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Outline

® |ntroduction to neutrino oscillation
o [2K experimental description
o T[2K v,—ve Oscillation

e (Conclusions and outlook

Imperial College —-«—'/\\ I ZI( UCL HEP Seminar Morgan O.

Friday, 17 February 12 2



Neutrino oscillation

W e
V

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 ard (1e2)

® if neutrinos have mass...
® a neutrino that is produced as a v,
* (e.g. T —p*vy
® might some time later be observed as a ve

® (e.g.ven —ep)

Imperial College __’_ﬁlz UCL HEP Seminar Morgan O.
3

Friday, 17 February 12
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http://ptp.ipap.jp/link?PTP/28/870/
http://www-spires.dur.ac.uk/cgi-bin/spiface/hep/www?j=SPHJA,6,429
http://www-spires.dur.ac.uk/cgi-bin/spiface/hep/www?j=SPHJA,6,429
http://www-spires.dur.ac.uk/cgi-bin/spiface/hep/www?j=SPHJA,6,429
http://www-spires.dur.ac.uk/cgi-bin/spiface/hep/www?j=SPHJA,6,429
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
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 Vp
are different from the mass eigenstates (v1, v2):
V2
V, cos0 sin0 Vi
— , S)
\7 —sin® cosO /) \ vy >
Ve
The weak states are mixtures of the mass states:
vV, > = —sinB|vy > 4cos8|vy >
: —iEqt —iErt
Vu(t) > = —sinb ([vi > e "™1") +cosO (|va > e ™)

The probability to find a ve when you started with a v, is:

Pascillatian(v,u — Ve) — ‘ < Ve‘Vu(I) > ‘2

Imperial College ‘_/_,/\\ I 2|< UCL HEP Seminar Morgan O.

Friday, 17 February 12 4



)
P(v, — v) = sin”2f;, sin2(1.27Am?2§)

Probability

¢? fundamental parameters
eAm? <> period
0, <= magnitude

o2 experimental parameters
e| = distance travelled
oFE = neutrino energy

eChoose L&E to target ranges of
Am? and 6

eNeutrinos disappear and appear

0.6

© ©
N -
III||I||III|II

A
<
y
<

L

III|III|III|IIIIIII

O i =
e - °
© ©

w

Fqu{EﬂMeWcmziﬁyrs)
b=
[ =]

6000

4000

2000

0

UCL HEP Seminar

Imperial College I Z’E \

Friday, 17 February 12
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)
P(v, — v) = sin”2f;, sin2(1.27Am?2§)

¢? fundamental parameters
eAm? <> period
0, <= magnitude

o2 experimental parameters
e| = distance travelled
oFE = neutrino energy

eChoose L&E to target ranges of
Am? and 6

eNeutrinos disappear and appear

Probability

&
[

=
[

0.6/
0.4/

0.2

(=]

Data/MC [

10

Imperial College I 2}2 \ UCL HEP Semine

Friday, 17 February 12
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—

)
P(v, — v) = sin”2f;, sin2(1.27Amf2§)

Probability

=)
)
<
\
<

0.6

¢? fundamental parameters

Illlllll

eAm? <> period
0, <= magnitude

IIIIIIIlIIIlIIlIIlI

o2 experimental parameters

e| = distance travelled 35| | Expected Signal+BG
| iS00
oE = neutrino energy 00 | AT b03V?
25 — Total BG
— BGf v +antiv
eChoose L&E to target ranges of 20/ || | T
AmZ and 6 15 J[ }’
eNeutrinos disappear and appear 10 +
i

0 v th
Imperial College TZ/E\ UCL HEP Seminar 0 05 1 15 2 2 constructed E:lfgev)s e

Friday, 17 February 12 7



Three flavors

flavor atmospheric Cross-mixing
Ve 1 0 0 ci13 0 syz3e™
Vi | = 0 Ca3 8593 0 1

U+ 0 — 8923 (€93 —81367'6 0

Vu Vr

Mass (eV)

0.0 atmospheric

@)

0.009 sorar

?

imperial College _v__jfl(\lz UCL HEP Seminar

Friday, 17 February 12

solar mass
c12 S12 0 V1
—s12 ¢12 0 || 2
0 0 1 V3

2.35+0.12 E-03 (eV2)

7.58+0.24 E-05 (eV?)

0.31+£0.018

0.42+0.08

~0.02+0.007

?

arxiv:1106.6028 [hep-ph]

Morgan O.
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http://arxiv.org/abs/1106.6028
http://arxiv.org/abs/1106.6028

all solar 95% S\
Cl 95%
— KamDAND] Q
< g . Vu Vr
O 2 | 0
(T SNO = VS
S10°° 95% -
< ] 9g<5°er_ ) 0.05 atmospheric
Ga 95%
_ — _ Vz
solar
10_9 T z e:\\/}X ] 0.009 — (V 1
L vuev; ] ?
B :A; ;i;i;s_are ai 90%CL 7
unless otherwise noted
1 0—1 2 | .
1074 102 10" 107
tan%0

http://hitoshi.berkeley.edu/neutrino
Imperial College ! Z ’R \ UCL HEP Seminar Morgan O.

Friday, 17 February 12
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Open Questions

e|mportant for theories about
origins of neutrino mass

eRelations to flavor? GUTs? <
. . 2 A Vu Vrt
e Cosmological and astrophysical 0 u
implications S| ™ V3
0.05 atmospheric
e\Vhat is the nature of neutrino
mass? V2
0.009 solar
eDirac or Majorana? VA1

e\What is the absolute mass scale?
e\What is the mass hierarchy?

e\Vhat is the value of 813? Ocp??

Imperial College V_J\ I 2|( UCL HEP Seminar Morgan O.

Friday, 17 February 12 10



How to measure 013

Atmospheric L/E _
B13 can cause Ve

disappearance in reactor
neutrinos

P(v,—V,)
o
(&)
| | | I I I | | |

Sollar L/E
10

10" 1
L/E (km/MeV) | 295Kkm |
- 1.2
' p=2.8g9/cor’ L=295km
(\ W’OSR 10°* Dys=n/4

6-"/‘ ‘O..-0.05
0.8 (sin"29,,=0.01)

Probability (%

013 can cause v,—Ve

0.6
appearance in long baseline
experiments -
0.2
Op—oz 04 T8 B8 7 T2 A

E E (GeV)
Imperial College I 2 UCL HEP Seminar Morgan O.

Friday, 17 February 12 11



Campaign for 013

X ’ — % - v N ‘
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iy
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C .

5. .. Double CHOOZ
o~ _(France)
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——
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W B e B
-

Imperial College I z
London

Friday, 17 February 12

ePhase | (by 2016):
Accelerators and Reactors

o 2K & NOVA;

Daya Bay, Double CHOO/Z,
RENO

eMeasure value of 13
P(VM%VQ) and P( \_’e9 \_/e)
o|f mixing > ~0.01

ePhase |l (farther future):

Long baseline superbeams and
Megaton detectors

eMeasure value of 813
o|f mixing > ~0.002

eSearch for appearance
probability asymmetry

UCL HEP Seminar Morgan O.

Wascko
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12K

e Start with world’s largest detector:
Super-Kamiokande

eBuild new neutrino beam

o Off-axis beam to Super-K
e | =295 km
oF =0.6GeV

eNear detectors at 280m to
constrain beam flux

UA1T Magnet Yoke

Downstream
ECAL

ePhysics Goals:

eprecise Am?232,023
measurements

esearch for 913

:_n;ﬁzr;?ll College I 2/2 \ UCL HEP Seminar

Friday, 17 February 12 14

Morgan O.
Wascko
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Intense beam

Imperial College I 2/2 \

Friday, 17 February 12

T2K strategy

UCL HEP Seminar

Gigantic detector
oscillation

Morgan O.
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12K strategy

Gigantic detector

Intense beam
WL e K oscillation

( ) Rl Ty
SciBooNE<
V U

\. J

Imperial College I 2}2 \ UCL HEP Seminar

Friday, 17 February 12 17

Morgan O.



Off-Axis Beam

- SK
i g E B ]
J-PARC ND;M-X; Sos | Oscillation Prob.
=06 ||| @ Am? = 3.0x103
0.4 ‘n
e Use kinematics of pion L o 1V R
3500 - v energy spectrum
decay to tune the 2o00] (Flux x x-section)
neutrino energy |
2500
e [lux peak at target 2000
energy for desired value 1500|
of L/E -
e E, well matched to Super-K 500 |
%" 05 1 15 2 25 3 35 _4

Imperial College I 2 ’E \ UCL HEP Seminar Morgan O.

Friday, 17 February 12 18
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. e CY2007 Beams 4 & COnStFUCtIOn

%, | —JEY2008 Beams - -
ﬁ Sy JFY2009 Beams Bird’$ eye photo in January of 2008 J FY2001 2008

EY X
Friday, 17 February 12
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J-PARC neutrino beamline overview

Near Detector

g Decay Volume o
3

o 109m

3

.....

emamen e e

Muon monitor

Pions are focused by
3 electromagnetic Horns.

Imperial College I 2 UCL HEP Seminar Morgan O.

Friday, 17 February 12 20



Neutrino Beam Performance

—— Physics run Proton per pulse(for physics run)
Xlolx y %1 012
:?::: Delivered proton# Proton per pulse(all runs)
Q — 100
"é 140 — ’_"r
o 120 Run 1 Run 2 80
qd ( I [ 1I‘ ,‘.“,'
w 100 — j ar . Y I g -
E .' p . |l_.r"; ...
2 80 — “' .- P ~—160
- TRE — _
' v I ! L -
60 ‘?"i ‘l " . *‘.‘“ .;' - 40
) ) P.. re i ' - ]
40 — . L IR ~ ‘
- ' e g — 120
20 //—/’ﬂ -
O - 1 <o : | ] 0
Jan/10 Aug/10 Mar/11
Date

Proton per pulse

e Total of 1.43x102° POT delivered, less than 2% of final design goal
e |mprovements from Run 1 — Run 2: added 2 bunches, more

protons/bunch, increased repetition rate.

e Reached 145kW beam power before earthquake shut down beam.

Friday, 17 February 12

UCL HEP Seminar

Morgan O.
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INGRID

mesconre T 21\

Fri day 17 February 12

Near Detectors

eutrino
beam

UCL HEP Seminar

Performance Goals
® INGRID must measure
® Beam profile and direction
® High accuracy, short time

e ND280 designed to measure:
o v, flux: <5%
e u energy scale: <2%
e intrinsic v, content: <10%
o v, CCBGs <10%

e Magnetic field, fine
segmentation, excellent

tracking
E Morgan O.
fepe oows.a e k

Wascko
22




ND280 on-axis (INGRID)

—4

|
i

i
[

-

Event timing of v events

|_event timing after neutrino event selection |

03

—

# of events
o
N

-
o

1

1000

Z 7 : g E on-time event
2 : : {__] off-time event
. 7 R 21 4..q iAo Aeogonn. A ... £s R A e fqe---2
7 % Z H7 2z % /g % 1 £222) dead time
— /7'( % B expected timing
N % Z 7
B 7 2
_E__. .......... g .............. .................... g R R ? ............... % .
= % : 4 47
[~ % 9
i 7 2 ¥
7 | Z 7
Db OO OV A AV A GG
= | | ’ 1
- % 9
- % : Z a7
- % % :
N
B % : 4
2 7 N
E—‘ AA e %:: ...... Ze R s B (- i / T i - 2% ..... 7/ :;;534
H] 7B : ' lf SiEHZ

000

—

i .
3000 4000 5000 6
event timing [nsec]

Clear 6 bunch structure

00

Imperial College T 2 (581 ns bunch period)

Friday, 17 February 12

T2\

0 7000

# of v events / 1014 POT

(~56,000 MPPCs are
used for ND280 /INGRID)

~10,800 ch. in INGRID

vV beam intensity
(normalized by proton beam intensity)

1.4

1.2+

-

UCL HEP Seminar
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NDZ280 off-axis detector

UA1 Magnet Yoke

Downstream
I ECAL

Imperial College I 2/2 \

Friday, 17 February 12



ND280 off-axis event gallery

Ewrnumagr 13841 Barttian (3 Bunadmber AZR60 SR 0l SubEun aambar 3l Time s Mo 2000-R3-28 1 BN 44 08T Fhgqae Bgan Soll

POD TPC1  TPC2 TPC3._

I

S

gk

. \
X N ——d
~ N\

FGD1 FGD2 ECAL
sand muon + DIS candidate

(BN NN maen  anana | Bagtan s 631 Bunanmbice AE0el 8 o] Sebaun aumbicr 3 e SN EoA0e A 3.2 25 EEIET T BualiShil

Imperial College ‘_’__,/.\\ I UCL HEP Seminar Morgan O.

Friday, 17 February 12 25




ND280 off-axis performance

TPC

ddx from

‘é“ 5 —— muons

Q 4.5 ~EE - — | = electrons

= = - —— pions

® 4 —— protons
S I

2 = - -
3 3 i = - -

- 2.5 a2 -
o

=

Q

o

i 1.

uII|IIILI-!IIlIIIIIII|IIIIIII|III|III|III

X7 ndf 63.88/ 26
. _ Prob 4.944¢-05
Constant 191.9+ 6.9
. E 220 Mean 1.333 + 0.003
— 18 ; 200 Siﬂl"l'lﬂ 0.1041 + 0.0023
O
—14 = 180
= 160
= c~8%
L =10 D 120
g™ (p=400~500MeV/c)
et
c

200 400 600 800 1000 1200 1400 1600 1800 2000 ° 06 08 1 '1.|2' ' '1.|4' 16 1.Ia' ' ; ' 'z.lz' ' '2.'4'
p (MeV/c) Energy Loss (keV/cm)

=180 Er 0

£ L r
g B S POD
> 160 N —300
I i /
140 B 250
_ 50— N

120 85 -

Vertex X-Y distribution 4 75 i -
60 70 50—

. . - 100
@ v beam direction 40 5 i

20 400 50
60 =
0 IIIIIIIIlIlIIII IIIII]lIIIlIIIlIlII —

0 20 40 60 80 100 120 140 160 180 AN T T T T N T U U AT T N N N NN SO B N 0

X [cm] 100 50 0 50 100
X (cm)
e R ]
N T organ
mperial College . organ O.
UCL HEP Seminar fem——1

Friday, 17 February 12
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Super Kamiokande IV

Run 0 Spill 82227
Run 66778 Sub 585 Event 134229437
1:03:22

Super-Kamlokande

Trigger: 0x80000007

22222222
........

00000000

@
()
T2K Data

260
-
52
ol
7 Times (ns)
e R 1.
| ! .i: ’. "-Ll:",?‘:-i;n- ‘ { ::‘, ! \\\_ . .
ST / . 22.5 kton fiducial
= ot ~volume

. '50‘l,‘OOO ton water Cherenkov (charged)
detector (neutral) H

e 11,146 PMTs in ID, 1,885 in OD V.-

Cherenkov

| ring
e ~1km underneath Ikenoyama

Imperial College I 2 /E \ UCL HEP Seminar K!Hloln Morgan O.

OBSERVATORY
Friday, 17 February 12 27




SK Reconstruction

e Find vertex (mostly timing)
e (Countrings
¢ Find momenta

e PID from ring topology (“fuzziness”)

Super-Kamiokande IV

T2K Beam Run 32 Spill 294378
Run 66692 Sub 67 Event 15931918
10-04-18:13:57:00

T2K beam dt = 3054.5 ns

Inner: 1414 hits, 2494 pe

Outer: 7 hits, 6 pe

Trigger: 0x80000007

D_wall: 1060.9 cm

2 e-like rings: mass = 140.4 MeV/c"2

@

Charge (pe)
>26.7

OO NW
NN W W
cCOoO R NWR
NN W W

T2K Data

MUON
NEUTRINO .

= muon

ELECTRON

NEUTRINO & o
......... el electron ‘. ®
T shower P .

il Use atmospheric data vs. MC
o bl Bt to check reconstruction and
Times (n) set systematic errors
tondon = J_ZJR\ UCL HEP Seminar M Morgan O.

Friday, 17 February 12
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Signal at SK
e Charged Current Quasi-Elastic Events & \/ l

e Only single lepton ring visible at SK : W+

e Ring topology indicates Ve vs. v, /\
O T P

Super-Kamiokande IV
T2K Beam Run 0 Spill 822275

Run 66778 Sub 585 Event 134229437
-12:21:03:22
T
Inner: 1600 hits, 3681 pe 2
Outer: 2 hits, 2 pe m — m
Trigger: 0x80000007 N l l
D_wall: 614.4 cm E —
e-like, = 377.6 MeV/c —
. . |4
my — Fl cos 0
- N Pi l

33333333

® |ncident neutrino energy can be
reconstructed (best for CCQE)!

........
........
00000000

dddddd

e Recoil proton usually below threshold at
T2K beam energy.

Times (ns) n
Imperial College V—J\ I Z:K UCL HEP Seminar 0&5&{?{&?&% Morgan O.

29
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Beam Trigger/Timing

e T2K beam trigger from beam extraction

e Commonview GPS mode used

SK event ti
104,

mes

- vs. trigger time
all SK events

—
o
w

N

Number of events / 20usec
o o

L |

e
-500 -250 0 250 500
AT, (usec)
.,  |absolute time fitted === RUN-1
v . \ - mmm RUN-2
Mtély\lgozg‘lurzhl—Goro Dake N ).PARC g 15 7 FC e:VG:ntS: -
Mt Ikenoyama/) Near Detéctor o
1,360re o t < S
A ///——s 1,000m | 5 ; i
Neutrino Beam = 10 |
295km ' s |
> i
m L
. . S |
e At SK, 2 GPS units and a Rubidium clock 5 s|
are used to measure and confirm the time § |
stability. N
-1000 O 1000 2000 3000 4000 5000
ﬁa AT, (nsec)
Imperial College T 2 UCL HEP Seminar Morgan O.
Friday, 17 February 12 30




Beam stability

Stability of v interaction rate normalized

Stability of v beam direction (INGRID)
by # of protons (INGRID)

S(L

30 E:
2 1 —— X center +
= 201 —*— Y center 2 15 N'}.o‘“'i"“-'v'‘"-‘-"«-'-.""i---«.''."'--‘.-'«'-‘-":'-'.'°---"'.o"-"--“--*--'--»'-----w'-f- et P e e e e
3 ok + ----- +- Imrad : | * '
- o
: o H |+ v+ « Y| * INGRID v int. rate stability
t
wof 1 -
2ol | * s Run1+2/Run1 <1% — wee
-3\0(—)_/' """ ' 14147‘1']'[.5, """"" ol Eh Me . ax Mz Ja v Do 4 fch Mac
- o Fep 21017; T / v “ e “ 20y / Var integrated day(] data point / 1day)

v beam dir. stability < Tmrad

Stability of beam direction (Muon monitor) Be/am dir. stability < Tmrad
|

£ 2
| - Y profile center
§ St . s s *+ 1 mrad
z .
T VRN RPN T N PR AV Uy pupressy g
&.s" I' "™ - l\V"'ﬁ WY o e | Y ’. e
R
Jan24 Jan N Feb 24 Feb 28 Mar 21 Mar24 Apr18 May 02 May16 May30 Jun13 Jun 27 Nov 27 Dec 27 Jan 26 Fob 2§ Mar05 Mar08

Imperial College 2 . Morgan O.
mpena v_'k\l UCL HEP Seminar rgan b.
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11 March, 14:46...

Imperial College I 2 /E \ UCL HEP Seminar Morgan O.
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Rapidly repaired!

Repairs are basically complete.
Physics data taking resumed in January!

Neutrino (dump)

Imperial College | . Morgan O.
London UCL HEP Seminar Wascko
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Signal & backgrounds

® Signal = single electron event ‘

- oscillated Ve interaction :
e

Vi —-=> Ve e

CCQE ve+n—*e+p

/ J . | ]
(dominant process at )”'r pearm ene j/"
A ‘ \/ 4

® Background

~ intrinsic Ve in the beam (from W, K decays) |

- 710 from NC interaction

Imperial College __v__R\IZ UCL HEP Seminar Morgan O.
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Event rate prediction

Measured rate at ND MC prediction,
tuned with external data

We use the MC to predict the expected event rate at SK, and scale the
(flux) expectation using the measured rate of CC events in ND280

Imperial College w-—k\lz UCL HEP Seminar

Friday, 17 February 12

Morgan O.
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Event rate prediction

~
MC’
NEZTP Ru,Data N
SK Rp,,MC

\_ J

ND v, event rate

Measurement of the number of inclusive v, charged-current events in
ND per p.o.t. using data collected in Run 1 (2.88 x 107° p.o.t.)

Stability of the beam event rate is confirmed by INGRID measurement
INGRID v int. rate stability Run 1+2/Run 1 < 1%

F/N ratio for ve signal event
(flux ) x (osc. prob.) x (x-section) x (efficiency) x (det. mass)

SK N . .
NS%(CV sig. / ¢yu (Eu) Pz/,l,—w,_.(Eu) U(Eu) 6.S'K(E'l/) dE MSK QK
i = VN -POT
Ryp / ®)°(E,)-o(E,) - enp(E)) dE,

Imperial College I 2 /E \ UCL HEP Seminar Morgan O.
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Flux prediction

1 1 - Qgi((E”) ' PV#_’Vc (EV) ’ G(EV) "€ (Eu) dEu
T2K Neutrino beam simulation based / — oK
on Hadron production measurements / ®,. (Bv)-o(B,) - enp(Ey) dE,

horn focusing, VIJ
decay is simulated

by GEANT3

SK

actual beam profile &

position graphite Tl', K

(beam monitors meas.)  farget
proton beam —}‘
Hadron production in 30GeV proton + C

e Use CERN NA61/SHINE pion measurement
(large acceptance: >95% coverage of v parent pions)

e Kaon, pion outside NA61 acceptance, other interaction
in the target were based on FLUKA simulation

e Secondary interaction x-sections outside the target were based on
experimental data

imperial College I Z/R\ UCL HEP Seminar Morgan O.

Wascko
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Predicted neutrino flux (center Value)
f—an (E,,) — all

_| == kaon parents , ' : | = kaon parents
—' pion parents —— pion parents
| = muon parents | : : : —— - | = muon parents

—— —
== 1
-

E, (GeV) _ _ E, (GeV)
1 decay is dominated at

l'llllllIIIIIIIYIYT]IIIIIIYIIIl'Il[lVYlIYI'I]IIl'

> N
© 107 i ND s || .
g ._ ¢l/ (Ey) -~ kaon parents low energy
2107 priet H — pion parents 4 +
5 10" ,=="'| --==‘ ‘ | == muon parents ™ — I-'l’ vV K
S o~ -.-.- —— + .
:Q.. 10 ' - ll’ — e Vl_,l, Ve
&S -
= 10" Y+ |
z had , .
R L S - L S . NAG61 pion measurement
T S T._i__ SN — predicts the beam v, from
R FETEE PR Pael ¥ P T TR TR PR PR SRR . . .
o 1 2 3 4 5 6 7 8 9 10 p1on origin

Imperial College 2 . Morgan O.
mpena ‘v__ﬁl UCL HEP Seminar o
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Neutrino cross section prediction
NN U

L0,

@ Q- o

* Llewellyn Smith, Smith-Moniz
- e My=1.2 (GeV/c)?

Total (CC + NC) . Pr=217 MeV/c, Eg=27 MeV
(for Carbon)

* Resonant
« Rein-Sehgal (2007)
« My=1.2 (GeV/c)?

i CC-QE  Coherent 11

i _ DIS _ - Rein-Sehgal (2006)
0.5 (include CC-multi w) « M,=1.0 (GeV/c)?
CC-resonant

‘ * Deep Inelastic Scattering
i  GRV98 PDF

« Bodek-Yang correction

CCgoherentr

% 1 2 3 4 35 e Intra-nucleus interactions

T —
Imperial College T 2 /E \ UCL HEP Seminar N I Wlé iké Morgan O.
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Cross section tuning

eUse external data to tune NEUT
eExtract values of model parameters with fits to data
e Use mainly SciBooNE and MiniBooNE measurements

(carbon)
. . - SciBooNE
39 CC inclusive | NCpiO [—é
. x10 ’ 00-3
22 ;— ‘ S statistic error
E 20 ] = T >
o) 18:— 8 .systematic error
16 30.2
14t — MC expectation
12} 3 el
10- - b
8 SciBooNE data based on NEUT 20'1 [ .
- y’ e ' (@) '
65_ —=—— SciBooNE data based on NUANCE S | - .
4 R <7 A NEUT prediction g ' -
2 /. T NUANCEpredoton C—. . L]
% 05 1 15 2 25 3 35 0 500 720
E, (GeV) Corrected n° momentum (MeV/c)

——

Imperial College T 2 /E \ UCL HEP Seminar N I Wlé iké Morgan O.
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Cross section tuning

eUse external data to tune NEUT
eExtract values of model parameters with fits to data

e Use mainly SciBooNE and MiniBooNE measurements

(carbon)
NEUT comparison to MiniBooNE NCT° diff. cross section

w1n3% w10 P
, x10™ x10™

]

L] ] L] L] L] L] I L] 1 1 L] I L] L L] L]
-

——

l 1 1 |
I'nucleon
[—
|
4

do/dcosB,y [ .

reV/ecnucleon

Phys. Rev. D 81,
013005 (2010) +

#

-
L
— -
—
c —
0sl- i B
- l -
= —

do/dp [(
UL T L
v—H—q
o
U
|

i s $-¥
2 ¢ : v
0 1 i i i 1 1T!m 0 PR TR PR | bl i Al Il el el
0 05 1 15 -1 05 0 0.5 1
p_. [GeVic] cosh,

Imperial College T 2 /E \ UCL HEP Seminar N I W Morgan O.
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Final State Interactions (FSI

rt Scattering Differential Cross Sections

 Check how the new tuning _Ta,qet Q_E,M,_,Wc,
affects %2 for 60 and 12C o e LA
eUse external pion * Nice improvement in these L
scattering data to distributions as well R .
tune NEUT
.Extract Values Of %‘“’ x on.ffere_n-:_t.auj g&g ;;.ons 7 g‘“ = cmﬁm;zg;isz ;;.ons
model parameters * sweve | A B

with fits to data

0 ! ! |50 ! L L \100| ! ! |150\ ! 0 ! ! L |50 ! L L \100| ! ! |150\ !
elah elah

March 11, 2011 NEUT Pion FSI - P. de Perio (U. Toronto) @ Nulntll, Dehradun, India 7

imperial College I_ZR\ UCL HEP Seminar NIW, Morgan O.
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v events in ND280

® Measure # of inclusive v, charged current interaction (NPatyp)

Event display (data)

Select events

which have FGD hits and
W-like tracks reconstructed
in single TPC

V, ===

TPCI1 '

FGDH’

TPC2

TPCS'

FGD2 l!

High purity : 90% vy Charged Current int. (50% CCQE)

Imperial College I 2/2 \

Friday, 17 February 12

UCL HEP Seminar

T e
Morgan O.
NP
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ND Measurement of muon momentum in
inclusive Vi CC events (v,, + N - u+ + X)

) AL BEERAREAEE AR REAREE RRREE T T
> 200 0.0.t. normalized -
§ 180 H ~71v, CCQE :
o 160 % 1 v, CC non QE -
5 1a0F- 7 k v, CC
» ] 4 NC :
Q l
= 120 + - External Background:
5 100fy —
sob- /8 data is consistent with
60 ? MC based on the NA61 and
” ot v interaction simulation (w/o tuning)
40 ] ,i++
20+ 2
b 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
P(n) (MeV/c)
Results

RY: D% — 1529 events / 2.9 x 10'° p.o.t.

Ru, Data

R ] MC — 1.036 & 0.028(stat.) T0037 (det. syst.) & 0.038(phys. syst.)

T ND280
Imperial College . ! Morgan O.
London *Z‘R\ UCL HEP Seminar Wascko

Friday, 17 February 12 45




Ve Appearance Backgrounds

1) Beam Ve:
Vu beam only
~99% pure in signal
region

7T+‘;,LL+ +@

;ﬂL% 6++W

gl RN B I I I I L R IR R
e 10°E~ —v,atSK 4
5:_- = —V“atSK .
%IOE — —v, atSK E
—— — -1
2104_E T — —VcatSK E—
o e T — 3
S0 T .
o = —‘—__:— —_—
& 10°F — =
S —
S 10k
~ =
? Gt b by b by b b s by by
E 0 8§ 9 10
E, (GeV)

1 2 3 4 5 6 7
Imperial College I ZIK

Friday, 17 February 12

2) flavor mis-ID:

NC 19
AUCEL it Asymmetric
Vptp 2 10+V+p Decay
=Y + (Y)
Charge (pe)

@ >26.7
® 23.3-26.7

e-like ring

most likely
S 2nd ring

vs either overlap, or one
Is faint

solar osc
signal

T T T

Beam nue numu NC Total

_ MIOKA Morgan O.
UCL HEP Seminar OBSERVATORY



NeXPsk systematics

error source syst. error
(1) v flux +85% for sinf2013=0
(2) v int. cross section +14.0%
(3) Near detector 5%
(4) Far detector +14.7%
(5) Near det. statistics +2.7%
Total T2t %
MO » Nexpgk=1.5+0.3 events
Ns¥ = Rp™ x —50s
RND

[ s B) - Pose(B) - 0(B,) - sx(By) dE,

/ ®,°(E,) -0(E,) -enp(E,) dE,

imperial College _v__jhlz UCL HEP Seminar

Friday, 17 February 12

Morgan O.
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Flux systematic uncertainty

Uncertainties in hadron
production and interaction are / 85K, (By) - P (E,) - 0(E,) - esx(B,) dE,

dominant sources / 8Y2(E,) - o(E,) - exp(E,) dE,

® Pion production
- NAG61 systematic uncertainty in each pion’s (p,0) bin
® Kaon production
- Used model (FLUKA) is compared with the data(Eichten et. al.) in each

kaon’s (p,0) bin
® Secondary nucleon production 1T, K
- Used model (FLUKA) is compared with n,
the experimental data proton
® Secondary interaction cross section graphite target

- Used model (FLUKA and GCALOR) is compared with
the experimental data of interaction x-section (z, K and nucleon)

Imperial College I 2 }E \ UCL HEP Seminar Morgan O.
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Cross section systematics

Evaluate uncertainty on F/N ratio by varying the
cross section within its uncertainty

Main v interaction in each event category ~ / &5, (By) - Posc.(E,) - 0(E,) - esk(E,) dE,
NC background : NC1x®

Beam ve background : ve CCQE / @

Signal : ve CCQE '

ND CC event : CCQE(50%)

9 CC1n(23%) y Cross section uncertainties are

estimated by Data/MC comparison,
model comparison and parameter

NO(E)-o(E,) -enp(E,) dE,

vy

Cross section uncertainty

Process relative to the CCQE total x-section L,
variation

CCQE energy dependent (~ £7% at 500 MeV) "

CC 1 30% (E, < 2 GeV) — 20% (E, > 2 GeV) T F T T C T T :
CC coherent 7" 100% (upper limit from [30]) g% " + ® MiniBooNE data ;
CC other 30% (E, < 2 GeV) — 25% (E, > 2 GeV) - | + JMC (NEUT) ‘
NC 17° 30% (E, <1 GeV) - 20% (E, > 1 GeV) <~ = i :
NC coherent 30% E ]
NC other = 30% “F Jﬁ‘TL\_ﬁ ;
Final State Int. energy dependent (~ £10% at 500 MeV) (,OT- T T . <
Uncertainty of o(v.)/o(v,) = £6% Po (GeV/c)

Imperial College T 2 /k\ UCL HEP Seminar N I Wlé iké Morgan O.
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SK systematics

® Uncertainty due to the SK detector uncertainty

® FEvaluation using control sample /@SK (Ev) - Posc.(Ey) - 0(BE,) - esk(B,) dE,

vy (Ve)

_ / )P (E,)-0(E,)-exp(E,) dE,
One of big error sources:

detection efficiency of NC 1% background
control sample with one data electron + one simulated y

ol <@ control sample data

B — 1 — .
ﬁ Y. MC

2000 ..................... ..... E ..... Hﬁ ............................................................. —

T — (P a ............................................................. E

jo0ofg EI] ................. B ] _
D g 5 1 apply T2K ve selection and compare

ool # | a ,;,_ _________________ 1 the cut efficiency between control sample data
0 TB0 q00 1m0 200 sm%0 and its MC

invariant mass Minv [MeV]  — difference is assigned as sys. error

Imperial College I 2 /E \ UCL HEP Seminar K!Hloln Morgan O.

OBSERVATORY
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Total systematics

Summary of systematic uncertainties on NéxPsk tota1. for sin°26013=0 and 0.1

Error source sin? 26,3 =0 sin®26;3 = 0.1
(1) Beam flux +8.5% +8.5%
()(2) v int. cross section +14.0% +10.5%

(3) Near detector 0% 5%
()4) Far detector +14.7% +9.4%

(5) Near det. statistics +2.7% +2.7%

P —

Total o5 e% T1rs%

(due to small Far det.
uncertainty for signal)

NePsx tor. = 1.5 + 0.3 events for sin22013=0 (w/ 1.43 x 1020 p.o.t.)

Imperial College I 2 /E \ UCL HEP Seminar Morgan O.
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e Fully Contained Ve Appearance

e Fiducial Volume

’
<« —¢— Data 0 - —¢— Data <
i [ I Osc. v, CC " I Osc.v, CC
® Single Ring | — el L e
(2] - 1 v,CC (2 | [ v, CC
® _h cC I NC cC - I NC
€ Ilke °>’ 40 (MC w/ sin®26,,=0.1) °>’ " (MC w/ sin*20,,=0.1)
() - o 6 - +
® Eyisine>100 MeV 5 5 le-like ﬂ u-like
3 2 41 :
O Ndecay =0 E 20| + E |
2 | I
® my <105 MeV ' |
Data: 6 Events... 1 2 3 4 =5 -10 0 10
. Number of rings c PID parameter
/>\ L —> ——¢— Data < ——¢— Data N: : < ——— Data
) i @ Osc.v,CC B Osc. v, CC S ! @ Osc.v,CC
S 1 v+v, CC 1 vV, CC v 4| 1 v,+v, CC
o 3l i v, cC %) 0 v, CC — 0 v, CC
— : BN NC c BN NC O ; B NC
N i (MC w/ sin®26,,=0.1) %’ (MC w/ sin®20,,=0.1) Z : (MC w/ sin®26,,=0.1)
2 | o = 3
s 2| > S M0
s | - 8 jectevents | & 2 L
= | reject low-E | € reject eve o invariant
B O .
o 1+ backgrounds | = with muons or c mass with
-g - pions s 1 best 2nd ring
S £ candidate
= 0 < 0
O . o—L o
0 1000 2000 3000 0 1 2 3 4 =5 0 100 200 ) 300
Visible y (MeV) Number of decay-e Invariant mass (MeV/c®)
Imperial College I.Zﬁ UCL HEP Seminar Morgan O.
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Ve Appearance Selections

® my<105MeV
o [E,°<1250 MeV

Expected Background:
1.5£0.3 (sys.)

—h
1 | 1 1 1 1

Data: © Events

9 : < —¢— Data
. ) : I Osc.v, CC
e Fully Contained S 3| v,+¥, CC
¢ Fiducial Volume o - v, CC
. . LO B NC
e Single Ring Al
. < (MC w/ sin®20,,=0.1)
o e-like N
Evisibie>100 MeV c 20
¢ visible
G b Event
R 0 VENS
O
(| & -
O
| -
D
O
&
-
Z

0
Expect: 1.5 0 1000 2000 3000

> Reconstructed v energy (MeV)
Imperial College Tz

UCL HEP Seminar Morgan O.
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Vertex
Distribution

..‘é.’ i —e— DATA -
3 6 — MC true vertex
o o outside ID .
a- -
B ! _
2 ? =
+ | :
% 500 1000 1500 2000
distance from vertex to ID wall (cm)
ﬂ 105 — C 77 7 7 T MC expectation —
g 104 = :?rlz)trsri(i)eui\igezili: 0.5 =
8 0 — - from outside ID w/ FV cut: 8.1e-03 | 4
10 — only 0.008 events expected]
1ttt 'y from outside ID in FV
— ]
10 —1_ B
-4 l . . l . . l . . i
107, 500 1000 1500 2000

distance from vertex to ID wall (cm)

Use MC to test for entering backgrounds

Friday, 17 February 12

UCL HEP Seminar

2000

1000

Vertex Y (cm

4
o
=)
S

2000

1000

Vertex Z (cm
o

4
o
=)
o

-2000

o

00
-2000 -1000

0

1000

2000

Vertex X (cm)
B . i
o
°
.
.
R
0 1000 5 200(2) 3000
Vertex R™ (cm®) %10 °
Morgan O.
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Vertex Distribution Tests

2000
T2K-like event selections used SK atm. data |
1000 |
- 11— and MC agree £ |
0: Fiducial 1 well near the > of
50— : volume — 2 |
-] oo  boundary | FV boundary g
40l | I L + T ' — D E—
ek Ty 2k ] i T T
| i Vertex X (cm)
30-_— " — 2000
: J[ H { UseKStest |
201 -| for distribution § | .
4+ SK-IV atm v data 1 consistency Y o
10— _ SK-IV atm v MC —| with expectation ;’1000 "
0: A R R AT R R R A ¥ ' 2000 e ——
0 500 1000 1500 2000 2500 3000 0 1000 2000 3000_
R2? [cm?] Vertex R® (cm®) x 10
Toy MC Probability 7 FC Events 6 FV Events
: 22.7 %
Relative to wall Use 7
Relative to centre Use 6
Imperial College T 2 UCL HEP Seminar Morgan O.
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Additional checks

6 1500 F Entris 2
MC w/ sin°26,4=0.1 - = AllFCevents  jaus 2708
15 | === v candidates OVELW 0.000
2 ’(\.T O (7)) L
o S u B |
> 4 © 1000 o i
@ s s @ >
q) ~ o [] D qq;) 10 B
S : csd 3
— “— - 0 0O DDD CTJ
S 2l S 500 -oBRELE 2 J
O g « o m @EEACITCE S 5t
o KS test - co oD DDODNDOEEED Z f
e
Dyax =0.18 DN I EDEEO0OE f
p-value = 97% o O o o o [ s [ O R I
O\\\\\\\\\\\\\\\\\\\\\\\\\\\\ O T S T T S N T N O S SR S OW‘IIH
O 2 4 6 8 10 12 114 -1 -0.5 0 0.5 1 -200 -100 O 100 200
Accumulated protons ( x 10'?) COS Og,., Residual (nsec)
Events distribution .
p-0 of produced e Beam timing

over POT

Imperial College —-«—'/\\ I ZI( UCL HEP Seminar Morgan O.
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What it Means for 61

Observed 6 Events, with 1.5£0.3 events background at 613 =0

/ Noes PRPIOTE =0 = ovalue of 0.7%
/ - 2.50 significance
0-15/ 0.7% for 6 E
o or more events —f

Systematic Errors
Combine

23% Error on Bkg S Cross Section Flux ND
Poisson distribution

K
o _ SK C ot ) ND + systematics
18% Error on Signal ross Section ux using toy MC
Imperial College T Z}E \ UCL HEP Seminar Morgan O.
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Ve Appearance Results

w2 b Am2,>0
S o - ® B13=0is notin the 90% CL
E ------- 90% CL UL Sensitivit E acceptance reglon
-1t/2 — Best fit to T2K data ~ — . .
i 68% CL 1 e Best fit: sin?2613 = 0.11
i I 90% CL i
By ~o4 05 o6 ® First non-zero measurement of 613
- at the 90% CL!
/2 :— A m§3 <0 _: .
! ] Normal (Inverted) Hierarchy:
~ L ]
< OF B 0.03 (0.04) < sin?2643 < 0.28 (0.34)
2 - ng 1025 ot . [assuming |Am?3;| = 2.4e-3 eV?,
; | oL o Sce = 0 and sin?2053 = 1]
0 02 03 04 05 06

)
Sin 2613

Imperial College I 2/2 \ UCL HEP Seminar Morgan O.
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013 next steps

m» Aim to firmly establish ve appearance and better
determine 013

e Resume experiment!
e Recovery work completed.
e J-PARC activity in full swing - accelerator operating.

® Physics running in March - new data for Kyoto

® |mprove analysis
e New methods using more ND280 information under development
e | ongtarget and kaon data from NA-61
e Finish external data fitting for cross section tuning

e Three flavor analysis incorporating our own Vv, disappearance
result

Imperial College ~_R\|2 UCL HEP Seminar Morgan O.
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013 Context

30|||||||||||||||||||||||| x LI B

~ normal ordering 7] - )

[ Am =235e3eV’ i Am3>0 -

w2 -1

20 swed <hooz

2 o limit -
= & -
4 tov 0 )
10 o “—DminTee

-2 68% CL 1

- 90% CL :

1 1 1 | 1 1 1 1 | 1 1 1 1 - | B | B LA‘

q | ‘{ I | FNT | L | 1 . —

\69%, 95% CL (2 dof) . . -

\ \ - . .

| I N -

/ / _ oL i B

/ // 7 B ]

E 7 7 — -9 3 -
o v 7 . w OF .
/ _ k -

/ - . 4

-0.5 I\ curves: T2K | o T2K _-

o \ohededTERADE ' 1.43%10" p.o.t. 3

-1 N s L : i
0 0.1 0.2 0.3 0.4 0.5 0 03 014‘ - 'Olg' 06

) ; : = .

" HERLI % Ryan Patterson 5026,
Lindley Winslow y

Imperial College 2 . Morgan O.
mpere ‘*—KI UCL HEP Seminar fhA
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12K expected sensitivity

ff-------Solic;lE + 35 diSCOVERY. -
Dashed 90%CL sen3|t|V|ty

ST 2812 = 08'7

' ;  sin’ 28,23—1()
T2K central value -

Amu—76><10_5 vZ |
~400kVVx1e7s g §
8e20pot ’

ogli global best fit] 1]

A11123_24><10—3 V2 |
8—() '

D 75MWX1O7S
(Proposal)

0 0.5 1 1.5 2 25 3 3.9
Integrated beam power (MWx10’s)

[1] G.L.Fogli, et.al, arXiv:1106.6028v1 [hep-ph]

Imperial College I ZIE \

UCL HEP Seminar
Friday, 17 February 12

Morgan O.
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Other T2K Activity

® Several new analyses done in progress with current
data set

e v, disappearance result!
e Fit for atmospheric oscillation parameters

® (ross section analyses

e (CC inclusive cross section (muon momentum and angle)
e CCQE cross section (Ey and Q?)

e (CC pion production

Imperial College ‘_’__,/.\\ I ZI( UCL HEP Seminar Morgan O.
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vu Disappearance Analysis

—e— Data
e Fully Contained 2150 No oscillation
® Fiducial Volume Sho?:vc\)l?f Z())(\i,;er _§ 10 (sin?20, Am?) = (0.98,2.6x10°eV?)
e Single Ring technique g
o -like Z 5
® p,>200 MeV .-
® Ndecay <2 Soon be . ° Reconstructed neutrino energy((aieV) "
competitive with 210°
preVIOUS i T2K 1.43x10"°POT (w/ syst. error fitting), 90% CL |

------- T2K 1.43x10°°POT (w/o syst. error fitting), 90% CL

Data: 3 ] Events experi mentS B MINOS 7.25x10?°POT, 90% CL n

B Super-K Zenith (preliminary, Neutrino2010), 90% CL 7]

Expect 104 = 17 I

Super-K LJE  (preliminary, Neutrino2010), 90% CL —

L 3-
o |
E | £
at 90% CL <
sSin42023 > 0.85 ol

2.1x1073 < Am?23 (eV) < 3.1x103 .

Imperial College w__,/\\ I 2|< UCL HEP Seminar Morgan O.
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Conclusion

o T2K reports our first v,—ve result based on 1.43e20
POT (2% of T2K goal)

e Expected number of events is 1.5+£0.3 (for sin?2 613 = 0)
® The probability to observe 6 or more events is 0.007

= ndication of non-zero 613 and ve appearance
® Phys. Rev. Lett. 107 041801 (2011)

e v, disappearance analysis completed, and paper draft
In circulation

e \We will show new data at Nu2012!

Imperial College __’_ﬁlz UCL HEP Seminar Morgan O.
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http://prl.aps.org/abstract/PRL/v107/i4/e041801
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)
P(v, — v) = sin”2f;, sin2(1.27Am%2E)

el and E determine Am?
sensitivity

e0, sensitivity determined

by statistics, backgrounds,
and uncertainties

eNo signal: exclusion curve

eSignal: allowed region

10

<— sz Zﬁm;nzz*P

—> 907 CL
—> Excluded
—>
%

Imperial College I 2}2 \ UCL HEP Seminar
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Atmospheric Oscillation

flavor atmospheric Cross-mixing solar mass
—10
Ve 1 0 0 C13 0 513€ Ci12 8512 0 4]
VN 0 C23 893 0 1 0 —S512 C192 0 Vo
V-r 0 — 893 (€93 —81367’(S 0 C13 0 0 1 V3
Multi-GeV e-like Multi-GeV u-like + PC 2 1.9 )
2225 2 o | )
= _ = 500 =
® 200 Super-K o No oscillation © | MINOS + {
° 150 s N —t— RS ’l‘ -
élzs 4 ésoo | 8 + T |
100 c
2 75 % 2 200 \V 1_)"1 8 0.5 —4— Far detector data
50 100 OSC‘i”ation 9 Best oscillation fit |
25 = Stats. only decay fit
0 0 g — Stats. only decoherence fit
1 05 0 05 1 1 05 0 05 1 O 72 %6 8 10
Up-going ~ ¢0s©  Down-going Eie Reconstructed neutrino energy (GeV)
Phys.Rev.Lett.81.1562(1998) PhysRevl ett.101.131802

Imperial College I 2 /E \ UCL HEP Seminar Morgan O.
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http://prl.aps.org/abstract/PRL/v81/i8/p1562_1
http://prl.aps.org/abstract/PRL/v81/i8/p1562_1
http://prl.aps.org/abstract/PRL/v101/i13/e131802
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

atmospheric

1 0 0
0 co3 S23
0 —S923 Co3

----- 0% 68% C.L.

S5M

C

— ¢, 68%, 95%, 99% C.L.
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Cross-mixing
0 s13 e~ %0
0

C13

0 1

- 'W'T N 'W'T o -
14 r T 2 6MeV ® Kaml AND data
[ T analysis threshold —— best-fit oscallation
12 r iy best-fit decay )
[ T best-fit decoherence with real
l - < butubukake & datae s Pl Pl
' £ AL reactor
cos | T T 1 A 2 | /distribution
§ : . i 0" ! - ‘n:lr:-'ﬁ"-\ r" | W 1
06 | W Goesgen - * e ' '.‘I_'_ -
A Savannah River 1 D N iy o | _
¥ Palo Verde r ] \f*_ - ‘ ideal
04 o cHOOZ \ \ g
O Bugey . =T + ¥ , | oscillation
02 | 4 Romo ] .. %~ pattern
¢ Krasnoyarsk T
0 [ . . q'—,l LA 1 l L1 1) 1 l I J LA 1 1 l ' ' l ' ' J LA 1 1
0? 10? 10’ 1 10 20 30 40 50 60 70 80
L./E (km/MeV .
& ( . L,=180km is used for KamLAND
Phys.Rev.Lett.100.221 2
UCL HEP Seminar M%@Z’l&
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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

flavor atmospheric Cross-mixing solar mass

Ve 1 0 0 C13 0 813(3_2(S C1o 812 0 4

V“ — 0 C23 893 0 | 1 0 —S512 0120 Vo

U, 0 —s93 Co3 —s13€¢ 0 13 0 01 V3
10-2

Causes Ve disappearance in reactors and ve appearance in accelerator experiments

Imperial College I 2: UCL HEP Seminar Morgan O.
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LINAC

50KeV 3MeV 50MeV 190 BMeV

l_ . —ACS
IS — G — D S 972MHz

B24MHz| | SedMHZ
3.1m M 27.1m 91.2m 1‘*‘% 109.3m

First phase, but not installed yet. Second phase

* Particle: H-
* Energy:
on day-one 181 MeV
with ACS 400 MeV
* Peak current:
at 181 MeV 30 mA
at 400 MeV 50 mA
* Repetition: 25 Hz
* Pulse width: 0.5 msec

lon source, LEBT, RFQ,
MEBT(2 choppers, 2 bunchers)

: Stable operation at 15~20mA/500usec pulse width achieved
. t dger continuous operation w/o lon source maintenance being
rie

>1000hr @16mA achieved
 Upgrade 400MeV is delayed to 2013
Imperial College T 2 UCL HEP Seminar Morgan O.

London
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GeV-RCS

Neutron/Muon source and booster of the MR.
Two beam transport lines
g,.w'“""'”’*‘““-,\ INBT:transport line to the MLF
oo 3-50BT: transport line to the MR
Design int. 1MW

7
Circumference 348
Repetition rate 25 Hz 3 \3-S0BT
Injection energy
Extraction energy 3 GeV ¢

! Harmonic number 2 7

[ s :""'*

’
&) / & W
{ PN« o
-
A
. " R Zad
\ . p
y are i

» MLF

Injection section

Imperial College z . Morgan O.
mpena ‘V—’A{\' UCL HEP Seminar roan =
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3GeV-RCS

Neutron/Muon source and booster of the MR.

Two beam transport lines
INBT:transport line to the MLF
3-50BT: transport line to the MR

- Circumference 348
Repetition rate 25 Hz \ % \3-50BT

‘] Injection energy

Extraction energy 3 GeV ¢

A Harmonic number 2 ¢

/% o L

* 300kWV equiv beam provided for MR

* 420kWV high power test succeeded (99.5%
transmission), ready for providing to MR

Imperial College I 2/K \ UCL HEP Seminar Morgan O.
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MR

Slow extraction
Experimental Facility

Circumference 1567.5m
Repetition rate ~0.3 Hz@Start Up

o Beam abort line : Fast extraction Hadron
Injection energy 3 GeV e S
Extraction energy 30 GeV . . Experimental Hall
Superperiodicity 3h 9 / : e
No. of bunches 8 (6 in day 1) . ?

Transitiony 31.7(imaginary) \ AF Neutrino beamline
Typical tune 22.4, 20.8 N\ e i |
Transverse emittance BT 7\ | \J B . | /iR

At injection~54 smm-mrad collimators W\ |1

At extraction ~10 smm-mrad 3-50 BT \ & lmn beamline
Beam power 0.75MW Injection\, !

Y /// Slow extraction

Ring collimators

To Super-Kamiokande

Imperial College I ZIE \ UCL HEP Seminar Morgan O.
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J-PARC Neutrino Beam

Preparaliol 5|
_—>Egecton
e '7_?':._._.‘,_.:_-___:_."{ —&}i—.-;_-l
Conventional horn focused beam S/ 7 0
§ /, ' P‘\ Neutrino Utility
aQ /7] Primaeyctine oy
- : : . ;"I/// ."' Instaliation Building
First application of off-axis beam 2| (NC)
AR !
Adjustable off-axis angle 2~2.5deg. S / ke _ Neutrino Utilty
D i K E ~~_Building No.2 (NU2)
2.5 deg at Day1 £ |58
First MW-capable beamline &1 " Target Station
Design intensity is 750kW with safety factor | g HiEn
Parts which can never be upgraded later are designed for\\\ 3| ’ ' g
Multi-MW (3~4MW) ! ) 3
Shielding and cooling capacity of target station, decay volume, “\\\\ ' | 'i -
beam dump \‘\\*.‘_4{\' 5{ j
First application of superconducting combined g 3&\\\\\ P _Beem
function magnet o | N\, \\ T
N "'\%\ \?uidng No.3 (NU3)
Key issues RN
Beam loss \Q\@ P _Buiding & hole (NM)
Remote/quick maintenance of activated components //
- 100 (m)
Radio active waste (@ Near deteCtOf ' )

 To Supe‘r‘éKa_\.m__kaande

Friday, 17 February 12



Primary beamline

Preparation section
) ) ) | | normal conducting magnets
Final focusmg (FF) section — 750W beam loss shield

|0 normal conducting magnets
250W loss shield

- inRing _.wir._— e
it 50663‘7 poo—o 4:9*‘;,.; T=r= — i
Ol epration BT

| R moooon

i q /@ Utility building # 1
& §; ;‘; (Power supplies, Cryogenic S
c}p. U L { "
O : ookt
v / ws
e Carry-in
/ //~ =\ Building
{|| ﬂ|‘|- —— » 5

vl we Arc section

a 28 superconducting combined function magnets
D2.6T,QI18.6T/m,L=3.3m
| W/m loss allowed

— :\

: Utility buil
- (Powg

fal Focus Section
y (noghal-conducting magnet)

IR SN -
n3

M

2

3

=
3
\

corrector mags (from US) .
MSS from Saclay
CERN cooperation

Morgan O.
Wascko

Imperial College I 2
London
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—=_-~Beam Monitors

Aluminum Lid Vaﬁ?irgzv i
OTR g y
(Canada) Helium l ° Position:

. 21 x Electrostatic monitors

Concrete Shielding ° Pr Ofi I e
Mirror 2 M/ . 19 x Segmented Secondary Emission
monitors
»  Intensity
Liont . 5x Current Transformers
* Loss

. 50 x proportional counters

 Targetting
. Optical Transition Radiation detector
(Canada)

 Elec.: from US/Korea/Jp
« Beam timing: GPS (US)

Centre

mm diam.)

Beam loss monitor wil

Imperial College I 2

London

aced along the beam line.

florgan O.
Wascko
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larget

* Isotropic Graphite (1G-430) |.8g/cm3 30GeV-750kW
«  26mm(D)x900mm(L) - i
. 1.9 int len. (70% int.),
° He at IO ad: 58kJ / SPIII (~20 kW) @Q’e‘g -\6%0‘6’\;0,""6:’,,,%6"6" c%z,& 9\‘\56‘ éoc,@ }of’@%gé’g& Q"’e"& ??u"'m
e  Thermal shock stress (AT~200K) ~ 7MPa s e =
(< tensile strength 37MPa) % oo i T atece
* Forced flow Helium gas cooling in Ti- § 700 |
alloy(Ti-6 Al-4V) container g “ L\WMMN@M‘LM
. Higher temp = less rad. damage i
« 02 < 100ppm to avoid Oxidization (burn!) > to .
keep S.F>2 for 5 yrs . =
° Remote maintenance 200} AT~200K ~7MPa(TenS|Ie 27MF'a)
Design done by KEK/RAL ) T T

Graphite .

S v R

.'-_::.H‘. SO T _._' e Ay . ‘ - - 03 '. al .'
: S e ra i g AeS --._A, ,‘:__n;.;‘ wa. - — ‘,_._ b~
Imperial College I Z/E\ UCL HEP Seminar

Friday, 17 February 12 82
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Electromagnetic horns

* 3 horn system OTR Camera
*  320kA design (now 250kWV) T2K Target T" ’

. 0.7ms for |5t horn F'? I _ F

*  2ms for 2"4/3rd (series) “I =g =I|= ==
e Maxfield:2.1T y
Al alloy (A6061-T6) wmml
 Heatload ~I kW@ It horn (beam  protons

+oule) i

*  Water cooled. OTR Foil Horn 1 + Target

* Design max thermal stress: 25MPa

Table 3.8: Heat Load to the horns in unit of kJ/pulse.

Lorentz+Thermal) (cf. tensile stren. — — —
82M Pa) - ) ‘rﬁ( 131-011 N Joel's heat tota
mmner-conductor outer-conductor
° Fu”y remote maintenance st horn 23.6 15.6 3.3 42.5(11kW)
2nd horn 6.7 12.3 3.8 22.8(6.3kW)
3rd horn 2.0 4.0 2.5 8.5(2.4kW)
1st horn

Friday, 17 February 12



Secondary beamline

TS He vessel
e R Heat load (@750kW)

- Beam dump“ Muon monitors

13 | - TS ~300kW
- s « DV ~150kW
| \¥s | - BD ~240kW
. Whole volume filled w/ He gas
W, i > | (~1000m3)
[ | | . Reduce NOx & *H
— 3NBT ‘ ., *  Reduce pion abs.
- & Allinner surfaces water cooled
_ _ e «  Concrete upto ~100deg
= N «  Periodically waste with
R N\ , Bea?r']";tlf:p(c’bey aw)
R NN R * Graphite blocks
R T A —— . Water-pipe casted Al block
_ . : attached to both side
. e - Upto 3MW beam
e 4 e Muon monitor
.z Y/ = «  5GeV thresh.
, | / = . lonization chamber & Si
:\x,, £ % , f ’ . 7x7 grid each
'” il «  Monitor dir/int spill-by-spill

Decay volume

ﬁz, Decay volume & beam dump -  Emulsion
i e ated o 07 e s e TS
Imperial College T 2 UCL HEP Seminar Morgan O.
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Earthquake on Mar. 11th

Imperial Co ' Morgan O.
London Wascko
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Ground level damage

CSeIec yard)

-« . .

" LINAC

e

Imperial College
London

Friday, 17 February 12




Equipment

e (Generally no fatal damage

e LINAC floor, MR tunnel side pit, Near detector
bottom floor once submerged under water

e Fixed in a few weeks

e No serious damage to components

® TJunnel moved or bent ~ several cm

e Major alignment of many components needed

LINAC Deformation of Floor Qtl\:
el ‘ e = k=

E °
£ . .

-5 o
S
— 10 * * . — + ')')'—hﬂ'
s ° > . * REIM > .
s a0 . (THRAL LI TadUb)
— 25 > *
S
o 0 B
2 -35 - ~
B 40 s

-45

0 50 100 150 200 250 300 350 400 450
Length(m)
Imperial College I 4 ’K\ UCL HEP Seminar Morgan O.
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J-PARC Plan

e We will resume J-PARC operation in Dec. 2011

e \We will have >2 “cycle”(~month) beam for users within
JFY2011 (by the end of Mar,2012)

o LINAC energy recovery from 181MeV to 400MeV
originally scheduled in 2012 was delayed to start July

2013
e User’s need to take longer beam runs after long shutdown by the
earthquake

e Delay of preparation caused by earthquake

Imperial College ‘_’__,/.\\ I ZI( UCL HEP Seminar Morgan O.
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NAG1 pilon data

Shown \/ stat + syst errors — NAG1 experiment measures particle

< [, Not'shown 2.3% normJerror | .
> 10°E 2.3% norm, eror. production from C at T2K beam energy
O (30 GeV)
bl e | . o
TIT 107k E Phase-space of pion contributing to
|z the SK v, flux with NAG1 coverage .
bc‘ -T'\.*. _ i - X1 0
E | | ! N E 6 14
- 40<0<60 mrad - o - NAB1 pi+
T i £ 300 L Angular Bins 12
107 4 3 .
] 10

IIIIIIII | -

-l + T L 1 .
10 . 140<0<180 mrad

100<6<140 mrad
; 100

10?2 ~ FLUKA2008 ]

""" URQMD 1.3.1 °

L N L ey VENUS4.12
" . __ % 5 10 15 20
s 10 13 1015 b (GeVic)

p [GeV/c] p [GeV/c]

vers alm Il of the relevant pion
N. Abgrall et. al., arXiv:1102.0983 [hep-eX] CI’? ers a 081:[3 ort % et.e a JE[PFSK
Accepted by Phys. Rev. C (2011) phase-space for v, production a

Imperial College I 2/2 \ UCL HEP Seminar Morgan O.
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Flux uncertainty

Izu,l)ata

Ngg = ND

Error source Rk MC NME RZZ;C
Pion production 5.7% 6.2% 2.5%
Kaon production 10.0% 11.1% 7.6%
Nucleon production 5.9% 6.6% 1.4%
Production x-section 7.7% 6.9% 0.7%
Proton beam position/profile 2.2% 0.0% 2.2%
Beam direction measurement 2.7% 2.0% 0.7%
Target alignment 0.3% 0.0% 0.2%
Horn alignment 0.6% 0.5% 0.1%
Horn abs. current 0.5% 0.7% 0.3%
Total 15.4% 16.1%

Error cancellation works for some beam uncertainties

Friday, 17 February 12

UCL HEP Seminar

The uncertainty on N®Pskx due to the beam flux uncertainty is 8.5%

X

MC
pJSI{

py MC
IIALD

Morgan O.
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eITOr source
(1) v flux

V Int. cross section uncertainty oo

(4) Far detector

On NeXpSK for Si n22 e-l 3:0 (5) Near det. statistics

Error source syst. error on Ng -
CC QE shape 3.1%
CC 1m 2.2%
CC Coherentr 3.1%
CC Other 4.4%
NC 179 5.3%
NC Coherentm 2.3%
NC Other 2.3%
o(Ve) 3.47% Uncertainty in pion’s
FSI 10.1% <— final state interaction

Total @ IS dominant

The uncertainty on Nexpsx due to the v x-section uncertainty is 14%
(sin22013:0)

Imperial College TZ/E \ UCL HEP Seminar N I Wléi\é Morgan O.
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Summary of Far detector systematic uncertainty

Error source 5N%<C’/e Sig. 5N%<Cbkg. tot.

N, sig N3 vrg. tot.
¥ rejection - 3.6%
Ring counting 3.9% 8.3%
Electron PID 3.8% 8.0%
Invariant mass cut 5.1% 8.7%
Fiducial volume cut etc. 1.4% 1.4%
Energy scale 0.4% 1.1%
Decay electron finding 0.1% 0.3%
Muon PID - 1.0%
Total 7.6% 15%

Evaluated by
atmospheric
ve enriched data

— The total uncertainty on NMCsk o, is 14.7 % (sin?2013=0)

(uncertainty on the background + solar term oscillated ve)

Imperial College I 2/2 \

Friday, 17 February 12

UCL HEP Seminar

Morgan O.
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Future milestones

o Highest priority is to firmly establish non-zero 813 and
its precise determination as quickly as possible

e \We have 70 [kWx107s] = 1.43e20 pot

e \We aim to have:
e By Summer 2013: ~0.5[MWx107s] ~ 1e21pot
e (Conclude non-zero 813
e >5sigma for present T2K central value
e Withinafewyrs: ~1[MWx10’s]~ 2e21pot
e > 3sigma for sin?2813 > 0.04
e Approved goal : 3.8 [MWx10’s] ~ 8e21pot

® > 3sigma for sin%2813 >~ 0.02

Imperial College ‘_’__,/.\\ I ZI( UCL HEP Seminar Morgan O.
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Implications for Future

e |[f sin?2013> ~0.01

e (Conventional Multi-MW super beam long baseline experiment will
be really promising to explore CPV in lepton sector

e We need to put even more effort to formulate the future project in
this direction as soon as possible

e |F not

e Need “ideal” beam such as Neutrino Factory or beta beam to
probe CPV

e Therefore, confirming the indication of large 013 by T2K
IS a very important and urgent issue

Imperial College ‘_’__,/.\\ I ZI( UCL HEP Seminar Morgan O.
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How to measure CPV & sigh(Am,;)
| 295km I 665km Graph 2300km

0 -
= o BofcnF Lm0t 665 km, sin’(20,)=0.025 ;0_1 " 2300 km, sin’(29,.=0.025
.g‘ = -8 ; -
S 1 \ A Red: v NH, 0<0<180 Z016F Red: v NH, 0<0<180
o a™-ox a=n/8 . C .
2 Swn /4 8,,=0.05 Dark-Red: v NH, 180<6<360 01 Dark-Red:v NH, 180<0<360
Q- o8 (sin"29,,=0.01) Blue:v IH, 0<6<180 - Blue:v IH, 0<6<180
~ Dark-Blue: v H, 180<3<360 012 Dark-Blue: v IH, 180<3<360
0.6 0.1; \V/
008 Matter
Ot 0.06-
0.2 i/ 004
¥ /3 0.02F
O a = m:..ﬁ—dll 0: 0 A L1 1 L1 T T T
O 02 04 06 0.8 1 1.2 1.4 ; 8 10 0 2 4 6 8 10

E. (GeV) Ev (GeV) Ev (GeV)

¢ Ve appearance energy spectrum shape
+ Peak position and height for |st, 2nd maximum and minimum
+ Measure both sind & cosd terms = can discriminate Odeg vs 180deg

¢+ Difference between ve and ve behavior
+ Sensitive to any mechanism to make asymmetry (No assumption)
+ Basically measure sind term

¢ Distance:
> Larger L Matter effect large =»  Sensitive to sign(Am,;) too

| ”1*2 er E): Purer CPV measurement
mperlal CoI ege UCL HEP Seminar Morgan O.
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Neutrino cross section prediction

5 2 Use NEUT generator
Z , (cross-check with GENIE)

q,m

e QE
* Llewellyn Smith, Smith-Moniz
« My=1.2 (GeV/c)?
« Pe=217 MeV/c, Eg=27 MeV
(for Carbon)

* Resonant
« Rein-Sehgal (2007)
i « My=1.2 (GeV/c)?

| |/\\ CC-QE .
DIS Coherent 11

i : : « Rein-Sehgal (2006)
0.5 O e C i00 CO-multlz) + Ma=1.0 (GeV/c)?

i ‘ * Deep Inelastic Scattering
« GRV98 PDF

« Bodek-Yang correction

Total (CC + NC)

c/E (10 cm? GeV™)

CC-coherent

l‘__w'1|||1||1|1.1.i:!:}I!
b 1 2 3 4Ev (GeV? * Intra-nucleus interactions

R —

Imperial College T 2 /E \ UCL HEP Seminar N I Wlé iké Morgan O.
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d’c
dTpdcos

25 3.

203

157

103
5.

0
b.

Cross section tuning

C‘osg) 'q"‘b.z

s MiniBooNE data (5N1=10.7t’/0)

I:I MiniBooNE data with shape error

2
E 16 1.8
°°'?o.1) 12 14 ' 1 (GeV)
-l 0 8 1 W®
" [ .' .8 1 04 0-6 b
MiniBooNE 02
«10° «10° NCpIO
q ™ | -+ Data (a) 7t (b) |
& Monte Carlo 6
6 Il Background 5
88 WS vV 4 vV
4 3
-
e 2 e 2
g o € 3
¥ 0002040608101214 § -10 -05 00 05 10
g <107 = x10°
Q@ ]
S 25 © 1 §o0f (@ {
w >
€ 20 -
o 1.5
Lﬁ 1.5 )-’ v
1.0 10
0.5 0.5
0'000 02 04 06 08 10 0'010 05 00 0.5 1.0
Reconstructed p.» (GeV/c) Reconstructed cosd.s
T
Imperial College ! Z}IZi UCL HEP Seminar

Friday, 17 February 12

o (cm?)

«10°% CC inclusive
22 o
20— |
18- 1A
16
14
120
10"
8- .
6 = o= SciBooNE data based on NEUT
- ——— SciBooNE data based on NUANCE
- S NEUT prediction
2. 7 T/ NUANGEpredoton |
% 05 1 15 2 25 3 35
E. (GeV)
_ SciBooNE
NCpiO
0.3

O
N

Fraction of Events / 80 MeV/c
o
|

0

statistic error

l systematic error

MC expectation

-_-

500 720

Corrected n° momentum (MeV/c)

‘*‘I'J

—

Morgan O.
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SK ve selection

Optimised for initial running conditions
The selection criteria were fixed before data taking started to avoid bias

7 selection cuts

1. T2K beam timing & Fully contained (FC)

(synchronized with the beam timing,
no activities in the OD)

2. In fiducial volume (FV)
(distance btw recon. vertex and wall > 200 cm)l -

— atmospheric v FC events ‘

s 7 8003' % — _:

* Events too close to the wall are difficult to g ook MC E
accurately reconstruct vertex % 600; ® Data E
* Reject events which are originated outside the ID ® SWW $ :
* Define FV 22.5kton % : :
@ 400E E

S 300 =

: g _F ! E

3. Single electron £ 200 Super-K 7625 days -
. . . g 100 FCFV Sub-GeV -

(# of rnng i1s one & e-llke) - 30MeV < visible energy < 1330MeV 1

0o 200 400 600 800 1000 1200 1400 1600

Distance to Wall (cm)
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Intrinsic ve BG

® The number of beam ve background events at far detector
is predicted using the v beam simulation based on NA61
measurements (pion) and FLUKA (kaon)

- ND measurements (M momentum and event rate) are consistent with
MC based on the v beam simulation

N EZP _ Rp,, Data X NSK beam v, bkg.
SK beam v, bkg. — MC
Rl"a
ND

[ BEE) - P (B) - 0(B) - sx(Bu) 4B, ypox
- "MND

NSK beam v, bkg.

,l\’IC o
Ryp / ®N°(E,) - o(E,) - exp(E,) dE,
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ve event expectation at SK

NeéxPsk = 1.5 events
1.43e20 POT

solar osc
Beam nue numu NC . Total
signal
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FC FV Selection

4
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Number of T2K events at far detector

Number of events in on-timing windows (-2 ~ +10 usec)

Class / Beam run RUN-1 m non-beam

POT (x 1019) 323 11.08 14.31 et
Fully-Contained (FC) 33 88 121 0.023

The accidental contamination from atmospheric v background
Is estimated using the sideband events to be 0.023
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SK events in beam timing

® Events in the T2K beam timing synchronized by GPS

relatlve event t|m|ng to the Spl|| timing Clear beam structure!
3 LE S| o Bun
2] af : | 3 * T —gRu n o
S 10 5 g
Al g =
S~ s ~— I
% : %)
= 10 2 = 10
O z o ,
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Typical ve candidate event

Super-Kamiokande IV

T2K Beam Run 0 Spill 1039222

Run 67969 Sub 921 Event 218931934
10-12-22:14:15:18

T2K beam dt = 1782.6 ns

Inner: 4804 hits, 9970 pe

Outer: 4 hits, 3 pe
Trigger: 0x80000007
D_wall: 244.2 cm

e-like, p = 1049.0 MeV/c

Charge (pe)
>26.7

OO R MW
N NW W
[
OO R N WKL
e o o o o o
N NWDNhN WS

A

0 mu-e
decays

1040

visible energy : 1049 MeV
# of decay-e :0

2y Inv. mass :0.04 MeV/c?
recon. energy : 1120.9 MeV

780

520

260

0 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1
0 500 1000 1500 2000

Times (ns)
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Further checks of data

| —4— Data
Osc. v, CC
3+ v, +v, CC
) v, CC
)
qC) NC
- (MC w/
N e = sin22613 = 0.1)
\ o 5
— —— ——
N\ O
Obeam &
\.\ O
. &
Beam direction S5 1 F —e %/
Z
-1 -0.5 0 0.5 1
COS ebeam
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SK Energy Scale Uncertainty

(MC-DATA)/DATA (%)

g Fo i # decay.electron ...

. = neuralpion & * *
4 _Astop muon(sub-GeV) ............... oOr it : .

R S S %v sto muon multt-GeV ' ' : .
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momentum (MeV/c)
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013 = 0 event expectations

-

Interaction in FV

FCFV 88
Single-ring 41
e-like 8

E,.. > 100 MeVv 7
No decay-e 6
M., < 105 MeV/c? 6
E €< 1250 MeV 6

Efficiency

;
R

Imperial College
London

Friday, 17 February 12

BG expectation V>V,
expect
3.1

141.4 673 71.0 0.13
73.8 52.4 3.0 18.3 0.12
38.4 30.9 1.9 5.7 0.11

6.7 1.0 1.9 3.7 0.11

5.8 0.7 1.9 3.2 0.11

4.5 0.1 1.6 2.8 0.10

1.9 0.04 1.1 0.8 0.09

1.4 0.03 0.8 0.6 0.09

1% <01% 24% 1% 74 %
UCL HEP Seminar

Morgan O.
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Parameter Definitions within Super-K
Beam Dir. Top View Side View

\
R

Beam Dir. el
—_— =

' —

From wall
|| beam

dwall Rec. dir

dwall - Distance to the closest ID wall

From wall || beam - Distance from vertex in the direction opposite the beam
r, z - Radial distance and vertical position
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defined before the data collection
6 selection cuts in addition FC cut

Fiducial volume cut
(distance between recon. vertex and wall > 200cm)

FC, Evis>30MeV, R<1490cm - FC, Evis>30MeV, |7|<1610cm

—
o
T ! T
—
o
T ‘ T

I, . - =i - 1_!—_1 '_:HH..‘ ....... [ P

"

e LT Ti L R H Tyt

o J =0 A O S S I 0 J1O|O()I 2000 3000
Ry, -1 0 1000 2000
000 000 Vertex R? (sz) x 10 >

Vertex Z (cm)
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Vertex Distribution Tests

Simulate neutrino events in the rock surrounding SK
Use MC to test for entering backgrounds

o 50— ——— .

E - —e— DATA .
‘2 _- T e oan ] g 40:— = MC w/ oscillations —:
g 6__ e MC true VerteX - (& 302_ MC: true vertex outside ID _:
© R outside ID S .
al- . 20¢ E
l : i FC cutsonly -
g ' P B O e e, —— S — %8% : ' L 1 & ; ‘ : —

% 500 1000 1500 2000 % 500 1000 1500 2000
distance from vertex to ID wall (cm) distance from vertex to ID wall (cm)

7)) 5[ ° T expectation —

E 104 B l\_/lfutsilc)ie FV:23 ] ﬂ 106 — "| MC expectation —]
- 10" - from outside ID: 0.5 7 c - - outside FV: 30.9 —]
8 102 i - from outside ID w/ FV cut: 8.1e-03 E g 104 :_ - from outside ID: 4.3 _:
B > on|y 0.008 events eXpeCteq o __ - from outside ID w/ FV cut: 5.7e-02 _
PR X ) from outside ID in FV  _ 102 —
— :—"'T —
10 l_‘_l_l_ = 1 —
-4 [ P P . i =
107, 500 1000 1500 2000 107 R —
distance from vertex to ID wall (cm) . .:2:2:2:2:2:2;2::::§:§‘.;.;.;.;.~ ot —

107 500 1000 1500 2000
distance from vertex to ID wall (cm)
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OD D t T=
ata checks ==
| |
Simulate neutrino events in the rock surrounding SK 530 ¢ of ||
Observed OD events agree with MC prediction including effects of oscillation. T
" - S - . : : -
c 30 oDC _ *‘3 15¢ ODEX -
g 5 , —&— DAIA B g B —&— DATA |
_ MC w oscillations - MC w/ oscillations —
© 20 ? wessssss MC wo osaillatons _: ° 10- MC w o oscillations __:
- { XX x] Cosmic Ray Expectation . O] Cosmic Ray Expectation -
10Tt . o .
00 100 200 300 400 500 00 100 200 300 400 500
hits hits
m I I 1 1 m - ' 1 1 I
t 20 ODEN = a2 oDTOT
= —— DAITA = —— DATA
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"""" MC w/o oscillations R ~~==== MC w/o oscillations

O] Cosmice Ray Expectation
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Imperial College I 2 /k\ UCL HEP Seminar Morgan O.

Friday, 17 February 12 111




Allowed region of sin?203
as a function of Am?;3

(assuming sin22023=1, dcp=0)

10" E = 10" E ——— — -
- Am3,>0 - i Am}, <0 ]
”; 107 = ”; 107 E =
) - 1 o - .
N—" : _ N~—" L ;
S 1 g [ ]
E 3 E 3
< 10°¢ = < 10F =
E _ E = Best fit to T2K data _
B B B 68% CL |
- i I 90% CL |
10_4 T T T e 10—4 oy
0 02 04 0.6 0.8 1 0 0.2 04 0.6 0.8 1
) - 2
sin“20, SIn"20

Feldman-Cousins method was used
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013 Context
But what you really want.... [)O:;i‘i‘f_et\'v

Rate and Shape:
sin%2013 = 0.085 + 0.051

Double Chooz

’>'\ 700 B | I I | I I I | I I I | I I I I I I ]
S —e— Data -
I (N B No Oscillati |
2 600 +: Best Fit: sin(20,,) = 0.085 -
% - : . @ A m?, =2.4e-3 eV ]
foo— O e =
q>, — .-*— S Accidentals 7]
L - - N
400— 4 -
- + .
300 ¢ 4+ -
200 —
100?’ - —
0 ~:--+--"“‘T'“ I I i i [ I { i | M
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Hhr o Lindley Winslow
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T2K Statement on OPERA

e Based on the initial assessment of our capability, at the moment T2K
cannot make any definitive statement to verify the OPERA
measurement of the speed of the neutrino (the OPERA anomaly).

o \We will assess possibilities to improve our experimental sensitivity for a
measurement to cross-check the OPERA anomaly in the future. Such
a measurement with an improved system, however, could take a while

to achieve.
DID You SEE THE YEAH. WHEN THERES A NEWS STORY | THAT SOUNDS MISERABLE F48TS MEAN.
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