CDF experiment:

the latest results and irosEecTs

S. Tokar, Comenius Univ., Bratislava
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CDF main ’roEics

- B-physics

v' CP violation in neutral B system

v Mews on B,/B, mixing
v' B-baryon spectroscopy
v’ Charm decays

- Top physics
v Top mass at 3fb!

v’ charge asymmetry in top
production

v' Single top in MET+jets channel

EW physics
v" W mass, width measurement

v' Di-bosons in mis-ET+jets
channel

QCD
v What is important in QCD
v Prompt foton cross section

Higgs search
v" Higgs mass in ZH—I*I'bb

Exotics
v SuSy serch in (2)y +MET
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Total Iuminosi’rz - delivered, acguir'ed

Initial Luminosity (x 10% cms) Luminosity (pb-1)
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Total Delivered 5.8 fb-!
Total Acquired 4.8 fb"!
Eff: 82.5% acquired and 77.4% good
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uminosity Perspective

Updated projection curves coming soon!

ey
2200

B  Highest Int. Lum

B [ owestInt. Lum

Integrated Luminosity (fb'1)

time since FY04

OMB "bean counters"” upset lab had such a good 2008 ©
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The CDF detector

Muon system

calorimeters = CMP ; CMU |n|<0.6
Upto |n|<3.6 - CM)0.6< |n|<1.0
NS
; -
B
/ pseudorapidity
n=—Intan(@/2)
Tracking system: 0
= Silicon detector -> b tagging 7 @
= COT : central outer tracker X
Eff. for charged particle tracks: Excellent lepton ID:
= ~100% for |n|<1.0 ~80% eff. for central electrons
= ~v40% for [n|= 2.0 ~90% eff. for high P+ muons
3/5/2009
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B—Ehxsics results

All B species are produced at high energy colliders including 4, , E,, 2, ...

Hadronic modes «-
2 displaced tracks

-1 specific B triggers

Main target:

Pr(trk) > 2 GeV, pT > 5:5 Gev Loop processes —Look for a new physics
120 um < 1.P.(trk) </1mm

Semileptonic modes”

1 displaced track + lepton (e, w)

120 pm < 1.P.(trk) < Imm v'CP violation in neutral B system
PT(lepton) >4 GeV
Primary Vertex v"Mews on Bd/BS miXing
7?% e v'B-baryon spectroscopy
\\/T B decay v'Charm decays
Secondary Vertex

Impact Parameter (~100um)

3/5/2009
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CP violation in neutral B szs’rem

CP violation in neutral B system can occurs through interference of decays

with and without mixing.

B'— = JWK? B'— = J/V¢ Two mass eigenstates
\R”/ \Rn/ |HE{} :F|HE>_{J|‘E‘:L}>I
5 L 0y
=5 sin(2p) = sin(2P,) \By)=pl|Bg) +q |H~L-J>|

SM: In B system CP violation phase B should be very small:
B =arg(-V,V, IV, V. )~0.02

s ts’ th cs’ c¢b

o - : . - e ¢ _ ] | s E'er.'f 1'7;.1-4 L."Jm \ul
IIH_ § W— \\Y ) _,J’HA | LT""F I -:':_1'-: 1'::5
. _ sl Vie Vis Vi

I )

t,
CP violation measured from rates of Bs and B, decaying to a CP eigenstate

— An ideal place to serch for a new physics.
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Bi —>J/V¥: exeerimen’ral s‘rra’regz

Q Reconstruct B, > J/y(> p u )g(—> K 'K) ﬁw
B!

v'PID important for signal reconstruction ) "ﬁ
. 2= --.-'E.\__\-_ I
e H"'H..H__

@ : # }
M

[ Use angular distributions from J/y and ¢ decays to separate angular
momentum states corresponding to CP eigenstates.
v'J/y and ¢ are vector mesons — angular dlSTI"IbUTIOHS for CP-even
and CP-odd eigenstates

O Use flavour tagging to identify initial state of B, meson
v'Separate time evolution of B, and B, To maximize sensitivity
to CP asymmeftry

[ Perform un-binned maximum likelihood fit to extract signal

parameters of interest
veg.p,, Al SM: AT’ ;= 2|I";,|cos(2f3,) = 0.096 + 0.039 ps-
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Results on Ei

O Latest update was for ICHEP 2008 with 2.8fb-1
O Second 1.4fb" lacks PID

O Both D@ and CDF results fluctuate in the same direction 1-20 fn::trTIE SM prediction
(s = -2B5) Y.L e

o W ea D@ wrno
CDF Run |l Preliminary  L=2.81b" 2 o
- =+ 5M prediction : = ad
06 —g5%cCL i -
0 . — BB%C.L. ?
2 04" s e
| b : j i i i 1
a D.E_ A el

. . : D@ published: 6.6%, ~1.80
D. D ............................................ : ............... h,l_tp:ﬂl Ki‘h’:ﬂ]ﬂﬂE.EEEE
COF Run Bl Prediminary L=1.35 fia'!

—~ 06 —oswcL
[ — 68%C.L

‘Wi
;& 0.4 -= 5M prediction

‘D.q'_ = D.E:‘
I I I T R E
-1 0 1 02|
Eis (rad) 0.4}
Standard Model probability 08 /|
CDF latest : 7%, ~1.80 -1 1:;1
htl:p:ffmuw—cqflf.f_nal.guvfphwi_csfnewfbnttumfﬂﬂﬂ?ﬁ.blessed— CDF published: 15%, NE%_ g;}
tagged_Bs1PsiPhi_update_prelim http: /aniv.org/abs/0712.2397
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Bd/Bi - mixing analxsis

L=28f"
Status: Ng 700; Dat
PN 0 . 0 - : iaauncic:-n
d Mixing frequency in B — Dmt, D —Kmis = g B, Do
consistent with the PDG value. S “Eoox
Q - omb. Backgr.
Amg =17.77 £0.10( stat )£ 0.07(syst )| L=1fb-? g i S
T 400Q
OB, —»D,m,D;—ome—KKisnearly 3 .
o o 1) -
finished O - oot
200 :— S/B = 4.85+ 0.21
-_+_ m=51.05t0.70

Future Prospects:

Measurement of B, mixing frequency in:
B,—-D,m,D,—opmop— KK
B,—»D,m,D,— K"K, K*—>Kmn

100

g . ey
S i
PR

. Py o
54 55 56

’._

0

(data - fit)
data
M o M

Bs — DS m, DS — 3“ N Invarianiﬁl‘vlass in G‘ue\.a’fcs‘é6
B, > D, 3m. D~ oo —KK Needed: particle identification
B,— D, ,3m, D, — K*K, K* > Km v using TOF

B, — D, 3m, D, — 3m v dE/dx identification
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B hadrons sEec‘rroscogxz Qh

DO (PRL 101,221802(2008) ):

Search for Q, (=>J/y + Q)
") I Mg = 6165+10(sta)+13(sys) MeV/c
a-(:) ; .40 significance at L=1.3 fb’!
o\ ) | (\s O-

L=33fb! 5459

. 3 tﬂf:c?q:— gdiéia,,si ﬂ:dgn;m 10325.2 ? uger 57.00
Cleanup. ) Width = 18.0 £ B&ww 190.0 2 | ovFLw 80.00
prof n.p>0.4 GeV/a jedo gy o) | — L

0 | i ra—— | D
58 59 6 6. 62 63 64 65 66 67 68

M(J/%Q), ct > 0.01 wmCeY/€

...................... J/y and Q" are from the same vertex

M = 6060+ 10 MeV, icty= 323127 um,| Yield= 13.8+5.7
"""""""""" > World 15 measurement

> 8 5. 3 I.Q
pT ofK 04 GeV/C | 58 59 6 6.1 82 63 64 65 ﬁﬁcgs/gs

M(J/¥Q7), ct > 0.01 um

Other B-hadrons: |
BO —Jhy K0 = Mg=5279.2+0.2 MeV, ct,= 45316 uny’/Yield= 17816302

PDG: 5279.5 0.3 MeV 45913 Hm

_____________________
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Charm decaxs

D% >up  FCNC decay heavily suppressed in SM

- _ ; , W= : CDF Il Preliminary (1.5 fb™)
CDF Run Il Prel L=360 pb’’ ¢ H y
: un reliminary, P \ AN o 0.01
i CMU-CMU — Data 910 o I
i -ac Ol OB B L
= —orx 1107 2 W 0.008 D° mixing
=l — Combin. ., 5 S (Y AVAVAVAY S u— I
5 —Bopux 3107 © " /1
55 ------- Flat Rate ] = ;
- 10 ‘ 4 B
T B : 0.006f +
: ] HTH I nd1 2 W VN I ‘ +
' ] ko) r i
O B h@ 1072 ot 4 T WL |
plimmmnes = — | W1 fg ! ! 0.004" | Jrjr_lHLH o)
13177 Be(DO »pup) > 4x1013 + |

Ll PRI 1 A I 1) P P -3 . . .
20 25 30 35 40°  Experimental limit: | S T ES

up Invariant Mass [GeV/c™] Br,(Do _)“M) > 1.3)(10'6 -

¢ . ;ﬁ

New physics (SuSy) = R=T(D° > K*'z")/T(D° > K ")

R-parity violating models: | ,

BR up to 3.5x10- ] _ x'2= (-0.12 + 0.35)10°3
o ‘ y = (8.5 +7.6)103
Results: BR(D® —sup) < 5.3 x 107 at 95% CL Significance 3.8 o
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EW: Precision measurement of W mass

Present value: 80413 + 48 MeV, P(x2) = 44.0%
PRL99,151801(2007), Phys. Rev. D 77:112001, 2008

W mass extracted from m, = \/Zpl py(1—cos(4¢)) distrib. .

T

O Generate templates as a function of my
* Relies on custom fast simulation

x10°

O Calibrate momentum scales using high
statistics samples

- Lower mass resonances, J/ys and Ys

* Large sample of Zs (blinded final mass)
* Cross check with W sample

Q W and Z fits both have [different]
blinding of fsets of [-75,75] MeV

Events/0.5 GeV

Steady progress towards 2.3fb-! W mass
Target combined uncertainty of 25 MeV for 2.3fb"! dataset
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EW: Di-boson Eroduc’rion
p LO pr'oduc’rior; diagrams

W—olv =5,000,000
Z—1l ~ 500,000
WW/WZolvij = 4000
WWolvly =~ 600 : s-channel

_ P t-channel v
WZ-lvll =50 probes non-Abelian structure of
ZZ=llvy ) Why to study dibosons? SUCLOU)y
2711 10 New physics could appear as enhanced
Important background rate of diboson production.

for Higgs Searches!

P
i
g
H
g9
=
P SUSY Randall-Sundrum Graviton
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Reported Di-bosons results (previous
WZ — 3lv, signature: 3 identified leptons+E;  L=1.9 fb’!

o(WZ) = 4.3 (stat) + 0.2(syst) £ 0.3(lumi) pb ;f(’{;;‘zs;i";f;": g;opb

ZZ — 41/ 212v. - 30 ZZ signal significance L=1.1 fb!

o(Pp — ZZ)=0.75",L, pb consistent with SM NLO: 1.4 + 0.1 pb
=0.82 B

WW - vlv g—— A~ W ¢ ) W L=0.8251b

0
NLO X-section: ) Y uw
124+ 0.8 pb _ _

o(WW) =13.6 + 2.3(stat) £1.6(syst) £1.2(lum)pb 95 candidates,
37.8+4.8 expected bkgd

DO:  o(WW)=13.87" (stat) ,;(syst) £ 0.9(lum)pb 5 .ndidates.
L=0.25 fb! 1st Tevatron observation (5.2c)  8.1%l.1 exp. bkgd
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e
ReEor’red Di-bosons results

[ Interested in looking for WW/WZ/ZZ,
In E;mis+2jet channel (vvjj/vljj)
[ Seen in lepton channels already.
Considered a stepping stone to other searches
O Standard candle for measuring small x-sections

0 Met+2jet (SUSY)
0 jj—bb (low mass associated Higgs production

Analysed sample
L=2.6 fb-!

Event selection: £
Mis-E;> 60 GeV
2 Jets (Cone 0.4, corrected to L7)
PtjeTl/je‘l‘Z > 25 Gev
| njefl/jeTZ |<20
P,et3 — no 3rd jet in [n|<2.0

Ag(jet;-jet,) > 3.14/24
emfiefl/jet2 > 0.3 && emfietl/iet2< 0.85 More data and more MC

Ag(closest: jet-misE+) > 0.9 statistics is needed |

S. Tokar, Cz-Sk meeting KoSice, CDF new results
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Top Physics at CDF

At Tevatron, top is primarily pair produced

OnLo= 6.7 £ 0.8 pb for M = 175 GeV/c? " 85%

top

And decays virtually 100% to Wb

Final state characterized by W decay mode:

all hadronic: o

large BR 2 g

poor S/N o BE 3 :
~ 8 1t events é > 2— £ all hadronic

lepton+jets:| a weekll | 3

decent BR _3;: 2

decent S/N = Z Rt tau plus jets

> P

dilepton: § -§: lepton plus jets

small BR y -

good S/N W decay mode
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TOE ﬂuark

gl CDF To ark mass (*Preliminar
- 6.7+0 . 8+0.440.4 p Quar | irmi !',-}

‘Dileptan

iL=28fb )

‘Lepton+Jets; Kinematic AN ) il " ¢ ——— All-hadronic
A f 6.8+0.440.640.4
. {L= 2.8 fb 186.0 +10.0 £ 5.7
| ! (Run )
No major changes | '“'" ] .
. . I:L= 2 T fh . ?.lﬂ.dlt}.ﬁlc '4 D”eptﬂn 16? 4 +1 G 3 N 4 g
: Run | S =
N X-SZCTIOH C(nd '|_g_:.|_m+lale;tt_=,; Soft Electron Tl B0 441 510 6 (Run i) N,
(L=201M ) T ' Lepton+jets
: e .—— 176.1+ 5.1+ 5.3
TOP quar‘k mass Ty o e T 8.7+1.160.9:0.5 (Rl —.—
it ‘Dilepton
. it . 171.2+27+289
MET+Jets: Vertex Tag R a) {1.9f )
measurement oA 6.11.243840.4 e

- —

- i 2.0
All-hadronic: Martex Tag &3+1.0 11.51&5

] 2 4 5] 8 10 12 14

‘Lepton-+Jets (Lxy+lepton py)

Fr.9m)

“All-hadronic
f2tm’)

1753+ 6.2+ 3.0

(L=10M")
-
'COF combinad "Lepton-+Jet
iL= 28 :lr ?Dﬂ,aiﬁj:fj ?2'. r:a"f ’ 172.2+1.0+1.3

—_——
176.9+ 3.3+ 2.6

o(pp — 1) (pb) - _ |
. Ry 1724+ 1.0+ 1.3
O study of systematics for top processes e aet) < fyat)
;{21'[10[ = 3.5/6 (T1%)
D Top mass a.r 3 fb_l - Combined LJ+DIL 1;3 1'E|S~D 1T|r'|J ‘HLIJ 1‘;0 Z{LU

and DIL M+, measurement.
0 Charge asymmetry in ttbar events
A Single top in missing-ET +jets channel

3/5/2009
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TOE Mass Measurement with 3 fb!

Simultaneous measurement in Lepton+Jets and Dilepton Channels
and measurement in Dilepton Channel using m+, .

Using the Template Method

2 2 2 bl v —=bl —v
my =my, +m, +2(ETET_pT ’pT)

My, =transverse mass _ : M . (2)
. . . . . mT2 — mln maX mT ) mT
with 2 invisible particle PV D= gy
E"-"_ ________ — I—IA;G [IL}-II:I.SI I—: = sF
A | . mzm-z.u ] %3‘:2
{.“.‘ - = s logL) = 4.5 _: 2-55 CDF Il Preliminary (3.0 fo”}
L1} -_' d_,______‘\ ay ‘__++. 2%_
c . \x\ o ot
R Y E
o, - R -': =
0.5 T, - E
C R R ] 0.5:—
CiCPENRrefimjnary 3.0y , |, | , , | Q;"""""""""' L -+ I PP U T
166 168 170 172 174 176 56 158 160 182 164 186 16E 170 172 174 176 178 s
Hh-{GEV.N:T] Mbop [GeVicz)
. : L] - + rS g L]
171.8 *+ 1.5 (stat+JES) GeV/c?  167.9 1 . (stat) GeV/c?
//’ ~\\«/’_-‘\\\ - - = ' ==
‘ l ! ! 140__ COF Run ¥ Preliminary (3.0 120:_ CDF Run I Freliminary (3.0 b0
qg% tt %\PIIV’LV\blz\{Z/ 1203— ' 100:_ : !
//r \‘\ 100;_ BDE_ p-value = 0.81
// \ 80— p-valus = 0.14 E
L) Y ()
20f- 20
[y i I I 1 1 opl.d 1 1 1 PO, T )
1.2 1.4 1.6 1.8 2 2.2 2.4 26 3 3.5 4 4.5 5 5.5 13 6.5
Symmetrized Error {Ge‘wczj Symmetrized Error tGe‘Wc!}
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Data and MC in the Lepton+Jet Channel

1-tag: 347 events
[]Data

Signal+Bkgd

Events/(10 GeV/c")
ents/(10 GeVic)

[ ] [x] Ladi [~ ]
=
T
4 gl

|

A\ 7
> EP"""""'“’ GO 5 w o)

= |
T

[ BKkgd only

Ew
- b
= o
T 1

e s — - ) et
150 200 250 300 350 1
myee {Gew:u'l mpe (GeVic

s 80 Nl Preliminary (3.0 fb” o 25

2z 70 ﬁ- 1-tag: 347 avents E 2-tag: 145 events
g'__ 60 % DDﬂta w 20

% 50 /‘/ Signal-l-Bkgd E 15

@ i) | Bkgd only E

&

—
=

Lad
=

'

[ ]
=

A
% |

\
\

120
m, (Gevic’) m, (GeVic’)

‘ ;%% Qo |
e 5 "*

g::-l"""'r'.
=

-
=

Signal+Background template assumes m,,, = 171.8 GeV
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Data and MC in the Dileefon Channel

0-tag: 137 events

Tagged 82 events

Events/(10 GeV/c’)

- El Data D Data
15 [ signal+Brgd [7) signal+Bkgd

ER Bkad only EZ) Bkgd only

Events/(10 GeVic)

(=2 T - - -

mT2 (GeVic)) mT2 (GeVic))

Signal+Background template assumes m,,, = 167.9 GeV
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st’rema‘ric uncertainties

GeV/c?

Systematic Combined Dilepton (mT2 only)
Residual JES 0.68 2 58
(Generator 0.74 0.22
PDF 0.19 0.47
b jet energy scale 0.17 0.21
Background shape 0.24 0.36
gg-fusion fraction 0.04 0.32
ISR and FSR 0.13 0.57
MC statistics 0.10 0.33
Lepton Pt 0.03 0.56
Pileup 0.19 0.18
Total 1.09 2.83

3/5/2009
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Charge Aszmme’rrz in tt-bar

SM: Asymmetry caused by interference of amplitudes for same final state

[ q ——pvvren l t
q q s { I\ g q
B g B 91 g 1 . B 4 B 4 &
_NW-NB N -N(p)
" N.(p)+N,(P) © N.(p)+N:(p)
Assuming CP invariance, N;p..(p) = Ny(pbar) = A=A,
T ‘(/9:"6"2”4_7% (0. Antunano etal.; Stronginteraction at high
NG PRD77,014008(2008) €nergy
VAL =0% S e
‘tt+g Significant deviation would be
vAn = -(0-2)% (8. Dittmaier et al.: an indication for new physics,

VA= -(9-10)% PRL98,262002(2008) e.g. Z' or axigluon
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Eerrimen’r: Aib in Tt-bar rest frame

Previously Blessed Results (1.9 fb-Y):
v’ Ag, cos(8) method: Aq = 0.17 + 0.08 (Davis/Michigan)
v Ag, Ay method: A = 0.24 + 0.14 (Karlsruhe)

cos(B) method: cos(0) distribution in lab frame is measured
Ay method: the difference in rapidity between t and t-bar is measured
Ay= Q (Ys.-Y+n ) is Lorentz-invariant = Ay, is measured in ttbar frame.

Update: sample 2.7 fb! £ " i e

- Lepton + jets event selection M s
V>4 jets i3 Tl ===
v'> 1 b-tagged jets o

* Full reconstruction of top 4-vectors s0-

» Correct for selection efficiency, 20-

ttbar and background is reconstruction O BT

* calculated - Qept Yiny L

Agp = 18.7 + 6.5 (sta) + 2.3 (sys) % SM: A, = 5.0£1.5 %

3/5/2009 S. Tokar, Cz-Sk meeting KoSice, CDF new results 24



Single—ToE via missing E- +ieTs

q & CDF Single Top Summary
w
Lepton +jets @ 2.7fb’! xomoosrinaon S50 0n
q: h Matrix Element: CDF —.—
ol =0.88+0.11pb New results in e
NLO missing ET+jets
o, =1.98+0.25pb @ g 7fb-J1 1 —— = B
Evem‘ S@ICC‘HO”: - J' S
BGC kg r'o u nd 5 Sinogle Top Pmdzucﬁon Cros: Section (pb?

* Missing E; (MET) > 25 GeV

-2 or 3 Jets, E;>206GeV, |n|< 2.8
- At least one b-tagged jet

* No identified e or p

Using b-tagging to identify jets
v' Reduces QCD background by 1-2 orders of magnitude
v' SECVTX and JETPROB taggers used to define 3tagging categories:

1. One SECVTX-tagged jet, 2. Two SECVTX-tagged jets,
3. One SECVTX-tagged and one JETPROB-tagged (<5%) jet
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v'QCD multi-jet production ()
v'W/Z + heavy flavor & di-boson
v'Top pair production

Fake MET+MET from weak decay



SingleToE: data vs MC at 2.1 fb'!

CDF Run 11 Preliminary, 2.1 k'

[Proscess [Exel, f‘:i!l'.'\'-T:‘:l.."iﬂ.i"l.'-T_:';.l SecVTX | SeeVTX + JetProl| AnalySed S(]mple: Z.Ifb_l

Single Top § 15.7+2.0 T 609 RN
(SingleTop T ] 12348 | 17803 | 1802 | . . . . ..
T ra imas | wies ———wakss )« Tpained multivariate discriminants to
LIS e i : .ji |r:|-11 5 :1:!1_:'11"1 _-_,i'fjfn.'“; { .
D S - | N 1 T W 7 1 separa‘re signals from backgrounds
—— » Trained separately for each number
Fxp. Background | 1125160 | RO+15 T
|'l'u-|[ul Expected | 11725169 | ORE15 [ 13421 | Of J@TS Gnd TGQS
[DATA | 1167 | 114 | 131 |
HmE“F Rt 8 Proliminrg, 2.1 #* T . E:BF Run Il Prefiminary, 2.1 b SV + SoevT " “EDF R Il Preliminary, 2.1 1" sﬁw‘x -Jﬂ'd’m
i E’" 1 -E 15: E:: '::m- i
i N il = - _L i
| ::5_ o é
g g - e g
i = ‘! m P

o | -1 4F 4% 494 03 0§ 02 4 BB
1 &h 46 404 A3 @ L 1 Fingl MK Discriminant Dl.ltpl.t
Fingd HH Discriminant Qutput

n‘-'l 48 46 44 O4F & 07 w4 F OB 1
Final NK Discriminant Dutput

COF R Il Prefiminary, 2.1 A" . . . COF Run Il Praliminary, 2.1 fb" rast -
i Single top production x-section jemmmmums s

L e o was measured with a significance ;== /%
K SecVTX + JetProh :r_r':;‘:p.u of 2.10/0 (1.40/0 exp.): n.“.’?_— JI‘l,ll I‘rr 11| '_Lll

e EeoVTH+SeeVTX B3 ::_fph 1w . ] Lo
we 4 ) 1% 1L
iuf“ s | OgT = 49 +2.5/-2.2 pb £ [ Eg | -]"
] s w s w YEL| Loy bidr vy |
Singhe lop production cross-aeciion |pi) -0 20 <A [ F-]

o an
Tasl Statistics [-2inQ}]
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Single ’roE Cross Section

Assuming the SM, o<y is proportional to |V, |2
This allows a direct measurement of the V,,

CDF Run Il Preliminary, 2.1 fb!

dFirst measurement of V., in
this channel

2 _ +0.9
v, =150

O Statistical independence
of the sample will help
improve the CDF combination

IV, | =1.247 (exp) + 0.07 (th.)

Posterior Porbability Density

V,, = 1.24 + 0.43/-0.29 (exp.) + 0.07 (th.)
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Single ToE ﬂuark - observations CDF and DO

CDF DO
e . : o Trm TA BLE I: Number of expectad and obsarved events in 2.3 fb—!
."l.ﬂ-&lj-ills EIII:EE S]gm'ﬁl:-m? -EE'DSJ‘I:-]"-]‘I:-:.': for & and g, and 1 and 2 btagged analysis channels combined.
Saction (pb) (Std. Dev.) (Std. Dev.) The uncertsinties include both statistical snd systematic
LF 1675 2.4 4.0 i
ME a Sigs 1.3 4.4 Source 2 jets 3 jets 4 jets
NN 1_3ig-g ey K. th+tqh signal 139+ 18 3+ 10 a4k
BOT 5 1+|:.:-.. ax 5 Wt jets 1820+ 161  G37T+61 180+ 18
' ;g-g ' ' Z+jets and dibosons 229 + 38 85+ 17 a6 + 7
LF3 1.57q 8 2.0 1.1 e 299 + 3% 436 +66 484+ T
= 2158 1.8 - 5.0 Multijets 196 + 50 TIE1T 306
M 1 _g+§__.§ a1 1.4 Total pradiction 2A15+ 102 1,204 +107 742480
Combined  2.3-03 5.0 ~ 5.0 Data 3,570 1,216 724
- —I:l_E - I-I-

We extract nclusive single top quark cross sections
ﬂ'IZjI.'-g.T — th4 X, f:-:]'I!J-|-..1-|i:'_:I of TREDT = E-Tﬂiig?a [:Il:l., TENN =
A70F 35 pb, and ome = 4307750 ph. The sensitivity
of the analyses to a contnibution from single top quark
production 1= estimated by generating an ensemble of
peseudodataseta that sample the background medel and
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QCD measurements

Jet measurements (inclusive + dijet production) continues

v' CDF premier source of information on gluon PDF's at large x
v’ Tevatron has better reach for large x than LHC

v' Current analysis is limited by JES uncertainty - main task

/

2F

proton

‘iet High py tail sensitive to
new physics such as quark
\eeeee substructure

. ” Constrain PDFs at high Q2 . |Qsooev
0:2F 1 at Q=2 Vi
Q! and x (gluon POF poorly known) " S G=500Gev

antiproton

Studies of W/Z +jets processes continues (reported results at 2.5 fb-!)

Promising channel: Prompt photon production cross section
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Updated Z + Jets (previous)

CDF Run |l Preliminary

Update to CDF Z+jets analysis: 10° 2 1
i = = —e— CDF Data L=2.5f
\/ Z—)ee ChanneL Je‘r pT > 301 |Y| < 2.1 2 4—Z.f-,r'|{—}e*e—:|+zl jel inclusive (=20} [ ] systematic uncertainties
- . > 10" = —& NLO MCFM CTEQ6.1M
\/ PUthhed WITh 17 fb_l PRL 100, 102001 i E +—g—=9=+ Czonﬁedtg(;?d;onleresl
2 g 10t . g
( 008) . 1 w - e .- P[:-F2 uncedain:iis
v Updated with 2.5 fb R ——
B c e ——
T 10 —a—
Differential cross sections in: E | . S
v InCIUSIVC JCT pT: |Y| . 10_5_ Zh*(—e'e) + 22 jets inclusive
v Improve result in high p+ tail. B | i |
E‘ 1 g %: Z/*(—e'e) + 21 jet inclusive
Compared to NLO pQCD prediction £ Z‘.'ﬁ;:
(MCFM) g g.gg—
v With corrections derived from Pythia ° o7=
Describes shapes well! § 1 ez ncisive
v'Normalisation agrees within uncertainties = "
8 0o
0.45
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Pr'ome’r Photon Cross Section

Differential X-section of photons with d 't o]
pr > 30 GeV, |n|<1.0 and \\ﬁ_{
calorimeter isolation E;(R=0.4) < 2.0 GeV @é‘@

v'Data from 2.5 fb! of integrated luminosity
v'Inclusive photon trigger

Motivations ot
v'Test pQCD over many orders of magnhitude
Y 9 g

v'Potentially provide information on the non-
perturbative part 00 Annihilation
v'Probe photon techniques over a wide
energy range

(s 1=]

Nl

Leading Order Processes Yielding Direct Photons

Advantages over jets

v Smaller number of initial and final states for production

v' Do not hadronize. No ambiguity due to jet definitions.

v' Measured in EM calorimeter, at least 2 times better resolution
than the HAD calorimeter
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Cross Section Result
I

CDF Run Il Preliminary

O In the theory the scale uncertainty %-m*gé& e otz
dominates at low pr while at high p; the 3 0. —o— oo 08
PDF and scale uncertainties are similar e e s A
(scale dependence: py=p = 0.5p7+, 2p'y S ..
PDF: CTEQ6.1) 0 e
Q Photon x-section measured over 6 i vesanont o
orders of magnitude B e et
Photon p; [GeV/ic]
O Cover the energy range from 30 to 400
Gev - " CDF Run Il Preliminary
g i B — & Ralio i pACH NLO JETPHOX
. . i C systamatic uncartainty o
O Data in good agreement with NLO - i e i
prediction s s
Future for CDF e e,
poll e e
» Extend to forward photons i ST e
» Extend to lower energy (10 GeV) using o | EEREE
different triggers 50100 150 200 280 A on o [GeVic]
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SM Higgs 3 3

. productio

direct production: mostly gg fusion

10

h & deca

L L B L L IR
a(pp—H+X) [pb]

s =2 TeV

M, = 175 GeV
CTEQ4M

B
associated production through virtual W/Z-"__ -+
| B e S s T 3
— AY% -~ ’, -~ . -_;
d wW* IZ‘,\’,WZL e : ::’ - 10 430 ' 100 120 120 16|g§ - 1,{1’110 200
........................... H - M, [GeV]
q b N ST
Tb [ Standard Mode
BR(hgy,)
Channels considered: decay BRas a | -
- - function of m
ZH — lIbb, ZH — vv bb s
WH — Ilvbb, gg > H —>WW
1\ 7\ 10"k r
Low mass High mass = L .
&0 100 120 140 160 180 25!
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ZH—I*I-bb analzsis

Selection: @ 2 high-Er leptons (e or p, Ep18 GeV, 2 lept: Ep10 GeV )
" b) 2 high-E jets (ji: Ex25 GeV, j,: Ep15 GeV, >1 b-tags)

. Z+bb/cc Two analysis in this channel:
Major background = Z + mistag If jets . patrix element analysis
tt+-bar events = 2D-NN analysis
CDF Run Il Preliminary (2.7 fb™) - COF Run | refiminary 2.7 1
£ 45 couble T tag high ® data gf [ z+n S ZH — I'IBF o
= g m=zEIS Bz oo Oz £ 103 W 1o
™ 35 My =120GeVie2 W2 @z o, Emsee £ 2
E - Bww [@Qzicc HE uncertainty B
B 6102-
E § /
z )
10
e T s —

= 100 110 120 130 140 150
0 01 02 03 04 05 06 07 08 09 1 M, (GeV/c?)

10% Slice Along the Z+Jets vs. ZH Axis

2D-NN: Limits for M = 115 GeV: obs.—»7.1 x SM, exp.—9.9xSM
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Expected Limit/SM

SM Higﬂs Combined Limits

s 22 sub-channels studied so far:

H—1r, L=2.0fb"!, N, =1
ZH—vvbb, L=2.1fb"!, Ng, =3
H->WWolvly, L=3.0fb"!, Ng,=5
ZH—llbb, L=2.7fb"!, Ny, =6
WH—lvbb, L=2.7fb"!, Ny, =6
WHoWWWolvivly, L=2.7fb!, Ny =1

2xCDF Preliminary Projection, m =115 GeV

Summer 2005 = e |
Summer 2006

January 2008
December 2008
With Improvements

-y
o
.

IRERN

'\hk
I \\ S —] —

4 6 8 10 1 B
Integrated Luminosity/Experiment (fh )
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summerzo07 1 Factor 2
to take
DO !l

s — , B T ,+ ,_., U .s:
Q LEP W27’ e WHIZH--bbMET 21 157 xp
g Excl H—w2.01b " Obs WH—Ivbb 2.7 b ' Obs
= Hosw 2.0 Exp WH+Ivbb 2.7 fb ' Exp
| L ZH—lIbb 2.7 16" Obs H—WW 3.0 6" Obs
| 5 ZH—lIbb 2.7 167 Exp H—WW 3.0 16 Exp
©10°F Combined Xp
o~
Lo i
(+7]
10
1 SM
Bl L i L L bpgege A |‘{allufa|ry|1§’|zpolgl ol
100 110 120 130 140 150 160 170 180 190 200
2xCDF Preliminary Projection

1 T T T T 1 171 T 1. 1.1 T 1171 LB B ) ot P A B T 1717 ™1 11]
1 —  AnalyzedL=10fb ' - January 16; 2009
Q OQ OVEMTT _(J.’ts' - " ]
g 0.8 .|:.=.§ f PP
lu . ut:.':pnlus 7
5 07 ot
< 06 . -
5 ° 7/ N
= 0.5 JC A
£ i A
= 04 1
g 0.3 - ,r-—/ /_/ \ \'1 "
o 0.2 P \ \Q‘
a —

0.1

CDF Run Il Preliminary, L=2.0-3.0 b

TR

011‘.};0.116 120 130 140 150 160 170 180 190 200
m,, (GeV/c?)
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Exotics ongoing studies: SuSz

Search for Direct Sbottom Pair Production
Search for Stop decaying into charm+neutralino
Search for Stop in Opposite-sign Dileptons

Chargino/Neutralino in trilepton final states
Two parallel efforts on going:
- Update Rutgers analysis with 3 fb! + multi-tau final states
-~ Extend lepton acceptance to Plug electrons, BMU muons etc

Search for gaugino pairs using WZ+Met
Search for GMSB in (di)photon+MET+X with 3 / 4 fb!

Search for Long Lived Neutralinos in RPV SUSY
High luminosity update of B, >pu
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Exotics ongoing studies: other

Search for a Massive Resonance Decaying fo WW/WZ
- See Seog/Chiho talk

Search for W' boson decaying to Electron-neutrino Pairs

Search for heavy generation down-type quark (B’) in the same-charge
dilepton signature
- Use same sign leptons + MET + btag sample used for MxFV analysis

Search for Anomalous Production of Same-Sign Dileptons

Update of search for high mass resonance in p+u— with 4 fb-!
- Plan to use angular information to distinguish Spin 0/1/2

Update of high mass resonance in e+e- with 4/6 fb-!

Searches in multijets events with no MET
- 3jets+3jets final states

Updates for 15t and 2"d generation leptoquark search with > 3 fb-!
Search in photon + jets (+ MET) final states
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Gauge-Mediated SUSY Breaking Models

7. — yG Models provide a warm dark matter candidate

Early Universe L Universe  consistent with
astronom. observations

BN IS S .. * Warm . .
nsec lifetimes Dark & inflation models
. Matter
¢ An access!
. ¥'Non-prompt photon CDF Runll Preliminary, 3.0 v
v'CDF time resolution: . -
k Ctime ~ 1 NS _ I ) E:;‘:fc:m
& Y
¢ | z | ; N J[ |
v yy+*Met (model-independent/neutralino & A |
pairs, small lifetime) "leﬁH
v' yy+Met (From Gaugino pairs, small e LY
lifetime, large Hy) 10 -8 W"” %me?r}k:\EI 3 10
v y+*Met+Jet/Track (From gaugino pairs,

control region signal region

long lifetime, try to pick up taus) (blind)

v y+Met+Nothing (from neutralino pairs)
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Conclusions and Outlook
I

* Integrated luminosity ~4.8 fb-!
+ Several analysis covering a wide range of
physics topics
* Extensive test of SM in all fronts
» Searches for several scenarios of non-SM physics
- Continuously improving analyses

No significant deviation from SM so far, but...

* Tevatron will deliver 8 fb-! by end of 2010
- combination of CDF and DO results to gain sensitivity goes well

No identified detector related problems

- Tevatron Higgs reach looks promising
‘With more luminosity+effort, we have a chance of
saying something very important

» SuSy searches can lead to a surprise
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—
Thank you |
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Bratislava contribution
I

0 Top Charge in lepton+jets: CDF data favors SM

Results blessed for 1.5 fb™ — soon results for 1.9 fb!go for
blessing. Work on increased sample 3.2 fb-lin progress (P.
Bartos, S. Tokar)

[ Jet energy scale in gamma +jet channel (P. Bartos)

[ Bose-Einstein Correlations in the events with high multiplicity
Work in progress (L. Lovas, S. Tokar)

O Muon trigger efficiency calculations: Z boson mass peak used
(a good reputation: L. Lovas)
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Direct measurement: Bi—>JI\|1 0}

- Perform simultaneous mass, lifetime, [COF Run i Proliminary 241t

B
[=3
S

angular fit

events/2ZMeV
(74
(4]
o

©w

o

(=]
TTTTTTT

* Pseudo scalar—2 vectors: S,D wave (CP
even) and P wave (CP odd)

- Angular distributions give informationon ™

N
[41]
o
TTT

.. 150F
CP composition : :
100¥ L THﬂﬁml ++*‘H‘“
Th—ptu, ¢—>KK: I
0 528 53 533 534 536 538 54 ‘s.azu'/e_h;[a' '3.]45
=459+ 12 - Lum m (Jy o)[Ge
C1s 59 (Stat) 3 (SYS) | CDF Run Il Preliminary 2.81b"|

A" = 0.02 £ 0.05 (stat) £ 0.01 (sys) ps™!

events/50um
2
|

Ay = 0.508 + 0.024 (stat) + 0.008 (sys)

102 |-

|A,|=0.241 £ 0.019 (stat) £ 0.007 (sys)

105—

AT =0.076" . (stat) + 0.006(syst) ps™ L

cr, = 456 + 13(stat) £ 7(syst) um P ' '.;J/'\o.?[ :
¢t (J/y o) [em
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Cross section measurements

Cross section:
Ou, u,(P1:P2) = Zfdxldxz F (x5 ) F (%, a5 ) G (%,5,8 s ph)
ij

F" (x, ) = hadron H structure function, ith parton
O = parton cross section

2 00 n 2
G, = afn(;u) D (4mag (1)) Y] In" (%J
n=0 k=0
e
[Top pair prod.: theory is at NNLO [Problems: big Iogs}

Scales:

(Usual choice:\

Hp = HF <
ur = factorization scale (determines parton structure {mmp/Z, me@

Ue = renormalization scale (determines coupling as)

At LO the scales - main source of uncertainty !
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Summarz of Backgrounds

Top/EWK (WW/WZ/Z—T1T1, ttbar) Mistags (W+2iets)

* MC normalized to theoretical cross- + Falsely tagged light quark or gluon jets
section

* Mistag probability parameterization
Non- W (QCD) obtained from generic jet data

W+HF jets (Wbb/Wcc/Wc)

* W+jets normalization from data
and heavy flavor (HF) fractions
from Alpgen Monte Carlo

Would like to improve this! %

E.g. Calculate HF fractions using MCFM? :
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* Multijet events and jets
with semileptonic b-decay

Fit low MET data and ex-
trapolate into signal region




Results - Data Fit

Fitting the data: a
g9 L..=955 pb_l F, = oS0
Fo = 0.65 (measured) a. f. +a,f,+a_f.

fo= 060 +012 +006, (corr) f, =0 fixed ‘- acceptance for helicty |
f,=-0.06 £ 0.06 = 0.03, fo fixed to SM value @M+1=175 GeV

Fit for longitudinal fraction Fit for right-handed fraction

| CDF Hl Preliminary | Cniries: 220 | CDF Il Preliminary | Crines: 270
40 :_ ------- background 40 :_ ------- background
E -==- +left-handed = -+ =+ +right-handed
35— i . +Icznr"|g|11.1d|r‘|zl!1 35— b ool Gf 0 W |eft_|:1amljed
® data 695 pb = +longitudinal
301 30 ® data 895 pb’
o 25/ o 25
F 5
o o L C
15— 15—
= a =
- - .
10F 10—
50 e TR S o 5E
e R YK 8 B R B 5 o P RSB R R FARBEBLTLFAL £58 e "-""'--"-"-'=‘-':-“.':':':':-;',--_;-_--_----.....................,,,,,,,,,,.,:,:.T.:.I.T.....7.|-wm-m-.--_“_";'_"_‘
0 -I'.lll'l I o N VA O A o S Ol -l ) A 0 -I‘.llil | TSN S WA O SO N A |.lIT--l.T'?'T"I"P'+"I"F'r'|-'!-p-n-|-l|--n-n
-1 08 086 -04 -02 0 02 04 06 082 1 -1 08 L6 -04 -02 0 02 04 06 038 1
cosb cosB
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2D Fit Results

Amplitudes fyand f, fitted simultaneously (done first!ll)

Run I results: TCor 1 Pretiminary | S——
» CDF (100 pb) “E L e enanded

===+ +|eft-handed
= +longitudin al
® data 955pb"

f,= 0.91 + 0.37 £0.13(syst) || o

f. <0.18 @95% CL g =

+ DO (125 pb™) ': |

fo= 0.56 £ 0.31 of .......

£z 00+ 013 20.07(syst) || W oo T
(Run IT,230 pb1) I T R T

f, =0.74 + 0.25(stat) + 0.06(syst) |, A

Good agreement

f. =—0.06%0.10(stat) + 0.03(syst) | WithSMHE

\_ J
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ToE guark Mass

World's most precise single measurement

m, = 172.7 £ 1.3 (stat.) £ 1.2 (JES) * 1.2 (syst)

Previous value: m=170.8 + 2.2 (stat) +1.4(syst)

Sophisticated analysis:
293 lepton+jet ttbar events

10-variable NN to separate S from B
-Signal Likelihood from Matrix Element

as a function of my and JES

=172.7 £ 2.1 GeV/c2

CDF Run 2 Preliminary 1.7 fb

(7] 1.1
w
-

0

Log L

-50

0.95

160 170 180 190 2 200
m, (GeVic’)

Number of events

| Neural network discriminant | B(q)
E — === "" ﬁg (q) =
o - _o=--
:§ 0412;_ =TT signal m=160 B(q) + S(q)
Eor i —sgaim=170 | Calculated for
5 0_1_5 b signal m=180
i L ] :,__E """ W+bb background QGCh CVCHT
o ____j‘”i--:l_-_-.l ----- W+light background 0
0.08_—5 [ E i::i ----- QCD background quo NN V. ] 1 }
. L
L 1 [
0.06 .| : 20
e
|
0.04—|
[
0-022—" 120 140 160 180 200 220 240 260D
L Top mass value at peak of likelihood curve (GeV/c"2)
0 T T T T N N A N NI A MO A A Slgnal(1?2)+backgroundMC » Data events
0 01 02 03 04 05 06 07 08 09 1 oe I Background MC

Neural net output




tt-bar Er'oduc’rion: ﬂﬂ/EE

e >~w< K

gg fusion

qq annihilation

0.06

0.05

- Top production
Tops are central

> Top-spin correlation °

Tops are more forward

0= . 0.5 1 5 t
“ z;.:.f-‘-/' cos " // /“/
= < & e
s / g/ S =
7 SF ~F r’e;
Unlike top spins like top spins

»Another possibility: gluons radiate more than quarks = more low
energy charge particles = this was used in the analysis
»(well-known) W+jets and dijet processes used for calibration. (# of
gluons involved increases with # of produced jets and # of gluons

decreases with ET of leading jet, resp.)
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New result for ZZ — llvv/4l

Backgrounds: Z/y*, WW, WZ, tt, Wy,Wjets

L=1.9 fb-!

2 isolated, opposite sign leptons, e or p
P1.>20 GeV, P2+ >10 GeV, M, > 16 GeV
<1 jet, P+> 15 GeV

ME+ g, > 2.5 GeVY2, mEy,,, > 25 GeV

Calculated

Calculate P(WW) or P(ZZ) based on--~ evnt by‘evnt
event kinematics and LO cross sections ./
Pz, /

-

Construct LR discriminant (LR =

+P
fit to extract llvv signal S

o(pp — ZZ) =1.4"¢ pb

Consistent with SM NLO: 1.4 + 0.1 pb
3/5/2009

smallest o ever
measured at
hadron colliders

Events / 0.50

Events / 5.0 GeV

, CDF Run Il Preliminary ILdt= 191"
191 2z Fit Region
* data Ot
10y Ozz  BOwy
Owz DOw+jets
oy =
2 ] 7
10 Syst. Uncertainty
| —
14
-1
5 45 4 35 -3 25 2 15 1 05 O
log, (1-LR) (ZZ, WW bkg)
CDF Run Il Preliminary I Ldt=1.9fb"
Z7 Fit Region e data Ot
70 Ozz .Wy
60, Owz DOwsjets
Oww Oboy
501 Syst. Uncertainty
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SM Higgs: HoOWW*™

Events / 0.04

gg—>H->WW*slvlv

most sensitive channel for m_ >130 GeV/c?

‘Matrix Element method to calculate event
probability P, . using full kinematic information
-Construct a likelihood ratio discriminant LR

I:)H—>WW (m )

95% CL Limit/SM

LR
H—>WW (m ) + Z fbkg bkg
CDF Run Il Preliminary [Lat=1.91"
140_—10X mHUGO) « data .ﬁ
Oww  @Ewy
1204 Owz  [Jwijets
_ @zz [Joy
100 ,
80 £
60-

0 0.2 0.4

04 05 06 07 08 09
LR (H—WW, high S/B)

0.6 0.8

1
LR (H—WW, high S/B)

« At m, = 160 GeV/c?:

. Expected limit:
3.1 x SM (=1.2 pb)

. Observed limit:
2.0 x SM (=0.8 pb)

CDF Run 11 Prellmlnary L l 9 3.0 fb

RN L I B T
Expeeted
Observed

tlo

+2oc

o e LEP Lum[

I SM

July 31, 2008

100 110 120 130 140 150 160 170 180 190 200

my,( GeV/C )

ar, Cz-Sk meeting KoSice, CDF new results 50



