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Current status

Evidence of new physics

- Dark matter

- Lithium problem

- Neutrino mass

- Baryon asymmetry

- etc.

Candidate of new physics:
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CMSSM with seesaw mechanism




Where is the realistic parameter region?

Lightest SUSY particle (LSP): Bino-like neutralino ¥
Nest LSP (NLSP): stau-like lightest slepton ¢

MSUGRA/CMSSM: tan(p) = 30, A0 =-2my, n >0 Lepton & Photon 2013
T T T T IH T ,,l T T l TTT T T I LLE L T T l T T T T I T T T
L e T [ es%oL limits. Gy N0t included.
\ATLAS Preliminary ~ ~ 7| -~ Expected  -lepton, 2-6 jets
. wm Observed  ATLAS-CONF-2013-047
== Expected  Q-lepton, 7-10 jets
wm= Observed  ATLAS-CONF-2013-054
== Expected (-1 |epton, 3 b-jets
wmw Observed ~ ATLAS-CONF-2013-061
~ = Expected  1-lepton + jets + MET
—— ww= Observed  ATLAS-CONF-2013-062
== Expected  1-2 taus + jets + MET
wmm Observed  ATLAS-CONF-2013-026
Expected  2-SS-leptons, 0 - > 3 b-jets
Observed ~ ATLAS-CONF-2013-007
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Where is the realistic parameter region?

Coannihilation mechanism
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Where is the realistic parameter region?

Realistic region in light of Higgs mass,
muon g-2, and so on

om =my —my < m;

L. Aparicio, D. Cerdeno, L. Ibanez, JHEP (2012)
M. Citron, J. Ellis, F. Luo, et al, PRD87 (2013)
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Where is the realistic parameter region?

o

Realistic region in light of Higgs mass, ?

muon g-2, and so on

om =my —my <My

Long-lived slepton due to phase
space suppression for ém < m,

? lifetime (s)
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T. Jittoh, J. Sato, T. Shimomura, MY, PRD73 (2006)




Long-lived slepton

Discrepancy between observed
and predicted Li abundance

Long-lived slepton solves Li problems

T. jittoh, et al, PRD76 (2007)
C. Bird, et al, PRD78 (2008)

10~4 £

0.005

1 1
2 3 4 5 6 7 8 910
Baryon-to-photon ratio 1 x 101°




The scenario can describe our universe or not?

Current status
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Candidate of new physics: CMSSM with seesaw mechanism

If this scenario describes our universe,
the baryon asymmetry must be generated




Aim and outline

Aim
@ accounting for baryon asymmetry in the scenario

@ find a unique signal/relation to confirm the scenario

Qutline
1. model and notation

2. How to find allowed parameters

3. Numerical results

4, Summary




Model and notation



CMSSM with RH neutrinos

Parameter : M 9, mg, Ao, tanf, sign(p)

~

LSP : Bino-like neutralino ¥

NLSP : stau-like slepton ¢/ = Z Cff @ = COS foL + sin foR)

f=ep,T

RH neutrino : W = ((¢)aLaHiES + (yy)aiLa HyNE + (Mpg);NEN¢




CMSSM with RH neutrinos

Parameter : M 9, mg, Ao, tanf, sign(p)

~

LSP : Bino-like neutralino ¥

NLSP : stau-like slepton ¢ — Z Cff G — COS foL + sin foR)
f=e,p,T
induces slepton mixing ¢ and

LR mixing 8¢ through RG equations

RH neutrino : W = ((¢)aLaHiES + (Yy)aiLa HyNE + (Mpg);NEN¢




CMSSM with RH neutrinos

Parameter : M 9, mg, Ao, tanf, sign(p)

LSP : Bino-like neutralino ¥

NLSP : stau-like slepton ¢/ = Z Cff G = COS HffL + sin foR)

f=ep,T

induces slepton mixing ¢ and
LR mixing 8¢ through RG equations

RH neutrino : W = (9y)aLa HaES + (Y )i la Hy NF + (MR)z-Nfo
« constraint on 8 from DM abundance

- upper bound on (¢ from BBN

- constraint on (y,),; and My from leptogenesis




CMSSM with RH neutrinos

Parameter : M 9, mg, Ao, tanf, sign(p)

~

LSP : Bino-like neutralino ¥
NLSP : stau-like slepton ¢ = Z Crf G cos B¢ fr, + sin foR)
f=e,p,T

induces slepton mixing ¢ and
LR mixing 8¢ through RG equations

RH neutrino : W = ((¢)aLaHiES + (Yy)aiLa HyNE + (Mpg);NEN¢

« constraint on 8 from DM abundance ] ]
A unique relation on

* upper bound on ¢; from BBN CMSSM observables
- constraint on (y,),; and My from leptogenesis and CLFV
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How to find allowed parameters




DM relic abundance
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DM relic abundance pLANCK 2015 results

0.1126 < Qpyh? < 0.1246

Freeze out of total SUSY density@T ~ m4/25

n=ng+n;_ +Nj

CMSSM parameters (M, /,, mg, Ay, tanp,
etc.) are constrained by this condition

Note: Slepton density is not frozen yet!




Slepton Yield Value

Comoving Number Density

Slepton density
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Slepton density
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Kinetic freeze-out temperature strongly
depends on slepton mixing

Large density is required for solving
Li7 (Li6) problem

Upper bound on slepton mixing

Upper bound on Majorana mass




Leptogenesis

To correctly constrain each component of (y,),;, it's important to
take into account spectator and flavor effects
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Leptogenesis

® Conversion rate of flavored L asymmetry
onto flavored (B — L) asymmetry

® Y, =—(ClYa, + CiluYAu +CYa,)

® Conversion rate of spectator contribution
onto flavored (B — L) asymmetry

® Yy —Yg=—(C'Ya, + CilYa, +CI'Vp)




Leptogenesis

w Flavored decay parameter determined
by structure of neutrino Yukawa

m Flavored CP asymmetry
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Each component of neutrino Yukawa strongly
affects the final baryon asymmetry




Numerical analysis



Baryon asymmetry

107

10'10 -

1

10—11 !

IYp_qland [Y, |

10—12 i

102 ¢

Successfully observed baryon asymmetry is generated in the scenario

- Flavor effect largely enhances the baryon asymmetry
- Important to include the effect to correctly determine (y,,) 4




BR(u — ey) vs M,
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Upper bound on M, from BBN: M; ~ 1 x 1011 [GeV]
Lower bound on M, from leptogenesis: M, ~ 5 x 102 [GeV]

- Most of region can be tested at next (next-next) generation experiments
- BR(tau CLFV decay) < 10~1%, we need much much higher intensity




Summary



Summary

New physics candidate: CMSSM

- Gauge unification
- Hierarchy problem
- etc. .

?-7 coannihilation

- DM abundance
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Summary

New physics candidate: CMSSM

- Gauge unification
- Hierarchy problem
- etc. .

Seesaw mechanism

- baryon asymmetry
* neutrino mass

Flavored SUSY leptogenesis sets lower
bound on M,, and BBN sets the upper ong

a unique prediction for CLFV

om < m,
¢-x coannihilation . ;7 (Li6) problem
- DM abundance * Higgs mass |
\. - muon g-2 y.
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Summary

New physics candidate: CMSSM

- Gauge unification
* Hierarchy problem Flavored SUSY leptogenesis sets lower

© etc. ° bound on M,, and BBN sets the upper ong

a unique prediction for CLFV

Seesaw mechanism

- baryon asymmetry

: om < m;
- neutrino mass ~ o
£-} coannihilation . Li7 (Li6) problem
- DM abundance - Higgs mass |
- muon g-2 y.

CMSSM coannihilation scenario \/

with seesaw mechanism
can describe our universe!
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