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* Other analyses (cross section)

e Summary
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Neutrino oscillation status ¥

, , + Majorana phases
Flavour eigenstates Mass eigenstates J P
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. Oscillation probabilities P(va-)vp) depend on: Accelerator
h S, 2 =

- 3 mixing angles:
- ©,=(33.4£0.85)°

0, = (45.8 £3.2)°
© = (8.88+0.39)°

- 2 independent mass splittings: Open questions:
- | Am® | =(2.44+0.06).10° eV* CP phase (and Majorana phases) still not known
_ | AM? | =(7.53+0.18) . 107 eV? - Isd_, non-zero (CP violation in neutrino

sector) ?
- Is 0, 45" (maximal mixing)?

- Normal: m>m_>m_(N.H.) or inverted:
m_>m_>m_ (I.H.) mass hierarchy?

- 1 complex CP phase:
- 6_, around -11/2

- Source-detector distance (L), neutrino energy (E)
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T2K\  The T2K experiment

Tokal-to-Kamioka

-y

11 countries,
59 institutions
~500 people

Goals:

« Precision measurement of v, and GN disappearance to explore 8, and Am223
- test of CPT theorem or test of new non-standard v interaction with matter

« Study and comparison of v, =V, and \_)u - \_)e transition to explore 6,8 and o_,
CP violation in lepton sector
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T2
T2K beam

CERN NA61
Hadron productio

measurements Near detectors

off-axis
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First use of Off-axis vp Beam:

* Intense & high quality beam - beam direction stability < 1mrad
(~1 mrad shift corresponds to ~2% energy shift at peak)

« E  peakaround oscillation maximum (~0.6GeV)

« Small high energy tail - reduces feed-down background events

« 11,K production at target was measured using CERN NAG1 exp.

« v beam production was obtained by reversing current in magnetic
horns
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T2K

Processes at T2K v spectrum =%»

Oscillation probability depends on neutrino energy:

12 2 !
_mn—m“—Q—anEu

1.27 Ams3,

P(vﬁ -V, ) = 1-sin’ 20,, sin” (

 For T2K’s neutrino spectrum, dominant process is Charged Curr
Neutrino energy calculated from the lepton momentum and angl

« Additional significant processes are:
- CCQE-like multi-nucleon interaction,

- charged current single pion production (CCr), =l
- neutral current single pion production (NCrt) 5-% . P
™~ 1 r
NCtr ccm CCQE £ oef
% oef
- i
T ol
Y goff §° Ol
~~ o »a "\(. bLngle T
b 0 - i i
051152253354455
v (GeV)
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T2/K

T2K Near Detectors ¥

Fina Grained
Beam side Muon Range Detecter Datectors (FGDs)

* On-axis detector:
UA1 Magnet : (iron/scintillator tracking calorimeters, 16 modules + additional
scintillator-only, proton module)

* Monitor beam rate, direction and stability
« Count v's by reconstructing p's from v, interactions

» Used to constrain flux systematic errors

POD ECal Elaciramognatic
Calorimater (ECal) ©

~ INGRID

Tima Prajaction

Chambaers [TPCs|

Off-axis by 2.5° (same as far detector) near detector :

Several sub-detectors in 0.2T magnetic field:
« Tracker (TPCs & FGDs), Pizero Detector (POD),
Electromagnetic Calorimeter (ECAL), Side Muon Range
Detector (SMRD)

Measure flux and cross section before the oscillation occurs
Measure intrinsic v, contamination in the beam

« Used to constrain flux and cross-section
systematics for oscillation analysis.

~10m
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T2/K

T2K Far Detector - Super-K —#

50 kton water Cherenkov Detector 1 km underground
Above 11000 PMTs in the inner detector
Efficient for CCQE like interactions

Select single ring - only leptons above threshold
Neutrino flavour identification based on ring
topology from charged particle

Excellent muon-electron separation

(<1% v”misidentified asv_)

No magnetic field ( no separation between v and v )

sharB rlng

signal for v,
appearance
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T2/K\

Beam operation and data taking

Total Accumulated POT for Physics
o v-Mode Beam Power
% 10%° ® V-Mode Beam Power

5 Maximum beam power
23502 achieved 371kW

W [ ' : : : :
§ jpRenl.. Run2 ... Run3. Rund ... RunS.. Run6
o) L i : : i :
2 -
a_‘ 10__ ..................... . ......................................................................................
B oF.. . GreatEastlap: f *30(%
8_ Aok ek A Pﬂn ....................... RN —— o
= F Earthquake! £ ? . %0
= r Pia xI?
2 4 5 e
5 - - 2 355
15 2:., CYRRRUURU Tt SO, S-S - S AU S S Q_ . :_
g o 5
0 2010 2012 2012 2013 2014 2.5,
] Dec/31 Jan/01 Dec/31 Dec/31 Dec/ & 2%
‘Stable operation at ~345kW achieved! E 1-?{
: [y

“ Integrated POT for:

‘v mode: 7.0x10*° POT

S01E 015

v mode: 4.04x10* POT
|
Total: 11.04x10% POT- 14% of expected POT

- where POT-> Proton On Target
~ accumulated Runs 1-6 (Jan 2010 ~June 2015)
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T2

Analysis strategy

Neutrino interactions are simulated:

Tuned NEUT (interaction model)
+

Constrained using external data

Fit to ND280 data

_ Constraints on v flux _
v, /v, CC samples and v interactions SK predictions
(CCOm, CC1m, CCother /

CC1-Track, CC>1 Track)
+

Intrinsicve and
NC1t® measurements

A~

Oscillation parameter fit ] [Oscillation parameters

~
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Near detector analysis

Select charged-current (CC) events in ND280
Use exclusive subsamples to isolate cross section components: CCQE (CCOm) , CC

Resonance (CC1m), CC DIS (CCother)
Fit for pand 8 in CC v, subsamples.

Parameters used for prediction of Super-K neutrino spectrum

w/0 oscillation

2500
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Number of events

Data/MC

1000f
500f

CCOm

T T T T | T T T T I T T T T | T T T T

Prediction before ND constraint

Prediction after ND constraint

o Data

Illllllllllllllllll
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Near detector constraints (v mode)

Reduction of the cross section and Significant reduction of the far detector
flux parameters uncertainties event rate errors
SK v, Flux
g 1.5 T AL " " T g 107771 T T LN B B A B B B R
—1 = = =
= - Prior to ND280 Constraint = 2k 5 SAhoWuND280, T
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= ; .l E'E with ND280 =
= After ND280 Constraint S 7E  if o E
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= =  sE i} 3
& s SF ;. E
i = A T E
g 35 § -
g | -
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= 1.5 7 T T
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=z =2 o I Peirraiinany g
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T2K iﬁv

Long-baseline oscillation analyses
In T2K

. appearance of v - (in 2013 first measurement of v _appearance (7.30) )-

measurement of sin2913 PRL 112 (2014) 061802 I

« disappearance of v, - in 2014 most precise measurement of sinze23

. joint analysis of v and v - constraints on 6__ octant, o__, MH
" e 23 CcP

PRD 91 (2015) 7, 072010 I

« disappearance of Gu and Ge appearance analyses - measurement of
sinzﬁ23 and CP in neutrino sector
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Tk V.tV joint analysis (T2K only) ‘ﬂ;?

Extended maximum likelihood fit (for both T2K v and v_spectra

simultaneously ) L=1L Y, X L Ve X L sy, _number of events shape of distributions:
where Lv = L normt x L shape 4 °* Efor v

e p, .6 forv,

_q-_;-\ 3 __I_I T T I LI | T T | LB | LB _l: w% 3 :! \I\\\ :
N>_ B —— Normal Hierarchy | C 2] ]
(5] - Inverted Hierarchy - S \\ B
r’é 2.8~ N - \ ]
NE : : 1 :_ //,.. _:
< 2.6 — - /// 1
i ] O 4 =
2.4 - - =
L = - 1,_ Normal Hierarchy ]
2.9 ; ! T Inverted Hierarchy ]
= 68%(dashed) and 90%(solid) CL regions =
2 o by v b by by v by by by —3 L L L |\\\ L I | L L 1 %
03 035 04 045 0.5 055 0.6 065 0.7 0 0.06 0.08 0.1

) .
sin“0,, S

sin2613 compatible with reactor measurements

sinze23 favours maximal mixing, world best precision:

sin’0, =0.524 **%®7(NH), sin’g, =0.523 *°%%5(|H)

-0.059 -0.065
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T2/K o |
V.tV joint analysis (T2K+reactor)

1

= 7

L 4 L J | ! J L J | ! L ' L | 2 ! ! 1] i: [~ ]
%‘3 = . excluded at 90% CL . ‘% 3_2} {
6 _—_— , p— _: % i N H SK joint OA ]
| al 1erarc ] R 3? ;
5 :_ ::l‘::r:llcldl_ll—licrar(:]lfy // \ _: i B ]
- FC 90 % critical Ay~ (NH) P \ - 2.8 —
- FC 90 % critical Ay~ (IH) / = B ]
4 —] 2.6 -
3E 1 e E
A\ - :
e 7] 2.2 NOS joint ]
1 E'\ excluded at 90% CL —E o o ' ' AR ]
- = > i
0 L 1 Il 1 I | | 1 1 1 1 | 1 1 1 —-E €-2.2;
-1 -0.5 0 0.5 5. 1) = 7
TT =P
Mass hierarchy | outside of 90% CL l or <=4
Normal (0.14; 0.87)1 o e 26|
Inverted (-0.08: 1.09)TT " hints towards CP violation b
posterior probabilities (Bayesian) 0303504045 05 035 0.6 065,57
_ Normal hierarchy Inverted hierarchy Row sum 689 (dashed) and 90%(solid) CL regions
sin“0 gy = 0.5 0.179 0.078 0.257 —I
2
sin"g,, > 0.5 0.238 0.743 Phys. Rev. D91, 072010,
Column sum 0.684 0.311 1.000 (&8
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T2/K
First anti-neutrino results

Runs (5-6) - 4.04 x 10*° POT analysed

Changes in analysis in 2015

Flux:
new NAG61 data used in the beam MC simulation
(uncertainty reduced by 4% in the energy peak)

Cross section:

e T2K neutrino MC model, NEUT includes improved CCQE and CCRES
models as well as multi-nucleon interactions

 Nominal NEUT parameters are tuned to external data (MiniBooNE,
Minerva and DUET)

T2K near detector constraints:
Taking all the available information, in both neutrino and anti-neutrino
modes, the constraints on flux and cross section measurement
uncertainties decreases to about 3%.
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Total systematic uncertainties

S : E 125 MC prediction without ND280
v, disappearance analysis o e MC 1o error band without ND280
2 1f MC prediction with ND280
%! i B  MC 1o error band with ND280
o ConStraining the flux and cross-section 8 08? MC prediction assumes neutrino-
parameters at the near detector significantly 5 0.6 mode oscillation parameters
reduces the uncertainty due to systematic a B
error at the far detector (14.4% - 11.6%) 041 )| g e i ]
ook [N —,

* Flux and cross section uncertainties are .
dominated by uncertainties on the 0 :
difference between interactions on C and O 005 1 L5 2 25 3 35 4 45

— El‘eco (Gev)
Systematic Without ND With ND
Flux and | Common to ND280/SK 9.2% 3.4%
Crn:f,s— | Super-K Multi-nucleon effect on oxygen 9.5%
section | Only - =
_ All Super-K Only 10.0%
i All 13.0% 10.1%
I -Fi_nal Stz_l-te Interaction/Secondary Interaction at Super-K 2.1%
Super-K Detector k 3.8%
Total 14.4% 11.6%
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T2/K\

Disappearance of GH — SK detector

il

measurement and selection

Selection:
* Inside the FV
 Fully contained

« Only one reconstructed ring, muon-like ( P> 200 MeV/c, no of decay electrons < 1)

Number of events

—— Run5-6 Data

T oamed B

5'_%% []v,+V, CCnQE
- v +v, CC

al B NC

3t N

2

1

Selected 34
cadidates H

Predict the expected SK spectra using neutrino-mode
oscillation parameters

5 0.5 1 1.5 2 28 3

E.ec (GeV) of 7, candidates

Kolymbari, 28 August 2015

v Expectation:

34.6 w/ oscillation

103.6 wl/o oscillation
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T2/K\

iy

GU disappearance - analysis method

Fit maximizes a likelihood:

R4 .
L= LPﬂissc)n(U:f X LS}’Sf-(f)

which is the product of a Poisson term comparing the predicted spectrum
to the data and a term incorporating the systematics.

Oscillation param.

Systematic param.

. _— o— o
Fix all oscillation parameters except sin?6,; and Am”s;
using T2K data and PDG 2014

sin%0-5 0.527 sin?0;3 0—1
Am?3, (X 10 3eV?) | 2.51 AT 5, (X 10-3ev2) | 0—20
sin®043 0.0248 sin20,, 0.0248
&cp (radians) -1.55 Scp (rad_iaIIS) 1-15s
sin?04, 0.304 sin204, 0.304
Am?%,q (x 10 %eV?) | 7.53 AmZ 41 (x 10~ 5ev?) | 7.53
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T2K\  Best fit spectrum (Gu)

— Unoscillated prediction
= 4D
3 T2K best fit
120
2 —e— Data
5§ [ Data show clear
L'TE 00— ] . . .
- ] evidence of oscillation
B0 13—
- ////_
60 B
40— ] ..
- N Clear, visible
20 { i - oscillation “dip” in the data
B ' 'm l ]
0 -
R _,\fp)\ ........
C e wremrry
£ 15p [ =
= e T ] . .. S
= I Location of dip in energy: Am?
— n — - . . J—
< F Depth of dip: sin’@_,

05 1 15 2 25 3 35 4 45 5

Reconstructed Energy (GeV)
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T2/K

v disappearance analysis results

o 4.XIO.'31 T LA B B S S B A B e B S B S S S -
> e data fit (no syst.) 90% CL - c
= 5.5F data fit 90% CL = - Best fit values P
B L . best fit .
S 3 - ]
2_55 . E Sinzezg — U 4‘6tg{1]g
3 : —2 +0.3 -3 12
2;' _ Fit is statistically limited Am 3; = 2.50253 X 10™"eV
1.5 (e\'\g\gi\‘v"’i‘é\lv B
e e ]
02703 04 05 06 07 08 . .
o Comparison to our neutrino results
sin"(8,;) .—\4X.IUT.|.- S —
. Comparison to MINOS anti-neutrino results % = § mﬁg gg% SL
S T T T TTINOS © disannentance 90% L =, 3.5k = v mode best fit n
> | JINOS ¥ disappearance 90% C1.- e F + ¥ mode best fit
—=35F -« MINOS best fit E 9 3
g f T2K best fit ] =
= 3E B a5 @
i ] E -
2.5 — <]
: | twithl °F E
2k N agreemen r . .
: et th ts 15 acleRsy
sk el other results SE 5 _
B T owor oo boeon voa bopy wo By gy o4 g o vog By g 37
BT T A d2 03 04 05 06 07 08
sin(0,,) sin’(8,,) or sin’(H,,)
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T2/K

Search for v appearance

Selection: £ ofF ot T T
Inside the fiducial volume 5 18F < 3 Candldates
« Fully contained S Lep E
events in v mode t E — Expected
» Only one reconstructed ring a2 E | E
electron-like = 08E- - Data E
*p,>100 MeV/c 0.6 “\\“’?&}i
04 —
* No decay electron 93 | %%‘é\ 3
* TU rejection N S o il I PR S ———
0 0z 04 0.6 0.8 1 1.2

- E_<1250 MeV

Expected events (NH) cp=-x/2 bep=0 | bep= +a/2

Signal 17'# — Ve 1.961 Signal v, — Ve 2.481 3.254 3.939

Background v, — Ve 0.592 0.505 0.389 Background v, — v, 0.531 0.423 0.341

Background NC 0.349 0.349 0.349 Background NC 0.349 0.349 0.349

Background other 0.826 0.826 0.826 Background other 0.821 0.821 0.821

Total Total 4.18 4.85 5.45
normal hierarchy Inverted hierarchy

The expected background and signal number of events depending on 6 __ value and MH.
Statistics collected is insufficient to confirm or exclude appearance.
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T2IK Other analyses -
Cross section measurements

.I

no Cross section Detector Target Reported in
measurement

1. v, CC inclusive Tracker of ND280 CH PRD 87 092003 (2013)
2. v_CC inclusive Tracker of ND280 CH PRL 113,241803(2014)
3. v, NC elastic Super-K Water PRD 90 072012 (2014)
4. v, CC inclusive INGRID CH/Fe PRD 90 052010 (2014)
5. v, CCQE INGRID CH PRD 91 112002 (2015)
6. v, CCQE Tracker of ND280 CH Accepted by PRD

7. v, NC m° POD of ND280 CHY/ Publication in progress

Water

8. v, CC coherent INGRID CH Publication in progress
9. v, CC coherent Tracker of ND280 CH Publication in progress
10. v, CCmt’ Tracker of ND280 Water Publication in progress
11. v, ccomr’ Tracker of ND280 CH Publication in progress
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J;f@ Summary ﬁ

The v, + Vv joint analysis with reactor constraint :
.  prefer the value of 6_, around -1t/2
. aweakly-favored normal hierarchy and octant sinze23 > 0.5

T2K presents first results with anti-neutrino data (4.04 x 10* POT):
anti-v_appearance:

« 3 candidate events observed B
- data does not favor or disfavor the v_appearance hypothesis

anti-v” disappearance
. data - 34 events used for world leading determination of ng
« results consistent with T2K v, disappearance and MINOS GH disappearance

« both analyses are still statistics limited
Next step: joint neutrino+anti-neutrino beam analysis
Additional physics on T2K: cross section measurement

Kolymbari, 28 August 2015 Anna Dabrowska, ICNFP2015



T2/K

il

Backup slides
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T2K\ -

v_appearance analysis »

[].4

Test the null appearance hypothesis: b P switch on/off @ v, — Ve

3

‘g n..lf— \ N Vy —+ Ve
Introduce a discrete parameter (3 to modify the v I 2 o2 B NC
appearance ; 5 ooz B Bkg other
orobability: (7 = Ve) = B X Penns(P, = 7))

Assume oscillation parameter the same for neutrinos and anti neutrinos o I :
EESS GRS, v Reconstructed Energy (GeV)

B=1: Ge appearance in accordance with the PMNS prediction (including CP violation)
B=0:no0 Ge appearance (new physics!)

|
Report of significance for 3 = 1 in two ways:

* a p-value to characterise how anomalous data is with
respect to the 3 = 0 hypothesis

* a Bayes factor (B, ) to characterise how data favours
B =1 over =0
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T2K L
Rate and shape likelihood definition

-A likelihood that depends on the number of measured and expected events at the far detector is created.
-The likelihood includes the information from the systematic and oscillation parameters ( and f3).
-The number of events is split in reconstructed energy bins or momentum-angle bins.

N bins LCM Systematic parameters I
[’(}65 f) — H ﬁ&\.r”ﬁ:NEIP(ﬁ:O: f)) X L:Syﬁf(f)

Erec: reconstructed energy for e-like ring
p-6: reconstructed momentum and angle of th
e-like ring

E __or p-6 binning i v number of 1-Ring e-like events at SK
or test experiments for a 3 hypothesis
The analysis is based on the marginal likelihood, with all parameters other than B integrated out. I

p-value characterise data “excess” with respect to null The Bayes factor (B, ) to characterise how the data favours
appearance hypothesis (f=0) the B =1 hypothesis compared to the =0 hypthesis.
p- value calculated for :( test statistic) Bayes factor: calculated as likelihood ratio
—2(InL(B=0) —InL(B =1))

_ L(Data|B = 1)
O™ L(Data|lB = 0)

B,
Kolymbari, 28 August 2015 Anna Dabrowska, ICNFP2015



12K\

Rate and shape analysis

—z&mﬁmﬂ — —1.16

PP L : S
E"ré |- e Marginal likelihood L (B)
2 test exp. with B= D °
107
e E
5 : :
Emzi_ Test data against the no appearance hypothesis
=cr 0t | = p-value calculated for: - 2AIanarg
I I R R i - B, = Bayes factor which is the likelihood ratio
- if 3 <B <10, preference for B=1 is substantial
15_ ................
e D) 12'|
—2.&1111':: = _2[ln‘{::i'ﬁ:ar:.r[:-{:T = []]I - lnﬁmru'u[:.'ﬁ = 1}]

Mean _ o 2Aln LD ATA  Data

p-value marg  p-value
rate+shape:p-6 0.13 -1.16 0.34 0.55
rate+shape:Eec 0.14 0.16 0.16 1.1

Current data does not strongly favor either of the two hypotheses ( 3 =1 or 3=0) I
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CC Inclusive cross section on Fe

x10°

v energy spectra-MC prediction |

 Different energy spectra g
at different modules a
. . L 06
according to off-axis T |
angles (0°-0.9°) 2 04l
2
 Analyse events in grouped [ 5 0.
3+

modules to minimize

grouping INGRID
modules

effects from the v beam G
« direction variation

Results:

The difference of neutrino spectra
at different modules and
distribution of event topology
enabled to extract the cross section
at three different energies

1 2 3
E, (GeV) x10°
— N [ T [ T [ T T [ T [ T *""‘\
- 14— ] s
5 - —e— T2K INGRID  —&— T2K INGRID flux ave. _| a.
= 12— — 1500
g C _ o
%’ 10— : i =
g 8 :_ o I'I'I”"""""u . __ I.UDU g
o A
2 6 —= MINOS - Ng
= o NEUT ] =
CR: s ] 2
[ . i ux avcragc - _.-,.—_:
2 » %?é\‘“\“%w ----- GENIE flux average 7| =
% 1 2 3 4 5 6 7
E, (GeV)
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T2/K

Beam configurations

v-beam mode flux at SK v-beam mode flux at SK

run l-4 at SK runsc-6e at SK

-
=
[
—
-
—_

107 E

=]
-
A

Fhux { fem/SOMeV/ 10 p.ot)

1o
1o

Flux (/em750MeV/107p.01)

-
=
o

Illlqu T I._|_u|l||- T IIIII|T| Tk

10

i i i i i i I i i i
'I {:I H Il::l i i i I i i i I i i i i '] i I i i i
E., {Ge% ) B 1
E, (GeV)

-
=
|

.
o
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Fracuonal Ermr

T2/K

Neutrino flux

Beam uncertainties

ND280: Positive Focussing Mode, v, S

0.3 ——— g—
[ ——— Hadmn Imemcions — Mama Medsm |\ previous(2007),
Proton Baarn Profile & Off-axis Angle Profion Mumbar —
| Harn Cument & Fiald — 131 Emor 1
(12t Harn & Targat Aigrment - - - 1122 Ermr 1=z B

|_I

10
E, (GeV)

f—
=
L
f—

k
%

Hadron uncertainties

« NAG61/SHINE
recently released the
production of

T+, K+, K% and A

Nevyf(}oog)/ from the 2009 thin

graphite,target dataset.

 The new data has both
improved the beam
rediction and reduced the
uncertainty by 4% in the

In T2K neutrino energy region the
greatest contribution to the flux error
come from:

 hadron interactions

* proton beam profile and off- axis angle

pik energy.

» Implementation of NA61
replica target is ongoing
and will contribute to a
significant reduction
of the T2K systematic
uncertainties
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p-0 phase space of

hadrons contributing to

T2K far detector
flux (V-mode)
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Tk Cross section S

Improvements:
NEUT model (5.3.2+) for 2015 (antineutrino, neutrino+antineutrino) analyses:

 Two new CCQE models implemented for consideration in the analysis: CCQE: Spectral function model
(Benhar et al. ) MAQE= 1.2 GeV and CCQE: Relativistic Fermi Gas (RFG)+Random Phase
Approximation (RPA). New: “Meson exchange current” (MEC) CCQE like scattering from Nieves et. al

o 11t (NC and CC) production model: Rein-Sehgal with modified form factor for Delta.
No pion-less delta decay.

I T T T T I
CC-inclusive

CC other [ ]cc coherent --- Prefit 2015

T
0.4 C-inclusive | CCQE-like
I CC other : CC coherent

L

- Prefit 2015

0.8

(L6

=
=

-
. e

6/E, (x 107 cm?/nucleon/GeV)

o+ Pl
0.2 , g
U ¢ ' LR = e o7 ‘E D i .’I L -n-"'l; . - H’Mﬁc‘il PN T TR N TR T T N (Y M N M
0 0.5 1 1.5 2 2.5 & 0 0.5 L 1.5 2 2.5 3
E, (GeV) E, (GeV)

Tuned NEUT
(dashed- prefit 2015)
RPA+RFG+MEC model based on, from fits to external cross section measurements by MINERVA, MiniBooNE,
bubble chamber data compared to
NEUT with near detector data tuning (solid with associated errors)
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Near detector constraints

Constraints done for both neutrino and anti-neutrino mode

Cross section parameters  v-beam mode fux parameters

@ 2T T T 1 R = SK, Negative Focusing, ¥
= PRELIMINARY : o 14 = .o -
= 1.5f = Preliminary
E -
z P 5
= o
=05 %
A
OF n;_
05F = =
g I Frior to MD280 Constraint ] =
o . =
o -n.f'her MD280 Constraint 1 0.8 - Prior to ND280 Constraint
g st—L 1 1 Iololol L1 11 1 Iol L3
= &ML o = % -:.- N 2 ¥ o o F__" k E
= e ?_ -L':J:-'A: f 1_3—" ir EE ;; = 2 E = _3 = 0.6 - After ND280 Constraint
& & = H 5ES58¢% e e el s |
o - 2 = &5 5 B i
g 8 52 pSgZ 10! 1 E
E B oo E, (GeV)

Flux and cross section parameters after fit to ND280 data

* Flux parameters are generally increased
e Some cross section parameters especially the carbon multi-nucleon parameter-are
changed significantly from prior values
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Near detector rate measurement »

e B Expected number of events at the far
> | B . pror o nozso consiam. AETECHOT S tuned using a likelihood fit to
Slrm:_ I v, arter ND280 Constraint the near detector Samples
%.sm:_ I I PRELIMINARY | " N_eutrino, antineutrino fluxes are
§ CCOTr: : highly correlated between near and
= 1000 ' neutrino selection, far detectors
oo s neutrinomode 1 = Cross sections are also correlated
» = Significant reduction to overall
:-:II'II : I"w‘:l!lflll I'IF'I.:"HI'EI I:tll'l:"lI ".HI'HI'I:"I :']‘Iq-:'ul'l: I:HI'IIF'I;'II I:t'-‘ul'll'l A ASOEY SO unc‘eﬂainties
= —---.--.--.---!—+—nm - 7 —#— Dala
g Smi- B vic. Prior to ND280 Constraint % ?”i B v rior to ND280 Constraint
g _m”f B vc. ane D280 Conatrae % ::%_ = ““-*‘_‘3““"2%'”‘3“'.*‘"3;‘"
§ b PRELIMINARY 25 = S it E
k8 ccim: : g . F i CC1Track: E
= 200 neutrino selection, : : antineutrino selection,
I neutrino mode . 0 : b g antineutrino mode
100} ] 10
F - u-z‘---l.u..I....I....I....... = -""i
bl liaialiaialiaialioialiaiald : 1l 500 TOED 1500 2000 2500 3000 35040
e s e Tioei e Muoon momentum (MeV/c)

Muon momentum (MeV/c)
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Neutrino oscillations

P( _)vl‘} ul'} 4ZR UmU U U ]Sil’lz(bfj.
i<j
+22 (U, U U, U }Sinzfibaf N
!-:ij
¢ =Am, L =1.27-Am:[eV?] L [km]
J '4E, f E [GeV]
Am; L
P(v“—)“ve]:sin2823sin22613sin2( 3L
sin 20,,sin 20,, Amil , , AmglL
- sin sin~20,,sin sin O +...
2sin0, ( ) 13 ( ) cp
2
P(v“év“]:1—4(:05281351112623[1_C05291351n2923]51n2(1.273111 L]

Kolymbari, 28 August 2015 Anna Dabrowska, ICNFP2015



	Slajd 1
	Slajd 2
	Slajd 3
	Slajd 4
	Slajd 5
	Slajd 6
	Slajd 7
	Slajd 8
	Slajd 9
	Slajd 10
	Slajd 11
	Slajd 12
	Slajd 13
	Slajd 14
	Slajd 15
	Slajd 16
	Slajd 17
	Slajd 18
	Slajd 19
	Slajd 20
	Slajd 21
	Slajd 22
	Slajd 23
	Slajd 24
	Slajd 25
	Slajd 26
	Slajd 27
	Slajd 28
	Slajd 29
	Slajd 30
	Slajd 31
	Slajd 32
	Slajd 33
	Slajd 34

