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INTRODUCTION- LOOKING FOR NEW INTERACTIONS

Long distances
(light mediators)
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INTRODUCTION- LOOKING FOR NEW INTERACTIONS J

New interaction induces flavor-dependent Yukawa

potentials
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INTRODUCTION- LOOKING FOR NEW INTERACTIONS

Long distances
(light mediators)
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INTRODUCTION- LOOKING FOR NEW INTERACTIONS

Long distances: light mediators

Under L — L, and L. — L;, new interactions are sourced by electrons only.

Under L, — L., new interactions are sourced by neutrons only.
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INTRODUCTION AND MOTIVATION

o Consequential effect of light mediators <= long-range interactions
in the 3-v oscillation phenomenon.

Order of
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INTRODUCTION AND MOTIVATION

o Consequential effect of light mediators <= long-range interactions
in the 3-v oscillation phenomenon.

Order of

E, (first osc. max. in DUNE) = 2.5 GeV
(second osc. max. in DUNE) = 0.8 GeV
(first osc. max. in T2HK) = 0.6 GeV

19th Sept., 2024, NuFact Long-Range neutrino Interactions in DUNE and T2HK 8 /28



INTRODUCTION AND MOTIVATION

o Consequential effect of light mediators <= long-range interactions
in the 3-v oscillation phenomenon.

Order of Vs = 10713 eV

@ Sensitivity reach of next-generation long-baseline exp.: DUNE and T2HK
@ Focussing on complementarity in DUNE + T2HK

o Projected constraints?

o Discovery potential?
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OSCILLATION PROBABILITY IN PRESENCE OF LONG-RANGE INTERACTIONS J
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in disappearance
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https://link.springer.com/article/10.1007/JHEP08(2023)101

OSCILLATION PROBABILITY IN PRESENCE OF LONG-RANGE INTERACTIONS J
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OSCILLATION PROBABILITY IN PRESENCE OF LONG-RANGE INTERACTIONS
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OSCILLATION PROBABILITY IN PRESENCE OF LONG-RANGE INTERACTIONS J
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T2HK [2.5 v + 7.5 7]

@ 2431 kton MW vyear of
€Xposure (PTEP 2018 (2018) 6)

@ Presence of V., enhances first
osc. maximum peak the most
in appearance

@ Presence of V), and V,,
affects first osc. minimum dip
the most in disappearance
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RESULT: CONSTRAINING LONG-RANGE INTERACTIONS (NMO TRUE)
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Standard mixing parameters (NMO)
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Am: Am:
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sin 019 sin® 63 sin® 013 03 o2 105 o2 scp (P)
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RESULT: CONSTRAINING LONG-RANGE INTERACTIONS (NMO TRUE) J
|
10'F 1 e e
20
=
<
100 4 4 4
= DUNE + T2HK NMO (true)
== DUNE ) =223°
----- T2 ; it ) - 0455
107! 10‘44 10‘43 "o 10 10‘44 10‘43

Long-range potential, Vys [eV]

JHEP 08 (2023) 101
Ax? = min . {x*(SI+LRI) — x*(S)},

sin2 923 5 5Cp 5 iAm31

e Degeneracy in DUNE: Uncertainty in dcp and 63
o Degeneracy in T2HK: Uncertainty in 623 and sign of Am?2,
e Complementarity between DUNE + T2HK facilitates degeneracy-free constraints.
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RESULT: CONSTRAINING LONG-RANGE INTERACTIONS (NMO TRUE)
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e Limits on V), are strongest, followed by V., and V..
o [, — L; : dominant contribution from disappearance channel.
e L. — L, : dominant contribution from appearance channel.
e L. — L, : both appearance and disappearance channel.
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RESULT: CONSTRAINING LONG-RANGE INTERACTIONS (IMO TRUE)
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RESULT: CONSTRAINING LONG-RANGE INTERACTIONS (IMO TRUE)
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e Limits on V), are strongest, irrespective of mass ordering.
e Affect of inherent parameter degeneracies is relatively less in IMO that NMO.

e sin26,3 in HO, less sin? 6,3 — dcp degeneracy.
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RESULT: UrPER LiMITS ON COUPLING VS MASS PLANE USING
DUNE + T2HK (20)

Interaction range, 1/n1;; [kpc]

10° 10 107! 107® 107!t 10716
A T T T A T Ay
Causal horizon  Distance to GC VAU, R 7
2 7 ’ —
0l i ] 8eu , fora,f=epn
Lo~ Ly: atm. v (90% CAA4H7 /, G/B — gér , fOr a,/@ =e,r
/ o
Fuxf g VELE—sn0wx) . fora,f=pT
E .
S = ® q ® MW cos
-27 | %7 ] _
g0 oLyt v (1 2 Vag = Vo + Vo + Vos + Vag™ + Vag
S astro. flavor (107 2
g -8 , =
] 10~ Le — Ly: global osc. fit ¥, k
% L Lg: NSI atm. v (90% C:L 7.,.’/ ?
1072 F 4
This work — DUNE + T2HK (20)
Le—Ly —— Le—Le Ly—Le
10730 ¢ J
Weak gravity conjectur¢’77

10—35 10‘—30 10‘—25 10‘—20 10‘—15 10—10
Mediator mass, ml’\ﬂ [eV]

JHEP 08 (2023) 101

19th Sept., 2024, NuFact Long-Range neutrino Interactions in DUNE and T2HK 17 /28


https://link.springer.com/article/10.1007/JHEP08(2023)101

RESULT: UPPER LiMmITsS ON COUPLING VS MASS PLANE (20)
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DUNE + T2HK may place strong constraints on long-range interactions,
especially for mediators lighter than 10718 eV.
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RESULT: DISCOVERY POTENTIAL

If Long-Range Interactions exist in Nature.
Ability of DUNE, T2HK, and DUNE + T2HK in constraining them ?
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RESULT: DISCOVERY POTENTIAL
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RESULT: DISCOVERY POTENTIAL AT 30

JHEP 08 (2023) 101
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{ X2(SI + LRI) — y2(SI + fixed value of LRI) } ,
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RESULT: DISCOVERY POTENTIAL AT 30
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@ Alone DUNE and T2HK can only place upper limits on g(;ﬂ.
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RESULT: DISCOVERY POTENTIAL AT 30

Interaction range, 1/, 5 [kpc]
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@ Alone DUNE and T2HK can only place upper limits on g(’w.
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RESULT: DISCOVERY POTENTIAL AT 30

Interaction range, 1/ m:‘ 8 [kpc]
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@ Alone DUNE and T2HK can only place upper limits on gétﬁ.

o DUNE + T2HK may discover subdominant long-range interactions.
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RESULT: ALLOWED REGION IN V,3 — dcp PLANE IN PRESENCE OF LRI J
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@ short baseline = less matter-contaminated CP = high precision measurements of dcp

@ short baseline = less matter effect = less sensitivity to mass ordering
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RESULT: ALLOWED REGION IN V,3 — dcp PLANE IN PRESENCE OF LRI
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@ longer baseline = more matter effect = high sensitivity to mass ordering
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RESULT: ALLOWED REGION IN V3 — dcp PLANE IN PRESENCE OF LRI J
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DUNE 4 T2HK complement each other
and remove inherent degeneracies in
standalone experiments.
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RESULT: ALLOWED REGION IN V3 — 0b3 PLANE IN PRESENCE OF LRI J
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e huge detector = large statistics = better precision in sin 3
@ short baseline = less matter effect = less sensitivity to mass ordering
DUNE:

@ longer baseline = more matter effect = high sensitivity to mass ordering
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RESULT: ALLOWED REGION IN V3 — 0b3 PLANE IN PRESENCE OF LRI
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DUNE + T2HK complement each other
and remove inherent-degeneracies in
standalone experiments.
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KEY TAKEAWAYS

@ High event rates and well characterized neutrino beams in the
next-generation long-baseline experiments: DUNE and T2HK, make studies
beyond the standard neutrino interactions promising.

o Together DUNE + T2HK may place strongest constraints on long-range
interactions, especially for mediators lighter than 10712 eV.

@ Combining DUNE + T2HK removes inherent parameter degeneracies from
standalone experiments, which may tighten the upper limits of long-range
neutrino interactions

@ DUNE and T2HK by themselves may be unable to discover subdominant
long-range interactions, but their combination may!

THANK YOU!
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BACKUP - EVENT DISTRIBUTION IN PRESENCE OF LONG-RANGE

INTERACTIONS
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@ Huge detector in T2HK = event rates in T2HK higher than DUNE

Reconstructed energy, Erec [GeV]

@ Shapes of the event spectra reflect nature of curves at Osc. Prob.
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Neutrino Interactions with matter

Model: U(1) extension of SM
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Interactions with ultralight mediator (long-range interactions)
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