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Things that can happen in MRSSM

« Earlier Universe: Electroweak baryogenesis

o Collider: Superpartner oscillations
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Minimal R-Symmetric SUSY Standard Model

G. Kribs, E. Poppitz and N.Weiner (08)
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Significantly relax the flavor constraints

Most of the FCNC processes in MSSM are induced by Majorana
mass and LR mixing scalar masses. e.g. ;1 — ey and EDM

MSSM MRSSM
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i — ey, b — s, K — K, EDM and strong CP all come from
higher order diagrams and give no significant constraints in
MRSSM. G. Kribs, E. Poppitz and N.Weiner (08)
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Gaugino mass

Mp A1)y is given by the D-type spurion, ®, = (1, A,)

/d299‘”‘WD W ®; +hc, D/M= Mp

P (A + h.c. + Dy(A* + A*)) = Mp (A + h.c. 4+ 2D, Re(A?))
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Gaugino mass

Mp A1)y is given by the D-type spurion, ®, = (1, A,)

/d29 % We o+ hec, D/M=Mp

P (A + h.c. + Dy(A* + A*)) = Mp (A + h.c. 4+ 2D, Re(A?))

For Mp > u, ms, the leading order D, = 0.

There are light CP odd scalars Im A?.

5
/321

Yuhsin Tsai  yhtsai@ucdavis.edu Baryogenesis and Superpartner Oscillations in MRSSM



The \-term

The superpotential contains

A ®g Hy Ry + Mg ®g Ry Hy+ Ay @Yy Hy 72 Ry + XYy @) Ra 72 Hy

V D wAB AL [Hy|? + w NB AL [Hyl? + c.c.

This gives an important contribution to phase transition.
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EWPM constraints on gaugino mass

2
The SU(2) triplet acquires a vev (Ay,) = %;oszﬁ’ which gives
a correction to the p parameter. The precision measurement sets
a bound
my, > 1TeV
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EWPM constraints on gaugino mass

2
The SU(2) triplet acquires a vev (Ay,) = %;oszﬁ’ which gives
a correction to the p parameter. The precision measurement sets

a bound

my, > 1TeV

For simplicity, we take all the gaugino masses to be above TeV.
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EWPM constraints on gaugino mass

2
The SU(2) triplet acquires a vev (Ay,) = %;oszﬁ’ which gives
a correction to the p parameter. The precision measurement sets
a bound
my, > 1TeV

For simplicity, we take all the gaugino masses to be above TeV.

SUSY production is suppressed and squark-initiated:
Graham Kribs, Adam Martin (12)
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Light Higgs mass

2 2 2 2
my = mh,tree + 5mh,f + 5mh,)\

MRSSM has
e a small D-term

® a new tree-level contribution (\-term)
The \ term gives

Ap(AHP ~ A [HIPIHP = 352 [HI*

my, = 125 GeV requires A ~ 1.5, m; > 3 TeV.
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Short conclusion

The R-symmetric model has following features:

e Dirac mass terms for gauginos and higgsinos

my, > TeV from EWPM

e asuppressed D-term

a light CP odd scalar (Im A)

a 125 GeV Higgs with large A\ and m;
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Electroweak Baryogenesis

Dynamically generate
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As usual: Sakharov conditions

Conditions for dynamically generating the B-asymmetry:

e baryon number violation
e C and CP violation

e out of thermal equilibrium “EMSSIDE“TS

Criaienge 1o Moscol

To get these, we have
e sphaleron effect
e chiral theory, CPV coupling

e strong |st order phase transition

IN COLOR:

4
- California Fashions
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EW baryogenesis
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| st order phase transition in MRSSM
To quantify the “strength” of phase transition: gbc / TC

_—T=0

)

V(@) T

T>»m
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| st order phase transition in MRSSM
To quantify the “strength” of phase transition: gbc / TC

—1=0

..... )

V(@)

T>»m

The “flatter” R-symm potential generates a strong PT.
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EWBG in MSSM gets some trouble!

M. Carena, G. Nardini, M. Quiros and C. E. M. Wagner (08)
The ONLY realization of EWBG in MSSM

Requires a mostly right-handed stop lighter than tops.
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EWBG in MSSM gets some trouble!

M. Carena, G. Nardini, M. Quiros and C. E. M. Wagner (08)
The ONLY realization of EWBG in MSSM

Requires a mostly right-handed stop lighter than tops.

Has been excluded by the Higgs related searches to 95% C.L..
D. Curtin, P. Jaiswal and P. Meade ; T. Cohen, D. Morrissey and A. Pierce (12)

EWBG excluded at 97.2 % [98.5 %] CL
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MRSSM vs MSSM

MRSSM has the following advantages:

stronger phase transition

thermal correction from additional color-neutral particles

does not require a light stop

no CP violation bound from EDM
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The importance of the CP odd scalars

V = Vtree + VCW + VT + Vring

The finite temperature term, /7, is the most important one

_‘nigg“ﬂZ T > m
V1 (boson) = al e N2 o
—|ni| T (W) e m/ T<Km

e fields with m o< ¢ lower the potential in the symmetric vacuum
e the more these fields are, the stronger the phase transition is

The light CP odd scalars carring m? oc A\?¢? give large thermal

corrections
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Numerical scan: ¢/ T and myjggs

e integrating out the gauginos
e consider the m? o< ¢ fields only

e the only important parameters are /i, A\g, A\

u =200 GeV, Mp =1 TeV, tan 5 = 4, ma = 300 GeV,
Mscalar = 0 GeV, my, = mg = 3 TeV.
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Numerical scan: ¢/ T and myjggs

Zoom in to the interesting region

Mp =1TeV

15
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1 =200 GeV, tan 8 = 4, my = 300 GeV,
Mscalar = 0 GeV, my, = mg = 3 TeV.
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Numerical scan: the ;1 dependence
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Aw = =g, Mp = 1TeV, tan 3 = 4, ma = 300 GeV,
Mscalar = 0 GeV, my, = mg = 3 TeV.
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Baryon asymmetry

Can generate a large asymmetry while having the right mp;g,s.

e the phase Arg(1 M g w) source CP violation in the higgsino
sector

e the higgsino-higgs interactions generates the asymmetry

e eg,for \y = -Xg =2 Mp=1TeV, u =200 GeV, ms = 300 GeV,
tanf =4, ms=0GeVand Ag=rm

~ T.~135GeVand N~ 4 x 10710
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Superpartner Oscillations
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Gaugino oscillation in the MRSSM

Gaugino mass

Mp A
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Gaugino oscillation in the MRSSM
Gaugino mass

Mp A + My A\

2
My, = 52(52)m3/2 is the anomaly-mediated Majorana mass

G. F Giudice, M. A. Luty, H. Murayama and R. Rattazzi (98); L. Randall and R.
Sundrum (98)

H=(09) (e ) (3) e

e.g. SUSY breaking with v/F = 100 TeV has

Myt =(5-107*TeV)™! ~ 0.04 mm
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Gaugino oscillation in the MRSSM

My < Mp = Maximal mixing!

A, ¥ oscillate in the interacting basis with frequency ~ M),.

P()\ — )\(tlab)) X €_2rt’ab [1 + COS(MM t/ab)]
P(A = (t1p)) e 2"t [1 — cos(M t1ap)]

If A\ decays only, the decay probability oscillates
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Higgsino oscillation in the MRSSM

Higgsino gets mass splitting between (I~1 R) by mixing to gauginos:

. . 2
sin 3 sin 6, v,u)
Am; = MM
" ( M3

For v/F = 100 TeV, Mp =1TeVand p ~ v,

Am;7! ~ 10 em
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Higgsino oscillation in the MRSSM

Higgsino gets mass splitting between (ﬁ R) by mixing to gauginos:

. . 2
sin 3 sin 6, v,u>
Am; = MM
" ( M3

For v/F = 100 TeV, Mp =1TeVand p ~ v,

Am;7! ~ 10 em

A macroscopic distance that can be seen at colliders!
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Decay of h as the NLSP

Consider the following decay,

t/ 3 ,‘ij;

assume

e

® gauge-mediation type of model with a higgsino NLSP
® heavy scalars = R-fermion does not decay

® the following mass spectrum

hh, T rtLr GG
1 05 0.13 0.12 0.6 F /M,

@ WW B8 hoh,
3

MDjrac (TeV) ‘

Yuhsin Tsai  yhtsai@ucdavis.edu Baryogenesis and Superpartner Oscillations in MRSSM



The oscillation

The above spectrum gives

o the oscillation length Am_' ~ 5 mm

e the decay length

—4
VE O\ [100Gev\® [ m2

CT =~ <1OOTeV o 1-— e x0.2mm ~ 18cm
X1 X1

The displaced vertex can be well constructed at ATLAS and CMS.

P. Meade, M. Reece and D. Shih (10) ; P W. Graham, D. E. Kaplan, S. Rajendran

and P. Saraswat
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The smearing effect

Assuming the SM BG is well studied, we expect to see the
higgsino decay as

(naively)
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The smearing effect

Assuming the SM BG is well studied, we expect to see the
higgsino decay as

(naively) but instead, we see

o o o o
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The smearing comes from
e uncertainty when measuring the angles (can be improved)

e time dilation (cannot be improved)
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Event simulation

Decay probability P(r) in the lab frame
P(ry=N / dv Prob(v) x e "%#/7 (1 + cos Am ti,/7)
1
To get Prob(~), we do a parton-level analysis using Madgraph5

with the pre-selection cuts:

e lepton || < 1.5, pr > 20

e AR > 0.4 between leptons

e each lepton has £ > 100 GeV
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Uncover the oscillation
However, we can reduce the time dilation effect by setting energy
cuts on outgoing leptons, Ey+ /-
02TeV < Epiy- < 2TeV
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Smearing from the angular measurement

05TeV < Ejop- < 0.6 TeV
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With the mass spectrum, we need at least 150 fb ' of data to
distinguish the oscillation from a pure decay to 3 0.
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Parameter space for an observable oscillation
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Need to satisfy the following conditions:

° Am;1 > the precision of the displaced vertex measurement
° Am;1 < the outer radius of the silicon track
® 1 > the oscillation wavelength

e [~1 < the outer radius of the silicon track
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Conclusion

In the MRSSM model, we can have

e astrong |st order phase transition
e successful EWBG
e 125 GeV Higgs (with a large m; and \)

e hissino oscillation that can be seen at LHC
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