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1. Introduction

At this moment

M Higgs Doublet was found

@ No New Physics @ LHC SM works quite well

¥ No New (Quark) Flavor Violation

B Dark Matter candidate

| 1 Baryon Asymmetry
Go beyond SM

M Lepton Flavor Violation among Neutring

& Lithium Problem in Big-Bang
Nucleosynthesis




1. Introduction

At this moment

M Higgs Doublet was found

@ No New Physics @ LHC SM works quite well

¥ No New (Quark) Flavor Violation

M Dark Matter candidate

| 1 Baryon Asymmetry
Go beyond SM

M Lepton Flavor Violation among Neutring

B Lithium Problem in Big-Bang
Nucleosynthesis

Constrained minimal SUSY standard model (CMSSM) can solve them!?
Keeping the good feature of SM



Which parameter region ?
~ DM abundance and LHC result

M Coannihilation region criest seckel

DM and Stau : degenerate in mass
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0-lepton, 2-6 jets
ATLAS-CONF-2013-047
O-lepton, 7-10 jets
ATLAS-CONF-2013-054

0-1 lepton, 3 b-jets
ATLAS-CONF-2013-061
1-lepton + jets + MET
ATLAS-CONF-2013-062

1-2 taus + jets + MET
ATLAS-CONF-2013-026
2-SS-leptons, 0 - > 3 b-jets
ATLAS-CONF-2013-007
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Very fortunately N
Stau is long-lived atém <m, -~ | \
since 2-body decay is il
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Can not decay into two body

[T. Jittoh, J. S T. Shimomura, M.Yamanaka, PRD73 (2006)]

Phase space suppression

Long-lived particle




long-lived stau in the coannihilation scenario

—

o
-
(2]

— e
S 3
AR

=2}

1010
108
\({_), L
aEa 1wk~
— 4
E 10 |
= 102

—

10-0.01 0,&1 : = =
\ dm (GeV) . Bl1g-Bang en




2.L1 problem and a solution by long-lived stau

Baryon density Qgh?
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Solving the Li problem with stau

Key ingredient for solving the {i problem

Negative-charged stau can form a bound state with nuclei

~ nuclear radius

Formation rate
— Solving the Boltzmann Eq.

@ --stau D - nucleus

New processes

2 Internal conversion in the bound state
2 Stau catalyzed fusion
7 Spallation process of nucleus in the bound state




X' v Li("He) Internal conversion

| PRD76,78
>
/
* -
B Hadronic current
s Be (“Li)

bound state

= Closeness between stau and nucleus
H Overlap of the wave function: UP
Interaction rate of hadronic current : Q

= 7+ does not form a bound state

H No cancellation processes




Internal conversion rate X' v, Li("He)

The lifetime of the stau-nucleus bound state \) i
1 a—
TIC = | = Be ("Li
P17 - (ov) d =

bound state
<> Wave function of the bound state _
| nuclear radius
9
Y|© = . o 1/3
| | ﬂ.aflucl (nucl = (12 X A / )

< (o V) isevaluated by using ft-value

(ov) x (ft-value)™?

ft-value of each processes
Be — Li -+ ft=1033sec (experimental value)
Li — "He - -+ similar to ‘Be — Li (no experimental value)




Lifetime of bound state (s) |
- Interaction rate

of internal conversion

N v (e

— Be ("Li)

K bound state

Very short lifetime

Signifficant process
for reducing ‘Li abundance




L1 destruction chain with internal conversion

Internal conversion

Internal conversion

'Be Li
Scattering with %
- ~ background particles
T KoV 4He 3
He,>He,
D, etc

proton, etc




Stau catalyzed fusion

[ M. Pospelov, PRL. 98 (2007) ]

Ineffective for reducing ’Li and 'Be

" stau can not weaken the barrieres of Li3* and Be** sufficiently



Stau catalyzed fusion

—h

Tr s -1 . .
Li<2510 Excluded by °Li overproduction

lifetime Ty in 1000s

I
de2

Catalyzed BBN cause over
production of °Li

Constraint on stau life time | &




4 He spallation process PRD 84

Bound state formation via EM int.
7+ He — (7*He)

! JH
7’
Spallation process T

('7'4He) — )’ZO—|—1/T—|—t—|—n """
ﬁﬁk)—% fwwq+d+n+n\

(7*He) — X' 4+v-4+p+n+n+n

Reaction rate I‘((% 4He) N 92(1)7/71311) _ ‘w‘Q —

Upper bound for lifetime from not to produce much t/d




Favored parameter space in MSSM
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3.Requirement for Parameter Search

Atoms Dark
4.6% Energy
71.4% M Req 1:DM Abundance
Dark
Matter

24%

0.089 < Qpnh? < 0.136  [WMAP 9-year]

TODAY J

\ M Req.2:Higgs Mass
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@ Current Observation
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M Reqg3:mass difference

om =msz —mg < 1|GeV]

10"° l””.t _
© To form a bound state with Lithium = ___ . - .
o
‘“@:’ 1b \
om < 0.1[GeV] -
E’ 107°
® Uncertainty of Public Code N :
-25 i H
%007 0.1 1 m,

We have calculated the case <0.1GeV but there is no qualitative difference




M reg4:Stau Mmass

339[GeV] < mz < 450[GeV]

YEBN >10x1071% Y7 = nz /s

LHC bound
We need many staus to destroy Be/Li
rrelic
~0
. ~BBN X
® Sufficient bound states Y- = 1

I om /Ty
= Enough Stau at BBN 2(1+e )

. Exchange process stau<->DM after coanihillation
Strongly correlated with

Number density of DM : Yrelic s mpuh? |
Qpvh” = ! < 0.136
Pe
Upper bound of DM abundance
Pe 0.136
® Direct measurement at LHC mgo <

X1 ™~ 950h2(1 + e/T5) 1.0 x 10—13




4. Result

@ Numerical Analysis

DM abundance : microOMEGA with SPheno
Higgs mass : FyenHiggs

CMSSM spectrum : SPheno

All other outputs : SPheno




4. Result ~
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4 Left-Right edges are determined by the higgs mass
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From right to left, |[A( | becomes large more rapidly than m,

Higgs mass first increases , then decreases,

at maximum 126 GeV
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@ Lower bound is deterbimed by DM aboundance
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4 3. Mass spectrum

M Well know relations
@ Gauginos
My :Ms: M;y~6:2:1
My ~ mgo 0.43111'1/2
Ms : secnd neutralino
Ms3 : gluino mass
@ 15t & 2nd generation scalars

mg-L ~ mj + 4.7TM? /2

m2 ~m?2 +4.3M? due to small
dr 0 1/2
5 0 _ o yukawas
mz, ~my+0.5M7 ),

mER ~ mg + 0.11“&{%2

In our parameter region
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4 3. Mass spectrum

M \Well know relations

@ stau vs. 15t & 2" generation sleptons
small tan

Small tau-yukawa and similar RG effect

-Similar mass spectrum

large tan /3 .

{ large tau-yukawa and different RG effect.

large A term contribution

- Stau is lighter than other sleptons.

7
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M \Well know relations cont’d

" tanp=10, dm < 1GeV

@ Higgsinos, heavy higgses
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M \Well know relations cont’d

® 3rd generation squarks

stop
2 1 2
M i =3 (mg, +mij,)
1
E\/ ?Tl[r ) T 4(]”151 12)2
mi L= = my(A; — pcot 3),

Large A term and Large RGE effect
Lighter stop is generally pretty light
though still above LHC constraint

sbottom
small tan 3

Small bottom-yukawa and similar RG effect

Similar sbottom mass spectrum

large tan /3

{ large bottom-yukawa and different RG effect.

large A term contribution

# Sbottom is lighter than other squarks
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Features for spectrum summarized

Y All masses are strongly related with (predicted by) m;(= m)"c‘f)

@ Squarks, gluinos, 2" neutralino, and sleptons are proportional to

(= mf(g’)

M  Our 4 requirements automatically, naturally predicted
that LHC » could not observe any signal for SUSY




4.4 other constraints
M g-2 becomes within 3 sigma

¥ Tiny effects on B physics




4.5 Direct ditection of DM PAAAAA A AAAPPAAR? \
@ Most important channel X1 ' X1
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4.6 LHC in near future

@ Testable with 100fb 1

20% efficiency ?

M Signals

Stau track penetrating

detector

Missing energy event as same as

stau

Many light stop

Input Point 1[GeV] Point 2[GeV] Point 3[GeV]
M 2 818.6 932.8 1038.0
mo 452.0 657.7 639.7
Ao -2264.7 -2918.4 -3397.0
Particle
h 123.8 124.6 124.9
q 18224 2057.8 2272.6
W 349.3 400.9 448.5
T1 350.3 401.0 449.1
UL 1710.9 1942.2 2149.7
t1 945.8 968.6 1016.3
Cross Section Point1 [fb] Point2 [fb] Point3 [tb]
o(tr,ur) 2.915 1.277 0.614
olir, ur) 1.672 0.668 0.296
o(ir, UR) 2.970 1.327 0.652
oliin, dr) 3.243 1.335 0.608
o(ir, d_ﬁ) 2.680 1.124 0.522
a(g,ur) 2.735 0.899 0.330
(g, ir) 3.156 1.041 0.391
o(t1,t7) 4,399 3.662 2.655
o(XF,%7) 1.229 0.629 0.355
o(Xf.x9) 3.514 1.858 1.075
o (X1, X3) 1.232 0.616 0.341
a(All SUSY) 37.730 17.277 8.456
Produced number
Nz, 1595 774 303
Ny 2270 989 409
Ny 3679 1692 978




5.Summary

M Constrained minimal SUSY standard model (CMSSM) with 4 requirement

M 4 requirement

Dark matter relic abundance
Higgs mass

Stau — DM mass degeneracy

339|GeV] < m; < 450[GeV]

¥ Very constrained Predictions
Lower limit and lower limit for mass of SUSY particle

It is matter of cource that LHC has not observed yet
Next LHC must observe SUSY signals

Very strong correlation among SUSY particles

DM direct detection in near future must observe DM signal




