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The SUSY dilemma

The old belief .

SUSY solves the naturalness problm in a simple way

NATURAL & SIMPLE
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The SUSY dilemma

Now...

Experimental result forces us to choose either

NATURAL OR SIMPLE
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The challenge on natural SUSY

|26 GeV Higgs
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The challenge on natural SUSY

|26 GeV Higgs bounds onthe &  masses

MSUGRA/CMSSM: tan(f) = 30, A =-2my 4 >0 Lepton & Photon 2013
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The challenge on natural SUSY

he amount of tuning
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Tuning from the stop & gluino

Iwo ways to relax the tuning :

3000F
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Tuning from the stop & gluino

Iwo ways to relax the tuning :

Example:  Supersoft SUSY
change the radiative i

correction ) 392, |mZ]
u ST mg

change the collider
constraint
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Tuning from the stop & gluino

Iwo ways to relax the tuning :

Example:  Supersoft SUSY
change the radiative ~

correction 2 3y;
oMy = ms log ==/
2 Qe ms;
Example:
change the collider compressed spectrum
constraint more cascade decays

R-parity violation

re—— N
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R-parity violation (RPV)

he LSP decay falls the MET searches

SUSY

RPV visible particles

However, there are stringent flavor constraints!

proton decay , neutron/anti-neutron oscillations
di-nucleon decay , FCNC
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RPV 1n the natural forest

SUSY with troubles...

Ve o

|<ef2> naturalness tuning
tuning from 125 GeV I -3
. | ’ . plit SUSY
squark & gluino Higgs

a——

fail the collider change the Higgs
searches Mass running

RPV

E Some models can address on |
more than one Issues !
I (eg, Dirac gauginos, sister Higgs, ...) |
but they're quite complicated §

multiple compressed
cascade spectrum
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RPV 1n the natural forest

SUSY with troubles... .

W o

keep naturalness tuning
tuning from |25, GeV FCNC, EDM, .. Split SUSY
squark & gluino Higgs
fail the collider To solve the whole naturalness issue,
searches

\Z \“‘; We belblter w@.@.p the RPV model sim!ate!

RPV mul® simple structure

Cdas(

* easy to be embedded into a larger framework
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Models of RPV
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The RPV couplings

supersvmmeEraa Fermwas
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Its easier to have an RPYV model
Ehak omtv violakes B-number
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Leptonic RPV
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RPV through the baryon portal
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Upper & lower bounds for A, 4 4,

With no L-number violation, we need A;idjdk < 107" to satisfy flavor
constraints (the statement depends on flavor structure)

Also, we need A;idjdk > 10~" for the squark decay to be prompt
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Upper & lower bounds for A, 4 4,

With no L-number violation, we need A;idjdk < 107" to satisfy flavor
constraints (the statement depends on flavor structure)

Also, we need A;idjdk > 10~" for the squark decay to be prompt

// _7

The rough size of baryonic RPV couplings
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Models with UDD

Exam[pt@.:

R : . Nikolidakis and Smith (0710.3129)
Mlnlmal FlaVOr\/|O|atlon Csaki, Grossman and Heidenreich (1302.2146)

constrains all flavor violating processes with the appropriate Yukawa couplings,
which also determine the size and scope of allowed RPV interactions.

SUB)e SU(2), Uy |U)s U(1), ZE
(QQQ) 1 0o 1/2 1 0 -
(QQ)Q 8 0 1/2 1 0 - R TN
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H, 1 0 1/2 0 0+ be challengmg
H, 1 O -1/2 | 0 0 +

Krnjaic and Stolarski (1212.4860)
Csaki and Heidenreich (1302.0004)
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General requirements

To obtain a small but non-zero A gy ~ 1077  we need

® a symmetry that forbids the RPV couplings

* breaking of the symmetry

4

* some mediation that suppresses the Audd

There are many other things we want beside naturalness:
SUSY breaking, dark matter;, Higgs mass, ...

Are we going to Include different models for each of them!?
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Soft RPV
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Queskion:

given a SUSY breaking model, what’s the
easiest way to embed a ba\rsjomw RPYV in ik?
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Soft RPV model

Generate RPV couplings through
the SUSY breaking soft terms

Motivakions

embed RPV into a SUSY brealking setup,

malee Fhe wmodel wore economic

another example: dynamical RPV by C. Csaki, E. Kuflik and T.Volansky (1309.5957)
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A SoftRPV model needs...

*a symmetry G that forbids the supersymmetric RPV couplings
* G-breaking by SUSY breaking soft terms in a hidden sector

* mediation of the G-breaking effect to visible sector

Monday, September 30, 2013



A SoftRPV model needs...

*a symmetry G that forbids the supersymmetric RPV couplings
* G-breaking by SUSY breaking soft terms in a hidden sector

* mediation of the G-breaking effect to visible sector
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®a sym

A SoftRPV model needs...

metry G that forbids the supersymmetric RPV couplings

e G-breaking by SUSY breaking soft terms in a hidden sector

* mediation of the G-breaking effect to visible sector
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A SoftRPV model needs...

*a symmetry G that forbids the supersymmetric RPV couplings
e G-breaking by SUSY breaking soft terms in a hidden sector

* mediation of the G-breaking effect to visible sector

Aur,;dj d IJZDJ Dk Narvely, Avid;dy =2 Asogt
2
i Js ASOft —39)
~ 3 d A ~ ~ 10
d'kx' but Auad 16 2 my

@)

e forbidden by L- or B-violating constraints

~ - o
S > S

Q1
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A SoftRPV model needs...

*a symmetry G that forbids the supersymmetric RPV couplings
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A Gauge-Mediation Example

ooooooooooooooooooooooo



In this example

embed RPV in a GM setup

use R-symmetry to forbid the supersymmetric RPV terms
oravitino serves as a good dark matter candidate

no extra mass scales or small couplings need to be put in by hand

2
4 Ys mSOft

e
udd "~ 16 2 VF
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To forbid the supersymmetric RPV
. use the R-symmetry to forbid the RPV couplings
assign

RQ, U, Dl=1, R[L]=4/3, R[E]=2/3, R[H,, Hq=0

the fractional R-charges are used to
forbid the generation of lepton-related operators
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Breaking & mediation

Gauge mediation model

R-symmetry

No RPV couplings

ooooooooooooooooooooooo



Breaking & mediation

Gauge mediation model

R-symmetry

No RPV couplings

ooooooooooooooooooooooo



Breaking & mediation

Gauge mediation model

No RPV couplings
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Breaking & mediation

Gauge mediation model

Ty Mg
A B

soft breaking
terms

No B- or L-violation, still no RPV couplings
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Breaking & mediation

Soft RPV

soft breaking
terms

Ty Mg
A B

soft breaking
terms
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Breaking & mediation

Soft RPV

soft breaking
terms

D D 1 carry B-number
|

Ty Mg
A B

soft breaking
terms
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Breaking & mediation

Soft RPV

the potential W > UDD +XDD+ X > +MpDD

mediates the B-violation (induced by the R-symm breaking) to

the visible sector
N A

Monday, September 30, 2013



The

SU
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The UDD A-term

. | i
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The (3) model

UDD -~ | 2
Lrpy = Mo (2 A P)

when >, gets a tachyonic mass (assume the same mass for simplicity)

2 2

V(E,8) = —mE(SP + [£2) + 22 (81— 22) " + 7 (B2 + |X2P + | X2P2)

g
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Di-nucleon decay
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Proton decay

4 2 2
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The stop decay length
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Constraint on the displaced decay

CMS PAS EXO-12-038

m, = 350 GeV
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the bound is significant now
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Parameter space

For a generic flavor structure
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Mediator mass in the (£) model

~

to obtain (3), we can generate the tachyonic mass —ms, through
the RG running with the help of extra matter couplings. for example,

WonY XY+ A\yXY? 4+ A\ XY

~

The size of (X) + experimental bounds set the upper/lower
bounds on the mediator mass

A" x 107 £ <2mm

0 f<10em here we assume
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Dark Matter
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Gravitino Dark Matter

In models wikh b&rvamw RPV, the LSP can
be stable if its Lighter than hadrowns

‘

® the 0(10) MeV scale gravitino can be a thermally produced DM

L. no addrtional non-thermal productions due to the RPV decay ‘

IT'n ms3/2 — My g
st & [l ( ) :
3/2 (105 GeV> 20 MeV (800 GeV>

M.Boltz, A. Brandenburg and W. Buchmuller (2000)
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To conclude...
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To conclude

Its nice ko Ehink about Ehe RPV

In the examyi.e we show here

\\SO“fétv"

no additional symmetry required to forbid RPV (use R-symmetry)

no extra mass scales or small couplings put in by hand

oives a dark mat

based on the gauge mediation setup

‘er candidate
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BACKUP
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Experimental Constraints

upper bound on A (want the process to happen slower)

di-nucleon decay Top s i e OGRS
neutron/anti-neutron oscillation Tron = 2 A4S

lower bound on A (want the stop to decay faster)

stop decay length £; < 2mm (prompt) ¢; < 10em (displaced)

lower bound on the SUSY scale (a smaller sravitino coupling)

033

proton decay Iinto gravitino Tp—K+y = 2.3 X 1077yrs
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