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‘Gauge Mediation
| Hidden | F 7 O
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Feature of Gauge Mediation

No SUSY flavor problems
Gravitino LSP

Not rely on physics at the UV scale (Planck scale)
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‘Minimal GMSB
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SM gauge interaction
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e =2 () () (140 (520 )

mess

o kE kF
Mgaugino — Nmess (47]_) Mmess (1 + O (MQ ))

IMNess
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Minimal GMSB
e =2 () () (140 (520 )

mess

o kE kF
Mgaugino — Nmess (47]_) Mmess (1 + O (MQ ))

IMNess

M? > kF, B —— O(l)

Mgscalar =~ Mgaugino
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Quark and Lepton Messenger

There are two types of messengers (d, d), (¢, /)

W = kySdd + Mydd + kpSe0 + Myl
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Quark and Lepton Messenger

There are two types of messengers (d, d), (¢, /)
W = kqSdd + Madd + koS0l + M0l

At GUT scale kqg = ky My = M,

l Renormalization effect

Mg  kyq

At Messenger scale ——=—>1

M, kg
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Quark and Lepton Messenger

There are two types of messengers (d, d), (¢, /)
MmeSS

Mmess GuUT

: - Ml

2.5
At GUT sc
ol

1 5:_ alization effect
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Quark and Lepton Messenger

There are two types of messengers (d, d), (¢, /)

W = k;Sdd + Mydd + kpSe00 + Ml

At GUT scale kg = ky M, = M,
l Renormalization effect
At Messenger scale M — K —2~3
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Minimal GMSB
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Minimal GMSB

a1 [ 2kgF 3 koF
M — Nmess— EREY =
! A (5 M; 5 Mg)
0% ng
M — Nmess_—
° A M,
3 de
M — Nmess_—
° A M,
ka ky

— is maintained at Messenger scale
Mg My
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‘Minimal GMSB
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GUT-relation in Minimal GMSB
M4 :NmeSSZ—;TA
M, :Nmessj—;/\ AE%:%
M3 :NmeSSZ_;A

M13M23M3%041:042:a3
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‘Minimal GMSB

GUT relation: Mq: My : Mg~ oy : oo ag
Non-Splitting Mscalar ~ Mgaugino

(SUSY breaking vacuum is not stable)
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‘Non-Minimal GMSB
| Hidden | F 7% O

kS

4
[ Messenger ]

SM gauge interaction
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on-Minimal GMSB

[ Hidden } F %0

[Hidden Gauge interaction ]

e.g. semi-direct GMSB

v

BSEL_

[N. Seiberg, et.al., 08] [

Messenger }

v

SM gauge interaction

| MSSM |
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GMSB

[ Hidden } F#=0

[Hidden Gauge interaction ]

e.g. semi-direct GMSB

ST kST,

AV [Flavor Structure ]

[N. Seiberg, et.al., 08] [

Messenger }

e.g. direct GMSB

[K. I. Izawa, et.al., 97]

SM gauge interaction

v

| MSSM |
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‘Mass Spectrum

2
- A 2 kF kF
el - (47T) (Mmess) (1 " O (MI%IGSS

Qv kL kE
augino ~ 1
Mgaug (4w) Mioss ( + O (M%)

M? > kF
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‘Mass Spectrum

2 ( kF \° kF
2 ~ (&
scalar - (47T) (Mmess) (1 " O (Mrgness)>
| N ( o) ) kEF e kF
mgaugmo ~ 471' Mmess Mr%ess

M? > kF

m

* F-term gauge mediation with stable vacuum
e.g. direct GMSB

» Messengers have only mass term in superpotential
e.g. semi-direct GMSB
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‘Mass Spectrum

2 ( kF \° kF
2 ~ (&
scalar - (47T) (Mmess) (1 " O (Mr%less)>
| N ( o) ) kEF e kF
mgaugmo ~ 471' Mmess Mr%ess

M? > kF

m

* F-term gauge mediation with stable vacuum
e.g. direct GMSB

» Messengers have only mass term in superpotential
e.g. semi-direct GMSB
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Scalar and Gaugino Mass

Q EE \7" p>0
Mgaugino ~ A (E) M2 N M? > kF
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Scalar and Gaugino Mass

«
MMgcalar =~ A (E) 4 X— o
F p p
Mgaugino ~ A (g) ( ; ) M? > EkF
4 MI%GSS

Suppression on gaugino mass

d

Mgaugino . ( EF )p <1

2
MMgscalar Mmess
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Scalar and Gaugino Mass

«
MMgcalar =~ A (E) 4 X— o
F p p
Mgaugino ~ A (g) ( ; ) M? > EkF
4 MI%GSS

Suppression on gaugino mass

d

Mgaugino
Typically, ————— <0.1

Mgcalar
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G ra V i t i n O IVI a S S (in perturbative models)

(I (%) s\

Q EE \7" p>0
Mgaugino ~ A (E) M2 M? > kF

mess

Suppression on gaugino mass

d

F
m3se ~ —— > O(1 keV —1 MeV) for mMgaugino = O(100) GeV

Mp ‘

Gravitino Problem



—_——— B

s e

Relation of Gaugino Masses

A (Y EE \"
Mgaugino =~ (E) MI%QSS

ko' ko F

Mg kg
— Mo <
W, - 7 <
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‘Relation of Gaugino Masses

oA (Y EE \"
Mgaugino =~ (E) M2

mess

ko' ko F

Mg kg
— Mo <
W, - 7 <

Quark Messenger Contribution is Reduced

4

Small Gluino Mass
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Violation of GUT-relation

e
My, = Ai—;
M3 = Aﬁr‘p TE%>1
My : My : M3 ~ a; (%T_p + g) tqo s agr P

Deviation from GUT relation

In some cases, the gluino becomes the lightest
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‘Non-minimal GMS

Mass splitting

Msca]ar > Mgaugino

Gravitino Mass > keV
Even if GUT respected, GUT relation violated

My : Ms: M3 # oy :as:as

Gluino tends to be light



—_— B

- .

Non-minimal GMS

Mass splitting

Msca]ar > Mgaugino

Gravitino Mass > keV
Even if GUT respected, GUT relation violated

My : Ms: M3 # oy :as:as

Gluino tends to be light

Bino NLSP or Gluino NLSP is plausible
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2. Cosmology
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Gravitino Problem of NLSP decay

LSP gravitino, NLSP gaugino

NLSP decays into LSP
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‘Gravitino Problem of NLSP decay

LSP gravitino, NLSP gaugino

NLSP decays into LSP

7 ~ 0.1 Sec( M3/2 )2 Myisp \~°
LR 1 MeV/ \ 100 GeV

B—>7+63/2

§—>9+ég/2
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Gravitino Problem of NLSP decay

LSP gravitino, NLSP gaugino

NLSP decays into LSP

7 ~ 0.1 Sec( M3/2 )2 Myisp \~°
NLSP = 1 MeV/ \ 100 GeV

B — v+ G35
——> Destroy light Element
919+ Ga/ in BBN period

—




Gravitino Problem of NLSP decay

[K. Jedamzik, 06|
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LSP Abundance

/

NLSP abundance - Annihilation cross section

—1
QhQ -~ O 1 <JU>Anni )
(L) (10_9 GeV ™~



'Bino Abundance

. o / M?

- f o X —8
] ! ) M
Beeoaoacasad f

Large Scalar Mass ‘ Large Bino Abundance
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"Gluino Abundance

N}

N}

M- 2
Q~h2 ~ 1 -3 g
g 0 (1 TeV)

Independence on Scalar Mass
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Gravitino Problem of NLSP decay

[K. Jedamzik, 06|

Bino NLSP 10° [

-~

10

10!
10° f

Gluino NLSP

102 10° 100 10* 10° 100® 10° 10"
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Gravitino Problem of NLSP decay

[K. Jedamzik, 06|

Bino NLSP 107 T

Lo ——— -
- -

.-

T

Gluino NLSP

-

Gluino
— T(sec)

10° 10° 100 10* 10° 100° 10° 10"
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‘Lifetime of NLSP

Bino NLSP

TBino < 0.1 sec

Gluino NLSP

TGluino S 1000 sec
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3. LHC Signal
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NLSP Decay

m 2 M —5
ma/y > O(1 keV — 1 MeV) 7nwsp ~ 0.1 Sec( 3/2 ) ( NLSP )

1 MeV 100 GeV

crnrsp > O(10) m (

Mn1,sp —°
100 GeV
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'NLSP Decay

m3/2 \? [ M =0
ms/o > O(1 keV — 1 MeV) 7TNLsP ™~ 0.1 sec( / ) ( NLSP )

1 MeV 100 GeV

Mn1,sp >_5

CTNLSP > 0(10) m (100 GoV

If crnisp > detector size

4

NLSP seems to be “stable” particle
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‘Bino NLSP

MnLsp >_5

crnLsp > O(10) m (100 oV

CTBino,S 10" m ~ 0.1 sec _ COSHlOlOgy
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~ Event Topology at LHC (Bino NLSP)



~ Event Topology at LHC (Bino NLSP)



In-flight Decay of the Bino

detector

™~

won [ [

U
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/In—flight Decay of the Bino

Almost all Binos escape

\ /

Beam /
B U
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/In—flight Decay of the Bino

Almost all Binos escape

Fraction of decays occur in detector
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/In—flight Decay of the Bino

CTBino S 10 m ~ 0.1 sec
Almost all Binos escape

Fraction of decays occur in detector
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In-flight Decay of the Bino

CTBino S 10 m ~ 0.1 sec
Almost all Binos escape

\ /

# of decays  detector size

>10"°
# ol events CTNL.SP ~

-~
1
1
1
1
1
1

Fraction of decays occur in detector
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Gluino NLSP

mg/o > O(l keV — 1 MeV)

Mn1sp >_5

emvse > O(10) m (100 GeV

From Cosmology

CTGIuinoS 1011 m ~ 1000 sec

Too long to observe in-flight decay
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Event Topology at the LHC
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- Event Topology at the LHC

.g R-Hadron



Event Topology at the LHC

o)

Some of R-hadron & “Heavy muon”

-Hadron



Stopped Gluino

Detector as stopper

For ATLAS HCAL

Barrel 1440 mm Fe

Endcap 1400 mm Cu




Stopped Gluino

Detector as stopper

Q1

For ATLAS HCAL

Barrel 1440 mm Fe

Endcap 1400 mm Cu




Stopped Gluino

Detector as stopper

For ATLAS HCAL

Barrel 1440 mm Fe

Endcap 1400 mm Cu
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Observation of Late-time Decay

Gluino Production

!

Trapped in Detector

Time
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Observation of Late-time Decay

Gluino Production

l Decay
Trapped in Detector l

\ ' J Time

~lifetime

Lifetime Measurement is Possible
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Summary

In non-minimal GMSB,

Mscalar > Mgaugino My : Ma : M3 ?é Q- Q2 - Q3

The Gluino can be the NLSP

From cosmology, lifetime of NLSP is constrained

Decay of NLSP is observed at LHC
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__ 'Ileg
R = M,
m3/2 R 1 P
minimal >1eV. (E{-ﬁ) N 2 | 0
semi-direct >1 MeV - (hhé}’(};;ﬁ”) >10? (hfg_lf ) *l2or4
stable F-term >10% eV - (;%7) >10 (n§/4/\)% 2

M; =100 GeV
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Expected Number of Decays

for I = 1000 fb~*

Gluino Mass|GeV] # of Events # of Decays
500 3 x 107 >30
750 3 x 10° 23
1000 4 % 105 2 0.4

1250 10 >0.1
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Vacuum of Minimal GMSB

(S) = Fs6?  dmmm W, (5)= -Fls

(Low-energy effective)
Including interaction with messengers

W = kSPy + M) + Wy (5) W~ (d, )

oW My (S)

F=%35~"a5

+ k)

(Pp) #0 mm) F-term condition satisfied

SUSY breaking vacua is not stable
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R-Hadron

Hadronic Bound State with Quarks or Gluon

Some have EM charge mm) Interaction with ordinary matter

Fractions of R-Hadrons can be trapped in Matters




