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Outline

B Physics at the Tevatron
e B Resonances
e BY oscillations

e B Lifetimes
 Exclusive Decays
e Lifetime Ratios and Differences
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Tevatron Luminosity w

Collider Run Il Integrated Luminosity ° ~03 fb_l delivered
2000 700.00 this yeal‘

. g:“ﬁ”“-“” e Detectors collect
data at typically
85% efficiency

| U3 « These analyses

‘ A ot Use 150-350 pbt
Lt ik oo ® o About 150 pb-L of
Y I d il M m ‘ u [lll..  data has been
5 19 25 35 45 55 GBS TS ?;,eekgﬁ# 05 1s 125 135 145 155 165 1735 recorded but not

{(Week 1 starts 03/05/01)

mmm VWeekly Integrated Luminosity —e—Run Integrated Lumin@sw‘ yet an alyz ed

16.00
- 500.00

1200 - 400.00

B.00

Weekly Integrated Luminosity {(pb™)
Run Integrated Luminosity (pb™)




@ Large production cross
sections
@ All B Hadrons produced
(Best B, and A\,)
@ Larger inelastic cross
section (S/B = 109)
® Specialized Triggers:
@ Single lepton triggers
@ Dilepton triggers
(e.g. J/ Y- pru)
@ L1 Track triggers
@ L2 displaced track trigger
for CDF
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a(pp —bb) = 150 pb at 2 TeV
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Detectors

Silicon vertex tracker, Axial solenoid, Central tracking,
High rate trigger/DAQ, Calorimeter, Muon system
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sentral Outer Tracker
Silicon Vertex Detector =10 -8 a 5 10

L2 trigger on displaced vertexes Excellent muon ID; |n| <2
Low p particle ID (TOF and dE/dx) Tracking acceptance |n| < 2-3
Excellent mass resolution L3 trigger on impact parameter
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X(3872)

CDF and D@ have confirmed Belle’s discovery of the X(3872)

3000+ : o
;CDF“ 14{]0? o 800-DQ@ X(3872)
2500- . % I
] ] 1200
“o 1100 E sooL [lvess 47
= 2000 1000 r I
= 900 @ g
% 1500 = I =
% 2.80 2.85 2.90 3.95 ._ggu 400—_ E
21000 : v g ]S -
& ] - 3
| . O 200- |/ 5
5[]'3'_"’( I ): 0739 3 31 32 33
| :_ M, (Gevic) |S
o+ —1T— 0_.|||||||||||||I||||I||||
3.65 3.70 3.75 3.80 3.85 3.90 3.95 4.00 06 07 08 09 ,1
Jiym'n Mass {Ge‘u’ﬁ:z} Mu+u'ﬂ*7t' = MLl*u' (GeWc )
M, =3871.3 £ 0.7 (stat) AM = 774.9 + 3.1(stat)
+ 0.4 (sys) MeV/c? + 3.0 (sys) MeV/c?
— 2
Belle: M, = 3872.0 £ 0.6 (stat) £ 0.5 (sys) | &M +M(J/¢) = 3871.8 £4.3 MeV/c
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X(3872) — {f2S) comparison w

Is the X charmonium, or maybe an exotic meson molecule?

1rC

\ CDF Il Preliminary . 28
10 = X(3872) > J/ly ' T e Data ~220 pb’ O'Q_DQ 5 ll)("(387)2
£ B ; B Prompt X(3872) 0.8° § I : ( : )
S 10° § B Long-Lived X(3872) ) | | | i
o [ 8 ‘ 0.7- O | I |
Q N Prompt Background 6 5 5 5
S I §§§§‘ Long-Lived Background c 06- b % | | | |
8 10 i1 g A % % N
g § i g o5 = N o
5 | § | £ . | <
S0 | 0'431 % ' i
% F - | < <
S T w7 %3 7
i RINE: REE-AE SE-ENE:
— i — 0.1 0.2 03 010 o 3 © % 3
Uncorrected Proper Time (cm) - | | © o
0 L I L
CDF Long-lifetime fraction: Comparison
Y2S): 28.3+1.0(stat) +0.7(syst) D@ multi-parameter

X(3872): 16.1+4.9(stat) +£2.0(syst) comparison
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First Observation of B - @@

CDF Runll Preliminary L=179+10pb”

12 events in search window
Expected BG events = 1.95 +0.62

CDF Runll Preliminary L =179+10 pb™

. Signal region
. Sidebands region
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BR(B, - ¢@) = 1.4 + 0.6(stat) £ 0.2(syst) + 0.5(BR)x10~
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Search for BO¢ g (1 w

SM BR(B.° - 1r)=(3.4£0.5)x10°; BR(B’ - 1/ 1r)=(1.5+£0.9)x10-10
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B, search window

||||||||||'|||||||n|'||||||||||
4.6 48 § 5.2 54 56 58 ] 6.2

invariant (jt |L) Mass [GaWci]

Expected BG: 1.05 £ 0.30 Expected BG: 3.7 £ 1.1 events

BR(B.O — pt1r): < 7.5x107 BR(B - u1r): < 4.6x107
at 95% CL (CDF) at 95% CL (DQ)

BR(BL - 1 1r): < 1.9x107 at 95% CL
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Observation of B** w

B Spectroscopy:
e B(JP=0)
e B*(JP=1") — decays to By (100%)
e AM = M(B") — M(B) = 46 MeV/c?
 The B** consists of four separate states
e 2 narrow states B, (1*) and B,* (2*), decay via D-wave;
« 2 wide states B,* (0*) and B;' (1*), decay via S-wave;
* None of-these individual states are well established
e Decay channels used:
e By**-B*mrt; B¥" . Byt B** - B*r - Bri(y)
« Bt LJ/YKE By — JWKO; By - I/ KO,
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Distinct Narrow B** States w

350 pb

D@ Runll Preliminary

200

e The first direct
4 | measurement of

+ -
- +_+‘|,++h| masses and splitting
t
t between B, and B,

: Sum of 3 )
50 a— d:cr:?i;modes * M(B") = M(B) +
i 46 MeV (y)

150

100

06 07
M(Bn) - M(B) (GeVic?)

B,-~Br(y) B,*~Brm(y) B,*-Brn

M(B,) = 5724 + 4 + 7 MeV /c2
M(B,) — M(B,) = 23.6 + 7.7 + 3.9 MeV/c?
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B, Mixing w

b o _VE_] - vV, d b o u,c,t ;{d d
R? | Uetyrt |il,f:,f R’ R’ sl R ;W_ R?
4 v, b [ b

* In SM B, mixing is explained by box diagrams
 Constrains V,; CKM matrix element

e Mixing frequency Am, has been measured with high
precision at e*e~ B factories (0.502 + 0.007 ps™)

« Amy measurement at Hadron Colliders

« Confirms Initial state flavor tagging for later use in B
and Am_, measurements
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B Oscillation Variables

Opposite side Same side

b B 7
Do B = 7T peutrino

1: £rlagn1entatinn _f." trigger
- pion ! lepton

b - K-
(CDF)
, K
Il\snft 1 Bg-K
b_)e— lepton (CDF)
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B% Mixing with SS Tag

Nrs:N(BO77)
A = (Nrs = Nys )/(Nrs + Niys) NSVZ:N(BO,T)

A -1
CDF Run Il Preliminary L~ 245 pb CDF Run Il Preliminary L~ 245 pb”
1 + - + . . — —
_ B-I'D,D »>Krr | B-IFD,D -Dn (D°>K'r)
0.2- 0.2
< _
g z
Q
E 0 E O ......... ey,
E Sy, S
o — LT
m h ------------------
= S S ~
| = Fit function 1 _ _ T
0.2 === Total E? fraction '0-2_ i furetion ]
1 ... otal B* fraction | === Total £ fraction
| o | == Total B*fraction
0 0.1 '0 o' 1

Proper decay length [cm] Proper decay length [em]

Am, = 0.443 £ 0.052(stat) £ 0.030(sc) £ 0.012(syst) ps?
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B% Mixing with SS Tag

B_ xD*X, D* - DO

=
.

L] L]
ETrr———e———— & D@ Run Il Preliminary
Fle
Entries = TIHET ﬁ B
ELLLE Mean 01630
| RM5 n.o1ger E
2 indf Q0.ET IR
8000 - P 12204 0.1981 E
pl 0.1455 + 189705
B P2 CLOERE & 1 878
] 4818110
5000 P 013064 E‘
B H 4m.8
::S 11.124 0.88 m
- 027
oL :E 0.MEL 0000116
B 2] 0.0071873 £ 0.0001147
3000~
B All D candidates with fiducial cuts:
2000~ 25403+275
1000} )
XY 0.15 0.16 047 0.18 0.1
- ) ) - ’ ) HKHI-MK.':’
I 1 I I 1 1 ] I 1 ] 1 1 I 1 1 ] I I I I 1
-0.1

M
0 0.05 0.1 0.15 0.2 0.25
VPDL, em

Tagging purity: 55.8 £ 0.7 £ 0.8 %

Visible Proper Decay Length:
XM = ny IVIB C /pT'UD

Preliminary

Am, = 0.488 £ 0.066(stat) + 0.044(syst) ps™
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BY Mixing with OS uTag |3

D@ Run Il Preliminary Decay Mode:

Asymmetry:(N non-oee N NQF(N non-oge +N ggc) !

B uD*X, D*- DO
Tagging:
e muon p; > 2.5 GeV/c
ecos AduB) <0.5
» Tagging efficiency:
- 4.8 £0.2 %
M msoph 0 muon tagging * Tagging purity:
U R 73.0+£2.1%
1] 0.05 0.1 0.15 0.2 IJ.2\5’PDL’ om .Flt p roced u re
Preliminary e Binned ¥? fit

Am, = 0.506 £ 0.055(stat) + 0.049(syst) ps

Combined result using three tagging methods will be released soon
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B Hadron Lifetimes w

Naive quark spectator

Yea00f —o— B model: a 1 © 3 decay process

%6200 : - common to all B hadrons.

2 : « (NLO) QCD - Heavy Quark

26000 | Expansion predicts deviations
5800 in rough agreement with data

e Experimental and theoretical
uncertainties are comparable

e  Lifetime differences probe the
HQE to 3™ order in Agcp/ My,

« Goal: measure the ratios
accurately

5600 |

o

5400 |

A
B
B

L ow

B oo
5200 L e
02040608 1 121416
e

1 8
Lifetime (ps)
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B Hadron Lifetime Ratios w
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/1, Lifetime w

New Measurement from D@
Ny - Y N

D@ Preliminary

7(N,) = 1.221 *327/+0.043 ps
B B .
Invariami Maas (GeWe _ O ) 169
— 1(/,)/ 1(B) = 0.8747 7,5 + 0.028
St e e
i CDF Preliminary from 2003:

(,) = 1.25 £0.26 +0.10 ps

0 D05 01 015 0z
Proper dacay lengih {cm)
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B, Lifetime using B.-J/¢ @ w
CDF D2

250 pb1
N CDF Run Il Preliminary No 250"
g E’SB_) Jhy ¢ -=-data =
56+ ig.
% 100 cana? ate B m(Sig) g
Py Fit prob: 89.6% m(Bkg) - 20
w80 -
@ a L
a o 15
0 60 o
3 o
© il
el
E 40 S 100-
20 @ 50—
0 : /\
" ; ] B
D 5.3 5_4 5_5 Il Il Il | Il 1 | 1 1 1 1

L1 [ P I

2 5.1 5.2 5.3 5.4 5.5 5.6

(uuKK) mass, GeVic - Invariant Mass (GeV/cz)
Preliminary

Improvements since 2003:

» Selection minimizes D@ analysis is similar

stat Ll syst _ )
« 12 parameter maximum to this _CDF Improved
likelihood fit analysis

o 240 pb
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B, Lifetime using B.-J/¢ @ w
CDF D@

CDF Run Il Preliminary

E E £ =
3 p Beodive ~=-data 5 .f Preliminary
w 10’ : o 1o°L (a) Do
5 Ml ct(sig) e F
o C
g O 2 107
8OF — ct(Bkg ) =
= S =
= Fit prob: 26.9% o] i
E P -g 10 &
o 10 8 =
1 e
| 10-1_'"I||.||| ||||\|||||||||||||.|.' |||w|||||||
-0.1 0.0 . 0.3 -0.1-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3
ct, cm Proper Decay Length (cm)

1(Bg) = 1.369+0.1007 0 0 ps| | 7(Bg) = 1.444") 000 £0.020 ps

Uses one exponential decay in the fit
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B, Lifetimes Using B, - J/¢K_*0 w
CDF D@

. CDF Run Il Preliminary

EPF B° 5 ayK® E E O
2 - data S 'L (b) Preliminary  pg
Lo . HUSi Te] 10 E
21035— ct(Sig) N i
@ - ct(Bkg_,) % 10°L
§ 102; —ct{Bkg g) % , -
T F Fit prob: 64.2% | = 10 £
c [ 5 =
g 10 g :
g O 10 =
1 1 =
S A |
-0.1 0.0 . B 0.3 10 A '-' I I-II RS [

ct, cm Proper Decay Length (cm)

7(B%) = 1.539+0.051+0.008 ps | | 7(B,°) = 1.473 "3 oee +0.023 ps

1(B,)/7(B°) = 0.890+0.072 | | 7(B,)/7(B°) = 0.980 "3 /o +0.003
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B* Lifetime Using B - J/¢K*

CDF Run Il Preliminary

-
o
5]

Fit prob: 44.2%

E I B Suyk -« data

8 10

: : B ct(sig)
:- 1l:l3 Ct(Bkg all)
1]

© — ct(Bkg )
o

O

C

g

Q

-
o

-0.1 0.0 . . 0.3
ct,cm

7(B*) = 1.662+0.0330.008 ps

Most systematic uncertainties

+ 0\ —
HENIEAISIT 0000002 cancel in the ratio
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Lifetime Ratio 7(B*)/r(B°) w

Novel Analysis Technique using B 2> uD¢()X

e Directly measure ratio instead of individual lifetimes
e Split D® >Kmrsample:
o D** (with slow 77) < mainly from B°
e DO <& mainly from B*

12% B* 2% Bg

86% B°

16% B° 2% B

Sl

82% B*
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Lifetime Ratio 7(B*)/7(B9) w

e Measure N(uD**)/N(uDP)
In bins of VPDL D@ Runll Preliminary, Luminosity = 250 pb’

 Inboth casesfitD® & @ //INDF = 4.0/
signal to extract N >
» Use slow piononlyto 3 % + u \
distinguish B® from B* 2 -
(not in vertexing, K- j
factors etc., to avoid 02 -
lifetime bias) : | \ | |
o1 0 o1 02 03 04

Visible Proper Decay Length (cm)

7(B*)/ 1(B%) = 1.093 + 0.021(stat) + 0.022(syst)
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B Decay Angular Amplitudes

» Uses B.— J/¢ ¢; Uses B - J/YK*

* Allows measurement of many parameters including
polarization amplitudes and Al', = 1/7, — 1/1,,

BI') = p|B,) + §s>=%053>+ §s>) CP odd
BSL> — p‘ BS>—q §S> :LQBQ— §S>) CP even




Transversity Angles

e The J/yrest frame
-4 # e KK defines (x,y) plane
© / o K*(K) defines +y direction
¢ O, ®:polar & azimuthal

angles of i
o W: helicity angle of ¢(K*)

Extract polarization
amplitudes:

A,: Longitudinal

A Ag: Transverse




COF Aun 11 Prellminary L.28d pb
[ Ba— Jipy ¥ Prob: 76.6 %

4.5
a3
a4
R a:25
aal
- az
| | A
aal T a.1s
: a.1
a2
B q.a5
ﬂ_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ﬂ | I TN N T N N [N N N A NN N N N N N N N S S N L1 1 1
1 48 484 404 4492 a a2z d4 dg daAa
COsE
COF Aun 11 Prellminary L2290 |:l|:l'I

a8

5. 0w fwm-i Decay Angular Distribution:

| H e
it

= Z A Lo, (t) T, (Ib)
=
oo b 7):(@, P, L|J)

CosE

dp dt
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B, Mass and Lifetime Projections

Unconstrained fit

20

10

CDF Run Il Preliminary L ~ 260 pb'1 CDF Run Il Preliminary L ~ 260 pb'1

o -

5‘-1 - B> Jiy o o data §_ 10’ = B, > Jiy o o data

@ 60 203+15 sig. - 2 F Si

= [ candidates Wm(sig) N .S.g“"

2 5o Fit prob: 93.4% m(Bkg) 3 18 g

] - g 1 3 S'gHeaw

o 40 E B Bkg Long-lived
2 F I — Bk

Q F = 9 short-lived
s f S F Fit prob: 26.4%
c u -

] .

o

- (::KK) mass, Giezs\;'snfc2 AP | | " :ts cm
0. 6
7, = 1.05%21% + 0.02 ps = =0.65 "3 + 0.01

. +0. 58
= 2.07 54+ 0.03 ps Using SM and constrained fit:
AF 0.477927+ 0.01 ps? Am, =125 3, psL
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Imaginary Axis

30

,CDF Run Il Preliminary L~260 pb”

B, and B; Amplitudes

1 ¢ contour

Mike Strauss

Real Axis

For B,°

A, =0.750 + 0.017 +0.012

A, =(0.473 + 0.034 +0.006) x
@i(2.86 £ 0.22 + 0.04)

/AL| = (0.482 + 0.104 + 0.014) x
ei(0.15 + 0.15 £ 0.04)

For B.°
A, =0.784 £ 0.039 +0.007

A, = (0.510 = 0.082 +0.013)x
pi(1.94 £ 0.36 + 0.03)

— |AL]| =0.354 + 0.098 + 0.003

D@ results coming soon

The University of Oklahoma
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Conclusions

D@ and CDF are measuring many properties of

B hadrons that nicely complement those
measured at “B factories”

* We expect 500 pb by the end of the year

* More exciting results are expected even in the
next few weeks
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