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Retained From Run I :
=Solenoid Coil polar angle &

=Central EM and HAD Calorimeters

New for Run II : AN
=Silicon Tracking Detectors (In!| < 2.0
=Central Drift Chambers (n| < 1.0

“Plug” EM and HAD
calorimeters (1 < Inl < 3.6)

End Wl
Hadron
cal.
Solencid Col ~/
TOF —=

— - —F
| | : h

Central I E

Qutar 1| 5| EndFg
= Time-Of-Flight system Tracker Ve e

: 3 Calormeser
» Front-end electronics (132 ns) : %
o o ° =l — w

» Trigger System (pipelined) = Il IS E
» DAQ system / \
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In these analyses .

eelectrons: || <2.8
emuons: |n| <1.0
ephotons: || < 1.0

e neutrinos (Kr): everywhere

neg0, ‘ 'ectron
n_ ‘

muon
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¥
: m The Standard Model of Particle Physics

* 3 generations of quarks and leptons
interact via exchange of gauge bosons:
» Electroweak SU2)xU(1): W, Z, vy
» Strong SU(3): g

e Symmetry breaking caused by Higgs
field
®» Generates Goldstone bosons

» Longitudinal degrees of freedom for W
and Z

=®» 3 massive and one massless gauge bosons

e Standard Model survived all
experimental challenges in past 30
years!

» clectroweak and QCD precision data

=®» No New Physics despite many efforts!
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Gauge Bosons

Particle Mass (GeV/c?) | Force

Photon (y) | 0 Electroweak

W= 80.450 Electroweak

VA 91.187 Electroweak

Gluons (g) | 0 Strong
Higgs Boson

-Vacuum quantum numbers (0**)

-Couples to mass
-Mh =?




Coupling constants

® Radiative corrections to Higgs mass:

STANDARD MODEL
electroweak scale (100 GeV) much SR ma s ma e
much lower than Planck Scale (10'° s U1 -
GeV): “hierarchy” or “naturalness” %
problem N | Secomek — -
® No unification of forces at any scale § _ 803
® Higgs boson not yet found: is it Ezu-— _
there? = Strong force
® No explanation for matter/ anti-matter ol S A T T

il i il 1 ] 1 1 1
. : 10° 10* 10* 10* 10" 10" 10'®
asymmetry 1n universe Interaction enargy (gigasloctron vols)

® No accounting for dark matter in
universe

® Many free parameters, e.g. masses of
all particles: unsatisfactory
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® Supersymmetry (SUSY):

=» Each SM particle has a “super”’-partner
with same quantum numbers apart from
spin (top +*stop, photon “*photino, etc.)

®» Masses are O(1 TeV)

= Unification of forces at GUT scale (1016
GeV)

=» Hierarchy problem solved

e Extra Dimensions

=» String theory: links gravity to other forces

» Could be large (0.1mm): probed at TeV
scale

=» Hierarchy problem solved
* The unexpected...
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Supersymmetry Intro

SM Fermions ™= Superpartners
SM ==> Fermion Superpartners

=» Physical SUSY sparticles: neutralinos (Higgs, Photon, Z partners), charginos
(Higgs, W partners), squarks (quark partners), sleptons (lepton partners)

Different SUSY models:

®» Supergravity: SUSY broken near GUT scale
» GUT scale parameters: scalar mass m, , gaugino mass m, , , ratio of Higgs v.e.v’s
tang, Higgs mixing parameter p

> LSP is neutralino %° or sneutrino v

» Gauge-mediated models (GMSB): SUSY broken at lower energies — breaking scale F
an important parameter.

» Gravitino G is the LSP (NLSP 3 —Gy)

» If “R-Parity”’ conserved:
» SUSY particles can only be pair-produced

» Lightest SUSY Particle (LSP) stable and escapes detection—carries away missing E
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1. Establish good understanding of data in

EWK/QCD physics in Run 2:

®» Backgrounds to new physics searches
®» Indirect sensitivity to New Physics
®»  Gain understanding of detector

2. Search for as many signatures as

possible, involving:
e  High Pt leptons

e  Large imbalance in transverse momentum
(e.g. due to neutrino or neutralino)

High Et jets
«  High Et photons

* Rare decays of charm- and bottom-mesons

1. Interpret:

*  Provide cross section limits and acceptances

(try to be as generic/model-independent as possible)

=» applicable to future models!

10

CDF Strateg

Cross Sections (fb)

-

Jets
I
Bottom
[T
WW, Wy, Zy, ?
W/Z
. Higgs
[
SUSY

Tﬂ squarks

slaptons

* In context of specific models of physics beyond the SM
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» pp >WH —>Ilvbb
Selection:

=» 1 high pt central (e or @), MET>20

» 2 jets (>=1 b-jet)

=» veto 2™ thrack(suppress ttbar), Z
mass windows, cosmics

| CDF Run II preliminary (162 pb-!)

ey
N
LI |

Events / 10 GeV/c’

o

co

GeV

Cross Section (pb)

o
—_

0 50

® W+2jets (Data)
m WH (m =1 15GeV/c)
W QCD
= TOP
---- WHX100

& e mean = 107.16 + 0.27 GeV/c’
il width = 20.48 + 0.25 GeV/c’

—
o

Js =1.96TeV
gg—H ]

100

120 140 160 180 20(

No observation...

*

£¢'¢'¢--39:90/0:0:0-0-0'

100 150 200 250 300 350 400 450 500
Dijet Mass (GeV/c")

Backgrounds: m,(GeV/c)
» Mistags
=» Wbb, Wcc, Wc
» QCD

» tt, single t, di-boson, Z(—1T)



... We set limits

© Improved Run I res}n\>

© Limited Statistics é
Future improvement : i
= Include plug electrons =
= Improvement jet g
energy resolution ©
=» Study ISR/FSR more
detail
=» Improve b-tagging 10"}
=» Combine with other _
channels
( ZH —vvbb )

CDF Run II preliminary (162 pb!)

—
o

—
U

e L l
| ! I 1
b ] l—___i%____i
| ® W42jets (Data)
e Standard Model
v Pseudo Experiment
(mean and rms)
110 115 120 125 130
Higgs Mass (GeV/c’)
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Motivation:

* Left-Right(LR) symmetric models

® Susy LR models: low mass (~100 GeV—=1 TeV)
®» Supposed to decay to Like-Sign di-leptons

Event Selection (L~ 240 pb-1):

® ] pair of LS ee, or Uy, or el in mass window

of £10%*M(H*) (~30 detector resolution)

® Veto Z events, cosmics(for muons)

Number of Events

Backgrounds:
m(£)/GeVce? > 80(100{

Decay
Channels

# predicted
Evts

* QCD

™S ee

1.8%0%

ep

e cosmics(for muons)
o ZIy —ll, W jj—4V )

N

0.8'0%

| | | | | | | | IIJ.Iul | | | | | | | |
80 100 120 140 160 180

Mgy

* di-boson (WZ)

0.9°;

H™ Mass (GeV)
P Data : observe O event
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Searches for H** : results

Result: 95% C.L. upper limit on

: : . Q025
= cross section x BR for pair production g,
(pp—H™ H—0 0+ € 0) o
» M(H+) > 130 GeV 0 02
c
CDF Run 2 Preliminary o
= F 0
< 20.15
o+ OPAL
L r Excluded @
1
S10°E el o
S [ —J}——— - O 0.1
: '__‘“--...____./_
- - ee, uu
= 3 E 0.05
- Z 3
| I-IJ g
-3 —
10 | L
B a L 0
N O“ Q
- op ]
-1 | | IJI | | | | | | | | | | | | | | | |
10
80 100 120 140 160 180
I;f Mass (GeV)
utuLa viarnca, LXULLC YYUIKSILOpP 4UU44, r

nam (Ui ),Aprit 4 004

CDF Run 2 Preliminary

L ~ 240 pb”

]

e

*,_ Theory (L)

90 100 110 120 130 140 150
H™ Mass (GeV)



_— -1
q x ﬂ e CDF Run Il Preliminary (84 pb
1

eg X o> E % Er>13, n'<1.1
° ° _ 2_ _ e Z G ~ ~ o L .
NS o 10° e Data
t W @ Jet background
q -t ‘F\Pﬂ G._- 2 10 1Y
AN 2 B eybackground
 Gravitino is the LSP v\y’\/\ e
e NLSP: Te:ﬂralmo X1—> yE;~ o Run 1: eeyyft
P +Y ->YWGG+Y .

0O 10 20 30 40 50 60 70 80 90 100

- Experimental Signature: yy+t; Missing E-. (GeV)
.

SUSY would show up as an excess

of events with large Missing Energy For Missing Et>25GeV
L=84 pb-'
* Search Selection: Expected background: 2+2
2 central photons w/ Et>13 Olfserved: J ' 2

Cosmic/beam halo removal : S
<> Set cross section limit
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CDF Run Il Preliminary (84 pb™)

Two Isolated Photons with

Y
n'| <11, E;. > 13, . >25GeV

100

120 140 160 180
Chargino Mass (GeV)

200

220

| | | | | | | |
CDF Run Il Preliminary (84 pb™)
= . P . 95% C.L. limit s
g 1 EE @, P PR L 2
&5 ;
o7
» 6/80-9;,
©
-1
10 F Neutralino NLSP
in the yy+H#; Scenario
\ AV R T T TR NI T T S T T R |
100 120 140 160 180 200 220

A (TeV)
50 55 60 65 70 75 80 85

Chargino Mass (GeV)

Set the lower mass limit on the lightest
chargino in GMSB:

M_>113 GeV @ 95% C.L.
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E"-‘ﬁ Sbottoms from Gluino decays

Prospino CTEQ5M, Q=m(g)
------- Prosplno CTEQSM Q 0. 5m( ).2m(g)

e Gluino pair production cross section large !

if m; > m; >m~o
100%e d

(pl:i)

g% — (bb,)(bb)) = (b7 )(BbF) §
o |
®» Very distinctive signature: 4 b-jets, Tﬁ 10
<
S|

Events selection: . 1
S ,>50Gev L =384pb
— 1-2 btag(s)

Backeground:
- bb QCD
> tt, W/Z+jets

160

Reduced with
secondary vertex
tagging algorithm

180 200 220 240 260
Mass of the Gluino (GeV/c)
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Sbottoms from Gluino decays

b-tag Observed Expected
Background
Single @ 5.6x1.4
Double 1 0.5%0.1
)
>
O]
Future : e
%
£
=» Soften the selection criteria ¢
(understand QCD backgorund)£
— larger efficiency %)
=» To be updated with full
luminosity !

Giulia Manca, Exotic Workshop 2004, Durham(UK),A}
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Expected

Assuming m, =60GeV
Signal

m; = 220GeV m; = 160GeV

4.4+0.9
280 CDF Run ll Prelminary __— i
1 BRG > b 5,)=100% I L dt=38.4pb" |
220T m(@) = 500 GeVi/c’ i
{ mx©)=60GeV/c?
] : 95% C.L. excluded region i
2007 e % ,
1 . h\o‘O\ i
{1 o L
180—_/ _-
] (single tag) I
1 607, (double tag) i
140] :
1 20_ CDF Run 195% C.L. excluded B
1 OO—

180 190 200 210 220 230 240 250 260
Gluino mass (GeV/c )



New Physics can enhance t

branching ratios of B-mesons:
®» Measure BR in decay modes b

A

suppressed in SM
e.g. B.—pu: S s

=» B, = bound state of b and s

Y

=» SM: BRB,—pw)~10"
®» SUSY: BR may be A LOT higher

(~tandp ?) =
Blind analysis with a priori &
optimisation: =

®» | event observed, ~1 + 0.3 expected *
90% CL limits:

»BR(B,—pp)<5.8 X 107

»BR(B,—pw)<1.5 X 107
Giulia Manca, Exotic Workshop 2004, Durham(Uk
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This 1s the right one!
e Proportional to tanf3

e Proportional to tan®f:



90% CL limit: BR(Bs—p)<5.8x107\

'SO(lO) GUT model (R. Dermisek et al.: hep/ph-03() ]0

T
(o]
—
o

A
o

odoc ot al « hon/mh_N1NRNT7)-

eBlack: BR(B, — pw)
*Red: Mass of the lightest Higgs
*Green: da, /101

(IONE 3203 LZO80TO/ yd-day
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e Motivations: ) CDFIRunZI Prellrlnlnalj : E:EEEW 381
*Champs predicted in different % 100 |- G
models (LQ,GMSB SUSY,..) S wf
= distinctive signature: § o ;

e[solated slow-moving high P, particle ok h
*Large dE/dx, long time-of-flight, : :
escapes from detector 20 E

N S it

-2 -15 -1 -05 O 0.5H1 15 2

Search performed independently from the model : ,
At resolution form tight Z sample

Events selection: = 10 e ooozg‘
*High P, muons (>18 GeV/c) 53 pb’! g -
*Tracks with P,;>40 GeV /c (full tracking efficiency) 3§ 10 3
*TOF,, ,-t,> 2.5 ns 3

Background: 5 "

*Cosmic Rays ( Removed At>2.5 ns)

*t, anomalous early

A 4 221 N 1 2 3 4 A

TOF,,, — to (t, fitted with all TOF tracks)
Giulia Manca, Exotic Workshop 2004, Durham(UK),April 2004



Combined LEP limits, stable slepton Combined LEP limt, stable chargino:

M = 99.4 GeV/e? (right-handed)
M = 99.6 GeV/c? (left -handed)

E"* 5'5:- o6 5'1515' 97 :-E'E 5'3'*5'5' 95::.1._._::':”

%“L um : - L= "'||_I I’ | P el : _E
= 0018 | 5 % J oos =
;i oot F Preliminary ™ b inis s
. B | - e
T E vs=133-208 GE% ; T
L% 0014 F ] 0.014 lo
’*" - 1 £
ooz ] o012 B

001 [ excluded ADLO 95% C | 001

0.008 F 0008

0.006 | ] 0.006

0.004 4 0.004

0.002 4 0.002

: IIIIIIII IIIIIIIIIIIIIIIIIIIII IIIIIIII IIII ]

0 0
95 955 26 965 07 075 08 9&.5 09 !J‘Sl'i.].ﬂ[!

my(GeVic)
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Interpreted for stop particles 10’ g
GMSB models, NLSP stable particle j‘é (.:DF Run 2 Preliminary Sheerved
Signal region: S 10 v, [JPredicted|
At > 2.5 ns, track P>40 GeV/c E ; :

Systematics

Background prediction W-tight and top
multijet samples (high # tracks)

ILdt=53pb1 1 ]

0.5 1 1.5 2 25 3
Mininum A, (ns)

CDF Run 2 Preliminary

Production cross section (NLO)

-- ¥ - Cross section limit (Stop isolated) ; Predicted: 2.9 +(0.7 (Stat) +3.1 (SYS)
] Observed: 7

Cross section (pb)

e Check this value

Exclusion Limits

stop

Je— M. >108 GeV/c2 at $

3 ' ;
070 80 90 100 110 120 130 140 150 LEP M, > 95 GeV/c

stop
Stop Mass (GeV/c)
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- narrow cluster 1n central calorimeter

-search for matching high-Pt track
-define 2 cones 10° and 30° around the track
-let more tracks to enter in the inner cone nt

—discard event 1if there are tracks between the 3

2 cones
-reconstruct the cluster in the ShowerMax anc

create a Tt°

-select events with mass(nt® ,tracks) < M(tau)
T decay
-check E(cal) = sum(P)(tracks+ 10)

Giulia Manca, Exotic Workshop 2004, Durham(UK),April 2004
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CDF Run I Preliminary, r L=72ph

o
!

1400 [ W — T v number of tracks, associated with the T candidate

1200 $
1000
800 [
600

400 —

200 —

i

Tau selection :

olﬁ

»|n|<10 AR B R B A RS RS RAAS LARS RAE

e » E.>25 GeV 9 —1 CDF Run 2 Preliminary 3

o 12F 72 pb’ :

WLy 2 10F ol ~ OSdata 1
-;v:'ﬂefv : L +

== QCD i ] Z=1rT -

Z — vt : first look ! jet— 1 fakes =

X Bl /-ee 3

4 .

2 + 3

(] 1 2 3 4 5 6 7

8 9 10
number of tracks

GU 20 40 60 80 100 120 140 160 180 200

W1V, : 2345 in ~72 pb'!

Background ~ 26 % (dominated QCD)

G'BR(W—w) = 2.62 £ 0.07,,,, % 0.21,,+0.16,,,.nb |
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M(e+t+E7) (GeV)

=» Benchmark towards

exotic analyses including
tau signal (e.g. Higgs,
Susy @ high tanf

Giulia Manca, Moriond(EWK), 21-8 March 2004



Conclusions and Outlook ‘

® Physics at CDF 1s back:

®» Have twice the Run I luminosity and excellent detector

® Searches for New Physics have started:
=» Expect new physics at the TeV scale (hierarchy problem)
=» /', Large extra dimensions, Leptoquarks (Tracey’s talk ),
SUSY, Higgs
=» Cover broad range of possible signals
=®» no signals yet but constraining theoretical models

® Work 1n progress :
=®» Tri-lepton signature (e, mu and taus)

) . Results expected by the summer !
®» Gluino/squark production

Many New Exciting Results coming soon!
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