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Still SUSY with universal soft terms.

Sfermion Flavor mixing through the CKM matrix.

+ 1-loop contributionto 1, sin*0  m,
w? w?’

Mixing in the Slepton sector in the MSSM+ see-saw Typ. I.
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SUSY promises

* Divergence cancellations
* Gauge unification
» Particles in the range of coming accelerators.

« DM candidate.

« Small but sizeable contribution to SM
Processes...
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Gran Unification in the SM
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SUSY extension of the SM
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SUSY-> fermion-boson Symmetry:

Q|Boson) = |Fermion); Q|Fermion) = |Boson)
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SUSY Grand Unification

80 SUSY 2nd order

o (1)

B ——

Te q° 1a’ 10° 1d’ 19° 10 g

u (GeVl

i = (0,—6,—9)+Ng(2,2,2)+Ny(3/10,1/2,0)

09//10/2015 M.E: Gomez, LFC 15



Soft SUSY Breaking Terms

The soft SUSY breaking masses

S

1 oy o
~ Lo = (M3 MRS 4 Mo AL AL + MiAgh; + he.
+MIUL+ MA0'Q+ MEUU + MAD'D + MAE'E +
mf, ; ﬁ;ﬁd + mi." H:Hu - (Bpﬁj H,+ h.c‘)

+ ()'GAE HLE + y;AgH,0D — y A HI QU + h.c.) :
Inspired from supergravity assume universal soft breaking, L:

g,"%fﬁgﬂ M+§A0Yffﬁﬂf+ByH,,Hd

mo, m , Ao, tanf, sign(x)
u and Ay can be complex, however their phases contraint to be < 0,2 rad by the bounds ¢

the fermion EDM.
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Many new particles at an affordable price

My=300 GeV, M, ,,=100 GeV, A;=0
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SUSY FLAVOR

R-parity warranties that SUSY particles only appear in pairs:

The present average given by the

BR(b — sy) = (3,55+0,247¢{3 £0,03) x 10~

The SM prediction: BR(b — SY) — (315 + 030) X 10_4

'
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The lightest SUSY particle (LSP or %) is in general the lightest neutralin

M 0 —mzSse,, Cp mzSe,, S
0 M- mzcg,, Cg —mzcCa,, S
—MmzSg, Cg  MzCpy Cp 0 —
mzSey, Sg —mMzCoy, Sp —u 0

in the basis B, W5, H,,H;. They can only coanihilate when they find eac

3 B~ f
b f .

-

= f '
p f

its relic density is of the order of magnitude needed to fit WMARP data

3x 107 % cm?s !

Qh* ~
{'Uann VM af)

H. Goldberg, “Constraint On The Photino Mass From Cosmology,” Phys. Rev. Lett. 50,
1419 (1933).
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Minimal Supersymmetric Standard Model (MSSM)

@ SU(3)¢c x SU(2)L x U(1)y gauge invariant and renormalizable
superpotential of MSSM is

Wassm = YeagHy Eicf-j? + Vg eagHy D:FQJ? + Y] eapHs Uf Q}-B
+p1cagHi Hy (3)
@ Soft SUSY-breaking terms are given by
L = (MY + ( 2 + (m2)
mYI Ty + (m3)j ke,
+mlh“h1 + m2h2h2 + (Bphyhy + h.c.)

+(ALhidiyaL + AL tigar + A7 hi8gily

+%M1.§EEE’ + %Mg WEW} + %Mgﬁ"“@"“ +h.c.).(4)
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Soft Susy parameters at GUT

(mg)ij = (mir)ig = (mp)ij = (m)i; = (

M2 — a2 — a2
My, = My, = my,

m2Y).. — 2 A..

mg = My, = Mp = My/2,

(Ap)i = Aoe'A(YE) ;.

(Av)i; = Ao’ (Y )iy,  (Ap)iy = Ave' (YD),

CMSSM choice:

e mO Universal soft masses.
e m1/2 Universal gaugino masses.

* AO Universal Trilinear terms.
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Yukawa couplings.

* The fermion mass matrices can be obtained trought the
quark masses+RGE.

* At the GUT scale: .
Y ,=diag(y,, s, vy)s

Yo=Vidiag(y,, v v,);

« Superfileds can be rotated. Universal soft terms, remain
universal :

mOI—>UT-(mOI)-U=mO[
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RGE Evolution

all i
g %2 = (m} + 2m3 )YLYy + (m) +2m3y )YIY + [YIYu+ Y Y md, +2YT 2Yu/

32 , il 5
+2YLm3Yd+2thu+2h(Tihd—?g3|}\[3| — 6g3|Ms|? - = Jlum + 0] 2s

ﬁfi] — (2m2 + 4m¥ )Y, YL+4YquY’f JVQY Y*m +4h hT

32 32 K o
2 3| Ma|* - B —gf|My|* - —9%5
1 2 2 .
ﬁfué = (2m + 4de)YdYT + 4YdeYT + QYdY:;mg{ 4 4hdhjf
32 8 2
3 —g3|M3|* - T —gi[My|* + %S
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Sfermion masses diagonalization

M? M? .
B GLL GLR : @
M = ( WETIY ) : q =il ,
Msrr M§RR

diag{mz ,n

: 2 2 9
diag{m d‘ﬁm% m% . m= . m= ,m>

2 2 d A2 Rt
S LG L mG  my p = R M= R .
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e Use Spheno to run MSSM RGE's from GUT to
low energy. The full 3-generations RGE are used.

T

/2
Ao
tan [
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500 GeV ...5000 GeV

1000 GeV ...3000 GeV ,
—3000, —2000, —1000, 0 GeV
10, 20, 35,45 ,
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LL Squark flavor
mixing

OLL
023

Non decoupling at
lage m0
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mia [GeV]

tanB=45, Ay=—3000
T | T T T T | T

3000 | LR Squark flavor
mixing
6ULR
23
Decoupling at
large mO0, since A0
_ is fixed.

my[GeV]
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Computational Setup

 Use FeynArts to compute observables. Modified version
to include compete 6x6 sfermion mass matrices.

« Use FeynHiggs to compute SUSY Higgs masses.

» Use SuFla to compute B-Physics observables.

 Use Spheno to run MSSM RGE's from GUT to low energy.

The full 3.generations RGE are used.

09//10/2015 M.E: Gomez, LFC 15
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Electroweak p parameter

@ p parameter is a measure of relative strength of neutral and
charged-current interactions at zero momentum transfer. In SM at
tree level

2
p= o
Cos26\y, M2
@ Higher order corrections modify this relation to

1
p_l—.&p

@ Here Ap parametrizes the leading universal corrections to EWPO
induced by the mass splitting between the fields in an isospin doublet

%7200 Tuw(0)
- Mz My

Here 2~ 77(0) and X ww/(0) are unrenormalized Z and W boson
self-energies.

=1 (16)

(17)

Ap (18)
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My, and 0Sin®6

@ Ap enters in My, and §Sin®f.4 through the equation

MW COSEQW
SMw = A 19
W T Cos20y — Simoy " (19)
Cos20w Sin®0w
5Sin%f .+ — — A 20
el = = Cos20y — Sin20y " (20)
(21)

Generic Feynman diagrams for the W or Z boson self-energies.

- fs - fs

ﬁ; ;*K'\ fs ,"'"n.\
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fr fr
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Observables

Current Values

OM,"  ~15MeV

>

5 M ~5-10 MeV
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Future Values

- <4 MeV

<2-4MeV
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Observables

Current Values

Future Values

+ 2 Nex
dsin” 0, ~15 E-5

- <1.3E-5
- <2-4E-5

dsin’0,,"  ~5-7 E-5
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A sin? GMFV — sin®f.¢ — sin HMSSM
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Higgs Masses

@ There are two higgs doublets in MSSM resulting in five physical
(h,H,A, H",H™) Higgs Bosons.

@ Neutral CP-even Higgs boson masses are derived by solving the

equation
A N A 2
p? — M tree + Zhh(ii’z)} {Pz — M} tree + ZHH(P%} - {EhH(PE)] =0.
(22)
@ Charged Higgs mass is derived by the position of the pole in the
charged Higgs propagator,
P2 T m?—fi tree T i."1‘—."-!"‘ (Pz) = 0. (23)
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Observables

Current Values
OM,"  ~200 MeV

Future Values
>, <50 MeV

» <0.5GeV

S M ~3 GeV
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B-Physics Obsevables

@ For BR(B — Xs7v), loop contributions to the Wilson coefficients
come from
@ Loops with Higgs bosons.
@ Loops with charginos.
@ Loops with gluinos.

Q@ For BR(Bs — pt ™), loop contributions to the Wilson coefficients
come from

@ Box diagrams.
@ Z-penguin diagrams and
© Neutral Higgs boson ¢-penguin diagrams.

@ For AMpg,, loop contributions to the Wilson coefficients come from

@ Box diagrams.
@ Z-penguin diagrams.
@ double Higgs-penguin diagrams

09//10/2015 M.E: Gomez, LFC 15
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B-Phyiscs Observables

Observable Experimental Value SM Prediction
BR(B — X.7) 3.43 +0.22 x 10~ 3.1540.23 x 1074
BR(B, — utu~) (3.0)"y8 x 1077 3.234+0.27 x 107
AMpg. 116.4 4+ 0.5 x 10719 MeV | (117.1)F152 x 10710 MeV

The values we get are 1-2 orders of
magnitude below limits

09//10/2015
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Neutrino Oscillations T

) 7 - Mixes Lepton
Loo== Y @)@ W@ +he, gy
[=e,p,T - There is a matrix:
- PVMS=U
v (2 ZUM v Equivalent to CKM

~in the Quark sector.

10

P(vyry = viy) = Py — opy) = 6 = 2| U |* |83 — Uy |?

(1 — cos Amnl L).
2p
) 1213 $12€13 s13e” ]
U= | —s12c23 — c12523513€°  c12¢23 — 8125235136 $93€13
512893 — C12¢23513€"0  —C12893 — S12023513€0  c23C13
- X921 - 31

x diag(1, e 2, 72 .



Atmospheric problem Solar problem

A2, = (2.6'93) x 1073 eV2 | Am2, = (8.1%03) x 105 eV2

sol —

sin2 20,1, > 0.90 §in220,,; = (0 86O “5)

0.06 < sin® 203 < 0.13
Reactor data (RENO, Daya Bay).




MSSM extended by seesaw mechanism

@ The superpotential for MSSM-Seesaw | can be written as

) 1 .
W = Wyssu + Y;fea[gHngLerEM;{,Nfo,

@ The full set of soft SUSY-breaking terms is given by,
ST RS R
— Looft ST = —Lsoft T+ (mﬁ)}VRfVJR + (EB;{MI’{IVRIVRJ'
+Agh2ﬁ[§;'7l_j -+ hC) :

With Whissm and Leofe given in Eq. 3 and 4 respectively.

09//10/2015 M.E: Gomez, LFC 15
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0 D
M = = = “See-Saw” explanation for
my Mg tiny masses.

# The physical masses are:
D2
e i RSO
1. my — elight — ~ 3
2. n- EMR

# For (mf)3;; =~ (200 GeV) (A, =2;) and
My, =~ O(10'* GeV),

1

W = Wussm + §(YVLH2)TMA_]1(YVLH2).
1
Meff = —EviYy : M](Il -YVT? mf, = Ul'm qU
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Slepton flavor mixings

M
(GW%—%Z/%)(YﬂSL)@hxg< GUT)

2--(‘\.)—
(ML)ii ~ g My

(m2);; ~ 0

3
(Ai)s; ~ 32 AoYi; (YVTYL’)Z'j log (
Orthogonal

/ matrix
0
y V2

Uy,

McguT
M

\/ M%R\/mf/UT Casas + Ibarra
/ \ ~ Diagonal Universal

- 1E14 GeV
) / Limit case of
Order 1 degenerate MR
YV, = = MpUmlU? 7
U’-{L
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dla,g{m m . m? m m~ } R! M% Rt

b’ L’

dlag{mylj } = R” M2 R"T

L’Qﬁ

In SUSY flavor mixina lepton-slepton vertices can induce LFV diaarams:

i(n} l i(c} L’L’z’]
(a) (b) .

Lepton-slepton flavor mixing is very constrained by the experimental limits:

BR(u—ey)<57x10 "
BR(t—-uy)<4.4x10°
BR(t—ey)<33x10°

09//10/2015 M.E: Gomez, LFC 15
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CMSSM-seesaw |

tanf=45, Ay=0 tanfB=45, Ay=—3000

1000 "™

BLLL
23 Big dependence on A0
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A sin? GMFV — sin®f.¢ — sin? HMSSM

3.2 E-5

09//10/2015

tanf=45, Ag=—3000
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* No significant contribution to Higgs masses
(order 1E-7 for Mh and 1E-3 for MH+)

09//10/2015 M.E: Gomez, LFC 15
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Conclusions

* Analyis of the flavour mixing in the SUSY sector as
induced by the CKM. We still work on the CMSSM
framwork.

« Diagonalisation matrices included in the susy-vertices
~,taking into account on the 1-loop computations.
* No significant contribution to Higgs masses.

* Non decoupling mixings  ,contributions to M ,

and sinzﬁW increases with m0-—= Bounds on mO.
« CMSSM+seesaw also has a significant contribution to
M, and sin’g
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