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https://inspirehep.net/files/b21c92f5366fca9b78bbbe8a497f6070

Introduction and Motivation

Present scenario
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Global oscillation
data taken from:
NuFit5.1, JHEP 09 (2020) 178,
and Phys.Rev.D 104 (2021) 8,

083031

Black-dashed
line in sin’ 012
and sin? 63
gives values in
tribimaximal
mixing scheme

2/17



Present scenario

T I T T o™ T T T T
[Esteban et al. (NuFIT v5.1,w/ Super-K) Mo Y
de Salas et al. (2021)! e — —_—
. o
olo ! ’“
bj—" : >
Capozzi et al. (2021) ! R —
I L I L I L i I I
025 0285 032 0355 0.02 0.022 0024 04 045 05 055 06
sin®8,, sin?8,, Sin?0,,
T T T T T T T T T
10 —==—  am| —_—
e —S=— jami| —_—
P
30
—=—— e
—— —=— —
ol oo
ey [o X‘X A0 '
2 = il ————i
— = 1ams, | ——
I I I I L L I I I
6.8 7.2 76 8 24 25 2.6 2790 180 270 360
AmZ, x 105 (eV?) 1amz2,, | x 1073 (eV2) ¢ (°)

Masoom Singh, NuFACT 20 Can Deviation from maximal 853 Resolved in DUNE?

@ Global oscillation
data taken from:
NuFit5.1, JHEP 09 (2020) 178,
and Phys.Rev.D 104 (2021) 8,

083031

@ Black-dashed
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gives values in
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Motivation

@ Current 30 allowed range in
sin? 03 ~ [0.4 : 0.6

@ sin?f3 = 0.5 (MM) still allowed

@ Present global best-fit is far from MM,
either in LO or HO

@ Must exclude deviation from MM
(maximality) with high C.L. before
addressing issue of octant

0r3 > 450 Orz < 4—5O LO) K
‘ L o MV aesds

Deviation from MM needs to be

Before addressing Octant Ambiguity established with high
significance

Esteban ef al. (NUFIT v5.1 w/ SuperK)

de Salas et al. (2021)

Capozzi et al. (2021)

Fogli and Lisi, hep-ph/9604415
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Disappearance Channel

P.. = 1— Msin®20x —Nsin®f3 — Rsin 203 + T sin46y3, (1)
—_———
Leading
where,
M =sin? A — acos® f1pAsin 2A + Ai1 sin? 013 (sm A cos AA% — éA sin 2A) ,
N = 4sin? 93%, -
R = 2a sin 613 sin 2012 cos Scp cos A%w , and

T = ﬁa sin 013 sin 2015 cos dcp sin A (AA sin A — snAa AA cos( — l)A)

o Here, A = Am3,L/4E and A= A/Am, = 2v/2GeN,E.
e sin6;3 ~ 0.02, asin A3 ~ 0.004
@ Leading term depends on A

lAkhmedov et.al. JHEP 04 (2004) 078
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Bi-events in the (Am3, — sin®fy3) plane
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Bi-events in the (Am3, — sin®fy3) plane
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Disapp. events in v run

Total Disapp. event rates in
v-v plane.

30 uncertain range in Am3,
[2.436 : 2.605] x10~3 eV?

Phys.Rev.D 104 (2021) 8, 083031

sin? B3 = 0.455 (blue), 0.5
(red)

1o statistical uncertainty
shows degeneracy
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Bi-events in the (Am3, — sin®fy3) plane
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Spectral Analysis

@ Ratio of v disappearance events in each energy bin
as a function of reconstructed E, assuming 3.5

1.2 B ERe years of v run in DUNE.
(BFMM)/(BF.LO) ——
. usmwyerLo) — { @ N: events for

(Am3; = 2522 x 107 eV?,sin® B3 = 0.455),
® Ni: (Amj; =2.436 x 1072 eV?,sin® 623 = 0.5),
o No: (Am3; = 2522 x 1072 eV?,sin® 3 = 0.5),
® Ns: (Am3; = 2.605 x 107 eV?,sin® 23 = 0.5).

@ Curves behave oppositely on the either side of
P,,, osc. minima (E = 2.5 GeV)

Vpp

Ratio of Disapp. Events / 0.125 GeV bin (v)

0'7 1 1 1 1 1 1 1 1
05 1 15 2 25 3 35 4 45 5 - ) i
Reconstructed energy [GeV] from MM lower), diverging for higher E,

(sensitivity to deviation from MM higher).

@ Converging for lower E, (sensitivity to deviation

@ Spectral informations expected to break
(Am3; — sin® 023) degeneracy.
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Deviation from MM

Deviation from maximality

Ax3y = min {2 (sin® 055 € [0.4,0.6]) — x? (sin® 055°* = 0.5) }

A, Ks,Kp)

where X = Scp € [139€ : 355°], Am§1 € [2.436 : 2.605] x 103 and ks and Ky, are the pull parameters on signal and background, respectively

LA, T o e e -
60 dcp (true) = 223° _
- 35yrs v + 35yrs :
50 [ NMO(true) -
L 650 :
40 - -
NE C ]
T30k .
20 | 4.30 -
10 - .
C 20 ]
0 T S I | B
0.4 0.45 0.5 0.55

0.6

@ Following present best-fit,
DUNE establishes deviation
from MM at 4.30 C.L. for
[3.5v +3.57] yrs, assuming
NMO.

e Total P-O-T of 1.1 x 102
per year
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Deviation from MM

Deviation from maximality

Ax3 = min {2 (sin® 055" € [0.4,0.6])

60
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A, Ns,’ib)
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- 8cp (true) = 223° A
L Bcp (true) = [139°: 3557]  mmm ]
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E 6.50 E
— 430 .
: 20 :
PRI I l ]
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o
[}

¥ (sin 055t = 0.5) }

@ Following present best-fit,

DUNE establishes deviation
from MM at 4.30 C.L. for
[3.5v +3.57] yrs, assuming
NMO.

e Total P-O-T of 1.1 x 102

per year

@ Uncertainty in dcp does

not affect our results (red
filled curves).
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Effect of App. and Disapp.

25 :

i App. + Disapp. = ] . .

L App. —— 1 @ Contribution of App. and
20 _ Disapp. —— _ Disapp. in establishing

deviation from maximality

bcp (true) = 223° @ Disapp. contribution
dominates for most of the
region in sin? 03

o App. dominates for sin? 03
(true) = [0.5 : 0.56]

0.5 0.55 0.6
sin8,, (true)
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Deviation from MM Effect of Systematics

Effect of Systematics

— :
i 1 4 .
@B+ Disapp. =, . @ Both App. and Disapp. are
' i 1 ffected und inal
: Disapp. ! /] affected under nomina
1 Solid: w/ sys ! i inties: 29%;
L s systemgt@ uncertainties: 2%in
[l 8cp (true) = 223° i APP, 5A) n Dlsapp.
1 —] .
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=) 1 4
= 1 ] from the table below.
a ]
. 7 siré?;;m(tf:lre) Channels | 2%, 5% | 5%, 5% | 10%, 10%
1 — App. 35 23 1
(! = 0.455 Disapp. 143 143 14.1
\] q App. + Disapp. 17.6 16.8 15.4
1 — App. 12 0.8 03
. 0.473 Disapp. 2.9 2.9 2.9
\ T App. + Disapp 4.2 3.8 3.4
L L AN
0.5 0.55 0.6
sin?8,, (true)
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Role of spectral analyses and marginalization
Spectral Analyses and Marginalization

30 T LI U T T T L T
E l \ [“ &) Tollal rate, Marg |
25 F \ \ 430 rate e Yoy ] o At Rate level, effect of
F RaiegSheos e ] marginlaization over Am3; is
20 - . much more visible than in
s f 1 Rate + Shape.
N>315 [ ]
< T as0 1 @ Adding spectral information
10 [ . reduces effect of Am3;
u ] uncertainty.
s B e Rate + Shape improves
0 b BISN 3 sensitivity in Ax3,; manifold.
0.4 0.45 0.5 0.55 0.6

sin265(true)
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Deviation from MM Role of different modes of running

Impact of v and 7 modes

Masoom Singh, NuFACT 2022 Can Deviation from maximal 853 Resolved in DUNE?

e U T T 3
L [85v + 3.5V]yrs ;
C 7vyrs ]
C 79V yrs
F NMO(true) ]
C Bcp (true) = 223° ]
- 4.850
= 4.30 =
L 30 ;
IR B | i

0.4 0.45 0.5 0.55

sinB3 (true)

0.6

Only 7 run establishes least

@ Only v run for 7 years achieve
better sensitivity towards
Ax}y if in Nature sin? 623 is

Balanced run: [3.5 v 4 3.5 7]
achieves better sensitivity for
almost all the sin® a3 in
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Deviation from MM Performance as a function of Exposure

Effect of Exposure

0.6
@ Benchmark exposure -
0.55 336 kt-MW-years
o After 336 kt-MW-years,
g Ax?,; marginally increases,
S 05 suggests NOT statistics
f.': limited afterwards.
@
0.45 Bs (true)= 223°
0.4

50 150 250 350 450
Exposure (kt:MW:-years)

[} = -

11/17

om Singh, NuFACT 2022 Can Deviation from maximal 853 Resolved in DUNE?




Deviation from MM

A B e A B B e D
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@ Best-fit values are taken from phys.rev.n 104 (2021) 8, 083031

@ IMO (true) has better sensitivity than NMO (true) for the current best-fit
scenario.
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Precision in atmospheric parameters [tSSEERRNICIEECIN

Precision in sin® 63

Ax2y = min {x2 (sin® 085" = 0.455) — X2 (sin” 045> € [0.41: 0.59]) } where

A, KsyKb)

A=dcp € [139° : 355°] and ks and K, are the pull parameters on signal and background, respectively

Precision on sin28,,

10 —
: 35yrs v + 35yrs ¥
8 5yrs v + 5yrs ¥
r Capozzi et al.
6
NE i
3 L
i< L
4 -
2
0 1
0.4 0.45 0.5 0.55

sin20,, (test)

Relative 1o precision from
Phys.Rev.D 104 (2021) 8, 083031 (blue
colored curve) is 6.72%

Relative 1o precision around
sin” 03 = 0.455 is 1.53% for
[3.5 v+ 3.5 7]

Precision increases to 1.3% for
[5v+ 57
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Precision in atmospheric parameters [EEEEIINUWNGEN

Precision in Am3;
Axpy =
min {2 (sin® 055 = 2.522 x 1073) — X2 (sin 055 € [2.436 : 2.605] x 1073) }

where A = §op € [139° : 355°] and ks and K, are the pull parameters on signal and background, respectively

Precision on Am3,
07—

30

@ Relative 1o precision from
Phys.Rev.D 104 (2021) 8, 083031 (blue
colored curve) is 1.09%

@ Relative 1o precision around
Am%l =2522 x1073 is
0.39% for [3.5 v + 3.5 7].

@ Precision increases to 0.31%
for [5v + 5 7]

@ Relative 1o precision from
JUNO is 0.5% Talk by M.Gonchar in
244 247 2.5 253 256 2.59 EPS-HEP 2021
AmZ, /1078 (test) [eVZ]

AxBy
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Effect of channels

Effect of channels

26

Capozzi et al. 30
App. + Disapp. 10, 20, 30
Only Disapp. 10,20, 30

2.58

2.56

2.54

252

25

AmZ, /107 (test) [eV?]

2.48

246

244

1
S

0.45 0.5 0.55

sin®,, (test)

0.6

Capozzi et.al is taken from

Phys.Rev.D 104 (2021) 8, 083031

Leading term in

disapp. o sin? 203, helps in
constraining 6,3 in both
octants

Leading term in

app.  sin? 6,3, helps in
resolving octant degeneracy
Complementarity between
app. + disapp. rules out
wrong octant solutions

App. + Disapp. improves
precision in both sin? 0>3 and
Am%1
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Contribution from v and 7 modes

258 [ T T T ] T
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o5 25 1 kb 1 ¢ ]
5 r 10 1 1 F
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0.4 0.45 0.5 0.55 0.60.4 0.45 0.5 0.55 0.60.4 0.45 0.5 0.55 0.6
sin20,3 (test) sin0,3 (test) sin20,3 (test)

@ Data from both v and 7 is necessary in ruling out wrong octant solutions and
better precision measurements in both sin® f,3 and Ami.
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Key Takeaways

@ With current best-fit parameters DUNE (3.5 v + 3.5 ©) can establish
deviation from maximality at 4.30 (5.20) C.L. assuming true NMO (IMO)

o A 30 Ax?,, with exposure of 336 kt-MW-years in DUNE is possible if
sin? A3 < 0.465 and sin® 03 > 0.554 in Nature, irrespective of dcp assuming
true NMO.

Spectral informations are necessary to resolve (Am3; — sin? 023) degeneracy

Disappearance dominates in Ax2,, sensitivity

High Ax3y in sin® o3 and Am3; necessitates —
e both v and ¥ run
e both app. + disapp. channels
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