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g Properties:

® Focus on masses , lifetimes (decays)

Why study B hadrons ?

® Heavy quark hadrons are the hydrogen atom of QCD => study of
B hadron states = study of (non-perturbative) QCD

® Measurements of B hadron masses provide sensitive tests of
potential models, HQET and all aspects of QCD including lattice
gauge calculations

Why B Hadron Lifetimes ?

® Spectator model : b quark decays like free particle

=> all B hadron lifetimes are equal

® In reality QCD => lifetimes of B hadrons study the interplay
between strong and weak interaction




. Introduction to the Tevatron

Luminosity (pb'1)
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® ppbar collisions at 1.96 TeV

® Excellent performance of Tevatron accelerator

® Keep breaking record of peak Initial Luminosity after 8 years of
running

® CDF and DO have already > 5 fb™! on tape

® Expect 6 tb! by end 2009 ( 8 after 2010 extension)
Q The analyses presented in this talk span from 1 to 3.8 fb™!




CDF detector

eDrift chamber (COT)

= Good tracking resolution
o(p)/p, ~ 0.1 % GeV'

e Silicon vertex detector

= Good vertex resolution

= Important for triggering
(using a displaced track trigger,
SVT)

e TOF detector and dE/dx from COT
— Good particle identification
 Muon Systemupton|<1.5
= Important for triggering




Basics of B Physics at the Tevatron

/b

F g Havor Creation (gluon fusion) b
g b

Gluon Splitting Havor Excitation

Flavor Creation (annihilation)

® High cross section 6 (pp — bb ) ~ 40 ub at Vs =2 TeV

® Quarks fragment into hadrons: B. (bc), As(bdu), Xp* (buu), Xy (bdd)
[Tevatron exclusive], B (bs), Bo(bd), B(bu), also B*, B** etc

® — Tevatron can be considered as a B factory

- /




g Online B selection process -

® Huge background to the process G (p[_)%bl_)) in Tevatron: O(0.05 b)!
® B hadrons are filtered online using selective triggers based on clear
signatures that overcome the QCD background :

* events selected by a JW— U oriented dimuon trigger
 events selected by an impact parameter based trigger (SVT)
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Results :

B. mass, lifetime and cross section
A, lifetimein Ay > AT

B, lifetime

Y, Baryon




B, lifetime o.(9 A

® B_ contains two heavy quarks: bottom and anti-charm
® Produced only at the Tevatron — unique testing ground for QCD
® Lifetime measurement in semileptonic decays B, = J/W+ 1+X

tc (B) = 142.5 "% | ¢(stat.) £ 5.5 (syst.)pm
T = 0.475 "% uo(stat.) + 0.018 (syst.) ps

CDF Run Il Preliminary: ~1 fb™

Averaged for World Average

Combined for CDFE H Jfy+ (1 fb_1}|
— World Average

CDF Run I, J/y+l

Theoretical predictions: DO, Sy (1.35 )
O 47 O 59 pS CDF Run Il, J/yw+e (1 fb_1)

CDF Run Il, J/ysp (1 fb 1)

CDF Run II, J/y+l (1 b

Average = 137.7x11.0um

T00 — 750 ~ 200 250 — 300
B, ct (um) 8
&http://WWW—cdf.fnal.gov/physics/new/bottom/080327.blessed—BC_LT_SemiLeptonic/ J




. B, mass A
® Best mass measurement from CDF in B, = J/¥® decays (2.4 fb™)
m(B,) =6275.6 £2.9 + 2.5 MeV/c (PRL 100:182002,2008)

good agreement with theory (6304 + 12+418-0) Phys. Rev. Lett. 94, 172001 (2005)
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Experimental measurements with small uncertainties start

to challenge theoretical models and lattice techniques
® Recent update (4.7 fb™')

eanalysis framework is unchanged from PRL
\_* usesimproved track parameter uncertainties %




4 . R
B, cross section

® Ratio of the production cross section times branching fraction of B." =
J/¥ u v relative to B" = J/PK for two p(B) cuts with 1 fb' .
® Select sample of 229(214) events with 3" muon for p+(B_)>4GeV/c ( 6)

® Estimate background contributions using data and PYTHIA samples
° mlSldentlfled J/LII ~ CDF Run Il Preliminary: ~1 b’
* bb background

E + . I\Dfli5|d. Muon
40— Bl Misid. JAy
i + Bl o6
L B, Monte Carlo
* other b hadrons

30 L + + Probability = 0.72
® Total background : 111 £ 8 ool
(107 = 8) events. 10: +
- *

® Select B" » J/¥K” *

Oi'|... %

® Estimate the ratio 6 8 10
Jy+u Mass (GeV/c) 10

Qttp://www—cdf.fnal. gov/physics/new/bottom/090305.blessed-bc-slXsec/ /

)]
=)

* misidentified muons

Events/(0.25 GeV/c')




4 B, cross section A
o(BF)-BR(Bf—J/d+pt+v) _ VBt [

c(BY) BR(BT—J/0+KT) — Npy  Crel
. . . Efficienci Pt(B) >4 GeV/ Pt(B) > 6 GeV/
® ¢, relative efficiency : ::j(l; ;’S (; 05 sf ¢ 31233 ¢
€q = Eps / €ge - €5+(%) 0.3231 0.6005
€ral 5.867 £0.068 4.873 £0.060
Pt (B) >4 GeV/c Pt(B) > 6 GeV/c
N(B," 117.6 £17.2.. % 107.1 £16.7.. 7
N(B") 2333 + 55 2299 + 53
€, 5.867 £ 0.068 4.873 +0.060
_0.450+0.554 i 0720 _0.278+0.420 i 0298
N (B, . 0.295 + 0.040 (stat) 0.227 £ 0.033 (stat)
— X
NB) ™ 0" (sys) £ 0.036(spectrum) g1, (s5y5)£0.014




- A, lifetime in Ay, > AT "‘b\

® Important test of models that describe interaction between heavy and
light quarks within bound states

® Precise theoretical predictions difficult due to QCD effects
® OPE/HQET predicts lifetime hierarchy of the b-hadrons

® CDF analysis with large sample of ~3000 signal events in 1.1 fb"

® Displaced track trigger require-

CDF Il Preliminary, L = 1.1 fb' |

b ---- Ay, Four-Track

A, Semi-leptonic
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® Trigger bias corrected using s

Ay = AL X
— Combinatorial

Candidate
]
3

simulation

B
=]
o

® Sample composition obtained ~ zoof

from mass distribution
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g

A, lifetime results

Candidates per 0.0025 cm

®PDF is convolution of : exponential , cT resolution PDF, trigger eff.
®Most precise measurement: TC(/\ ) = 420.1+13.7(stat.)+£10.6 (syst.) pm

® t(/\)/T(By) =0.916 £ 0.038

®Good agreement with theory (0.88 = 0.05) and previous world average

CDF Il Preliminary, L=1.1 fb" arxiv:hep-ph:0310241 _—
| Y L A, Lifetime Measurements
B — B Four-Track uig_l_l_l_l—zTolllla?glllqu]Illsirnllllﬁ!imlll’wr]
102 | ™, | Ap—= ALK .
3 — Combinatorial ALEPH A 1+ A%l —— 1.21+0.11
> - T P A Four-Track OPALA. | 12992 4 6 06
S . S A, Semi-leptonic¢ - i
3 Ap Other DELPHIA, | —— 1117000 £0.05
10 E_ CDF HLIH',‘\(:l I —— 1.32+0.15+0.07
. | ] DO Runli A, | p_— 1.290 10120 10087
18 + el DO Runll J/y A —— 1.2187)% +0.042
H &
i Ind CDF Runll Jiy A —a—  1.503 770 +0.033
= CDF Runll A @ (PRELIMINARY) oL, 1.401+0.046 +0.035
2
1 »
0 PDG 2008 1.383 7 0us
-1 o oy oy oy e by oy by
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ct(AD) [em] A, lifetime [ps]

\

13




g

® As part of angular analysis
that together with three
polarization amplitudes

meaures Al and sin2[3,

® No bias from trigger

® Mean lifetime (assuming no

CP violation, B,/ =0):
*Tc (Bs)=1/1=459 £ 12
(stat.) =+ 3 (syst.) um

Results are mean of heavy
and light states

No flavor specific
measurement

CDF Run Il Preliminary

B, lifetime in By —» JWo

L =2.8fb"
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g

® New measurement greater
than earlier average

* Strongly weighted by
semileptonic channel from
DO

® New combination will reduce
discrepancy between data and
expectation T(B,) = T( B

B, lifetime summary

ALEPH (1996)

+0.14
1.54 114+ 0,04

OPAL (1998)

+0.18
157016+ 0,04

CDF (1 9992 — —+H

1.36+0.09 ‘%%

DELPHI (2000) ——

1.42°04+0.03

DO (2006 D.uX] HFH

1.398 + 0.044 0%
PDG 2007

% UL . ——
CDF J/w¢ 1.53+0.04+0.01

DO J/w¢$ 1.487+0.060+0.028
CDF Ds(qm))(
1.518 £ 0,041+ 0.027

i

-

My average: 1.481+0.023 I |‘
| I L1

06 038 1 1.2

B_mean lifetime (ps) B’ PD(l}5
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2, , X, Baryons
® Until 2006 Ay was only established B baryon
=> search for X, = |buu> %, = |bdd>
® ¥~ excited state of X, with s = 3/2

Reconstruct ~ 1600 Ay, |
® Use two different triggers :

n

J¥ A decay with 3.8 fb™ .

- displaced track [PRL 99, 202001(2007); | © 5%%%‘?;%?)"’ K
i 400 Mean (GeV):
L 5.6196 +/- 0.0006

decay Ap— AC+TC_ with Ac+ %pK‘n’L] o Width (MeV}:

— 124+

« J/¥ trigger [Ap,— J¥ AL > 2"";
M_ w- CDF Run II Preliminary
PV Ab — ulAb%J/‘PA L
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2, , X, Baryons

Candidates per 5 MeVic”

O or As- Mass \
State Yield (MeV /c2) (MeV /c?)
Sy 32X31 Qs — 48.5%39103 5807.8739 = 1.7
2y 5911318 Oy — 559+ 1002 |58152+1.0=*1.7
2t TTHIA Ay = 212120404 5829.011-8%1-2
S~ GolEte SES6.4 2.0+ 8
oQ for A, — JY¥ A decay mode

®Q for A, — A, 7 decay mode
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® Observe peaks with > 56 w.r.t no signal

01 042 043 016 0.8 92
Q (GeVie

\® Data suggest that in A, — J'¥ A decay mode there are consistent I%g:a




Conclusions
Very rich heavy flavour program at CDF.

Many results on properties of heavy B hadrons :
- B, lifetime, mass and cross section
- A, lifetime
- B, lifetime
- heavy baryons ¥, . established

Great Tevatron performance.
More data to come.

Good time for flavor physics at the Tevatron right
. now! oy
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