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1. Why such a 1ight gravitino



Gravitino
(Local) SUSY mmmssss) Gravitino
. /\2
SUSY breaking ) m3 /> ~ 71

Mp =24 x 1018 Gev
/\ : SUSY breaking scale.

m3jp =1 eV - 100 TeV
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“Gravitino Problem

1. Heavy case msp > 0(100) Gev
Unstable. Spoilage of BBN.

2. Light case 0(10) GeV > myj, > 0(1) MeV

Stable. Overclosure of Universe.

3. Ultralight case  ™msp=0{) eV

1
m3 /o Mp

Strength of interaction
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Gravitino LSP at LHC . {(
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All MSSM particles decay inside of detector.




2. Gravitino at the LHC
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G32LSP Scenario -~
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Model : (minimal) Gauge Mediation (mGMSB)

At Messenger scale

2
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m ~ 2N (—) A\
scalar mess A
Q
Mgaugino ~ Nmess (E) A

l RG evolution

Physical Mass
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SUSY Particles’ decays

Mass
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Event Topology at LHC
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‘Sparticle’s Mass

Kinematical Method

4

Mass Determination

How about mg,=0(1) &V gravitino case?



3. Garivitino Mass Measurement
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Importance of Gravitino Mass

2
ms 2™ ]\/}_P A\ : SUSY breaking scale.

Gravitino Mass Measurement

Measuring SUSY Breaking Scale



P E— B
Gravitino Mass and Decay Width
k 7,

Mopody =Ml = £+ G3/0) = 48m3m3

Slepton’s life time depends on gravitino mass.

<

Decay length = Gravitino mass.
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Decay Length
However,

=2 m(] ()

too short to be measured !
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Gravitino Mass

When decay length is very short,

how can we measure

Mobody = Ml = £+ G3)p) m§/22

!

‘ Decay branching fraction ‘

K. Hamaguchi, S.S, T.T. Yanagida ’o7
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Mass Spectrum

Gauge mediated SUSY breaking spectrum

A

Mass
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Mass Spectrum

Gauge mediated SUSY breaking spectrum
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“Mass Spectrum

Gauge mediated SUSY breaking spectrum

A

Mass
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“Mass Spectrum

Gauge mediated SUSY breaking spectrum

A
g—> _
q ——
Mass
%
so— Yukawa

~ [61’ Hl—r %JL/ coupling |
G3 /2 ——
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Mass Spectrum

Gauge mediated SUSY breaking spectrum

A

Mass

J my— Mz = O(l) GeV
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Slepton’s decay

Mg, X My, > Mz My

Two decay modes
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- Slepton’s decay

Mg, XMy, > Mz, + My

1

[({ = (+747) ~ 0(0.1) eV (mgméev) B (%)5

([ t4G3p) = 0011 eV (100" Gev)S ('lmieﬁ)_g

Two decay modes
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‘Two-body Decay

I‘Qbody — I’(@i — L+ 63/2) X m§/22

Unknown value
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‘Three-body Decay <

Xi .
N ~
FF

|_3body — I'(Zi — ’7'1 -|-’T -|-€)

SM gauge interaction

[f gauginos and sleptons’ masses are known,
we can calculate this value.
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‘Branching Fraction

_ {Tanod
M obody = (r3b0d§) 3p0dy
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Branching Fraction

Determined by mj,, Mz, My

/

__ | Tanog
M obody = ( yj " 3body

[ 3body

J

Determined by experiments
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Two Slepton’s Decays

21% 7:1 —|—’7'—|—£

E]_ %64—@3/2
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Two Slepton’s Decays

Zl — 7:1 +7 4+ 14
1
T —|—G3/2

E]_ %64—@3/2
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Two Slepton’s Decays

soft tau

Z]_ %€+é3/2
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Two Slepton’s Decays
- soft tau
6 — 71 Fr+ 4
!
i +G3 /2 |Problem
hard tau Background
Tau-ID efficiency
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Two Slepton’s Decays

21% 7:1 —|—’7'—|—£
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Two Slepton’s Decays

21% 7:1 —|—’7'—|—£

l 3-body decay

Different Momentum Distribution

Aody decay

E]_ %64—@3/2
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- Momentum Distribution

mgl = 129.0GeV
m;l = 126.0GeV

3-body

0 20 40 60 80 100
P, (GeV)
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Decay Chain
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Decay Chain
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Decay Chain

mé, = (pgz + =)
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Two Invariant Masses %gi: 1.23

. /// /
i 0000
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M, (GeV)




 —

Simulation

A =40 TeV

M =80 TeV

tanf =13
N5=3

~

G3/2

0.77 eV

052 GeV é"
~850 GeV

X3 160 GeV
€1, /11!,71

Mass

_—129 GeV

124 GeV



Cut

e At least four jets have pt > 25 GeV. And
for a jet which has the largest transverse
momentum, pt > 200 GeV, and for the
second, pt > 150 GeV.

® DT miss = 100 GeV.
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Cut

For myy, our requirements are as follows:
e twoO leotons have opposite charge.

e One lepton has p1t > 20 GeV, and another
pT > 10 GeV.

e [n| <2.5.
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Simulation
eTeT + pTpuT —etpy™ m-~o = 160.0 GeV
‘30250__ X1
e m; = 129.1 GeV
S2000 | mz, = 124.0 GeV
2150 || | my = 0.7 &V
£100- + | +H
A
s 11 i
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Result g = 1600 Gev
mp = 129.1 GeV
mz = 124.0 GeV
mea = 0.77 eV

mgjy = (0.76 £0.13) (0—2)% (oe) 2 ev
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Result g = 1600 Gev
mp = 129.1 GeV
mz = 124.0 GeV
mea = 0.77 eV

0.76) \0.04

mg )y = (0.76£0.13) (ﬁ)% (ﬁ)_% eV

Detector effects

Ry = 0.76x0.05
Rz = 0.04 = 0.01
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/RESU|t meo = 160.0 GeV
m@i = 129.1 GeV.
mz = 124.0 GeV
mé = 0.77 eV

Ry \3( R\
my = (076 £0.13) (5%) (5e) 1 eV
Detector effects
Determined by Ry = 0.76x0.05
Mg, M, M, My, Mz, - Rz = 0.04x0.01
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Summary

*O(1) eV gravitino is free from cosmological problems.
*Light gravitino plays an important role at LHC.

oIf Mo > my > ms + mr , gravitino mass can be measured.
1
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Summary

m,,, (eV)

= N W b OO N O O O
TT TTT[TT T T [TTT LTI T[T T T T[T T T T[T T T T [TTTT[TTTT

m~y = 300 GeV
mlﬁl = 200 GeV




summary

m,,, (eV)

= N O »p OO N OO WO
ERDSAASEAARNRESS” RARAN AN RARN AR RN AR AR

300 GeV

= 200 GeV
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Outlook

*Soft lepton detection.

*Other NLSP case?

*In the first place, can we know that gravitino is LSP?
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Cold Dark Matter (CDM)?

Ultralight gravitino is too light to be CDM

m3 /g = O(1) ev o) A= (0(100) TeV

This scale’s hidden sector can provide CDM.

see e.g., hep-ph/9607225 and 0712.2462 [hep-ph].
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Scalar Lepton

Mass matrix

M? = (

‘L

(”I)H'+Tna (

m.E .

(]

((4E)u

1 tan 3)

lr

E((ﬂﬁ)ﬁ —

()it m -

utang)
s%; M % €3

Diagonalize =) Mass eigenstate /1, /-

me’u<<m7— me Nmm>m1

|



//

/ - = e
Scalar Lepton | dingonglze
Mass matrix N L
lr, LR
2 (i +me —(G—sf)Mers [me]((Ap)ii — utan )
* me;|((Ag);i — ntan §) (mg)ii +me, — s Mzeag

Diagonalize =) Mass eigenstate /1, /-

me’u<<m7-— me Nmu1>m1



