 98, 23180T(2007)

Y

I I I ‘
11 | | | 11 1 1111 | 1 1 1 111N

10-2 L1

107 1072 10" 1

sin?(20)

10

10"

1072

:,; LB .: LERn | T = %_ LS =
E II' tg ' — V u V e
C | ——oes%CL

} i !

10 |-

R I — 99% CL i
e (R KARMEN2 90% CL
F __,_,_{ ""v-.-,.‘--h I,'. ........... BUGEY 90% CL 1

1oL PhysRev|efi™105 18180 2040)

-

LSND 90% CL

LSND 99% CL e
llll L L lllllll L L Illllll l:r’:l_:i
1073 1072 107 ]
sin“26
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http://prl.aps.org/abstract/PRL/v105/i18/e181801
http://prl.aps.org/abstract/PRL/v105/i18/e181801

Indications of Sterile Neutrinos?

Gallium Anomaly: v, Disappearance? —~102 Errm

<\|> S IIIII | Ié8lol/llgl— LI IIIIfI;
« SAGE and GALLEX gallium solar neutrino O —— 90% CL
experiments used MCi ®'Cr and 37Ar E T — 95%CL
. . < I — 99% CL
sources to calibrate their detectors 0 _ — 3o CL
— A recent analysis claims a significant : < KARMEN2 90% CL
(3@ def'C't , [ @ MiniBooNE Appearaice
(Giunti a'nd Laveder, 1.006.3244.v3. [hep-ph]) I ‘ arXiv:1207.4809
« Ratio (observation/prediction) = 1L s _
0.76 £ 0.09 :
* An oscillation interpretations gives i
sin226 > 0.07,Am? > 0.35eV?2 -
107 E
) - - DLSND 90% CL
Reactor Antineutrino Anomaly B
= DLSND 99% CL
Re-analysis of predicted reactor fluxes based on a new approach for the jo2 bl il el i
conversion of the measured electron spectra to anti-neutrino spectra. 103 102 10" , 1
» Reactor flux prediction increases by 3%. sin"26
* Re-analysis of reactor experiments show a deficit of electron anti-neutrinos
compared to this prediction — at the 2.14G level o T TLT T
* Could be oscillations to sterile with Am?~1eV? and sin226~0.1 RN Biop g2 BT BRIy
L 1

Red: Oscillations assuming 3 neutrino mixing
Blue: Using a 3+1 (sterile neutrino) model

VD T =AM praa naw
e 2
e

Freen JOURCINOR | KR

&
T
|

- G. Mandon et al hep-ex/ 012755 -

(17 SETTR

1
]

N.B.: several 2-3 o results don't constitute compelling evidence...

Imperial College SciBooNE o ] Morgan O.
_< Birmingham HEP Seminar
Wednesday, 16 January 13 22




Appearance Vs.
Disappearance

Testing appearance signals with disappearance measurements

Vu—Ve dppearance

L
P(VIJ' — Ve) — 4{Ue4|ZIUp,4‘2]Sin2 1.27Am215

\_ - -/
\

Ve disappearance

L
P(ve — v2) = 1 - 4U.a*(1 f U ) sin |1.27Am3, 7

v, disappearance - I
P(vy, > vgy)=1— 4{ “4|2(1 — |U,,J4:|2ﬂsm2 1.27AmilE

. J

Vy—Ve @appearance probability can be constrained by ve and v,
disappearance measurements!

Imperial College SciBooNE o _ . Morgan O.
'—_< Birmingham HEP Seminar
Wednesday, 16 January 13 23



Impact of Disappearance
Experiments

Compatibility of the existing C. Giunti, arXiv:1110.3914
measurements in (3+ 1) model (see also J. Kopp, M. Maltoni, T. Schwetz, arXiv:1103.4570)

Ve disappearance v, disappearance Vu—Ve appearance

10 ————=

10 10 ¢

99% C.L.

| — Bugey-3 (1995) | — QF?e/agots /
H -——- Bugey-4 (1994) + Rovno (1991) . L 4 | —— CDHSW + Atm y ]
H —— Gosgen (1986) + ILL (1995) » g L | | Elss,\allgpfa’\;aBrL_ce : |
| —— Krasnoyarsk (1994) ] I \ 4
TE TF E TF E
NS]G NSE | ] ng | :
99% C.L. i
{ —— CDHSW (1984): v,
—— ATM: v, +V,
10—2 10—2 I I I I | L L L 10—2 | Ll Ll
1072 10 1 1072 107 1 107 107 1072 107 1
Sin?20ee sin20uy sin?20pe
e Most of LSND region not compatible with disappearance results.
e Disappearance measurement is a powerful tool!
Imperial College SCiBOUNE‘ Birmingham HEP Seminar ' Morgan O.
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Other Scenarios

e 3+2 sterile neutrino mixing J. Kopp, M. Maltoni, T. Schwetz, arXiv:1103.4570

PRD 76, 093005 (2007) e
PRD 80, 073001 (2009) 1o - HoweCTTegion in 2 mode .

arXiv:1103.4570 '
_ _ _ 3+2 g
e Sterile neutrinos in extra
dimensions i / ]

PRD 72, 095017 (2005) ~F /

e Decaying sterile neutrino

| |||||||
AN
AN
AN
AN
AN
\
AN
AN
AN
%
S
:
| |||||||

JHEP 09, 048 (2005) 7 14341
e CPT violation 990/2,/95%,99%,99.73%|CL 2 dof)
0.1 | L1 1 1111 I 1 1 1111
PRD 77, 033001 (2008) 0.1 g 10

Am,,

Disappearance measurements can
constrain these models.

Imperial College SciBooNE o ) ' Morgan O.
_< Birmingham HEP Seminar
Wednesday, 16 January 13 25



v, Disappearance
Measurements

| - v, disappearance
e |mportant to independently test v, i
and v, disappearance. 10
T F
e Testing CPT-invariance. T |
T 1 iniBooNE v % C.L. sensitivi
e Recently, MiniBooNE searched for = MiniBooNE v 00% G.L imit
—_— . . - Sz best fit: (17.50, 0.16) with 2 of 12.72, x?(null) of 17.78
vy and vy disappearance with [ st excluged, CDHS
MiniBooNE data only 10— —— 3
(PRL 103, 0611802) - vudisappearance
¢ That analysis used the flux shape 0L
only, and suffered from large flux 3
and cross section uncertainties. g |
® Improve with near detector - MBOoNE 1. 50% O ety
COnStraintS! i 7;\\7b9eos:/ fuCtL (31.?6;I 069%) (\;/\I/__ltg v2 of 5.43, x2(null) of 10.29
10- Iolexcl:ulel,lllI | o
010'2 10-1 1
London - ege _<SCiBOONE Birmingham HEP Seminar sin2(20) ' Morgan ©-

Wednesday, 16 January 13 26



v, Disappearance
Measurements

vp dlsappearance

® Important to independently test v,
and v, disappearance.

Q
>
2,
£
<

e Testing CPT-invariance. A
| o 0L T e oL e e
® SciBooNE and MiniBooNE have gt 90% CL limits from p Pe

I S S 90% CL sensitivity (Sim. fit)

already produced a joint vy g
disappearance result E '

55 \gh LR ~ IRARLEED 90% CL limit (Spec. fit)

e \World's strongest limit at =

90% CL limit (Sim. fit)

10 < Am?2 < 30 eV/?2 M—— e e T A —

arXiv:1106.5685[hep-ex] |
Phys. Rev. D 85 032007 (2012) 10°

Imperial College SciBooNE o _ . Morgan O.
_< Birmingham HEP Seminar
Wednesday, 16 January 13 27


http://arxiv.org/abs/1106.5685
http://arxiv.org/abs/1106.5685
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Overview

,, 100 m 440 m

Imperial College SciBooNE -' o )
London ——< Birmingham HEP Seminar
Wednesday, 16 January 13 29
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Ove

SciBooNE

100 m 440 m
e MiniBooNE is designed to test the LSND signal
e | SND L/E: 20m/30MeV ~ 0.7 meter/MeV
e MiniBooNE L/E: 540m /0.8 GeV ~ 0.7 m/MeV
e SciBooNE (2007-2008) has two purposes

® Precise measurement of neutrino cross section for future

oscillation experiments (T2K, etc)

e MiniBooNE near detector

Common Common neutrino Significant reduction of
beamline target (both carbon) systematic errors

Imperial College SciBooNE o ) ' Morgan O.
_< Birmingham HEP Seminar
Wednesday, 16 January 13 30



Fermilab Booster v Beam

Be target and horn 50m decay volume soll

8 GeV proton

-
-
L.
= -
-
-
- -
= -
= -
bl

el
- -
-
.....
- -
- -
-

o U
i Flux at SciBooNE
_ _ % (similar to MiniBooNE) —all
® [ntense v, beam with the mean =
energy of ~0.6 GeV >
o
e 93% pure muon flavour beam. o 107
o WS BGs need to be E R

constrained

e v, beam is also produced by
inverting horn polarity.

'IMF M‘-W\‘\H
!
|‘JIJLVIM | |

0 05 1 15 2 25 3 35 4 45 5
E, (GeV)

Phys.Rev.D79.072002(2009)

Imperial College SciBooNE o _ . Morgan O.
'—_< Birmingham HEP Seminar
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http://prd.aps.org/abstract/PRD/v79/i7/e072002
http://prd.aps.org/abstract/PRD/v79/i7/e072002

Neutrino Interactions

G.P. Zeller
s " CC/NC v, Im v,
> quasi-elastic  ~~_ L
\ Sce(lglezr)lng w+ 7
42%/16% " T—pP T~
0.8
=
O 0.6
. CC/NC v, Ty v
S rzso?ancz? ) \/ St
~ [ 2 production (11T
Wt o 0
A 25% | 7% T Z x
— A< p AT
%02 P B F P
=y
C’ (\_T
’ Pseudo-Feynman diagrams of
Neutrino interaction data before oscillation era neutrino Interactions
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Neutrino Event Generation

Use two event generators:

NEUT and NUANCE
"."> =
G | Total (CC + NC)
E
= L
Lo
= L CC total
w |
o | CC-QE
s DIS
0.5 (include CC-multi x)
: CC-resonant «t
|t  —— l;lglglé#lngA_gblx#_.Jl;l
b 1 2 3 4 5
E, (GeV)

Quasi-Elastic
® | lewellyn Smith, Smith-Moniz
o Ma=1.2GeV/c2

o Pr=217MeV/c, Eg=27MeV
(for Carbon)

Resonant

® Rein-Sehgal (2007)
® Ma=1.2 GeV/c2
Coherent CC/NC-11r
® Rein-Sehgal (2006)
o Ma=1.0 GeV/c2
Deep Inelastic Scattering
GRV98 PDF

Bodek-Yang correction

\

Intra-nucleus interactions

Imperial College SciBooNE o _ ' Morgan O.
_< Birmingham HEP Seminar
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SciBooNE Collaboration

N

SciBooNE

SciBooNE, 2008 .

Universitat Autonoma de Barcelona

University of Cincinnati
University of Colorado, Boulder
Columbia University
Fermi National Accelerator Laboratory
High Energy Accelerator Research Organization (KEK)
Imperial College London
Indiana University
Institute for Cosmic Ray Research (ICRR)
Kyoto University
Los Alamos National Laboratory
—— —— Louisiana State University
Massachusetts Institute of Technology
Purdue University Calumet
Universita degli Studi di Roma "La Sapienza“ and INFN
Saint Mary's University of Minnesota
Tokyo Institute of Technology
Unversidad de Valencia

63 physicists

: : : : Spokespersons:
5 countries 18 institutions M.O. Wascko (Imperial), T. Nakaya (Kyoto)

Imperial College SciBooNE‘ B'rm'ngham HEP Seminar ' Morgan O.
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® | ocated 100 m from target.

100 m " 440 m

Muon Range Detector ® SciBar:

(MRD) e Fully active scintillator tracker

(~14000 strips)

SciBar

® Neutrino target (~10 ton)
® Main component : CH

® Muon Range Detector (MRD)

e Sandwich type detector of
steel + plastic scintillator.

® Reconstruct muon energy

from path-length
Electron
% Catcher (EC)

Imperial College SciBooNE o ) . Morgan O.
_< Birmingham HEP Seminar
Wednesday, 16 January 13 35
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http://prd.aps.org/abstract/PRD/v78/i11/e112004
http://prd.aps.org/abstract/PRD/v78/i11/e112004
http://www.hep.ph.ic.ac.uk/~wascko/
http://www.hep.ph.ic.ac.uk/~wascko/

MiniBooNE Collaboration

A. A Aguilar-Arevalo®, A. O. Bazarko!?, S. J. Brice”, B. C. Brown?, L. Bugel®, J. Cao!l, L. Coney?,

J. M. Conrad®, D. C. Cox®, A. Curioni'®, Z. Djurcic®, D. A. Finley”, B. T. Fleming'€, R. Ford’, F. G. Garcia’,
G. T. Garvey?, 1. A. Green®?, C. Green™? , T. L. Hart?®, E. Hawker!®, R. Imlay'®, R. A. Johnson®, P. Kasper”,
T. Katori®, T. Kobilarcik”, I. Kourbanis’, S. Koutsoliotas®, E. M. Laird!®, J. M. Link!, Y. Liu'!, Y. Liu!,

W. C. Louis?, K. B. M. Mahn®, W. Marsh”, P. S. Martin”, G. McGregor®, W. Metcalf'?, P. D. Meyers'2, F. Mills”,
G. B. Mills?, J. Monroe®, C. D. Moore”, R. H. Nelson?, P. Nienaber!®, S. Ouedraogo!®, R. B. Patterson!?,

D. Perevalov!, C. C. Polly®, E. Prebys’, J. L. Raaf®, H. Ray®, B. P. Roe!!, A. D. Russell’, V. Sandberg”,

R. Schirato®, D. Schmitz®, M. H. Shaevitz®, F. C. Shoemaker!2, D. Smithé, M. Sorel®, P. Spentzouris?,

I. Stancu!, R. J. Stefanski”, M. Sung!?, H. A. Tanakal?, R. Tayloe®, M. Tzanov%, M. O. Wascko!?,

R. Van de Water?, D. H. White?, M. J. Wilking?, H. J. Yang!!, G. P. Zeller®, E. D. Zimmerman*

o NG

! University of Alabama, Tuscaloosa, AL 35487
®Bucknell University, Lewisburg, PA 17837
3 University of Cincinnati, Cincinnati, OH 45221
2 University of Colorado, Boulder, CO 80309
®Columbia University, New York, NY 10027
SEmbry Riddle Aeronautical University, Prescott, AZ 86301
"Fermi National Accelerator Laboratory, Batavia, IL 60510
*Indiana Univergity, Bloomington, IN {7405
9Los Alamos National Laboratory,
Los Alamos, NM 87545
19 Louwisiana State University, Baton Rouge, LA 70803
" University of Mickigan, Ann Arbor, MI 48109
12 Princeton University, Princeton, NJ 08544
13 Saint Mary’s University of Minnesota, Winona, MN 55987
14 Virginia Polytechnic Institute & State University,
Blackabwrg, VA 24061
Y Western Illinois University, Macomb, IL 61455
Yale University, New Haven, CT 06520
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MiniIBooNE detector

® | ocated 540 m from target

100 m 440 m

e Mineral oil Cherenkov detector

e n=147
| e Select v, with single muon and decay
A A, < electron signal.
$8/68:66 60 osems e Total mass: 800 ton

B o 060000 e Main component: CHz

- B B B F F SN

e Taking beam data since 2002

- 8 & P B aREs

i S e Nucl.Instrum.Meth.A599:28-46.2009

& & & B 2 9N

2 detectors share the beam and

i

Imperial College SciBooNE o ) ' Morgan O.
_< Birmingham HEP Seminar
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http://arxiv.org/abs/0806.4201
http://arxiv.org/abs/0806.4201

Protons on target (x1E20)

Data sets

Period BNB Mode  SciBooNE POT MiniBooNE POT
Sep. 2002 - Dec. 2005 Neutrino — 5.58 x 104V

(" Jan. 2006 - Aug. 2007 Antineutrino 0.52 x 10?° (from Jun. 2007) 1.71 x 10 )
Oct. 2007 - Apr. 2008 Neutrino 0.99 x 1020 0.83 x 10%Y

Apr. 2008 - present

Antineutrino

1.01 x 104"

until Aug. 2008

8.4 x 1040

- == Delivered SC'BOON E oo
L aeees For analysis Y G
2~V V
-
0 | HE | | | | | i I | |

Jun Jul Oct Nov Dec Jan Feb Mar Apr

'07 '08

May Jun Jul Aug
Date

MinﬂiBooNE

nt
- 25

Analysis of the full antineutrino data sets presented today
- SciBooNE: (0.5 + 1.0) x 10%° POT
- MiniBooNE: (1.7 + 8.4) x 10%° POT

Imperial College SciBooNE (

Wednesday, 16 January 13

Birmingham HEP Seminar

' Morgan O.
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38



o *Data"AnaIYSiS Z

Wednesday, 16 January 13 o | 39



Analysis Overview

Simultaneous fit to data from both detectors

SB + MB Rec. E, Prediction <— SB + MB Rec. E, Data

\ Oscillation Fit

X2 — Z (D’L _ NZ) (M—l)f,;j (DJ - Nj)a

2,J=1

Advantages:

Direct fit for disappearance in SciBooNE and MiniBooNE.

Accounts for oscillation in both detectors.

Correlation between the two constrains systematic error.

Imperial College SciBooNE o _ ' Morgan O.
_< Birmingham HEP Seminar

Wednesday, 16 January 13 40



SciBOONE event selection

CC event : |
candidate

SciBar EC

MRD

SciBar .\
stopped M

~

MRD stopped

\=

~~

MRD penetrated

Use charged current

iInclusive sample

e Select MIP-like energetic tracks (P,>0.25GeV)

' W

W

m

® Reject side-escaping muons.
e 3 samples:
SCiBar—stopped (Pp,ep) Pu: Muon momentum

Flux

~

Imperial College SciBooNE(

Wednesday, 16 January 13

reconstructed by its

MRD-stopped (Py,8,) path-length

Bu: Muon angle w.r.t.

MRD-penetrated (6,) beam axis

True Ev (All CC event)

Ev

0 05 1

— Generated in FV
— Total selected
— SciBar stopped
— MRD stopped
MRD penetrated

—

1.5 2 2.5

3

True Ev (GeV)

Birmingham HEP Seminar

' Morgan O.
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Neutrino event selection

MRD matched/stopped event timing

§ ; (f—j)Beam t|m|ng Entries 31689
X [
, : 'UE) 10°E
® Booster provides pulsed beam with o — MRD matched event
1.6 MSeC width. 4 E —— MRD stopped event
® Require the event time to be within the 102
2 Usec beam window. - Cosmic background
e | ess than 0.5% cosmic ray i

contamination. 10

H

® ~10 k events total.

2 0 2 4 6 8 10 12 14 16 18
Event timing (u sec)

Imperial College SciBooNE o _ . Morgan O.
_< Birmingham HEP Seminar
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MiniBooNE
reconstruction

® Employ same selection/reconstruction
as used in previous MiniBooNE-only
analysis (PRL 103, 061802 (2009))

e Select CC quasi-elastic (QE) (vyp—utn)
like events by requiring hits from muon
and its decay electron.

® Reconstruct muon kinematics from the
Cherenkov light yield.

® Reconstruct neutrino energy from
muon kinematics.

® >68 k events!

ree _ Mp = (Mn = Ep)* — my, + 2(my — EB@

2(my, — Fp —@ +@ COS@)
Imperial College SciBooNE ' Morgan O.
—4 Birmingham HEP Seminar
Wednesday, 16 January 13 43



http://prl.aps.org/abstract/PRL/v103/i6/e061802
http://prl.aps.org/abstract/PRL/v103/i6/e061802
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MiniBooNE Phase |l Letter of Intent

Nucl.Phys.Proc.Suppl.159:79-84,2006

arXiv:1102.1964 [hep-ex]

Morgan O.

'SciBooNE
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SciBooNE WS Constraint

® ADC hits (area - charge)

: vertex resolution ~5 mm TDC hits (32ch OR)
150/
100
i | 00
o St 1)
| 4
0
-50
100!
SciBar EC MRD
, (SO —
100 150 200 250 300 50 0 50 100 150 200 250 300
v, CC-QE candidate v, CC-QE candidate
(vy+tp—H+n) (vt n—p+p)
Imperial College SciBooNE( Birmingham HEP Seminar . Morgan O.
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MiniBooNE WS Constraints

104

1.CCQE muons have different angular
distributions

e Excellent angular resolution due to
cosmic muon calibration

2.CC11+ event selection: R T X T e P Tyt
. cos®
¢ Tag vyN—p~-11*N events with two P
Michel electrons S oed N o

10°F 10°F

e 11- captured by C, do not decay
e Cannottag vuN—pu*1T"N events:

only 1 Michel
e Two Michel sample is 85% pure WS | |
e Check with muon lifetimes b _
0 2000 4000 6000 St;.(i:v (:)s(;OO 0 2000 4000 6000 8tOeO-(t)v (:;(;O(]
Imperial College SciBuoNE( Birmingham HEP Seminar ' Morgan O.
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~90% v purity

~90% vV purity

WS Constraints
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http://prd.aps.org/abstract/PRD/v84/i7/e072005
http://prd.aps.org/abstract/PRD/v84/i7/e072005

vy survival prob. for the total # of events

Oscillations at - 7

—h

o o
©
|

both detectors &\ |«

o
FS

o
w

R R i N i
“E Oscillation maximum Oscillation maximum

o
N

e Oscillation reaches maximum
at the first oscillation peak,

o
-
£
=
oy
Q)
o
W

10 5

Q, [TTTT
—h

0
1

¢ then washes out at high Am?
by integrating over neutrino
energy.

® Since we compare the MB flux
with SB, P(MB)/P(SB) is the
expected signal.

e Ratio can go up or down
depending on Am?.

Imperial College SciBooNE o _ ' Morgan O.
———< Birmingham HEP Seminar
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SciBooNE event predictions

g_soo m2 — (mn — Eg)? —m? + 2(my, — Ep)E,
2 2(m, — Ep — E,, +p, cosb,)

04002 i B

e Fit in bins of

EUUH reconstructed neutrino

100 § -

energy

® Need to understand
contributions from

w
a
o

events per bin
w
[=}
o

® Targets, C and H

N
A
o

200 ® Process, QE, 1pi, npi

50111

Imperial College SciBooNE o _ , Morgan O.
—< Birmingham HEP Seminar
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SciBooNE event predictions

gsoo B m2 — (mn — Eg)? —m? + 2(my, — Ep)E,
£ 2(my — Ep — B, 4+ pycosb,)

400

01| S R

e it in bins of
reconstructed neutrino
energy

200f=5

100 -

® Need to understand
contributions from

W
o
o

® Targets, C and H

events per bin
N
[$2]
o

200 ® Process, QE, 1pi, npi
100"‘

s0f-

Imperial College SciBooNE o _ , Morgan O.
—< Birmingham HEP Seminar
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MiniBooNE event predictions

§45005 B mg — (m’n — EB)2 — mi =+ Q(mn — EB)E,LL
g 400E 2(m, — Ep — E,, + p, cosb,)
@ 3500
q>)30005 e
2500 A o -
2000 | e Fit in bins of
1500 {1 .
3 reconstructed neutrino
sooE=—| energy
® Need to understand
e T contributions from
g™ ety e Targets, C and H
T 800

® Process, QE, 1pi, npi

Imperial College SciBooNE o _ ' Morgan O.
——4 Birmingham HEP Seminar
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MiniBooNE event predictions

%45005 o mg% - (m’n — EB)2 o m/ZL + Q(mn — EB)E,LL
g‘“’oo; 2(my — Ep — B, 4+ pycosb,)

3000F-
2500 -]

2000

e it in bins of
reconstructed neutrino
energy

1500 |-
1000 |-
500 E= |- dpm wa ®

® Need to understand
contributions from

® Targets, C and H

events per bin
o
o
o

® Process, QE, 1pi, npi

Imperial College SciBooNE o _ , Morgan O.
—< Birmingham HEP Seminar
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Systematic
uncertainties(1)

Flux uncertainties

“ 0.25

8 GeV () >y,
Proton 0.2
0.15

e Use HARP p-Be interaction measurement
uncertainty for the error analysis.

0.1

® Becomes negligible after taking ratio between
SciBooNE and MiniBooNE 0.05
" production cross section 0

nppi_prortie_u nppi_prorie_1

Fractional uncertainties

-- Total error
-- MB detector error
-- Flux error

B

lI

04 06 0.8 1 1.2 1.4

1.8

Reconstructed E (GeV)

: i, 0.03 <0, <0.06 200f 0.06 <6_ < 0.09
200:— et il .|{F
1505 {[iP 1501
100 1001
50 -
] : \
OC . | i T N T T TR
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
pr (GeV) pr (GeV)
| ial Coll ciBoo
ondon 0 M( Birmingham HEP Seminar

Wednesday, 16 January 13

-- Cross section used
for MC production
-- HARP data

-- Spline interpolation

of HARP data

' Morgan O.
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MiniBooNE CCQE sample

SySte m at| C Q? distrbutior

uncertainties (2) =/ 0«

1.01 1.02 1.03 1.04 1].85

4000—

Cross section uncertainties b

e\/ariations of Q2 (muon angle)
distribution can change relative _ Total error

acceptance. 025__ MB detector error

. E__ C t
SciBooNE: (mostly) forward muons oz o0 oo ST

Fractional uncertainties

eMiniBooNE: isotropic acceptance. .5

0.1:— w T

® [he major source of the systematic

error, together with the MB detector ; —
i L
response error. 005 L | —
0:I | 11 1 | L1 1 | 11 1 | 11 1 | L1 1 | L1 1 | 11 1 | |
04 06 0.8 1 12 14 16 1.8
Reconstructed E (GeV)
Imperial College SciBooNE( Birmingham HEP Seminar 1 Morgan O.
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Oscillation fit

e The 2 ranges over bins xX>= ) (Di—N;) (M), (Dj — Nj),
in reconstructed energy tI=1
for both SciBooNE and . :
MiniBooNE. Ax” = X" (X (Ophys), M (Ophys)) — x” (X (0r), M (0pr))

Total Correlation Error Matrix

e Use Ay? test statistic

and Feldman-Cousins §4o
method for analysis -
>

e Construct one large
error matrix for both
detectors simultaneous

® Strong correlations
between detectors
constrain errors

powerfully
5 10 15 20 25 30 35 40
MB/SB bins
'E‘Sﬁﬁﬂi' College _(SCiBOONE _. Birmingham HEP Seminar ' MOVR’?SI“:'?‘;
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Uncertainty reduction

Data/MC ratios with errors show

O P T T TS reduction of systematic uncertainties
= H 7 MiniBooNE: d
" : Both SciBooNE and MiniBooNE
1_2:_ ____ .............. “ ..... - __z__ :__ 11 _: ShOW Sllght data excesses
e TITIT T -
[ ] ~ AL UL RN UL UURLINL | DU DL | IO L B | LI | ORI | LI UL I | -
o.5[ R ] CED 1.6
R Y oy N Y a ‘\..E
ESE (GeV) S
oM
D
O m
= =
© ..
8 o
ke ©
© o
Fe)
-
O
©
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90% CL limit

102;@
e No disappearance signal
observed 10k
e Data consistent with null |
oscillation hypothesis. = T
e The observed limit shows & [
slight deviations from the < j
+10 band. JpRe IR N N S R -
e World’s strongest limit at
0.2 <Am? < 60 eV? - | | | | :
102 L+ TSN TN WU AU U OIS SO SO SO SHUNIS TH AN TS T

Phys. Rev. D 86, 052009 (2012). 0 0.2 0.4 0.6 0.8 1
sin®(20)
Imperial College SdBOONEé Birmingham HEP Seminar , Morgan O.
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http://prd.aps.org/abstract/PRD/v86/i5/e052009
http://prd.aps.org/abstract/PRD/v86/i5/e052009

Discussion

® Possible Improvements:
e Dominant uncertainties:

Size of errors at MB . .
neutrino x-section and
- Totalerr. MiniBooNE detector
r Xsec err. response
0.2:— MiniBooNE det. err. ® TO reduce deteCtOr
- error, need identical
0150 detectors or 102MeV e-
i T I I
} T e Further analysis of
0050 1 SciBooNE (and
o MiniBooNE) data could
04 08 08 112 e &% reduce the cross
section errors if we had
newer/beftter cross
section models.
Imperial College SdBOONEé Birmingham HEP Seminar , Morgan O.
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Growing Consensus

¢ \We need broad coverage of T2K
neutrino interactions g|ooooooe =
. o|FER T Argoneut
= \odel independent - it .
measlurements at many energies, “=- o o|DRoe MINERVA
nuclel o- Z[0Oooooe s
oo 175 DDDD: o
pM Q goano
¢ Move away from process cross- g
sections = / o
e o(QE), o(res =), o(coh ) ~ 210 T. Katori (MIT)
. . E 142 () [ S e eern
¢ Instead measure final state particle < 2 dﬁﬁN n
cross-sections I i
= e RFG model with M<"=1.03 GeV,k=1.
® 5(CC), o(w), o(u+p), o(u+m)
0: L .
. . -1 QE,RFG GeV
= Since 013 is large, we need to 10 1 10 B (GeY)
understand these systematics in
order to measure CP violation!
Imperial College SciBooNE( Birmingham HEP Seminar ' Morgan O.
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Conclusions

e \Ne have performed a joint search for muon antineutrino

disappearance at Am? ~ 1eVV2 with SciBooNE and
MiniBooNE.

e No evidence for numubar disappearance.
e Setworld’s best 90%CL limit at 0.2 < Am? < 60 eV~-.
e Pushed limits into interesting regions for global fits.

e (Still waiting for new global fits...)
e Phys. Rev. D 86, 052009 (2012).
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Oscillation
Observations

® Atmospheric region:
Am? ~ 103 eV?

e Super-K, K2K, MINOS, etc

® Solar region:
Am? ~ 10° eV?

e SNO, Super-K, KamLAND, etc

Only 2 Am? regions are allowed in the current SM

tan®o

http://hitoshi.berkeley.edu/neutrino

104
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with 3 neutrino generations

However, there is one more region
claimed by the LSND experiment at
Am2 - 1 evz ' Morgan O.
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What does MiniBooNE claim?

1. No ve excess in v, beam above 475 MeV.
) [aximal oscillation sensitivity if LSND is L/E and CPT invariant.

2. 30 excess (128 * 43) of ve candidates in v, beam below 475
MeV.

m» Does not fit well to a 2v mixing hypothesis

3. Small excess (18%£14) below 475 MeV in v, beam.
=) Rules out some v, beam low-E excess explanations.
4. Small excess (20.9 = 14) in v, beam above 475 MeV.

m» Null hypothesis in 475-1250 MeV region has p-value 0.005
mp 2v fit prefers LSND-like signal at 99.4% CL.
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Comparing MB to LSND

Fit to 2v mixing model

10° T T
) —— 68% CL : :
s Model-independent plot of inferred
- oscillation probability
. i; ------ KARMEN2 90% CL
10} ) it (-~ BUGEY90%CL 0.020- , . s
| =y * LD
o | = 0015} 4 MB v mode S—
c\f\) B 0
C ’ = 0.010}
— - s |
E 0.005} o * Jt—]
< | I |
0.000} + f’* “j“ l
107 ' T+ ‘
LSND 90% CL § 0000270206 08 10 12 14 16 175 26
e L/E,(m/MeV)
LSND 99% CL g™
1072 bttt ot bl "
10° 16 10° 1
sin°(26)
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vy Disappearance (cont'd)

e | arge allowed region from global fit to world data with (3+1)
model, if vy and v, fit independently.

102 Vu disappearance 0 v, disappearance

3+1
(3+1) (3+1)

"€ MiniBooNE fg

C Imits
o i
>
CJ 1F
N E
E B
< L

107 v SBL 90% CL
3 B ¥ SBL 99% CL
— MiniBooNE v, 90% CL

10

Allowed regions from
(3+1) global fits

AmZ (eV )

G. Karagiorgi, et al. Phys. Rev. D
80, 073001 (2009)

e Trytoimprove MiniBooNE results with a near detector

(SciBooNE).
e Flux+shape analysis with reduced systematic error.
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MiniBooNE prediction

Fractional error

0.4
------------------ — Total err. FIUX/X_SeC and tOtal error

-I\/IlnlBooNE -only Flux/X- sec. s Xesoo o , constrained by SciBooNE
: and total error : N Sy data
- Em s s sE s s s s s s s s =l MiniBooNE det. err. . /

0.25F~ /

L
0.2 777 '____,I

; _ MiniBooNE detector

OIIIIIIIIIIIIIIIIIIIIIIIIIIII
04 06 0.8 1 12 14 1.6

1 I 1
1.8
Reconstructed E (GeV)

| ee— —

Successfully reduced flux and cross section errors to the same level
as the MiniBooNE detector response errors.
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Simultaneous Fit

oFit reconstructed Ey distributions from SciBar-stopped, MRD-
stopped and MiniBooNE samples simultaneously.

®16 bins/sample x 3 sample = 48 bins

e All bin-to-bin correlation is included into the fit.
e Off-diagonal elements are strongly correlated.

IBooNE |  SciBooNE MiniBooNE
“O8/ SciBar-Stop | MRD-Stop

4000

@® Fake Data
B MC with error
(Diagonal part)

3500

3000

2500

2000

15005— * MiniBooNE
10002— distribution is
soopF- B scaled by ~1/7
0.3 Ev(GeV) 1.90.3 Ev(GeV) 1.90,3 Ev(GelP GeV
Imperial College SciBooNE( Birmingham HEP Seminar ' Morgan O.
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Simultaneous Fit

oM C prediction is renormalised by the
number of events in SciBooNE.

eEvaluate Ny? =
v?(each point) -y?(best)
BINS
x> = > (di — Npi)My;~'(d; — Npj)
1,]
di: Data

pi: Prediction (function of osc. parameter)
Mij: 48x48 covariance matrix
N: Renormalization factor

e Again, Feldman-Cousins’s method is
used to determine the CLs.

Imperial College  SciBooNE o )
——< Birmingham HEP Seminar
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Survival probability

-- SciBooNE SciBar-stoped
-- SciBooNE MRD-stopped
-- MiniBooNE
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1.04 .
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1
0.98
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094 |
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0.9
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: ; Amzzlev2 sin2286 = 0.1

Am’=9eV?  sin220 = 0.1

‘ I I B ‘ I — ‘ I —
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Predicting oscillation signal

SciBooNE .,

100 m 440 m

e Mean v path-length for SciBooNE events: ~76m
e Mean v path-length for MiniBooNE events: ~520m

e Each has 50m spread due to the finite length of the
decay volume

® \We consider three effects:
e (Qscillation at SciBooNE
e (Qscillation at MiniBooNE

e Smearing effect due to 50m spread

Imperial College SciBooNE o )
_< Birmingham HEP Seminar
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SciBooNE v path-length
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multaneous fit sensitivity

eSensitivities of the two
analysis method are
(roughly) the same.

e Simultaneous fit sensitivity
curve is smoother because
of smaller binning effects
than the spectrum fit
analysis.

' Morgan O.
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Simultaneous fit result
SciBooNE MiniBooNE

BOVVVE ) : £ 30000 —
s, SciBar-stop - MRD-step §  F e Data
g s o 25000 — e . -
= : = —o— Null oscill
] - Lo, [ ] Nun osciliation
20000[— . Non-CCQE events
= e
15000 — —o—
- —e-
10000 — .
= e
5000~~~ - == - = rmrmm e N
- T ey |
o 1. S ! ! ! ! ! ! i I .
5 14F Best fit
13 e Am?=1.0eV? smze 0.5
e . Am_100eV2 sin’20 = 0.5
15_ . T . : : . —e—
= —— A4 = — == o H___
0.9 B S kS
08
: 0.7 et
R & A 06
0.5E- L || . F e b b b by e 1 05:..|...|...|...|...|...|...|...|...|.
040608 1 1214161804 06 08 1 12 1.4 16 1.8 ~0 02 04 06 0.8 1 12 14 16 1.8
Reconstructed E, (GeV) Reconstructed E, (GeV) Reconstructed E, (GeV)
2 —
Best: Am? = 43.7 eV2, sin220 = 0.60 Ax= (90%CL, null) = 9.3

v2(null) = 45.1/48(DOF) (estimated by simulation)
x“(best) = 39.5/46(DOF) No significant oscillation
Ay> = x2(null) - x*(best) = 5.6 signal observed.
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00% CL limit from
simultaneous fit

® T[he observed limits
are within the 10
band.

® Another support for
null oscillation
signal.

e \World strongest limit at
10 < Am? < 30 eV~

® (Constrain sterile
neutrino mixing
parameters.
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Wednesday, 16 January 13

A m? [eV?]

. TR e R

0‘:

K\

...................

SB + MB 80% CL observed (Simu. fit)

==, .

g

"----...-... . i, Tireaa,, ........------------ traag
v,
ttrtinan,,,, .
e,
T

10 I . ;.ZZ";'_Z:}Z?{;ZZZZZZZZZZZZITEZZZ?Z?I?Z?Z?Z?Z;ﬁﬁ?:?ﬁf::ZCDHSIBOPﬁZZCL]imiZtZZZZIIIZEZZZIZZZZIZZZIZZ;ZIZZZZZZZZIZZZ
S I S A—

.......................................................................................................................................

CFR'90% CL timit oo

T O S U ST A R R e N

MiniBooNE orily'90% CL fimit "

o) - Ll R e e e R P P PR PR PP

8 . smeesssss. SB+ MB90% CL expected (Simu. fit)
8N [ SB+MB90%CL = 10 (Simu. fit

Sensitivity

0.1 0.2 03 0.

L

o_

6 0.7 08 09 1
sin®> 20

Birmingham HEP Seminar

' Morgan O.

73



systematic uncertainties

TABLE VIII. List of systematic uncertainties considered.

Category Error Source Variation Description
7 /m~ production from p-Be interaction Spline fit to HARP data [19] Sec. IIB
K /K° production from p-Be interaction Tables VIII and IX in Ref. [21]  Sec. IIB
(i) Nucleon and pion interaction in Be/Al Table XIII in Ref. [21] Sec. IIB
Flux Horn current +1 kA Sec. ITB
Horn skin effect Horn skin depth, +1.4 mm Sec. IIB
Number of POT +2% Sec. IIB
Fermi surface momentum of carbon nucleus +30 MeV Sec. IITB 1
Binding energy of carbon nucleus +9 MeV Sec. IIIB 1
(ii) CC-QE My +0.22 GeV Sec. ITIB 1
Neutrino CC-QE & +0.022 Sec. IIIB 1
interaction CC-1m Mgy +0.28 GeV Sec. ITIB2
CC-17 Q? shape Estimated from SciBooNE data Sec. III B2
CC-coherent-m M 4 +0.28 GeV Sec. IIIB 3
CC-multi-m M 4 +0.52 GeV Sec. III B4
A re-interaction in nucleus +100 % Sec. IIIB 2
(iii) Pion charge exchange in nucleus +20 % Sec. III B 5
Intra-nuclear Pion absorption in nucleus +35 % Sec. IIIB5
interaction  Proton re-scattering in nucleus +10 % Sec. ITIB5
NC/CC ratio +20 % Sec. ITIB 5
PMT 1 p.e. resolution +0.20 Sec. IID
Birk’s constant +0.0023 cm/MeV Sec. IID
(iv) PMT cross-talk +0.004 Sec. ITD
Detector Pion interaction cross section in the detector material +10 % Sec. ITD
response  dE/dx uncertainty +3%(SciBar,MRD), £10%(EC)  Sec. IID
Density of SciBar +1 % Sec. I1C
Normalization of interaction rate at the EC/MRD +20 % Sec. IIT A
Normalization of interaction rate at the surrounding materials +20 % Sec. IITA
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A0t Antonin Vacheret <Antonin.Vacheret@physics.ox.ac.uk>

2 -
<0 ‘66\;6 Gi, S 0 LI D

solid segmented plastic scintillator detectors

® Novel approach to detect antineutrinos
at reactors

e composite scintillator cells with Li°

e compact system with minimal shielding
(1.5m footprint for 1T Fiducial mass)

® very low sensitivity to gamma
background

® can achieve better signal to
background ratio than traditional liquid
scintillator system

e Originally developed for reactor
monitoring purposes

Imperial College SciBooNE o )
_< Birmingham HEP Seminar
Wednesday, 16 January 13

~7-9m

distance [m]

o o o™ »
N B @™ ©
I]II IIIIIIII]

o
I llll I

"By
2]
III

o i N
N L
[T T rT

ryap Oy [t | T (Ll (O IR e IO T |
2 4 6 8 10 12 14
Energy [MeV]

Am?2=2.35, sin%20ee = 0.16‘

-
I

Morgan O.

75


mailto:Antonin.Vacheret@physics.ox.ac.uk?subject=Twix%20plots%20at%20the%20PPAP%20meeting
mailto:Antonin.Vacheret@physics.ox.ac.uk?subject=Twix%20plots%20at%20the%20PPAP%20meeting

A0t Antonin Vacheret <Antonin.Vacheret@physics.ox.ac.uk>

<0 "66\(?\2 66%. S 0 L i D

® Measurement at ILL (2 years)
(~50k events)

e Baselines assumed: 7.5 m near
and 9 m far (being optimised)

e (ILL 0.8m x 0.4m core can
provide best resolution on SBL
oscillations)

® shape analysis using two detector
baseline

® signal from ratio of spectra

e 3D vertex reconstruction (< 10
cm resolution)

e oc/E ~ 0.1 MeV

Imperial College SciBooNE(
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DAEOALUS

arXiv:1006.0260 [physics.ins-de
0sc max (m/2) off max (m/4) Constrains
at 40 MeV at 40 MeV flux

t

High power cyclotrons

create massive Vy flux
at multiple baselines
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G\o‘ DAESALUS Adriana Bungau <A.Bungau@hud.ac.uk>

“«Medium term: IsoDAR

arXiv:1205.4419 [hep-ex]

~7Li (99.99%) 100
sleeve 95% €L
Proton beam | . 101
“Be target A (%
surrounded =1
by DO N ‘ 5
® High power cyclotrons Create
0.1 |
high Ve flux IsoDAR
® n+Li’—Li8 0.01 | |
— 0.001 0.01 01 200 1
> Ve, <Ey>=6.4MeV new
(3+1) Model with Am? = 1.0 eV? and sin?26=0.1 (3+2) with Kopp/Maltoni/Schwetz Parameters

® Placed near a good Ve detector ** \ /m\ i
(e.g. KamLAND) gives excellent

0.95 | | 095 ‘
sensitivity to sterile oscillation I, \/ \M MWW

d/Predicted

d/Predicted

Obs
(o]

e UK involved in accelerator and ) S —— |
beam dump studies
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Multiple sterile V channels
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Christopher Tunnell <c.tunnelll@physics.ox.ac.uk>

NuSTORM: oscillations

T 1 T LR
| Ve — vy @ppearance
101 | (CPT invariant channel to arXiv:1205.6338 [hep-ex] -
: MiniBooNE ve) T o1 -
Stored u
21
- 10 POT _ 341
% ; A2 stats Assumption
— 10" F E
A <
S
<
107" | o _
99% MB7/LSND
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NuSTORM physics programme

® As an experiment, NuSTORM can:
v/ Perform direct tests of the LSND and MiniBooNE anomalies.
v/ Perform direct tests of the Gallium and reactor anomalies.

J Test the CP- and T-conjugated channels, constrain with
disappearance. P
e

/ Make precise and unique measurements of v, and ve Cross- ,50\@Q0<60Q
g

. O S
sections QQ\\(\Q\)\,& X@
" %
e As a facility, NuSTORM: °
/ Provides an accelerator technology test bed
J Provides a powerful v detector test facility
® As a programme, NuSTORM: .
N
/ Provides an important step on the path toward discovery in $g®\\i$&(\(b\‘
neutrinos and collider physics < &9’ ©
O o
6* @‘
2N\
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NuSTORM v Cross-sections

¢ NuSTORM presents only way to measure Ve, \_/p
(& \_/e,vp ) cross-sections in the same detector(s)

e Supports future long-baseline experiments!

e E, matched well to needs of these experiments

NuSTORM members have submitted
a statement to the PPAP and the
CERN Strategy Committee

Recent calculations showing £ 008 o
expectations for differences between C o1 I e sl SS
- ' S ¢ Luat N
Ve and Vy cross-sections gé 01z -
We need data! < ot -
A s ]
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