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.  IntrOdUctioh

- 8LHC is coming soon.

(To list “well-motivated” models to /

 be tested is still important.

=,

(- : 37P)
| If the model can be parametrized simply

and predicts distinctive features, so
\much the better.
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.  Introduction

Sweet SpottSupersymmetry

EEmgmn SRR . ; - )
| Gauge Mediation Model for Gaugino + Matter
. _ | 3 |
Direct Mediation to Higgs Sector
- (p-term + Higgs - soft masses)

% No p-problem, No CP-problem
2 MSSM is determined by three parameters

® Distinctive Spectrum

S Consistent gravitino DM scenario
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SUSY Breaklng & Medlatlon Mechanlsms

S Let us assume that the SUSY 1S malnly
broken by an F-term of S8, 4o bl

scalar // \\\

Goldstlno F- term

(non vanishing)
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Sweet Spot Supersymmetry

S Let us assume.thdt the SUSY 1is mainly
~ broken by an F-term of 5 = (s,¢g, Fg) .

2 In terms of 5, we can write down an
effective theory of SUSY breaklng sector;

f .

| ST1S
Boogtg ! ) -
_ A2 LN
W = m28 N e
= /f \ _ /. Higher oder terms
Tadpole term for A is the mass scale of
SUSY breaking the massive fields.
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Sweet Spot Supersymmetry

= . =
(915}
| ésTS_ = B
| W = m?28 i
\ : J
@'F—term" (o) =i
(L's)
8 Scalar mass  mg = 2 7 |
(Fs)
& T S
Grav1t1no;CGoldst1np) ;ﬁz J3Mn

e

We can discuss physics of hidden sector below\
the scale A, with this effective theory with
_only two parameters (ma /2, ).
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Sweet Spot Supersymmetry -

_(Gauge Mediation Model for Gaugino + Matter |
‘Direct Mediation to Higgs Sector
(p-term + Higgs soft masses)

@hkfu—problem, No CP-problem
2 MSSM 1is determined by three parameters
S Distinctive Spectrum

® New production mechanism of gravitino DM
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Sweet Spot Supersymmetry

In terms of S, SSS is given by,

(- )
: @wS) . =
K= ‘ﬁs = - |
+ e S, Hy +hc:- cgSIS(HIH, + H{Hy)
73 ) =

_ 4g .
 + (1— 4y C’g(log]S]) )CIDTCIJ

W = WYukawa +m*S + wo

Beke ol
| +<:f— )kgS)MﬂM@

e g o A e
1= LA (e
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Sweet Spot Supersymmetry

In terms ofﬂs; SSS is given by;

o 2
e s - ik
K:é“TS— ( AQ)}—' SUSY breaking sector
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Swéet Spot Supersymmetry

In terms of S' SSS 1s given by;
(-
STS

_ (~
K =|8's —
\_

=——— “SUSY. breaklng s}ctor

V(s) = mgls|*

—2m?|wols
4 supergravity

T e 2o \wo\ ~ m?2Mp1/V/3,
((V) = [m** = 3|lwo[* = 0)

- S [’06 R.Kitano]




Swéet Spot Supersymmetry

In terms of S; SSS 1s given by;

[

- )

Mgaugino =

2

Mgealar

:<é;




Sweet Spot Supersymmetry

In terms of S; SSS 1s given by;

[

=

!

e

/+< A

(5)

CMS]Hqu

[ PQ—éymmetry
S:+2 H,:+1 H;:+1

e <Fs>92

VoI Iy

6 Mp

- )

FEREE L H T H )

_ f
+h.c.) = i)
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Swéet Spot Supersymmetry

s e e e (K STS—(SAE) | \_
Gauge Mediated masses %<cusifuﬂd+h.o)(:Hs-rsw;f;w;m,

2
9° Mp
Mgaugino = Mlscalar = (47T)2 ms/2 T

Giudice-Masiero mechanism + PQ-symmetry [ GLED,

Mp
[L::|Tnfﬂhdlﬁd7n3/2 A

Vi e o AT SRR
—(— —=—log S} WW, =
s ( xmm2%¢>

2 \ g2
73 A2
\f$:¢aMp1ﬁHB Y,

Buy=0  e—— NO (CP-problem

Sweet Spot (c, =0(1)),
g
Mgaugino ™ [ w=p A~ (47‘(‘)2 Mp sy A~ MGUT:.
Mgaugino = O(100) GeV  —msp (m3/2 = O(1) GeV ] -
these are supported by

gravitino- DM produced
by the decay of “s”.

Free Parameters
[\_ CHL T

2
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Swéet Spot Supersymmetry

s e e e (K STS—(SAE) | \_
Gauge Mediated masses %<cusifuﬂd+h.o)(:Hs-rsw;f;w;m,

2
9° Mp
Mgaugino = Mlscalar = (47T)2 ms/2 T

Giudice-Masiero mechanism + PQ-symmetry [ GLED,

Mp
[L::|Tnfﬂhdlﬁd7n3/2 A

Vs oo 7 AT SR SN
—(= —= log S)) Wow,, -
5, xmm2%¢>

2 \ g2
73 A
\f$:¢aMp1ﬁHB D,

Buy=0  e—— NO (CP-problem

Sweet Spot (¢, =0(1))
9
Mgaugino ™~ K ==» A~ (47T)2 Mp  ap A~ MGUT_
mgaugino — 0(100) GeV — > m3/2 — O(].) Gev f
' these are supported by

gravitino- DM produced
by the decay of “s”.

Free Parameters

2
mg % Mg, 4 ms/2 M ess
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Swéet Spot Supersymmetry

(K

(579 )

dhiSey

Gauge Mediated masses %<cusmd+h.o)(:Hs-rsw;HﬁH;Hd,
g° Mp
Mgaugino = Mlscalar = (47T)2m3/2 T
Giudice-Masiero mechanism + PQ-symmetry [EERARGEETD

Mp
[L::|Tnfﬂhdlﬁd7n3/2 A

A2

4g° T
+<1: in )40 5(log |S])7] )(I) P

i 1 Z N\
i ol l : « x B
+2(q <ma2°g§>vv’”

BUAL
\F”—camiﬁﬁb Y,

Buy=0  e—— NO (CP-problem

Sweet Spot (c, = O(1))
g
(4m)2
mgaugino — 0(100) GeV — > m3/2 — O(].) Gev f
' these are supported by

2

Mgaugino ™ U ==p A~ Mp sy A~ MGUT |

gravitino- DM produced
by the decay of “s”.

Free Parameters (EWSB)

Mg R, 73/2 Miness
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Sweet Spot Supersymmetry
e TR | )
Gauge Mediated massegs2 N (e ) x5S )
Mgaugino = Msgcalar = (47)2 ms/2 (T) +<i( ég;@aogs@) 1o
Giudice-Masiero mechanism + PQ-symmetry [ SENGERID

~ T
Mp
,LLN |mHu,d| Nm3/2 et

3 92\@9) WW, -
Sweet Spot (¢, =0(1)) (

| £)
Low energy .

(9= VAN Gon) )
Mgaugino ™~ b ==p A~
phenomenology.
_J

Free Parameters (EWSB) ;//
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Swéet Spot Supersymmetry

. . Giudice-Masiero
Schematic Picture Mechanism

GUT scale
physics

Weak Scale

Ge—— Mscalar ‘ kaf
RG E mgaugino Messenger-

Mmess — k<3> A~ 1016G6V

Two mediation scale — Peculiar spectrum
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Sweet Spot Supersymmetry

e
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mass parameters [GeV]

D
LG affect other scalar masses

between A and M, e
> SSS predicts light stau (de,u > 0)
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Sweet Spot Supersymmetry

An example of UV- model
- 5 ™)
_ (518)2
KE=gifo~0
cﬁhm+h._%yamm+@my
. e .C. A2
N | _ J

'(One-loop calculation)

K
VVS:=7n25“+3559(2%-A[XY)(Y’, 0’Raifeartaigh Model

WHiggS — hH’u,qX - EquX + quq ) (PQ_Sym)

These superpotentials can be embedded into a product group
GUT "model (SOC2)XSUC5). or SOC6)XSU(C5)) [’@6 R. Kitano].

TR MXY v Mq' ~ MGUT S 1016G6V
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Sweet Spot Supersymmetry

An exampl

s

e of UV-model

(878)°
KE=gif =0
CQSTI’LLHd

A

HiH, +HIH)

%hc) - fah

AQ

J




Sweet Spot Supersymmetry

An exampl

s

e of UV-model
(S18)?
KE=gifo~0
cﬁmm+h (enSTS(H{H, + HIHY) |
A = A2
.

WHiggs — hHng =+ BquX + quq )
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Sweet Spot Supersymmetry

: An exampl e of UV model
= = ,
. b@S]Hqu + b C3 o _CHSTS(HZH_UJ —|- HCJ;Hd) |
b BT e et A2 - ,
L | e J

_ Pehtuﬁbdtive example

g :>0.+;—>‘Light-5tau

”fﬁad = (- 1oop) AL~ Gik- 1oop)

e (1 loop)”’*
. light H19951no
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Swéet Spot Supersymmetry

Prediction of (perturbativé) SSS

M =900 GeV M = 900 GeV

® stau mass bound

stau mass bound

my; = 170.9 GeV ® stau mass bound my; = 170.9 GeV my = 170.9 GeV
50

15
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]

_1ght- Stau
'1ght Higgsino

‘Large tanf -
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LHC Signatures

‘Sweet Spot Supersymmetry

Three Low energy parameters (Myﬂfmaﬁ Af)

b

mgauglno = g M '

1%

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

Benchmark Point

— Stau NLSP(116GeV)
' (lifetime 0(1000)sec.)
el
t ) )

Bino Higgsino Wino

—— gluinos, squarks ~ 1TeV

~

([ o(pp — 55,34,34) = 1.4pb |
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LHC Signatures

Decay modes

stable, charged tracks

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

difficult to analyze...
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LHC Slgnatures

Stau Mass Measurement

measured‘from”__
| charged track

- [ m-_7~'1 6 1 . |
e ﬁyfT‘\\\\\\\\\§[t1me of fllghfl

measurement

-

- [’00 Ambrosanio,Mele,Petrarca,Polesello,Rimoldi]

For Mz, =~ 100GeV stau mass can be
measured with an accuracy of 100MeV.

N

o

J
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LHC Signatures

Reconstruction of neutralino masses

@ <4— charged track

+— We use hadronic decay mode of T
o) [’98 Hinchiliffe & Paige]

s

N

Select events with 2 stau candidates.
(one of them should be slow [y < 2.2 )

EN

Select events with 1 tau-jet candidate.

J
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LHC Signatures
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HERWIG+TAUOLA+AcerDET

42,900 (30fbY) SUSY event
l After selection

Entries 2000

Meqge = 194 £ 2 [GeV]

Om =342 [GeV] 2000 event

I e = 270 £ 3 [GeV] ‘Main background

N1 0, =13+ 4 [GeV : .
o Wrong combination of tau-stau
mf%Milﬁkw . We chose ‘a stau for the smaller

invariant mass. (efficiency 70%)
Miss-tagging of non-tau-jet

tau-tag efficiency 50%

mis-tag probability 1%

| : et
We can determine masses of X1, X2

with an accuracy of 0(5)%.
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LHC Signatures

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

( F 500 smearing factor (fit):
: o = 0.072 £ 0.003

Entries 2000

Meqge = 194 £ 2 [GeV]
Om =3+ 2 [GeV]

80

Entries

Medge = 279 £ 3 [GeV]
O = 13+ 4 [GeV]

(o)}
o

Medge
=314+ 1 [GeV]
om=1%£1[GeV]
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M Fr [G(‘\"‘r]

| : 0
We can determine masses ole1ﬂX8
with an accuracy of 0(5)%.
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LHC Signatures

Parameter Reconstruction
(mxg,Q e M) M)

M =900 GeV

unstable vacuum

.
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It
&

@ 7% | 3
Ap ~ 20 GeVo.. AM ~ 50 GeV
\A 16815 Misess ~ 0:2

=7,

Consistency Check
Prediction of M4

unstable vacuum

(MA — 745 4 40 Gev) :

We can perform non-trivial check!
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Summary

Sweet Spot Supersymmetry

- Gauge Medlatlon + G1ud1ce Masiero Mechanlsm. |
' ' (+PO- symmetry)

'=1@'No H- problem No CP- problem

nght Stau + nght H19951no

Collider signal can be different
from m1n1ma1 gauge medlatlon

2 MSSM 1s determlned by three parameters

We can perform consistency
check of the model at LHC.
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AcerDET

Isolated Leptons, Photon
Isolated from other clusters by AR = 0.4.

Transverse energy deposited in cells in a cone
AR = 0.2 around the cluster 1s less than 10GeV.

Jet

A cluSter 1s recognized as a jet by a .cone-based
algorithm if it has pT > 15 GeV in a cone AR = 0.4.

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

A flavor independent 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 1solated electron with pT > 20 GeV;
one isolated photon with pT > 40 GeV;
two 1solated electrons/photons with pT > 15 GeV;
one muon with pT > 20 GeV;
~ two muons with pT > 6 GeV;
one isolated electron with pT > 15 GeV . .
+ 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
1n the central regions of pseudorapidity
Inl < 2.5, 2.4, and 3.2, respectively.

Staus with By > 0.9 as muons in the simulation of
triggering.[’06 Ellis,Raklev,Oye]
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Event Selection

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

ﬁ/ —0.05 < Beas < ﬁ/ +0.05 , Both have 'pT>4®GeV-, B/Y>®4
One of the stau candidates
2 2 2
o Pincas/ (Pmeas 115, must have. By<2.2 o

M. g >800GeV . SM background negligible

[’00 Ambrosanio,Mele,Petrarca,Polesello,Rimoldi]

One tau-jet candidate

pT>40GeV

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