
  

U(2)5 Flavour Symmetries in 
SUSY for the Quark and 
Lepton Sector

Joel Jones-Pérez
Universitat de València

Barbieri, Isidori, JJP, Lodone, Straub: 1105.2296
Blankenburg, Isidori, JJP: 1204.0688

JJP: 1311.1837

IFIC Seminar
15 / 05 / 2014



  

U(2)5 Flavour Symmetry in SUSY for Quarks and Leptons

Joel Jones-Pérez
IFIC Seminar
15 / 05 / 2014

It seems SUSY particles are heavier than expected.

In addition, large Higgs mass hints towards a heavy spectrum, 

which compromises hierarchy problem.

Supersymmetry and the Hierarchy Problem

“Is this the end of the SUSY 

story? Should we all go into 

dark matter? Or neutrino 

physics? Or finance?”
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Supersymmetry and the Hierarchy Problem

Solution to hierarchy problem can be somewhat subjective. 

Nevertheless, SUSY does minimise fine-tuning.

Examples:

 “Natural SUSY”: light stops, light Higgsinos, not too heavy gluinos.

Papucci, Ruderman, Weiler (1110.6926)

 “Focus Point SUSY”: light gauginos and Higgsinos, heavy scalars.

Feng, Matchev, Moroi (hep-ph/9908309)

 Non-Universal Gaugino Masses: light neutralino, heavy stops and heavy gluinos.

Antusch, Calibbi, Maurer, Monaco, Spinrath (1207.7236)
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Solution: Split-Family SUSY

Specially relevant in case first generation squarks are pushed to 

higher masses, and *gasp!* light stops are eventually observed.

Question: What do we do with flavour?

On the CMSSM, the MFV ansatz was used. On a split-family scenario, 

this can imply new fine-tuning.

We need an alternative ansatz: U(2)5

How do we keep stops light?
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Brief review of MFV

 The (s)quark sector and the flavour tension 

 The (s)lepton sector and neutrino data

Outline
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Review of MVF

Joel Jones-Pérez
IFIC Seminar
15 / 05 / 2014



  

U(2)5 Flavour Symmetry in SUSY for Quarks and Leptons

U(3)5 framework built in order to suppress New Physics 

contributions to flavoured processes.

SUSY sfermion masses are forced to be nearly degenerate 

(although RGE effects can cause splitting).

  Flavour off-diagonal contributions are related to CKM and mass 

hierarchies: yt, yb.

Flavour in the CMSSM: Minimal Flavour Violation

D'Ambrosio, Giudice, Isidori, Strumia (hep-ph/0207036)
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Minimal Flavour Violation for (s)quarks

Assumption 1:

U(3)3 flavour symmetry is exact, and Yukawa couplings 

act as spurions breaking the symmetry.
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Minimal Flavour Violation for (s)quarks

Assumption 2:

Yukawa couplings are the only spurions available.

Example:

“Leading order”:

“NLO”:
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Minimal Flavour Violation for (s)quarks

On the basis where Yu is diagonal:
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Minimal Flavour Violation for (s)quarks

On the basis where Yu is diagonal:

Small mass splitting
Suppressed contribution 

to flavour
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Barbieri, Isidori, JJP, Lodone, Straub: 1105.2296

U(2)3 in the (s)quark 
sector

Joel Jones-Pérez
IFIC Seminar
15 / 05 / 2014



  

U(2)5 Flavour Symmetry in SUSY for Quarks and Leptons

U(2)3 Ansatz: Symmetries
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U(2)3 Ansatz: Symmetries 

Large tan
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U(2)3 Ansatz: Spurions 
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U(2)3 Ansatz: Spurions 
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U(2)3 Ansatz: Parametrisation

We now need to determine , sf and f.
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U(2)3 Ansatz: CKM Matrix

Joel Jones-Pérez
IFIC Seminar
15 / 05 / 2014



  

U(2)5 Flavour Symmetry in SUSY for Quarks and Leptons

U(2)3 Ansatz: CKM Matrix
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U(2)3 Ansatz: Squark sector

Soft masses in no-spurion limit:

Same spurions that generated Yukawa structure shall generate 

soft mass structure.
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U(2)3 Ansatz: Squark sector
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U(2)3 Ansatz: Squark LL mixing matrix

No new phases on the (1-2) sector
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U(2)3 Ansatz: Squark LL mixing matrix

No new phases on the (1-2) sector

New phase on the (1-3) and (2-3) sectors!
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U(2)3 Ansatz: Squark LL mixing matrix

No new phases on the (1-2) sector

New phase on the (1-3) and (2-3) sectors!

New CPV in (1-3) 
sector is connected 
to CPV in (2-3) 
sector!
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U(2)3 and Flavour Tension?

Lunghi, Soni (0803.4350 [hep-ph])
Buras, Guadagnoli (0901.2056 [hep-ph])

Altmannshofer et al (0909.1333 [hep-ph])
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Situation in 2011:

UT fit without 
K
:

Tension of more than 2
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U(2)3 contribution to flavour
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U(2)3 contribution to flavour
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New fit with SUSY contribution
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F0 and superpartner masses

Need light spectrum 
for third generation 
sfermions.
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F0 and superpartner masses

ATLAS: 1308.2631 [hep-ex]
CMS: 1303.2985 [hep-ex]

ATLAS: ATLAS-CONF-2013-061
CMS: CMS-PAS-SUS-13-004

ATLAS: ATLAS-CONF-2013-061
CMS: CMS-PAS-SUS-13-004

See Buras, Girrbach (1206.3878 [hep-ph])
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Situation in 2011:

UT fit without 
K
:

Tension of more than 2



  

U(2)5 Flavour Symmetry in SUSY for Quarks and Leptons

Joel Jones-Pérez
IFIC Seminar
15 / 05 / 2014

Situation in 2014:

UT fit without 
K
: Tension of 1.1

Barbieri, Buttazzo, Sala, Straub (1402.6677 [hep-ph])
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K
: Tension of 1.1

Tension?
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Situation in 2014:

Barbieri, Buttazzo, Sala, Straub (1402.6677 [hep-ph])
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Blankenburg, Isidori, JJP: 1204.0688
JJP: 1311.1837

U(2)3 in the (s)lepton 
sector
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Understanding Neutrinos

Mixing angles:

Squared mass differences:

Gonzalez-García, Maltoni, Salvado, Schwetz (www.nu-fit.org)Joel Jones-Pérez
IFIC Seminar
15 / 05 / 2014
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Understanding Neutrinos

Majorana mass matrix:

Relation with angles:
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Understanding Neutrinos

Majorana mass matrix:

Relation with angles:

If neutrinos are “heavy,” a mostly 
degenerate solution is preferred.
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Understanding Neutrinos

Majorana mass matrix:

Relation with angles:
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Two alternatives

Blankenburg, Isidori, JJP: 1204.0688
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Two alternatives

Blankenburg, Isidori, JJP: 1204.0688  JJP: 1311.1837
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Shifted U(2)5: Quark Sector
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Shifted U(2)5: Quark Sector
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Shifted U(2)5: Charged Lepton Sector

Joel Jones-Pérez
IFIC Seminar
15 / 05 / 2014



  

U(2)5 Flavour Symmetry in SUSY for Quarks and Leptons

Shifted U(2)5: Charged Lepton Sector

Joel Jones-Pérez
IFIC Seminar
15 / 05 / 2014



  

U(2)5 Flavour Symmetry in SUSY for Quarks and Leptons

Shifted U(2)5: Charged Lepton Sector
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Shifted U(2)5: Neutrino Sector
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Shifted U(2)5: Neutrino Sector

Constraints from neutrino sector relevant for sleptons:

Joel Jones-Pérez
IFIC Seminar
15 / 05 / 2014



  

U(2)5 Flavour Symmetry in SUSY for Quarks and Leptons

Shifted U(2)5: Slepton Sector
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Shifted U(2)5: Slepton Sector
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Shifted U(2)5: Slepton Sector

LL mixing matrix (coming from soft mass):

RR mixing matrix (coming from Yukawa):
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Lepton Flavour Violation
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Lepton Flavour Violation
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Lightest Neutrino Mass

(can be probed by m and cosmology) (cannot be probed by m nor cosmology)
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 U(2)3 ansatz in the quark sector accomodates split-

family SUSY, and controls SUSY contributions to 

flavoured processes.

 Given LHC constraints, it is difficult to solve flavour 

tension, but hope is not lost yet.

Conclusions
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 Neutrino sector requires a different approach: either 

going back to MFV and breaking it into U(2)5, or shifting 

U(2)2 to second and third generations.

 Main predictions of shifted scheme are selectrons as 

lightest sleptons, vanishing lightest neutrino mass, and 

large branching ratio.

Conclusions

Joel Jones-Pérez
IFIC Seminar
15 / 05 / 2014



  



Neutrino Mixing, IH



Neutrino Mixing, IH



U(2)5 Flavour Symmetry in SUSY for Quarks and Leptons

For Natural SUSY, the CMSSM might not be in 
such good shape

(Also for simplified models)
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Input to CKM Fit



  

New SUSY Contributions



  

Predictions from Fit

Large S




Straub (1110.6391 [hep-ph])



  

U(3)5 -> U(2)5 Spurions



  

U(3)
L
 -> O(3)

L
 Spurion

We shall break U(3)L -> O(3)L in neutrino sector.

One more spurion:



  

Neutrino Mixing: m2

Mass Differences:
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Neutrino Mixing: 
23

Charged lepton mass basis:



  

Neutrino Mixing: 
13

Charged lepton mass basis:
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Neutrino Mixing: 
12



  

Slepton Mass Matrix

We need a cancellation



  

Slepton Mixing



  

Lepton Flavour Violation



  

Neutrinoless Double Beta Decay

Schwingenheuer, 1210.7432



  

Parametrization

● CP phases can be removed

● We need e smaller than 0.01, to avoid 
fine-tuning in y.

● For such values of e, (LL) charged lepton 
mixing becomes negligible.



  

What if we start at M
GUT

?

● What sort of initial conditions should we look 
for?

● Is there any focusing effect?

● Are virtues of U(2)3 preserved at all scales?



  

Initial Conditions

Universal gaugino mass

Universal Higgs mass

Universal light sfermion mass

Universal heavy sfermion mass

Universal trilinear coupling



  

Benchmarks

● Benchmark 1

● Benchmark 2



  

Benchmark 2

No EWSB

TachyonsFlavour not OK...

Higgs OK




  

Mixing: Benchmark 2



  

Structure

Main contribution to F = 2: (LL)2



  

Structure: Benchmark 2

Structure is very stable.

More freedom in choice of O(1)s.
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