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Flavor Physics Program at Tevatron Has

Been Tremendously Successfull
2 |

1 Complements excellent
programs of BABAR and Belle
experiments at the B-factories

e*e colliders produce B’s at

the Y(4S) and Y(5S)

1 Many unique measurements
made at Tevatron
Observation of B, mixing
CP violation in B, = J/yo
Discovery of b-baryons

-1 Several measurements in B°
and B™ systems are
approaching sensitivity of
BABAR and Belle

e.g. lifetimes, direct CPV




A Special Time for TeV(atron)

o1 Tevatron can contribute uniquely
to flavor physics for the next few
years

Transition between first run of B
factories, LHC experiments

o1 Consider Tevatron flavor physics
program present and future
Highlight recent results (from 2008
& 2009)
Anticipate results to come

m Significant statistics can be added
to many existing measurements
before the end of Run II!




Tevatron Performance Has Been Excellent!

- Delivered > 6 fb™! of
integrated luminosity

CDF and DO
experiments have

collected >5 fb! each

- Expect ~9 fb"!
delivered integrated
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CDF and DO Detectors Have Different
Strengths in Detecting B Hadrons
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Strong tracking system, ability to
trigger on displaced tracks

—> Good mass resolution, high
statistics in non-leptonic decays
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Excellent calorimetry, muon id, reverse
direction of B field

— Large samples of semi-leptonic and
forward decays, good direct CPV res.



Main Categories of Flavor Physics Results

Discussed Today
[&]

1 Production
Birth of B hadrons

- Lifetimes
Death of B hadrons

-1 CP Violation & Rare Decays

The curious things in between



Sandro Botticelli
The Birth of Venus
c. 1482-1486




Search for New Particles and Measure
Production Rates of Known Particles

Look for things that we think

should be there and also for things J=1/2 b Baryons
that shouldn’t . U
. . h:bb A00 215, E
Can find some surprises i1 4
e.g. X, Y, Z charm states S Ebl e o N
- r Ab;Zb

Many b-baryons have not been
observed until Run II!

Observed X, * (2006), Z, (2007) and | , ; |
recently (20(.)8) > ! u‘s‘h\,zu’% s
Measure production rates and cross- dss “uss

sections =" =0

Rel. fragmentation fractions, 6(B™),
o(B.*)xBR(B,")/G(B*)xBR(B*)




Evidence for New Y(4140) State

Find evidence for new
state Y(4140) in 2.7 fb"!
of int. lumi.

CDF Il Preliminary, 2.7 fb™

Observed in o, 407
B*—Y(4140)K* > 35- N(BY) ~75
Y(4140)—J)/yo = a0
Jy—pp [
¢—>KK™ § 3
Builds on previous 2 10-
discoveries of charm-like © 5 T o
states at Belle /BaBar 922 524 526 528 ﬁ@ﬁu
e.g. X(3872), Y(3930) Myyec (GeVie?)
D*D molecule? 4-quark Bt— J/\V(PK+

state?

arXiv:0903.2229, submitted to PRL



Observe 3.8 Significant Excess
10|

CDF Il Preliminary, 2.7 fb™

1 Observe 1415 events

Calculate significance
to be 3.8c

7 Near J/y threshold

Candidates/10 MeV/c?
©Q a N W b 01 O N 0 O

Similar to

Y(3930)—>J)/yo

- T

AM = M KK -M(pr )
—>within £36 of m(B™)
Assuming S-wave Breit-Wigner
m = 4143.0 £2.9 (stat) £1.2 (syst) MeV /c?
[=11.7 *83 (stat) £ 3.7 (syst) MeV /c?



Many b-baryons Have Been Observed

Since the Beginning of Run Il!
e 4

T 6.1

J =1/2 b Baryons

T 6.0

5,0 (2006) =
=2, (2007) = | °°

Abo 5.6

mass [GeV /c?]



Observation of (), ~ Baryon

-1 Announced by DO on
Aug. 29, 2008

1 Observation made with M+ -
1.3 fb"! of data v
Builds on previous A
observation of =, ~
Qp K™

Phys. Rev. Lett. 101, 232002 (2008).



Observe Significant €2, ~ Signal

Observe 17.8 £ 4.9 (stat) = 0.8 (syst) events

m = 6.165 £ 0.010(stat) = 0.013 (syst) GeV/c?

/

Expect 5.94-6.12 GeV/c?
from theory
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Calculate
significance of 5.4c

Events / ( 0.04 GeV/c?)
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Have Observed Most Single b-baryons!
14—

Q,* (2008) ==
T 6.1

J =1/2 b Baryons

T 6.0

=, (2006) ==
=, (2007) = | °F

Abo 5.6

Have yet to observe double
b-baryon states! mass [GeV /c?]



Measurement of Relative B_*
Cross Section Updated to 1 fb"!

| 15 |
1 Measure
CDF Run Il Preliminary: ~1fo '
+ + + < 50-
O'(BC )x fB(BC — J/yu v) % ; o oma
O-(B+))< fB(B+ Ly J/WK+) (Lg 40:— + =:15isid:dlw
g i B, Monte Carlo
+ + :_'2 < N + Probability = 0.72
Need to model B, B_ s
W 2pf
P71 spectrum to _
calculate relative o + -
efficiency between - |& I+
decays 0 2y 8 10

Jiy+u Mass (GeV/c)



Find Good Agreement with Previous

B_" Cross-section Measurement

]
F'inal results pr(B) >4 GeV/e pr(B) > 6 GeV /e
N(BI — J/¢+p™ +v) 117.6 £ 172 (stat) Tgy (sys) 107.1 £16.7 (stat) Tg7 (sys)
N(BT — J/v+K™T) 2333 + 55 (stat) 2299 £ 53 (stat)
Erel 5.867 + 0.068 (stat) 4.872 £ 0.060 (stat)

‘fg:igé (sys) £0.720 (spectrum) fg:%gg (sys) £0.298 (spectrum)

305 + 0.040 (stat) e )
fD'C:EEJ? (sys) £0.014 (spectr

(sys) £0.036 (spectrun
Systematic uncertainty is significantly improved

CTI:B;'_:]* BR(B;!'_. T/ i,-."—l—,t.!+—|—:.-:|
a(BT )* BR(BET —J/J)+KT)

1 Agrees well with previous results

B.*—J/wevX (Runll, 360 pb'l)  >6 GeV/c 0.2:45 £0.045 (st) £0.066 (sys) T80 __ . (If)
B.*—J/yptvX (Run ll, 360 pb') >4 GeV/c  0.282 +0.038 (st) £0.035 (y) £0.065 (a)



Jacques-Louis David
Death of Marat
c. 1793




Why Measure Lifetimes?

B World Average

Heavy Flavor Averaging
— i 8./ Tar GI’OUp (HFAG) - 2006

Test HQE predictions

Have previously seenl-2c discrepancies between lifetime
predictions and measurements in B°, A,°

Expect ©(B*) > 1(B% =~ 1(B.°) > 1(A.°%) » 1(B_")
Because they're there?
Fundamental quantity, give complete picture of B’s
Useful for other measurements (e.g. b-tagging)



CDF Run Il Preliminary 13 b
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. reco. decays
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c

_______________ +
® B SO \ n statistics!
+

ct(B) = 455 + 12 (stat.) £ 7 (syst.) um

Compatible with HQE predictions
that ct(B°) ~ ct(B.°)
(ct(B°) = 458.7 = 2.7, PDG 2008)

Data collected with displaced track trigger

—> must correct for trigger bias (use Monte Carlo)
www-cdf.fnal.gov/physics/new/bottom/080207 .blessed-bs-lifetime/



B_" Lifetime Agrees with
Theoretical Predictions

CDF Run Il Preliminary: ~1 o'

— £ :
E B - Data-Jye o 104E DO 1.3 fb'1 — T0t3| Fit
= ol —— Total Fit w o E — Signal
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CDF Run Il Preliminary: ~1 fo'

Averaged for World Average

www-cdf.fnal.gov/physics/new/bottom/ _ )
080327.blessed-BC_LT_Semileptonic/ woanere

/ CDF Run I, Jhy+l
CDF: C’C(BC+) = ]42 i ]5 (51-01-) i 6 (S)’ST) “m DO, J/y+p (1.35 )

CDF Run I, Jiy+e (11b )

Dg: CT(BC+) — ]34.3 i .I .I (STGT) i .IO (SYST) Hm _’—CDFHunII,J.fwm(‘Ifbﬂ)

Phys. Rev. Lett. ]02, 092001 (2009) Average - 137.7+11.0m

o [ oig o ol o oy fuypalpne el
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Abo Lifetime Question Closer to

[ ]
Resolution
A, Lifetime Measurements P
L‘F]ﬂ_ﬁ_'_z‘fnlllls?]llIlg'linilllﬂ:lmlllla?llll-un;' o
ALEPH A, | + A%l e 1.21+0.11 A + K
OPAL A, | — o N 1.29* 22+ 0.06 &
DELPHI A, | SR 1.11° 0194 0.05 ®A0 \ "
CDF Runl A, | —e—t— 1.32+0.15+0.07 b T
DO Runll A, |  —n- 1.290 )13 ooy
+0.130
ol —] 1#8ae 002 | oA 0) = 420 £ 14 (stat) + 9 (syst) um,
CDF Runll Jiy A —a— 1.5937 .2 +0.033
ct(A°%) /ct(B%) = 0.92+ 0.04
CDF Runll A @ (PRELIMINARY) L., 1.410 +0.046 +0.029 f
T e K NN PDG 2008
0.5 1.0 1.5 2.0

A, lifetime [ps]

1 Measure lifetime in displaced track sample
www-cdf.fnal.gov/physics/new/bottom/080703.blessed-lblcpi-ct/



New Measurements Are in Good
Agreement with Predicted Lifetimes

B New Measurements

New Theory Prediction

measurements — Speaker’s average
ep ge _—

of lifetime are -
in good i
agreement
with

predictions! - \

L1 I L1l 1.1 I L1l 1.1 I L1 1 1 I L1 1 1 I L1 11 I Ll 1 1 I Ll 1 1 I Ll 1 1 I L1 1
0.8 085 09 095 1 105 11 1145 1.2 T~

World Average



Francisco Goya
The Third of May 1808
1814




CP Violation
| 24 |

1 CP violation is the non-conservation of charge and
parity quantum numbers

Rate of Rate of




Known Amount of CP Violation is Unable to

Explain Matter-Antimatter Asymmetry
[ 25

=1 Present sources of CP violation can’t account for the
amount of matter we observe in the universe!

o Important to search for new sources of CP violation
in places we don’t expect

Can indicate presence of new particles or forces

® Maybe with much higher masses than we can observe
directly at LHC!

matter
Where’'s the anti-matter?

antimatter

Universe



There Are Three Types of CP Violation That
Can Be Investigated

Decay of hadrons <> direct CPV

Only type of CPV for charged mesons
Mixing of neutral mesons <> indirect CPV

Semi-leptonic decays of neutral meson

Interference between decays with and without R.%
A

vi Measured precisely
MmixXin
9 / by BABAR and Belle
B > J/yK? =sin2p”
0 : _ -""'l- Ie ton ta
B — J/yp =sin2B, .- i pton tag
(q=—13) U _
Use flavor tagging for more powerful ] I3 OD" d)
measurement of CP phases! NG same
____________ tag jet charge

-
-
-
-



Mixing and Decay in B °

Mixing between particle and anti-particle occurs
through the loop processes

Oscillations are b _ _ﬁr_ _ .‘45 8
very fast- 0 — 0
~3 ftrillion times BS H,E,t H,E,t BS
per second!

g Vie W b
New particles b Voo =
can contribute to ey T/

. | “..

box diagram! BO W™ ¢

o) ™~

L




Mixing and Decay in B °

Mixing of BSO mesons is governed by Schrodinger eqn.

i oy ) = (-3

F> <|I§2E>>

B, oscillation amplitude

2
HFAG, Dec 2007
2 - CDF2 observation (2006)
i data £ L6d5 &
1 3 data = L.6d5 o (stat only)
- ¢ datatlo ?%f
o === v
o IR TR e + | ||I| |
: e
[ & 95% CL limit 1?'.2 ps,
- ]_ . -2~ sens Ihv ty | 10 ps | |
2r DG eﬂtlence {200r7, prehnunary}

data + Leds o
data = 1645 o (stat only)

C 4 datatloc
--- Lbdsc

A 95% CLlimit 16.1ps’ L
= sensitivity 273 pe

-1:_

Am,=my

- m|_ ~ 2 I M]2| [PS']]

)=

B;') =p|B,) —q|B;)
BY) =p|BY) +4q|By)
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-o:i
I

e

o
o
|

10

[ 1 1 i 1 L T ] '."r 1 1
-0.1 0 0.1 0.2 0.3
ot iy 0) [em]

AT, =1'| =Ty =2|I,|cos(p,)
0= Cll’g(—M]Q/F]Q) ~0.004 in SM



B.°—J/yo Decays Are A Good Place to

Look for New Physics
| 29|

- Decays of B°—J/yo gives access to CP violating phase
predicted to be nearly zero in Standard Model

| vV V.
BS‘]/W = arg(— b ] =~ ()
.

cs ¢cb

o Large phase in b—>s transition could lead to significant
non-zero CP phase

Im

My MNP New physics could produce large
MNP CP phase!

MSM Re G. Hou et al suggest that t' quark w/mass
~300 GeV/c? =1 TeV/c?
would give [3,~0.5




CDF Observes Discrepancy with SM in

Flavor-Tagged B."—J/yo
ER

1 Find 1.86 (p-value = 7%) discrepancy with SM prediction
for B, /¥ = 0.02, A, = 0.096

Expect further improvement in statistical precision shortly!

CDF Run |l Preliminary L=28fb"

CDF Il Preliminary, 3.9 fb"

- — SM prediction 0\~ F

— O6j - 950/0ch N(Bs ) 3200 g 1800:— N(BSO)~5200
‘v [ — 68%C.L. ‘ Py 1600:
£ 0.4; = 1400¢
3 g0l £ 1200¢
L 1000}
0.0 800F
0.2 000
T 400~
-0.41 200F

- =New Physics j O:.|....|....|.l..|l

-0.61 5.30 5.35 5.40 5.45

TR NN SN NN N SR (NS T SR N SR N R
1 0 ] Mass J/y ¢ (GeV)
b, (rad)

www-cdf.fnal.gov/physics/new/bottom/080724.blessed-tagged_BsJPsiPhi_update_prelim/



Similar Discrepancy Observed by
DO in Flavor-Tagged B.—J/yo

w

71 DO result very similar to CDF’s!

Discrepancy w/SM is 1.7G, p-value = 0.085

HFAG
. EDQ) 281"
1l_| 1 L] [ T T T T T T 'i T T T T T T T T T T T T T T I. T T T T T T ]
| _ AN 68% CL ]
L o4l /i . DO ool —
— ZRVERERN | !
LE:: . - /’f | ,!j \\\ = '\\ 99./% CL — _
“f s /o SM>) - !
<] - 1\ ~ | / ’ £ 3
I P S
O-D _'_"'"'""—'—'—'-'_""'_':':\'!;"""""_"'::'_'""'"'“"'"""""""'(""""""" "'""ﬁ""""__
™ I ——~ s 1
02l f } // | <
R _./( ._.ll ! I \"x____ i
Wy ' / p-value = 0.085 ]
04 T L 1.72c from SM
1/
i \\‘x B
084 2 1 0 2 3

arXiv:0808.1297v1

Trend is identical,
o, V0 = 2B,

DO finds agreement in strong
phase between B'—J /yo
(assuming (pSJ/W‘P = 0) and
BO—J /y K*C

= Use phases in B'—J/y K*0 to
choose one of two solutions?



More Significant Discrepancy

in Combined B.—J /W Result

o COF 135 b +DO 281" 2008
i3] A T _'i' —7f fr r T ¥ 1 T i
: K.f \ 68% CL ——
i f/ i 95% CL
0.4 I / j/T-—-u-.. \.\
[ £ RS .
wf M N\ 99.7%0CL
T K \@K
| ( ~—~ Y\\ DO+ CDF r
(£ s O SR> < R S———— -
T % gt \
p-value = 0.031
2.2c from SM
0 4 2 3

$3/%% [rad]

- .-"- b ",
."I .'l.
i '
i ) 1 L}

F - 1 - I|
| \
| |
\ - |

Qe
A\ ] /
L
\
#

arXiv:0808.1297v1

New CDF
result not
included in
combination!

Expect updates to both
CDF and DO results soon!



B(B."—DM D™ -) Also Gives Access
to CP-even Width Difference

DO Run II (2.8 fb™) DO Run II (2.8 fb™)

= —
TTITTT 17T

=]
T TTTT 1T

N W A U &
Ilell -

=
TTTTT

Candidates / (0.0045 GeV/c?)

07 18 19 20 21 22 23
m(m) (GeV/c?) m(KK) (GeV/c?)

7 Measure branching ratio to determine AI' <" (2.8 fb'!)
Search for one D.—@mn, other to D, v

—L_ 4 cos | ohe
e e e
L 21 o1




A" ©° /T Measured in B.>—D™ +DI*) -

Consistent with World Average

EN
1 Measure

w

B(B? — DD =0.035+0.010(stat) £ 0.008(syst) £ 0.007(B)

with 3.2 significance (p-value = 0.001 2)

Assuming x,=0 and ¢, = 0

. 1-%B(B) - DD")

S

=0.072%+0.021(stat) £0.022(syst)

AT 28(B° — DO'DD) 2
£
<]

Consistent with WA (2007)
AT'/T" = 0.096 *0-048 .

Phys. Rev. Lett. 102, 091801 (2009)

Assuming x,=0 and

AT = AT Pcoso,

DO Run II (2.8 fb'})

-

—_— B{) _)D(*)D(*)
e B> Jiyd
w— SM

dashed: 68% C.L.
dotted : 90% C.L.




Updated Measurement of B°

Semileptonic Asymmetry
| 35 |

-1 Measure flavor-specific :%zoooo:— o051 +Data
asymmetry, as, in 5 fb"! §15000:p¢nsampe 5
Time-dependent : 10000
Flavor-tagged 5oooi
1 Reconstruct B °—>u*D_ X ittt B
D, —>m— (KK~ g o
DS_ NG % 200005“ K* K sample _EE[_> -
Bowr ]\ oK
o Y800 T Bwng ’ 5
5 :
f FEP(z)—>f +FB§’(¢)—> 7 000 N
R

I R o P i T e P s S T
18 185 19 195 2 205 21 215 22 225

arXiv:0904.3907 M (GeVic?)



Measurement Improves Uncertainty

by Factor of 2!
s 5

11 Extract asymmetry with un-binned maximum
likelihood fit

Lo, =N lA l i afs)e' {cosh[Agt) cos(Amst)}

I ‘ 1 ra fs {cosh[ Al; tj . cos(AmSt)}

1 Find
ay = {— 1.7£9. I(Stazt)__lr ;i (Syst)} x107

Uncertainties improved by factor of 2 over previous direct measurement!
Standard model prediction: a%,, = (0.021+£0.006)x1073



Rare Decays Help Search for Flavor
Changing Neutral Currents

1 Search for processes like 95% CL Limits on B(B — uu)
BO—>p*u, BO—pru =
DO—s Lt i ' OCDF ADO |

M M 01998 (1T T

0 Standard Model processes P

are extremely rare x (12004
0 13 c A 2005
B~107-10 -% 02005 ‘
. ©
= New physics (e.g. SUSY) . A 007
predicts new sources of g -
o
FCNC S Chi
C o041 |New f’rllysms |
1 Some processes are 0
M M | LI EEEEEEEN snmnnnsas
forbldden In SM !Sta:lz'i;rd M;del E'l;pectatio; il
BO,B.O—>etp- oo O
1 10 100 1000

= leptoquarks x10"? pp Collisions



Examples of Rare Decay Processes

EN
1 SM processes 1 New physics processes
b i ) i
A Z - H,
s W S s T 3
BO—>pty- BO—>ptp”
¢ w- Iz A -
— NN .
d.s,b v AV ' i
W+ '
NN\ p——— . R : _ -
“ " A22j a
DO—prp- DO—pp”
b .
0 e (W)
iPS
E e
| “+ (e+)



B,,>—>U U~ Branching Ratios
Approaching SM Predictions!
ER

- BSO_)H+M_ @ 95% CL 95% CL Limits on B(B —:i:fz)

100

CDF (2 fb'): -~ | ocoram
01998 o
hc 10
1 : (}2004 |
DO (5 fb"') expected: c A 2005
g 02005 |
©
LE, 1 4'L,;l‘fgzoo-f
J
0 BO—ptum @ 95% CL £ g
CDF (2 fb') S o4 [New Physics
[ Standard Model Expectation |
- L e
1 10 100 1000

x10'2 pp Collisions



Other Rare Decays Are Limiting

New Physics Parameter Space

| 40
0 BO—etu @ 95% CL 0 DO—>utu @ 95% CL
CDF (2 fb']): CDF (360 pb']):
0 BY—>etur @ 95% CL /
CDF (2 fb™'): Predicted rate ~10-13

= m(LQ, B) > 44.6 TeV
m(LQ, B%) > 55.7 TeV
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Many Interesting New and Updated
Measurements to Comel!

Updates to CP violation measurements
Expect 2-4x higher yield depending on measurement

More flavor-tagged CP violation results

Updated lifetimes with higher statistics
Updated B—J /X lifetimes with 2x more data

Will give most precise B*, A ° lifetimes to date

Observation of new states?



Valuable Contributions to Study of Bottom

and Charm Hadrons Made at Tevatron
| 43 |

1 Exciting time for flavor physics at the Tevatron!

Many significant contributions to knowledge of B
hadrons has been made

Expect many interesting, important updates in the next
few years!






Y(4140) Selection

Optimize S/(S+B)
L,.(B*) >500 pm

Log likelihood ratio of kaon
> 0.2

Observe clear sideband
subtracted ¢ signal

N N w
o (4] o
T TT T T TT

-
o
TT 7T T T T ]TT

Fit with P-wave relativistic
Breit-Wigner

Candidates/2 MeV/c
o

(o BN |
TT T T T[T

1 1.00 1.|01 1.62 1.63 1.04
Require events to have My (GeVIS)
K*K™ mass consistent with @



Y(4140) Events Are Evenly
Distributed in Phase Space

| 46 |
1 See uniform
distribution in Dalitz
CDF Il Preliminary, 2.7 fb™

— 5-0_

% decays

4 4.5

E’ wol All events are within

~ .o kinematically allowed

¢ 3.5:

% 3.0 region determined
2.5~ from MC simulation
2046 13 20 22 24

m2(JIyo) (GeVZ/c)



Investigate Properties of X(3872)

First observed by Belle collaboration in 2003
Observed in decay X(3872) — J/yrn'n~

Nature of particle is still unknown
D*D “molecule”? 4-quark state?
Search for mass splitting, measure absolute mass

Observation of mass splitting offers evidence of tetra-
quark

No mass splitting makes absolute mass interesting
Checks possibility of bound-state D*D

www-cdf.fnal.gov/physics/new/bottom/080724.blessed-X-Mass/



I I\
f'l— i {3\
1

No Mass Splitting Observed in X(3872) (gt
| 48

0 Fit mass with Breit-Wigner convolved with resolution

Result consistent with no mass splitting
Assign upper limit CL
Am(X(3872)) < 3.2 (3.6) MeV/c? at 90% (95%) C.L.

CDF Il Preliminary 24" CDF Il Preliminary 2.4 b
2000 s 1.30 [
1800:_Am=OI‘\/IeV/~c: 125:_1‘1=()_5
o L L
+~ 1600 [~ Measured Value Coe Limi o
5 i 120 Limit at 90% C.L.
© 1400 ¢ 5 = Limitat 95% C.L.
O r — 115
g 1200 - g
n wn
2 1000 110 [
o g = g
£ 800 g 105 E _
@ 600 :
% F 1.00 [~
Ll 400 - C
200 |- 0.95
ob—e o e ogob——v vt
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Most Precise Measurement of

X(3872) Mass

CDF Il Preliminary 2.41b"

n
o
(=]
o
I

Candidates per 1.25 MeVic®

500 | T

L
3

X(3872) Mass Measuremenis

Belle —)

3872.00 + 0.60 + 0.50 MeV/c?

BaBar (BY) —{—
3871.30 + 0.60 £ 0.10 MeV/c?

BaBar (B") ®

3868.60 + 1.20 + 0.20 MeV/c?

DO . ®

3871.80 £3.10+3.00 MeWw/c?

CDF old +——
3871,30 + 0,70+ 0,40 MeV/c®

CDF new (preliminary) S5 an
3871612016 +0.19 Mevic?

Ui Mass (GaV/c?)

0_||||||||||||||‘|||||||||

3.75 3.80 3.85 3.90 3.95 4.00

Jynn Mass (GeV/c?)

old average —e—

3871.20 £ 0.39 MeV/ic?

new average HH
3871.51%0.22 MeV/c?

m{D")+m(D"") —e—
3871.81+0.36 MeVic?
|

3866 3867 3868 3869 3870 3871 3872

X(3872) Mass ( MeV/c? )

m(X(3872)) = 3871.61 +- 0.16 (stat) +- 0.19 (syst) MeV /c?

Measured mass is below D*D threshold, although
uncertainties are within threshold
— D*D bound state is still a possibility

3873



Selection of X(3872)

Use ANN to select events

Optimize selection on Monte Carlo (signal) and mass
sidebands (background)

<107 CDF Il Preliminary 2.4 b CDF Il Preliminary 2.4 b
100 3000 — Selected Cut
I m -
| . TR e ..,
80 Il —— Signal Zes00f- T
o Background -
% i —— Backgroun ?2%2000 a2
o I
© @ B
= I O 1500 |-
QO 40 5 i
i O -
L b= 1000 —
20 — D -
f= m B
i 500 -
0 I 1 1 1 | 1 1 1 1 | 1 1 1 1 1 B
1.0 05 0.0 0.5 1.0 e '0'5' — '0'0' - '0'5' E—
Network Output o e ' ' '

Cut on Network Output



Mass Splitting of X(3872)
| 51|

1 Model resolution with Monte Carlo simulation

Width scale floats freely in fit

CDF Il Preliminary 2.41b" CDF Il Preliminary 2.41b"
500 5 500 [ >
o AM =32 MeV/c o AM = 3.6 MeV/c
- f.=0.5 - f.=0.5
g 400 £ Measured Value N oac0f 1T Measured Value
) C o E
© 350 [ © 350
- - s -
8 so0f 8 300F
n :_ (%) C
E 250 E £ 250 -
- Q C
g 200 £ 200
.5 F = E
g_ 150 - 8_ 150 E_
Ll 100 = |_|>j 100 ;—
50 |- 50 [~
0 C . = | L L l L L 0 5 ! ! i 1 I | I I 1
0.8 1.0 1.2 1.4 0.8 1.0 1.2 1.4

Width Scale t Width Scale t



Previous Observation of

| _CDF Run Il Preliminary |
L L L B

L~1.9fb™"

—
\*]

yield=17.5+4.3 -
M=(5,792.9+2.5)MeV/c” -

-
o

Candidates / (15 MeV/c?)

o _\|||I\:“ w ‘-TLHIIU"‘I (0)] ‘NJIHEﬁ
|
Events/(0.05 GeV/c?)

L adlm g

P
54 56 5.8 6.0 6.2 6.4

M(J/WE) [GeV/c?]

In 2007, both CDF and DO
observed the =, ~ and made a
precise determination of its
mass
2, ) /YE WA
A—pr”

o N B2 O O
d 1T

54

DJ, 1.3 fb™

* Data
— Fit

L

5.8 6.2 6.6 7.0
M(Z,) (GeV/c?)

=, Mass

o Theory
/ prediction
L

DO

PRL99, 052001 (2007)

CDF

PRL99, 052002 (2007)

nnnnnnnnn
[ karliner et al
hep-ph/0706.2163

5.78 5.8 5.|82 5.84
m(Z;) [GeV/c?]



()~ Reconstruction Improved with

Special Selection Techniques

1 Use boosted decision tree (BDT) to improve
identification of €2 signal

Events/(0.005 GeV)
3 [3)]
3 8

[2]
[=]
[=]

- DO,1.3fb™"
:— + Right-sign

- —— Wrong-sign |

(a)

I
e il

PR AN AN T T M AN S Y S

.6 1.65

Before BDT

1.7 1.75 1.8
M(AK) (GeV)

!

Events/(0.005 GeV)
8 3 8 S (S

]
o

Igl

' DO, 1.3 fb ™"

-} Right-sign
—— Wrong-sign

(b)

.6 - :l65‘ - ‘1.7 - l|.75 1.8
M(AK) (GeV)

After BDT

w

Veto
= >An

Re-process data with higher IP req. to increase =7 /€)™ acceptance!



w

Cross-Checks of (2~ Signal (1)
EN

0 Check WS events and ;1:_ DO, 1.3 fb"
mass sidebands for é i O sidebands
spurious excesses 5,
None observed! 2— |L\ q H

[
g.B 5.8 6 6.2 6.4 6.6 6.8 7

M(Q;) (GeVic?)

&—-10 — 10
S [ DO, 1.3 fb" 2t 1
> .F , 1. > I D0,1.3fb
O 8 O 8
< B . < |
g s Wrong-sign events ; 3 A sidebands
a T a [
e [ e [
S 4 S L
TR w Cf

2f 2|~

'3 ) : 64 66 68 7 86 58 6 62 64 66 68 7

M(©;) (GeVic?) M(Q;)



Cross-Checks of (2~ Signal (2)

w

0 Check lifetime distribution of (), ™ candidate events

Consistent with B hadron lifetime

E DO ] ® Data

g“‘z 1.31b" — MC signal (1.54 ps) + data bkgd

g‘__ ------ MC signal (0 ps) + data bkgd

-El- 10 .

g | +r

" 4 T ] T
e L e s | -

204 0 01 0.2 03 04
Proper decay length (cm)



Cut-based Analysis of €2, ~

EN
o 200
S [ DO,1.3fb" O
g 15:— Cut Based Analysis
e e
ARG AR RS G- % 7%
.6 5.8 6 6.2 6. 6.6

M(Qb) (GeWc: )

01 Alternatively, try using simpler cut-based analysis
Find 15.7 £ 5.3 (stat) events
m=6.177 £ 0.015 GeV/c?

Signal significance is 3.9



E . g’

()~ Significance Calculation

- Evaluate significance from likelihood ratio of

background only hypothesis (L;) to signal +
background hypothesis (L. ;)

J=2AInL = |-2In Ly
LS+B




New Technique Used to Measure
B™ Lifetime

1 Measured in displaced track sample

Novel method for correcting for trigger bias without

Usi n g Mon‘l'e Cd r I o CDF Run Il preliminary L,.=10 fio'!

s

n ' E C

<04l

4 p K I 7 D0 K R g
Prim B\ B direction Prim B\"B direction 03l
Vix “F

Vix
T L
g Q 0.2_
< ct r
8 8 r
a o2 0.1
8 g r
< . < C
Hialy 1 1P ln tenge, eveak.onl Two tracks pass all cuts Y A S S I R R e
accepted Acceptance turns on () 500 1000 1500 2000 2500 3000
Proper Decay Length um

Use acceptance function to correct for trigger bias

on event-by-event basis
ct(BT) = 498.2 * 6.8 (stat.) = 4.5 (syst.) um,

(ct(B*) = 491.1 + 3.3 um, PDG 2008)

www-cdf.fnal.gov/physics/new/bottom/080612.blessed-MCfree_Blifetime/



candidates/10 MeV

200

150

50

250/

100

048 5 52 54 56 55 6 62 64

BSO Mass Fit in Lifetime Measurement

CDF Run Il Preliminary 1.3 fb"

B | + data

{ —— BYB"5D'X
} B,—~»D{ K"

{\ B,—~D{eX
B.>DUX
----- 8°DlK
———@ﬁD@t
— A AX
D4(sb)
binatolrial

ELE

m(B) (GeV)

Perform simultaneous
unbinned maximum
likelihood fit to mass and
lifetime

Use partially reconstucted
decays to double statistics

e.g. B°—>D p*(—>n’r’)
~2200 B.° candidates



Comparison of B Lifetime with

Prev. Results

ALEPH (1996)

+0.14
1.54*014+0.04

OPAL (1998)

+0.16
1.5 0%+ 0.04

CDF (1999)

1.36+ 0.09

DELPHI (2000)
1.42 7)1 +0.03

DO (2006)
1.398 + 0.044 *0028

-0.025

PDG 2007
1.41+ 0.04

CDF (Prelim.) D_(¢m)X
1518+ 0.041+ 0.025

|

0.6 0.8 1 1.2
BS Mean Lifetime

14 16
(ps)

B lifetime is higher than
recently measured B °
lifetimes in flavor-specific
decay modes

Expect 50% of I, I'}; in
flavor-specific modes



B_" Lifetime Agrees with Theoretical

w

Predictions

arXiv:0805.2614,
submitted to PRL

0 Simultaneously fit mass and lifetime
ct(B.,") = 134.3 £ 11 (stat) = 10 (syst) um

2 180F £ F PR :
31805 DO 1.3fb" — Total S 10's DG 1.3fb" Total Fit
160t n = - Signal
: S o'k Jwyu MC
; 107 “ YR
s Jy SB+p
€ 402k ] Prompt
S 10 EE ----- Jy+Track
w - +
10 B
1E
A/

3 4 5 6 7 8 9 10 1%1 -0. 015 0.2 025 0.3
M(J/yp) [GeV] VPDL [cm]



B_" Lifetime Agrees with Theoretical

Predictions and DO

www-cdf.fnal.gov/physics/new/bottom /080327 .blessed-BC_LT_SemilLeptonic/

10 , | ..\ W Prompt J/ys

ct(B.,") = 142 £ 15 (stat) = 6 (syst) um

CDF Run Il Preliminary: ~1 fo

CDF Run Il Preliminary: ~1 fb'

- Data-Jiye
—— Total Fit
— Signal
—— bb
—— Fake Electron
-------- Fake J/wy
-------- Residual Conversion

Fit prob. = 0.70

Averaged for World Average

Combined for CDF 1 JAy+ (1 fb'1)

World Average

CDF Run I, J/y+l

DO, s (1351

CDF Run I, Jiyse (1107

CDF Run II, J/y+p (110

CDF Run I, Jou+l (1 fh‘w)

1000 0
Pseudo-Proper Decay Length (um)

Average =137.7+11.0pm
| |

150

1 ‘ L 1 L Il 1 L L L L
200 250 300
B, ct (um)




Measurement of B_"*—J /\e*X Lifetime

Fit lifetime only, use mass as cross-check

Determine all background shapes and normalizations
from data if possible, MC otherwise = constrain in fit

ct(B.f —>J/ye™X ) =122 +18 _ (stat) um

CDF Run Il Preliminary: ~1 fb” CDF Run Il Preliminary: ~1 fo”
& L = F
O —— Data E u Data - Jiy e
= 100~ =1 L .
%} [ ]B.-BGen o 10°L 'SFQtaI :=|t
) i Il Fake Electron Q g bl%gna
L‘N) 80 | ] Fake-a hy ) *g 102 :_ —— Fake Electron
o~ i [ Residual Conversion g E A\ Fake J/y
% bb L - 78 \\ Residual Conversion
L= 60 _| Background Error 10 g B\, T Prompt J/y
QO E .:‘ . —
= Probability: 0.62 - % Fit proR.=0.70
« AR\
: E ' ..“\ ) i ~\\
i i WIS
2 CUS I VN
M NN
_ 1 0'2 JI Elo I: [ \ | 1y
10 -1000 0 1000

6 ] 2000 3000 4000
J/ye Mass (GeV/cz) Pseudo-Proper Decay Length (um)



Measurement of B_"—J /yu*X Lifetime

Fit lifetime only, use mass as cross-check

Determine all background shapes and normalizations
from data if possible, MC otherwise = constrain in fit

cT(B.," =)/ yuX ) =179 33 ___ (stat) um

CDF Run Il Preliminary: ~1 fo CDF Run Il Preliminary: ~1 fo!
o 350 — Data g_ 10° L - Data-Jwypu
E E —— Total Fit
% B |:| BBtk uoj i — Signal
E(D) 30:_ B Fake Muon > 1021 — bb
o - e B ——— Fake Muon
S 25F N kae Jiy % Ry Fake J/y
> F B bb 8 oL M PromptJ/y
"q:'; 201 Background Error E Fit prob. = 0.51
o 1 50 Probability: 0.88 LU ‘
100 R \
- 10" | / \
51 :7/ ' N
C | VA \ AN
07 ‘ I I 1 | 10'2 (1 ] |::| | |."| I I (T |“‘| T\t | |N| |
4 6 8 10 -1000 0 1000 2000 3000 4000

J/yp Mass (GeV/cZ) Pseudo-Proper Decay Length (um)



Combination of Semilep. B_" Lifetimes

1 Combine -2InL,, -2InlL,
o CDF Run Il Preliminary: ~1 fo’ CDF Run Il Preliminary: ~1 fo
= | | —— -2log(L.)2Log(L,)
e ?_ (@)} 5L i 3
= i 3 B ——— Minimum
e 6f N C —— 68% Confidence Range
B —_— 4—
5¢ L F ct= 142.5%'55(stat.) um
L (@)] 3
af S °F
B C‘I\] B
o 2
2¢ -
B 1_—
1F -
of OF
_‘]IEI||||||||||||||||||'-I| _1:I...I...I...|...I..
100 150 200 250  30C 100 120 140 160 180

B, ct (um) B, ct (um)



Unitarity Relations in B®/B °

| 66|
dr Vud Vus Vub d
s’ — Vea Ves Ve S
b’ Vie Vis Vi b

PN

VudViyy + VeaVoy + ViaVi, =0 ViV + Vo Ve 4 Vi Ve =0

(p.n)

V.V

u

Vea Vis

(0.0) (1,0)



New Physics in B.° Decays

B. — B.” oscillations observed by CDF

S

Mixing frequency Am_now very well-measured

Precisely determines |M,| - in good agreement

w/SM pred.
Phase of mixing amplitude is still very poorly
determined! M, = |M,,|em,
" where @_ = arg( V.V, )?
M MNP
MNP
(I)NP q)SM




AT'/T" Measured in BSO_)D(*)S+D(*)S_
Consistent with World Average

w

71 Measure branching ratio to determine Al (2.8 fb')
Search for one D.—¢m, other to D, ->puv

Under certain theoretical assumptions, B.>—>D" *D -~ is nearly CP even

1+cos s 1—cos o,
N .

2Br(B; — D)D) ~ ATCF
' )= o, oM 1

Find
Br(BY — D™Dy = 0.042 + 0.015(stat) = 0.017(syst)

Assuming SM, ¢,= 0, AT'? = AT’

AT Consistent with
— = 0.088 + 0.030(stat) + 0.036(syst) WA (2007)
I'. AL/T=

0.096 + 0.048
. -0.053
www-dO.fnal.gov/Run2Physics/WWW /results/prelim/B/B53/



Entries/0.03 [GeV/c?]

New Measurement of Direct CPV
in B*—J /yK* ()

E . gi

_ _ PRL 100, 211802 (2008)
DO Run II, 2.8 fb™ —*— DATA
12000} = — = JiyK
10000} p—_—TS 0 SM predicts
R A S BKG + ) ~
e ——— TOTALFIT ACP(B _)J/WK ) 0.003
6000} NP might produce
4000} asymmetries up to ~0.01
2000 T 1.
0:"” %"“{ ...... Lot i Ll

R ﬁi I 14-.4..‘. i M——-—’ y i = v =
5 51 52 53 54 55 56 57
m(J/yK) [GeV/c?]

NB™ = J/yK (z)-N(B* = JIyK* (z*))
NB = J/yK () +NB" = J/wK'(z"))
Acp(B*—1 /WK*) = +0.0075 + 0.0061 (stat) + 0.0027 (syst)
Acp(B*—>) /ymt) = —0.09 + 0.08 (stat) + 0.03 (syst)

Ap(BT > J/yK"(n7))=



