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Motivation

Motivation

@ Compared to the usual MSSM, R-parity-violating MSSM
(RPV-MSSM) leads to a distinctive phenomenology related to
LHC searches.

@ Low-energy flavor observables can place stringent bounds on
parameters that arise in New Physics (NP) theories.

e Existing studies in the literature are far from being
comprehensive.



RPV-MSSM

R-parity and RPV-MSSM

For each field, a discrete symmetry called R-parity is defined as
follows:

Rp = (_1)3B+L+25

B: baryon number, L: lepton number, S: spin.

@ Rp = +1 for the SM fields and Rp = —1 for their
superpartners.

RPV-MSSM superpotential

1 = - 1 _ _
WRp = uiH,L; + EAUkaLjEk T )\;-jkL,'QjDk =+ EAZ'kU"DJ'Dk

Flavor violation! = AMy, AMs, AMy, experimentally well known.



RPV-MSSM

Deficiencies in the literature studies

AMy, AMs, AMyg have been studied under RPV-MSSM in the
past. However, deficiencies exist.

@ Diagrams beyond the tree-level and box contributions have
been ignored

@ Sfermion mixings have been routinely ignored.
@ RPV-induced mixings have also been routinely ignored.
RPV-induced mixings pjH,L;:

@ neutral Higgs-sneutrino @ neutralino-neutrino

@ charged Higgs-slepton @ chargino-charged lepton



Analytic input and results

Computation procedure

e Framework: Effective Field Theory (EFT) where
short-distance effects intervene via the Wilson coefficients of
dimension-6 flavor-changing (AF= 2) operators

@ Amplitude: calculate Feynman diagrams using RPV-MSSM.

@ Matching: match the full-theory amplitudes to the effective
Lagrangian and obtain the corresponding Wilson coefficients.

@ AM'’s: Use software to evaluate the effects of the Wilson
coefficients on the AM'’s. Explicit formulas are also well
known.

| < flLefr|i > |

AM =
M



Analytic input and results

Low-energy EFT AF= 2 operators

Effective Lagrangian:

Lo = Z C:O; + h.c.

Ci: Wilson coefficients. O;: dim-6 operators.

O1 = (diy" Prd;)(djyuPudy), = (djv" Prd;)(djvuPrd;),
0> = (d;PLd;)(d;PLd;), = (d;Prd;)(d;Prd}),

03 = (d?P.df)(df PLd?), = (d?Prd})(df Prd?),

Os = (d;PLd;)(djPrd)), = (d? PLdP)(df Prd?).

i,j =d,s, b down-type quarks, a,b = 1,2, 3 three colors.



Analytic input and results

Compute the full-theory amplitudes

Feynman t'Hooft gauge and dimensional regularization

DR—renormalization consistent with numerical tools

Consider only short-distance effects: discarding QED and
QCD loops. Photons and gluons are active fields in the EFT.

Different topologies of Feynman diagrams: tree-level and its
one-loop corrections, and one-loop box diagrams

Crosscheck between four-component and two-component
spinor formalisms



Analytic input and results

Topologies of Feynman diagrams |

(a) Tree-level Feynman (b) Quark self-energy
diagram corrections

d kA 4 a
& - -
d, 4 d 4

(c) Scalar self-energy  (d) Vertex corrections

The tree-level contribution is purely due to the )’ couplings of
LQD operator.



Analytic input and results

Topologies of Feynman diagrams ||

I

(a) S/F/S/F (b) S/F/S/F
“straight” box “scalar-cross” box
(d) V/F/S/F (e) V/F/S/F
“straight” box “cross” boxes

d; d;
d, [ : : 4

(g) V/F/V/F

“straight” box

S: Scalar, F: Fermion, V: Vector

(c) S/F/ S/F

“fermion-cross” box

(f) V/F/isi/F

“fermion-cross” box



Analytic input and results

Different one-loop contributions

@ SM-like: box diagrams with internal u, c, t quarks, W and
Goldstone bosons

@ 2HDM-like: box diagrams with internal u, c, t quarks,
charged-Higgs bosons and possibly W or Goldstone bosons

@ R-parity conserving: box diagrams with chargino/sup,
neutralino/sdown or gluino/sdown particles in the loop

@ RPV: self-energies and vertex corrections, box diagrams with
sneutrino/quark, slepton/quark, lepton/squarks,
neutrino/squark or quark/squark internal lines)

@ RPV-driven mixing further mixes these contributions



Analytic input and results

Comparing analytic results with the literature

@ Self-energy and vertex correcions were not considered before,
but at least the scalar self-energy is consistent with Higgs
self-energy calculation in the literature.

@ R-parity conserving MSSM result is recovered.

@ In no-mixing limit, comparing with the literature shows some
difference:
Gs from [v/D/v/D]: difference in prefactor and in sfermion
chiralities.

@ Cross-check with amplitudes generated from public code
FlavorKit



Numerical implementation

Software tools introduction

Tools: Mathematica packages PreSARAH, SARAH, FlavorKit,
SPheno and Python3 software Flavio

PreSARAH: incorporates quark self-energy and vertex
corrections; scalar-self energy included by hand

SARAH: uses MSSM_TriRpV model file modified by PreSARAH
FlavorKit: generates all the amplitudes for general meson
mixing d;d; < d;d;

SPheno: spectrum generator, giving in particular Wilson
coefficients and predictions for AM's.

Flavio: Better handle with hadronic contributions for AMy
and AM;.



Numerical implementation

Reproduction of plots in the literature |

AMETH [ps1]

Figure 7 of Altmannshofer, Buras, Guadagnoli, 2007.

Using MSSM model file in SARAH.

rl -- Tanp=2
- - Tanp=16
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Charged Higgs boxes
contributions to AM;.
n> 0, Ao =0,

M2 =120 GeV.



Numerical implementation

Reproduction of plots in the literature |l

Figure 4 of de Carlos, White, 1997.

Using MSSMTriBpV model file in SARAH.

m (GeV)

M1/2 =100 GeV
AO = Oa tanﬁ = 107M < 0.

Different boxes
contributions to AMk.
black dashed: y°
red dot-dashed: \° — &
magenta dashed: g
red solid: experimental
upper limit
blue solid: full
cyan dot: direct RPV
boxes without W

solid: direct RPV
boxes with W



Numerical implementation

Numerics To-Do: Quark Flavor Violation (QFV)

Explore the size of and the interplay between different sources of
QFV.

o N tree-level: Mg+ Mooy, Nijg - Nigy, Mg - Ngy, (1 =1,2,3)
@ )\ boxes, unaligned with tree-level \'’s..

o )\ boxes

@ CKM (charged Higgs) v.s RPV

e RPC-MSSM v.s RPV



Plots of tree-level LQD couplings |

1.0

AMy (GeV)

0.1

le-14
N
AN12(SUSY)N 12, (SUSY) =0.7 x 1074
} %\\L\wa T‘TTTTT
FUTTTHTH]
- - AMge
— AMZ?
500 1000 1500

2000

Numerical implementation

AMy w.r.t. mp,

My = My, = M3 =500
GeV

© = 1000 GeV,

tang = 10.

Errorbar:
15% SM + 30% NP



Numerical implementation

Plots of tree-level LQD couplings Il
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Conclusion

Conclusion

@ Studies on neutral mesons mixing from RPV-MSSM have
huge room for improvement.

@ Analytically, we obtained a comprehensive list of tree-level and
one-loop contributioins to these processes excluding QED and
QCD loops, and there is some difference w.r.t. some results in
the literature

@ Numerically, we are trying to compare the effects on Quark
Flavor Violation from different sources: RPV-MSSM,
RPC-MSSM, CKM, etc.
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Conclusion

Matching amplitudes with Wilson coefficients

Procedure to determine the Wilson coefficients:
@ calculate the scattering amplitude in the full theory;
@ find the appropriate corresponding dim-6 operators;

@ determine the Wilson coefficients of the operators by equating
the amplitude calculated from the effective operators with
that from the full theory.

lllustrate this by Cjree:

Af;ree:,,:z<[5dd'P] [de’P} {de,P] [de,PD
S

. did; _Sd;d; :
corresponding to Oy: Cj'®€ = 52 (2gLS ! g,‘-\s, 7). Factor 2 in the
S

denominator arises because _04 is symmetrical:
O, = (djPLd;)(djPrd;) = (d;Prd;)(d;PLd;)
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