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Open guestions In the SM

The Standard Model is theoretically incomplete

P> Chemical Elements:
LXWel (other than H & He) 0.03%

ACDM

 Hierarchy problem

Neutrinos:
- _ 0.47%
°

Unification Stars:
0.5%

» Dark Matter

Free H
& He:
4%

weakly interacting particle
mass ~ 0.1-1 TeV

Dark Matter:

25%

Dark Energy:

0% Thanks to R.Kolb

Need a theory for Physics BSM!
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Supersymmetry

Symmetries work well in Physics! Partifles\‘

* New spin based symmetry 2 J *
SM fermion (boson) U boson (fermion) e J _/

e Minimal SuperSymmetric SM (MSSM) . . _
mirror spectrum of particles “shadow” parice

enlarged Higgs sector (two doublets with 5 physical states)

[u,d,c,s,t,b|r.r le, w, 7] Ve, p,r) Spin %
[@,d, & 5,t,blL.r  [E,f1,T] (Do, pur] Spin 0
g WE, H* ~,Z,H'H? Spinl/Spin 0
g )at,z 52(1],2,3,4 Spin %
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SUSY can answer the guestions

SUSY can provide an excellent candidate for R= (-121'+3B+L
Dark Matter T

* LSP is stable if R-parity is conserved
* LSP is typically lightest neutralino
e Current mass limit > 43 GeV

« Abundance of neutralino matches Dark B Thanks to L Page
Matter density in the Universe Moriond 2006

1o

60

SUSY solves the hierarchy problem and
provides gauge unification

50
40

30

We haven’t observed superparticles yet b
Supersymmetry must be a broken symmetry

4 6 8101214]61'8
loglO(Q’)
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Symmetry breaking

* MSSM’ I—susy ® I—susy + Lsoft

* more than 100 free parameters

* no knowledge of how and where the breaking occurs

» choose a model !

MSUGRA

* New superfields in “hidden” sector

* Interact gravitationally with MSSM

» Soft SUSY breaking

5 parameters at GUT scale
1.Unified gaugino mass m,,
2.Unified scalar mass m, O e Fafialalyly]]

8 10 12 14 16
£-07

3.Ratio of H,, H, vevs tanf3 LogigQ (GeV) 5T

o

4. Trilinear coupling A,
5.Higgs mass term sgn(m
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Charginos and Neutralinos

expected to be light !

 Pair production at collider

800
m [GeV]

A0 L

SO0

00 L

200 |

100 L

Higgs bosons
sleptons

_ H#

FE
|

i

neutralinos+
charginos

Phenomenology at TeV

q X q X5
\J/
q,
9 x;y 1 X1

LEP Il chargino mass > 103.5 GeV

( b) 10
S (p
R Thanks tg T.Plehn
1 k!
?\ N -
F-.‘\\\ i
i \ ﬂ
10" >
5 A ‘i [GeV]
10

350 400 450 s00 M (GeV)

If 1fb-1 collected, 500 SUSY events !!

100 150 200 250 300
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Phenomenology at TeV (cont’d)

Decay chain into SM particles & LSP

,.-\_,.0
G X1 Golden Mode
W+ 5 _—
v — il v, _ T
Xl X]_ — ‘I’ v rm
\ TN
E s Sﬁ{:‘ s ‘
D

Striking signature at Hadron Colliders
THREE LEPTONS AND MISSING TRANSVERSE ENERGY
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Sensitivity

Best sensitivity for low m,,, and low m,
» Chargino mass ~ slepton mass with high BR into sleptons

» c(pﬁaxfxz)xBR(xfxzeuI+X)

Chargino A T _ T :.0.18 pb
mass 350 — ...... 0-.. ...... 0642 b ___________ ___________ _________ {Ij0-16
(GeV) p | 1 —o.14

_ _______ BR ...... 025 ___________ ___________ ___________ _________ 1 o2

1F 0.1

m,,, (GeV)

300

250
1" —o.08

200 [ . : : : ! —0.06

150

0.04

S ot Excluded by LEPII

0.02

100 | L L L L L L L L L i 0
0 100 200 300 400 500 600 700 800 900 1000

m, (GeV)

> Slepton mass (GeV)

A.Canepa, CDF7714 0) 400
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Indication from SM ?

Best sensitivity in the region preferred by SM measurements and
astrophysics results

» Other less constrained models already proposed (NUHM,...)

mSugra with tanp = 10, A, = 0, u > 0

S, siay, (92),BR09 sdm,

A
IS Thanks to Tata, hep-ph/0405058 14 =
1200 Mg . _ ] : _ 1
12 L] 1
1000 E
— 10 ,
g e IF . ' 2F » x|
\-Qj 800 _g af - 3 '.."'f - .
E‘H i ';:: _ S oY ,p"' CMSSH, p = 0, m = 1 T2T __
600 point ot B i s 1
a " s lanp =10, By T |
400 B = fanp = 10, & =.m, 1
RS . - 2 tank = 10, &, =+2m; « i |
Bulk —2&) s L\ N L & No REWSB [ fanf =10, & =-2m, 1
[ PR I . . ] PR P |
0 1000 2000 3000 4000 5000 "o 20 400 00 B 1000
Mg, M. [E="]
mo (Ge";j = 1
— m=114.1GeV — assix10'"  — Br(b—sy)xI0’ Thanks to S.Heinemeyer et al.
szkzz ---------- 0.094 - 0.129 — 1.0 Hep-ph/0602220
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The Tevatron collider

Tevatron

S T

s 2 Sy

Main injeétc;r - X
& Recycler =

| Tevatron Run 2
Luminosity Projections

"dEEigI'I"

integrated luminosity (fb-1)

2003 04 05 06 07 08 09 2010
calendar year

The Energy Frontier

~ » Proton-antiproton collider

e Dt =396 ns

« Center of mass energy Gs = 1.96 TeV

e Latest record luminosity on Jan 6t
1.7-10%?°cm2st (x 10 Run 1)

P Demands capability to handle multiple
Interactions (2/3 per event)

Delivered more than 1 fb! (x 10 Run I)
Expected 4-8 fb-1 by 2009
P Demands radiation hardness

April 4t 2006
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The CDF detector @ Tevatron

Bfield: 1.4 T Drift chamber
Muon

system

* Coverage |h|< 1.0

o Efficiency 90 %
 Basic coverage |h|<1.0 NN

* Extends to |h|<1.5
- ID efficiency 80-100%f

Calorimeter

» Coverage to |h| < 3.8

* ID efficiency 80-90% __-__Coverage |lh|< 2.0

Calorimeter  Efficiency ~ 90%
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Overview of the Silicon Detector

Optimal spatial coverage and redundancy
* 6 m? of single/double sided microstrip silicon
« Largest (operating) silicon detector in the world!
« Coverage upto|z] =0.43 m
High precision hit resolution (down to 10 mm)

of ISL
R=29cm ——n | | / ; : «20.0<r<28.0cm

1 B AP == Ny « 2 layers (fj -rz)
* Forward tracking
SVXII (SVX)
e 244 <r<10.6cm
5 layers (1] -rz)
90 om e « 3D micro-vertexing

« L2 trigger (B-physics)

Port Cards

SVXII {
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LOO Detector

Challenging technology (“LHC like”) to
withstand high luminosity

 rad-hard bulk & guard-ring structure
* high Vg, (>130V), high V,,, (>1000V)

.. and to provide hit resolution in high track
multiplicity environment

» 25(50) mm (readout) pitch sensors

Technology used in future upgrads

Challenging design

* two SS layers on the beam pipe

e active cooling

» electronics at large z (up to 40cm apart)

April 4, 2006 Anadi Canepa 14
U.Penn, Philadelphia Purdue University



Radiation damage

Lattice damage is displacement of silicon atoms or impurities

and generates “deep” energy states

* Increases leakage current P shot noise

» Bulk type “inversion” b change depletion voltage

Surface damage is generation of e*e" in the silicon dioxide

* Reduces interstrip isolation b charge sharing reduces resolution

SGS-Thompaon SGS-Thampsen

" ¥543230 WF11 Diode 12 %643290 W1 OBEOG
Expected life
Al after 2*10 1MeVniom |
time ~ 8 fb-!
g L ]
o =
15 .g
: = 106
5: 3_: After 2710 1Mey nfom2 |
A-Canepa, CDF5301 m:biﬂs W.} e 1I:IIII a 2I}|III ) 4I!II}I I IEI{II:I ) IEI{II:I. liIIII:IIII
Yhias (V)
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The SEARCH

)
New physics appears as 4 X2
» Deviations from SM predictions
 New particles production W
_ .y
* Expect very small signal from New Physics 4 X1
b design efficient selection criteria for i aril Mo Eioss fniiben
detecting NP and suppress SM ) ;:;;I 3
P understand the detector resolution (“controtf'—'w
regions”) ;
* Investigate the “signal region” ONLY when —
confident in background estimate i DiBoson
April 4, 2006 Anadi Canepa 16
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Analysis strategy

CDF achieves higher acceptance by combining several analyses

MODE TRIGGER PATH Al
nm+ e/m High p; Single Muon Xt — f’ij v
ne + e/m High p; Single Muon \
ee + e/m High p; Single Electron ¢

0

mm+ e/m Low p; Dilepton e
ee + track Low p- Dilepton 0 sz ¢
Like Sign e/m High p; Single Lepton \

14
 the analyses based on first and second lepton generations are
sensitive to low tanf3 scenarios
 the analysis accepting an isolated track is sensitive to high tanf
scenarios
April 4t 2006 Anadi Canepa 17
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Standard Model background

Drell Yan

& misidentified hadron (“fake” lepton)
& electron from g conversions

& misidentified track (“fake” track)

* high p; isolated leptons

« MET due to detector resolution

* Low jet activity

Fake rate for electrons
ﬂ":‘

Diboson (WZ, ZZ, WQ)
 High p- isolated leptons
« MET due to neutrinos

e Low jet activity

QCD

e Low p;leptons

* Non isolated leptons mt

« MET due to neutrinos €

P £ p

April 4, 2006
U.Penn, Philadelphia

Anadi Canepa
Purdue University
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The mm+ emanalysis

We search for SUSY in events with two muons and one additional lepton
(e/m ~ N

* Leading muon p; proportional to AM ° m(x;)- m(xy)

« LEPII limits on mass  m(y;) >103.5GeV; m(y;) > 43GeV

e Muon p- thresholds 20,4,4 GeV (electron E; > 5 GeV)

 Dataset collected via the single muon trigger path (p; > 18 GeV)

{ tanp=2  u=-200 Gev ..E ; mwm‘mwmImmwm‘mmé

wa] ADLO s> 206.5GeV - o 350? SUSY Signal point E

[T . E

E e % Chargino mass -

_ 2 = M =113 GeV |

8, A = 200f E
3 h E

= 1501 E

101 — 100f _f

— 507 —

Excluded at 95% C.L. 0 n

\ : ‘ : 0 10 20 30 40 50 60 70 80 9 100
MY (GeV) Muon p, (GeV)
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Muon trigger

Muon identified as a “good quality” track associated to segments in the

muon chambers

« CDF can trigger up to |h|] = 1.0 and
down to muon p; = 1.5 GeV

 CDF has a 3 level trigger system

* Muon trigger is based on matching the
extrapolation of a track in the Central
Open Tracker to hits in the muon
chamber

Trigger of interest requires muon

p;r>6GeVatlLl

L1_pt

;

Candidate Muons
a
i

a
o

0.4

oz

4 5 B 10 12 14
Candidate Muon p (GeV)

A.Canepa, CDF7196
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Muon 1dentification

If chargino mass ~ 100 GeV, leptons are
expected to be soft [5;20] GeV

We measure the identification probability

* Opposite sign muons with D > 150 deg are
selected as muon candidates

* If one muon satisfies the ID criteria, the partner
muon is the “probe leg”

* The probe leg is required to satisfy the ID
criteria

 The background is estimated from same sign
contribution (mainly decay in flight)

A.Canepa, CDF7197

Log scale (arbitrary units)

- Chargino M = 113GeV,

po4

NI IFSTAATS ATAIErE A A B AR \I\H.\H.;
10 15 20 25 30 35 40 45 50

Muon p- (GeV)

CMUP 1D efficiency
R L IR T Foup 2 [ e
0.9 are: —— s CWE ]
0.8 SR 5 7 _+_—1»— os
0.7 = ; + ; o7
06F- ¥ . - - o6
0.5 : Jos
0.4 o4
L S G S i [T o3
0.2 e sk i 1 —o.2
=== DY MC {zewkém)] I
0.4 . 0.1
...................... Lo i
0 10 20 o0
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Photon conversions

Electrons originating from photons converting in the detector are one of
the major background

We measure the probability of identifying electrons from photon
converting into e*e-

* The conversion candidates and the background candidates are
selected based on calorimeter information (*)

* The removal algorithm is applied

Incorrect Side  Correct Side

seed /\A partner
cluster cluster

(*)

Conversion candidate: “seed” electron with
partner cluster on the “correct” side
Background candidate: “seed” electron with
partner cluster on the “incorrect” side

April 4, 2006 Anadi Canepa 22
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Photon conversions (cont’'d)

« The background from min bias, UE and QCD is subtracted by
subtracting the contribution from the “incorrect” side

* The contamination from Bremsstrahlung and “trident” events is taken
Into account

Incorrect Side Correct Side

e—

a2
~ electron

et T

photon

Incorrect Side Correct Side

photon .

" electron

Incorrect Side Correct Side

/" electron
Y4

Conversion Removal Efficiency

1

oof - Data
- MC
08— 1
- :
07 -
06— —s
- e Acotd| < 0.02
" fet T 0.5/ i ARt =
. g ID,, | <0.1
04 Partner p,; = 0.7 GeV
photon - Incorrect Side Scaled Up
L. 0 | 1 | L L 1 M L
| 03 10 15 20 25 30 35 40
Seed Electron E; (GeV)
B |

A.Canepa, CDF8073
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Missing Transverse Energy

Key gquantity for R-parity conserved searches
* Real MET is produced by neutral particles escaping the detector as

neutrinos or neutralinos

» Calorimeter based MET must be corrected for primary vertex,
additional interactions, jets (calorimeter resolution) and muons (tracking

resolution)

MC Drell Yan events between leading muon and ME,

400

Il Cor MET
B Raw MET

350

Number of dimuon events

100

50

300f
250F
200f

150}

-+

= Data
—— Drell Yan

+

G 10 20 30 40 S0 €0 70 B0 20 100 002020 60 80 100 120 140 160"
A¢ (deg)
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Learning from the data

The control regions are defined according to the event selection
* Dilepton control regions, high statistics

* Trilepton control regions, “signal” like regions

» Control regions with different jet multiplicity, ISR/FSR effects

Invariant mass of OS muons % N
"E 10° o
> 10? —
g 10 =
= =
E 5
u-gm" !
E"’a — Drell Yan Q
Ew'l _susy
Z bl T

0 20 40 60 80 100 120

M, (GeV)
15 76 106 M(GeV)
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n. dimuon pairs / 2 GeV/c

Number of dimuon events

Events with two muons

Seamga pute/p

« DATA
10°
107
10
1
107
107
20 40 60 80 100 120 140 160 180 200
Invarignt Mass of p*y” (GeVic’)
_.Search for ygoutely
104 o DATA
[T Drell Yan
[l Diboson
10° T
JLdt=745 pb”

10°

CDF RUN Il Preliminary

10

107

107

0o 1

2 3 4 5 6 7 8 9
Number of jets with E.> 20 GeV

n. dimupn events / 4 GeV/c

n. dimuon events / 4 deg

__Search for yyy5>uuteln

« DATA
[T Drell Yan
3
10 [l Diboson
I it
107 I Ldt=745 pb”

CDF RUN Il Preliminary

+

Dimuon system p; (GeV/c)

Search for i y9—uut+eln

10° F s
+ DATA I Ldt=745 pb"
1 03 | - Drell Yan CDF RUN Il Preliminary
[l Diboson
[ [
10% ¢
10
1
10
107
0 20 40 60 80 100 120 140 160 180

Ap,., (deg)

0 20 40 60 80 100120 140 160 180 200

Events with two muons

after rejecting on-shell Zs

Number of dimuon events / 4 GeV

from the dataset
SM 16231 + 54
Data 15969

|

Search for yjy9—uu+elu

« DATA

[ ]Drell Yan

I Ldt=745 pb™

CDF RUN Il Preliminary

0 20 40 60 80 100120 140160 180 200
Missing Transverse Energy (GeV)
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Event selection

The analysis selection criteria are applied sequentially.

e Invariant mass of OS muons 15<m_ <76 orm_.> 106 GeV

e Number of jet <2 if jet E; > 20 GeV
* Missing transverse energy MET > 15 GeV

__Search for yiy;suuteln

2

CDF RUN Il Preliminary

10

I Ldt=745 pb”

1

r

107 |

Number of dimuon pairs / 8 GeV/c

10
0 ]20 40 60 10 10
Invarignt ma

%

__Search for yyy; uptelun

s DATA >
[ Drell Yan+y o
[_] Drell Yan+jets 1 "-N-
. 1 2]
[ Diboson . k] 1 W [
[ mSUGRA: 1% | (4
y mass: 113 GeVic® ] o =
j =
§ I
& Il
T o'l [t
)
Q
[
Q@
=]
£
Z
107
120 140 160 180 200 0 10
of u*u pairs (GeV/c")

I Ldt=745 pb™

s DATA

CDF RUN Il Preliminary [_] Drell Yan+y

|:| Drell Yan+jets
[ Diboson
[ ] mSUGRA: %23

¥ mass: 113 GeV/c?

20 30 40 50 60 70 80
Missing Tranverse Energy (GeV)
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Results

PROCESS nm-+ nie
t-tbar 0.014+0.06
Diboson 0.20+0.02
DY+"fake” 0.20%£0.10
DY+g 0.22+0.11
Total SM Backg. 0.64+0.11+£0.14
SUSY Signal 1.6£0.1+0.2

DATA 1

Sensitivity S/VB = 2
» Expect small signal from SUSY P Poisson statistics

* Predictions are dominated by systematic uncertainties on the SUSY
signal (Lepton identification 3%, luminosity 6%)

April 4, 2006 Anadi Canepa A.Canepa, CDF8114
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The me + nile analysis

e Same selection criteria as nmanalysis but no mass requirement
P Drell Yan production is reduced and diboson contribution becomes

significant

» Good acceptance thanks to forward electron
* Dilepton selection: Tot. SM 110 + 13; Data 118

PROCESS nme+nie
Diboson 0.44+0.05
DY+"fake” 0.17+0.08
DY+g 0.14+0.08
Total SM Backg. 0.78+0.10%0.15
SUSY Signal 1.0+£0.08x0.12

Observed DATA

0

N events / 4 GeV/c

90

80}
70}
60 -
50}
40
30F
20}

10

Search for y;79—>u e +ple

+ CDF Run Il Preliminary (0.7 ﬂ:'1)

—— Data .
Drell-Yan ]

. WW

I

Wy, W2Zly ]
B W+ldets

0
10 20 30 40 50 60 70 80 90 100

p; of leading muon
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The ee + track analysis

* The third object is an isolated track
* The analysis is sensitive to prong t decay

* Analysis yields up to 100% in acceptance with
respect to the ee + lepton

o
=
|1
|
aF

[=]
w

Branching fraction
(=]
o

2

e Leptons originating from t decay are soft b L=
electron thresholds E; > 15,5 and p; > 4 GeV

tan

5 10° CDF Run II Preliminary,ILdt= 607 pb’" CDF Run Il Preliminary, jLdt = 607 pb-1
g — Expected Signal Background and Observed events. ’ P '
1 Processes
3 ’ . Data Sample Expected events .
¥ B Drell Yan EIE2 e
10 W wwwziy' 2z Drell Yan 0.16 £0.12 )5 .*5;;{_.':-_ )
» o WW+ZZ 0.17 £ 0.04 YL i
Bl b B ; e
SUSY 31y Wiy« 0.047 + 0.009 L T

1 tt 0.11 £0.07
o Total Bkgd 0.49 +0.14
o !:_ SUSY 1.21 +0.09

' e 10 12 14 Observed 1

Event Track Multiplicity

Mo=60 M1;2=190 tan(B)=3 Ap=0 p>0

4 6 8 10 12 14 16 18 20 22
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Like Sign analysis

* The analysis is sensitive
 chargino & neutralino production
e gluino pair production
« The most challenging background originates from DY/W + g
e Large MET is required: MET > 15 GeV

CDF Run Il Preliminary

Mode | Obs | Predicted | cc signal Ei j Imﬂ;:.'.MEEEF‘M
ee 4 2.6+0.4 0.64 E H L —
ey 5 35+0.6 1.64 Wor
Uy 0 | 07+01 0.91 i

Total 9 6.8+ 1.0 3.19

DEEI 30 40 S0 &0 TO O BO 90 100 110
Laading lepton F'1 (GeWic)

e Interesting events at high p-
» Consistent with background prediction.
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The ee +e/manalysis

e Same selection criteria as nmanalysis

b Additional angular requirement to suppress Drell Yan production
* sensitive to jet mismeasurement

Search for 1oyi = ee+l+X CDF Run Il Preliminary CDF Run Il Preliminary Search for y%t - eesl+X
f.*‘o‘ L —_— E;Sll.i%a point M,=100, M, ,=180, tanfi=5, ;>0 | E Drell-Yan
2107 ; —— W T YV M(z;) = 113 GeVic’, () = 66 GeVle® —— J- L di = 346.0 pb” l\‘:vuwr_w;r:z, "
g E + - - mi '
E + = A St
o [ oty | g’gﬁi‘ﬁ"ezpﬁfoé’ (d%ftg) J'l- dt = 346.0 pb,;,+* 10— BFeko Leptans (ot
[ ® Data
10 | +H b ty #
o
’ il 51 gt
B =™ -I- - ]
!'.# N ! '- .I-.|'-|'.- . -I'l. -I." |-
10" b | | -Iinl w Y |
W“LLUWW‘W-"‘
107 &
PRSI | YT O T T ) B IR | M P

-] ] 10

E T BT TN I L
-150 =100 =50 0 50 100 15
Aoed ()

Obs | Predicted cc signal
O | 0.17+£0.05 | 0.49+0.05
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The mm+e/m(“low p;” approach)

» The analysis explores a wide p; range
e lepton p; thesholds is 5 GeV

 The QCD HF background becomes significant
 data driven estimate

 we create a HF-rich sample by requiring at least one muon
with high impact parameter and we fit the HF + DY contributions

to the data
CDF Run Il preliminary Entri;;da'a 7789
10° e L=312pb” Overflow 10
F e CDF daia Imenrarl.m 7779
- : A — DY+HF (stat) e
10— L i o9 . .
N ! Obs | Predicted cc signal

0O | 013+£0.03 | 0.17+£0.03

10

1E

= N S N I I a0 |
0 20 40 60 80 100 120 140
Dimuon Mass (GeV/cr2), CON_UNM
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The trilepton analyses in summary

MODE SM Backg. | SUSY | Luminosity Data
nm+ e/m 0.64+0.18 1.6 0.7 fb 1
me + e/m 0.78+0.17 1.0 0.7 fb? 0
ee + e/m 0.17 £ 0.05 0.5 0.3 b 0
nm+ e/m 0.13 +£0.03 0.2 0.3 fb? 0
ee + track 0.49+0.14 1.2 0.7 fb 1
Like Sign e/m 6.8+ 1.0 3.2 0.7 fb? 9

April 4th, 2006 Anadi Canepa
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Future of trilepton @ CDF

MSUGRA scenario

CDF Run II Preliminary: 1.=312-750 pb'1

= MSSM: tanfi=3, >0, Mz )-MD-2M(x))
= 1212 (no slepton mixing)

2 B — Opno*BR

% fﬂ " Oy oXBR Uncertainty

i 1 -y — 95% CL Upper Limit: observed
= @ ----- 95% CL Upper Limit: expected
Q2 = Expected Limit £ 1o
o~ 08F 8 Expected Limit = 26
Lag -, 1
S0l -,
r§

©

100 1 iO 120 130 140 150
Chargino Mass (GeV/c?')

The “silver” mode ! exploring third generation

o(77z) x BR(3I) (pb)
<

L L B B B B
Search for 7%, — 314X

MG )=MGE21=2MG): M{>MG)

tanp=3, u>0, no slepion mixing

challenging search (ID ~ 50%)
high sensitivity

SN
160 180 200 220 240

Chargino Mass (GeV)
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...atLHC ?

LHC pp collisions Vs = 14 TeV
Large mass reach for DIRECT DISCOVERIES

10°
102

o

Thanks to T.Ple

“_ CudPbl: pp =82, 40, 1,1, 151} V. 258, 434

n

U.Penn, Philadelphia

Strongly interacting particles: LHC will see gluino RN Ursine
squarks, H,A S PR
IO—L e -- LO
02l ﬂ m [GeV]
Squarks/gluino cascade b Gauginos 10 130 20020300 30400 430 300
mSUGRA reach in various final states for 100 ib™
° LOW S/\/B g::z a2000) An=D.IanB=35.|.;:-U
« Rare processes vetoing jets challenging 3= : Thaiks | Hinhiie, SUSY05
when ~ 20 min bias events o AN
If squark & gluinos too massive » g,
The Golden Mode is the window to SUSY !!! =
0 500 1000 1500 mo (Ge::lm
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...atlLC ?

s mSugra with tanf = 30, Ay = 0, n>0 m =180 GeV

ILC e*e" collisions \s = 0.5-1 TeV f = p
HIGH PRECISION PHYSICS i NEEITE
ILC optimal for weakly interacting SUSY partic! 5 . A C°”'Pr°°'792:5/f,_? 00
Direct pair production of charginos . |

« high S/B e

» well defined initial state and beam polarizatio > = =
e clean experimental environment | DattaKong KM (preliminary)

* mass, spin & couplings determination % | ﬂ* :
Only LHC + ILC will pin down the model for ~ § -
Physics BSM !I! ° -
April 4t 2006 Anadi Canepa 37
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Summary

SUSY is a well motivated theory for physics BSM
CDF is searching for SUSY in the “Golden Mode”
no evidence so far .... @
J

>

First Trilepton result of CDF at Run Il
Chargino mass m > 130 GeV

April 4, 2006 Anadi Canepa 38
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Back up slides
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Dark Matter
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* TheMeV-scale Dark Matter particle giving the

. . Integral
511 keV annihilation line at the galactic center =

particle which explainsthe EGRET galactic :

gammaray spectrum W. de Boer

* The 500 GeV neutralino Dark M atter Pl. =
particle which explainsthe EGRET %{\;‘*ﬂm Elsisser &
extragalactic gamma ray spectrum T /S N Mannheim

« The20 TeV Dark Matter particle givingthe Y e
HESS signal from the galactic center

HESS

 Thefew hundred GeV Dark .
Matter particlein Draco giving the 5
signal in CACTUS

April 4, 2006 Anadi Cane| - ———
U.Penn, Philadelphia Purdue University
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tot. background
Pion decay
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z [kpc]

. 3
Dark matter density, p [MSunIpc |

0.14 0.14 ¢ ‘ ------ Quter |1
0.12 0.12f || _ _i‘;lr
0.1 s 0.1 |‘ ''''' Center ||
0.08 Sc 0.08| ,“‘ L.B., J. Edg0, M.
0.06 = 006| ,':' i Gustafsson & P. Salati,
=5 T
e - 0.04 0.04| e s 2006
: ' 0.02 0.02-:;’;——“’ \“~~_;‘;‘:.-
-20 : | ! 0 . ‘
=20 -10 0 10 20 -5 0 5
x [kpc] z [kpc]
DM density concentrated to the galactic plane
Antiprotons pose a major problem for this Lo N
type of moddl: _z o P - 3 u . _
Expected antiproton flux from de Boer’'s ———
Super Symmetric mode's Ea 0 _ Solar modulation: 610 MV
1078 |- ,\-‘1’ = 50.1 GeV
Standard (secondary) production from cosmic —*% i T
rays
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* The 500 GeV neutralino Dark M atter

particle which explainsthe EGRET Elsisser &

extragalactic gamma ray spectrum Mannhem
April 4, 2006 Anadi Canepa 44
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EGRET points will

change as GLAST

lefuse COSI'T"C resolves more AGNs

5
10
E —‘I—| F I \\\HH‘ E Ik LR I \\\\\H‘ \' \\:
gam Ma-r ayS = - o EGRET Moore profile -
ol - diff. back. ¢, "™ic, =4 ]
a = f = .
E b b feb b TP
N 10 ;

|dea (L.B., Edg 0 & Ullio,
2001): Integrated gamma-

. -7

signal over all large- and 0l =

small-scale structure may S el ]

give observable diffuse | 1

gamma-ray flux for COM- | ® ... E

type cuspy halos and i M, =T6GeV i

substructure. Redshifted s g ‘ ‘ e

1 J 10 L Ll IR EN

gamma linein favourable T 1 10 102

Cases E[ GeV]
FIG. 13: Extragalactic gamma-ray flux (multiplied by E2) for two sample thermal relic neutralinos in the MSSM (dotted
curves), summed to the blazar background expected for GLAST (dashed curve). Normalizations for the signals are computed
assuming halos are modelled by the Moore profile, with 5% of their mass in substructures with concentration parameters 4
times larger than ¢, as estimated with the Bullock et al. toy model.
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Could the diffuse extragalactic gamma-ray background be

generated by neutralino annihilations?
GeV "bump” ? (M oskalenko, Strong, /Rei mer, 2004)

g Salamon & Stecker

< n . Blazpr Model

(7] =
(o] 3

= > ,

(&) B ________ G Straw Person's
@ j . Blazar Model:
o % 0 ] v =108
= n u=978Gev

- 2 1m, = -1035GeV [

3 ;}' g ananeey Dark M;?'ﬂ-t_er
._C__:_ E |tanp=6.6 ; Scenario (Total)
C}H = mg = 1814GeV ._," o 3 \ 2 =0.74
5 {A =088 1 " ’

< 3 A /m, =520 GeV .

AT < Ay, =-2.10 /A = Yog )

% u ah?= 0.1 sov=, = 3.1x10° cm\s"‘n.

107 e — — T —
¥ o1 1 10 100 1000
11— I . I . I x I ' I ' ] Observed Gamma Ray Energy / GeV
10 200 400 600 800 1000 1200
Neutralino Mass / GeV
Rates Steep (Moore) profile needed for DM substructure; somefine-
computed tuning to get high annihilation rate

Elsdsser & Mannheim, Phys. Rev. Lett. 94:171302, 2005

Enerqgy range isoptimal for GLAST!




Breaking mechanisms

Model Name Breaking Parameters
mechanism and
scale
mSugra, Minimal Supergravity Gravity (GUT) Mo,M . Ay tanb,
cMSSM Constrained MSSM sgn(m orm
GMSB Gauge Mediated Gauge L .M, tanb, N,
Symmetry Breaking messengers (10 sgn(m), C.,
TeV)
AMSB Anomaly Mediated “conformal M,,,,mO(other
Symmetry Breaking anomaly” term),tanb,sgn(n),

In mSugra : 3 isolated leptons + MET
In GMSB : 2 photons + E;
In AMSB : long-lived particles
In R, models : >3 leptons
(and many more signatures in each model depending on the parameters !)



Cables in LOO

 Noise pleEd up by ana|og HDI=843 Event=11 Chop=2
signal cables

— Effects are seen at edges
of cables, within one

g

cablel cable2
1< > < >

Pedestal {ADC counts}
&
T

sensor 100
— Both coherent and e el
incoherent sources sof
* Noise shapes
« Pedestal shifts B

Hybrids ... Channet mamber

.
o
.
.
.

@ @ @\ ................ = WI de Sensors

Slgnal Cabl eS .............. > - uj ﬁ

.....
......
.....
......
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 Problem solved offline
— Readout all strips in LOO

— Use this information to fit for an
event-by-event pedestal

» c2 fit to Chebyshev polynomials
— Tested by embedding MC clusters in e
w1 QN WL SUNRS, Ly

d ata o 20 40 &0 30 100 120
Channel nundher

se all strips

* 95% efficiency with 95% purity

e No impact on cluster size or
centroid resolution 2 sof
— Implications for CDF
e LOO can’t be in online track aof
trigger 2of
« Readout time may be a N T R SOV O I WP
bottleneck Channe
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Like Sign ana — evd of events

41GeV)

ﬂ . \ x méw \ |

= |
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Systematic uncertainties

Major systematic uncertainties affecting the measured
number of events

@ Signal

§ Lepton ID 5%

§ Muon p; resolution 7%

@ Background

§ Fake lepton estimate method 5%

§ Jet Energy Scale 22%

@ Common to both signal and background

§ Luminosity 6%
§ Theoretical Cross Section 6.5-7%

April 4, 2006 Anadi Canepa
U.Penn, Philadelphia Purdue University
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Trilepton at DO

Selection SM expected OBSERVED
ee+t 0.21+0.12 0
emtt 0.31+0.13 0
mmt 1.750.57 2
¥ 0.64+0.38 1
et +t 0.58+0.14 0
m +t 0.36+0.13 1
SUM 3.85+0.75 4

M (et) (GeV/c?)
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U.Penn, Philadelphia

Anadi Canepa
Purdue University

52



eeyyf Candidate Event

e« GMSB
& g Candidate
f

 Run | event:

— 2e,2gand E=56 GeV

— SM expectaction: 10-® Events
e Interpretations in GMSB:

— Selectron

— Chargino/Neutralino

10%

Diphoton Candidates
E}> 25 Ge¥, <10
& yy Data {85 pb™

. . . . . . %‘. =100
 Visible in inclusive diphoton E, spectrum 4 EF L .
 Searched by Tevatron Run Il, LEP and £"

HERA 5
Er (GeV)
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AMSB

In the AMSB scenario (c% LSP)
e c* is the NLSP (Next-to-Lightest-Supersymmetric Particle)
e lives long enough to decay outside the detector;
ect and the BR depend almost entirely upon the mass
difference c*,-c?,

i

D Rum Il Preliminary
L =390 pb"

100 . o3

o~

— W Do St (el

10—= |— ]

— e M S P e

102 |— ]

er (m)
|
a(pp XX (pb)
b -
/:,f’//

| 3 .
! . 3
i
10— |— . bt g \ﬁ‘
— = ||||||'-|||||||||||-‘-|h""||
w =y aewagergel per mouee Shagera L T - B0
o1 0.5 1 5 10 Gauginoike Chargino Mass (GeV)
Amng (GeV)
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