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= Variety of B Physics
o(pp — bX) =100 ub

L ~100b7's™ — 10 kHzBs) e S8 -
= Only ~5% reconstructable Psoufce ;% main tnjector |

All species of b hadrons:
BY, B+, B,, B, A, E ,,, B**
= But
o(pp — X) 0(103) higher
Hard to find “other b”
= ~ 30% acceptance
Boost larger B factories

smaller LEP

& Recycler =



Introduction: CDF and DO detectors

Great b-physics capabilities

DO:

Excellent muon trigger and coverage

Tracking coverage 1| <2
Tracking: Silicon + SciFib

Central Calorimeter (E/H)

Ceptral Muon

Wall Calorimeter (H)

Plug Calorimeter (E/H)

Forward MuqQn

Forward Calorimeter (E)

Luminosity Monitor

Time of Flight

entral Outer Tracker
Silicon Vertex Detector
Intermediate Silicon

I L] R - - ---r.-.
- -— .I
i | | Calorimeter J  / “
| u . el -
Tarmd

CDF:

Excellent pt resolution,
displaced track trigger

—> fully hadronic decay modes
Tracking: Silicon + Drift Chamber
dE/dx, ToF particle ID



Data sets (CDF and D0) commmmmnzomon s

— DO Delivered (from April 19th 2002)

— DO Recorded (from April 19th 2002)

T R

Data collected in the ~ =rwemmnm i 1 7
period 2002-2004 gy
~ 500 pb! recorded = B5d2

D0O: ~ 220-450 pb-1
used for B physics

CDF:
~ 240-360 pb! used for B
physics
Lost ~ 100 pb! due to
Central Tracking Chamber

ageing problem
Now completely resolved

osity (')

Lumin



Trigger issues

CDF,D0: pp@-~s=196TeV
b Production cross section: O (pf? —>bX )= (29.4 +0.6

Inelastic cross section: = 60 mb—> factor 1/1000 trigger.

(stat) —

(sys) ) /le

ly| <1 CDF submitted to PRD hep-ex/0412071

Compare with b-factories: ¢ is 10° higher,

L 1s pb - (TeVatron) vs. fb -1 (¥(4S))

6 (ub) | L em2s! | Integrated L | b-events
Tevatron 29 1.2 x10%2 | 600 pb1x 2| 13.8 x10°
KEK 0.001 1.52x10% 371 fb! 0.37 x10°
BaBar 0.001 0.95x10% 256 fb! 0.25 x10°
Trigger crucial point:
e 2 U from J/y,
* soft lepton, (soft lepton+non prompt track) o
P.V.

* 2 non-prompt tracks (CDF)



Data samples

J/w samples:
Millions! ~ 20% are from B's
Reconstruct exclusive B/Ag>J/y K/A°
modes

Semi-leptonic B - D v X samples:

~ 100K events with fully reconstructed D
DO has larger muon acceptance
CDF lowers lepton trigger pt by requiring
additional displaced track

Fully hadronic decays

~ 10K (CDF) events fully reconstructed

B's

Requires trigger on secondary vertex

(SVT)
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Mass measurements (Why?)

* Spectroscopy of heavy-light quark system, to complement quarkonia
* Verify detailed calculation and hypothesis (potential, NRQCD ....)
» Validation of Lattice QCD

 Spectroscopy of heavy-heavy mesons: quarkonia vs. B..
BY — J/yutv

— ) Iy
. =) & o
The B_: a unique system
W o
* Only meson to have 2 spectator-model |
weak decays with comparable + P
| Y P BY — J/ym
amplitudes (b and ¢ decays). c c
* Possible contamination for B, decays — R
s



CDF B Mass Measurements

5874.+ 16.+ 2.

L EXClUSive decayS: 43— J/wX Aleph 53686456415
e Momentum Scale Opal T 0 v
e Alignment COF Tooinasia

e Energy Loss per Track CoF 1 e N

e Magnetic Field Scale 5366.01£0.73 £ 0.33

¢ J/w Trlgger g\\llcél;'lgge | ] 5369.6i2.4

M(B,) [MeV]

DF Run Il Preliminary 220 pb’

o =
CDF Run Il Preliminary ) oo N(Bs)=184.6412.5
o O105p N g Fit Prob: 75.0%
o - % 50/ it Prob: 75.0%
é 3100 . = 405
- EseEeEog BB —
= 3005f % -
Ij... . b = 30 -
S o slope c L
i_j,: 3090 :_ MM:_‘::—.—' [I'-'IeWcz]ﬁGeWc] g -
- 20
£ 3085 M with B-field corr. -0.026+ 0.058 e B
E-loss with layer 0.049+0.043 10_}
3080 * default E-loss 0.298+ 0.043 C
E ° no corrections 0.904+0.043 g)_,_._,_._q_,_._;*.l*.*...l...ql.n..l.... T T e T M
3075 . . .10 5.15 5.20 5.25 5.30 5.35 5.40 5.45 5.50 5.55 5.60
0 > 10 B, candidate mass [GeV/c 7]

pt of J/y [GeV/c]



CDF B ...

e B decays
e BN — J/YKT
o B = J/pK™
° Bg — J/P¢
o Ay, — J/YA°

e Unbinned likelihood fit

e Results

om(B1) = 5279.10 £ 0.41 £ 0.36 MeV/c2

m(B’

Delphi

Aleph

CDF

CDF Il (this)

World

average

————

5668.+ 16.+ 8.

5614.+ 21.+ 4.

5621.0£4.0£3.0

5619.7+1.2+1.2

5624.0 + 9.0

5575 5600 5625
?\ﬁ(/\h) MeV]

CDF Run Il Preliminary 220 pb”

5650 5675

) —
) — 5279.63 £ 0.53 & 0.33MeV/c?
m(BY) = 5366.01 £0.73 = 0.33MeV/c?
m(Ay) — 5619.7 £ 1.2 £ 1.2MeV /¢

Events/6 MeV/c

Ag— JIy A *

N(A,)=88.6£10.3
Fit Prob: 23.3%

)

56
A, candidate mass [GeV/c ]

5 8 5.9



CDF B.Mass  Bf — J/¢m™

- / Ldt = 360pb; " J /1) trigger Y SPPRTE
2 Resolution (fixed) = 15.5 MeV/c’
2 5 Mean oxp. backg 100414 evs
* Potential Models | Prediction g inderpesk
Lattice QCD ~ 6.3 GeV/c? : ) W
* Cuts Optimization 2_ L
. Signal (MC) I i L
* Background (Data) ol Lo L L .
» Control Sample: B" — J/yK* o2 8B 83 8B G s Goviey
- Significance Function: _
_ 360 pb™
I 2
1.5+ VB 2
» Search Window: 5.6 - 7.2 GeV/c? §
* Result: :
m(B]) =6287.0+ 4.8+ 1.1MeV/*? & .
N(Bc) : 18.9 + 5.7 events F “ M :
- Evidence in fully reconstructed decay et e

Jhy  Mass (GeV/c?)




DO Bc Mass and lifetime

L B I [ S S S S B B B S B B

e BY — Jjyputy 7]
e Last Ground State of B mesons to ol DoPramiary /4]
be observed i / ¢
e Predictions: 6.3 GeV/c? & 0.3-0.5 ps ol &J’
® [ Ldt—210pb7" o | ¢
e J/4 | 1track (not muon) oss |
e Teston B — (29)' X ¢
 Unbinned likelihood Fit (Mass and lifetime) o J* o
e J/¢ “handle” e
o J/¢ 1 1track sample (vertex fit) B heny s bk
e Tested in MC signal events 32  senal
e Backgrounds: Prompt, B mesons, 0
true J/¢ + muon events , i i
 Mass Hypothesis: 5.5 - 6.7 GeV/c” (0.10)
e Pseudo-proper time (corrected with MC) & .} :
e Results: fwf
e m(BF) = 5.95113 £.34GeV/c? B
o 7(B})=0.4481012 1+ 191ps N

-1 0 1 2 3 4 5
wy pseudo-proper time (ps)



Excited B states

5.8 1
1P(1/2) Yo,

1P1
- 1P0
- 1P2=
1P1=

\\ !;

> 1p12) —-"’

Mg—>

O(1/my)

Ebert, Faustov, Galkin

Splittings predicted by HQE
5.6 =

7K B+
3K BO
DO:

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

Theoretical Prediction:

M(B,) = 5719 MeV/c?

B, 5B'x B —Bm
\ —> B
200 D@ Runll Preliminary
150 4% +++
100 g —t H‘_ﬂ_{
° /)é\\
00.2 - 013_.‘__ IJ.l-I'I- I 0.5 016 - 0.7
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(B = J/yK”" /K))+7
(B" > J/yK")+m

| Combined B” signal | CDF Preliminary: ~330pb "
“: = Total Signal
5 o B, — Br
o 80|
U] u
-
QS 40
o
b
% 20
o ol
=
w
-20

Q- m[B*:}-rn[B}-m[ﬂ:} (GeV/c?)



Summary of mass measurements

B, (CDF I)
B, (DO)
B, (CDF 2)

A, (CDF 2)
A, (CDF 1)

B, (CDF 2)
B, (Aleph)

B’ (CDF 2)
B’ (CLEO)

B (CDF 2)
B’ (CLEO)

5200

5400

5600

5800

6000

6200 6400
Mass (MeV/c))



B hadron lifetimes

B hadron decays
dominated by b-quark
decay

Effect of spectator quarks
can be included with LO NLO

perturbative expansions in
terms of 1/m, (HQE) : !!
Expect small differences B ..
NLO improves (8, m
agreement el I

between lifetimes of

different species

Ratios reduce theory Theory
uncertainties

Experiment

7(B")
7(B,)

7(B,)
7(B,;)

Non-perturbative ME from
lattice, Wilson coeff. from
perturbative QCD k)




Exclusive B Decays (//¢)

No neutrinos involved
Limited Statistics

B+, BY benchmarks
B? (~87% CP even)

DO

PRL 94, 071802 (2005)

Tp =1.444 1000 £0.023 ps

B, = J/yp
/T 40 = 0.980 *5:070 +0.003

AB —> J/l//A TAB = ~0.18 + .04 pS
Tp, [Tgo =0.87 T4 £0.03
B,— Jlyu 15, =0.448 0% £0.121

(B*/B°)=1.080 +0.016 +0.014

D

CDF

B, — J /g 75 =1.369+0.100*3015 ps
B > J/yK™ 7, =1539%£0.051£0.008ps
B* > J/yK* 7, =1.662%+0.033£0.008 ps
o{B*/B°)=1.119+0.046+0.014

. CDF Run Il Preliminary

10: *
F B > JiyK”®

E
:; - data
i -
s 10l B ct(sig)
a ct(Bkg )
Q
E 10° - — ct(BKg 5)
‘E - Fit prob: 64.2%
©

1 —

|

10

Candidates per 50 pm
o

-

-
nh

0.1 005 0O

ct, cm
D@
e Data
B Signal
I Background

— Total

e

005 01 0.15 02 025 0.3
Proper Decay Length (cm)

B vertex (D@), //% vertex CDF
Background modeling (understood)



Ay lifetime

e Discrepancy between theory (HQE)

and Experiment (Ratio)

e Previously Semileptonic A,
Decays (v feature)

e First time in an exclusive decay

Ab — J/wAO

Signal (No cz cuts) ;fwz-_ Do
e Background Modeling ¥ ¢ : (2/dot=0.35
e Prompt Sl *
eExponentials 5 | *
e A, vertex used (DO) 1 e I T
J /4 vertex for CDF nan
Py 0.05 0 0.05 01 0.15 0.2
cT — Lmy% e (om)

. Simultaneoa)g fit to Mass and LFT
e Sources of Systematic errors

e Contamination

e Lifetime resolution

e Alignment
e Error dominated by statistics

T(Ap) — 1.221522

TAb: picoseconds

D@ PRL 94,102001 (2005)

CDF Preliminary
7(Ay) = 1.22 4 0.26 = 0.10 ps

1.0 15 2.0
T T T T I T T [
f‘;ITEPH 91-95 - 118 7 +0.03
ALEPH 91-95 : . :
ALE : 130 *2% +0.04
E:;I?F 91-95 ‘—.—‘—u 1.32 10.15 +0.06
E:Ef 02-03 ‘ 1 1.26 +0.26 +0.10
D0 02-04 . 0.2
DO ‘ 122 02 4004
EJ;IIELF'HI91-94 ' e 141 % +0.08
8%1‘.90'95 —k o 1.29 "2 +0.06
[ZY Average —8— 1.232 +0.072
| | | | A | | | | |
10 15 20

+ 0.14 ps

Events/40umn

1 ———— — ——
- Unbinned Likelihood Fit To A, Lifetime

10 __ ct=374178(stat |2 9(syst)um i
§ — signal region fit ?

1 r— background fit b
3 S
4l hif ¢ 4
19 e —— N

 mass sideband




CDFII Preliminary L=360pb” CDFII Preliminary L=360pb”

Fully Hadronic Decays S e
5[ s om | Gombinatorial 2 sl
by 0—KK [ signal B, Dn

e SVT Trigger < enriched B o

Nof B, : 472+ 27 D —¢m Nof B, : 47227

samples : 0= KK

e Bias the Lifetime Distributions it i
e Mixing samples, same trigger =~ ¥ v oo e wow W R RS S s
Measurement important s Fripig

e Decay modes e
Bt DoﬂnL
B’ — D—7"(3n) e Benchmarks
BY — Dyn'(3m) e Mass and Lifetime simultaneous

e MC solution (Eff. vs Proper time) ﬁt? q ind
e Tested in B+ — J/pK " e \Wide mass windows

Fix contributions

CDFIl Preliminary L=360pb”

CDFII Preliminary L=360pb "

3 MeV per bin

B N T e e Narrow Window: fit
700; [ ] Signal E1 o : B LK — Gilobal Fit
moe o] Fol[O0 W s e 7(B") = 1.66 £ 0.03+£0.01 ps

s00F ----- Combinatorial

400F N of B* : 8380 + 104

voresamars 7 BY) — 1,51 +0.02 £ 0.01 ps
7(BY) = 1.60 = 0.10 & 0.02 ps

300 10

200}

i in[
0 005 01 015 0.2 025 03 035 0.

R R TR b
o T PR LT
I i

52525 53 535 54 545 55 555 56 565 57 0 005 01 015 02 025 03 035, 04



BY, B* Lifetimes

Dominated by B-Factory results (ri — (e K))?
. T 1 7 \&ms

But: innovative technique from D@  * (Em k)= o2(r;)

VS. proper time gives
many systematic errors cancel

B—uD*X = B?, B—uD% =~ B*, measured BRs used for
populations

— = 035
. 24944750 D D1 X DO
» % $
4000 - r ¢ Wb <
il 1: I _Dund- *9 ; | ¢%ﬁ
7 = +
2000 “ = S [
- - i e 0.25 |-
0.14 0.145 0.15 0.155 0.16
=0 =0 2 -0.1 0 0.1 0.2 0.3 0.4
MR ) (SeVie) Visible Proper Decay Length (cm)
HQE: w(B%)/(B°) = 1.080+0.016+0.014
©(B*)/t(B’) =1.06 (was) World’s Best Measurement

PRL 94, 182001 (2005) c.f. new Belle result



CDF Semileptonic B Decays

6000

® Single lepton triggers
o | Ldi~ 260 pb-1
e Decay channels
e B = [ vD’X
e B = IvD*tX
e Simultaneous fits to
DO and D** samples
e B vertex (I +D9)
e Not seen v (MC)
e Systematic Sources
e Sample Composition
e Charm Back component
e v correction
e 7(B7) = 1.653%0.029

140.033
—0.031 PS

Candidates per 5 MeV/c

7(BY) = 1.473 4+ 0.036 & 0.054 ps

s
(=]
(=]
(=}

2000

CDF Run II Preliminary

lcpt0n+D0 (Dé+ excluded)

Signal ~ 13362

|
1.9

1.7 1.8 2
M(K ) (GeV/cY)
CDF Run II Preliminary
leptor1+D:hr
~ 2000
L
% Signal ~ 3779
E 15001
5
o
3
= 1000~
=
=
g8
O 500+
| |
0.14 0.16 0.18 0.2

AM(K Tt7t-K ) (GeV/ic)

—
o

N w
TTTT T T T 11110

—
o

Candidates per 25 pm

-k

,17
10

Candidates per 25 um

CDF Run Il Preliminary

—
o

Combined Iepton-D0
fit prob. = 0.754

3
10 ¢

2
10

EEHE | !
-0.1 0 0.1 0.2 0.3
Pseudo-proper Decay Length (cm)

CDF Run Il Preliminary

Combined lepton-D *
fit prob. = 0.100
— Al

5
-

Backgrounds

-0.1 0 0.1 0.2 0.3
Pseudo-proper Decay Length (cm)



D@ B? Semileptonic Decay

-
[=]
w

o B! lifetime = Mixing, CPV & New Physics
Flavor Specific (50% CP even at t=0)

Events / { 0.005 cm }
o

—h
[=]
TTTTT

oL ~1.17x1032 cm?/s
/ Ldt~ 400 pb

—
|

+ /5 — 1.96TeV+] Lii + good e e ;;;ud:fm,,;secastn;:.ﬂc:f
u-tgigger/Id + good tracking
By — Dspv (3% = 1.420+0.043+0.057 ps
No cT cuts y
e Simultaneous fit to Mass(Ds) and 3 DG Run Il Preliminary
Lifetime(5?) 2 j‘m ‘“%..» ; "
m(BY) 2 % "o 72/dof = 1.33
[ ) vis —— L:c NN E :_ - -
e (Do) . ook e
Correction for the neutrino (MC) 3 e
; 5K D,
e Systematics dominated by background  ™'f

H _1III1III|II|.|I||I|IIIIIIIII|II II
mOdeIIng 1.75 1.8 1.85 1.9 185 2 205 2.1 215

2? .2
Mass(¢n) [GeVic



Summary of new lifetime results

HFAGE, —J lvg Tevatron B Hadron
: A i s T
) A . HFAG B, flavor specific Llfetlmes
. N - CDF Hadronic B, combined
I A . CDF Hadronic B, — D .nzn
. A - CDF Hadronic B, — D«
} A y DO Semileptonic B,
HIH HFAG B’
CDF Hadronic B° combined
o CDF Hadronic B® — D"z
. CDF Hadronic B — D'«
, 0 . CDF Semileptonic B’
= HFAG B~
——&@—— CDF Semileptonic B~
—— CDF Hadronic B — D"x
1.2 1.4 1.6 1.8 )

Picoseconds

2.2



Conclusion and Perspectives

e CDF and D@ strong contenders
Masses and lifetimes
e Masses: errors competitives or world “s best
o Lifetimes: B+, BY used as benchmarks for
measurement techniques
e B, B. & A, : monopoly for some time

e We have explored:
e Exclusive decays (.//«) Low statistics
e Semileptonic decays (Background understanding)
e Fully hadronic decays ( Biases)

... And succeeded.









Triggering: Heavy Flavor — Tape

Ho — X(J/v —

L)

2 track &
matches within
My Window

Hy —» AvX

Lepton signature
In pr range

Hy, — hadrons

Displaced tracks
and vertex

IREENTERESEN)| CDF Preliminary: -360pb”
= 10° 4 Jap-2IM e ErIQEOYS |
] JPsi
Rare B
BBbar
25); 100K :
Y ) Jpsiton

107 5 - Ops
10" i
1 15): 18

6l

o ]
10

N
10"

cks per 10um
(=) (=]
> [a]
(=) (=]
(=) (=]
T T
[4,]
(3.}

-

tra

5000

3000;
2000;
1000;
—%(:)‘0‘—4‘00—300—20‘()'!1‘ I(‘)‘ ‘ Il‘(‘)(‘)‘ I_

[
300 400 500
VT d (um)



Triggers and data samples

Canonical

Di-Muon (J/v)
P(n) > 1.5 GeV/c

- AT’ in fully rec.
decays

- B, »>J/yn

- Masses, lifetimes
of By, B, A,

- Quarkonia
- X(3872 )

- Rare decays
(Bs@y— up & D—
Hp )

New for run II

b e S ——  E—— —

ISDIaced TrK

m S|

2-Track Trig

Friammal i = - -
& 53 2 AR 06 ||

(trk) > 120um
Pt(lepton) > 4 GeV/c

Fully reconstructed hadronic

- By s 2-body charmless
decays

- B.—op & B —»¢K*
- Ab — ACTC, Ab — ph

- Hadronic Moments

- High statistics lifetimes

- B4, B mixing
Secondary
Vertex

€

- By, B, mixing & lifetimes

- A in 2-body D decays

*
‘0

Primary g o
Vertex

L
Yy N
...‘

d = impact parameter



B Hadron Masses

Why we want to measure the masses.
What has been measured before and with
What precision



Mass measurements (Why?)

* Spectroscopy of heavy-light quark system, to complement quarkonia
* Verify detailed calculation and hypothesis (potential, NRQCD ....)
» Validation of Lattice QCD

 Spectroscopy of heavy-heavy mesons: quarkonia vs. B..

c =
B s /I
The B_: a unique system W r
* Only meson to have 2 spectator-model 5
weak decays with comparable b . 4
amplitudes (b and ¢ decays). - ¢ -
* Possible contamination for By decays — _ j,?' JS Y



Excited Charm mesons

. > 1800l
- 0 - o
2 aooof CDF, Preliminary S ok CDF_Preliminary
- -1 LS C 1
O 3s00f L=210pb N 1400 L=210pb
) A N
-+ E -+ o
5 3000 I— g 1200~
= E = r
- 2500 |- W 4000l
2000; 800 |-
£ -
1500 600
1nonf— 400:—
500 200~
n I | I : L ‘ L L L L | L 1 L L | L L L 1 | L L L L |
0.4 0.6 038 82 03 0.4 05 0.6 0.7

M(D")-M(D") (GeV) M(D")-M(D ) (GeV)



Lifetimes

Theoretical interests for the lifetimes, HQE, new predictions, etc.

Exclusive Decays Advantages, characteristics,

Fully Hadronic Decays Integrated luminosity, etc.

Direct Measurement of ratio
Bc lifetime

Semileptonic Decays



