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- Motivation

- 3-flavor mixing describes (almost) all neutrino oscillation phenomena
(3 mixing angles, 2 independent mass splittings, 1 CPV phase)

vV, l 0 0 cc} 0 siné, L\ ( cos 6, sinf, 0}| v
v, |50 coséy sinéb, 0 1 0 —sinf, cosb, O/ v,
V. 0 —siné,, cosby || -sinfe™ 0 cosé, 0 0 1|\ v,
Atmospheric & accelerator: Interference: Solar & reactor:
0, ~45 6 ,~9° and 5_ =77 6,,~ 34°
(Am_ )* ~2.4x10° eV? (Am_ )* ~8x10° eV?
Muon neutrino disappearance (v, — Vv, ) :

) Sensitive to:
—> 2 - 2

2 _ 2 2

Am3 L

Py, = uv,)=1- 40052(6'13) sinz(ﬂg;;)[l — cos2(f13) sinz(ﬂgg]] sin® (

Electron neutrino appearance (v, — V.):

Appearance ) . 9
2 3 sin @Kl—A}} 5 2 . 3 sin® AA L.
Py, —»ve) = | sin 923'8]]1 2913|—(1 — Ay + a* cos” flp3 sin 29127142 SenSltlve to:
Expanded under ] ] ) in((1 — AYA) sin AA —p 2
small 813, +a cos 13 sin 2612 sin 2023 sin 2013 sm((l — )A) smA cos(d+ A) 913, 6CP’ 923, Am 31
m2
A = 422G FnEAmZ, A= A“;gll‘ a= imgi CP Violation! q . ;
Hierarchy? Depends on sign o
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- What We Don't Know?

¢ Value CP-Violating Phase: ¢

« 6,. Maximal? Octant? (< or > 45°)

normal hierarchy (NH) inverted hierarchy (IH)

m2 4 pm?

 Sign of the mass difference:
¢ Normal Hierarchy (NH) > 0
¢ Inverted Hierarchy (IH) < 0

¢ Are there any more v's? (sterile)
¢ Are Neutrinos Dirac or Majorana?
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-The T2K Experiment
(Tokai to Kamloka)

Goals: ~ o
¢ Study v_andv_appearance (v“ — Vv - v ): Explore §_, and 6

13, 23

¢ Precision measurement of v, and Qu disappearance: Explore 6  and Am223
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CERN NAG61

Hadron prod.

Decay Near detectors
o volume
e_‘_-\__. _________________
30Gey LY SH
protons Target W N e -
& Horns M it —axi
J-PARC MR ' | | D '
_ 0 120m 280m 295ka

First Use of Off-axis v Beam:
¢ Intense & high-quality beam (Beam direction stability < 1mrad) =

e 2
sin“20,, = 1.0
sin’20,, = 0.1
Am},=24x10%eV?

Il

¢ ~1 mrad shift corresponds to ~2% energy shift at peak - o1f NLoe-0 ]
1 ]
¢ Low-energy narrow-band beam " E

¢ Can choose between v and v by changing current direction in -
horns i

i OA 0.0°
% OA2.0°
S 0A25°

.«.ﬂ,_k“mm||||]|||||||||||IIIIIIm
2 3

© E, peak around oscillation maximum (~0.6 GeV)

¢ Small high-energy tail — reduces feed-down background events
¢ ,K production at target was measured using CERN NAG1 exp.
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- Beam Configurations

runl-4 at ND280 rundc at ND280
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v —mode known as “forward horn current” (FHC) or “positive focusing” (PF)
v —mode known as “reverse horn current” (RHC) or “negative focusing” (NF)
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Overview of T2K:
- Near Detectors(ND280)

On-Axis Detector
(INGRID) Monitor v:
¢ Beam direction
¢ Beam Intensity

Off-Axis Detector:
@ In SK Direction
@ Measure:

@ v flux

‘ ik @ Cross-section measurements
On-Axis Neutrino ?lrr-ﬂiznlis {BBI:: g:r.} using wa!:er targets to re.duc.e
~ Monitor (INGRID) eutrino Detector systematic errors on oscillation
‘ SR parameters

- v flux/spectrum -

- cross sections
CC:\§W/+ NC \gz/

— Used for monitoring of beam, flux constraints and systematic error reduction
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BRI [he T2K Far Detector:
Super-Kamiokande

¢ Performance well matched to sub-GeV neutrinos
¢ High v_signal efficiency plus high =’ rejection
¢ 32 kiloton inner volume (22.5 kiloton fiducial)

¢ 2 meter wide outer region to identify entering
particles

Inner |
Detector | |
(ID)

el Quter
' Detector

¢ GPS time recorded in real-time for every spill
¢ Associate events with J-PARC (beam)

- - - - A
( Signal: Single-ring e-like Background _ 0 -7 _
assumed to be CCQE intrinsic v_ V lT == Y overlapping
e NCz° i Y
Vir==» V== Voeme—- es Vpmom T
\_ P e P : missed y
Signal (v,) Background

1 EM Shower:
1 Fuzzy Ring

2 EM Showers:
2 or 1 Fuzzy Ring
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l rl " ¢ 50 kiloton Water Cherenkov detector 1 km underground

¢ Probability to misidentify muon as electron is small

v, CCQE
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T2kl Analyzed Data: Run 1-7

Total Accumulated POT for Physics

. v-Mode Beam Power
x 10%° . V-Mode Beam Power
16— i i | | =
S 14 o o 5 Full data (as of May 27, 2016)
5 op /1 & — v-mode: 7.48x10%* POT
= E i 300 -
= ‘g; | : ¢ — v-mode: 7.47x10%° POT
< o I 200 @ (POT - Protons on Target)
E ¥ !
N B "—100
0 i

I : o DO i e : d
2011 2012 2013 2014 2015 2016

Required Beam direction stability achieved (< 1mrad)

% [ Horizontal beam direction —+ INGRID ! ]
EO5f : : '+ —— MUMON ! : E
0 —é&i R e = :_,_ e F—. ”‘”Q:'.!"—‘—q-o—=0=—
e - .
R 1 ——t —t—— r : —— . T !
B Vertical beam direction ! ——INGRID ! :
E 05f ! - ,  — MUMON ; : ]
0f4- — L _ﬁtax%
-0.5F | : : | T2K Runs | T2K Rung 3
T2K Run1 1 T2K Run2 1 T2K Run3 ' T2K Rund  May.2014 | Oct.2014-
Jan.2010-Jun.2010 1 Nov.2010-Mar.2011 1Mar.2012-Jun.2012 1 Oct.2012-May.2013 1=Jun.2014
A0 L I 1 T L I L T I

Day
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- Far Detector (SK): Event Timing

- Runl-6 (11.01x10* POT

- Run7 (3.16x10% POT)

o0
=
L

=)
=
I | I |

Number of events/25 nsec

¢ T2K beam timing
- ¢ Time window of (—2us, +10pus)

¢ Fully Contained (FC) definition 40l
¢ No signal in Outer Detector (OD) i
¢ Fiducial volume definition: :
¢ Vertex > 2 m from wall o

0 2000 4000
AT, (nsec)
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Oscillation Parameter
Fitting Procedure

Analysis strategy

4 H H H = E B E B E E E E B E N EE N EEEEEB&BEB~EBSBEB&8EB§8B§8NB§8 N

ND280 detector
model

NAG6 | /SHINE
external data
s Neutrino flux

INGRID & Beam [i'g model
monitor data 45 ND280 fit

Cross-section . ND280 data
model pa—
External
cross-section data

CRC R I I W W W W W

Super-K detector | g Super-K data

model Oscillation
fit

r

- ND280 data

: reduce neutrino flux and
1 Cross-section uncertainties?’

-_ - ememe s s s s s=il Oscillation

parameters

NTiHEP16: October 2 - 8, 2016 V. Paolone, University of Pittsburgh 13



2Rl Oscillation Results

First the disappearance (anti-)neutrino results...
(Test tor CPT Violation or a search for

non-standard v interactions)

: : - : o { Ami, L Sensitive to:
Py, =v,)~1- 4 cos®(fy3) sin® (fa3)[1 — cos?®(#3) sin®(fa3)] sin® ( a1 )

E, 0,0 IAM°, | (~1AM7, )

<0, Maximal? Octant? (< or > 459)
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Flux & v Background Constraints
.I.Zk\ using ND2380

¢ Select charged-current
(CC) events in ND280
¢ Separate into 3 categories :

(CCQE, CC Resonance, CC DIS) _*,

¢ Parameters from _

simultaneous fit of 3 samples of [ Prior to ND280 Constraint

¢ Used for prediction of - After ND280 Constraint _

Super-K neutrino spectrum B penmme s s nmaes g o L

w/o oscillation ’ !

SK v, v beam mode
14 T

SK ¥,, ¥ beam mode vY-mode -,7“ flux
1.4 T — T T
normalization

v-mode Vy flux
normalization

[

) i

Flux Faramater Vaue
Flux Faramstar Vaug

=4
i

=
o

B Frior to ND280 Constraint

fter ND280 Constraint

=
=~

=
)

. =
1 ! ™ E Gew 1 E. iGeV)

ND280 constraint provides significant reduction of uncertainty at Super-K:
Increases the effectiveness of each proton on target — Don't need to run as long!

0'7;_ e-like sample == 1o error (w/o ND280) Total ENSK/NSK 4 H-like sample —= 1o error (w/o ND280)

g [ toemor Beam mode | sample | ND280 constrained | w/o ND280 i | B

e
in
T

T2K preliminary

Events per bin
<
(=)
T

: Ml neutrino p-like 5.03% 12.0% 25
S neutrino e-like 5.41% 11.9% 1§ 1%
ZZ.: anti-neutrino | p-like 5.22% 12.5% ! -
ng 1 1 1 | | o1 anti'neutrino e'l i ke 6-1 9% 1 3-70/0 e
0 0z 04 06 08 1 12 20 ¥ F N E TR FE——
Reconstructed Neutrino Energy (GeV) Rcconstruculad Neutrino Energy (GeV)
(Appearance) (Disappearance)
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B2kl T2K: Disappearance Event Selection

D (;u) event selection (Disappearance):

Fully contained fiducial volume
Single-ring p-like event

pu > 200 MeV/c

# of decay electron = 1

¢ ¢ ¢ ¢ F

VM v,u

- S R R R R i = AL LA IS I P DU B :
B gk [ [2K Runl-7¢ preliminary. . . | — Jnoscillated E 12K Runl—-7c prelinjinary ; |— Unoscillated
g 80 : g ; g Prediction Eu 25t S l ............ i Prediction
S 70 o —— Best-Fit = - : : : N — Best-Fit
Z 60 :'? 20F- R R e
=] = C —— Data
E 50 g ]5__ ................. e =66 ............................................. T =
40 = » ; dbserved .
: : i 10 R | S - (W/OOSC)=~25 -
: i : >C. o expected ; : ; : .
B T [ororeees expected ............. ................. r . : .
2 2
3 3
3 % R A T R 6 3 8
Reconstructed Energy [GeV] Reconstructed Energy [MeV]
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Disappearance:
Comparison between v and v

-3 -
3.3510"'!"" U B L B 33?"‘(:"3'" trrTT =
3.6 f_— jK.F[un.‘l.?f._y_.gﬂaL CL..mrnnnss T2§’(_.F|un1 br ) GB%-CLé 3.6 :—m---T?E‘K--Fll.ln-1--7--\1--90%-CL------'--'--'--'--'--'-!--TZ?K--Fll.lr-‘l1 T---J-SB%-CLE
' - ] & - ]
N% 3'4:— T2K Runi-7 ¥ 90% OL | --r" T2K Run1-7 ¥ 68% CL] E 3.45—1':_KFlun1-7 vV 90%CL: -~ T2K Run1-7 ¥ 68% CL No ObViOllS difference
T 32F Normal Hierarc - — 32F Inverted Hierarch . = |
A Y : A — __,__ﬁ_\y | between v andv
< Lk / -------- \ ] < o8f / \ 1 observed... And |
., 28F A== ] = F [{ Y ] | . . |
S 26f T N o W—— — . S 26f \'. ﬂ\ P B— - we're consistent with
= Y N, K N ] 1 - ., AT Ay '." B . o . |
T \ Ui P / ] & 24f N\ / % - maximal mixing
< 22f \Hﬁ__ """""" i ] < 22f | (0,=45
2E N : 2
827703 04 05 06 07 08 82703 04 05 06 07 08
sin’d,, or sin®0,, sin’D, , or sin’0,,
2 3.6E :
o 34E =
o 320 =
= C ]
= 3F E
o 28F =
=2 26k 3
24F -
22F =
2 NOVA (2016) MINOS+ . .
18- T2KRunl7cpreliminary Super-K = 3 Comparison to other experiments
03 035 04 045 05 055 06 065 0.7

sin’ 0.,
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- Oscillation Results

Appearance (anti-)neutrino results...

Appearance 22 1— A in2 AA
Py, = ve) = sin? fy3/sin’ 291351]1 {F_K Vg ) + a2 cos? B3 sin? 26015 5111A2
: Sensitive to:
Expanded under
small B13,a +a cos (13 sin 2612 sin 2623 sin 2643 sin((1 - 4)4) sin A& cosjol+ A 0,5 ,0 Am
1— A 13 “cP’ 23’
) Am2, L Am -
A = 422G pn. EAmE, A= E‘l = Al CP Violation!
Hierarchy?

« CP-Violating Phase: 6
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-TZK: Appearance Event Selection

v_(v )event selection (Appearance):

L~
L~
L~

NTiHEP16: October 2 - 8, 2016

Fully contained fiducial volume
Single-ring e-like event
Evisible > 100 MeV, Erec < 1250

MeV

# of decay electron = 0

n° rejection cut

Ve

Events/100MeV
=
I

R ety

__ Unoscillated
Prediction

“i|— Best-Fit

—=— Data

| o 1 o | &

Ratio

000 200300
Reconstructed Momentum [MeV/c]

32 events observed

.
(NH) (NH) (NH) (NH)

e 28.7 24.2 19.6 24.1
V, 6.0 6.9 7.7 6.8 4

ve
35p—— L B L e L -
% E T:&K Runl-7c¢ preliminary — Unoscillated
= OO O e SO SO Prediction
2 _F | — BestFit
= 25F
= E : : : :
=Y S i T Data
) E : ; : : ‘ :
= s =
1=
055
0
2 8
£ 65
45
05 * 00 400 600° 800T 1000 1200 a0

Reconstructed Momentum [MeV/c]

4 events observed
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- Expected # of events(vu&u,veﬁe):

(Observed
v-mode run 135.8 135
u' V-moderun = 64.2 66)
Observed
5CP = —1'[/2 5CP =0 acp = +ﬂ'/2 5CP =T (
v-mode Normal 287 242 19.6 24.1 32
e Inverted 25.4 21.3 171 21.3
| vmode Nomial | [TFEGlT T e 7.8 6.8 4)
| °
V . " nverted 6.5 7.4 8.4 7.4
| e acp = —1'[/2 acp = 0 acp = +ﬂ.'f2 acp =T
T, = 7, 2.8 3.8 4.8 3.8
Vy 2 Ve 1.0 0.9 0.7 0.8
other bkg. 2.2 ks 4
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12K\ Joint Fits (vuﬁu,veﬁe): 5., VSO

T2K Result with Reactor Constraint
[sin2(2613) = 0.085 £+ 0. 005]
3= T T oIN T T T T T ]

T2K-Only

Teler 71 T [

T2K Runl-7c¢ preliminary T2K Runl-7¢ preliminary

Ocp (radians)
Ocp (radians)
(]

Fixed Mass Hierarchy Fixed Mass Hierarchy

co L e 68.27%CL ] - 68.27%CL 1
1= — 90%CL - 1E . -
C *  Best-fit ] - — 90%CL N

L PDG 2015 N B *  Best-fit ]
0 - O -
4 o —— Normal Hierarchy E l:— —— Normal Hierarchy B
- —— Inverted Hierarchy . - — Inverted Hierarchy .
20 ] 2F -

1 1 ““ ‘:' 'l:l 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 . 1 |" | 1 1 1 1 | 1 1 1 1 |
0 0.02 0.04 0.06 0.08 0.1 0.015 0.02 0.025 0.03 0.035
R/J sin? 0, T sin” 0,

¢ T2K results consistent with reactor results
¢ Data prefer maximal CPV: b _ =-1/2

=

¢ Even though statistics are small Ve results reinforce maximal CPV
observed for v_data

NTiHEP16: October 2 - 8, 2016 V. Paolone, University of Pittsburgh 21



T2K\ Joint Fits (vu,vu,ve&e): 5., Sensitivity

T2K result with reactor constraint sin2(2913) = 0.085 £ 0. 005

Sensitivity (Simulation) Measurement (Data)
- 8 I L B B B S I T::]14_|' L LSS B IS O
N} 7 f— — Normal Hierarchy —f a. 12 T2K Runl-7c¢ preliminary A ]
6 ; — Inverted Hierarchy —f 10 :_ — Normal Hierarchy _:
55_ _E - -~ Inverted Hierarchy -
- 20 . - —-2InL_, (90% CL . -
4F . 3 Pl : usins critical
3= 90%CL / / \ : i 20D for 90 % C.L.
2 X =
;
0\4 N

w—
(&}
—
o
—_

2 3
8.p (radians) Ocp (radians)

90% Confidence Interval:

¢ Normal mass ordering: [-3.13 rad., -0.39 rad. (-179°,-22°)]
¢ Inverted mass ordering: [-2.09 rad. , -0.74 rad. (-120°, -42°)]

— Slight Preference for NH over IH
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T2 T2K(ND280) v Cross-Section Measurements

(Selected Results)

¢ T2K near detector suite(ND280/INGRID) can measure cross sections in

addition to its direct role in oscillation analyses:

¢ Important in their own right: Understand how v's interact with matter

¢ Reduce the systematic errors in oscillation analyses - improve MC models

¢ We're now in an era of precision measurements in v physics

INGRID v, CC Inclusive on iron : PRD 93 072002
INGRID v, CCQE on carbon : PRD 91 112002
ND280 v, CCOn on carbon: PRD 93 112012
ND280 VMCCOTE on water

ND280 v, CC1n" on Carbon

ND280 v, CC1n" on Water : arXiv:1605.07964

¢ ¢ ¢ ¢ ¢© © ©

[ o

ND280 Gu CC Inclusive on Carbon
¢ ND280 v, CC Inclusive on Carbon : PRL. 113 241803

¢ More to Come

NTiHEP16: October 2 - 8, 2016
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/ GeV / nucleon )

do/dp,( 107 em?

0.35

0.3

0.05F

E T2K Preliminary
| * stat.+sys.
L stat.

— NEUT truth

"~ GENIE truth/

ND280 v CC coherent n+ production on Carbon : bt
arXiv:1604.04406 /
E
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B2kl Future Prospects: T2K II

J-PARC Intensity Upgrade Plan:

— 45 — 35 —
1° F 7 FE Y
2 1400/ 1 o 1 o Beam power projection
5] - 40 ;'?' - r—?‘ (T. Kobayashi for KEK-PIP)
% & 3.0 =) 1400 Power(kW)
21200 Y ; RF anode power supply upgr
B —_—
E E g - 1200 T
- = ] = Air-cooled 2 RF
g 1000 MR Pawer Supply upgrade 30 ne_ 1 & % 1.16 s cycle
s = = fore — 1000
- g 12,0 g g T 10 RF system
800 o 5 ) 1.20 s cycle
= = o 800
[7] a £
600 2 ;E) 2 600 1.25s cycle
© 2
g g Reaches ~1.3MW
400 = - 400
c
05 Magnet PS upgrade
20 - n 20 High grad. RF
Inj/FX system upgrade
0 0 Too 0 1.3scycle
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 aj;?y ‘ 2018 2017 2019 ' 2021 2003 2008

¢ Presently T2K approved for 7.8x10%' POT
¢ Projected to reach around 2020
¢ 1% stage of J-PARC main ring power supply upgrade approved
¢ Major step in achieving > 1 MW beam power (currently 420 kW)
¢ T2K-II extends T2K accumulated POT to 20x10*' POT
¢ With further accelerator and beam-line upgrades expect 1.3 MW
¢ Goal could be reached in 2026
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- T2K II Sensitivity

arXiv:1607.08004

hierarchy unknown external hierarchy input
2000 04777
[ — 20x10°' POT w/ eff. stat. improvements (no sys. errars) ] C — 20x107" POT w/ eff. stat. improvements (no sys. erors)
- - 20x1 07 POT wi eff. stat. & sys. improvements i | - - - 20x10°' POT w/ off. stat. & sys. improvements

I —— 7.8x10°' POT (no sys. errors)
- - 7.8x10% POT w/ 2016 sys. errors

1 15‘ —— 7.8x10°" POT (no sys. errors) b
4 L - - - 7.8x10°' POT w/ 2016 sys. errors T i

—
o
T T

T2K preliminary 10:

A 5 to exclude sind,p=0
=)

5t 5f
ol R B o hoLt 1] gl P B AR B
=200 200 =200 =100 0 100 200

True d.p(° True d.,(°
Assuming true sin? fa3 = 0.60 ue d¢p(’) ue d¢p(°)

%1072 - GoaISI

I L B A
[ —roTbyzom soncL  —Satony : ¢~30 sensitivity to CP violation for favorable
paf. TT7IOPOTIOROL TSR (and currently favored) parameters
s — 20x10*' POT w/improvement, 90% C.L __ .. __ g . y p
P > ] ¢ Precise measurement of 0,
E 26 . .
¢ Octant resolution if 8, at the edge of
24 currently allowed region
N ¢ Otherwise measure 6 , with a resolution of
' 0.4 0.5 0.6 §

- ' 1.7° or better
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2Rl Summary and Outlook

¢ T2K has accumulated a total of 1.51x10%" POT (split equally in v and » mode)
(~19% of T2K's approved POT) B B
¢ Joint analysis across all modes of oscillation vu/vu disappearance, v /v

appearance has been performed
¢ Constraints from near detector (ND280) measurements incorporated

¢ These data show a preference for maximal 6_, mixing, 6_, ~-n/2 and NH
¢ Manifested by “maximal” 1)11/511 disappearance, “large” v_appearance,
“small” v_appearance

¢ Stable beam power @420 kW achieved this year
¢ Approved upgrades for >700 kW operation
¢ A proposed extension of T2K(T2K II):
¢ Accelerator and beam line upgrades to improve beam power to 1.3 MW
¢ Allowing 20x10%' POT to be accumulated by ~2026
¢ Primary goals are >30 sensitivity to CPV and < 2° resolution on 6,_,

- Stay Tuned: More oscillation results to come...
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Solar+KamLAND > 6, ~ 34°
SK, MINOS, T2K, NOvA > 0, ~ 45°
Daya Bay, Reno, Double Chooz —» 6, ~9°

(T2K: 6 ,# 0 — In Appearance Channel)

Normal Hierarchy Inverted Hierarchy

p o— RSN Am2, = (7.65 + £0.23) x 107° eV/?
E | — |
AMatm; sign of the mass difference, Am3, > 0.

| Vo —— : (2.40 £+ 0.12) x 10~3 eV?2
Aln501& v, E— v, —

Vo IR vy I v I
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TZR\ Far Detector: Particle ID

MS Small: EM Shower: 2 EM Showers:
Sharp Ring Fuzzy Ring > 1 Fuzzy Ring
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T2KK\ v, >V Oscillation Parameters

Three analysis methods used:

¢ Maximum likelihood Fit using 2D-distributions of electron momentum
& angle — Result presented here

¢ Maximum likelihood Fit using reconstructed neutrino energy
distribution

¢ “Rate Only” analysis — Single energy bin using Feldman-Cousins
technique

— All three methods result in consistent values

Using method 1: Differences in electron momentum and angle distributions allow
signal and background separation and exploits detector measured variables:

v, backzround v, backgzround v backeround T hack
= 150 0= 150 = 1505 Er o ISEI;%" brackgroud »
y I _J.NC :“:on ] t - - - 3 I < I
E I B I 3 r i B I L] I \
& 100 "5 1o0] INmnsic v ig'” & o0 N T "
é.- [ b= [ = I e _é i
% wf & s 3 sof T
g I TN T 5 TS I il
" [ A [ El [ " I i
. I ) ik ] . i - | L - ]
L0 1500 SO0 00 TS0’ " TR E % o0 000 1800 U B0 1000 Ts00
muomentum {Melic) mmentum | Meic) momentum (MeVic) momentum (Melic) mementum (MeV i)
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e-like sample

H-like sample
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p-0 distributions of selected 1R
e-like events at SK
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p-0 distribution of emitted electron

g W0 e
o IﬁU: TZK Runl-7¢ preliminary:;
= - ;
ﬁ 140F dat'data ......
) C 5
B 120
: -
< 100
305.. ........................................................
60
FT) ISR [ —
20
:I 1 1 i 1 1 1 i 1 1 il i 1 il 1 i 1 1 1 i 1 L 1 : 1 1 1 il 1

v_selection: Signal & Background
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