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* Neutrino oscillation 1n a nutshell
* RG running effect on neutrino oscillation

* Experimental sensitivities

Chui-Fan Kong (IBS-CTPU-PTC) FLASY 2026 @ Gyeongju, Aug 18, 2026 4



3 Institute for
1 Basic Science

Neutrino oscillation in a nutshell

See also talks by Jose Valle and Byeongsu Yang

Chui-Fan Kong (IBS-CTPU-PTC) FLASY 2026 @ Gyeongju, Aug 18, 2026 5



Neutrino Oscillation in A Nutshell

Mixing:
Ve Ui Ue2 Ues V1
Vr UT 1 UTZ UTS V3
mixing
flavor : matrix E mass
eigenstates eigenstates

Chui-Fan Kong (IBS-CTPU-PTC) FLASY 2026 @ Gyeongju, Aug 18, 2026

1

Institute for
Basic Science



Neutrino Oscillation in A Nutshell

Mixing:
Ve Uei Ue2 Ues V1
Vr UT 1 UT2 U7'3 V3
mixing
flavor : matrix E mass
eigenstates eigenstates

SOuUrce
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Neutrino Oscillation in A Nutshell T2 hettge tor

Basic Science

Ve Uel UeQ UeS V1

I/'u — U,ul U,u2 U’ug V9

Vr Ui Ur2 Usrs V3
Production:
Va) = + Usolvz) + Ugs|vs)

SOuUrce
a, B € {e pu, 7}
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Neutrino Oscillation in A Nutshell

Propagation after a distance L:

v @ ©
3

o—igh L e—zﬁ o—iza L

SOuUrce

o, €{e, 1,1}
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Neutrino Oscillation in A Nutshell

2 2 2
[Am21 = Mo — My,
2 2 2

Propagation after a distance L:
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Neutrino Oscillation in A Nutshell
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Ve Uel UeQ UeS V1

l/'u — U,UJ1 U,u,2 U/,LS V2

Vr UTl UT2 UTS V3 I L |
Detection:
| =1 + Upz2(va| + Ups(vs|

source detector

o, B € {e,u, 7}
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Neutrino Oscillation in A Nutshell T2 hettge tor

Basic Science
Ve Uel Ue2 Ue3 "
Vol =1Uu Uy Uz | | 2
Vr UT]. U7'2 U7'3 V3

Production: | L |
Vo) = + Ugalv2) + Ugs|vs)
Propagation:. AamZir|am3ir
(& 2FE € 2E
Detection: v ¥
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source detector

o, B € {e,u, 7}
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Neutrino Oscillation in A Nutshell

* Oscillation amplitude

Amp(vy — vg) =

* Oscillation probability
P(vo — vg) = |Amp(v, — VB)P

source detector

o, B € {e,u, 7}
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RG running effect on neutrino oscillation
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The loop corrections lead to RG running effect:

strong coupling constant weak mixing angle
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credit: Particle Data Group
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RG Running Effect

The loop corrections lead to RG running effect:

weak mixing angle

|||[|I'I'I T 1 ||||I'I'| T ||||ll'|'| T lllllm

strong coupling constant

E k Idecay NSLO i
b\ low Q2 cont. N3LO)

The physical quantities are not “‘constant

e Particle Threshold
vled drelfner)

29 '

o (Q?)

Thelr values depend on the scale at which we are measurmg

0.1
= O(s(mz ) 0 1180+00009
- 0.225 R ETTIT B ETTT B ETTIT B ST B S AT 1T MR B AT TTT Maa e
2 103 104

0.05 :

1 10 100 1000 1074 10®* 102 107! 1 10! 10
August 2023
‘ Q[GeV] u [GeV]

credit: Particle Data Group

16

Chui-Fan Kong (IBS-CTPU-PTC) FLASY 2026 @ Gyeongju, Aug 18, 2026



3 Institute for
1 Basic Science

RG Running of Neutrino Mixing Parameters
What happens if neutrinos interact with new light degree of freedoms?

-

PR I'm lights

credit: symmetry
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RG Running of Neutrino Mixing Parameters
What happens if neutrinos interact with new light degree of freedoms?

l I'm light:

Loop corrections can happen at low scales

credit: symmetry

Chui-Fan Kong (IBS-CTPU-PTC) FLASY 2026 @ Gyeongju, Aug 18, 2026 18



3 Institute for
1 Basic Science

RG Running of Neutrino Mixing Parameters
What happens 1f neutrinos interact with new light degree ot freedoms?

l

Loop corrections can happen at low scales

!

Neutrino mixing parameters become scale-dependent: U — U (Q2)

I'm light:

credit: symmetry
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Oscillation w/ RG Running Effect

la(@p — p) (3(Qa —p)

=

N T T

p)
p) Usi(Q3)
)

v

—~

v;\p Uﬁi(chi? Q?n? V) Mdet
YT T Maer(@3)
Target Maer(€3)
Y
7
~
L
blue : vacuum w/o RG running red : vacuum w/ RG running black : w/ matter effect & RG running

* w/0 RG running: Amp(v, — vg) = Z U* e~ 78y U,

 w/ RG running: Amp(v, — vg) = Z U;i(Qz)e_im? ¥ Usi(Q3)
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Oscillation w/ RG Running Effect

la(Qp — p) (3(Qa —p)
vi(p) Usi
i) U3 (Q3)
V) vi(p) Upi(Qg> @, V Maet
S \}‘\\\ OSSO Maer(Q3)
Target Maet(QF)
Y
7
~
L
blue : vacuum w/o RG running red : vacuum w/ RG running black : w/ matter effect & RG running

* w/0 RG running: Amp(v, — v3) = Z U..e

 w/ RG running: Amp(v, — v3) Z- g m
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RG Running at Oscillation Experiments

p 7 T ) ——
- - o

proton hadronic collector

beam target (focusing) decay tunnel detector
g J - J
Y Y
neutrino production neutrino detection
(particle decay) (scattering)

Chui-Fan Kong (IBS-CTPU-PTC) FLASY 2026 @ Gyeongju, Aug 18, 2026 22



3 Institute for
1 Basic Science

RG Running at Oscillation Experiments

p 7 T ) ——
- - o

proton hadronic collector

beam target (focusing) decay tunnel detector
N\ J N\ J
Y Y
neutrino production neutrino detection
(particle decay) (scattering)
2 2
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RG Running at Oscillation Experiments

p 7 T ) ——
- - o

proton hadronic collector

beam target (focusing) decay tunnel detector
N\ J N\ J
Y Y
neutrino production neutrino detection
(particle decay) (scattering)
2 # 2
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RG Running at Oscillation Experiments

p 7 T ) ——
- - o

proton hadronic collector

beam target (focusing) decay tunnel detector
N\ J N\ J
Y Y
neutrino production neutrino detection
(particle decay) (scattering)
2 # 2

Amp(ve, — vg) = Ze_imi 2

1
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Experimental sensitivities
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Parametrization

We take a model-independent parametrization
dX
Tz~ X

Solution:

2
X(QQ)%X(Q?)%LBXIH( Q_z)
o

For model-dependent case, refer to

K. S. Babu, V. Brdar, A. de Gouvéa, P A.N. Machado, arXiv: 2108.11961
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Parametrization

We take a model-independent parametrization

0;;(QF) +1n ( Q—i )

0;;(Q°)

0
2
50(Q%) = 50(Q}) +[odn (|2 )

3 parameters quantify the RG running etfect

For model-dependent case, refer to

K. S. Babu, V. Brdar, A. de Gouvéa, P A.N. Machado, arXiv: 2108.11961
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Pheno Results: Zero-distance Effect

* w/0 RG running effect:

Amp(ve — v3) ZU eI 75y Uﬁi > UkiUgi = bag

no flavor tran81t10n 1n the zero-distance Iimait!
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Pheno Results: Zero-distance Effect

* w/0 RG running effect:

Amp(ve — v3) ZU oM 75y Uﬁi > UkiUgi = bag

no flavor transmon 1n the zero-distance Iimait!

* w/ RG running effect:

Amp(vy — v3) Z e 7By Usi(Q3) !Z Uﬁz (Q3) # dap

flavor transition 1n the zero-distance limit!
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Pheno Results: Effect at Multiple Exps

g’: ‘1553)
Vi, Yevim uyVVLV{,:,:“V
(\ FASERV2
NEUTRINO TeV Scale
DURZ-RID

JUNO-TAO

GeV scale MeV scale
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Pheno Results: Effect at Multiple Exps
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Pheno Results: Effect at Multiple Exps
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Pheno Results: Effect at Multiple Exps

Exp. Oscillation Channels In? |Q32|/|Q2
JUNO-TAO Do — Ve (B, - N 6 MeV)
) Uy —> Veyy & Uy — Ve 12
DUNE-ND Ve —> Ve & Ve = Ve, |(Fy =2.5GeV)

Vtu' — Ve,u;r & ?JU’ _> venu’a'r 82
FASERV2 |[Ve 2 Ve yur & Ve = Ve pur (E, = 0.5TeV)
Vr > Vepur & Ur > Ve pr| .

Denton, Ge, CFK, Pasquini
arXiv: 2606.26720
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Pheno Results: Effect at Multlple Exps

Institute for
1 Basic Science

3F
512 = 0 03 513 = —0 03
4+ N,
ot + N, ]
) i
= | + N,
~ I
ER $
< 1F -
| = .
o | ]
o' i ]
= —
U . ST | LS =
- JUNO-TAO DUNE-ND FASER»2
. ] ¢——-—>3p] j¢——>p]
1 il 0ol Ll sl s ol
10% 1072 107! 10° 10? 102 1013)  Go CFK. Paseuini
enion, e, , asquzm
E, [GeV] arXiv: 2606.26720
35

Chui-Fan Kong (IBS-CTPU-PTC)

FLASY 2026 @ Gyeongju, Aug 18, 2026



Bis

O _: —t—t—t— 1ttt —t+—+—+
- gtue = 1.08m, &t 68% C.L.
r = Fixed
r === W/ prior
005 e L
0.00r
—0.05F I
HPS gt —— DUNE-ND {
- —— FASER12
—— JUNO-TAO +
—— Combine
PR R T T (N SR SO SR R N Y PR PR I T T TR SN S S S
—0.15 —-0.10 —-0.05 0.00 0.05 0.10
Bi2

Chui-Fan Kong (IBS-CTPU-PTC)

.............

Ly
——
-

-
-
-
-——"
——

FLASY 2026 @ Gyeongju, Aug 18, 2026

3 Institute for
1 Basic Science

Denton, Ge, CFK, Pasquini
arXiv: 2606.26720

36



3 Institute for
1 Basic Science

Pheno Results: Effect at M
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Thank you for your attention!
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Summary

* BSM induced RG running effect can modify neutrino oscillation

It can affect experimental sensitivities to neutrino mixing
parameters

* It’s desirable to combine experimental data at different energy
scales
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Back up

Back up
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Hy ' Hy LZ‘H 'H |
— I B T 2 2 B
; i 0 The running of Y N

FIG. 2: Left: Feynman diagram associated to the generation of neutrino masses in a scotogenic-like neutrino
mass model in which M « Yn (Model 1). Middle: Feynman diagram associated to the generation of neutrino
masses in an inverse seesaw model in which M o Yy g (Model 2). Right: Representative Feynman diagram
responsible for the running of Yx in both Model 1 and Model 2. See text for details.

— £ = TY,H;Np + gNg¥yNg +he,  —£® = TV, FANg + NS Ng + hec.,

M2, V202

— YV VY ln— M, =

K. S. Babu et al,
arXiv: 2108.11961

M, ~ Yol Vo) YL,

16\f7r2 U
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dYy
dIn |Q|

1
16726(Yn) = 1672 = 4Yn [Yf% + 5'&(}1%)] .

Casas-Ibarra parametrization

1 —x /2 ’
¥, = — ¥, / Rdiag (1, , My Ty ) U(Qg) :

VC
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K. S. Babu et al,

arXiv: 2108.11961
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zero-distance limit

1/Ey, < LK 2E, /Am;,
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pi:\/EQ—mfﬁE—m—

m;7; =2 E(t — L)

2F
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Vi = Vz‘(Qz — mf,)

K. S. Babu et al,
arXiv: 2108.11961
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energy reconstruction:
eCc — rec eC
b r.]i = & ¢ T lrlad

momentum transfer reconstruction:
QZ ‘(prec L pEE}C)Q‘ _ 2E1‘EC(EI‘EC L ‘prec‘ COS QEE{:) L m?j

rec = 1%
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