; -Sf':lgéé éofmzéu %&ﬁ
Studying the NP chiral flip in
the By — K®EK® puzzle
Min-Di Zheng
In collaboration with

HFCPV2024, Hunan

Qi-Liang Wang, Li-Fen Lai, and Hong-Hao Zhang
Min-Di Zheng

HFCPV 2024




Outlines

@ Motivation

e Model: RPV-MSSMIS
° Bd(s) — K(*)K(*)

@ Relevant constraints

@ Numerical discussions and conclusions

Min-Di Zheng

HFCPV 2024




By — K®K® puzzle

LK(*)R’(*) = p(mK(*)W mK<*>o)B<1ong)(BS N K(*)O[_{(*)O)/B(long)(gg s K(*)O]‘((*)O)
A. Biswas et al., 2301.10542, M. Algueré et al., 2011.07867
exp _ exp __
LK*K* =4.43+0.92 LKF( = 14.58 +3.37
LHCb, R. Aaij et al., 1995.06662, 2002.08229

BaBar, B. Aubert et al., 0708.2248, hep-ex/0608036
Belle, 1210.1348, 1512.02145

SM _ +9.14 SM _ +3.88
LSM . =1953704  LSM =26.007555

show deviations with 2.60 and 2.40, respectively

L Ih"grh -
Ly
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The model-independent global fit

4G
Leg = ﬁKtbKthCo +he (p=s,d)
Oup = (PFA"V] )Z(mqu O6p = (BF7"b7) > (@ 1ua%),
q
—emy , _, —gsMyp , _
O7’YP = W(P%U”Vb%)Fuu, OSgp = W(p%guuT‘I )GNV’

0.03
0.02

001

~0.01

~0.02

[ 2 P -0.03
Joo 0.02 0.04 0.06 0.08 T voi oos oos
or or

A. Biswas et al.,, 2301.10542
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RPV-MSSMIS

The superpotential:

W = Watss + Y9 Ril B + MU RS, + M 18,85 + N LiQs D,
Whissm = pHy Hy + Y UinHu = Y;JDinHd = YZJEiLde
The soft SUSY breaking terms:
—L% = — L3l + (m%)i; R R; + (m%):557 S,
¥ (AY,)y R EHo + BY, RS + 5 B85,

In the (v, R, S) basis,

0 mg (: iUuYu) 0 diag
2
MV:<mD ¥ Mg =vf<m”l 0 >v*

diag
0 Mz 1is 0 My,

= ps = (mp) " MrUpnnsmy *8Ub\ins MEmp', when pg < mp < Mg
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RPV-MSSMIS

In the (ﬁf(R), RI(R), S'I(R)) basis,

m%, (A, — pcot B)mg mgMR
M2y = | (Av—pcot Bymp  m% + MpME +mpmp, +Mpus + Bug
MEmp tusME + By, m?% + g + MEMR £ Bug
m%, (Ay — pcot BymE mE Mg
~ | (Ay —pcotf)mp m% + MpME +mpm}b By mass split
Mng BﬂR m% +M£MR:I:BMS

In the context of mass eigenstates for d; and [;, other fields are rotated to mass eigenstates,
Lrqp = Ny, (Pridrrdr; + drjdrrvei + dpeogd;

—Ipidprur; — trjdreln; — djglsur;) +hec.
=

L/LQD = )\;Ij(,:z)DUI(R)CZdeLj + )\{UJYR ((ZLJ‘JRkV@ + (jﬁkl_/f}dLj)

— Ny (lpidrrurs + aridriln: + digl$urt) + hee.,

IZ(R) _ v HIMR)* N s ) SRV *
where A5 = N Vi s Agge = Aige Yois and Ay = N K
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b
\*(N)R
v PRIV
& 9,7
7 bH
s, d:

(b)

Gluon(phonton)-penguin diagrams in RPV-MSSMIS, within the single-value-k assumption,
i.e. )\2].1 = )‘;jz ~0

1 NosNish m}
Fig.(a) : C&'P = { oPe 32 18 + 610 b
g-(a) 8gp 48v2G e m?ﬂ g m?;z

v

A/R* )\/R* mg )\/I* )\/I )\/R* )\/R

vp3 w33 b vp3 w33 vp3 w33

o omZ, 8+ 6log m + m? + m? }
o R R oR
vy L) Yy

oL
vy

C%\IWF; = 08910/3
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b b
\*BR
v PRIV
s 9,7
7 bR
s, d s, d:
(a) (b)

Gluon(phonton)-penguin diagrams in RPV-MSSMIS, within the single-value-k assumption,
ie. )\gjl = )\;ﬁ ~0

L g/ L3k =1+ 1.13C5g (umw) + 0.34C5, (npw)?,
Lyce o /L5 o ~1 + 241088 (uew) + 1.74C50% (pEwW)?,

where pgpw = 160 GeV
We need Cg;lz < —0.08 for 20-level explanation

~
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Constraint: By — B, mixing

L5505 = (CHA" + C¥EL) (57, PLb) (5" Pb) + CHiRR(5Pgrb)(5Prb) + h.c.

1,1
VLL _ nxy IN _ _
CNp- = 5 (ZAUU, Dz[mﬂlp)(,mgg;l sy, mp] + AY Da[mu, ,my,, LT mbR])
1
1SRR 2X S 1,2
Cyp v = g(l\;v,y(—l) xy+ meo[me,mDy,,mb,mb]
v

3x 5 )\/I*Q )\/72*2

/ 23 23

+A,U,U/y(6XR_6Xz)meO[mDX7mgy7mb7mb]7 1)2 + 1)2 )
v v/ 2ms;  2mig

v

where

IMXY — y1X I X* Y 1Y% 12XY — \IX Xk V* (I V*
A'U'u’ = /\’U33>\U23 )\v’33>\v’23 Av'u’ = )\’U33 >\U23 Av’33>\vl23

13XY — \IX I X kY 1Y% IN — YN YINxIN IN %
A'uv’ - )"U33 )\U23 )\'u’33)\v’23 Avv’ - A1133)‘1)23 A'u’33 )\’u’23
The recent experimental and SM results constrain

AM c CLSRR
R, = it = |1+ SVEr — 238 Vi
s AM3 Can Can

in the range of 0.90 < Rp_, < 1.04

Min-Di Zheng
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Relevant constraints

Tree-level
Observations SM predictions Experimental data
B(KT = xtwp)  (9.2440.83) x 10~ 11 [1] (1.1473:25) x 10710 [2]
B(D° — ptu™) <6x 1071 (3] < 3.1 x1079 [4]
B(t — ep°) - < 2.2 x 1078 [5]
B(t — up?) - < 1.7 x 1078 [5]
B(B — Tv) (9.47 £1.82) x 1075 [6] (1.09 +0.24) x 1074 [2]
B(Ds — Tv) (5.40 £ 0.30)% [7] (5.36 £ 0.10)% [2]
B(r — Kv) (7.15£0.026) x 1073 [8]  (6.96 £ 0.10) x 1073 [2]
1] J. Aebischer et al., 1810.07698 [2] PDG2024
] LHCb, R. Aaij et al.,, 1305.5059 [4] LHCb, R. Aaij et al., 2212.11203
6] S. Nandi et al., 1605.07191

[ 2
[3 4
[5] Belle, N. Tsuzuki et al., 2301.03768 [
[7] Q.-Y. Hu et al., 2202.09875 [8] Q.-Y. Hu et al., 1808.01419

Loop-level

@ m — lv(y), T — ey, T — eee, Z-pole data, p — eDevy, T — gvs etc.

@ B — Xyv: B(B — X7) x 104 = (3.40 £ 0.17) — 8.25C7s (upw) — 2.10Csgs (pw)

M. Misiak et al., 2002.01548

@ Set )\28 i negligible to avoid enlarging the Cabbibo anomaly
A. M outinho et al.,, 1912.08823
M. Blennow et al., 2204.04559

Min-Di Zheng (SRNU) HFCPV 2024
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Choice of input parameters

Parameters Sets
tan 3 15
Y, diag(0.28,0.11, 0.10)
Mg diag(1,1,1) TeV
By, diag(0.5,0.5,0.5) TeV?
B, diag(0.66, 0.66, 0.66) TeV?
mi, diag(1,1,1) TeV

provide My =~ 80.385 GeV, m; = 1TeV, and mz, ~ 270 GeV

ATLAS, G. Aad et al., 2307.14759

SiIl2 012

SiIl2 923

Sin2 013

0.304(12)

0.016
057310 050

0.00062
0.0221910 50053

dep[°] | Am3,[107° eV?]

Am3,[1072 eV?]

197137

0.21
74275 %

0.026
2.517 0058

dlag ~ diag(0, /A 21, VA 31

1. Esteban et al., 2007.14792

= diag(0,0.008,0.05) eV

Min-Di Zheng (SRNU) HFCPV 2024
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(S)neutrino mass spectrum

sin? 612 sin? a3 sin2 613
0.304(12)[ 0.573F0050 | 0.0221970-0000%
scp[°] |Am2,[1075 eV2]| Am3, (1073 eV?]
+27 +0.21 10.026
197—24 7'42_0_20 2'517—0-028

Mdisg —p g, VT

(M?/I(R))diag :f}z(R)Mgzm)f;z(R)f

—0.051 0 0 —0.541 0 0 0.840 0 0
0 —0.021 0 0 —0.543 0 0 0.840 0
0 0 —0.019 0 0 —0.543 0 0 0.840
0.995 0 0 —0.100 0 0 —0.004 0 0
Vi 0 0.999 0 0 —0.038 0 0 0 0
0 0 —0.999 0 0 0.035 0 0 0
—0.086 0 0 —0.835 0 0 —0.543 0 0
0 —0.032 0 0 —0.839 0 0 —0.543 0
0 0 —0.029 0 0 —0.839 0 0 —0.543

sneutrinos with
{269, 272,272,1010, 1000, 1000, 1129, 1127, 1127} GeV

0.836  0.526 —0.145 0.034i 0 0 —0.034 0 0

—0.246  0.600  0.761 0 0.013@ 0 0 0.013 0
0488  —0.602  0.632 0 0 0.012i 0 0 0.012

0 0 0 —0.707i 0 0 —0.707 0 0

VI~ 0 0 0 0 —0.707i 0 0 0.707 0
0 0 0 0 0 —0.707i 0 0 0707

—0.041 —0.026 0.007  0.706i 0 0 —0.706 0 0

0.005 —0.011 —0.015 0 0.707i 0 0 0.707 0
—0.008 0.010 —0.011 0 0 0.707i 0 0 0.707

light neutrinos with {0, 0.008,0.05} eV and heavy ones
with TeV
0.076 0 0 0.834 0 0 —0.545 0 0
0 —0.032 0 0 —0.839 0 0 0.544 0
0 0 0029 0 0 0839 0 0 0544
0.996 0 0 —0.094 0 0 —0.003 0 0
VR 0 0.999 0 0 —0038 0 0 0
0 0 —0.999 0 0 0.035 0 0 0
—0.054 0 0 —0.542 0 0 —0.838 0 0
0 0020 0 0 0543 0 0 0839 0
0 0 0.019 0 0 0.543 0 0.839

sneutrinos with

{854, 854, 854, 1010, 1000, 1000, 1389, 1388, 1388} GeV
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Puzzle explanation

R

. CBgs [__ Bs—gs

-3e

Aszs

A3z3

limit, i.e. ' < V4w, r = 0.363

20 25 30 35
Asz
The masses my, . are given in units of TeV. The red dashed lines express the perturbativity

DA




Puzzle explanation

"R B G | BsBs 36

-0.07 -o0. -0.05 -0.03

-007 -006 -005 -004 -003

(€): Aygy = 3.2i, Agpy =

(d): Aygg = 1.1, Ayay = =iigalr, Aspg = —idypalr
3 . S S . e

-1.10

-1.12

-1.14

A3z
Asss

-1.16

-1.18

-1.20 8
06 08 10 12 14 16 18 20

Ayl

The masses my,, are given in units of TeV. The red dashed lines express the perturbativity
limit, i.e. M < V4w, r = 0.363




Benchmark Points

mg,. lo3 | Niss [ Moz | Mas | CRe | Lig | Lx-g-|Bvp x 10°
13TeV | 1.17 | 2.37 | 3.05 | —0.81 | —0.083 | 23.63 | 15.87 0.80
15TeV [1.15¢| 2.87 | 3.18 | —1 | —0.103|23.08| 15.06 0.79
16 TeV [ 1.15¢ | 3.2¢ | 3.18 | —1.14 | —0.118 | 22.66 | 14.46 0.78

Here By p is the untagged branching ratio B(Bs — K*OK? + c.c.)

For mp is 10 TeV:

Chya =0.028\153\ 53 + 0.004X553 \553 — 0.061X 53\ 33 — 0.062X553 X533
R, ~ |1 - 160.29Xi5; — 2091055 +9 (M3 Mas + NiaaNas)”|

Min-Di Zheng (SRNU) HFCPV 2024 15 /18



Conclusions

e RPV-MSSMIS framework connects the trilinear interaction N'LQD with
the (s)neutrino chirality flip to make the unique contribution to L (., ;.

through the gluon-penguin diagrams. The chiral- ﬁip effects are expressed
as the double-\' terms in the Wilson coefficient C’ s.d» Which can be
enhanced by the logarithm and make the related dev1at10n explained.

o In the B, — B, mixing, there also exist chiral-flip contributions, and to
fulfil the strict bound of experimental data, the scenario of imaginary
Mag, Ais3 with real Mjoq, A5q4 is adopted.

Min-Di Zheng (SRNU) HFCPV 2024 16 /18



Backup

LA =(CoN b0 + Cos ) (dm Y Prd;) (7" PLyy)
T C}YERR(JmPRdj)(ﬂiPRI/i/)

+ C?nszR(JmO'HVPRdj)(ﬂiUHUPRVi/) + h.c.

DY VAL VISR VAl VO Vi

CNP _ 7’j37im3 ia” /337 am3
mj 2 - 2
2ms 2m?
bR bR

New Belle II result induces that
3 SM NP |2 3 NP |2
> |023 +C T+ 2 |023

B(b — svp) i=1 i/

= <3.3
B(b — svi)sm 3|csM|?

at 20 level

Min-Di Zheng (SRNU) HFCPV 2024
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Backup

b — ser:

2 .
oo V2R s, INx
ACQET - ACflOeT - 2GF7’]t€2 143 313)‘v33)\v23 D2 [va y My s m5R7 mER]

+ Mas Mg A 3A;€§D2[magamawmmmb])'

Extra imaginary part in By — B, mixing: AN, Dy (M, , M, s myg my
Z boson partical decay: Im (X535, 5/ A5\ 13)

eEDM: [(cos? ﬁ,\fm — sin® ﬂxm) sin s, + cos B,\fljk sin,@,\/ljk cos ozAd)]|)\’1jk|2

Min-Di Zheng
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