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Fermilab:  b-Physics  at CDF & D0

Tevatron, detectors 
and collaborations 
running well.
Many results.

Luminosity since March 2001

• 9 fb-1 delivered

• 12 fb-1   2012?
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Heavy b-States & Search for Rare b-decays  

+/-,  *+/- Baryons - CDF

c , c Baryon Spectroscopy – CDF

Search for s – D0 & CDF

Observation of Y(4140) in B+ J/ψ φ K+ - CDF  
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CDF Data PRL 99, 202001(2007)

M ass
b

3180 +/-60 events

Integrated Luminosity = 1.1fb-1

M( b) = 5619.7 +/- 1.2 +/- 1.2 MeV/c2

CDF Pub  PRL 96, 202001(2006)
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CDF 6.0 fb
-1

New Data – New Analysis

0

0

0

( ) / 12.0

( ) 1.5 /

( ) 0.2 / , very loose.

/ ( ) 3.0, w .r.t. pri. vtx.

b c

T b

T soft

d soft

c

p G eV c

p G eV c

d0

b

0

0

0

D ata collected w ith

  T w o T rack T rigger

R econstruct inclusive

  base Λ signal as

  M ( )w ith

, applying

   vertex fitting to and 

.

C om bine candidates 

    w ith  soft pions to  recons

b c b

c

c

b

b

pK

* 0

truct

     candidates.
b b soft

N( b)=16,300



PIC 2010 Karlsruhe 5Gene Fisk - Fermilab

*
Q -value Spectrum  R esults for  and 

b b
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*
Q -value Spectrum  R esults for  and 

b b
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*
Q -value Spectrum  R esults for  and 

b b
Fitted Q-values and Resonance widths

1, 2 1

2 2 2
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and fraction f fixed from  M C .  Background :

( ) ( (2 1))

P-w ave Breit-W igner signal ,  w ith double  G aussian 

resolution:  
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BG R Q m m C b Q b Q
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Charm Baryon Spectroscopy at CDF
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Orbital Excitations (l =1)
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non-resonant decays via P-w ave parity

conserving strong in teraction).

resonant decays 
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via D -w ave angular m om ent
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Motivation, Goals, Improvements
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 Im proved m easurem ent accuracy on  m asses  and w idths for:

, ,

Inclusion  of proper kinem atical threshold effects in :

D irect experim ental determ i

0 0

0
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Blechm an et al D

nation  of the pion  coupling constan t

h in  the ch iral Lagrangian . 

    h provides in form ation  that w ill im prove other charm  and bottom  

      baryon  calcu lations.    .  Phys . R ev .  67, 074033
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Previous calcu lations have used the m easured .

H adronic trigger requ ires tw op displaced  tracks w ith  p / .

N eural netw ork  im proves:

p K  lifetim e, vertex fit, particle ID
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Charm Baryon Spectra – CDF 2010
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1

Charm Baryon Spectra – CDF 2010
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C C
and Fits

, ,0 0

2455 2520
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C C
and Line Shape and Fits
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Results
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Bs→

New result first presented by 

D0 Fermilab Postdoc 

Masato Aoki at FPCP2010

Primary author of  manuscript submitted 

to Physics Letters

• Standard Model rate well understood

• Standard Model rate is small

• New physics enhancements can be large

SM BF:

B(Bs→ )=(3.6 0.3)*10-9

Buras, arXiv:0904.4917

arXiv:1006.3469v1 hep/ex

http://arxiv.org/abs/1006.3469v1
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Background reduction
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http://www-clued0.fnal.gov/~masato/vineyard/phys/bana/BANA/ana/BsMuMu6fb/d0note/QandA/figs/compare_sig2bkg_withBu_RunIIb_b_lxysig.eps
http://www-clued0.fnal.gov/~masato/vineyard/phys/bana/BANA/ana/BsMuMu6fb/d0note/QandA/figs/compare_sig2bkg_withBu_RunIIb_mu_minipsig.eps
http://www-clued0.fnal.gov/~masato/vineyard/phys/bana/BANA/ana/BsMuMu6fb/d0note/QandA/figs/compare_sig2bkg_withBu_RunIIb_b_alpha3d.eps
http://www-clued0.fnal.gov/~masato/vineyard/phys/bana/BANA/ana/BsMuMu6fb/d0note/QandA/figs/compare_sig2bkg_withBu_RunIIb_b_chi2vrt.eps
http://www-clued0.fnal.gov/~masato/vineyard/phys/bana/BANA/ana/BsMuMu6fb/d0note/QandA/figs/compare_sig2bkg_withBu_RunIIb_b_pt.eps
http://www-clued0.fnal.gov/~masato/vineyard/phys/bana/BANA/ana/BsMuMu6fb/d0note/QandA/figs/compare_sig2bkg_withBu_RunIIb_mu_minpt.eps
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Background reduction

Angle between momentum 

and direction
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Vertex 2
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Dave Butler

http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/detector_pictures/dzero_picture_silicon.eps
http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/detector_pictures/dzero_picture_tracking.eps
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Background reduction

Bayesian Neural Network

Signal region

B+→J/ K+

Calibration sample

Expect ~3 signal events in 

our data with these cuts
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Neural Net Distributions - CDF

Distributions of the
input variables 
for the Bs

Neural Net search.

c

= cL3DM /P

Isolation

P

L

pTBs
pT(

Background from sidebands

Signal from Monte Carlo



PIC 2010 Karlsruhe 22Gene Fisk - Fermilab

Neural Net Output ---- CDF

Make cuts above

0.9 in NN output

where the signal 

to background 

should be high.



PIC Karlsruhe 2010 23

B→h+h

After penetration + matching cuts

B →D0 , D0→K
10-20 before outer muon layers

Matching 

variables

default tuned

B→KK 0.8 0.6 0.5 0.4

B→K ~0.1 ~0.05

B→ ~0 ~0

total 0.9 0.6 0.6 0.4
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Signal extraction

2D fit to m( ) and BNN

Background shape 

from BNN sideband, 

norm from m( )

sidebands

m( )

BNN

double

sequential

m( )
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Comparisons

Old: 1D just counting 

events in signal region

New: 2D including 

shape in signal region

~40% improvement in 

expected limit 

New/Old

New

Old

m( )
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Results – D0

In highest sensitivity 

region:

51 ± 4 expected bkg 

events, 

55 data events

BF < 51 x 10-9 (95% CL)

14x SM

Expected limit: 38 x 10-9

11x SM

arXiv:1006.3469v1 [hep-ex]

http://arxiv.org/abs/1006.3469v1
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New CDF Update Results – Prelim BRs 

BR(Bs
+ -) BR(Bd

+ -)

90% 95% 90% 95%

Expected BR
< 2.7 x10-8 < 3.3 x10-8 < 7.2 x 10-9 < 9.1` x 10-9

Observed BR
< 3.6 x10-8 < 4.3 x10-8 < 6.0 x 10-9 <7.6 x 10-9
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• Have a new limit based on 6.1 fb-1

– 4.6 times more data than last pub

– 2.4 times sensitivity of last pub

• Includes many improvements
– 33% reduction in KK background at same 

efficiency

– 40% improvement from 2D fitting

• Next steps
– More data

– Design variables to target dominant  
background of gluon fusion bb production 
where both B mesons decay 
semileptonically.

Present

Future
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Y(4140) Observation at CDF

CDF reports evidence for a particle that decays to
J/ with J/ to + - and  to K+K-.  Such a state is 
exotic, meaning other such states that decay to two 
heavy charmonium states      and      have not been 
confirmed.  The mass and estimated number of 
events are: 4143.4 +2.9/- 3.0(stat) +/- 0.6(syst) MeV, 
with 19+/-6 events.  They quote the statistical 
significance slightly exceeds 5 

c c s s

A second structure of 
significance 3.1
is also reported with
a mass  and width of 
4274.4 +8.4/-6.7 MeV 
and 32.3 +21.9/-15.3 
MeV with a yield of
22+/-8 events.  



PIC 2010 Karlsruhe 30Gene Fisk - Fermilab

Summary 

• Excellent progress on b
+/- and excited states with 

new data and high statistics.  CDF

• CDF new data and new analysis of c and c charmed 
baryons.  Congratulations to CDF and the Karlsruhe 
group.

• New lower limits on the upper limit to the branching 
ratio for Bs .  CDF & D0.

• New exotic state X(4140)  + - K+K-)

reported by CDF.
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Backup 
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b b
and Baryons w ith C D F II

*
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CDF Discovery of b & b
*  

(2006)

PRL 99,202001 (2007)

1.1 fb-1

0
,c cb

p K
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Mass Splittings in  b and *b

J. L. Rosner,  Phys. Rev D 75, 013009 (2007)
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Fitting Strategy
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Systematic Uncertainties

Systematic Uncertainties  (MeV)

Source m( c(2455)0/++) c(2455)0/++ m( c(2520)0/+

+

c(2520)0/++

Resolution -/- 0.45/0.40 -/- 0.70/0.69

Mass Scale 0.12/0.12 0.20/0.20 0.12/0.12 0.20/0.20

Fit Model 0.02/0.02 -/- 0.11/0.11 1.16/1.16

Sum 0.12/0.12 0.49/0.45 0.16/0.16 1.37/1.36

Statistical 0.03/0.04 0.11/0.13 0.43/0.56 1.82/2.12

Source m( C(2595)+) h22 ( C(2595)+) m( C(2625)+)

Resolution 0.06 0.03 0.22 -

Mass Scale 0.12 0.03 0.20 0.12

m, 0.15 0.06 0.36 -

Sum 0.20 0.07 0.47 0.12

Statistical 0.14 0.04 0.30 0.04
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New Update from CDF – 3.7 fb-1 - Bs , Bd →

Previous publication:  CDF Collaboration;

T. Aaltonen, et al., Phys. Rev. Lett. 100, 101802 2008)

BRs for Bs(Bd) < 5.8 x10-8 (<1.8 x 10-8)  95%

CL with 2fb-1 of integrated luminosity.

3.7 fb-1 Increased data sample:
Increased size of data sample;
Increased trigger acceptance.
Two regions of trigger acceptance:
| < 0.6 with PT > 1.4 GeV/c [CMU-CMU] and
0.6 <| <1.0 with PT > 2.0 GeV/c [CMU-CMX].

Offline reconstruction improvements:

T

p G eV c

R educe random  com binatoric backgrounds b y requiring the 

vector sum  of the m uon transverse m om enta to be

Tracker likelihood fn  uses track hits, calorim eter and m uon system  info.

 / .4
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CDF Neural Net Event Selection

D
P P

1. E stablish  3D  secondary vtx - determ in ed from  , and other 

    charged secondary tracks.

2. M ake 3D  prim ary vtx from  charged tracks not in  secondary vertex.

3. C onstruct: L L w here extL/

1 2

3

D

P

μμ

ends from  the prim ary to the secondary v tx.

c L

4. C alcu late: = c

R equire: < 0.7 rad.   w here  is the openin g angle betw een  P

5. R equire: /

6. L .

7. U se track candidate isolation

M
τ = .

2.

and

3

, I >  0.50.

F ind:     28,667  C M U -C M U  candidates

              26,565   C M U -C M X  candidates


