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Introduction

In this talk we deal with completely different analysis
strategies but with the same aim : more precise knowledge

of CKM matrix elements at the Tevatron.
* |Vtbl

through single top production
* Vsl

through Bs mixing

* arg(Vts \/tbﬂ< / Vcsvcb*)
through CP violation



Tevatron

*pp colisions at Vs = 1.96 TeV
*Peak luminosity ~ 3 x 10°° cm’s™

* 2.7 b per experiment collected already

* Accelerator and experiments performing well

* Aim for 4-9 fb! int. luminosity in Run II
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D0 detector

* Good coverage of Tracking and Muon system ( Ini<2)

* Good calorimetry and electron identification

* High efficiency muon trigger.

® Silicon vertex Detector
= Good vertex resolution
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CDF detector

* Drift chamber (COT)
= Good tracking resolution
o(p,)/p, ~ 0.1 % GeV"

® Silicon vertex detector
= Good vertex resolution

= Important for triggering

* TOF detector and dE/dx from
COT

= Good particle identification
®* Muon System up to Inl < 1.5

= Important for triggering



Single top at the Tevatron



Single top: Introduction

At the Tevatron, top quarks are primarily produced in pairs via the strong inte-
raction. The SM also predicts a single top quark prod. via electroweak interact.

Two dominant single top production channels at the Tevatron :
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Event Yields in 0.9 fb-1 Data

DO Electron+muon, 1tag+2tags combined
Source 2 jets 3 jets 4 jets
tb 16+ 3 8+2 2+ 1
tgb 20+ 4 12+£3 4+1
tt— Il (*) 39+9 32+7 113
ftt — Hjets 205 103 £ 25 143 £ 33
W+bbh (**) 261 + 55 120 + 24 35+7
W+cc 151 £ 31 85+17 235
WHjj 119 + 25 43+9 122
Multijets (= sk 95+ 19 77 £15 29+6

N 7
Total background 686 + 41 460 + 39 253 + 38
Data 697 455 246

CDF Yields (preliminary) [1.5 fb™']

2 1ets
t=channel 37.0 = 5.4
Single top 60.9 = 11.5

Diboson

W + bottom

w + light

Total background 10428 = 218.2

1103.7 = 230.9
1078

Total prediction
Observed

Using 2,3,4 jets to increase acceptance

Single top hidden behind
background uncertainty!

- Makes counting experiment
impossible!

- Multivariate Techniques

necessary

(*) from Alpgen, normalized to NNLO SM 6 =6.7 pb

(**) shapes from Alpgen, normalized to data before tagging

(***) QCD from data
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Single top : DO Results

DO applied three independent multivariate discriminants to the data and their
results were combined to obtain a 3.56 sigma evidence.

D@D Run Il «= preliminary 0.9 fb™!
.. ! 1.4
Decision Trees ! —eo— 4.9 L 4 Pb
. I 16
Matrix Elements* *— 4.8 i1 4 Pb
Bayesian NNs* — 4.4 j '_i pb
3.5 6 evidence |{MCombination* ' —eo— 4.7 j '_2 pb
N. Kidohakis, PRD #4, 114012 (2006), my,, = 175 GeV
Z. Sullijan, PRD 0, 114012 (2004), my,, = 175 GeV
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Single top :

CDF Results

CDF Run Il Praliminary, L=1.5 fb™!
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Vtb| Measurement (from D0,CDF)

The decision tree measurement of the tb+tgb cross section of DO 1s used to derive a first direct
measurement of the strength of the V-A coupling |Vtb f'l in the Wtb vertex, where f" is an
arbitrary left-handed form factor. IVtbf"l = 1.3 + 0.2. CDF measures 1.02 £ 0.18

These measurement assumes |Vtdl* + [Vtsl*  [Vtbl* and a pure V-A and CP-conserving Wtb
interaction. Assuming in addition that f*=1(SM) and using a flat prior for IVtbl* from O to 1,

DO obtains:0.68 < [Vtbl < 1

at 95% C.L. These measurements make no assumptions about the number of quark families or
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Bs mixing at the Tevatron



Introduction

Neutral B mesons experience virtual transitions in the corresponding anti-particle
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<> In SM described by “box diagrams”—> measure |V, |

< Amg, ~ IV |5 Amratio measures one side of the unitarity

triangle (many uncertalntles cancel in the ratio):

Ams mB ‘/;58
= & =1.210+%" known at ~4 %
Via -0.035
(hep-lat/0510113)

e |V|/|Vy4| can be determined at~4%

Amy mpg

d

New physics can influence oscillation frequency — test of the standard model



e,u,Jet
fragmentation
X’ L 4
D meson - o
b hadron = <hee?”
4 P.V. | BY i~
“opposite” side 1 i
E Ly !
— Collect as many B_ as possible i ct=1L,, :'E‘ 3
' T

» Tevatron, Trigger:select tracks from dis'placed vertices (high purity) and single inclusive muons
(semileptonics: high statistics)

— Extract Signal

« B, flavor at decay inferred from decay products

— Measure proper decay time of the B, meson
« LO0O, per event primary vertex, candidate specific decay time resolution
— Determine B, flavor at production (flavor tagging)
« PID (TOF, dE/dx)
» Flavor tag quantified by Dilution: D=1-2w, w = mistag probability
— Measure oscillation frequency (asymmetry between unmixed and mixed events) vs t

P —P
A(Z‘): nomix le:DCOS( m-t)
P

mix nomix

* In practice: perform likelihood fit to expected unmixed and mixed distributions




Key Experimental Issues
2 S T Be(Amsat)2/2

Uncertaintyon g, =
2
Amplitude \ eD=5 \ S
Signal size S efficient tracking,
S+ B
Signal to \ T
Background S

Production flavor €]D?

lepton id, Kaon id with TOF
Tag performance

Proper time e(Ams o t)z/ 2 Silicon on beampipe (Layer 00)
m 2 5p Fully reconstructed signal crucial

p p

Resolutio
(o t)2 — Z



Proper Time Resolution:

Requires good tracking as close as possible to the interaction point. CDF/DO
have good tracking with large drift chamber followed by silicon
detector with closest layer at about 1cm for good vertex resolution
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Good decay time resolution improves [y the Am, fit each event weighted

sensitivity for Am, by its resolution




Data sample. Example: v /.~
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Also use 6 body modes: on'-1 mass [GeV/c’]

B? - Dfrn~ntn~, DY — ¢nt, KK+, nta—nt

Flavor specific modes, to get b flavour at decay



Flavor tagging performances

Estimate flavour at production from the rest of the event

Two types of flavor tags used
e OST: produce bb pairs: find 2" b, determine flavor, infer flavor of 15t b

— calibrated on large samples of B? ad B* decays

« SST: use charge correlation between the b flavor and the leading product
of b hadronization (the other s quark not in the B will create a K)

— performances (D) evaluated in MC, after extensive comparison data VS MC

Performance €D* (Hadronic) [%] €D” (semil.)

*OST (DO) - 4.5 + 0.9 (stat)
*OST (CDF) : 1.8 x£0.2 (stat) 1.8 £0.2 (stat)
* SST (CDF) : 3.5 % 1.0 (stat) 4.8 = 1.0 (stat)
*SST (DO) : - 1.7 £ 0.6 (stat)

Same-side kaon tag increases effective statistics X ~4




Results(CDF)
Py(t,€,60) o< (1/7)(1+EADcos(Am.t))/(1+El)e”

*fit only amplitude(A) and fix frequency ( Ams)
*scan through frequencies
Fourier Analysis which should have maximum at true oscillation frequency

Unbinned maximum likelihood fit >56 significance :
Am, = 1777 £0.10 £ 0.07 ps'— IV/Vil = 0.2060% 0.007 (exp) “dle(theo.)
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Amplitude

Results (DO)  — g0 P2 Runit p 2410

Semileptonic decay of B®

: B datat1.6456
- [] data+1.645 G (stat only)

+ datat1c A 95% CLlimit 16.1ps” | | |
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Studies of CP violation in
Bs decays



Introduction

3 types of CP violation : direct, mixing, interference. Each of them needs
different physics requirements. In this talk we will cover two types
* Direct CP violation in B’, K"
Interesting case of large direct CP violation predicted under the SM.
Observation of this decay offers a unique opportunity of checking for the

SM origin of direct CP violation when combined with analogous
measurement in B K'T1" decay .

* CP violatoin in mixing in B’ — J/Ay ¢
- AI', and ¢, CP violating phase (untagged analysis).
- O, tagged analysis

EW sym. breaking => Weak(B’)) # Mass (B, )# CP Eigenstates(B,, ., ,i)

-IM 1- %FHT

85 = (bs); ?5 =(bs B
‘ > (bs) ‘ > (b5) BH(T»:P‘BS(T))'*Q‘&U)):|8H(f:0)>e
o |18 r

o [18g@) . oy [1Be)] _ s L
/”[?3(7‘)) U2 g 1800z A8 0)-dBr)= 8 =0l 2

Observables: Am, = M -M,, Al' o, =1 ;1 s AL, =1 -1} = Al'; cos O,
0.~1% in SM => mass and CP states close, sensitive to new physics




First measurement a of a direct CP asymmetry ACP(BOS K

11") in a B®, decay
CDF Run Il Preliminary Llnt=1 fb™

o =
:-;:" i

E 1000 L P k'

= : — L

c: sool [ 1 8YE - k'K

8_ L - BYE — mt

N I - Bgﬁl{'?t*+ﬁzﬁi{+?f
-E 600 1 A3 pr+ A, — Prv

S ] PR RS
E - |:| Combinatorial backg.
] 400 - Th body B d

O 2 ree-body ecays

200
e T T s e T i el T i TN et N O

% 51 52 53 54 55 56 57 5.8
Invariant w-mass[GeV/c?]

Observed for the first time three new rare charmless modes:
B’ Km*, ° p ‘and ° pK

The significance for these rare modes is: 8 ,6 and 11 respectively



First measurement a of a direct CP
asymmetry A_.(B’, K7") in a B’ decay

This mode i1s a self tagging mode, thus CDF measured its direct CP asymmetry :

CDF Run Il Preliminary Lim=1 fb™!

) \ A= 0.39+0.15 (stat.) + 0.08 (syst.)
8 1000
g | s K G. 256
S 8001 Mz K S
: background f’(B —+ K _?T+) — :?(BO — K+7T")
600

ol [(B" = K-7%) - T(B, = K*7°)
200 . =0.84 £ 0.42 (stat.) £ 0.15 (syst.)

_| 11 | || | || | | | | | | | | | | || | | | | |
% 01 02 03 04 05 06 07 08 09 1
Probability ratio ACP(B: — K"

* first measurement of CPV 1n the Bs mesons system ; 2.5 apart from O

*The measurement 1s 1n aecreement with the Standard Model expectation




AT, and ¢, from B’ — J/y ¢

* Directly measure lifetimes in B’s — J/y ¢

* Separate CP states by angular distribution and measure lifetimes

* Simultaneous fit of mass, lifetime, time dependent angular distributions
e Extract AL, ¢, , CP even, CP odd amplitudes and strong phases

p A ﬂ+ « Workin J/¥ rest Frame

© KK plane defines (x,y) plane

K+(K) defines +y direction y

®, @ polar & azimuthal angles of 1+ K+
¥ helicity angle of ¢ (K*)

¢ rest frame




Results for Al', and 0.

Observable CDF (1.7 fb™) DO (1.1 fb") DO ¢, free
N(B’) 2506 = 351 1039 =45
AT (ps™) 0.076°° £0.006  0.12:%540.02  0.17 £0.09
<T>(ps?) 1.52+0.04 £ 0.02 1.52 +0.08 *5o; 1.49 +0.08
O, = () = () -0.79+0.56" 1
CDF Il Preliminary L=1.7 fb"
' - Data Bias at low Ay, ¢, observed in toy
CDF Il Preliminary B eund|  MC. Quote p-value and confiden
0.6 Ther ?t"(:g'oggfo éggppgh;gf;q}?* ----- Choodd" ce region instead of point estim.
0_52_ ;ﬁ;g:gﬁeﬂfjl - Define p-value as fraction
0 45 """ 95% #(Rtoy > Rdata)/ #Rtoy
L —90% . h A
1] Ror0e  LALD.O)
~L 0.3
' e L (AT",0,,0)
0.2F N — free parameter in fit
AT *n-
0-1 I||||||||||=HIHHmllhllll||||""'""h IIIIIIIII p Value close to SM
—~ (¢.=0,AT=0.1): 22%



Summary

Performed measurements of the CKM matrix elements at Tevatron:
*CKM matrix element that describes the Wtb coupling :

DO0: 0.68 < IVthl £ 1 at 95% C.L. within the standard model.
CDF: IVtbl > 0.5 at 95% C.L.

*Observation of B, Oscillations and precise measurement of Am_
DO: Am_ = 18.6+0.8 ps' (3.1 )
CDF: Ams = 17.77 4+ 0.10 (stat.) £ 0.07 (syst.) ps™*

Most precise measurement of IV /V_|

A
"4l = 0.2060 % 0.0007 (exp.)T20%! (theo.)

Vis

* First measurement of direct CP violation in the Bs mesons system ;
ACP(BOS K1) 2.5 apart from 0. In agreement with the SM expectation.

 Untagged measured AI'. and ¢_from B’ — J/y ¢
* Tagged measurement of sin 2f, (sin ¢,) in B’, — J/y ¢ soon



Back up



sin2f analysis

* The 1% step to [3s is to compute the proper decay time (t) and then the
particle-antiparticle assymetry , Aqp(t), as a function of t

As(t) = Ngog s 1y o(t) — Naog - 1y o(t)
T Naoys iyelt) + Niog sy o(t)

In order to determine Ngo, - 1y o(t) Ones needs flavor tagging

=Dsin (2 ) sin (Am;t)

* We perform an unbinned multivariate likelihood fit (m,t,6,,D,&)

8 &
8 o

Exp. key 1ssues : statistics, selection using NN
and tagging using TOF
B — J/y ¢ ~1700 candidates in 1.3fb’!

events/5 MeV

8 &
o o

2 8 B
0 6 0o

angle mode no. events (K) error on 2fb™

B’ — Jiy K\ 10 0.05-0.1insin2 3
B, B, = Jy 3 0.1 - 0.2 in sin 2 P,




Single top: signal fraction and S:B ratios in each subsample

The selected events are divided into 12 nonoverlapping samples depending on the flavor
of the lepton (e or mu), the number of jets (2,3,4), and the number of b-tagged jets (1,2).

The signal:background ratios and fractions of expected signal in each set differ
significantly :

Percentage of single top tb+tgb selected events

and S:B ratio
Electron 1 jet 2 jets 3 jets 4 jets 25 jets
+ Muon
10% E/"
0 tags L]
1:3,200 1:390 1:300 1:270 1:230

1 tag

1:100

2 tags




Single top : Analysis overview

Lepton + Jets Data Lepton + Jets Data

Apply Preselection Cuts

Y

Apply b-tagging algorithm

Observed Sample

Monte Carlo

Reverse likelihood (electron) (Wjets,it)

Reverse izolation (muon}

Apply Preselection Cuts

Seale to the number of  S¢ale to the cross

misID’d chubb events section and
expected after preselection ~ ‘fegrated
lnminosity
¥ ¥
Apply b-tagging algorithm Apply probability
l to tag each jet
MisIDd tt » I+jets, I
Lepton Sample Samples

Apply Preselection Cuts

l

Apply dataMC scale
actors, trigger thresholds

1 N

Scale the vield to the
nuntber of real lepton
events expected after
preselection (accounting
for it)

Apply probability
fo tag each jet
}
Wi Sample
Whb Sample
Wee Sample



Asymmetry (Oscillations) in
Time Domalin

CDF Run Il Preliminary L=1.0fb"

2r

S T 4

2 I

a I

E0

< T

s=

S |

= 1=

o —e— data .
i Period
o[ — cosine with A=1.28 pd

060801 645 02 628 03 055 0.3 Ps
Decay Time Modulo 2rn/Am [ps]

Aside: for B° Period = 12.6 ps




G = 3%{2 cos” O+ (1 — sin® O cos® &r) | Ay |
7

+ sin® O g+ (1 — sin® Op sin® &r) |4 |
+ sin? O - sin? Q7| A, |2
_ Sin2 @K* Sin 2@]” Sin QTIm( rlAJ_)C
1
+ — sin 20 k- sin® O sin 287 Re(AjA)

V2

1 . ) %
+ E sin 20 g« sin 207 cos @Tfm(AOAL)Z}

( = +1| particle

is = J/rest frame { = -1 | antiparticle
untagged

Ight direction = +x

F KK plane = xy plane



BY, mixing and CP violation

EW Symmetry Breaking =Weak = Mass = CP Eigenstates

b Vi + wfs,d _S,E
_._._
B, = p|B% +q|B% 1B,4q> = |B® + |B% P
Bo=plB%-qlB% Bz [Bo- ey o Bue W WIBL
——
s,d 1
Observables Visa Vi b
Am, = My - M, ~2|M;,| sens. to NP _ .
AT = Ty - Logg ~ 2|T'y|  not sens. to NP b___o. o S
AT, =T - Ty = Al X cos((g) very sens. to NP \)9\ B0 g3 3
(45 - -0.5 - -0.8 in 4-gen models, hep-ph/0610385) @~ ° :
S ----- x ------ E
In the Standard Model b §

- AT /Am, = O(m?,/m2,) (QCD)
-9, ~(42+14)x 102 (hep-ph/0612167)



Single top : CDF Results

CDF Run Il Preliminary, L=955pb™ -
: . : : — . : | . : Tevatron Run Il Preliminary

2 Matrix Elements analysis
m -_ -1853 _- F
: o Meaural Metwaoark: COF
8 - E.m&u ] 0.0+ élﬁ

Z ; Z
b | Maftrix Elermeant: COF 15
g : Ellget:ﬂl:mﬁac;lgnmhl ] 2.7+ 1.3
o)
0 i |
>~ +1.46
% Usingleiup =272 430 pb ] Likelihood Function: COF 0.3+ 12
= . _
[T Expected T | | | |
3 5'9 nafl Siggle Top F"rnfuc:tinn Gmssdﬂ-&cﬁnn fpb}ﬁ

signiricance 1 ey ey

0 Y - 2_95 1 Compatibility of CDF ResuKs®

0 5 10 Performed common pseudo-experiments

Sing|e top Cross Section [pb] * Correlation among analyses: ~60-70%

) i . * 1.2% of these pseudo-experiments fluctuated
Neural Networks (Likelthood) analysis: ¢ 1ucky as the observed data

No evidence of signal o.,,<2.7(2.6) pb at *Extensive cross-checks
o performed

EXpetetéd signal significance 2.0 *Next round of analysis will

1™ £~\



p-value & confidence region

Fit on data: fixing the parameters of interest (AT, ¢.) to
determine all other parameters ©

Generating toy distribution with parameters derived
before

Fit twice, once with all parameters free (hat), once with
Al'and ¢, fixed

Calculate likelihood ratio:

L(AT 6,0)
E(Ar.(}ﬁg,,@f)

p-value is fraction with #(R(toy)>R(data))/#R(toy)

For confidence region: Calculate p-values for different
points in A" and ¢ plane

R(AT, ¢s) = log



