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Abstract: In supersymmetric (SUSY) models with the gravitino being the lightest SUSY particle (LSP), the SUSY breaking scale (i.e., the gravitino
mass) could be determined by measuring the lifetime of the next-to-lightest SUSY particle (NLSP). However, for an ultralight gravitino of mass of
O(2) eV, which is favored cosmologically, the determination of the SUSY breaking scale, or the gravitino mass, is difficult because the NL SP decay
length is too short to be measured directly. We propose a new determination of the gravitino mass by measuring a branching fraction of two decay
modes of sleptons, and demonstrate that the gravitino mass may indeed be determined at the LHC with an accuracy of afew 10% for an integrated
luminosity 10-100 fb™{-1}. | will also mention dark matter candidates for such alight gravitino LSP.
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& Ultralight gravitino at the LHC

@ discussion: not-so-light gravitino at the LHC
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ain Message

SUSY models wn“h an

ultralight gravitino is interesting
(mg <10 eV)

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

B It can be tested at LHC!
(gravitino mass can be determined!



Gravitino

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

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



Gravitino

® Gravitino Inferaction: extremely weak
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® Gravitino Mass: model dependent

eV keV MeV GeV TeV
1 e | —1—
_—-— =
GMSB «—> VS5,




Gravitino

® Gravitino Interaction: exiremely weak
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suppressed by ~ Mo - .Z‘/Ipmé)

® Gravitino Mass: model dependent
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Gravitino Problems
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Gravitino Problems

thermal history with gravitino ¥4 /5
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Gravitino Problems

s‘rlalble (LS.P) gravitino  unstable gravitino
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(NOTE: precise line positions in this figure may be out-dated.)



Gravitino Problems

sfﬁble (LS_P) gravitino  unstable gravitino
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(NOTE: precise line positions in this figure may be outf-dated.)



Gravitino Problems

s’rﬁble (LSIP) gravitino  unstable gravitino
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Gravitino Problems

sfﬁble (LS.P) gravitino  unstable gravitino
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Gravitino Problems
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Gravitino Problems

squLble (LSIP) gravitino  unstable gravitino
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Gravitino Problems

erlngle (LS.P) gravitino  unstable gravitino
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Gravitino Problems

stable (LSP) gravitino _ unstable gravitino

(NOTE: precise line positions in this figure may be ouf-dated.)




Gravitino Problems

stable (LSP) gravitino
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Gravitino Problems

squLble (LS_P) gravitino  unstable g_rqviflino
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Gravitino Problems

s+1%ble (LS_P) gravitino  unstable gravitino
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Main Message
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SUSY models with an

ultralight gravitino is interesting
(mgs < 10 eV)

® No Cosmological Problem! at all!




Main Messag

SUSY models w1’rh an

ultfralight gravitino is interesting
(mga <10 eV)

® No Cosmologictal Problem! at all!
® _SP (gravitino) # CDM —' hot DM), but....




Main Messag

SUSY models w1’rh an

ultfralight gravitino is interesting
(e <10 eV)

® No Cosmological Problem! at all!

® _SP (gravitino) # CDM —' hot DM), but....
m—-wl}e\ — F =A% ~ IOOTG\}
100 TeV DM =» natural thermal relic DM if sfrongly interacting




Qt{}ermal <269 pb
J O-ann (‘X“X - CLH)

® No Cosmological Problem! at all!

® | SP (grawhno) £ CDM @ hot DM), but....

mgs ~ 10 eV — F = A% ~ (100 TeV)?
100 TeV DM =» natural thermal relic DM if sfro
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allll.

® No CosmOIOgl al ¥Yroblem! ar all!

® | SP (gravitino) # CDM - N— hot DM), but....
mgs ~ 10 eV — F = A~ ~ (100 TeV)
100 TeV DM =» natural thermal relic DM if stronaly |
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> m~O0.1—1) TeV WIMP

» m ~ O(10 — 100) TeV
strongly self-inferacting

® No Cosmological Problem! at all!

® | SP (gravitino) # CDM 1‘@@3) hot DM), but....
mgs ~ 10 eV — F = A~ ~ (100 TeV)
100 TeV DM =» natural thermal relic DM if sfrongly |
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> m~0O0.1—1) TeV WIMP

» m ~ O(10 — 100) TeV
strongly self-inferacting

® No Cosmological Problem! at all!
® | SP (gravitino) # CDM @ hot DM), but....

m~~ 10 eV = F = A% ~ (100 TeV)?

€
100 TeV DM =» natural thermal relic DM if sfrongly |

DM may be 100 TeV composite "baryon” made from sfrongly
elf.-interacting hidden-sector/messenger parhcles
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Main Message

SUSY models wn‘hﬁ- -an

ultralight gravitino is interesting
(mg <10 eV)

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




Main Messag

SUSY models WI'|'h an

ultfralight gravitino is interesting
(mg <10 eV)

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

Can it be tested at LHC?
Can the gravitino mass = SUSY breakin
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NLSP (Next-fo-Lightest SUSY Particle)

Gravifino LSP scenario, the NLSP decay
always include the gravitinoe.

.
: : Inferaction
: TMNLSP o~ i - .
1 F ;T\fp'mé

Me _sp

NLSP can decay
only to Gravitino




NLSP (Next-fo-Lightest SUSY Particle)

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

For a slepton NLSP.....

I'(f — Gr) ~

The gravitino mass may be determined by
measuring the NLSP decay rate! However,.....




charged sleptons @ LHC
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charged sleptons @ LHC
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charged sleptons @ LHC
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dea: Look at NNLSP slepfons

two decay modes

ﬁ' A AUT% : 113b0d}-*

p— pG : Dopody

fificult to measure
b short decay length)




charged sleptons @ LHC
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dead: Look at NNLSP slepfc_)_qs

L J - two decay modes
/1 iyt ,UT’?: : 113]::»4&::(1}--‘
~ p— pG : Dopody
= 1
i
= rQbod}f

lificult to measure
b short decay length)




dead: Look at NNLSP slepfq_Q§

= J 1 two decay modes
ﬁ' & ,UTT: : 113b0d}-?
~ p— pG : I'opody
= a T'T?2 - 1 = 1 ( FB body )
1e 2 . =7 /
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fifficult fo measure / \

|
b short decay length) calculable if other measurable!

ClLICSY mAaceone are KrnAwm



dea: Look at NNLSP sleptons
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dea: Look at NNLSP sleptons

two decay modes

¢
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lifficult fo measure / \
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b short decay length) calculable if other measurable!

ClICSY mAaceoe are KrnAwm



In some parameter space
['sbody @and L'abody are
iIndeed comparable!

1eaq H?Cﬂ; X

rQbod}f FSb{:}d}' " 2body |
to measure /
b short decay length) calculable if other

measurable!




dea: Look at NNLSP sleptons

two decay modes
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b short decay length) calculable if other measurable!
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How can we measure the FSbody/ Eobody ?

2,

look at the dilepton invariant mass my = (pr1 + pro)
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How can we measure the FSbody/ Lobody ?

look at the dilepton invariant mass mg = (p;1 + pro)”
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How can we measure the FSbOdy/ L obody ?

look at the dilepton invariant mass mg = (p,1 + pro)”
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How can we measure the FSbody/ L obody ?

look at the dilepton invariant mass mg = (p;1 + pro)”
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event selection
e at least four jets with Pr > 25 GeV. where 7-jets are excluded.
e missing transverse momentum Pr ;.. > 100 GeV.

o M.z > 500 GeV, where

e two leptons with Pr > 20 GeV and || < 2.5.

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

ete” +utu —esut



An example (Model 1): 10 fb™-1
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Events/1 GeV/10 fb™
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An example (Model 1): 10 fb™-1

(o from the # of events,

.

== . = win e, o a—

. = s =

I'sbody N3/ Rs _
= = — {150 +=0.15
Ioboay  Na/Ro (1.5 )

4.5
R>. Rs - - - correction factor due to Pt cut

In this case, R9/R3 ~45+1.1
efrom the endpoints of Mys. Myj, My,

0.09
P g — 021" o0 W

Rg/R:g)

® We then obtain the gravitino mass!!

N 1/2
ms = | l.ii.-f:fﬂ:f?:'il-, ) (Rz/f%g) eV
#hD 4.5
(true value : ms = 0.77 eV) ——
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bummary: Main Message

e e e —

SUSY models W|'|'h an

ultfralight gravitino is interesting
(mg < 10 V)

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

) It can be tested at LHC!
(gravitino mass = SUSY breaking scale
an be determined!)




In some parameter space
I'sbody @and l'abody are
iIndeed comparable!
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b short decay length) calculable if other measurable!




charged sleptons @ LHC
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charged sleptons @ LHC

m> m2 5
[(f — Gr) =~ o . =
487mm - M, mz

ifetime (decay length) of NeITgSf,PFosrTGT?z+ _ 100 GeV .
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NLSP (Next-fo-Lightest SUSY Particle)

Gravitfino LSP scenario, the NLSP decay
always include the gravifino.

For a slepton NLSP.....

m

4
- m> -
r'(t— Gr) ~ - 1 =
m?2

The gravitino mass may be determined by
measuring the NLSP decay rate! However,




Main Messag

SUSY models wn‘h an

ultralight gravitino is interesting
(mg .< 10 eV)

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

Can it be tested at LHC?
Can the qgravitino mass = SUSY breakin

\q.-f

e determined?)

)
(7))
()
-
()




Main Messag

SUSY models wn+h an

ultralight gravitino is interesting
(mg < 10 eV)

® No Cosmological Problem! at all!
® LSP (gravitino) # DM, but a natural DM candidate exist.
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> m~O(0.1—1) TeV WIMP

» m ~ O(10 — 100) TeV
strongly self-inferacting

® No Cosmologital Problem: at all!

® | SP (gravitino) # CDM @p hot DM), but....
mg ~ 10 eV = F = A® ~ (100 TeV)~
100 TeV DM =» natural thermal relic DM if sfrongly |

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




Qt%lermal a9 pb
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. m~O0.1 —1) TeV WIMP

. m ~ O(10 — 100) TeV
strongly self-inferacting

ms ~ 10 eV = (100 TeV)?
IOO TeV DM =» natural thermal relic DM if sfrongly |




Main Messag

SUSY models W|'|'h an

ultfralight gravitino is interesting
(mg <1O eV)

® No Cosmologital Problem! at all!

® | SP (gravitino) # CDM —' hot DM), but....

mg ~ 10 eV :>F—'\“ lOOTe\)“
lOO TeV DM =» natural thermal relic DM if sfrongly interacting




Main Messag
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SUSY models with an

ultfralight gravitino is interesting
(mg f 10 eV)

® No Cosmological Problem! at all!
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