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Summary:

Main Message .
SUSY models with an

ultralight gravitino iIs interesting!
(mé i 10 eV)

® No Cosmological Problem! at all!
® LSP (gravitino) # DM, but a natural DM candidate.

® It can be tested at LHC!
(gravitino mass can be determined!)



Gravitino

® If SUSY is in nature, it is (probably) a
spontaneously broken local symmeftry
(i.e., not an accidental global symmetry).

® And the gravitino is an inevitable prediction of
local SUSY (= SUGRA).



Gravitino

® Gravitino Interaction: extremely weak
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suppressed by ~ Mo (or ~ R Mpmg;)
® Gravitino Mass: model dependent
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Gravitino

® Gravitino Interaction: extremely weak

1 1 1

suppressed by ~ Mo (or ~ R Mpmg;)

® Gravitino Mass: model dependent
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ultralight gravitino



Gravitino Problems

s’rlalble (LSP) gravitino  unstable gravitino
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(NOTE: precise line positions in this figure may be out-dated.)
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Gravitino Problems
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Gravitino Problems

s’rlc:lLble (LSP) gravitino  unstable gravitino
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Gravitino Problems

s’rlalble (LSP) gravitino  unstable gravitino
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Gravitino Problems

s’rlalble (LSP) gravitino  unstable gravitino
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Gravitino Problems

s’rlalble (LSP) gravitino  unstable gravitino
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0 In addition, direct production of gravitinos from
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Gravitino Problems
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Gravitino Problems

s’rlalble (LSP) gravitino  unstable gravitino
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This region is completely free from
cosmological gravitino problems!! - out-dated.)
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Maln N\essag

SUSY models with an

ultralight gravitino iIs interesting!
(mé i 10 eV)

® No Cosmological Problem! at all!

® | SP (gravitino) # CDM (too light = hot DM), but....
mg ~ 10 eV = F = A* ~ (100 TeV)~
100 TeV DM =» natural thermal relic DM if strongly interacting

DM may be 100 TeV composite "baryon” made from strongly
self-interacting hidden-sector/messenger particles

Dimopoulos, Giudice, Pomarol ‘96 / KH, Shirai, Yanagida ‘07
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Maln Message

SUSY models with an

ultralight gravitino iIs interesting!
(mé i 10 eV)

® No Cosmological Problem! at all!
® LSP (gravitino) # DM, but a natural DM candidate exist.

Can it be ftested at LHC?

(Can the gravitino mass = SUSY breaking scale
be determined?)



NLSP (Next-to-Lightest SUSY Particle)

In Gravitino LSP scenario, the NLSP decay
always include the gravitino.

:
: : Interaction
1 1
F Mpmé

NLSP can decay
only to Gravitino




NLSP (Next-to-Lightest SUSY Particle)

In Gravitino LSP scenario, the NLSP decay
always include the gravitino.

For a slepton NLSP......
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The gravitino mass may be determined by
measuring the NLSP decay rate! However,
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charged sleptons @ LHC
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Detector ! .
Size! No In-flight decay,

but maybe accessible.
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charged sleptons @ LHC
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Lifetime (decay length) of NLSP stau
- c--mz = 100 GeV :
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gravitino but maybe accessible.




Idea: Look at NNLSP sleptons

I J === two decay modes
T . —
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(too short decay length)



Idea: Look at NNLSP sleptons

2 J === two decay modes

T . g
= pTT ¢ 'sbody

= IEL Sy ,Léé : F2body
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difficult to measure
measurable!

(too short decay length) calculable if other
SUSY masses are known



Idea: Look at NNLSP sleptons
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(too short decay length) calculable if other measurable!
SUSY masses are known
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In some parameter space
I'spody and I'apody are
indeed comparable!

T
: 2 3body
idea Mg X = ( )
G T 00\l obody
difficult to measure /  curablel

(too short decay length) calculable if other
SUSY masses are known



Idea: Look at NNLSP sleptons
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How can we measure the FSbody/ I'obody ?

— look at the dilepton invariant mass m = (pr.1 + pea)’

e e e i (2 body)
X1 — £ 1T EE. -
s 1 (3 body)
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— look at the dilepton invariant mass m = (pr.1 + pea)’
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event selection

at least four jets with Pr > 25 GeV, where 7-jets are excluded.

missing transverse momentum Pr ;s > 100 GeV.

Mg > 500 GeV, where

4
Meff — Z PTj + PT,miss .
jets(Er)
two leptons with Pr > 20 GeV and |n| < 2.5.

the dilepton mass is formed only if one of the two leptons has Py > 20 GeV, |n| < 2.5
and the other has Pr > 6 GeV, |n| < 2.5,

ete™ + utp — ety




event selection

at least four jets with Pr > 25 GeV, where 7-jets are excluded.

missing transverse momentum Pr ;s > 100 GeV.

Mg > 500 GeV, where

4
Meff — Z PTj + PT,miss .
jets(Er)
two leptons with Pr > 20 GeV and |n| < 2.5.

the dilepton mass is formed only if one of the two leptons has Py > 20 GeV, |n| < 2.5
and the other has’ Pr > 6 GeV, |n| < 2.5,

ete™ + utp — ety

We have checked that our method works even if a harder cut Pr > 10 GeV is taken.




An example (Model 1): 10 fb"-1
(We used ISAJET(mass spectrum) + HERWIG + AcerDET)
3-body
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An example (Model 1): 10 fb"-1

(We uged-1SL s cnactiic
® from the # of events,

I'sbody  IN3/Rs <R2/Rs>
— = (1.50 £ 0.15
Iobody N2/ Ro ( ) 4.5

Rs, R3 - - - correction factor due to Pt cut

In this case, Ry/R3s ~4.5+1.1
efrom the endpoints of Mgy, Myj, Myy;

[3body = 0.2170 02 eV
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® We then obtain the gravitino mass!!

Ro/R 1/2
me = (0.53*8;%5)( 1/5 3) eV

(true value : mgs = 0.77 V)




Summary Malin Message

SUSY models with an

ultralight gravitino iIs interesting!
(mé i 10 eV)

® No Cosmological Problem! at all!
® LSP (gravitino) # DM, but a natural DM candidate.

® It can be tested at LHC!

(gravitino mass = SUSY breaking scale
can be determined!)






Gravitino Problems

thermal history

temperature

~ 0 inflation
Ty reheating

Daryogenesis
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Gravitino Problems

thermal history with gravitino 13 /5

unstable gravitino stable gravitino

T | reheating ep- ’l,b;} /2 TR | reheating —n %ba/z

BBN
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-q----------

overclose?”
dark matter??




Reduction
factor R

before PT cut

after PT cut (6 GeV + 20 GeV)
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'3 body  N3Ro ( Ry ) ( R )1
= = (0.01 =0.84
o body  NoRs (5.01+0.84) 0.90/ \0.35

Assuming that we know m; = 129.1 £0.5 GeV, we estimate
I3 pody = 1.167525eV (the true value is I'3_pogy = 1.11 eV),

which leads to

Ry \* ( Rs\~
maye = (041783 (L2} (1)

The expected value is mg3/, = 0.77 eV.




® from the # of events,

I'sbody  N3/R3 (RQ/R3>
— = (1.50 £ 0.15
I'obody No/ Ry ( ) 4.5

Rs, R3 - - - correction factor due to Pt cut

In this case, Ry/R3 ~4.5+1.1
efrom the endpoints of Mys, Myj, My,

® from the # of events,

Capoay N
sody _ Na/Bs 1 504 (1) (RZ/R3>

4.5

Rs5, R3 - - - correction factor due to Pt cut

Cobody  Nao/Ro

efrom the endpoints of Mgy, Myj, My,




