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Supersymmetry and the Hierarchy Problem

It seems SUSY particles are heavier than expected.

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

which compromises 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)
Joel Jones-Pérez
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How do we keep stops light?

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)°
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Outline

"Brief review of MFV
" The (s)quark sector and the flavour tension

" The (s)lepton sector and neutrino data
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Review of MVF
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Flavour in the CMSSM: Minimal Flavour Violation

" U(3) 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: Yer Y

Joel Jones-Pérez

IFIC Seminar 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.

us U, u5
R Duik Vi - UsYaU]
r — Uadg

W=Q"YubH, — Q' YydaHg+ ...
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Minimal Flavour Violation for (s)quarks

Assumption 2:
Yukawa couplings are the only spurions available.

Example: QT m% Q

2
“Leading order”: mQ x 1

o Mg o L+ YY) + Y Yy
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Minimal Flavour Violation for (s)quarks

On the basis where Y  is diagonal:

m% x I+ (Yud)*(yud)T + VCKM(Ydd)*(Ydd)TVC];KM
(m)ij o< 85 + Y7 65303 + vy (Ve )is(Vigenr)3;
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Minimal Flavour Violation for (s)quarks

On the basis where Y is diagonal:

m% x I+ (YY" (YHT + VCKM(Ydd)*(Ydd)TVC];KM

Small mass splitting

Suppressed contribution

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

Barbieri, Isidori, JJB Lodone, Straub: 1105.2296

Joel Jones-Pérez

IFIC Seminar
15/05/2014




U(2)> Flavour Symmetry in SUSY for Quarks and Leptons VNIVERSITATG IDVALENCIA

U(2)? Ansatz: Symmetries

U2)o@U(2), ®U(2)4

Q(Z) — (Qla QZ) ™~ (27 ]-7 ]-)
= (uf1, uR2) ~ (1,2,1)

c(2 C C
dPE ) = ( R,15 R,Z)T ~ (1,1,2)

6(2)

Wy =yt Qatyr Hy + yp Q3 by Hy
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U(2)? Ansatz: Symmetries

U2)o@U(2), ®U(2)4

Q(Z) — (Qla QZ) ™~ (27 ]-7 ]-)
= (uf1, uR2) ~ (1,2,1)

c(2 C C
dPE ) = ( R,15 R,Z)T ~ (1,1,2)

Wy = e Qs t Hu 43 Qb5 Ho )

Large tanf

6(2)
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U(2)? Ansatz: Spurions

AY, ~
AYy; ~

Do DO
— NI
(NS
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U(2)? Ansatz: Spurions

AY, ~ (2,2,1)
AY; ~ (2,1,2)
V o~ (2,1,1)
_( AY, =V AY; 2,V
S PR
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U(2)3 Ansatz: Parametrisation

v (0)e

Ay _ cf sy e’

d —Sre
We now need to determine ¢, s. and ..
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VNIVERSITATG D VALENCIA

U(2)3 Ansatz: CKM Matrix

Voku =
CuCd + SySqeH@a—u)  _p g e~ 4 g cge 10
CuSq €'Y — 5,cq €4 CuCq + Sy Sq e n—0d)
— 545 eHl@a—¢) —scge” %
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U(2)3 Ansatz: CKM Matrix

Voku =
CuCd + SuSqel@a=)  _c g7 4 g cqeT i g, ge”HAuTE)
Cu8q €' — s,cq e CuCq + Sy8q € du—qa) ¢, se'
—gy5 e @a—¢) —scqge” % 1
— + 2
s| = 0.04104£0.0004 = ¢~ Ao
S, = 0.0916 4 0.005
Sd = —0.22 4+ 0.02
COS(Ofu — Oéd) = —0.134+0.2
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U(2)3 Ansatz: Squark sector

Soft masses in no-spurion limit:

2
mi, 0 0

2 2
0 0 m?cl

Same spurions that generated Yukawa structure shall generate

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

1+ AYTAY 2 AYTV*

2 2
M~ =MT7. |
: o\ x VETAY Y mZ /m2
, ) 1+ V*VE + AYAY, D + AY*AYT V™
TYL = == TYVb A
Q Qn T 2 2
rqQV le/mQh
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U(2)3 Ansatz: Squark LL mixing matrix

Wi m% Wi = (m3)4ee

Q
Cd K™ —Kr* sy e
W=\ —& Cd —cqsre””
0 spe ™ 1
P Cd‘/td/%s No new phases on the (1-2) sector
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U(2)3 Ansatz: Squark LL mixing matrix

Wi m% Wi = (m3)4ee

Q
Cd K™ —Kr* sy e
W=\ —& Cd —cqsre””
0 spe ™ 1
P Cd‘/td/%s No new phases on the (1-2) sector
spe” = ee(zp +20)

New phase on the (1-3) and (2-3) sectors!
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U(2)3 Ansatz: Squark LL mixing matrix
df . 2 d 2 \di
Wi m% Wi = (m3)4ee

New CPV in (1-3)

Cd K —K* ST, e’ sector is connected
a_ | B i~ €] to CPV in (2-3)
WL _ K Cd . CdSLE sector!
0 spe ™ 1
P Cd‘/td/%s No new phases on the (1-2) sector
spe” = ee(zp +20)

New phase on the (1-3) and (2-3) sectors!
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U(2)3 and Flavour Tension?

0.2 04

Joe| Jones_PéreZ Lunghl, SOHI (08034350 [hep'ph])
IFIC Seminar Buras, Guadagnoli (0901.2056 [hep-ph])
1570572014 Altmannshofer et al (0909.1333 [hep-ph])
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Situation in 2011;

UT fit without £

0;ﬁlln..1l|III|l..JJ\_I_|__I_I_I..A.
0 1.2 14 16 18 20 22 24

lex| %103

Tension of more than 2c
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U(2)3 contribution to flavour

M M
€rc = e% (58 (1 —|—332F0) + ei— (betce)
s
Vis|?
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U(2)3 contribution to flavour

€rc = G%M(tt) X (1 + 332F0) + ei—M(thLCC)
SypKg = SN (25 + arg (1 + :z:FOeQ”))

2 .2

s — Sd°L

Vel
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U(2)3 contribution to flavour

€K = G%M(tt) x (14 2°Fy) + ei—M(tCJrCC)

SypKg = SN (25 + arg (1 + :z:FOeQ”))

Sy = SIN (2\58\ — arg (1 + :r;FOeQ”))

2 .2
CyST,

Vel
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U(2)3 contribution to flavour

€K = G%M(tt) x (14 2°Fy) + ei—M(tCJrCC)

SypKg = SN (25 + arg (1 + :z:FOeQ”))
Sy = SIn (2\58\ — arg (1 + :r;FOeQW))

AMy;  AMZM
AM, AMSM

2 .2
CyST,

Vel
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New fit with SUSY contribution

(X*/Nda.or)sm = 9.8/5
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02!
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~0.5F
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F()X

(X*/Na.o..)susy = 0.7/2
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U(2)> Flavour Symmetry in SUSY for Quarks and Leptons

F, and superpartner masses

20r

1.5¢

m; (TeV)

A

0.02

Joel Jones-Pérez
IFIC Seminar
15/05/2014

0.01 < Fy < 0.15

Need light spectrum
for third generation
sfermions.
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F, and superpartner masses

2.0
I ATLAS: ATLAS-CONF-2013-061
CMS: CMS-PAS-SUS-13-004

pp — §g — bbbbx° X"

1.5_
s | ATLAS: ATLAS-CONF-2013-061
e | CMS: CMS-PAS-SUS-13-004
£ 1.0 - o
| pp— gg — bb7bb
| — bbby ¢
0.5
’ ATLAS: 1308.2631 [hep-ex]
— CMS: 1303.2985 [hep-ex]
. . . "”"* — ~O ~O
mg (TeV) pp — bb — be X
it See Buras, Girrbach (1206.3878 [hep-ph])
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Situation in 2011;

UT fit without £
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Situation in 2014:

UT fit without £ Tension of 1.10

Barbieri, Buttazzo, Sala, Straub (1402.6677 [hep-ph])
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Situation in 2014:

UT fit without £ Tension of 1.10

Tension?

Barbieri, Buttazzo, Sala, Straub (1402.6677 [hep-ph])
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Situation in 2014:

UT fit without £ Tension of 1.10

Tension?

Nee (2011) = 1.44 £+ 0.35 Nee (2014) = 1.87 £ 0.76

AN A

Bk (2011) = 0.724 £ 0.030  Bx (2014) = 0.766 =+ 0.010

Barbieri, Buttazzo, Sala, Straub (1402.6677 [hep-ph])
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Situation in 2014:

0.2 - - - - - 0.2

0.8 0.9 1.0 1.1 1.2 1.3 1.4 0.8 0.9 1.0 1.1 1.2 1.3 1.4
AMy/AMM AM,/AMM

Barbieri, Buttazzo, Sala, Straub (1402.6677 [hep-ph])
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U(2)3 Iin the (s)lepton
sector

Blankenburg, Isidori, JJP: 1204.0688
JJP: 1311.1837
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Understanding Neutrinos
Mixing angles:
312 = 0. 306+8 8%3 3%3 = 0. 0229+8 88%8
s33 = 0.446 0007 @ 0.5875 0037

Squared mass differences:

_ +0.013 —3 2
’Amatm‘ _ (2 417 —0. 013) x 10 eV
. —|—O 19 —5 2
Joel Jones-Perez Gonzalez-Garcia, Maltoni, Salvado, Schwetz (www.nu-fit.org)

IFIC Seminar
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Understanding Neutrinos

Majorana mass matrix:

LY = (my)qj 172%

Relation with angles:

M? = mim, = Upnns(m?)¥2eU], o

[ 24

2 9 2
M ~ Might I A7natm "N

14

Joel Jones-Pérez
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Understanding Neutrinos
Majorana mass matrix:

v —ci_J
LY = (my )i ViV
Relation with angles:

[ 24

M? = mim, = Upnns(m?)¥2eU], o

2 2 2
M Might IH Amge, -1

74

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

Joel Jones-Pérez
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Understanding Neutrinos
Majorana mass matrix:
% —ci,,J
LY = (my)i vy

Relation with angles:

M; = mim, = Upnins(my) P80y s

[ 24

2 2 2
M leight'l AMmgim, N

v
0 0 0 1 0 0
Mon] = | 0 S35  Sascas Min] = | 0 (53 —823C23
0 $93C23 633 0 —S523C23 533
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Two alternatives

Blankenburg, Isidori, JJP: 1204.0688
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VNIVERSITATG D VALENCIA

Two alternatives

Blankenburg, Isidori, JJP: 1204.0688

Joel Jones-Pérez
IFIC Seminar
15/05/2014

U(2)°

a

U(2)° U(2)°
(u, o (s 7)
|

U
(dv S (Vuv VT)

JJP: 1311.1837
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Shifted U(2)°: Quark Sector

U(2)g @ U(2)w @ U(2)a @ U(2)1 @ U(2).
@U(l)d 02 U(l)L ¢ U(l)e
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Shifted U(2)°: Quark Sector

AYU ~ (27 27 17 ]-7 1)(0,0,0)
AYd ~ (27 ]-7 27 17 1)(0,0,0)
Vq ™~ (27 1, 1,1, 1)(O,O,O)
Y o~ (171717171)(qd00)
_ [ AYu w Vg _ ([ AYa z Vs
Yu T < O 1 ) yt Yd T ( 777777777 Oyb
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Shifted U(2)>: Charged Lepton Sector

U(2)g @ U(2)w @ U(2)a @ U(2)1 @ U(2).
@U(l)d 02 U(l)L ¢ U(l)e
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Shifted U(2)>: Charged Lepton Sector

U(2)g @ U(2)w @ U(2)a @ U(2)1 @ U(2).
@U(l)d 02 U(l)L ¢ U(l)e

AY, ~ (1,1, 1,2,2)(070’())
Ve ~ (1,1,1,2,1)(0,0,0) ALAe = Ye
AL~ (171717171)(07%,0)
Ae ~ (1L,1,1,1,1)0,0 q.)
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Shifted U(2)>: Charged Lepton Sector

U)o @U(2),@U12)g@U(2)L @ U(2),
RU1)g@U(1), @U(1),

AYe ~ (17 ]-7 ]-7 27 2)(0,0,0)
‘/:g ~/ (171717271)(0,070) >\L)\€ — Ye
)\L ~ (171717171)(07QL70)
)\e ~ (171717171)(0707616)
- Ye 0
Y. ( Vode AY, )

Joel Jones-Pérez
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Shifted U(2)>: Neutrino Sector

U)o @U(2),@U12)g@U(2)L @ U(2),
RU1)g@U(1), @U(1),

AL ™ (171717371)(0,0,0)
V:e ~ (171717271)(0,0,0)

)\L ~/ (171717 17 ]‘)(07QL70)

Joel Jones-Pérez
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Shifted U(2)>: Neutrino Sector

rl)\% ToSeALE T9oCeA[E€

m, = | T2SeALE Ky
B Ul DU,
2CeNLE
@3 AL + Ve VveT
L dl Giwl 0 2
b= ( 0 dg Giwz )6

_ Co S €'
= <—S¢€_”;‘*’3 Cg )

Joel Jones-Pérez
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Shifted U(2)>: Neutrino Sector

S%S — Oa (Amgol/Amazmtm) — 0
0 0 0
ME ~ m121ght 1 -+ Amitm 0 S%S S523C23
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Shifted U(2)>: Neutrino Sector

8%3 — Oa (Amsol/Amatm) — 0
0 0 0
M~ mign - L+ Amge, - | 0 835 sa3co3

A, — 0, di — 0
0 0 0
M?*~ | O 335 s¢2c¢ d5 €* |k, |?
0 s¢Cy C

Joel Jones-Pérez
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Shifted U(2)>: Neutrino Sector

)\L—>O, d17£()

2 2
CQ _ ATn’sol _ ﬁ 833 — 32
~ Am2_ 2 ?
atm 2
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Shifted U(2)>: Neutrino Sector

)\L—>O, d17£()

2 2
CQ _ ATn’sol _ ﬁ 833 — 32
~ Am2_ 2 ?
atm 2

d1 = q Cexp d2

Joel Jones-Pérez
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0.8

06 ]
Xd
0.4 ]
0.2 ]
00; T T S S Y M =
0.000 0005  0.010 0015  0.020
A N
2 2
8 Sos B Si3
2 2
Bsi, B
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Shifted U(2)>: Neutrino Sector

Constraints from neutrino sector relevant for sleptons:

)\L ~ 10_2
Ae ~ 9. 10?
AL ~ 0(62)

Joel Jones-Pérez
IFIC Seminar
15/05/2014



U(2)> Flavour Symmetry in SUSY for Quarks and Leptons VNIVERSITATG IDVALENCIA

Shifted U(2)>: Slepton Sector

m2 o= (Mmoo A ve 2

L AL VE T+ AYXAYD +VXVE+ A% AL h
m2,  — m?/m%, fffffffffffff N VIAY, o
R Ae AY Ve I+ AYTAY h

Joel Jones-Pérez
IFIC Seminar
15/05/2014



U(2)> Flavour Symmetry in SUSY for Quarks and Leptons VNIVERSITATG IDVALENCIA

Shifted U(2)>: Slepton Sector

mi =
m2 = mi/mpy A VIAY: m?2
€ A AY V., T+ AYIAY, h

Joel Jones-Pérez
IFIC Seminar
15/05/2014



U(2)> Flavour Symmetry in SUSY for Quarks and Leptons VNIVERSITATG IDVALENCIA

Shifted U(2)>: Slepton Sector

LL mixing matrix (coming from soft mass):

1 Se A€ Ce A, E
RY ~ | —suAre 1 SeCo€? Y2
—CeALE  —S8oCo€? Y2 1

RR mixing matrix (coming from Yukawa):

1 —SeAe€/Yy  —CeMe€/Yr
R ~ SeAe€/ Yy 1 0
CeAe€/Yr 0 1

Joel Jones-Pérez
IFIC Seminar
15/05/2014



U(2)> Flavour Symmetry in SUSY for Quarks and Leptons VNIVERSITATG DVALENCIA

Lepton Flavour Violation

BR(u—e y)

U(3)° = U(2)° U(2)hifted

Joel Jones-Pérez
IFIC Seminar
15/05/2014



U(2)> Flavour Symmetry in SUSY for Quarks and Leptons VNIVERSITATG DVALENCIA

Lepton Flavour Violation

107

T
|
|
|
|
1

1077

108 |

1071

BR{r—p ¥)

1|:|-1D .

10'”;- =

—-----1 L L

1u"EL
1p-1d 1p~12 107" 101 1p~* 108 1077

BR[r—e )

U(3)° = U(2)° U(2)hifted

Joel Jones-Pérez
IFIC Seminar
15/05/2014



U(2)> Flavour Symmetry in SUSY for Quarks and Leptons VNIVERSITATG IDVALENCIA

Lightest Neutrino Mass

Mlight z 0.05 eV Mlight 5 0.01 eV
(can be probed by m,, and cosmology) (cannot be probed by m,, nor cosmology)
5 5 5
U3)” = U(2) U(2)chitted

Joel Jones-Pérez
IFIC Seminar
15/05/2014



U(2)3 Flavour Symmetry in SUSY for Quarks and Leptons VNIVERSITAT G IDVALENCIA

Conclusions

Joel Jones-Pérez
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U(2)> Flavour Symmetry in SUSY for Quarks and Leptons VNIVERSITATG IDVALENCIA
Conclusions
- 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.

Joel Jones-Pérez
IFIC Seminar
15/05/2014



U(2)> Flavour Symmetry in SUSY for Quarks and Leptons VNIVERSITATG IDVALENCIA

Conclusions

" 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 [ — €7y branching ratio.

Joel Jones-Pérez
IFIC Seminar
15/05/2014
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Neutrino Mixing, IH

S%S — 07 (Amsol/Ama’cm) — 0
1 0 0
M~ Mgy - L+ Amge, - | 0 33 —cazsa
O —C23523 S%S
dl %O, d2€2 %)\%, e — 0
1 0 0

M?*~ | 0 sé s¢§¢ AT k|2
0 spCy Cs



Neutrlno Mixing, IH

1.10~ 1.07
1.05- 0.5~
X, 1.00 Se 0.0-
0.95- 05
0.90*- ~1.0-
0.01 -1.0 .
€ S¢
2 2
8 So3 B Si3



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

For Natural SUSY, the CMSSM might not be in

such good shape

MSUGRA/CMSSM: tan() = 30, A_ = -2my, 11 > 0

Status: SUSY 2013

| 1000 T | T T |L_ T TT T T | T T T T | T I T T T T I T T T I T
= e TN e SUSY o4 ]
8 —1 v T - 95% CL limits. oy not included. —
= 000 LSP ATLKAS Preliminary = = 7| -- Expected  g_igpton, 2-6 jets _
= L 4, mmm Observed ATLAS-CONF-2013-047 —
L Ldt%20.1-207 1" {s =8 TeV ) _|
S n o -~ Expected  o-Jepton, 7-10 jets ]
- : mmmm Observed — arXiv: 1308.1841 |
= \\ —— Expected  (_1 |gpton, 3 b-jets —
800 — r?; R \ m== Observed  ATLAS-CONF-2013-061
- = (S Expected  {-lgpton + jets + MET _
- \ =i | ' Observed  ATLAS-CONF-2013-062 ]
L \ \ == Expected 1.2 taus + jets + ME —
700 — \ == Observed  ATLAS-CONF-2013-026 —
- | Expected  5.5G-|eptons, 02 3 b-jets _|
B o \ Observed  ATLAS-CONF-2013/07 ]
600 — ‘| |
C -1 N S i _
L e i — - ) ! —
A\ ST e - ——
500 — T ————— " el
L ——mid e 1T ]
n \ o =~ S~ T = 7
L — 1 ! e
400 — ey = : —
— -~ ‘ .................. "'_ ''''''''''''''' - i —
=\ ! ! [ -
— '\ \ | l —]
300 — \ | ! A
— '\‘ l 1 -
| | Al 1 | 1 | 1 1 | 1 1l | 1 | 1 1 | 1 l | 1 | | I | | Il | -
0 1000 2000 3000 4000 5000 6000
m, [GeV]

(Also for simplified models)



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

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

m, , [GeV]

1000

800

700

600

500

400

300

MSUGRA/CMSSM: tan() = 30, A_ = -2my, 11 > 0

Status: SUSY 2013

—T

CLSP

==

T |L\I\I*I\ T | T T I T |

AﬁKAS Pr;ii;thary '

Ldt%20.1-207 1" {s =8 TeV

T =

—
=~
S e

T

95% CL limits.52YSY not included.

= = Expected
s Observed
- — Expected
== Observed
= = Expected
=== Observed
Expected

' Observed

= = Expected
== Observed
Expected
Observed

theory

0-lepton, 2-6 jets
ATLAS-CONF-2013-047
0-lepton, 7-10 jets
arXiv: 1308.1841

0-1 lepton, 3 b-jets
ATLAS-CONF-2013-061

1-lepton + jets + MET
ATLAS-CONF-2013-062

1-2 taus + jets + MET
ATLAS-CONF-2013-026

2-SS-leptons, 0 - > 3 b-jets

ATLAS-CONF-2013-007

(Also for simplified models)

e e

~ mq' ~ 2400 GeV

800 GeV
1700 GeV

oII|IIIIIIIIIIIIII|IIII|IIII|IIII|

2000 3000

X Q2

1800 GeV



Input to CKM Fit

0.97425(22)
0.2254(13)

(40.89 £0.70) x 102
(3.97 £0.45) x 1072
(74 £11)°

(2.229 4+ 0.010) x 10~?
0.673 & 0.023

(0.507 = 0.004) ps~*
(17.77 £ 0.12) ps~!

(155.8 + 1.7) MeV
0.724 = 0.030

0.94 4 0.02

(291 £ 16) MeV
1.23 +0.04




New SUSY Contributions

€ = 6i{l\/I(tt) v (1—|—332F)—|— SM(tc+cc)

2 ( gs 4m%,v 1 m%l _
Fo=2(2
0 3 ( ) m%g SO(.Tt) f0($9)+(9 (m%h

11 + 8z — 192° + 26x log(x) + 42° log(x)
fo(zg) =

3(1 —x)3

2 92 2
ST mg

p— T p—
[Vis|? ’ ’még




Predictions from Fit

Large Sw!

Straub (1110.6391 [hep-ph])



U(3)° -> U(2)° Spurions

Y9 ~(1,1,1,3,3)
X ~(1,1,1,8,1)



U@3) -> O(3) Spurion

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

One more spurion:




Neutrino Mixing: Am?

Mass Differences:

AmZ . = ., (20 — 0+ [0% + 47"2]1/2) €

Am2, 20— 6 —[6% 4 4r?]V/?

2
T AM2, T 20— o+ [0 1 42|l

20 — 6 — [62 + 4r?]H? ~ €



Neutrino Mixing: Am?




Neutrino Mixing: 6_,

Charged lepton mass basis:

1 — 2eo
My =m, | —2sce(o— 0) e'® 1 —2¢h + O(€?, s%¢
—2€ 8.1 "¢

S93 0 + [52 —+ 4’]"2]1/2
C23 2T




Neutrino Mixing: 6_

Charged lepton mass basis:

1 — 2e0
My =m, | —2sce(c—3d)e ™ 1—2€d
—2€ 8.1 "¢ 2er 1

s13€"7 = 5csp3e* T

Se — Sd
= s13 = 0.16 =0.02

0z o4 0.4

R

S11
1.£3



Neutrino Mixing: 6.

M? =mIm, = UPMNS(mz)diagUPT’MNS

v

(M) = my, + AmZ, (s13 + c13572C7)
(M3)22 = m?,l + Amitm (633333 + C%3C%2C2 — 0(313C2))

(Mg)?»:% = m12/1 + Amitm (C%?,C%?, + 3%3C%2C2 -+ 0(313C2))



Neutrino Mixing: 612

M?>=mim, = UPMNS(mz)diagUPT’MNS

vV 1 4

2 ' |
— Amatm _5130133236“S + 013023812012C2 — 0(313C2)_
2 T ' |
= Am_., _813013023e“S — €13523512€12° — 0(513<2)-
2 B 2 2
=  Amgi, |€13523C23 — $23C23C72C +O(513C2)}



Slepton Mass Matrix

: 1 cy € 0 ;
mir = | ci*e® 1+cse ch € mj
0 ce 14 calyr|?

We need a cancellation



Slepton Mixing

13

1%
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v
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BR(r—u ¥)

Lepton Flavour Violation
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Neutrinoless Double Beta Decay

Bounds
Experiment Bound (eV), C.L.
KamLAND-Zen ("°Xe) | < 0.3 — 0.6, 90%
CUORICINO (*°Te) | < 0.19 — 0.68, 90%
GERDA ("Ge) < 0.2 0.4, 90%
EX0-200 (**°Xe) < 0.14 — 0.38, 90%
Prospects
Experiment Reach (eV)
CUORE (**°Te) 0.05 — 0.11
NEXT ('%°Xe) 0.070 — 0.16
S.NEMO (**Se) 0.055 — 0.14
Lucifer (®Se) 0.033 — 0.085

Schwingenheuer, 1210.7432



Parametrization

Ye 0 O
Y. = —Sc€Ae Yy O
Ce € A 0 vy,

 CP phases can be removed
« We need A_ smaller than 0.01, to avoid
fine-tuning iny,.

« For such values of A, (LL) charged lepton
mixing becomes negligible.



What if we start at M GUT’?

 \What sort of initial conditions should we look
for?

* |s there any focusing effect?

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



Initial Conditions

M /2

(N0
Mhpeavy
2 2
o Mheavy — Miight
P = 2

mhe(wy

AO ~ Mheavy

Universal gaugino mass

Universal Higgs mass

Universal heavy sfermion mass

Universal light sfermion mass

Universal trilinear coupling



Benchmarks

 Benchmark 1
Mheavy = 3 1eV
M5 = 0.5 TeV

p=0.9

AO — —Mheavy
mo = 2.8 TeV

 Benchmark 2
Mheavy = & 1eV
M/, = 1.1 TeV

p = 0.97

AO = —O.25mhewy
mo = 2.5 TeV



Benchmark 2

700"

_—— Higgs OK

No EWSB

0.95025 0.962625

0.975 0.98\(375 0.99975

Jo,

Flavour not OK...

\

Tachyons



Mixing: Benchmark 2

0.15¢




Structure

Main contribution to AF = 2: (LL)?2
N = (Wi (W],

3 3 - 3 '
)\&2) = ¢y 8% K" /\gg) = —sr ket )\gg) = —cysr et

)\%) K Vv )\g Cd

\(3) 3
SR NP2



Benchmark 2

Structure

e e o e e e e e ) -

_2.69F

_2.69F

(Fey/Etv)Bay

(€)

(€)

0.220

0.215

(3),, (32
Az /103 [

(3 ,. (3
|13 /o3 |

Structure is very stable.

More freedom in choice of O(1)s.



VNIVERSITAT

1.

DGVALENCIA

I FIC

INSTITUTO DE FiSICA CORPUSCULAR




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97

