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Introduction

several different physics

CDF is finally producing Run II groups

lts | Top quark _
results W/Z physics High P+
Exotics

Cross sections for various physics processes vary over

many orders of magnitude:
processes of interest are often buried under heavy background
need good rejection factors, selection and analysis strategies

;p's_ SUSY and Background Cross-Sections

Optimize event selections for SM physics and S
new physics as in both cases the composition e satiom
of the samples are important
v w Sz
o susy
Common datasets \ - oz 1 E
Common identification/reconstruction cuts |
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The Experimental Apparatus

the Fermilab TeVatron
The CDF detector

Physics Processes and their Signatures
From W/Z to the Top quark and Beyond

Leptons-only final states (and isolated
tracks)

... + Missing Energy and Photons
+ Jets and heavy flavors

The puzzle of Nature....

photon

antiproton




The Experimental Apparatus
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Run II Luminosity

Data for Physics 340 - 390 pb™

Data Taking Efficiency

excluding “compromised L(recorded) / L(delivered):
COT performance period” roam osees. TggersoAC
- 2002 2003 2004 311_% o | _- -"-;i:; ‘a_. . -
7 _ 500 ' L Lol BT
£ CDF Il Physics Data RRiE T :w#ﬁ‘"ﬁﬁ i
g0~ Recorded ri‘r SN 1IN0 IR I |
€ — Good w/o silicon 5$ E
émy — Good wi silicon _
o . FY04 |

.Store Number

Run Il Goal > 90%

Error on luminosity is + 6%
0 e 000 2500 3000 3500 =1.6% due to CLC systematic error on

St N b CLC rate
ore Numboer =4.0% due to CLC acceptance sys

=3.8% due to limited by knowledge of pp
inelastic cross section.
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The Thrill of Discovery: A Brief History of CDF

= 1985: First collisions with = 2001-present: Run II era
partial detector begins with essentially a new
= 1987: Core detector in place. detector, higher collisions
Jet Physics energy and more data.
= 1988-89: “Run 0” 4x the = 2004: First Run II physics
expected data, seen lots of papers published
W/Z's
= 1992-1995 : “Run I"” -added
silicon detector. Top quark
discovered!

12 countries, 59 institutions
706 physicists
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The CDF Detector

| The Experiment studies interesting collisions between protons and antiprotons

Muon System —
g Transparent tracking

in a magnetic field

Absorb most particles
with calorimeters

Surround the outside
with muon chambers

Electronics to read out
each subsystem

Computers to record
and analyze data

~ Partly New
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Trigger and DAQ

Level | Input/Output | Rejection | # Information
Rate Paths
1 1.7MHz | 25kHz ~70 40 Tracks, EM/Had Cal, Muon
2 25kHz / 350Hz ~70 120 Shower Max; SVT
Algorithms run in Prgcessor
3 350Hz / ~5 300 Full Detector Readout
70Hz(20MB/s) Offline Reconstruction
]
Trigger Paths: CDF Pretim. 4 ¥ "

* e, Ty, track, jet, B, v, ...
« Combinations of these objects

Silicon Vertex Trigger
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rackirg  Hectramagnetic  Hadroan Buen

charmbar calarimaler ek aminar

Tracking

Irerrast Layer | e P . Outermost Laves

Central Calorimeter o

,
'J
SCOLEMCH
[ o -

#

- COT: open cell
drift chamber

EMD PLLIG EM CALOMVETER
ENDPLUG HADRCH CALCAMETER

K 1.5 2.0 2.5 3.0

~ INTERMEIMNATE
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SVE I
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| -/
\ | +—
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1/25/05 Simona Rolli, Tufts University 9



Electrons and Photons

Trackirg  Electromegnetls  Hadrono Buen

Chnamoar calarimaler caorimatar CRANSaEr

photons &
_r '.

= Electrons and Photons
get easily absorbed by
the calorimeter

= Tracking association
gives the ability to run 1147806 event 1167222 Et(e1)=44 GeV

identify a charge 20 Et(e2)=42 GeV
particle, the electron. 60 Et(p1)=46 GeV

I+

L= .
—t ::.'

Irwres vzt Layer . P . Outermost Laver

uf 40 " S Et(p2)=26 GeV

20

MET=13 GeV

M(el-pl) =92 GeV/c?

M(e2-p2) =91 GeV/c?
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Muons and Neutrinos e e o i

charnmes caborimetsr  calorimeter charcber

. I
niuUI-IJ I ) e "

= Muon can penetrate lots of material mrermest Layer.., =3 ..Outomas: Layer
before getting absorbed.
= Easily identified as coincidence CMP CMU
between tracks and muon chambers leta] < ~0.6 | leta] < ~0.6
hits: MIP .
I\ ;L Cwix
/ 0.6 < |eta] < 1.0
CMX Miniskirt:
/ Wedges 16-19
= Neutrinos rarely interact at all.
= Since they have no charge, there is no track associated to them. A —
= They don't leave energy in the calorimeter >
= They leave the detector undisturbed... = L)
= The presence of the neutrino is inferred by its absence! Y i
= Missing energy to the total energy of the event. "I'
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First pieces of the Puzzle

Electrons:
central and plug

Neutrinos:
Large Missing Enekgy
(Only Transverse: E

Photons:
EM Calorimeter
cluster with no
associated track
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- Very low backgrounds (QCD., Z—TT, cosmics) @ < 1%
lmportant systematics : PDE’s, Material Descriptions

e
3] i CenliraI-CI:enlrz;l |
= 180
@ - ZouuDATA(1971) *
~ 160 [1Z s mc I
c‘.g- 500 _g 140 HU CDF Run Il Prelimiary
S [ « Z— ee DATA (4242) oo } 4
© - ; Ldt =72.0 pb
(9400_—D Z—~ee MC CDF Run Il Preliminary 120: k '[
e ILdt=720pb'1 hL +
n300F- ' 80 \
200 60 *
: Standard a0 !
1001 20 f
- g 5
- candle A M
0

50 60 70 80 90,100 110 120 130

0 50 60 70 a‘uG %?2100 110 120 130
M., (GeVic?) (GeVic))

Extended measurements

OoxBR(Z—ee) = 255.2 +3.9(stat) + 5.5 (sys) = 15.3(lum) pb T e mp—
oxBR(Z—up) = 248.9 +5.9(stat) *70 ., (sys) = 14.9(lum) pb — well advanced
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Drell-Yan Measurements

CDF Run Il Preliminanl

JLm=HﬂpE

Evts./GeV/c

angle between 6
p and e-

e-
_0(cost >0)-0(cosb <0)
o(cosO >0)+o(cosO <0)

=

s Z — e DATA
o Z— ee MC

Ap

QEE 1E- CDF Run I Preliminary e e =
C ; GeV/c
0.8F .[L=72pb ! I \ 4 Pr( )
0.6 : ”
0.4 | % Producti rties  eventually fee
- #= Production properties : eventually feed
0.2 into precision measurements (M)
= ZIv* >e’e"MC
E se?ri?gl itrtl'lcelggeet?c al
'0'25_ calculations > |= 1°=3.0 : using full detector coverage
0.4 Statistical W extract quark. lepton couplings & sin™%
_0 6—_ . . o thal . . . i W
"4 60 100 200 300 600 ik sensitive to new physics

M.. (GeV)
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Searches in di

G-BriZ'— ee) (pb)

leptons

@

sy b
iﬂ'&

CDF Run Il Preliminary (1?3pb )

. CDF Run Il Preliminary (200 pb 'I}
10 '

& Br{Z '~ II) limit (95% C.L.)
o-Br{Z'— 1) LOx1.3

19 570 GeV (Z,)

610 GeY (£,)
625 GeV

750 GeV

(£ SM couphing)) secded Si

Events {_ 5 GeV
q\:

Forward

= SM prediction
B aco dijets

[ ] tau-tau, ww, Wz, ZZ,
tt, W+jets

My 1.
300 400 500 600 700
M._... (GeV)

clectrons ;
1.2 <n|<2.5

Calornimeter

200 400 (s]0.1]
2’ mass (Ge Wczj

1/25/05

8|00 tracking

1 I 1 n ﬂlﬂ 1 1 L 1
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New Physics in Dileptons

Calculate the acceptances for resonant states for 3 different spin assumption
(0,1,2)

- Br(V— ee) (pb)

5  CDF Run 11 Preliminary (200 pb _L) n B CDF Run 11 Preliminary (200 pb %)
10 T T T CDF Run 11 Preliminary (200 pb ") 10 T T T
—_— :fcrlt; e: limit (95% C.L.J 10 - r 5-Br(G—see) limit(95% C.L.)
2 oBrl ‘—).&.I —e— G-Br(Z'— ee) limit (95% C.L.)
10 Cheudhury, Majhi and Revindean OBHZ, s ee) LOXL3 6-Br(G—ee) PYTHIAX 1.3
Mucl. Phys. BE60 (2003 343 H
10 Randall-Sundmum Model
10 | 1 _
2 2
1 = B
[ 3 2
1 10" Ty
10" ; g
N =
m <]
2 0 -3
10 10'2 10
-3
“ISUSY
-1 -3 | -5
- CDF Run 11 Prelimi 200 pb 0 ” 10 . : :
10" : ‘ : 10 ALy COE . P 600 800 200 400 600 800
200 409 600 2 800 —+— GBi{Z'— ee) limit (95% C.L) Z,, mass (GeVic 2) Graviton mass (GeV/c 7-)
V mass (GeV/c ) GBi(pp.o;— ee) LOX13
M, =M,
1t Mrtr:Mpr - 100 GeV ]
=
& -
g, ¢ Randall-Sundrum graviton model
LW C 4-dimensional metric multiplied by warp factor
& exponentially changing with the additional dimension
© | My=400Gev Generating a large hierarchy does not require a large r,
1oy M, = 300 Ge
M, =200 Ge The coupling of individual KK states to matter is set by
10 , ‘ , the weak scale (parameters : Mg and k/M; ,¢,)
200 300 400 500 600 KK states can be observed as spin 2 resonances
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P, ®; mass (GeVic 1")
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SUSY in trileptons

Signature: 3 isolated leptons and large MET

ISAJET Effective Production Cross Section
W,

—0.08

.0.06

—0.04

I
o
=]

o(qq'— x x5) BR(x , xs = Il )

m,., {(GeV/ic’)

1
Sensitivity study for trilepton channel in mSUGRA scenario

Detailed scan of the parameter space: m,,,,mg,Ay,tanf,sign(w)

0.02

= Current limits :
LEP (2()(‘)()): 1% 100 200 300 400 500 600 7oomsoo((:3 23%12:))00 °
m( X > 103.5 GeV/C? [~smvmsrs ]
miXi ) > 46 GeV/c2 | i
DO Run II: oxBR < 0.4 pb | -

300

4 independent analyses

High pr muon to maximize acceptance

High p; uu + lepton & ee + lepton
Low p; uu + lepton & ee + track

250

200

150

\ Prelim. Results in a
A few weeks - Comparable
to current DO limit

1/25/05 Simona Rolli, Tufts University 17



W= vector boson production

Transverse Mass - W—pv

CDF Runll Preliminary, 72ph’

& 31722 Wopv Candidales
] sum
D Wom MC
Z'y spu MC

O w—wme

y Ol aco

120 140
M, (GeV/c?)

CDF Run Il Preliminary, 't'2pb'1

Transverse Mass - W—ev
W Production L a0, _ CDFRun Il Preliminary, 72pb”
'>‘3 s 37584 W - e v Candidates
8 2500 gfvuievl\nc
h s i 2 ] acp
.2 2000] CwortvMC
________ g Zly' > eeMC
-5 w
d W+ 1500 NO 2200
b é 1000] 3200'};
1800
500] gwuuf
§14nof
W~ Production 0% 40 60 80 100 120 740 1200
M, (GeVic) 1000
W 800
ha d b
________ 400-
— 200
o W-
hs
> 9000
Backgrounds (QCD. W—tv, Z, cosmics) 0 6% (e), 11% (L), & 8000
Important systematics © PDF’s, Energy Scales, Material Description @ 7000
§ 6000
11]
- +61 5000}
0 BR(pp =W —ev)=2782 x14(stat)” i (syst) £167(lum)pb| .,
3000
. +64 2000;
o-BR(pp =W — uv) =2772 =16(stat)”,,(syst) =166(lum) pb 1000
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« 37584 W — e v Candidates
O Sum
W —evMC
aQch
Ow-tvMC
Zi > eeMC

B> 25 GeV

20 40 60 80 100

E (GeV)
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Following the same strategy
pursued in the || <1 region,
full tracking is used in the
forward region

*Two 3-D hits & vertex seed

silicon track (SISA)
Ol seeded by COT hits

Tracking Efficiency

o
©

\ x Combined
_J(_i)lgi >‘< « Ol

r —x— . 10

. o SiSA

|
Ty 4

Tracking efficiency / 0.1
© © 9 9 9 ©
N W b 5] =] ~

TTTT T T T [TTTT [ TT] TTTTTT TTTTTT 71 T
[TTTTTTTTT T [T

o
-

o
B »
s J

o x BR(W—ev) =
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+|O attaches COT hits to SISA

2874 + 34 (stat) +

Simona Rolli,

Inclusive W cross section (cont'd)

EM cluster is matched to a 3D
track reconstructed using the
Silicon detector only in the
region 1< |n| < 2.8

Events/2.5GeV/c?
s
(=]

=2]
o
o

500

400

300

200

100

CDF Runll Preliminary -

j L dt =64 pb”
Mar 2002 Jan 2003

#Data Electrons 1.1<|n|<2.8
10461 W — e v Candidates

DSum

W - ev(MC)

20 40 60

167 (sys) =

Tufts University

80 100 120 990
M,.W(Ge\ﬂc)

172 (lumi) pb
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Summary and X-Sections Ratio

o
N=
—
aa)
é oxXBr(W—lv)
1
| Test of SM! |
oxBr(Z—1"T) ¢ CDFII (plug ¢)
10 £ % CDF (630) i CDF 1 (e+41)
i NLO theory curves. T
Martin, Roberts, Stirling, Thorne % UATL (u) I CDFI1(e)
$ UA2(e) ¢ DOT(e)
0.4| | |Of6| | IOTSI . I1 . II!Z' | 'Ii4l I1{6. | IIISI . é |
E_, (TeV)
po O Bripp—W — &) o(pp—W) Tz Tw ) | [He = 10.88 2018y 20165
o:Brlpp—=Z =10t alpp=1Z) Tgz(fti-) Ty R, = 1.10= 0,27 (gtat) + 0.1 T(gyet)
The combined ratio is precise at 1.8% independent on the luminosity F = 10.4+0158 E ot +10 13(‘. )
. : at) T UL 9 gyat)
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Wy and Zy

Number of Events / 7 GeV

-
o
N

=Y
(=]

-

10"

u- or t-channel

—ANT 1

AVAVAL T AVAVAR

CDF Run 2 Preliminary 202 /pb

data 259 events 7
Wry— vy MC + BG
QCD + Zy + vy
Zy + vy

™Y

BO0O0Oe

L | Ll L | | -
30 40 50 60 70
Photon E ; (GeV)

20
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s-channel final-state radiation
q ! q a v
W Wz
p W g Wil
4 :

T NONSM! © Z

N eve ntsﬂ G EV

CDF Run 2 Preliminary 202/pb

:IIIIIIII | | | | III I t
. # 69 candidates ]
DZy—>IITMC+BG -
10 <
g [Juet—v80 -
1F -
-1
10
[N N

: IIIIIIlIII I|IIIII L
0 10 20 30 40 50 60 70

=shbo.

and new physics

* testing the Standard Model in
ways unique to the TeVatron
(e.g. observing RAZ in
W y production)

Now V+y cross-sections well established, we are:
 optimizing sensitivity to anomalous coupling

photon E; (ge

Simona Rolli, Tufts University

—Ak=0, A=0
—Ak=0, A=1
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WW and WZ

« WW (SM 12.5 + 0.8 pb)
— Trilinear Gauge Coupling - hard to beat LEP (40k WW)

— Tevatron can produce higher mass than LEP. "'M” ”@i )
oo T

— Important backgrounds to Higgs search (H -> WW

b

q w' 9 w* E CODF Il Preliminary 200 pb*
w E . 'F_ ———— o
?.Ilz E L _=..-.: - A
v § - - ks
£.E =
M —
W : L) o= <
q q N}at <1

 I—— 1 [
o] 40 B30 B0 100 1M 140 180 B3 M0
MET (GeV

« Still searching for WZ, ZZ (SM WW 5.2 £ 0.4 pb)
o(WZ)<13.9pb@95% C.L.
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Excited electrons

P -1
CDF flun 1l I'-"rellmlnarv JI.‘L -dt =‘200 pl?

—CDFRun I
10 ... ZEUS (1994-1997)

Observation of excited states of quarks and
leptons might confirm the hypothesis that they 0}
are not elementary particles , but composite

states

l

Select events with eey in the final state and 10066300

look for resonance in M(ey)

300

400

M,. (GeV)

At Tevatron, € can be produced via contact interactions or gauge mediated interactions

M./ A

CDF Run Il Preliminary
08} J-L-dt=200pb'1

06}
95% C.L

Exclusion Region

04}

0.2}

1/25/05

200 400 600

run 1147806 event 1167222

80
60
u 40
20

MET=13 GeV
M(el-pl) =92 GeV/c?
M(e2-p2) =91 GeV/c?

Simona Rolli, Tufts University

Et(e1)=44 GeV
Et(e2)=42 GeV
Et(n1)=46 GeV
Et(p2)=26 GeV
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SUSY searches in diphoton + F;

GMSB scenario

NLSP = 50,y G PP (X =2)ocundy

8
B
g

CDF Run Il Preliminary (202 pb”)
Neutralino NLSP in the 7 + §; channel

Sample selection

Expected 95% C.L. Limits

|
= =
> =
=3

©
Expected Neutrali;o Mass Limit (GeV)

c x BR (pb)
.

[ M=2a 4
N=1 lMET>QSGEV ]

0 ]
140 3
120 | ]

20 25 30 35 40 45 50 55 60 65

Missing E. cut (GeV)

2

3

Expected Chargino Mass Limit (GeV)

2

e CDF Il Data (202 pb )_
[ Non-Collision 3
M ey
[ @cCD - fake photon
0 @cD - yy

E/>13 GeV, n|<1.0 3

Events/5 GeV

0 10 20 30 40 50 60 70 80 90 100
Missing E; (GeV)

For Missing Enerqy > 45 GeV

Expected: 0.60 * 0.50 —>
Observed : 0
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Neutrallno Mass (GeV)

60 100 110 ‘12[]
.|"'|"'1"'| ol | T T
[ CDF Run i Preliminal‘;|[2132 pb’ ] i
- Neutralino NLSP in theflry + E; channel

....... ) 95% C.L_ limit

M=2A
10'F N=1
E  tanp=15
[ p=0

...|...|...|.'.1...|...1-
100 120 140 160 180 200 220
Chargino Mass (GeV)

NLO Limit at 95% C L.
m( ) >168 GeV/c’
m(x!)>93 GeV/c’
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Jets

= A quark or gluon fIylng out of llmuzkEn; zlectromaegnetic Ea;:rn d.*wtuf:n
the interaction point will T B e
generate lots of hadrons — B
moving in the same general 1 e
. . . . B R |
direction: a jet. —
Inrermoet ager. P Chibarrnost Lasrar

Highest mass event
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d
=

dis1

The Tevatron is a Jet Factory: all production processes are “"QCD realated”

QCD and Jet Physics

Optimal understanding is basic for all analyses:

-Main parameters (ex: gluon PDF’s in high x)

-Non perturbative regime (ex: underlying event studies)
-Studies of specific processes where QCD is important

Probing higher energy scales:

Precise test of perturbative QCD at NLO
Look for deviations from SM predictions as a sign of

new physics

Increase in the kinematic range

E;dn (nb/GeV)

CDF Run Il Preliminary

Js = 1.96 Tev

I

xZ2@400GeV
| . 1

s = 1.8 Tev

g ; Integrated L =177 pr I 7;
5 185 01<ngl <07 E|
S 1.6 JetCluConeR=07 ¥ + E
s 14 (N =

| 1 | L
100 200 300 400

i

T
nliData, V=196 Tev

= Cl
=[] systematic uncertainty

Mo Bwnbhug o bRoNN
T[T T
I [ I

2
10 3 CDF Run Il Preliminary
105 Integrated L = 177 pb'1
1_1 E 0.1 < Mgy < 0.7
e JetClu Cone R = 0.7
10° &
10° 5
10° = + Run ll Data
10'6 =[] +/- Systematic Uncertainty
10'7 ;— —NLO pQCD Uncertainty (CTEQ 6.1)
sC
0T amaw we

Inclusive Jet E ; (GeV)

1/25/05

The error band shows the

change in the cross section due

— = NLO pQCD Uncertainty (CTEQ 6.1) } ‘ = to the 5% energy Sca|e
S——— ! uncertainty
160 260 360 460 56[]

o

Inclusive Jet E; (GeV)

Simona Rolli, Tufts University

NLO QCD (JETRAD)
Cone R=0.7, In| = 0.5

xS5@E00G e




Completing the Puzzle....

Jets:
energy deposit in
n-¢ cone
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Leptoquarks

= Leptoquarks (LQ) are hypothetical particles
which appear in many SM extensions to explain
symmetry between leptons and quarks
= SU(5) GUT model
superstring-inspired models
‘colour’ SU(4) Pati-Salam model
composite models
technicolor

* LQs are coupled to both leptons and
quarks and carry SU(3) color, fractional
electric charge, baryon (B) and lepton (L)
numbers

S . Qg moEE T LQ = Experimental evidence searched:
}mi ELQ indirectly: LQ-induced 4-fermion
. \LQ g e LQ interactions
q La g La dire_ctly: prodl_.lction cross sections at
§§§ L K collider experiments
- ! LQ
g Qg -a

1/25/05

L Qs can have:

—spin O (scalar)
scouplings fixed, i.e., no free
parameters

*Isotropic decay
—spin 1 (vector)
~anomalous magnetic (k;) and
electric quadrupole (Ay) model-
dependent couplings
—Yang-Mills coupling: k,= A ,=0
—Minimal coupling: K4=1, A ,=0
—Decay amplitude proportional to (1 * ¢os9)?
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Leptoquark Decay

Each generation can
decay into 3 final states: P = Br(LQ—Iq)

| Exclusive fo the Tevatron |

B=1

p=0.5

=0
1A LA — llgq 2|+2j BK = p?
LA LA — Ivqq [*MET+*2j BR = 2p(1-p)
LAlQ — vvqq MET+2j BR = (1-p)2
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LQ search in W] m=ragme=i

CDF Run Il Preliminary

> f
" . 1] |
Signature: Large MET and 2 jets S sof [[Lat-191 o
:.-g 40[- —— Data
,_% - | QCD prediction
e 301 [ ] +SM EWK!/ i prediction
Sample Composition: [ I LQ(m=125GeV/d)
W/Z + jets 20
top T
QCD fakes i
%0 - 100 - I1 50 _200 250 300
Missing E + (GeV)
Expected =118+14 124 events seen after analysis cuts g SR emnan (e
mg , CDF Upper Limit, 95% CL
i-lo . Theoretical cross section (PRL 79, 1997)
A N CTEQ5M, Q=m(LQ)

CTEQSM, Q=0.5m(LQ), 2m(LQ)

Flavor independent

78- 117 GeV/&

[ L I 1 | I I | | 1 \“..'1 | 1 L 1
80 100 120 140 )
Leptoquark Mass (GeV/c")
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Search for Scalar LQ in dileptons + jets

. Selection
< v 2dlectrons (CC.CFIE,> 25 GeV
o v 2jets, Ej1)> 30 6eV, E(j2) > 15 GeV
v ZVeto (76 <M < 110) GeV
v Electrons/Jets: E 111 + g i2¢2), 85 GeV
v CEG,) + B 0N%+ (B Le,) +Ele,?) 1725200 GeV

Swumn of Ejets) va. Sum of Edleptons)

Selection g

< 2 muons with P > 25 GeV

* 2 jets with E(j1,j2) > 30,15 GeV

<% Dimuon Mass Veto: ]
*76<M, <110,M <15 GeV et} + Ee2) (EoV)

2 El) + Edj,) > 85 GeV and P lu,) + P.lu,) > 85 GV
2 (Edj,) * EG,N2% (P.lu,) + P Au,2) 172 5 200 6V
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Scalar LQ in dileptons + jets

Combined Total Acceptance

8 100 ===t L S e =
5] —— et Bt cut. =
§ 90| == anlii 3
& &0 S fhicoson E
g 701 =
2 E 3
S . : . ; 3 P CDF Run Il Preliminary (198 pb”) |
2 s ;8 4
'% T = . . o 0 " :l; T T T T T T T Theoretical Cross Sections, Phys Rev Lett 79, 341, '97
£ e " - . = ~ CTEQ4M, Q =M, .o
& . . . ‘ ‘ 3 © = CTEQ4M, Q =05, 2 M
% 205 . E imi MMJJ
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Search for Scalar LQ in lepton + MET + jets

9.9 q
9 .
[Xe) <
9.9 eV
SM background
> W +2jets

> Top (I * jets and dilepton)
> QCD/Fakes

9.9 q
LQ <
g '/‘ LL,V
. a
Ia <
ag.q L,V

1/25/05

Selection

1central electrons with E; > 25 GeV

MET > 60 GeV

Veto on 2nd electron, central loose or Plug
2 jets with E; > 30 GeV

Aq) (M ET-Jet) > 1 Oo CDF Il Preliminary, 203 pb . Data

ET(J1) + ET(JZ) > 80 GeV 3.55 —— LQm =200 GeV/c?
M (e-v) > 120 *
LQ mass combinations

L N NN NI NE NN NN AN N
Number of Events
B e b e
H‘HH‘HH‘HH‘H

-
T
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o
o
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Selection il e,

) ) 0 50 100 150 200 250 300 350 400 450 500 ,
Z VetU {tlghtﬂnose pa"-] Invariant Mass e-jet (GeV/c")
CDF Il Preliminary, 203 pb'1 Data

No 2" muon (CMUP, CMX, or 3
stubless) o

P(1)>25 GeV

E.> 60 GeV

2 jets, @ E >30GeV
Ad(u,E,)<175°, AG(E . jets)>5°
E.(jet1)+E (jet2) > 80 GeV o

o 50 100 150 200 i%;_o 300 él\r;ld A_ot; MI‘E‘%'O(GS{)/? 2
. ransverse Mass jet- eVic
M. (E,,Muon) > 120 GeVi/c?
Mass Cut

—— LQm=200 GeV/c?

Number of Events

Simona Rolli, Tufts University 33



Scalar LQ in lepton + MET + jets

Combined Total Acceptance |
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Final Combined Limits

Joint likelihood formed from the product of the individual channels likelihood.

The searches in the dileptons and lepton + MET channels use common criteria and
sometime apply the same kind of requirements ( for example on the tight electron
identification) so the uncertainties in the acceptances have been considered completely
correlated ( which gives the most conservative limit).

When calculating the limit combination including also the vvijj channel the uncertainties in
the acceptances have been considered uncorrelated.A correlation factor of 0.5 has also
been considered ( no difference)

O = N LIM/(Saveragex‘é)

v Eaverage = (B2e(e€]]) +2p(1-B)e(evii) +p%(ee as ev) ) for the 2 channels case and
v Eaverage = (Be(e€]]) +2p(1-B)e(evii) +(1-B)%e(vvii) +p2e(ee as ev) ) for the three channels case.

Search For First Generation Scalar Leptoquarks Search For Second Generation Scalar Leptoquarks
i i ' 1;

0.9

09 -

08 -

07 -

06 ©

L
8 100 120 140 160 180 200 22
Leptoquark Mass (GeVic) | 3

05 -

04 -

CDF Run Il Preliminary,203pb?

P R CDF Run Il Preliminary,198pb™
100 1z0 140 160 130 200 220 240 N T T P A

Leptoquark Mass (GeV& ) 100 120 140 160 180 200 220 240

80 100 120 140 160 180 200 220 240 260 280
Leptoquark Mass (GeV/c?)

Leptoquark Mass (G eVlcz)

1/25/05 Simona Rolli, Tufts University 35



Top Quark

Pair production via strong interactions
Central, spherical events
Large transverse energy
High P isolated leptons (tracks)
Heavy-Flavored Jets

q

0.88:0.11 pb

¥

ol b

EW single-top production,
x2 smaller rate, not (yet) seen

q q' iq

W 1.98£0.24 pb
b
h

1/25/05 Simona Rolli,

New Physics 7

Tufts University
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Top Data Samples

W'’s decay modes used
to classify the final states:
dileptons, lepton + jets, all-hadronic

| B(t—>Wb) = 100%

Event count per jet bin

~

O e-e(1/81)
Omu-mu (1/81)
H tau-tau (1/81)
He-mu(2/81)
H e -tau(2/81)

H mu-tau (2/81)
O e+jets

m utjets(12/8

1)
H tau+jets(12/8

1)
O jets (36/81)

g CDF 1l Profiminary 200 o5 Samples are defined by counting leptons and jets
:gm = WW+WZ +ZZ ) .
3. + DrelYan Cross section results validate
S e et top-enriched samples
* e — | can also point toward new physics
S 1' -2

jet

1/25/05 Simona Rolli, Tufts University
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Top Decaying to Dileptons

y

&

s &

Small sample but very clean for top signal: 2 leptons, 2 jets and &,
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Tight e/u selection
complemented by

e/u + track selection It is sensitive to T lepton final state

Lepton + track sample has looser
ID requirements for second lepton

CDF Run Il Preliminary | L dt =193 pb™ Dilepton Invariant Mass

- Missing E;

—_
£
=
=
©
(L]
n
o,
8
[
]
>
(]
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[
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@
r-)
E
5
=

CDF Il Preliminary 200 pb"

= WW o+ WZ +ZZ
Moy ee £ +Drell-Yan
. lepton fakes
vz = + fakes

zZom [ — +1i (measured o)

N _ >2
jet

« Data

Pic=-57pb

=
(=]
T

Events / 25 GaV
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Heavy Flavor jets: tagging tools

B hadrons in top signal events

ertex of displaced tracks Identify low-pt muon from decay

displaced
tracks

Secondary
vertex

e or |Lin jet

Prlmary 1

vertex .-
L="h
o b— luc (BR ~ 20%)
e b—c—fus (BR ~ 20%)

prompt tracks

55% Top Event Tag Efficiency 15%
0.5% False Tag Rate (QCD jets) 3.6%
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Top Results Using Tagging

Counting experiments with vertex tag and soft muon_ tag in 3,4-jet bins

¢ \

CDF Il preliminary
I

160 r I B mistags ] W + =3 jets CDF Il Preliminary
[ Wbb E s B 7 e DA o e eSS S ea
E \:é?:iw _: C B 7 sealed to o =4.1 pb
% — F [ Towm! Background with T
£ I We ] £ 4l ¥ Dewz-n6+7p” T
2 I WWWZ,Z—1t . o L
3 [ Single top ] s .
o £ Tot bkgd £ 1o ] b C =‘.;
e e Data(162pb™) J 2 3 ¥ S
"6 - E - 0&
I- C n o B
3 s0= - s 2l — _
E L . 2
3 40 — require H; > 200 for> 3 jets_: E E
20— ———— — C
of ! ! _— -
1 2 3 = 4 50 100 150 200 250 300 350 400 450 500
Number of jets In W+jets H; [GeV]

Backgrounds estimate in the lepton + jets sample carried on:
» using data as much as possible (non-W QCD, fake tags)
= using MC calculations for diboson and W + heavy flavor

1/25/05 Simona Rolli, Tufts University
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An Alternative Approach: NN results

%

g

T 1‘5
\ "‘\

ttbar and W+jets kinematics
differ modestly, but do so in
several different variables.

Develop a neural net

Statistical and systematic uncertainties
improved compared to single-variable fit.

No b tagging information is used

to use this
information optimally. 5 | CDF Preliminary (195 pb )
2 it wbar: 17.6 +31
|Predicted NN output (195 pb™)| gml = ErEimars 0cD: 63 £t
: Wjers 76.0 +37
Nj=3 ttbar 19.0% 601‘ t ’ Nj= 3
50! Wai3p 63.6% ‘
é other ewk 11.1% * 505 ‘
Good separation 40, ||
between signal 30 l
d back d |
and backgroun 20 ] | o N
] e | L
-> 10 T l | ¢
% o2 o4 o6 o8 1

0 0.2

NN output

1/25/05 Simona Rolli, Tufts University
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The Challenge: Hadronic top

Signature: six jets, 2 tagged
Large QCD background

Kinematical selection of the sample 20

complemented by b-tagging of at least || 2,

one jet Boo

g

Cross Section is a function of the 1201

number of observed tagged jets toop
or N T w—
60[ s

ObservedTags — ExpectedTags a0 . o
Otf - ave + 6 20—
EkgtagL 0:—T | | |
djets S5jets bjets >=7jets

b-tag

Kinematics
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CDF Top Cross Section Summary

Tt::p Pair Production Cross Sectinp
] 1 1 | | | 1 | | | | (] 1 1 | | | | 1 | 1 | | [ ] []
o, § Gel CDF Run 2 Preliminary
Lﬂ-ptl-:ll:H'TrﬂEh o
;ﬂ +21+3-% (L= 2000
L&ptunﬂ_-u-rp'.' on o )
%:iggizg (L= 193pb™")
Lepton+Lepton: MET, # jets ‘
86x33+11 (=193
Luptu?‘h]uts': Kinematic )
4738218 =193
Lepton+Jets :!in ematic NN ‘
6.7+]1+18 =193
- -
Lepton+Jets: Vertex Tag+Kinamatic
603208 (1=16206)
Lepton+Jets: Vertex Tag
5612112  u=16200")
Lepton+Jets: Double Vertex Tag
5433211 u=16200"")
angn-l-Jatn: Seoft Muon Tag
4.2 :I:ﬁ'_g:t:'li L= 193pb™")
All Hadronic: Vertex Tag
T7.8+2342-3 (L=165pb"")
L L 'I T T I T T T [ T L] L 'I T T T I T T T [ T L] L l
2 4 6 8 10 12 14

1/25/05

o(pp — t1) (ph)

Simona Rolli, Tufts University

Aun 167139
Event 1191211

Tagged Jet 1: Et = 62 GeV, Phi= 1-5, 24 = 5 mm
Tagged Jet 2: Et = 40 GeV, Phi =291, L2
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Top Quark Mass Measurement

= The Top Quark Mass is a fundamental parameter
of the Standard Model

80.6 ———————————
= Only fermion with mass near electroweak scale 1 —LEP1, SLD Data
_ | -+ LEP2, pp Data
= Correlated to other SM parameters via 8051 es8% cL
electroweak corrections ] ’
>
t H ? 8 CDF/DO
S e = 8044 | 2fb'goal
v U -
b W , 80.3 1
AMy o M2 AMy, aln My New Physics |m, [Ge ]
114300/ 1 Preliminary
802 +————F——Ff
130 15 170 190 210

= Precise measurement provides stringent SM

test
= Constrains the mass of the Higgs Boson

1/25/05 Simona Rolli, Tufts University

m

[GeV]
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Top Mass Measurement Challenges

» Why so challenging?
not just a calculation of M(W+b) Il
* missing neutrino

e confusion in ID (additional jet
from ISR/FSR, b-tag: not 100%)

* jet energy scale

Link observables to parton-level energies
» Accurate detector simulation vital to
precision physics measurements
» Large systematic uncertainty from energy scale

Method: reconstruct Mtop with 2 constraints,
M(W*)=M(W"), M(T)=M(t) data is fitted to most likely

mass template from Top MC

- Take the best combination over all 12 combinations

- Use all combinations(12) weighted by the diff. cross
section (full kinematic info): dependence on tt event
kinematics?

1/25/05

Simona Rolli, Tufts University

_B=PI"™Pt" = (2 + <APIF>)/(2-<APIF>) | R=0.4

. 13—
1.2F :
14
3|
09F -
0.8
E —e— jet50 data 5.3.1pre2
0.6} +— dijet50 MC 5.3.1pre2
ob o T T

3 2 1 o0 1 2 3
n
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Top Mass Measurements

CDF Run 2 Prelimina
Maximum Likelihood Mass , i

=
L .

{CDF Run ll Preliminary (162 pb™) |~ /¢ Frediciion . o
Isim.l H“Cn: Hl r: I.Ir;:g::;nl:? ] — Signal thariMC) : Dll‘.PtDl'l 176.5 i:;é t:: (L= 193pb )
— & ¥ Data 22 evenis . b # . e
o 4
HE —y— {Lepton+Jets: M,,., 0 b-tags 179105 £34 (L= 193067
S & S& . ——
E 3 - v | |Lepton+Jets: M. = 1 b-tags174.9 + 11485 (1= 16207
] 1 J
'3 Ii —¥— _: - ® _—
£ = {Lepton+Jets: Multivariate  179.6 +23+2% (L= 1620 )
ﬂ’: " " " L P L T F R T PR ¥ : —_ L 3 —
130 14nM1$_u muL‘lﬂqh Lgl] I'EJ'I(JGI{;IF?Z)HD 220 ] 45 . 62
aximum LIKelnoeo ev/c . " L
Mrop {Lepton+Jets: DLM 177.8 £5gtg7
] fL= 16206™")
- _ -
= pmspecf; dm, = 2-3 GeV with 2fb! IRun 1 CDF Lepton+Jets  176.1+31+3] (Runioniy
improved jet energy scale ] ———
3 3 . i 16 3%
~ ACC.LH"ETE dETECTDI‘“ srmu!u’rrun (JETS) :Flun1 DO Lepton+Jets 180.1+55t54 (Runloniy)
— y+jet Et, Z+jet balance, W mass . ——
from Tﬂp 1Run 1 World Average 178.0+27+31 (Runleniy

-
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The Search for the Higgs Boson  #*

&

SUSY/Higgs Workshop
100} Higgs Sensitivity ain il
Study ('03)

* Higgs Sensitivity Study (2003)
* combined CDF/DO sensitivity

[fh"lfmtp.l

10

2d luminos

5 discovery

— N e 30 evidence

& I EUSwHigg_a Workshibp {'98-'96) 95% CL exclusion

u. 1 L 1 1
- L . i i 120/ 140 160 180 200
tIE Higgs Sensitivity Study ('03) my (GeV)

— statistical power only

2 10} (no systematics)

8 F | upgraded silicon
E i 10% mass resolution
2 NN selection

° . "

% oc discovery

- 3o evidence

E 1 ! . 95% CL exclusion

= . . .

= i | I RCEPEECE R R How much

TS BRI BT
100 105 110 115 120 125 130 135 1

0 data will we get?
my (GeV)
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The Search for the Higgs Boson

* gg—H dominates but
dijet background too
big...

* bb and WW decay
modes are best!

. SM Higgs branching ratios (HDECAY)

cross section (pb)

0.4}

branching ratio

SM Higgs cross section (HIGLU, V2HV)

1.0 PP, Vs=1.96TeV
gg—H
WH
0.1
ZH
100 120 140 160 180 200

my (GeV/c?)

WH+ZH ~300 fb at 115 GeV

typical efficiencies ~ 2%

100 120 140 160
my (GeV/cd)

1/25/05

180

A daunting proposition!

Evidence for New Physics! —p ®* R

Simona Rolli, Tufts University

Indirect Searches

o

‘\Qﬂg\“\ﬂ'ﬂi

130 140 150 160 170 180 190 200
Mgy (GeV)

v ?

o

130 140 150 160 170 180 190 200
Mygp (GeV)
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SM Higgs searches

My <130 GeV: W,Z+ H (= bb), M,> 130 GeV: H > WW

@ ) ‘: el . R R RN LR LR LA RN LN L
3 ¥ WH > Whbb sespwmna s |5, 0 R W wee  [OBr(pb)  CDF Preliminary
O Wasmizives | L | R T

- B it - DY ee CDFll Prelim. | §  ™"m====ee eaguazis

@ a T —— 35 m 0% up 134 h'1

; — § [EOrs L 1e%p Ho W bty

a g — i (162pt") (184pb)

. W e - 119 e

Mean w1041 0.2 Gaiie”
Width s 173 5.2 Sal)

- == expected limit
= Observed limit

— SM prediction
AT T T A TR PR T TR N N T T PR PR

uﬂ 50 100 150 200 250 300 350 400 450 S0 120 140 160 180
Mass (GeV/c) M, (GeV)

« SM: Limits already exceeding Run | results.
Sensitivity beyond LEP exclusion starts at ~2 fb-.

+ New Physics:

« Improvements expected from

— Better b tagging, topological (spin 0) information, more
channels(ZH), better mass resolution (Z - bb sample)
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MSSM Higgs

at high tanf:

* enhanced x-sections
* heavy flavor (b, t) preferred

¢ (from gg or qq) or bb¢ production with ¢ — tt

Higgs = v Search, Mass of Lepton, 1, qt,

Events / 5 GeV/c®
=

2

COF Run Il Preliminary 195 ph"

=#= Dala

[ JZ—1x

[ClJet —==

Bl 1t Dibosons, Z—=ee up

1/25/05

150 200

My (GoVIc)

= = =T ]
L 2

-]

o(pp — A) x BR(A — 1) (pb)

Higgs — t + Search, 95% CL Upper Limit

CDF Run Il Preliminary 195 pb’’

120 140 160 180 200

m, (GeV/c’)
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