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Y. Shigekami MSSM with NISRs

Introduction
• Supersymmetry (SUSY) is one of the promising 
extensions of the Standard Model (SM) 

• Its minimal extension is known as MSSM 

Same set of copy (but different spin by ±1/2) is introduced

1
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Y. Shigekami MSSM with NISRs

Introduction
• SUSY is attractive because of 
✓ Solving EW naturalness problem 

✓ Realizing gauge coupling unification 
✓ Existing dark matter candidates 
✓ … 

• But in SUSY models, we should solve  
‣ SUSY flavor problem 

‣ SUSY CP problem 

‣ μ problem 

‣ … 

• SUSY is interesting, but still challenging

2

Some figures are borrowed from S.P. Martin’s SUSY primer

<latexit sha1_base64="oWDMfbpgfNC7+nsXKESnnq42lpo="></latexit>

W → µHuHd ↑ µ ↓ MPl,GUT
?↔↗ µ ↓ 0.1-1TeV for EWSB

https://inspirehep.net/literature/448462
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Introduction
• SUSY FCNC … originates from soft-SUSY breaking para. 

• Flavor-changing parameters are severely constrained 
when msoft ~ TeV scale 

• Easy solution: taking higher SUSY scale 
Not interesting both for theoretical and experimental reasons

3

<latexit sha1_base64="GE1TPv2YN03uzcDUuGAmj7Ly8Uw="> </latexit>

Lsoft → ↑
∑

f

(M2
f )ij f̃

†
i f̃j ↑

[
(Au)ijQ̃iHuũj + (Ad)ijQ̃iHdd̃j + (Ae)ijL̃iHdẽj + c.c.

]

Generally have off-diag. elements Not diagonalize simultaneously with Yukawas

In particular for flavor-changing related with first and second gens.

Th) Loss of the motivation: 
Arise little hierarchy problem

Ex) Loss of the testability: 
Higher energy and/or luminosity

<latexit sha1_base64="iVYDGAwSgo1iOF9j/Vl2qz8xqsY="></latexit>

D0–D0 , K0–K0 , µ → eω , · · ·
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Introduction
• SUSY FCNC … originates from soft-SUSY breaking para. 

• Other solution: alignment mechanism 

Suppose we have U(1) horizontal symmetries 

• Off-diagonal elements of soft-SUSY breaking para. are 
small even in the mass basis of SM fermions! 
✓ We can safely set MSUSY ~ O(TeV) in the sense of SUSY FCNC bounds

4

<latexit sha1_base64="GE1TPv2YN03uzcDUuGAmj7Ly8Uw="> </latexit>

Lsoft → ↑
∑

f

(M2
f )ij f̃

†
i f̃j ↑

[
(Au)ijQ̃iHuũj + (Ad)ijQ̃iHdd̃j + (Ae)ijL̃iHdẽj + c.c.

]

Generally have off-diag. elements Not diagonalize simultaneously with Yukawas

Proper charge assignments lead to:                                  for SM fermionscorrect mass hierarchies 
correct mixing angles

<latexit sha1_base64="PwkiV7B7KcattUEJ1FXMS+H28Pg="></latexit>{
a

b

via Froggatt-Nielsen mechanism together with holomorphic nature of W

NPB398(1993)319, PLB309(1993)337, 
NPB420(1994)468, PLB332(1994)100, 
NPB448(1995)30, PLB382(1996)363

https://inspirehep.net/literature/341758
https://inspirehep.net/literature/354026
https://inspirehep.net/literature/359267
https://inspirehep.net/literature/37604
https://inspirehep.net/literature/393080
https://inspirehep.net/literature/416494
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Introduction
• Is the horizontal symmetry only possibility to do that? 

• Another way to realize alignment mechanism: 

• Lots of applications to phenomenological models 

• It may give hints for the Yukawa hierarchies and textures
5

No!!

Non-Invertible Symmetry

✓ Specific “selection rules” 
✓ Non-trivial textures can be obtained

<latexit sha1_base64="PwkiV7B7KcattUEJ1FXMS+H28Pg="></latexit>{
a

b

Totally different from ordinary group-based sym.

Yukawa textures are consistent with exp.: 
JHEP11(2024)120, JHEP12(2024)117, 
JHEP05(2025)177, JHEP08(2025)189

PRL129(2022)161601, PRX13(2023)011034, PRX14(2024)031033, PRX15(2025)031011, 2503.19964, PLB868(2025)139706, JHEP12(2025)111, 
2506.10241, 2506.16706, PRD113(2026)056028, 2507.10299, NPB1025(2026)117391, 2507.16198, PRD113(2026)055016, 2508.14970, 2508.16174, 
2510.01680, PRD112(2025)115029, 2510.17156, 2510.17292, 2512.16376, 2512.20891, 2512.21509, 2601.15749, 2602.24214, 2604.04423

→ Most of them focus on non-SUSY model

https://inspirehep.net/literature/2821766
https://inspirehep.net/literature/2826316
https://inspirehep.net/literature/2899879
https://inspirehep.net/literature/2920314
https://inspirehep.net/literature/2080021
https://inspirehep.net/literature/2080611
https://inspirehep.net/literature/2181844
https://inspirehep.net/literature/2759904
https://inspirehep.net/literature/2904414
https://inspirehep.net/literature/2919523
https://inspirehep.net/literature/2923470
https://inspirehep.net/literature/2933844
https://inspirehep.net/literature/2937308
https://inspirehep.net/literature/2941982
https://inspirehep.net/literature/2945920
https://inspirehep.net/literature/2947405
https://inspirehep.net/literature/2952975
https://inspirehep.net/literature/2961778
https://inspirehep.net/literature/2963051
https://inspirehep.net/literature/2963327
https://inspirehep.net/literature/3034034
https://inspirehep.net/literature/3064797
https://inspirehep.net/literature/3071182
https://inspirehep.net/literature/3071193
https://inspirehep.net/literature/3093976
https://inspirehep.net/literature/3095559
https://inspirehep.net/literature/3095765
https://inspirehep.net/literature/3110478
https://inspirehep.net/literature/3124267
https://inspirehep.net/literature/3139381
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Introduction
• We apply this NIS to MSSM 

Correct mass hierarchies and mixing angles for SM (charged) fermions 
Alignment mechanism works when SUSY breaking sector respects NIS 

• NIS should be applied at high scale (MPl, MGUT) 

• Some questions are 
? Textures are stable against RGEs or not 
? SUSY FCNCs are enough suppressed or not 

• If yes, NIS offers a robust and attractive framework! 
Both for addressing origin of flavor structures and ensuring flavor safety

6

Taking account RGE effects on MSSM parameters

Crucial points of this work
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• We focus on Z2 gauging of ZN 
Generators of ZN, g, obey 
It allows n-point interaction only when  

• Considering Z2 (generator r) outer automorphism 

• We can define “classes” of Z2 gauging of ZN 

• This is related to high energy theory (such as string theory)

7

Non-Invertible Symmetry
<latexit sha1_base64="XZfp4zE+HUYUXinbYmew6kiwA0k="></latexit>

gk1gk2 = gk1+k2 for k1,2 = 0, 1, · · · , N → 1
<latexit sha1_base64="n1AY7IHe30Ov634UTustOePDAv4="></latexit>

k1 + · · ·+ kn = 0 mod N

<latexit sha1_base64="Kpi38LUvV54t3NxKAML7G9F8s80="></latexit>

r2 = e (identity) , rgkr→1 = g→k

<latexit sha1_base64="xvF2ua717E7UWPALP7k2wc+Fedc="></latexit>

[gk] = {hgkh→1|h = e, r} = {gk, g→k}
<latexit sha1_base64="qGEU3TY9PjRfFuHO1DNwoO5+tCI="></latexit>

k = 0, 1, · · · ,
{

N→1
2 for odd N

N
2 for even N

More details: e.g., Kobayashi, Otsuka JHEP11(2024)120 
     Dong et al. PRD113(2026)056028

Theoretically grounded path

Z2 gauging of Z3 has two classes, [g0], [g1] 
E.g.   Z2 gauging of Z4 has three classes, [g0], [g1], [g2] 

Z2 gauging of Z5 has three classes, [g0], [g1], [g2]

<latexit sha1_base64="PwkiV7B7KcattUEJ1FXMS+H28Pg="></latexit>{
a

b

https://inspirehep.net/literature/2821766
https://inspirehep.net/literature/2941982
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• The “classes” of Z2 gauging of ZN 

• Fusion rule:

8

Non-Invertible Symmetry

<latexit sha1_base64="xvF2ua717E7UWPALP7k2wc+Fedc="></latexit>

[gk] = {hgkh→1|h = e, r} = {gk, g→k}
<latexit sha1_base64="qGEU3TY9PjRfFuHO1DNwoO5+tCI="></latexit>

k = 0, 1, · · · ,
{

N→1
2 for odd N

N
2 for even N

<latexit sha1_base64="ugS/jnKr3TBEWc8XyptWIoQ9/QU="></latexit>

[gk1 ]→ [gk2 ] = [gk1+k2 ]↑ [gk1→k2 ]???
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• The “classes” of Z2 gauging of ZN 

• Fusion rule: 

• This leads a crucial consequence 
We can construct models with non-ordinary procedure! 

8

Non-Invertible Symmetry

<latexit sha1_base64="xvF2ua717E7UWPALP7k2wc+Fedc="></latexit>

[gk] = {hgkh→1|h = e, r} = {gk, g→k}

One “class” has some set of elements

<latexit sha1_base64="qGEU3TY9PjRfFuHO1DNwoO5+tCI="></latexit>

k = 0, 1, · · · ,
{

N→1
2 for odd N

N
2 for even N

<latexit sha1_base64="ugS/jnKr3TBEWc8XyptWIoQ9/QU="></latexit>

[gk1 ]→ [gk2 ] = [gk1+k2 ]↑ [gk1→k2 ]

Non-trivial textures can be obtained!

<latexit sha1_base64="cZ9H426Z3faNaGKNufhUFS/l14o="></latexit>

gk1 g→k1

gk2 gk1+k2 g→k1+k2

g→k2 gk1→k2 g→k1→k2

ZN rule:
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• What’s the essence? 

• Example: 2x2 submatrix of Yukawa …

9

Non-Invertible Symmetry

<latexit sha1_base64="ugS/jnKr3TBEWc8XyptWIoQ9/QU="></latexit>

[gk1 ]→ [gk2 ] = [gk1+k2 ]↑ [gk1→k2 ]Fusion rule:

Term is allowed when one of these is identity class (= [g0])

Group-based case
<latexit sha1_base64="rEjzlMVdg7V7iBzCgey+m4L1Cso="></latexit>(
qQ1 + qD1 + qHd qQ1 + qD2 + qHd

qQ2 + qD1 + qHd qQ2 + qD2 + qHd

)

<latexit sha1_base64="ntskh7ksSNAPpSSsk3WAZbgNfyg="></latexit>(
forbid allow
allow allow

)
Try to get

each field has charge q …

<latexit sha1_base64="quBYQD/7+sUS3tqhNEmLIcHmk4A="></latexit>




qQ1 + qD2 + qHd = 0

qQ2 + qD1 + qHd = 0

qQ2 + qD2 + qHd = 0
is required, but this means

<latexit sha1_base64="YNKfH7pKsYaG+aUcs8btFx1KTIU="></latexit>

qQ1 + qD1 + qHd = 0
<latexit sha1_base64="qy4qZYmKOBExKOT7sPyY0tSU1pY="></latexit>(
allow allow
allow allow

)
If three elements are allowed, 
remaining one is also allowed!

Non-invertible symmetry case (N=5)
each field has class [gk] …

<latexit sha1_base64="uUKt94D5QreKDB4mIkGnsmsNofE="></latexit>(
[gkQ1 ]→ [gkD1 ]→ [gkH

d ] [gkQ1 ]→ [gkD2 ]→ [gkH
d ]

[gkQ2 ]→ [gkD1 ]→ [gkH
d ] [gkQ2 ]→ [gkD2 ]→ [gkH

d ]

)

<latexit sha1_base64="2adqd5n4QXvvYHUtCFdelW0Hv6g="></latexit>

{kQ1 , kQ2 , kD1 , kD2 , kHd} = {2, 1, 0, 2, 1}e.g. 

can realize desired structure!

<latexit sha1_base64="ntskh7ksSNAPpSSsk3WAZbgNfyg="></latexit>(
forbid allow
allow allow

)✕ ✓

<latexit sha1_base64="cvetWDONplH4x24GLBJUgHJCUdE="></latexit>∑

i

±ki = 0 mod N

In general, allow when

2+2+1=5

1+0-1=0 1-2+1=0±2+0±1=±3 
±2+0∓1=±1
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• Charge assignments for each (super-)field: 

• Check each term: 

• Finally, we obtain diagonal Yu,e while non-trivial Yd at μ = MU

10

Yukawa textures thanks to NISR
<latexit sha1_base64="5kXoF8D4yMgLW++CwEVO/NzR6SQ="></latexit>

NIS Q1,2,3 U1,2,3 D1,2,3 L1,2,3 E1,2,3 Hu Hd

Z̃(1)
5 [g2], [g1], [g2] [g1], [g0], [g1] [g0], [g2], [g2] [g0], [g1], [g2] [g1], [g0], [g1] [g1] [g1]

Z̃(2)
5 [g2], [g1], [g1] [g1], [g2], [g0] [g2], [g2], [g0] [g2], [g1], [g1] [g1], [g2], [g0] [g1] [g1]

<latexit sha1_base64="/v1sCRjRSb0DzuWBWLAa4ozqbZI="></latexit>

(Yu)11 · · · Z̃(1)
5 : [g2]→ [g1]→ [g1] ↑ [g0] ; Z̃(2)

5 : [g2]→ [g1]→ [g1] ↑ [g0] ↓ allowed

(Yu)12 · · · Z̃(1)
5 : [g2]→ [g0]→ [g1] ↔↑ [g0] ; Z̃(2)

5 : [g2]→ [g2]→ [g1] ↑ [g0] ↓ forbidden

(Yu)13 · · · Z̃(1)
5 : [g2]→ [g1]→ [g1] ↑ [g0] ; Z̃(2)

5 : [g2]→ [g0]→ [g1] ↔↑ [g0] ↓ forbidden

<latexit sha1_base64="oXjEwitVOjsrKX3wr8yQtJdVZRA="></latexit>

Y MSSM
u (MU) →




2.89↑ 10→6 0 0

0 1.46↑ 10→3 0
0 0 0.527



 , Y MSSM
d (MU) →




0 0.0256 0

0.0109 0.118e1.09i 0.0199
0 2.53 1.27



↑ 10→2

Y MSSM
e (MU) → diag

(
1.02↑ 10→5, 2.15↑ 10→3, 3.66↑ 10→2

)

Note: Yd texture cannot be obtained in ordinary symmetry models

Nakai, Otsuka, YS, Zhang 
2512.21509

https://inspirehep.net/literature/3095765
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• Yukawas at SUSY scale (3 TeV, for tanβ = 5) 

• Out textures are essentially stable against RGE 

This results in …

11

RGE effect on the Yukawa textures

<latexit sha1_base64="/a09aiSAHY1T9R/+x0m8vOpMkpw="></latexit>

|Yu(MSUSY)| →




5.78↑ 10→6 4.55↑ 10→10 2.59↑ 10→6

9.01↑ 10→13 2.92↑ 10→3 1.25↑ 10→5

1.46↑ 10→11 3.55↑ 10→8 0.816





|Yd(MSUSY)| →




2.58↑ 10→11 1.29↑ 10→4 5.75↑ 10→8

5.51↑ 10→5 5.94↑ 10→4 1.00↑ 10→4

2.40↑ 10→9 1.17↑ 10→2 5.88↑ 10→3





|Ye(MSUSY)| → diag
(
2.840↑ 10→6, 5.982↑ 10→4, 1.016↑ 10→2

)

RGE-induced entries

Enough small!

Small FCNC in up-type sector, safe for any FCNC processes 
Enough large FCNC in down-type sector, leading to testable predictions 
No charged lepton flavor violating (cLFV) processes

We mainly focus on quark FCNCs
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• We have following soft-SUSY breaking terms: 

• Scalar trilinear couplings (A-terms) have same textures 

• Soft mass-squared matrices are diagonal forms! 

• In the analysis, we just assume O(1) coefficient as like

Soft-SUSY breaking parameters

12

<latexit sha1_base64="CZlfzwaKYeiCf0jHnpSKraoKN5s="></latexit>

Lsoft → ↑
∑

f

M
2
f f̃

†
f̃ ↑

(
AuQ̃Huũ+AdQ̃Hdd̃+AeL̃Hdẽ+ c.c.

)

<latexit sha1_base64="NBzzEaGC4ElZl34vGddPatimvHQ="></latexit>

Au =




→ 0 0
0 → 0
0 0 →



 , Ad =




0 → 0
→ → →
0 → →



 , Ae =




→ 0 0
0 → 0
0 0 →



 But, each entry doesn’t need to be 
same as one corresponding in Yf

<latexit sha1_base64="7XQcM2rFk7OGXRnfd4ifJldHtpo="></latexit>

M2
f = diag(m2

f1,m
2
f2,m

2
f3) But, in general, not proportional to identity matrix

<latexit sha1_base64="3TcjhXcsqjc5CHa7DswWU7tIQhg="> </latexit>

(Af (MU))ij = ωAMSUSYO(1)(Yf (MU))ij and M2
f (MU) = M2

SUSYdiag (O(1),O(1),O(1))

+ or -
Note: other parameters …

<latexit sha1_base64="2GZJWsspPsgQvS4lCVFuI6SipKU="></latexit>

M1,2,3(MU ) = MSUSY , m2
Hu,Hd

(MU ) = M2
SUSY



Y. Shigekami MSSM with NISRs

• 6x6 sfermion mass matrices: (similar for selectron sector) 

• MI parameters:                     for f = u, d, e and X, Y = L or R 

• Non-zero off-diagonal elements lead to flavor changing 
processes

Mass Insertion parameters

13

<latexit sha1_base64="CDbt+uhoaYx2beHA4CEz0T90X14="></latexit>

M2
u =

(
M̂2

Q + v2uŶuŶu +DũL vuÂ→
u → µvdŶu

vuÂT
u → µ→vdŶu M̂2

u + v2uŶuŶu +DũR

)
↑

(
!u

LL !u
LR

(!u
LR)

† !u
RR

)

M2
d =

(
V †
CKMM̂2

QVCKM + v2dŶdŶd +Dd̃L
→vdÂ→

d + µvuŶd

→vdÂT
d + µ→vuŶd M̂2

d + v2dŶdŶd +Dd̃R

)
↑

(
!d

LL !d
LR

(!d
LR)

† !d
RR

)

<latexit sha1_base64="WBX1/IGBaTuJWyI5PZUayluI0kA="></latexit>

(ωfXY )ij →
(!f

XY )ij
m2

f̃

We take “super-CKM basis”
<latexit sha1_base64="uWw0cL4MVxSfI/vWqi6PKGP6LYg="></latexit>

Ŷu → L†
uYuRu , M̂2

Q → L†
uM

2
QLu , M̂2

u → R†
uM

2
uRu , Âu → L†

uAuRu

D-term contribution:
<latexit sha1_base64="ntGzX3PdRB6jbWxSsF64XDzd7Nc="></latexit>

Dω =

[
g22 + (3/5)g21

2

(
T3(ω)→Q(ω) sin2 εW

)
cos(2ϑ)v2

H

]
↑ 13→3

<latexit sha1_base64="eUL9HjSNAGkH6kisdG3AUKNG5Z4="></latexit>

(ωuXY )12,21 → D meson , (ωdXY )12,21 → K meson ,

(ωdXY )13,31 → Bd meson , (ωdXY )23,32 → Bs meson

For example:
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• Numerical results for MI parameters

Mass Insertion parameters

14

<latexit sha1_base64="MW1+nMNu8R18oQjxLi2hQnFN02A="></latexit>

|ωuLL| =




1.2(1.0, 1.3) 7.1(5.5, 9.5)→ 10→7 1.3(1.0, 1.8)→ 10→5

7.1(5.5, 9.5)→ 10→7 1.2(1.0, 1.3) 6.0(4.6, 8.2)→ 10→5

1.3(1.0, 1.8)→ 10→5 6.0(4.6, 8.2)→ 10→5 0.94(0.82, 1.07)





|ωuRR| =




1.1(0.9, 1.2) 5.9(0.2, 14.8)→ 10→11 6.0(0.2, 16.2)→ 10→12

5.9(0.2, 14.8)→ 10→11 1.1(0.9, 1.2) 8.1(5.9, 10.5)→ 10→8

6.0(0.2, 16.2)→ 10→12 8.1(5.9, 10.5)→ 10→8 0.63(0.50, 0.76)





|ωuLR| =




2.1(1.2, 3.1)→ 10→7 4.8(2.7, 7.0)→ 10→11 1.1(0.3, 1.9)→ 10→7

9.7(5.5, 13.7)→ 10→14 1.1(0.6, 1.6)→ 10→4 1.1(0.7, 1.5)→ 10→6

7.8(0.5, 16.9)→ 10→13 3.0(1.9, 4.2)→ 10→9 2.4(1.9, 3.0)→ 10→2





<latexit sha1_base64="Sx7tVi311akulHZm3WNYfbnUs4g="></latexit>

|ωdLL| =




1.1(1.0, 1.2) 1.97(0.08, 4.94)→ 10→2 1.2(0.3, 2.2)→ 10→3

1.97(0.08, 4.94)→ 10→2 1.1(1.0, 1.2) 8.7(0.7, 17.0)→ 10→3

1.2(0.3, 2.2)→ 10→3 8.7(0.7, 17.0)→ 10→3 0.89(0.77, 1.01)





|ωdRR| =




0.98(0.86, 1.10) 1.71(0.07, 4.25)→ 10→2 7.5(0.3, 19.2)→ 10→3

1.71(0.07, 4.25)→ 10→2 0.98(0.89, 1.08) 3.4(0.1, 8.8)→ 10→2

7.5(0.3, 19.2)→ 10→3 3.4(0.1, 8.8)→ 10→2 0.98(0.88, 1.08)





|ωdLR| =




1.2(0.8, 1.6)→ 10→6 6.8(5.1, 8.4)→ 10→6 8.4(5.7, 11.0)→ 10→6

6.5(4.2, 8.9)→ 10→6 3.5(2.4, 4.7)→ 10→5 5.0(3.9, 6.2)→ 10→5

1.8(1.2, 2.3)→ 10→4 8.2(5.7, 10.7)→ 10→4 9.0(7.0, 11.0)→ 10→4





Up-type sector

Down-type sector

Tiny off-diag. elements 
… due to diagonal forms

Sizable off-diag. elements 
… interesting predictions!

✓ Note: no cLFV since no LFV sources
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• Relevant bounds on FCNC processes

Experimental status for FCNC

15

SUSY FCNC predictions are calculated by susy_flavor_v2.54

<latexit sha1_base64="WUytEhEsq5pG57KgeyCvG3fWip0="></latexit>

Observable Exp. results/bounds

!MK = 3.483(6)→ 10
→15

GeV

!MBd = 3.33(1)→ 10
→13

GeV

!MBs = 1.1700(4)→ 10
→11

GeV

|ωK | = 2.228(11)→ 10
→3

BR(K+ ↑ ε+ϑϑ̄) = (1.14+0.40
→0.33)→ 10

→10

BR(KL ↑ ε0ϑϑ̄) < 3.0→ 10
→9

BR(B ↑ Xsϖ) = (3.49± 0.19)→ 10
→4

BR(Bd ↑ ϱϱ̄) (ϱ = {e, µ, ς}) {< 2.5→ 10
→9, < 1.5→ 10

→10, < 2.1→ 10
→3}

BR(Bs ↑ ϱϱ̄) (ϱ = {e, µ, ς}) {< 9.4→ 10
→9,= (3.34± 0.27)→ 10

→9, < 6.8→ 10
→3}

BR(B+ ↑ ς+ϑ) = (1.09± 0.24)→ 10
→4

R(D) =
BR(B↑Dω→ε̄ω )
BR(B↑Dϑ→ε̄ε)

= 0.342± 0.026

R(D↓
) =

BR(B↑D↑ω→ε̄ω )
BR(B↑D↑ϑ→ε̄ε)

= 0.287± 0.012

Values from PDG2025

https://www.fuw.edu.pl/susy_flavor/
https://pdg.lbl.gov/
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Result: Kaon mixing parameters
• Enough large to be tested

16

✓ Some samples can explain the discrepancy btw exp. and SM
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ΔMK
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SUSY [10-3]

95% CI 95% CI

<latexit sha1_base64="6tRnU+dB0+RHwk5cRsCRAC4eqcc="></latexit>

!MSUSY
K = →0.1 (→20.6, 20.5)↑ 10→15 GeV

<latexit sha1_base64="l5L7opyaGbVsUf4y0Jd7wSI3HII="></latexit>

ωSUSY
K = →0.02 (→5.11, 4.92)↑ 10→3

<latexit sha1_base64="WlfPby4RMTbUC55yI9gKaotjbOk="></latexit>

!MSM
K = 2.73→ 10→15 GeV

<latexit sha1_base64="CEbRkZgyvdSjU64TJDm1o4jDGrs="></latexit>

ωSMK = 2.34→ 10→3
SM predictions calculated by susy_flavor_v2.54:

<latexit sha1_base64="6Qnbl906IS20ePvs9sbqLRhBl8s="></latexit>

!M exp
K = 3.483(6)→ 10→15 GeV

|ωexpK | = 2.228(11)→ 10→3
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• Safely small

-2 0 2 4
0.00
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0.10

0.15

0.20

ΔMBs
SUSY [10-14 GeV]
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ΔMBd
SUSY [10-16 GeV]

Result: B meson mixing parameters
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✓ Below experimental constraints, non-zero mean values

95% CI 95% CI

<latexit sha1_base64="QcHaqM+pHISKmNVvZNmq5iPb2+A="></latexit>

!MSUSY
Bd

= 4.7 (→0.3, 9.8)↑ 10→16 GeV
<latexit sha1_base64="r2eN+2NF2ocGseZ5+XkxG8thY2g="></latexit>

!MSUSY
Bs

= 1.4 (→0.4, 3.2)↑ 10→14 GeV

SM predictions calculated by susy_flavor_v2.54:
<latexit sha1_base64="aOxKDZkMRIwz5G5xF0XZ24kuKW0="></latexit>

!MSM
Bd

= 3.51→ 10→13 GeV
<latexit sha1_base64="GNO1PNGSrnjJoIkeNOELqxu6O4c="></latexit>

!MSM
Bs

= 1.20→ 10→11 GeV

<latexit sha1_base64="idMdtXxJe23oZb1qFjotvNVsGFE="></latexit>

!M exp
Bd

= 3.33(1)→ 10→13 GeV

!M exp
Bs

= 1.1700(4)→ 10→11 GeV
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• Small SUSY contributions are expected, because …

3.520 3.525 3.530 3.535 3.540
0.00

0.01
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0.07

BR(BXsγ) [10-4]

Result: b → sγ
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95% CI

<latexit sha1_base64="w3IDOJETjAMc/YDqiLAg3Rs+pJE="></latexit>

BR(B → Xsω) ↑ BR(b → sω) = 3.529 (3.521, 3.537)↓ 10→4

<latexit sha1_base64="zAB7aAsSo+I/ptE7nisVG5j6gU4="></latexit>

BR(b → sω)SUSY ↑ 6.25↓ 10→3
↓

(
3TeV

MSUSY

)2 [
|(εdLR)23|

2 + |(εdLR)32|
2
]
+O

(
m2

b

M2
SUSY

)

<latexit sha1_base64="x9pfU2lVjmh2B5JmwFdtfpukxYg="></latexit>

(ωdLR)23 = 5.0 (3.9, 6.2)→ 10→5 , (ωdLR)32 = 8.2 (5.7, 10.7)→ 10→4
<latexit sha1_base64="pgGGEhrZQgnrrMOTAonLSCjrYBo="></latexit>

BR(b → sω)SUSY ↭ 10→8

SM predictions calculated by 
susy_flavor_v2.54:

<latexit sha1_base64="rynideafLpPBxC3SQIypWbMZW+c="></latexit>

BR(b → sω)SM ↑ 3.5↓ 10→4

SUSY contributions are small!

<latexit sha1_base64="GXqrxno7YEik7Mah2b/jogfIGoQ="></latexit>

|MB→Xsω |2 → |MSM
B→Xsω |

2 + 2Re
[
MSM

B→XsωM
SUSY ↑
B→Xsω

]

<latexit sha1_base64="IGhyX8b+nKPyDypQ+7qZShboy2g="></latexit>

2Re
[
MSM

B→Xsω
MSUSY ↑

B→Xsω

]

|MSM
B→Xsω

|2
→ 10↓2

Consistent with 
rough MI estimation!

<latexit sha1_base64="N/6GuQzSBN34M56mB/Dd/7IFASc="></latexit>

BR(B → Xsω)exp = (3.49± 0.19)↑ 10→4
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Result: other processes
• ΔF = 1 in Kaon system 

• Leptonic B meson decays 

• Other B physics … small due to same reason in b → sγ

19

<latexit sha1_base64="H5fSRWlnKc6QuWrpw6kxMEq+WF0="></latexit>

BR(K+ → ω+εε̄) = 9.18 (9.16, 9.21)↑ 10→11

BR(KL → ω0εε̄) = 3.2435 (3.2434, 3.2436)↑ 10→11

<latexit sha1_base64="mM9iSFHawSgQC4LclQ27zdhwaBU="></latexit>

→0.077% ↑ 0.080%
<latexit sha1_base64="2DY/ExbnEWU7AM3gPakicdgDjek="></latexit>

→0.084% ↑ 0.086%

95% CI

consistent with exp.

<latexit sha1_base64="88tMrmq6oLnJtsAevM0yww7QTKU="></latexit>

BR(B+ → ω+ε) ↑ 8.8↓ 10→5 with ±10-3%
<latexit sha1_base64="2GScy0GWAdyHG0XyZOBKLYO3754="></latexit>

RD(→) →
BR(B ↑ D(→)ωε)

BR(B ↑ D(→)ϑε)
are almost fixed by SM predictions

These may be tested!

<latexit sha1_base64="dIrcOciQ6THxJ2spYkWTry15lVw="></latexit>

mH± = 4.6 (4.2, 5.1)TeVNote: charged Higgs mass is

<latexit sha1_base64="ntOOsQ1nigL2B2WBcMWKEpD2xNA="></latexit>

BR(Bd → µ+µ→) < 1.5↑ 10→10 (90% CL)

BR(Bs → µ+µ→) = (3.34± 0.27)↑ 10→9

JHEP04(2019)098, JHEP04(2020)188, PRL128(2022)041801, PLB842(2023)137955

https://inspirehep.net/literature/1707605
https://inspirehep.net/literature/1761656
https://inspirehep.net/literature/1908214
https://inspirehep.net/literature/2616304
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Summary
• We proposed new method to suppress SUSY FCNC 

• Not group-based selection rule 

• We apply this to MSSM and check the FCNC predictions 
All terms in superpotential and soft-breaking terms are controlled by NIS 

• SUSY FCNC suppression is realized 
MSUSY = 3 TeV w/ tanβ = 5 is still consistent with experimental bounds!

20

Thank you!

Non-Invertible Symmetries … Not ordinary group-based symmetry 
Resultant selection rules control terms

Due to fact that “class” has some elements

NIS application to BSM is fascinating!

<latexit sha1_base64="ugS/jnKr3TBEWc8XyptWIoQ9/QU="></latexit>

[gk1 ]→ [gk2 ] = [gk1+k2 ]↑ [gk1→k2 ]



Back up
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Calculation method
• (1) starting from gauge and Yukawa couplings at some 
scale … summarized in, e.g. Antusch, Hinze, Saad PRD113(2026)095011 

• (2) running up gauge and Yukawa couplings at high scale 
(we set MU = 2×1016 GeV) 

• (3) take proper unitary rotations in order to get textures 

• (4) set each O(1) coefficient for soft-SUSY breaking 
parameters 

• (5) running down to SUSY scale 

• Repeat (4), (5) with varying all O(1) coefficients

21

Note: for analysis, we generate 10,000 samples

https://inspirehep.net/literature/3033993
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• In the current setup, no cLFV due to no sources 
Our predictions of cLFV = cLFV in the SM 

• Still have predictions of g-2 
Rough estimation: 

Our predictions: 

• Above results will be changed when we introduce Yν, Aν

Result: lepton sector

22

<latexit sha1_base64="2WOWUmd85oJTrmk2LlsxqNKikbM="></latexit>

aSUSY
ω

m2
ω

→ 6.5↑ 10→10

GeV2 ↑
(
tanω

5

)(
3TeV

MSUSY

)2

PRD53(1996)6565, PRD64(2001)035003

<latexit sha1_base64="NxLQFOPAeXE6eipnjyCFIgaR9B8="></latexit>

aSUSY
e → 2.1↑ 10→16 , aSUSY

µ → 8.8↑ 10→12 , aSUSY
ω → 2.5↑ 10→9

Smaller than each experimental result PRL130(2023)071801, PRL135(2025)101802, 
PRL131(2023)151802, Rept.Prog.Phys.87(2024)107801

<latexit sha1_base64="rI+U2NU1Rmc87NK7N63aOlGuhh8="></latexit>

Yω =




0 → 0
→ 0 →
0 → →



 , Aω =




0 → 0
→ 0 →
0 → →





✓ Should have off-diag. elements for neutrino mixing

<latexit sha1_base64="C1b4xMFJu5zizVaWOOLnuChE1MU="></latexit>

NIS L1,2,3 N1,2,3 Hu

Z̃(1)
5 [g0], [g1], [g2] [g0], [g1], [g2] [g1]

Z̃(2)
5 [g2], [g1], [g1] [g0], [g2], [g2] [g1]

https://inspirehep.net/literature/403916
https://inspirehep.net/literature/553822
https://inspirehep.net/literature/2157242
https://inspirehep.net/literature/2928642
https://inspirehep.net/literature/2074134
https://inspirehep.net/literature/2825167
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• Top quark FCNC: extremely insensitive 

• D meson mixing: also small prediction

Result: FCNC in up-type sector

23

✓ Below experimental constraints 
and smaller than SM prediction

<latexit sha1_base64="HexjnTBOpz535PCHOiL6hqCL2mk="></latexit>

!MSUSY
D = →1.83 (→1.85,→1.80)↑ 10→18 GeV
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0.00
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<latexit sha1_base64="wq/9HWpdP8N+yczdwEBKG0i5Hxo="></latexit>

!M exp
D = 6.56(76)→ 10→15 GeV

<latexit sha1_base64="exn2+9Y9cSn+b7sePlKae0lKlDs="></latexit>

BR(t → ch) = 1.44 (1.35, 1.53)↑ 10→13

BR(t → uh) = 1.15 (1.08, 1.22)↑ 10→15

<latexit sha1_base64="M8B0ql51l6GmYW2Of0hG/qmvTgk="></latexit>

BR(t → ch) < 3.4↑ 10→4

BR(t → uh) < 1.9↑ 10→4
@ 95%CL

our predictions…                                    exp. bounds…
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Result: neutron EDM
• Small, due to only source of CPV is the phase in CKM 

• Adding new CP phases in soft parameters enhances |dn| 
→ relates to other obs., such as the strong CP, charged lepton EDMs, …

24
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<latexit sha1_base64="opjDHNqWpMdKMhj/nMcpxrCWNiM="></latexit>

|dn| = 2.35 (0.09, 6.47)→ 10→28 e cm

This is just an assumption

Note: future n2EDM experiment sensitivity … ~ 5×10-28 e cm The n2EDM experiment 
EPJ Web Cong. 219 (2019) 02002

https://inspirehep.net/literature/1702365
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Result: other process distributions
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