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Flavor	
  physics	
  at	
  the	
  

q 10  years  of  1.96  TeV  proton-­‐an4proton  collisions

q CDF  and  D0  have  about  10  A-­‐1  of  data  on  tape  each

q Even  if  designed  for  high  pT  physics...


o  High-­‐rate  of  all  species  of  heavy  flavors  actually  higher  than  “B  
factories”  (CDF  +  D0)


o  Excellent  mass  resolu4on  (CDF)

o  Precision  vertex  reconstruc4on  capabili4es  (CDF)

o  Powerful  trigger  on  displaced  ver4ces  (CDF)

o  Charge-­‐symmetric  detector  (D0)


q CDF  and  D0  have  shown  that  first  class  flavor  physics  can  be  
done  in  hadron  collisions
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Recent	
  results	
  

q Final  results  using  the  full  10  A-­‐1  sample

o  b-­‐Baryon,  excited  B-­‐mesons  (CDF)


o  B  mesons  forward-­‐backward  produc4on  asymmetry  (D0)

o  Flavor  specific  decay  Bs  life4me    (D0)


o  Direct  (B  meson  charmless  decays)  and  indirect  (charm  
meson  decays)  CP  viola4on  (CDF)


o  Direct  CP-­‐viola4on  measurement  (D0)


q All  measurements  published  in  2014  or  early  2015
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Spectroscopy	
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q Spectroscopy  of  b  and  
c  baryons  allow  for  HQET  
test

o  Precise  measurements  of  
their  mass,  produc4on,    
life4me,  and  decay    



q Trigger  on  displaced  tracks  and  
J/ψ-­‐>μμ


q Reconstructed  decays:    
Λb-­‐>J/ψΛ,  Ξ-­‐b-­‐>J/ψΞ-­‐,  Ω-­‐

b-­‐>J/ψΩ-­‐…


q First  observa4ons  of  ΩbàΩ0
cπ-­‐  

3.3σ  significance
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q Important  tes4ng  ground  for  HQET

o  Light-­‐heavy  quark  system  

similar  to  hydrogen  atom

o  Fine  and  hyperfine  spliing    


q  j=1/2  states  too  broad  to  be  
dis4nguishable  from  bkg


q  j=3/2  states  yield  two  structures  
in  the  Bπ  invariant  mass  spectrum

o  Use  Q  value  (=m(Bh)-­‐m(B)-­‐mh)  to  account  for  the  

undetected  low  energy  photon  in  the  B**-­‐>Bh  decays


q  Trigger  on  displaced  tracks  and  J/ψ-­‐>μμ
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q First  evidence  of  resonances  (4.4σ)  consistent  with  
two  states  of  orbitally  excited  (L=1)  B-­‐mesons  

o  In  both  B+π-­‐  (2600  sig.  ev.)    

and  B0π+  (1400  sig.  ev.)  
samples  



B	
  (5970)+	
  	
  =	
  5961±5±12	
  MeV/c2	
  
3/04/15	
   La	
  Thuile-­‐S.	
  Leo	
   8	
  



q  Masses  and  widths  of  fully  reconstructed  B**0,  B**+  and  Bs**0  

mesons  also  measured  along  with  their  rela4ve  produc4on  
rates
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q First  evidence  of  resonances  (4.4σ)  consistent  with  
two  states  of  orbitally  excited  (L=1)  B-­‐mesons  

o  In  both  B+π-­‐  (2600  sig.  ev.)    

and  B0π+  (1400  sig.  ev.)  
samples  



first  4me  observa4on	
  

width  measured  

for  the  first  4me




Produc;on	
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q using  B±àJ/ψK±  decays


q Unbinned  ML  fit  to  the  
difference  between  
numbers  of  B±  produced  
forward  and  backward


q                 produc4on  asym.  same  
source  as  


q Asymmetry  consistent  with  
zero  (unique  measurement)  
AFB(B±)=[-­‐0.24  ±  0.41  ±  0.19]%

o  3.3σ  devia4on  from  MC@NLO  
determina4on


bb

tt
Data  systema4cally    
lower  than  MC@NLO
Aeend	
  Julia	
  Hogan’	
  talk	
  later	
  today	
  



Life;mes	
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q with  D-­‐
sàφπ-­‐  and  φàK+K-­‐


o  Decay  products  charge    
tag  produc4on  flavor


o  Using  (D-­‐
sμ+),~72028  tot.  ev.    




q Unbinned  LL  fit

o  Data  par44oned  to  account    
for  4me-­‐  luminosity-­‐  
dependent  effects


o  τ(B0)  Simultaneously  to  validate  the  method






Consistent  with  world  average,  agreement  with  
laice  QCD  predic4ons


cτfs(B0s)=443.3±2.9(stat.)±6.3(syst.)  μm  
τfs(B0s)/τ(B0)=0.964±0.013(stat.)±0.007(syst.)    
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CP	
  Viola;on	
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q Several  decays  reconstructed  
in  single  narrow  peak


q ML  fit  to  kinema4cs  and  
par4cle  iden4fica4on,  
corrected  for  detector  
induced  charged  
asymmetries


q Unique  baryon  results


q Direct  CP  viola4on  in  charmless  decays  of  B  mesons  have  
shown  discrepancies  from  expecta4ons


A(Λb
0 →pπ −)=+0.06±0.07(stat.)±0.03(syst.)-

A(Λb
0 →pK−)=−0.10±0.08(stat.)±0.04-(syst.)
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q Several  decays  reconstructed  
in  single  narrow  peak


q ML  fit  to  kinema4cs  and  
par4cle  iden4fica4on,  
corrected  for  detector  
induced  charged  
asymmetries


q Results  are  compa4ble  with  
current  results  from  B-­‐
factories  and  LHCb


q Direct  CP  viola4on  in  charmless  decays  of  B  mesons  have  
shown  discrepancies  from  expecta4ons




m
D0 ±3σ

D*àD0  π  decays  to  iden4fy  
flavour  at  produc4on  4me


20	
  
1.18	
  
0	
  

t/τ	
  

D0  IP  used  to  separate  promptly  produced  D*  
from  those  originated  in  B  decays


	
  	
  

N(t)
D
0 N(t)

D0
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  09/09/14	
   S.Leo,	
  	
  Search	
  for	
  CPV	
  in	
  D-­‐>hh	
  decays	
  at	
  CDF	
  

D0
D
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20	
  

1.18	
  
0	
  

t/τ	
  

30  t/τ  Bins:  

Equally  populated


Trigger  on  
displaced  tracks


Offline:  

M(h+h-­‐)used  to  
separate  D0àKK  
and  D0àππ


D0πs  mass  used  to  separate  signal  from  backgrounds
Fit  asymmetry  of  prompt  signal  vs  
decay  4me  with  linear  func4on







q Fit  asymmetry  of  prompt    
signal  vs  decay  4me  allows    
to  measure  effec4ve-­‐life4me    
asymmetry(AΓ)


q Results  consistent  with  
SM  and  other  experimental    
determina4ons
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Second	
  be
st	
  result	
  w

hen	
  first	
  p
resented	
  

S;ll	
  beeer
	
  than	
  B-­‐fac

tories	
  

AΓ  (π+π−)  =  [-­‐0.1  ±  1.8  (stat.)  ±  0.3  (syst.)]x10−3


AΓ(K+K−)  =  [-­‐1.9  ±  1.5  (stat.)  ±  0.4  (syst.)]x10−3




q Sensi4ve  to  direct  CP-­‐viola4ng  parameter  ACP


q Simultaneous  fit    
of  the  invariant  mass  
distribu4ons  for  the    
sum  and  difference  of    
charge-­‐specific  sample
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N(D±)~	
  2.3M	
  



q Sensi4ve  to  direct  CP-­‐viola4ng  parameter  ACP


q Simultaneous  fit    
of  the  invariant  mass  
distribu4ons  for  the    
sum  and  difference  of    
charge-­‐specific  sample

o  corrected  for    
detector-­‐related    
asymmetries  using  MC  
and  data-­‐driven  methods  
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asymmetry	
  due	
  to	
  the	
  different	
  
interac;on	
  cross	
  sec;ons	
  of	
  K+	
  and	
  K-­‐	
  



q Sensi4ve  to  direct  CP-­‐viola4ng  parameter  ACP


q Simultaneous  fit    
of  the  invariant  mass  
distribu4ons  for  the    
sum  and  difference  of    
charge-­‐specific  sample

o  corrected  for    
detector-­‐related    
asymmetries  using  MC  
and  data-­‐driven  methods  


q ACP  =  [−0.16  ±  0.15  (stat.)  ±  0.09  (syst.)]%

o  consistent  with  zero  (SM)

o most  precise  measurement  to  date
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Tevatron	
  results	
  overview	
  
q Tevatron  experiments  pioneered  flavor  physics  in  hadron  
collisions  showing  that  a  world-­‐class  program  is  achievable

o  thanks  to  lots  of  luminosity,  well  designed  and  understood  
detectors,  and  analysis  crea4vity  and  ingenuity.


q Produced  more  than  100  (CDF  )  +50  (D0)  flavor  papers  in  10  
years,  some  of  which  are  the  most  cited  of  the  whole  Run  II

o    s4ll  many  in  the  2014/15  period


q Today  shown  a  number  of  recent  interes4ng  measurement  
in  each  of  the  HF  sectors

o  Produc4on,  spectroscopy,  Life4me,  CPV…  
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Tevatron	
  

Shoot	
  the	
  papers	
  out!	
  
More	
  s;ll	
  on	
  the	
  way..	
  

3/04/15	
   La	
  Thuile-­‐S.	
  Leo	
   24	
  



BACKUP	
  
Suppor;ng	
  slides	
  

3/04/15	
   La	
  Thuile-­‐S.	
  Leo	
   25	
  



3/04/15	
   La	
  Thuile-­‐S.	
  Leo	
   26	
  

Λb-­‐>J/ψΛ,  

Ξ-­‐b-­‐>J/ψΞ-­‐,  

Ω-­‐

b-­‐>J/ψΩ-­‐,  

Ξ0c-­‐>Ξ-­‐  π+,  

Ξ+c-­‐>Ξ-­‐  π+π+,

  Ξ-­‐c-­‐>Ξ0c  π-­‐,

  Ξ0b-­‐>Ξ+c  π-­‐	
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B0-­‐>D-­‐	
  μ+	
  X	
  


