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Supersymmetry

® Searching for SUSY at
CDF

® Chargino and Neutralino
=» Trileptons
=» Dileptons+track

® Results

® Conclusions
® Outlook
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2 Supersymmetry: what ?

Extends the Standard Model (SM) by predicting a new symmetry:
spin-1/2 matter particles (fermions) <=> spin-1 force carriers (bosons)

Standard Model Particles

Higgs

i ! i ! Graviton

Quarks 0 Leptons 0 Force particles
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Extends the Standard Model (SM) by predicting a new'Symmetry:
spin-1/2 matter particles (fermions) <=> spin-1 force carriers (bosons)

Standard Model Particles Susy Particles
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Graviton - Gravitino
Quarks - Leptons @ Force particles Squarks Sleptons = Susy

Force particles

New Quantum Number R-Parity = R, =(- 1)>B+L+2s {+1 (SM particles)
If R, conserved Lightest SParticle (LSP) stable! 1 (Susy particles)
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Supersymmetry: why?

In the Standard Model

® Stabilisation of Higgs mass at EW scale e
® Couplings don’t unify at one scale \
®* Dark Matter f
®* Dark Energy

® Neutrino masses

® Gravity

Standard Model
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5 Supersymmetry: why?

JILY A In the Standard Model

v Stabilisation of Higgs mass at EW scale HH/ 1 — H
¥ Couplings don’t unify at one scale =
¥ Dark Matter _ .| sp f . 7
® Dark Energy ./
. H S H
®* Neutrino masses
¥ Gravity With SUSY
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Supersymmetry: The Challenge

®» VERY SMALL cross sections !!

o(pb)
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7 Supersymmetry: how?

Wide range of signatures: look for SUSY specific signatures or

excess in SM ones; examples:

R :
" LSP ®Large Missing Energy E/T

N
vV v+ $Isolated leptons

qg =Multijets

jet jet
YR

jet jet

..and many morel
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mSugra: a working model

® SUSY broken through gravity

® Five parameters:

=» m,:common scalar mass at
GUT scale

=» m,,:common gaugino mass at
GUT scale
(i.e. M,(GUT)=M,(GUT)=M,(GUT)=M,,)
=» A,: common trilinear scalar
interaction at the GUT scale
(Higgs-sfermiong-sfermion,)
=» tanp: ratio of Higgs vacuum
expectation values

=» Sign(u), the higgsino mass
parameter

(u> determined by EWSB) Fssbiisssbissabisnindisbissbibobisbibibol

® Lightest supersymmetric log,,(Q) (GeV)
particle(LSP) is the %°,, stable

700 T

o
o
TTTTTTTTT

Running masses (GeV/c?)

We are here
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* LSP'> M/2
» Chargino > 103 GeV/c? (heavy sneutrinos);
» Sleptons > 90-100 GeV/c? for M(y,")<M(%);
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Searching for Chargino and
Neutralino at




N o

Chargino-Neutralino production :
Striking signature

If R, conserved, R
LARGE MISSING TRANSVERSE ENERGY X1 f
from the stable LSP+v p—> = Te«——p

Low background
“Easy” to trigger }

LITTLE MODEL DEPENDENCE
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iy Chargino-Neutralino production...

Low cross section
(weakly produced)

0
>~'v\/v\\z/<x2

q X1

t-channel 1 X
interferes
destructively

q' X1

=
2
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-
Chargino Decay W
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Tevatron and The Data

,\_» =

e
Main Injector

® High Luminosity
=» Tevatron more than 4 fb-1!
» Peak Luminosity=3*1032
® CDF running at high efficiency
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Tevatron and The Data

® High Luminosity
=» Tevatron more than 4 fb-1!
» Peak Luminosity=3*1032

® CDF running at high efficiency

Projected Integrated Luminosity in Run Il (fb-1) vs time

Analysed data
up to here

//ﬁ

B Highest Int. Lum

B |owestInt. Lum

Integrated Luminosity (fb-1)
p (8)
o
1
-

FY09 and FY10
integrated luminosities
assumed to be identical

Jan 2009

o2

& S 4 o Jan2007 F  Jan 2008 ¢

. o
time since FY04
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17 Finding SUSY at CDF

CENTRAL REGION
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Muon system
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Leptons to discover SUSY:

The SM Calibration Samples

Di-Electron Invariant Mass Spectrum

> [ 64374 Events
;det=1.0fb"

9 goool- CDF Run Il Preliminary

« Data

—— Drell-Yan MC

High p;
leptons
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#Lepton ID efficiencies =P

' 1 l 1 1 l 1 e . C
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»Trigger efficiencies
=»Calorimeter Calibration
=»Lepton E and P Scale

=®»Luminosity

17th June 2008

Identification Efficiency [%]

80

60 +

40}

20 +

J/yv Mass Silicon Selection I

=x10° CDF Preliminary [ L ~ 260 pb™

120

100|

Entries / 2 MeV

sol
6o}
a0l

20}f

Central electron 02

) identification efficiency 95

. CEM (Observed Events)

A CEM (Simulated events)

i e T i NP
—6—t

EALOLE LLLOAIXIE

10 20 30 40 50 60 70 80

Electron E; (GeV)

3

-« N, ~2x10°
v
° o~14 MeV

leptons

3.05 3.1 3.15 3.2 3.25
J/y Mass (GeVIcz)

Giulia Manca, INFN Cagliari



The Missing Energy (MET)

_ CDF Run Il Preliminary,J.Ldt =2.0fb"’ S(,“cl.l'(i'h f(,)l' {/it {,))
% 2
o 10*
et —s— Data
/ - ) -og 103 Drell-Yan
)/ s
‘ =

. Dibosons

tt
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o
N
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10"

Missing Transverse Energy L
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(MET) Missing E, (GeV)

Real MET
v’ Particles escaping detection
Fake MET
v"Muon p+ or jet E; mismeasurement
v'Instrumental effects
v'Cosmic ray muons
v'Mismeasurement of the vertex
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» Leptons divided in 5 categories (types) with
“tight” and “loose” selections
» Five combinations of different leptons types

=> 5 exclusive analyses

Events / GeV

Generated lepton E_

T

IlllllllllllII|IIII|IIII|IIII|IIII|III

M,=60, M, ,=190, tan(p)=3, A =0, 1>0
— Lepton 1

— Lepton 2

§\\§ Lepton 3

10 20 30 40 50 60 70 80 90 100
Generated Lepton E; (GeV)

CHANNEL LUM TRIGGER PATH
3 channels: Use e/mu only
02074 4 g Pttuibion

2 channels:
LE0 *+ track

£=eu

2 b1 High p; Single Lepton
and Low p; Dilepton

Sensitive to taus as 3 lepton
> => Keeps acceptance at high
tanp
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* DRELL YAN PRODUCTION + . HEAVY FLAVOUR PRODUCTION

additional lepton

> L '
> Leptons have p; same range as eptons mainly have low p;

signal > Leptons are typically e
» Small MET not isolated
> Low jet activity » MET due to neutrinos / B
e- P —Pps =4¢—— P
e+
V "
w
‘Y:" - e "
P <« )P  DIBOSON (WZ,2Z) PRODUCTION

> Leptons have high p;

> Leptons are isolated and separated

> MET due to neutrinos

irreducible background
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104IIIIIIII|IIII|IIII|IIII|IIII| E'ectronFakerateperJet
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Inclusive Jet Sample with different trigger thresholds

used to extract Fake rates
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N
W

CDF Run Il Preliminary, I Ldt =2.0 fb" Search for Yli Y()J

—— Data

NEvents

Drell-Yan

. Dibosons
[

tt

—+—HH T

CDF Run i Preliminary,Jldt =2.0fb"
- @ 06
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24 Analysis Strategy

COUNTING EXPERIMENT

® Optimise selection criteria for best
sighal/background value;

® Define the signal region and keep it
blind

Test agreement observed vs. expected number
of events in orthogonal regions (“control regions™)

Look in the signal region and count number of
SUSY events !!

(Or set limit on the model)
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25 The Basic Selection

® Two leptons preselection
=» 1stlepton: 20(15), 29 10(8,5) GeV/c
® Invariant Mass
=» reject resonances and heavy flavours

AD(LL)

=» Drell-Yan rejection

High Missing Transverse Energy
=» further rejects Drell-Yan

Low jet activity
» reject ttbar,W+jets,Z+jets

Third lepton

Minimal number of cuts to keep analysis simple while
rejecting the most overwhelming background's
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Selection Criteria: MASS

Events with 2 electrons
before any other selection
Dieleqtron events

Rejection of J/W,Y and Z

CDF Run i Preliminary,_[Ldt =2.0 fb'1

a8 10° T 5?:;2 lepton
~ g . CDF Run Il Preliminary -D.m"_yan
‘;J i E 10 _[ Ldt~1fb" =Bt|bosons
o 1— o 3
(L) o Search for 7573 =
° | | [ | | |
- : : : Drell-Yan
,.2 0.8 : : : . Dibosons
d>) : » = = #
% | : : : - Fake Iepton 20 40 60 80 100 120 140 160 1BO0 _
06— = " Cut L DiElectron Mass(GeV/c?)
N n — Signal : mSUGRA
. = m,=60,m, =190,
N . tan(B)=3 A,=0, u>0,
04— = M(x,*)=120 GeV/c?
02 Events with 3 tight
- & leptons after all other
P
B selections are made
0 | | |
0 20 40 60 80 100 120 140 160 180 gOO

leading M, (GeV/c")
> M,<76 GeV & M,>106 GeV

> M,> 20 GeV
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Selection Criteria: A®( /,7)

Drell-Yan reduction

m Data
[C]Fake lepton

Search for )y, — ee+l+X

.‘3 rell-Yan y
= CDF Run [l Prafiminary el Events with 2 electrons Events with 2 tight
> J‘ 4 before any other selection
- Ldt~1fb / leptons-+track after all other
g selections are made
CDF Run |l Preliminary,JLdt =2.0fb" l
o =
S .
10 <+ S5 o~ :
4150 -100 -50 O 50 100 150 = - Search for 5y n
Delta Phi (1,,.1,) (°) - - n
° - Drell-Yan =
c — [
Q 4 -Dibosons ‘------i
w B - m
= B tt [
I |
3 . Signal : mMSUGRA cut’
_ — my,=60,m, =190,
— tan(B)=3 A,=0, u>0,
|+ B M(x,*)=120 GeV/c?
AD 2-
P pbar -
11— 4,_l7
ok
0 0.5 1 1.5 2 2.5 3

AD,, (rad)
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Selection Criteria: MET

Reducing Dr‘e“-an by asking MET > 20 Gev Events with 2 electrons

after the mass selection
Search for 1y, — ee+l+X W Data
[JFake leptol
[ Drell-Yan
[ [

A
I Ldt~1fb [l Dibosons

2

CDF Run Il Prelimina
10° i

CDF Run I Preliminary,_[Ldt =2.0fb"
]z +y

Ew+y

[]susy

10°

No. of events

Cut

Search for 327

Drell-Yan

- Dibosons 80 100 120
it Missing E; (GeV)

. Fake lepton

— Signal : mSUGRA
m,=60,m,,=190,
tan(B)=3 A,=0, u>0,
M(x,*)=120 GeV/c?

NEvents / 10 GeV

Events with 3 tight

& leptons after all other
l selections are made

| | | 1 I L1

120 140 160 180 200

100
Missing E; (GeV) ...no data yet!!
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Selection Critenia: JET VETO

Rejection of top-antitop, fakes

Search for ;9y; — ee+l+X m Data

10°

CDF Run Il Preliminary I

3

Z+y
W +y
[]JSusY

No. of events

[C]Fake lepton
[ Drell-Yan

- [Lat-1n I Diboson: CDF Run Il Preliminary, J Ldt=2.0fb"

Events with 3 tight
leptons after all other
selections are made

¥

Number of Jeté 'Et>7207(73;-:-\7/7

Events with 2 electrons
after the mass and met

NEvents

||||||||| IIIl|IlII|IIlIIlIII

Search for 3%y

Drell-Yan

. Dibosons

tt
- Fake lepton

— Signal : mSUGRA
m,=60,m,, =190,
tan(B)=3 A,=0, u>0,
M(x,*)=120 GeV/c?

selection
Kinematic Kinematic
Variable Cut
JetE;>20
GeV n. Jets <2
H.= ZjetETj H; <80 GeV

7 8 9 10

NJets
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Understanding of the Data:

The Control Regions

Control regions defined as a function of M(¢£) and MET:

MET

Each CONTROL REGION is

investigated:

v with different jet multiplicity
check NLO processes

v with 2 leptons requirement
gain in statistics

v with 3 leptons requirement
signal like topology

" DY +fakely | Z+fake/y )

76
Invariant Mass

Main background tested for trileptons
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73 Summary: Dilepton Control Regions

CDF Run/ll Preliminaryj Ldt = 2.0 fb"

o

Search for /\V?E %

1 V4
0_8:_Control Regions: Dileptons
0.6 2 tight leptons 1 tight + 1 loose leptons
0.4
Xa F agreement
J,ﬂjo_#{‘**#*##**## + over all
o 0.2 ¥ control
r regions for all
-0.4— categories !
0.6
-0.8
] T T O N B O B A
N =} £ N o £ ] N 2 £ N o = 1]
N N N N % N N N N %
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Dileptons Control Regions

If you really want to check...

CDF RUN II Preliminary [ £dt = 2.0 fb~! : Search for \ﬁt\:(j
Name | Z—ee Z—pup Z— 7177 WW WZ 77 tt Expected Observed

2tight

'Z 0847.8  5034.7 13102 933 1.6 7.1 57.1 | 16352 £+ 716 15966
'Zlo 7705.6 4240.6 4777 4.7 0.1 2.3 1.0 12432 4+ 569 12352
IZhi 85H8.4 205.5 550.3 835 1.4 3.6 550 1758 4+ 80 1612

Z 31178.2  19870.4 21.9 224 6.3 358 15.0 | 51150 4 2034 51042
Zlo 25577.6  16665.6 11.1 1.6 0.2 134 0.2 | 42270 £+ 1682 42093
Zhi 1261.1 741.5 6.4 19.0 58 159 144 2064 £+ 92 2143

lo 33349.6  20903.9  488.7 6.3 0.3 157 1.2 | 54766 + 2212 54445
Z(ee) | 31178.3 0.0 6.7 6.5 4.0 21.9 4.7 | 31222 £ 1710 31074

Z(pupe) 0.0 19867.7 3.9 4.6 2.3 139 3.0 | 19895 + 1102 19942

1Z(ee) | 9847.9 0.0 497.8 299 1.1 43 183 | 10399 + 617 10033
Z(pp) 0.0 5015.4 2432 182 04 23 109 | 5290 £ 352 5198
eL 0.0 21.9 580.4 565 0.1 0.5 351 694 1 47 761

Uncertainties are statistical, lepton ID, trigger efficiencies and NLO corrections to the cross sections
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Trileptons Control Regions

3 tight leptons

MET

T
9
T

Signal

Z vetc

CDF Run |l Preliminary,det =2.0fb

V4

CDF Run Il Preliminary,|Ldt=2.0fb™ Search TOr \it’\v(_))
S
E 5— Drell-Yan
;\: E .Dibosons
Ej “_ T i
s . Fake lepton
HighestM, |
for low MET -
events N
> 1
106 MASS ) I AN
0 20 40 60 80 100 120 140 160 180 200

Search for flii[_))

> E
> =
0] =
= C
; - Drell-Yan
2 L
I.% 1 .Dibosons
z -
tt
.Fake lepton
10"
Leptons
Energies for
10? Z events
0 20 40 60 80 100 120 140 160 180 200
Trailing Lepton E; (GeV)
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150
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35

2 tight leptons+ track category CDF Run Il Preliminary,ILdt =2.01b"
N‘\.’ — —_—
MET 5102 L Search for ;g{;

‘tg - —— Data

T Highest M” E - Drell-Yan

O - . - + ibosons

| Signal Z forlowMETg - | b
Z 10

_f_ —+— tt
. Fake lepton

events

Z veto P 1

10-1— 1 I [V I ey I Jesyey I 1 1
0 20 40 60 80 100 120 140 160 180 )
?o Highest Invariant Mass(GeV/c")
g 102 Search for 7‘3)& CDF Run Il Preliminary,J Ldt=2.0fb"
— o =
2] — S Lo
t Bia E B Search for x_gx_f
g 10 Drell-Yan o 10° §_+ —— Data
% - Dibosons g C Drell-Yan
1 tt E 10 _+_ -Dibosons
§ tt
. Joi e C - Fake lepton
10" B
Track Pt
102 and MET for 10"
Z events
11 -
1 I 1 11 1 I L1 | | - I 11 | I L1 1
[ T B A B R 0 20 40 60 80 100 120 140 160 180 200
0 20 40 60 80 100 120 140 160 180 200 Track p_ (GeVic)

, Missing Transverse Energy (GeV) Giulia Manca, INFN Cagliari



Overview Control Regions

Obs-Ex
Exp
o

o = -1 . . ~— ~()
DF Run Il Prelimin IL =20f ‘carch -
GREEUD Preliminary-y LaEs <040 Searell 10T X7 X9
:_Control Regions: Trileptons
:_ Two tight One tight One tight
— Iwo:tight One loose
—_All tight One loose Two loose
— One track One track
- + 1 l 1 l l 1 x { I
- t } 1 | [+ F ¥ %
AEEEEEEEEEEEEEEE NN [ | [ | | I I
e © £ © © ¢ © © ¢ o © ¢ ©o 9o =
N N N N N N N N N N N N N N N

AGAIN-Good
agreement
over all

control
regions for all
categories !
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Trileptons Control Regions

CDF RUN II Preliminary [ Ldt = 2.0 fb—1 . Search for \,i\‘_)'

Name | Z— e Z—pu Z—7r WW WZ ZZ (T Fakes | Expected | Observed
3tight
lo 7.58 2.92 0.00 0.00 0.05 057 0.00 6.01 17.1 £ 5.3 17 ) . 3 ST
CDF RUN II Preliminary [ £dt = 2.0 tb=! : Search for \\]i\”‘z‘

Zlo 3.73 1.25 0.00 0.00 0.04 0.17 0.00 1.14 6.3 £2.7 9 Name | Z— ee Zpp Z—7r WW WZ  7Z 7 Fakes | Expected | Observed
VA 1.67 2.17 0.00 0.01 1.30 0.82 0.02 7.68 16.7 £ 5.7 9 9tight.1Track

Zlo | 386 16T 0.00 000 001 040 0.00 48T | 10.8 & 4.2 s lo | 16837 13884 173 002 002 035 002 230 [312+35| 200
Zhi | 000 009 000 001 123 030 002 106 | 27+17 v Zlo | 4931 3584 161 001 001 0.10 000 157 | 88+ 13 72

2tight,lloose Z | 16642 14097 012 013 032 077 020 182 [311+£34| 200

lo | 074 338 000 000 004 031 000 257 | 7.0£30 9 Zlo [ 11906 10300 012 001 001 025 002 083 |223+26| 218
Zlo | 0.64 1.09 0.00 000 002 010 0.00 033 | 22%15 3 Zhi | 1467 1040  0.00 009 030 041 027 067 | 27T+6 34
Z 0.10 2.69 0.00 0.00 1.09 0.64 0.01 3.13 77T +£32 8 1tight.1lloose.1Track

Zlo 0.10 2.29 0.00 0.00 0.02 021 000 224 | 49+25 6 lo 55.02  170.96  0.74  0.01 0.01 024 0.05 1.37 | 228 + 30 214
Zhi 0.00 0.08 0.00 0.00 1.05 034 0.01 0.28 1.8 +£1.3 2 1Zlo 6.64 25.38 0.74 0.00 0.00 0.08 0.03 0.90 34+7 31

1tight,2loose Z 69.45 202.01 0.15 0.11  0.27 0.56 0.30 1.13 | 274 + 35 246

lo 0.57 1.81 0.00 0.00 0.03 0.19 0.00 1.68 1.3 4+ 23 3 Zlo 48.38 145.58 0.00 0.01 0.00 0.15 0.02 047 | 195 + 26 183
Zlo 0.12 0.96 0.00 0.00 0.00 007 0.00 0.29 1.4 +£1.3 0 Zhi 8.59 17.69 0.00 0.10 0.27 032 0.28 048 28+ 6 23
VA 0.64 1.09 0.00 0.00 070 032 0.02 263 5.4 £ 27 6

Zlo 0.45 0.84 0.00 0.00 0.03 0.12 0.00 1.39 28 £1.9 3

Zhi 0.19 0.09 0.00 0.00 0.62 0.14 0.02 0.57 1.6 £ 1.3 2
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38 Systematic Uncertainty

Major systematic uncertainties affecting the
measured number of events

» Signal

JES -1c

8°°§‘ =S L->ee MC

= Production Cross Section 10%
= Lepton ID 4%
= |nitial/Final State Radiation 4%

default

JES +1o

Number of events
N
o
=]
I

» Background

= Fake lepton method 10% zoof :

= Jet Energy Scale 5%

. . H o
Production Cross sections 5% Missing Et (GeV)

» Common to both signal and background
* Luminosity 4%
* PDFs 2%
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Let’s look at the signal region !




Look at the “SIGNAL” region
Sional : mSUGRA m,=60, m, =190, tan(p)=3, A,=0, u>0, M(y =)=120 GeV/c?

L Total Example Obs-
Analysis Lum;;c:suty predicted SUSY erved
(fb) background Signal data

Trileptons Ve R E ) 538.0.13 45020.63

.

Dileptons B / .
+ track L0 *+ track - 6.90+0.92

[IDrell Yan [ Drell Yan
B Diboson B Diboson
T
B Fake
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Look at the “SIGNAL” region
Sional : mSUGRA m,=60, m, =190, tan(p)=3, A,=0, u>0, M(y =)=120 GeV/c?

L Total Example Obs-
Analysis | “TVOSY | predicted | SUSY | erved
(fb) background Signal data

Trileptons 0254 P -
2 0.88+0.13 4.50+0.63 1

Dileptons B /
+track | £%£ T+ track - 6.90+0.92 6

[IDrell Yan [ Drell Yan
B Diboson B Diboson
T
B Fake
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42 Trileptons

CDF Run Il Preliminary,

3 tight leptons

% 11— - Search for 35}
2 J A o - —— Data
CDF Run Il Preliminary,|Ldt = 2.0 fb (=3 L
- i Drell-Yan
% ® 08— - Dibosons
o . S i
e wwm rF——-- > Search for 37+ @ B [ Fake lepton
; Cut _e— Data z 0.6 — Cut — Signal
E Drell-Yan B
o 1L L
ﬁ = - Dibosons L
z i 0.4— .
. - Highest
- Fake lepton L o
= - Invariant
0.2—
10" N Mass
00 20 40 60 80 100 120 140 160 180 %00
Highest Invariant Mass (GeV/c")
5 CDF Run 1l Preliminary,J Ldt=2.0fb "
10° 0
L1 . IR B § B
0 120 140160 180_ 200 @ 1 )
Missing E; (GeV) < ¢ - = | o« Search for y3x
. . - —— Data
Missing Drell-Yan
Transverse [l Dibosons
E tt
nergy - Fake lepton
— Signal

Observation of 1 event

consistent with SM
expectactions

6 7 8 9 10
NJets
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Trilepton Event

Lepton e-
pp=24 GeV/c?

__|m= 0.15

Lepton e+ T
= YeV/c2
Py 17 GeVie Lepton e-
n= -0.82 p.=58 GeV/c?
n= -0.67

MET =37 GeV

3 tight electron event

= 24,17, 6 GeV
MET = 37 GeV

One jet, Jet E. = 60 GeV
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a4 Dilepton + track

Di[epton + track Category CDF Run PreIiminary,ILdt =2.0fb"

. fDF Run Il Preliminary, | Ldt = 2.0 fb” % 102 -
§ 43_ -1 Search for ;g;f g E 0.
. F ~+ Data - =4 Search for 35}
3.5 ~ LS Cut
i Sh 2 =5
g 35_ d o 10 = Drell-Yan
2250 cut B Fake lepton > [ y
“E — signal 17 E B oibosons
2t = B tt
1.5§— ngheSt 1 [ Fake lepton
£ Invariant S
051 Mass
) L Missing
0 20 40 60 80 100 120 140 160 180 200
Highest Invariant Mass (GeV/c’ I_ Tr ansverse
CDF Run Il Preliminary, _[ Ldt=2.0fb" Energy
> = f—=x
[4 L
o | -
3104} Seardhrior 163 D . | e .
2 Fl R 60 80 100 120 140 160 180 200
t el — — - —-p " Drell-Yan Missing E; (GeV)
& B [ Dibosons
= i
1 E_ [ Fake lepton
E — Signal
: Missing .
j Transverse 2 tlght, 1 Track — 4 events
10 Energy
m =] tight, 1 loose, 1 Track — 2 events
10-2 | 1 1 ca o L by
0 40 60 80 100 120 140 160 180 200

Missi GeV
e (ssing E, (GeV) Giulia Manca, INFN Cagliari



Dilepton+track event

2 tight lepton + track category

g
|f - A Lepton p-
S [P = 6GeV/c?

n= 0.80

Track e/p -
| 9.2 GeV/c?

n = 0.85

AR
\
W

Y
\"1.\
A

[ Lepton p+
— pp=34 GeV/c?

n= 0.14
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Interpretation of results

No SUSY :( Search for ¥

+._0
1X2

-
E =N

Combined all analyses to
obtain a limit on the mass
of the chargino in mSugra

_ |LEP direct

|limit

o
|

—

- mSUGRA m,=60, tan(8)=3, A =0, (1)>0

S
o

1

7-)XBR(3 leptons) (pb)

0
2
e

o(X

o
o
i

m,, varied along X-axis

S
»
|

0_2:;:{::::;1:‘

0l»"I’”“tlIlll][lllllllllllllIlIIIIlIIIl

100 110 120 130 140 150 160
Chargino Mass (GeV/c?)
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47 Interpretation of results

No SUSY :( 7 Search for 7@22

Combined all analyses to §1-6 "[LEP direct
obtain alimitonthemass =.  ©  |imit Theory oy oxBR
of the charginoinmSugra § [ | = e 95% CL Upper Limit: expected
1.2 Expected Limit + 16
o % Expected Limit+ 2 ¢
»Observed limit. ‘Q 1 95% CL Upper Limit: observed
* ~ 2 O :
M(x*4) ~ 145 GeVic 0.8 mSUGRA m =60, tan(B)=3, A =0, (11)>0
oxBR ~ 0.25 pb ©
»Sensitive to: 0.6
M(x*,) ~ 147 GeVIc? 04l
oxBR ~ 0.2 pb .
WE e e
0? ’:;;illllllIlIlllIlllllIllllllll

110 120 130 140 150
Chargino Mass (GeV/c?)

FIRST CHARGINO MASS LIMIT BEYOND LEP IN MSUGRA AT TEVATRON
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Sigmas and Branching Ratios

Branching Ratio of 757, into 3 Leptons ~

H
0

~ 240 -
S 160
& 230 3 Leptonic BR follows
e 150~ Z/W BRs into leptons
g 220 %‘5 v !
210
200 ; —’
c G
190 X ., % W* N\
: v < -
180~ x° 14
170— ~0
= 7 Cross Section for y,7,-Production on)
%% ""20 40 |60 » 140 40| .

m, (GeV/c’) 18

© 3
Eszo
3
£

Favoured region : 6
BR slepton into / 00 '
lepton ~ 100% 280 14
~ Neutralino goes 12
X always to invisible "
2 / 240
0.8
220
0.6
v Xlo 200
0.4
N"‘ J 180
= 0.2
X1 ~ ) 160
Y/ - 20 40 60 80 100 120 140 160 180 200 °
X10 ) ) m, (GeV /¢’

Cross section flat with m,
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Exclusion limits in m_-m_,. plane

The product of the two

Cross Section x BR(*Zg'Z:a 31)

190 2 bodies

180

170

160

20 40 60 80 100 120 140
m, (GeV / c’)
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Exclusion limits in m_-m_,. plane

The product of the two

Theory o(igi;) x BR(3 leptons) (pb)
«— 240 <« 0.8
§ CDF Run i Preliminary_‘- Ldt=2.0fb" Excluded at 95% C. L. 160 §"
g"' )] MSUGRA tan(f)=3, A,=0, n>0 N\ LEP direct limit é 0.7
o ---mf1=m-g-<n1-'i =
& 220 (7)) = mixy) = mix,) 150 = _loe
mi8g). M{ug) > m(t,) =
210 140 _os
200 130 0.4
190 120 0.3
180F-
— 110 0.2
170 0.1
N 100
160 N X N WAV
0 20 40 60 80 100 120 140

M sleptons <~ M neutralino: leptons too soft m, (GeVIcz)
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51

*By changing value of m,
we go through a mass

discontinuity
®changes in leptons Pt
affect acceptance

Branching Ratio of 757, into 3 Leptons

N
w B
=] o

m,,, (GeV/c’)

N
N
=]

20 40 ' ‘ 120 140
m, (GeV/c’)

0

)XBR(3 leptons) (pb)

+,
1

(1A
3

Changing m_

CDF Runlll Preliminaryj Ldt=2.0 fb"

Search for )ij(g

|LEP direct

o

© & @

Theory 6, o xBR

-------------- 95% CL Upper Limit: expected
Expected Limit+ 1o

Expected Limitt+ 2¢

95% CL Upper Limit: observed

mit

mSUGRA m;=100, tan(p)=3, A0=0, (n)>0

)

o

o

R A

e
et
+ -

III|[III|IIIEI|IIII|]III|IIII|[II

110 120 130 140 150 160
Chargino Mass (GeV/c?)

»0Observed limit:
M(x*,) ~ 127 GeVIc?

oxBR ~ 0.18 pb

17th June 2008

Giulia Manca, INFN Cagliari



Exclusion Plane

Limit in the my-m,,, plane

Excluded Region in mSUGRA Search for i;ig
— 240~ j —
L0 — CDF Run Il Prelimi Ldt=2.0fb % o
% »0 : SUG:: re l";l"aryo ) Excluded at 95% C. L. . 160 %
S t )= . =0, u>
@ SOV MRUCRALNE ASD LEP direct limit 1<
o — m(eg), m(pg) > m(z) . O — 150+~
- — ) )' 4)-\’ . | p
E 220 09 mi) & N I‘E
= A -
210 —[140
200 —130
190 —120
180 - 10
1700 J
100
18020 40 60 80 100 120 140

m, (GeVic’)
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Summary and Outlook:

Chargino and Neutralino in mSugra

Trileptons signatures:

® CDF analysed 2 fb-! of data and observed no excess

® Set first limit in mSugra at the Tevatron beyond LEP! Already better than
expectactions

® ~ 4 fb' of data collected and ready to be analysed

®* Wi -1 by the end of Runll we should be sensitive to Chargino masses up

to and oXBR ~ 0.05-0.01 pb !!
m, =60 GeV 00 0 0 O O O T

: 14 PR e ey 0

" SN I~ : s ayE : : vy oy "4 I

""""" Ot <)

- ?Z f gl Uppu l mm ohwr\ Ld l ﬂwl \12 - g

_ = ,pp;; ;m;t. L\PL([& : ) %
2 95% CL. Upper Limit: expected 8 b | <
-~ 1 Lk 95% CL Upper Limit: expected 16 b 10~ 1 @
Z . Excluded by LEP : o
g_ o CIEErETEE g
- ~F | g
&z : 1O
= e >
X o =
{: cws:s,\’n S
T al- al | | S
© A, [bsiw) 01
2 3

10 1 [ 0 | I 111 P | 1 11
100 110 120 130 140 150 160 0 200 400 600 BOO 1000 1200 1400
Chargino Mass (GeV/c’) me. [GeV]
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. Binding of galactic clusters too strong for
known amount of matter

. Rotation curves of galaxies: velocities
flatness out

. Gravitational lensing observed where
should not be matter

. Hot gas bound to clusters too strongly

. Cosmic Microwave Background indicates
model of universe with 25% of DM

. Large Scale Structure mesurements agreed
with modeld with DM and DE

. Big Bang nucleosynthesis predicts baryon
density ~4% as fitted from 5.

. Fits from distant supernovae probe
presence DM and DE

. Colliding galactic clusters (“bullet clusters”)
show separation DM from gaseous halo
from baryonic matter

17th June 2008

”m'. ‘ph)

Concordance
cosmology:

ot = 1

\ Q) =~ 0.74

() =~10.26

Some Dark Matter Candidate Particles

neutrinos  WIMPs :
neutraline e

_ . I BackHole Remnanmt

axion t axino
SuperWiIMPs

[fuzzy COM l aravitno

"(K graviton

mass (GeV)

*N Cagliari



mSugra & Dark Matter

Evidence for Dark Matter
Among others:

=» galaxy rotation

=» fluctuations in the cosmic
microwave background (WMAP)

In mSugra and with Rp
conserved and EW radiative

From WMAP: Qgpyh? < 0.122

3

corrections,

=% 5 main regions where neutralino
fulfills the WMAP relic density

bulk (low m, and m, ,):xx-¢ /)

-

estau coannihilation m, ~m

focus point (my, >>m, ,) : ) —>WW,ZZ,Zh

I T—>TY

stau

*funnel region (m, ; ~ 2m,): TX—A,H->bb

Common gaugino mass M, ,,

*Higgs pole: 2my% <m,

M; < Micl)

]

0.1 < 3h% < 0.3 ]

¢
oV

lk ‘/“
Bu

e B
ey
\ D
\.:. \’\'\\\\L' ,\Q{\
<°
ell
42

Tevatron sensitive to the
BULK region
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mSugra & Dark Matter

HOWEVER: MORE OPTIONS WITH

® Evidence for Dark Matter LESS CONSTRAINED MODELS
=» galaxy rotation MSUGRA, A,=0, tanf=55, u>0
=» fluctuations in the cosmic 1600 H. Baer, A. Belyaev, T
microwave background 1400 Krupovnickas, J. O’Farrill,
(WMAP) JCAP 0408:005,2004
® In mSugra and with Rp 1200
conserved and EW s . »
radiative corrections, & A’O

=®» 4 main regions where
neutralino fulfills the 5 e
WMAP relic density A '\ Lctooo .-

*bulk region (low m, and m,,)

no REWSB

*stau coannihilation region m, =

hyperbolic branch/focus point{m, >> fn,,) 000 2000 3000 4000 5000
d(p)=3e’ GeV'em? s sr' o (S/B)_,=0.01
— O(7)=10" em? s @ (1)=40 km? yr! m =114.4 GeV
- [beadh(u)=4o km2 yr-'l - 0(2.Ip)=10'9 pb

*funnel region (m, y; = 2m,)
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Dilepton CRs: Pull

CDF Run Il Preliminary j Ldt = 2.0 fb”

Search for \x?: %

|l | I 1 | — I 1 | | I |

|

Illllll

ControlRegions
Entries 25
Mean -0.1995
RMS 0.8864
2 I ndf 2.432/5
Prob 0.7867

Constant 5.798 + 1.863
Mean -0.1553 + 0.1817
Sigma 0.7966 + 0.2262

|l | I Il 1 1 I | — | I | | |l

2 —
s 'E
S
@
X g
S
‘g -
o °r
z
41—
3
21—
11—
0—1
10

-8

-6

-4

-2

0
Obs-Exp
o

2

4 6 8

10
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__Rate (Jet—Electron)

Jet: E.=20 GeV

o
)

o

IEN (7]

T
O

Jet: E,>50 GeV

Jet: E=70 GeV

L
o
e
Lt

Jet: E.>100 GeV

Rate for Leptons :

\ 4

Loose Electron Fake rate [%]
S

[w=]

DY + (had—lep)
WW + (had—lep])
Wjets + (had—lep) .
Estimated in DATA " e eev

CDF Run ll Preliminaw,JLdt =2.0fb"

© 0.6
E g xz | ndf 0.4286/3
Rate for Candidate Tracks: 8 o 002408s0000tT
DY + track §oe
WW + track >3 o.3f_ —«— Data: |M,-15] < 91 GeV/c?
Estimated in MC °‘2§
(but, normalized to data} e )
0:— - T 1
D T

NTracks
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Trileptons Control Regions

S I g nal Z CDF Run I Preliminary,det =2.0fb"
L E
> B _
o - Search for xgx_j
w —
~ + —— Data
Z Veto ‘2 10 = Drell-Yan
@ -
Lo I.I>.I C 4# - Dibosons
106 MASS. i f
1—
- Fake lepton
CDF Run Il Preliminary, | Ldt = 2.0 fb Search for X1 \9
2 ] !
o C 10
< 3.5—
—~ E Drell-Yan
1] C
= C
¢ 3= ili Dibosons 1072
I ]
z — - | |- I—I—I L I | - | |- | | -
2.5 t 40 60 80 100 120 140 _160 180 200
- Track P, (GeV/c)
2__ Fake lepton
1.5
1=
0.5 :—
0: I RTINS N B T S

0 20 40 60 80 100 120 140 160 180 200
Leading Lepton E, (GeV)
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Breakdown of events in Signal Region

CDF RUN II Preliminary [ £dt = 2.0 th~! : Search for YX9

Channel Signal Background Observed
Jtight 2.25 + 0.13(stat) £+ 0.29(syst) | 0.49 + 0.04(stat) + 0.08(syst) 1
2tight,1loose 1.61 £ 0.11(stat) £ 0.21(syst) | 0.25 £ 0.03(stat) £+ 0.03(syst) 0
1tight,2loose 0.68 £ 0.07(stat) £ 0.09(syst) | 0.14 £ 0.02(stat) + 0.02(syst) 0
Total Trilepton 4.5 £ 0.2(stat) 4 0.6(syst) 0.88 + 0.05(stat) £ 0.13(syst) 1
2tight,1Track 4.44 £ 0.19(stat) £ 0.58(syst) | 3.22 + 0.48(stat) + 0.53(syst) 4
1tight,1loose,1Track | 2.42 + 0.14(stat) £ 0.32(syst) | 2.28 4+ 0.47(stat) £ 0.42(syst) 2
Total Dilepton+Track 6.9 £ 0.2(stat) £ 0.9(syst) 5.5 £+ 0.7(stat) 4 0.9(syst) 6
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Track e/p -

=02 1‘, T2
Py 9.2 GeV/e

n= 0.85

NS
N
\

|

Lepton p+

|
Lepton p-
p.=0 GeV/c?
\ n= 0.80

!

'y
T i
4 /*
%
Yy |

Pp= 34 GeV/c?
n= 0.14

MET =20.4 GeV

2 tight

E.= 34,6, 9GeV
:20.4 GeV
L, Jet E. =22 GeV

MET =
One jet
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X1 Signal Plots : Acceptances by Channel

Accep

tances by Channel

—

Acceptance [%]
N S (=2] o0 N

mSUGRA m, =60, tan(})=3, Ao=0, (n)>0

Trilepton

s - Dilepton+Track
1.2

1= —_—
0.8
0.6 e —
0.4 /
0.2

: 1 1 1 | I | 1 1 1 I 1 1 1 1 I 1 | | | I 1 | 1 1 I 1 1 1 1
% 100 110 120 130 140

150

Chargino Mass (GeV/c?)
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2] mSUGRA m =60, tan(B)=3, A _=0, (11)>0

102

LEP selectron limit

100

98

96

94

+I|III|III|III

95 100 105 110 115 120 125 130
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Large m, in mMSUGRA

1

o 'E
o -
0.9 ,
s E tan(B)=30, M(x';)~136
?3’0.8:— G
Large m_in mSUGRA 7E
g 0 0 75 tan(B)=3, M(x;)~138-144
—_ 0.6
e =
& 0.5:—
50.025 . 0.4F
c tan()=30, M(x>)~136 =
g o X BR 1 03E
@ 0.2
- 0.02 -
~— x 0.1—
o tan(p)=3, M(x;)~138-144 =
_IIIIIII|l||l|IIIIIIIlIIlIII]IlIIlIIlIlII
e 0 800 900 1000 1100 1200 1300 1400 1500
— m,
»0.015 ’
>
S _—-_—__-—-_
©

\

0.01

tan(p) =30

tan(f) =3
m,, =190, A;=0, u>0

1

0.005

1000 1100 1200 1300 1400 1500
m,

ool
o
oL
©or
o
oL
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=,
]

Mass(chargino) vs tan(p)

~140
Sl40r
3 T 60, 190, A =
8 asl mSUGRA m=60, m_=190, A =0, (1)>0
Signal Plots o
0 .
-
> T
E C
120—
15—
~0~L 110:11llllllllllllllllllllll]lIIIIIIIIIIIII
o(%,%,), BR(3 leptons) b 2 4 6 8 10 12 14 16 18tan(132)0
= 0.6
g Uor
= T mSUGRA m=60, m_ =190, A =0, (1)>0
0.5:— (o]
0.4__ T\
— - |
0.3—
0.2
0.1
o_lIIIllllIIIIlllllllIlllIlIlIlllIlIlIlll
0 2 4 6 8 10 12 14 16 18 20
tan(p)

(
¢
(
1
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¢
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T. Plehn, PROSPINO
10
: \ — 88, 44, LT, 190 IV 8 159
| VS =2 TeV
— NLO
-nv ---- LO
10" 2
2
10 : ﬂ
3 A1 ﬂ “m [GeV]
10
100 150 200 250 300 350 400 450 5(

If we don’t find it...there is always the LHC

Even if we don’t want to hear that

10

10

10

|
[§e]

Cross Sections : Tevatron & LHC

Prospino2 (T Plehn
11

I

\\J\\

I | I

\\I\‘I

I\‘I \‘I

Gtot[pb]: pp - gg’ qa’ f1f1, ng(:,

‘I.\\I

W, %20, 126 -

8 VS=14TeV =
i — NLO |
---- LO
: m [GeV]:
Il l |- | L L1 | J | | J L ] J L Ll J L1 | L1 |
100 150 200 250 300 350 400 450 500
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