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Many MSSM analyses assume the Minimal Flavour Violation (MFV) paradigm,
where the soft-breaking matrices are diagonal in flavour. We relax this assumption
and explore the parameter space in the Non-Minimal Flavour Violation (NMFV)
scenario. Utilising A;xSU(5) symmetry uncovers interesting interplay between
flaour violating parameters.

SUSY Breaking and SU(5)

Viable SUSY in nature must be broken. The soft-breaking Lagrangian in the

MSSM contains the following terms that are crucial for flavour violation:
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Unification is achieved through the following representations of SU(5) and Ajy:

SU(5) A,
d: Oug—ug u, d,
dg .0 urc ubdb
F=5=| d | , T=10= 0 u,d,
e ... 0 e
—Ve ) | .. . .0 , F=3,T=1

Which in turn gives equivalences between SUSY-breaking matrices at the GUT

scale:
MQ = MU — ME — MT
MD = ML — M/:
Ap = (Ag)! = Arr
Ay = AT

5 is a triplet of A, that unifies the three families, hence Mg = mg - Z3 . There are
three 10s, each singlets of A4, so the diagonal elements of M+ are not identical.

We define NMFV parameters in the usual way: Off-diagonal (flavour-violating)
elements of the SUSY-breaking matrices are normalised to diagonal elements:
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NMFV Parameter Scan

» We start from the fixed MFV scenarios in Table 1 and perform a random scan

Table 3 shows the limits on the NMFV parameters in our chosen scenario. We
detail which data from Table 2 have the most constraining effect on each

parameter

Parameters ~ Scenario 1 Scenario 2 Principle Constraints
(6")1» | [-0.015, 0.015] = [-0.12, 0.12] Quoh®, 1 — ey
(67)13 [-0.06, 0.06] -0.3, 0.3] Qqoh?
(67)03 [0, 0]* -0.1,01]  Quh® p— 3e, p— e,
(6F)1, | [-0.008, 0.008] = [-0.015, 0.015] 1— 3e, [ — ey
(67)13 [-0.01, 0.01] -0.15, 0.15] 1 — 3e, |1 — ey
(0")2s | [-0.015,0.015] = [-0.15, 0.15]  Qqoh?®, pu — ey, p — 3e
(0"")12 | [-3,3.5] x10™>  [-1, 1.5] x107> | LSP, Spectrum, Qoh?
(67" [6,7] x10™> | [-4, 2.5] x10™3 | LSP, Spectrum, Qﬁ)h2
(677)o3 | [0.5, 4] x107° [-0.25, 0.2] |SP, Spectrum, Qoh’
(0"")12  [-0.0015, 0.0015] [-1.2, 1.2] x10~* 1 — 3e, Qqoh?, u — ey
(0"")1s | [-0.002,0.002] = [-5, 5] x10~*  Qqoh® p — 3e, u — ey
(65751 [0,0]* [-1.2, 1.2] x10~* Qgoh®, LSP, Spectrum
(0"")2s [-0.0022, 0.0022] [-6, 6] x10™* | 1 — 3e, Qpoh®, 1 — ey
(677)31  [-0.0004, 0.0004] [-2, 2] x10~* Qoh?
(67730 [0,0]* [-1.5, 1.5] x10~* Qqoh?

Table 3: Estimated allowed GUT scale flavour violation for both reference scenarios and impactful

constraints. *parameters fixed to 0 else we encounter tachyonic masses/charged DM candidate

The relic density features abundantly; coannihilation effects are critical in
such scenarios and small NMFV parameters can alter masses of superpartners and
give rise to excluded coannihilation cross-sections.

Parameter Correlations

In Figure 2 we see a strong correlation between (67)1 and (677)15 in those
points allowed by the constraints.
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over all NMFV parameters simultaneously
mr | ((M7)11 (M7)22 (M7)33 (A717)33 (Arr)3s My | My, | Ms  tanf3
Scenario 1 5000 5000 | 200.0 | 2995 940 | -1906 | 250 [415.2 2551.6/ 30
Scenario 2 5000 5000 | 233.2 | 2995 940 | -1906 | 600 [415.2 ' 2551.6/ 30
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Table 1: Fixed MFV parameter points, dimensionful parameters given in GeV

» Each NMFV parameter is assumed to have a flat prior and limits of the scan are
informed by previous work|[1].

/ Overarching Flat Random Sean / Observable Constraint
my 125.2 4 2.5) GeV
@d NMFVE BR(pu — ev) | < 4.2 % 1313
BR(p — 3e) <1.0x107%
 SPhenoMSSM-4.0.3[2] BR(r — 1) 335 10-¢
BR(7 — uy) < 4.4 %1078
BR(7 — 3e) <27x1078
G Point BR(7 — 311) <21x10°8
Neutral LSP? rcluded BR(7 — e~ up) <27x10°8
BR(T — e"uu) <1.7x10°%
BR(T — u~ee) <1.8x 1078
micrOMEGAs-4.3.5(3] | 33(’7‘ — ,u*ee) <15 x 10_8
BR(B — Xyy) | (3.3240.18) x 10~*
BR(Bs — 1) (27£1.2)x107°
Constraint fail (5. AMBS (17.757 T 0.312) hs~!
Checks  Prior Oy AMy (3.14+1.2) x 1071° GeV
€K 2.228 +£0.29
Pass QCDMh2 0.1198 4= 0.0042

@Posterior Di@

Figure 1. Proceedure for each parameter point

Table 2: Experimental constraints

» Predictions for each parameter point are evaluated as per Figure 1, these are
tested against the constraints in Table 2.

1S .Rowley@soton.ac.uk

Figure 2: Correlation between two GUT scale parameters from allowed points of Scenario 1

This correlation can be attributed to cancellations in the calculation of 1 — ey
that admit larger regions of parameter space than are allowed when scanning over
each o individually.

Conclusions

» Lepton flavour violation experiments and the DM relic density impose the most
stringent constraints on SU(5) MSSM NMFV parameters

» Limits were determined on the allowed departure from MFV in this scenario

Outlook

» Bounds placed on NMFV parameters can inform model building
» Observing flavour patterns at experiments could hint at SU(5) unification
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