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~ Introduction

8 LHC iS coming soon.

s ' = ' oo
To list Owell-motivatedO models to
_ be tested is still important. .

7z _
| If the model can be parametrized simply

and predicts distinctive features, so
much the better.

\.
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~ Introduction

Sweet Spo_t S_u_pérsymrhetry

| Gauge Mediation Model for Gaugino + Matter
Direct Mediation to Higgs Sector

~ ( p-term + Higgs soft:-masses)
% No p-problem, No CP-prbeem
S MSSM is determined by three parameters

S Distinctive Spectrum

& Consistent gravitino DM scenario
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SUSY Bréaking & Mediation Mechanisms

2 Let us assume that the SUSY is mainly

broken by an F-term of = (S Lo Fe)
Scalar / \

Goldstlno - term

(ndn vanishing)
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| Sweet Spot Supersymmetry

S |Letus assume that the SUSY is mainly
broken by an F-term of | S= (8, S Fs)
% In terms of S, we can write down an

effective theory of SUSY: breaking sector;

- (S S)? \
K =89~ Lok
| A N
W = m?S N f
\_ /f \ , ~ Higher oder terms
Tadpole term for i& the mass scale of
SUSY breaking the massive fields.
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| Sweet Spot Supersym'metry

2 = 2
EEE

W =m35 .

\_ S i
2 Fterm el e
Sl - Fs
® Scalarmass  MMs = 2< A>
. : . i : !FS'.._'
& Gravitino (Goldstino) M3/p = H#—

: | | 3

e

\_

We can discuss physics of hidden sector below
the scale , with this effective theory with
only two parameters (mszy2, A)
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| Sweet Spot Supersymmetry

(Gauge Mediation Maodel for Gaugino + Matter
Direct Mediation to Higgs Sector - -
( p-term + Higgs soft masses)

No 'u-fproblem, No CP-problem

3e

B

I\/ISSI\/II IS determinéd-by three parameters

S Distinctive Spectrum

3e

New production mechanism of gravitino DM
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| Sweet Spot Supersym'metr'y

In terms of S, SSS is given by;

(- : )
G0 asiay ]
K = STS = - |
=+ < o —- h.c.) ! 2

' 4
4 1) (49) C’g(log |S|) |-

W = WYUk-awa S WO

+;<1! £ IogS) A VAV

g fdle
| 2
= L8 e

<A
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| Sweet Spot Supersym'metr'y

n ,termé of S, S_PSS'is_ given by:

: (G _ R (STS)Q ' _ i | \-_
K. ZKSTS = j«— ‘SUSY breaking secto

A2




Sweet Spot Supersymmetry

In terms of S, SSS is given by;

[

STS

S |
K:=S's — «——— “SUSY breaklng sect(}

\_

A , 2 Q- |W0| ~ M MPl/ \/é,
| ((V) = [m?]* = 3lwo|* ~ 0)

[C @6 RR< idirtogno ]




Sweet Spot Supersymmetry

In terms of S, SSSis given by;

[

K==

o
o 1E (4l )2
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Sweet Spot Supersymmetry

In terms of S, SSS is given by;

[

K==

/*< !_

| PQ-symmetty'y
S:+2 H,:'%1 H,;:41

—I—hC) | CLy-D S(HUHU —|—Hde)

[ 2

!FSII #
= c m
% M A 3/ 2

Bu=20
!
No CP-phase
_ i
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Sweet Spot Supersymmetry

- (e D )
A2
Gauge Mtediatederda@mssesz : , (Bl )y w8 ST T
N .9 Mp g '
Mgaugino == Mscalar == @l )2 m3/2 A oA %Cﬂloglsl)ﬂ o
Gluddae et vanechmdhani BR-syRhesiymme t ry Ml ‘Ai”lw
" Mp e (gzg\k‘m! ? 'Ogs> g
~ ~ - V3 A2

u_ |mHu,d| m3/2 A k<s>_?m % )
Bu=20 '

—eey  NO CIP-rpoioieem
Sweet Sppot (¢, = O0(1))

gZ
Mgaugino ™~ W w=p Al

2 (T Mar)
Mgaugino = O(100) GeV s (m32 = O(1) GeV

[Fhese are supported by
g

ravitino DM produced

by the decay of OsO.
FraeeP Ramnasteters

A C,

CH




Sweet Spot Supersymmetry

~

K ={sfs - (38)

A2

~

Gauge NMateUeMa@mssesz

2

" Mp ~
mgaugl no — mscalar - (4| )2 m3/2 A + 1 ﬁC’g(logLS‘ij I

GlucdacetdMis vanecimadbani BO-syrResrymmet ry Hile W

- Mp -
Hmy, |~ Mg o A \<S>:?$,ﬁ

( <(:“SHqu +h.c.) | o S S(Hu|h£u + HyHqg)

BU=0 e——— N0 CP-mpoolkiem

Sweet Sppot (¢, = O(1)) |

Mgaugino ~ f = N (4% )ZMP —’

mgaugino = 0(100) GeV ey M3 0 = O(l) GeV | f

gravitine DM produced

These are supported by
h)y the decay of OsO.

FraseP anaateters
2
mg U Mg, 4 m3/2 M ess

12/24




Sweet Spot Supersymmetry

~

K ={sfs - (38)

A2

~

Gauge NMateUeMa@mssesz

2

" Mp ~
mgaugl no — mscalar - (4| )2 m3/2 A + 1 ﬁC’g(logLS‘ij I

GlucdacetdMis vanecimadbani BO-syrResrymmet ry Hile W

- Mp -
Hmy, |~ Mg o A \<S>:?$,ﬁ

( <(:“SHqu +h.c.) | o S S(Hu|h£u + HyHqg)

BU=0 e——— N0 CP-mpoolkiem

Sweet Sppot (¢, = O(1))

Mgaugino ~ f = N (4% )ZMP —’

mgaugino = 0(100) GeV ey M3 0 = O(l) GeV | f

gravitine DM produced

These are supported by
h)y the decay of OsO.

FrosePBanagteters (HENVSE)
my f B, M3z Mines
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Sweet Spot Supersymmetry

e e e e LR e ey
Gauge N‘Itediateﬂmtia@mssesz : (CmwmrtrETT
Mgaugino = Mlscalar = (4! )2 m3zs2 i 17"? (jf’)4c(1glsl) !
Gludide¢tddisvanecinathand BR-syAdresiymme try R
" Mp 3 Gy ww.
Mo My, |~ Mo A L6 =G ED D,

Bu=0 e————s No CIP-poiolehem
Sweet Sppot (¢, = O0(1))

7 ' _
Mgaugino ~ [ = A 4| Mp — (LOW energy
(4)? phenomenology

mgaugino = 0(100) GeV s 3\ =,

FroeeP Bcradieters (HWSB)

Mg ”%u,d m3/2*ﬂm
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Sweet Spot Supersymmetry

Gluaica-Masisivero

Schematic Pidtureture Mechanisam

GUIT scalé e

RGE

I scalar
mgaugmo

Two mediation scale —— Peculiar spectrum
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Sweet Spot Supersymmetry

(1, Miness, M)
= (300, 10'°, 900)
[GeV]

tan 0 = 37

> >
Q 8]
) 9}
0 (]
— —_
Q Q
+— —
Q Q
S IS
@®© @©
— —
®© ©
o o
[9)] [)]
0 ()]
® ©
S 1S

Do
mHu,d affect other scalar masses
' | between A and Mpmese

> SSS predicts light stau (mp5,, > 0)
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| Sweet Spot Supersymmetry

An example of UV-model

e 7 =
_ (StS)?
=880
cSH Hy v '\ ‘on S S(H Hy +HHy)
A ( | +h.c,> ! 2
. | _ D)

l
Ws = m?S + 'ESX2 + Mxy XY , OORaifeantaighl odébde

Whiiggs = hHuqX + hHaqX + Myqq ,  (FQ-syym)

These superpoténtials can be embedded into a product group
GUT model (SO(9)XSU(5) or SO(6)XSU(5)) [006 R. Kitano].

—— Mxy ! Mg! Mgyt " 10*°GeV



Sweet Spot Supersymmetry

An example of UV-model

-~
| (STS)”
=580
(CM-S[l—]HHd +h.C.> | cH S S(Hulf‘_iu —I—Hde)

J




Sweet Spot Supersymmetry

An example of UV-model

@ - 3
| (STS)?
=880
cuSHy Hy e S S(H;Hy+ H Hy)|
+ ( | +h.c.> ! 2
. J

Whiggs = hH g X + i_lquX + Myqq
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Sweet Spot Supersymmetry

: An example of UV model

T D
_ sy
_K_':STS_ A e
GWSHyHy " '\ onS S(H;H,+H Hy)
o -H~( | +h.c,> ! 2 .
A | s J

: Per:turbétiVe example
my, , > 0 — Light Stau

e oop),  f = (1-loop)
. 1/2
i ,u/mHud ~ (1- Ioop)

o nght nggsmo
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Sweet Spot Supersymmetry

Prediction of (perturbative) SSS

M =900 GeV

® stau mass bound

stau mass bound

m, = 170.9 GeV ® stau mass bound m; = 170.9 GeV my = 170.9 GeV

15 50
0 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900

u [GeV] u [GeV] u[GeV]

_ 2
Light Stau
Light Higgsino

| Large tan B -
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LHC Signatures -

Sweet Spot Supersymmetry

Thrée low energy param'ete'rs (i Mivois, M )

|

mgaugino —_g M

1%

We can reconstruct model parameters
by measuring three masses.
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LHC Signatures

Benchmark Point

— > Stau NLSP(116GeV)
' (lifetime O(1000)sec.)

—— X1 !9 x3 %
t et

Bino Higgsino - \Wino
— gluinos, squarks ~ 1TeV -

[ o(pp! o9, 5.68) " L4pb |
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LHC Signatures

Decay modes

3 (Higgsinos) g | £ | 0
%b(t) t (O q < i <
g q

ﬂ(@ ﬂ(@ (~50%) | (~30%) (80~90%) | (10~20%)
(~30%) | (~30%)

stable] @ha[gmlr‘tmrcckst racks

+

Xy — I’ X1 — I’
(~100/)
X123
W

(80~100%) (~80%)

Typical Event at LHC
( Many b/ T-jets + low-velocity 2 charged tracks )

difficult to analyze...
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LHC Signatureé -

Stau Mass Measurement

- | measured from |
|charged track:

N ‘7\ [time of flight ] _

measurement

(o
- [O00 Ambrosanio,Mele,Petrarca,Polesello,Rimoldi]

For Mmr, ! 100GeV stau mass can be
‘measured with an accuracy of 100MeV.

A,
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LHC Signatures

Reconstruction of neutralino masses

@ <4— chargeddrackack

+— W usehhadnindecalenoyemdde of T
Sl [OC 88 Hihonhihfeld Phigyd Paige]

g . . 2
Select events with 2 stau candidates.
(one of them should be slow ), .= 505

Select events with 1 tau-jet candidate.
% 7
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LHC Signatures

HERWIG+TAUOLA+AcerDET 42,900 (30fb ) SUSY event

Entries 2000 .
l After selection

Medge = 194 & 2 [GeV]
"m=3%2[GeV] 2000 event

80

B | Mo = 279 4 3 [GeV] ‘Main background
I " m = 13 £ 4 [GeV]

(o)}
o

Wrong combination of tau-stau

Medge . 7 :
314+ 1 [GeV] We chose a stau for the smaller

L "m=1%1[GeV] Invariant mass. (efficiency 70%)

>
o

—
—~
|
(@)
o
~~
=
<&
O
1O
~
2
+
=
()
>
~

Miss-tagging of non-tau-jet

tau-tag efficiency 50%

200

My [GeV] ' mis-tag probability 1%
(S | ; 0 | 0 5
We can determine masses of X152
with an accuracy of O(5)%. .
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LHC Signatures

HERWIG+TAUOLA+AcerDET
Neutrings carry away
part of energy.

( - 5 actor (fit):
; %= 0.072 £ 0.003

Entries 2000

Megge = 194 + 2 [GeV]
"m=3%£2[GeV]

Entries

"m =13+ 4[GeV]

medge
— 314+ 1 [GeV]
"m=1%1][GeV]

—
—~
jar
(@)
o
~~
=
<&
O
L0
~—
&)
+—
=
<5
>
]

—
e
‘::4‘

>\
>
¥
O
Lo

~
n
=
i
L
%
€2

200

M ] [GGV]

200 300

M, r [G(‘\"‘r]

We can determine masses of X15* 2
with an accuracy of O(5)%.
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LHC Signatures

Parameter Reconstruction
ml ]?,2 T M) M)

M =900 GeV

unstable vacuum

(m‘i'l = Mme59 e

.
@
o
C
@
173
(%]
o}
&

Q
c
S
>

IS
[}
It

&

z = | =
Lpl: 20GeV. I M T 50GeV

L 465040 M or s o 072
b 0Z10 Mmnmiess o

Consistency Check o ¥ = 900 Gev
Prediction of M 4

unstable vacuum

tachyonic messenger

(Ma=T745% 40GeV ) -

0

We Can perform non-trIVIaI CheCk! m, = 170.9 Ge\7/0 108 10° 10% 10'" 102 10'3 10'* 101
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- Summary

. Sweet Spot Superéymmetry
- Gau_ge'l\/ledié;tiOn ot Gludlce Masiera I\/Iechanlsm |
- | | (+PO- symmetry). |

& No u problem No CP problem

3 nght Stau + nght nggsmo

Collider S|gnal can be different -
~from mlnlmal gauge mediation.

2 MSSM is determined by three parameters
S o We can perform consistency
check of the model at LHC.
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- AcerDE

Isolated Leptons, Photon

Isolated from: other clusters by "R =0.4.

Transverse energy deposited in cells in a cone
"R = 0.2 around the cluster'is less than 10GeV.

Jet

A cluster IS recognized as a jet by a cone-based
algorithm if it has pT > 15 GeVin acone "R = 0.4.

Labeled either as a light jet, b-jet, c-jet or T-
jet, using information of the event generators.

A flavor indepe_ndent calibration of jet four-momenta
optimized to give a proper scale for the di-jet decay
of a light Higgs boson.

Al



Event Selection

Triggering [©99 Atlas Collabolation]

one isolated electron with pT > 20 GeV,
one isolated photon with pT > 40 GeV;,
two isolated electrons/photons with pT > 15 GeV;,
one muon with pT > 20 GeV,
~ two muons with pT > 6 GeV,
one isolated electron with pT > 15GeV . .
+ one isolated muon with pT > 6 GeV;
one jet with pT > 180 GeV;
three jets with pT > 75 GeV,
four jets with pT > 55 GeV.

Isolated electrons/photons, muons and jets
in the central regions of pseudorapidity
|n| < 2.5, 2.4, and 3.2, respectively.

Staus with By > 0.9 as muons in the simulation of
triggering.[O06 Ellis,Raklev,Oye]
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Event Selection

Two stau candidates for neutralino reconstruction
(consistent with measured stau mass)

FA Py P WYl Eoth have pT>40GeV, B/ y>0.4

One of the stau candidates
must have . Py<2.2

M .g >800GeV > SM background negligible

[O00 Ambrosanio,Mele,Petrarca,PoIeseIIo,RimoIdi]

p%weas/ (p%weas + mlz—l)

One tau-jet candidate

pT>40GeV

tau-tag efficiency 50%
mis-tag probability 1%
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