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The CDF and D@ detectors

Forward Mini-drift Central Scintillator Forward Scintillator
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 The top quark is the only known fermion with a mass on the

electroweak scale:
= decays as a ‘free quark’
" may include non-SM contributions

* Discovered in Run I:
mass and cross-section, W-helicity

in decay missing: spin, charge, width
" my, and m,, together constrain
the Higgs mass * Run II programme

* Improve previous measurements:
mass, cross-section, W-helicity and

80.6 ——————————
| =L =R SLD?a‘a spin-correlations
805] eswoL « single top
> £y ) e branching ratios (non-SM, Higgs)
S go.a] 2fb'goal @ . « anomalous kinematics (non-SM)
e L e resonance production
80.3 o - e anomalous couplings
|m,, [Ge :
80.2 1 114/300710007 _ Preliminary

130 150 170 190 210
m, [GeV]



Top quark production

In pp-collisions at Vs = 1.96 TeV,

top quarks are mostly produced in single top-production

pairs:
q i !
Q. t s-channel >,\,ﬂ,\<
90 %
g
B q g q g
d, t V W
t-channel b / i )
h & !
g t
0 .
g 10% o single top observed (so far)

current Run II CDF limits:
o(s+¢) < 13.7 pb @ 95 % CL
o(z only) < 8.5 pb @ 95 % CL



Top quark decay

Br(t — Wh) = 100% in the SM

* dilepton: Both ¥ decay via W—lv (I=e or i, ~5%)
* lepton+tjets: One W decays via W—/v (I=e or u, ~30%),
the other via W—qq

e all jets: Both ¥ decay via mu+jets(12/81) = tayu+jets(12/81)
qu .

Be-e(1/81) et+jets (12/81)
® mu-mu (1/81) =
Y tau-tau (1/81)

Se -mu (2/81)

B¢ -tau(2/81)

" mu-tau (2/81)

O

all jets (36/81)



Top cross section: dilepton channels

2 high p; 1solated leptons

(e, 1L, not 7)
neutrinos: large missing E
2 high py jets (from b-quarks)

3 channels:
ee, L, efl

Backgrounds:

Z—I"T (incl. 77)

WW—ee, uu, ell+ jets (small,
but has very toplike signature)

QCD leptons (esp. 1)

t(—W*b) t(—W-b)

e+,u+

e,



Event selection:
. trigger
e missing E; > 25 GeV (epn) /35 GeV (e

di-lepton

e, U

» 1solated leptons, p, lepton > 15 (20 for ee)

* H;!> 120 /140 GeV
* 2 or more jets with p, > 20 GeV

* 105 (110) GeV <M(ee), M(up)) <75 (70)GeV

—
E _
100
~145 pb ! e el i £
ZUp 2 0.15+010(047+017 204049 [2.66+0.53
! W 014008 (029006010004 (053£0.11
[ Fales 091+030(019+006|046+0.20|1.56+0.36
Lo Total bkg. [1.20 033 |0.95+0.19 |2.61£0.53 |4.76 % 0.65
Mee Inv. Mass Observed g 4 17

combined: 6, = 14.3

+5.1

(stat) 2 (syst) = 0.9 (lumi) pb
1.9




Top cross-section: Lepton + jets

One (and only one)
high pr1solated lepton.

Neutrino: large missing E

large jet multiplicity ( = 3,4)

jet

Background: QCD+multijet

W-+multyjet
jet
« topological: event shape, H, =Xp)" + p;
 b-tagged: secondary vertex tag t(*%b t(*W\" )
ei,ui qq

soft lepton tag



lepton + jets

Event selection:

* lepton trigger

* missing E; > 20 GeV

+ Ep, p(W) > 20 GeV

e at least 3 jets with p,> 15 GeV
and n| <2.0

* at least one b-tagged jet

* Hy =X E; + missing Er + Ey (p(w))

* H.> 200 GeV

+1.2

o(tT) =5.6 "7 (stat) 5 (syst) pb

Number of tagged events
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CDF Il Prellminary
HT = 292 GeV

L

0.8 \ Jet1 82.9 GeV

Jet2 65.6 GeV

run 155145
evt 132579

CDF Il preliminary
| [] mistags |
] Wbb
[] Wee
B non-W
[ We
B WWWZ7Z-s1t
] Single top
Tot bkgd + 16
s Data (162 pb")

1

I|IlllmIII|III|III|III|III|III|II

:_ & require H; > 200 for > 3 jet

- .

- . *

— *

- ! | ﬁ*
1 2 3 = 4

Number of jets in Wtjets



Top to all jets

50% of all tt—jets have < 5
reconstructed jets

but: swamped by background

(QCD hard scatter 2 — 2 parton

processes)

6 or more jets (one jet per parton)
no 1solated leptons

b-tagging

event shape

IED (neural net) o(tt) = 7.7 33(stat) 32 (syst) = 0.5 (tumi)
@ (tagging) o(tt)=7.812.5(stat)s(sysi) pb
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tt Production Cross-Section Summary w

All observed cross sections consistent with each other...

Top Pair Production Cross Section

CDF Run 2 Preliminary

Dilepton: Combined
7.0234+17 (- 200007

] Lepgm +Jets: Kinematic

47+]§+1% =195

Lepton + Je!s: Kinematic NN

6.7+]1+18 (L= 19507)

Lepton +Jets: Vertex Tag + Kinematic

6.0+15488 (1= 162007

B
Lepton +dets: Vertex Tag

56+]2+9 (L=162007)

L . T
Lepton +Jets: Double Vertex Tag

54+34+0d (L= 162007

. P
Lepton +Jets: Soft Muon Tag

4138413 (L= 12607

—_ @) »
All Hadronic: Vertex Tag
78122437 (L= 1650b)

fn

0

2

L I
4 6 8 10 12 14
o(pp — i) (pb)

Theory predicts o(#)=6.7

+0.7

-0.9

pb at m

D& Run Il Preliminary
=]

i
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dileptons
—&—-

T evpets [topaf
u+jets (topa)
Hjete [topa)
u+jets (soft p}

kjete {=aft p}

T T T T T I T T T T R L N

-5 0 5101520253035

top

=175 GeV

G (pb)



D@ Run I Top Quark Mass Measurement

m, = 180.1 £ 3.6 (stat) = 3.9 (syst) GeV/c? | Nature (429, pp. 638-642)

« Statistical uncertainty reduced from 5.6 to 3.6 GeV/c?

— equivalent to a 2.4x larger dataset . Bo
The probability for a top (or background) 0z \\
event to give rise to observed jets, leptons Ve o ws m  w wo im
and MET is computed. bl o

This measurement increases the
M, 1s measured by maximizing Poisson world-average top mass from
likelihood for entire event sample. 174 +5.1 GeV to 178 £4.3 GeV
Problems:
Advantages:

- only leading-order tt cross section is used
- all jet permutations contribute — only events with exactly four jets can be used
- event-by-event resolutions considered - glyon fusion diagrams neglected

- non-Gaussian detector response - only background process computed is
accounted for W + jets



Run II top mass CDF

CDF Run 2 Preliminary

Lepton jets: _ Dilepton 175.0 4113443 (- 1280
* template (Run I)
1 multivariate E Lepton+Jets: Template . 174.9 +11283 - 162007

* dynamlcal 111{611h00d _:Lepton+Jets Multwarlate 17?6 e ) {1'_ 162pb7")
— best Run II CDF result so far ; —
Lepton+Jets: DLM 1778445482 (1= 162007
M,,, = 177.8 ig°g(stat.) + 6.2 (syst.)GeV/c?

—y ® 51,53
1Run 1: CDF Lepton+Jets 176.1XZ:1+53 (Runlonly

Systematic error 1s dominated by
modeling of the calorimeter response

{1Run1: DO Lepton+Jets 1801238433 (Runionly

1Run 1 World Average 178.0 +27 433 (Runionly

R
155 160165170 175130185190 195
Top Mass (GeV/c )

» improved result for Winter 2005 -

First Run II DO mass measurement soon.



@ W-helicity 1n top decays D&

* In the SM only left-handed (W ) and longitudinally
polarized (W) are produced.
I'(t—W,b) V2 (my/my,)?

F, = =
P T T(—>Wob) +T(t—>Wib) 1+ Ya(m/my,)>

Withm,=175GeV =) F,=0.703

Run I results:
CDF (2000): F,=0.91 £0.37 (stat) £ 0.13 (syst)
DO (2004): F, = 0.56 + 0.32 (stat+ m,) £ 0.07 (syst)



W-helicity Run II @

lepton + jets: lepton+ Jets
_ "CDF Il Preliminary i ]
F, = 0.88%)2 (stat+syst) - 1t 1021 y
F,>0.24 @ 95 % CL
25+ 8 3
. 3. )
di-lepton: =} ]
F,<0.52 @ 95 % CL 215
FO < O°94 @ 99 % CL E 105— L Ib:;ts-L:Ldedcomponem -
longitudinal component
5 —— background component |
combined: R NG
F — O 27+8 %? (Stat + Syst) i SOcharlgogd-le;gn pth(}%eV)%o -

FO <0.88 @ 95 %CL

Updated D@ measurement soon



The Tevatron 1s a b-factory:

o(pp — bb) = 150 ub (at 1.96 TeV)
All types of B-hadrons are being produced (B,, B,, B, A, etc)

CDF and DO have a large and varied b-physics programme
— can only present a limited selection today

* Mixing not covered:
e Lifetimes * b and quarkonia production
* Lifetime difference in B, —=J/'Y ® s CP Vlomlon
 hadronic moments
:3
e X . B
'Bs—>(D(D e B D¥*X
* B,y — nu * Helicity amplitudes in

* Pentaquarks B — J'¥ K¥/®
etc.



M = mass matrix
I' = decay matrix

To measure B-mixing:
* proper decay time ct

* identify b-flavour at production

* identify b-flavour at decay
Tagging efficiency =N, /N,
Dilution D=(Ng-Ny)/(Ng+Ny)
Tag power=egD?

Flavour tagging:
* same side tagging: charge of ‘nearby’
track correlated with b-quark flavour
(b & ", bbar <>T)
* opposite side jet charge tagging:
sign of b-quark ~ sign of momentum
weighted sum of particles charges in jet
* opposite side lepton (here:|) tagging:
from semileptonic b-decays
(b1, bbar<>1")



Mixing Results from CDF

 exclusive decays . N1 B Iy K, K - Ko
B° — J/¥ K0 g > Jﬂt{
BO N D- T[+ E 0 E\/’
>
202
Amy= 0.55+0.10 £0.01 ps' 41

0 0.05 0.1 0.15 0.2
world average: Amy = 0.502 + 0.007 Proper decay length [cm]

* semileptonic b-decays using same side tagging

Am, = 0.443 £ 0.052 (stat.) £ 0.030 (s.c.) £ 0.012 (syst.) ps™!
D,=12.8+ 1.6 (stat.) £ 1.0 (s.c.) £ 0.6 (syst.) %

D, =283+ 1.3 (stat.)x 1.1 (s.c.) = 1.0 (syst.) %

eD?(B%) =1.1 £0.3 (stat.) £0.2 (s.c.) £ 0.1 (syst.) %



Mixing Results from DO

S — D& Run Il Preliminary
e — Semileptonic B-decays:
B — D* it v X
D* — DY x
DY — K

.0_4:_ ......................... 1 ....................................................................................................................... Opp081te_81de muon tagglng

- 250 pb’ 0S muon tagging
T il i i i IO -

B R TR ¥ R ¥ T T YT world average: Amy = 0.502 £ 0.007

VPDL, cm

Am, = 0.506 = 0.055 (stat.) £ 0.049 (syst.) ps!
» Tagging efficiency: 4.8 £ 0.2 %

* Tagging purity, Nz/(NgtNy) =73.0 £ 2.1 %

= > D=46 %, ¢sD*=1.0%



@

Run II lifetime measurements w

HQET/OPE predict lifetime ratios: ©(B*)/t(B%)=1.053£0.016 £0.017

CDF
B meson N(B) T(B) 1n ps PDG 03 in ps
B*—J/¥Y K* |~3390 |1.662 £+ 0.033 +0.008 |1.671+ 0.018
B’ — J/¥ K |~1160 |[1.539 +0.051 +0.008 | 1.537+ 0.015
B—JY¥Y D ~260 [1.369 £ 0.100 f?}:‘(’)‘;z 1.461% 0.057

T (B*) /T (BY) = 1.080 + 0.042 (tot.)
T(B,) /T (B =0.890 + 0.072 (tot.)

semileptonic
decays

DO

correlated errors

preliminary

T(BH)/1(BY) = 1.093 + 0.021 (stat) + 0.022 (syst)

updated DO measurements in exclusive modes (B, B,, A,) at ICHEP



Lifetime difference and in B, —J/'¥ ® (Method)

In J/VY restframe:
K"K plane defines (x,y) plane
K* defines +y direction

®, YW polar and azimuthal angles of p*
¢ 1n O® restframe: angle(K+, -J/\V)

(|B +|B.))=CP—odd
{ N—|B.))=CP—even

scalar — VV decay

=> 3 amplitudes

L =0 (even),1 (odd), 2 (even)
described in transversity basis

COF Run il Prelirminay L-2e0pb "

F B, —Jiye ¥ Prob: 13.6%
ok




=

Lifetime difference and in B, —J/¥ ® (Results)

CDF Run Il Preliminary Lumi = 258+15 pb ™’
E s
=10 F Bs =% Jf'll!d) —--data — 1 =
2 - [="% 4T, = 1/
lg_ _SigLight AF — FL = FH
w10 SigH
ﬁ- Bkg:w Ived
g Bkg Sho:-lived
S0
O J Fit prob: 37.8%
theory:
3 w M ‘ ‘ AT/T. = 0.12  0.06

constrained fit
1ﬂs = lﬂd

+0.13

= 1132134 0.02 ps
T, = 2.3879°% 0.03 ps

AT = 0.46 £ 0.18 + 0.01 ps-!
AT/T, = 0.71"02% £ 0.01

-0.43
unconstrained fit: AI'/T,

+0.25

= (0.65. 0_33:|: 0.01
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X(3872) =»J/¥Y n'm

Belle: My = 3872.0 + 0.6 (stat) = 0.5 (sys) MeV/c?

s sfoo — coFI
I o
- I ] 2000/ 1000
® 400~ * : 1500 3.80
E 200:_ % mm::'—; : e
i ° 50(}—;’_’7 ‘
056 07 08 09 D) iapaisge s yspaasssans sy taserany
M, orer = My, (GeV/CT) He8 ?[:1! ?uiarrgfﬁgsf %iegvgf ;5 Dk
Exp Lumi | range Mass [MeV] Mass res Signal Signi-
[pb!] [MeV] ficance
CDF 220 ly|<1 | 3871.3%0.7 0.3 4.9 730290 | =120
DO 230 ly|]<2 | 3871.8%+3.1%3.0 17 522+100| =50




X(3872) — ¥(2S) comparison

Is the X(3872) charmonium, molecule, ... ?

0
0

- ;"'5588?} - 0,.0, helicity:
angle between
- % N % m(n) and X 1n

L % % B % di-m(p) restframe

0.9

o=

O .7

Lo I

oS

Fraction

L& . B

+
——

.3
o=

T

ly(Jhyrm)| < 1 ‘\ 1 [Isotation = 1 “

.1

cos(6,) < 0.4

cos(0,) <0.4
o; (Jiynm)> 15 GeV \

Decay Length < 0.01cm

Similar in decay length and isolation — similar prompt production fraction as Y(2S)

No significant differences between y(2S) and X have been observed yet.



Events24 MeVic®

Charmless B-decays: B, — OO

First ‘observation’ (¢ =4.7) at CDF

CDF Runll Preliminary L=179+10pb’ gluonlc pengUIn decay
5 f— _ %/
o 3 S
; S
3 -
2 =
% # Hi 12 events seen
1 |
AN e expected bkg 1.95 events
5 52 5.4 BB 5.?11 [G:Wcz]

BR(B, — ®®) = (1.4 % 0.6 (stat) + 0.2 (syst) = 0.5 (BRs)) * 10

You won’t see this at the b-factories.....



@ Rare decays: B, — pw D&

SM prediction: BR(B, — p p) = (3.4£ 0.5)- 107
B; — pp suppressed by |V,/V,| = 4-10-2

CDF Run II lIimats:
BR(B, — pp)<5.8-107@ 90 % CL
BR(B, —» up)<1.5-107 @ 90 % CL

DO
Sensitivity @ 95 % CL :
BR(B, > 1" ) <9.1 - 107 (stat only)

N, 3 50 — CDF I BR(B, — u" w) < 1.0 - 10 (stat+syst)
2 | s@tH Box will be opened for ICHEP
Z | 171ep" =
X o ~180 pb-1
B 9. £ £
@ Z Z N 2
= = E D@ Run Il Preliminary
= 5 ﬁ g HE Signal reglon
’ 3 3 -
“e E ::i Side Band 1 Side Band 2
11 ED o % -1.5— -
us?— |
usf—
u4f—
02—
O l\\ % T L ;;-IE I4.Ialllél"5:2lll5_l4lIIS.IE'.IIIE.ISIII = 6.2
48 5 52 54 56 58 e s ) Wass [GeVi'

M(u'w) [GeVic’]



Pentaquarks @

CDF has performed a search 1n the following channels:

* OF (uudds)) =2 p K, 2> prtm

* O, (wddc) 2> D"p>Dnp i WWMM

¢ 503/2 (SSdua) 9 E- TC+ 9 A TC+ T 50%:

a0k N( &)= 18+ 56

r (<89 @90%CL)

p— — p— _ _ _ 200
‘:3/2(ssddu)9:ﬂ9ATCTC |
1.4 1.45 15 1.55 1.06_ 1.65 1.7
m(pK s pK3) (GeVic?)

Entries per 2 Mev/c?
=
[=]

So far CDF has not observed any pentaquark states.



Summary

* The Tevatron integrated luminosity > 500 pb-!/experiment

* Top
= Run II luminosity in measurements now exceeds Run I
» Sophisticated analysis techniques 1n place
* Measurement of top properties in progress

* b-physics

» Rich programme, not all covered in this talk
= Competitive and complementary to h-factories

**%* Many more results coming soon ***



Backup Slhides



Tagging Tools: Vertexing and Soft Muons

B hadrons 1n top signal events

Vertex of displaced tracks

displaced
tracks

Secondary
vertex

Identify low-pt muon from decay

e or |Lin jet

-
-G'
-
-
.
-=""b
-

e b—lvc (BR ~ 20%)
e b—c—flvs (BR ~ 20%)



Lepton+jets: topological

" Highly correlated with the top mass!

Aplanarity 4 = 3/2 X smallest eigenvalue of the normalized

momentum tensor M \ > pip
M, =&—
Pl

o

Large values of 4 indicate spherical (top) events.



Top Quark Mass Measurements

D@: New analysis of Run I Data Nature 429, 638 (2004)

* Rather than a kinematic fit, the probability for a top (or
background) event to give rise to observed jets, leptons and MET is
computed

* Also define background probability for each event 2N

"'.“-".'
winiy

* M, measured by maximizing Poisson likelihood for entire event e =\
sample 5 12\

» Advantages

| AR
W

- all jet permutations contribute
- additional kinematic information used
- event-by-event resolutions considered

* - non-Gaussian detector response accounted for 22 events including 10 background

« Compromises M, = 180.1 £ 3.6 (stat) + 4.0 (syst) GeV

- only leading-order tt cross section is used

—> only events with exactly four jets can be used
- gluon fusion diagrams neglected
- only background process computed is W + jets



Lepton + jets CDF Run II mass measurements -- methods

Template Method (Run I method):

 Kinematic fitter to reconstruct top mass

» Kinematic constraints (m, =m,, ,etc)

* Use best (smallest y?) of 12 (4 if double btag) solutions
* One dinemsional templates parametrized for top and background as function of top mass

Multivariate Template Method:
 Refined kinematic fitter with jet energy scale optimization
 Kinematic constraints

* best combination, weight according to correct permutation probability
» mulitidimensional non-parametric templates

Dynamical Likelihood Method:
» Matrix Element Method

e use all 12 (4) combinations

* calorimeter transfer functions



Top mass constraint on the Higgs mass

ﬂf

B — All data, with old
1 world-average M,
5_, "'. ==+ Al data, with new
world-average M, :
i
4 ;
3 -
E -
4 S
1 - Region K
excluded
4 by direct
searchas |
0 | s 5 T |
20 100 40C

Higgs Boson Mass [GeV/c”]



b - Lifetimes

l -
I u
I
|
b c 2 : E 2‘0\
> -
*| | AL W F |
- - - - -
d d

spectator model

Heavy Quark Effective Theory (mg, >>Aqp) but not top !




Mixing

B, (~bs), B (~bs) are produced § ! P

in one of the two possible flavour

states. This initial state evolves into W W

a time-dependent superposition

of the two states according to: < < <
b t S

5 (1) _ /vp T\ [ |1BID)
o (Eﬁfﬂ>> - Qe—~i (Bgm

B, mixing via top quarks

M = mass matrix X, = AmB T">19.0
I" = decay matrix at 95 % confidence level
AT T < 0.52 at 95% c.l. XA RS0 7ooEE 001

theory: 0.12 = 0.06



Rare decays: B,,; — p p — theoretical predictions

BR(Bg— 171" | BR{B:; —1"1")
(3.4+2.3)-107 (B.0X3.5). 107
(1.5+08) .10~ | (3.4+05) .10~
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