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OUTLINE

-GUT's and SUSY.
- SU(D), Flipped-SU(5) and SU(4)xSU(2)xSU(2)
- Neutralino relic density and DM detection.
- Charged LFV in SUSY with a see-saw T1,
-SUSY Masses, LHC searches and rare lepton
decays. .

Conclusions.

10/09/19 M.E. Gomez, IBS, Daejon, 2019



SUSY extension of SM

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

DM candidate.

« Small but sizeable contribution to SM
processes...
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Unification & Hierarchy Problem
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Standard particles SUSY particles
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Particle zoo ©Newscientist
Particles are divided into two families called bosons and fermions. Among them are groups known as leptons, quarks and
force-carrying particles like the photon. Supersymmetry doubles the number of particles, giving each fermion a massive boson
as asuper-partner and vice versa. The LHC is expected to find the first supersymmetric particle
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Unification & Hierarchy Problem
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Unification at ~10"° GeV b,- > (01‘61‘9)+NF(2¢212)+Nf-!(3/1031/2.~0)

Cancelation of 'quadratic divergences
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Crates of Mallus 150 B.C.

Antipodes theory:
Popular debate in the Midle ages.

Probably referred in all
explation trip proposals
untill it was eliminated
by direct observation.

09/10/19 M.E. Gomez, IBS, Daejon, 2019 7



One loop contribution to SM proc.

B-field B-field
B-field ~
L
/1 % | /
Mo u [T . : M
Xi
“Dirac Interaction” QED “Schwinger Interaction” _ _
g=2 (g-2)=a/n B5SM SUSY interaction

SM vs Experiment Discrepancies
anomalous magnetic dipole moment (g“-2)
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SUSY FLAVOR

R-parity warranties that SUSY particles only appear in pairs:
(@) B,

The present average given by the

BRb—sy)=(:3.32+(0.15 )x1w0*

The SM prediction: BR(b — S’f) — B 6—|—O 23) X 10_4
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Neutrino Oscillations T

g — - Mixes Lepton
Loo== 7 Y L@@ W@ +he, paon
[=e,p,T - There is a matrix:
- PNMS=U
v (2 ZUlg v Equivalent to CKM

~in the Quark sector.

10

P(vyry = viry) = Py — opy) = 6y — 2|Upy | [5w — ’Ul’n|2}

(1 — cos Amnl L).
2p
| 1213 $12€13 s13€ %]
U = | —512c23 — c12823513€°  c12¢23 — 812523513€%°  893€13
512893 — C12¢23513€"0  —c12893 — S12C23513€0  c23C13
- X917 - 31

x diag(1, e 2, 72 .



Atmospheric problem Solar problem

A = (2.673%) x 1073 6V | Am2,, = (8.1'33) x 1075 eV2

sol —
$in? 204im > 0.90 sin®26,,1 = (0.8605 )
0.06 < sin® 2013 < 0.13

Reactor data (RENO, Daya Bay).
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In SUSY flavor mixina lepton-slepton vertices can induce LFV diaarams:

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

BR(u—ey)<57x10 "
BR(t—-uy)<4.4x10°
BR(t—ey)<3.3x10°°
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Dark Matter problem

Observations R X f
I..lil.'!ﬂll ;I_L ; ._-i'_'!-_-_ \/
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Rotation curve of spiral galaxy M 33 (yellow and blue
points with error bars), and a predicted one from
distribution of the visible matter (white line). The
discrepancy between the two curves can be accounted . 3% 10 Yem’s !
for by adding a dark matter halo surrounding the galaxy (A" ~ T
\Yann ¥Mal /
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https://en.wikipedia.org/wiki/Triangulum_Galaxy

Soft SUSY Breaking Terms

The soft SUSY breaking masses

S

1 c
— Luo == 5 (M3 KEAS + MaA MG, + Midghy + hic.
+MILL+ MA0'Q + MEUU + MAD'D + MAE'E +
mf,d ﬁ;ﬁd + m}," H H, — (BijHu + h.c.)

+ ( yeA¢HILE + yqAgH, 0D — y A HT QU + h.c.) :
Inspired from supergravity assume universal soft breaking, L:

3 mofF+ Ym W+ Y AcY FFHp + BuH, H,
f.H R * f

mo, my Ao, tanB, sign(u)

u and Ay can be complex, however their phases contraint to be < 0,2 rad by the bounds c

the fermion EDM.
14
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GUT initial conditions

mo, m ) , Ao, tan B, sign(x)

et MGUT~10E16 GeV

Mz~ 100 GeV



SUSY spectrum

CMSSM, mSUGRA. Parametros de masa universales:

mass (GeV)
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Evolution of sparticle masses
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SU(3)xSU(2)XU(1) < GUT

Mz~ 100 GeV

WSU(S):YE 10,10,5"+ ¥ 10,-5_J- 53¢

String scale Initial
conditions

MGUT~10E16 GeV




Non Universal scenarios

CMSSM choice:
e mO Universal soft masses.
 m1/2 Universal gaugino masses.
e AO Universal Trilinear terms.

Representation-dependent choice

mqn:ajfrmo
A, =Y, Ao, Ao = aogmo
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Non Universal SU(5)

W sos=Y310,10,5“+ ¥ 10,5, 3

;;'(QL, U. E)El_o H <5 H, CS
(D L)CS
The soft terms are taken at GUT as:
My ,=m,,
Ms=Xs My Ags=ay-mg
m —xu-mlo

Okada, Shafi, Raza
Phys.Rev. D90 (2014)



Flipped SU(5)

sui) (Q.ue%); €10;, (L,d°); € 5;. v € 1;.

\j _
Flipped SU(5) (Q.d°.v°); €10;, (L,u%); € 5;, ¢ € 1;.

mio = Mo, M5 =2T5-MM10 MR = TR M0

meg, = Ly Mo MH,; = Tq - M10
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PATI-SALAM Unification
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Non universal Higgs Mass terms due to D- terms.

) _ el R
my, , = Mo F 2Mp

Condition for gaugino masses.
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PS(4-2-1) LR Asymmetry

MATTER FIELDS

New Parameter
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— SUSY SEARCH: SuperBayeS, MultiNest
— RGE's: SoftSusy
— Relic Density: MicroOMEGAs

— Direct DM detection: DarkSUSY

SUSY

— Super Iso: 5&}u

— SusyBSG: B-Physics.

Likelyhood function:

In Lyoint = InLew + In L + In EQX 12
+ In Lrux + In LhHiges + In Lgysy + In L9,

M.E. Gomez, IBS, Daejon, 2019
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Higgsino \!:

hy = |Nisl* + | Nw4|?,

A/H resonances:

7 coannihilations:

T — . coannihilations:

hy > 0.1, |ma—2m,|>0.1m,,.

Ima — 2m,| < 0.1m,,.

he <01, (ma—my) < 0.1ms

he < Bl (e —m,) < 0lm,, (Mg —m,]) <0.1my.

t1 coannihilations:

10/09/19

hy <0.15, (mz —m,) < 0.1m,.
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Flipped-SU(5) PS(4-2-1)
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MSSM extended by seesaw mechanism

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

" i &
W = WMSSM+Y;feaBHgN,FLf+§M;{,NfNJF,

@ The full set of soft SUSY-breaking terms is given by,
- Esoft,SI — _Esoft £ ( ).VR;VJ W ( M;{;ﬁr?,ﬁ;%
+A Rl 4 hicl)

With Whissm and Leofe given in Eq. 3 and 4 respectively.
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0 D
M = 5 g “See-Saw” explanation for
my Mg tiny masses.

# The physical masses are:
(m2)*
1. mj = Miight = ~jp
2. n- EMR

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

1

W = Whssm + 5(YL,,LHQ)TJ\/_fg,l(YI,,LHQ).
1
Mgy — —52)31/1, : M]Ql : YVT7 mf, = Ul'm gU
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Slepton flavor mixings

M
(6Wﬁ—%2/%)(¥ﬁi@)@hxg( GUT)

2--(‘\.)—
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3
(Ar)i ~ 32 AoYi; (YVTYV)?:j log (
Orthogonal
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2
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Uy,

McguT
M N
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/ \ ~ Diagonal Universal

- 1E14 GeV
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In SUSY flavor mixina lepton-slepton vertices can induce LFV diaarams: Y

= i‘“’\(ﬁ%\ SuUsy
masses
(a) b

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

BR(u—ey)<42x10 "
BR(t—-uy)<4.4x10°
BR(t—ey)<3.3x10°
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SUS) Mipped_SLi(8) PS_LR
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Figure 1: Prediction for BR(7 — py) vs BR(p — e7) for the SU(5), the £SU(5) and the PS cases. The
upper (lower) panels use My = 2.5 10'2 ( My = 10" GeV). The symbols correspond to the classes

of models representing the DM scenarios descibed in the text: orange circles { — y coannihilations ...
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LHC analysis with Smodels, http.//smodels.hephy.at/wiki
¥

SLHA file

+ —>
cross-section
calculator

i i 4 g Experimental
: Analyses

L2y
|

Decompose

Combine Compare
Topologies with
Upper Limits

Analyzed points: Excluded

<> Notanalyzed.

.

@® Allowed
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LFV excluded (indigo)
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F5US All regions
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CONCLUSIONS

We have identified different patterns of soft SUSY-breaking terms at the GUT scale, with
different dark matter predictions and the constraints from LHC searches.

We have calculated the SUSY spectra for the different gauge groups, finding that the models
predict different spectra for the same LSP mass, connecting possible future observations with
the structure of the underlying unified theory.

The see-saw mechanismto explain neutrino data may imply cLFV. The mu->e gamma
prediction may be complementary (or alternative) signal to SUSY spectroscopy at the LHC.

We have found that SU(5) and FSU(5) GUT's (gaugino universality), PS (gaugino non
universality) lead to very different predictions for dark matter LHC and cLFV experiments,
and thus are distinguishable in future searches. PS predicts stop-LSP, gluino-LSP
coannihilations that are absent in the other groups and can be explored by LHC searches.

The LHC searches for generic missing ET, charginos and stops are quite complementary,
and future LHC runs will be able to constrain the models in several different ways.

Models with compressed SUSY spectrum are difficult to test, however
these are the natural scenarios with a suitable DM relic density.
Furthermore, some of these scenarios also favor the detection of cLFV
signals in the current experiments. The most promising one will be the
chargino-LSP coannihilation class of models.
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