B hadron rare decays and lifetimes

B.—up and By—pp
B meson and A, lifetimes

Marj Corcoran for the CDF and DO collaborations



The TeVatron 1s working well!

Integrated Luminosity (1,/ph) Many measurements
2500 are now within reach
for the first time!
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B,—ppand B; —pu

B, —pp and B, —pp are FCNC 1n the Standard Model
and are therefore highly suppressed.B, —pp 1s
suppressed even further by V. /V._ .

Standard Model expectations :

w +
Wi R I BR(B, —pp)=(3.42+0.54) x 10”
G ? BR(B, —»uw)=(1.0 +£0.14) x 10-1°

Many models beyond the SM enhance

these BRs by orders of magnitude
And different models can effect B, and B,

differently.




. B, —up at DO —first result using LO!
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L0 goes into the heart of DO in the summer of 2006
with less than 1mm clearance!

Runlla= pre-upgrade and RunlIb=post-upgrade.



B, —up using 2 tb!

Data selection:
Two muons with p>2.5 GeV and |n|< 2 which form a good vertex

Dimuon mass between 4.5 and 7 GeV
Dimuon p, > 5 GeV.

For Runlla, there are 163K candidates

For RunlIb, there are 36K candidates
Early RunlIb data had several problems (firmware, timing).
Some are recoverable, some not, all problems are now fixed.

Background distributions are taken from the sidebands in M.
Signal distributions are taken from Monte Carlo.



B, —up using 2 tb!

Form a likelihood ratio based on six variables:
Muon pair isolation (AR=1)
Decay length significance
Pointing angle a (see below)
B impact parameter
Minimum muon impact parameter
Vertex y? probability

Secondary vertex

For a well-reconstructed

decay, a should be small.
Primary vertex
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B, —pp using 2 tb!
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The effects of LO are apparent in the improved uncertainty in
the transverse decay length. “p17” 1s the pre-L0 data; “p20” 1s
the post-L0O data.



B —up
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Likelihood ratios for signal
MC and background taken
from the side bands in
dimuon mass. The red
arrow shows the optimized
cut location.



B, —pp at DO
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For the pre-upgrade data, there 1s
one event in the signal region in
mass and likelihood ratio.
Expected background 1s 0.8+ (.2
events.

For the post-upgrade data, there
are two events 1n the signal
region, with an expected
background of 1.1+ 0.3 events



B, —up

Normalization mode is
B* —J/y K" with JAyy—pupu

5 5.1 . 52 53 54 5.5 5.5
Invarianl mass (Lt w K [GeVie®]

Preliminary results:
From Runlla: BRB, —pp)< 9.5 x10® at 95% CL

From Runllb: BRB, —»pp)< 4.0 x107at 95% CL

Combined 95% CL limiti1s 9.3 x 108
Recall that the SM expectation 1s 3.42 x 10



B, —up and B, —pp at CDF

CDF’s results are based on 780 pb! of data. They have
limits for both B, and B,.

Data selection:

The data are divided into two subsets-- one subset with
both muons in the central muon system (CMU-CMU),
and the second subset with one muon 1n the central muon
extension (CMU-CMX).

Muon p> 2 GeV and|n| <0.6 in CMU
Muon p>2.2 GeV and 0.6 <|n|< 1.0 im CMX



B, —up and B, —pp at CDF

CDF Il Preliminary
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A likelihood ratio 1s formed based on
three variables: Isolation of the B
candidate, 3D pointing angle, and P{.)
=exp(-A/ct,) where A=ct for a given
event and 7, 1s the world average

lifetime.

Background distributions are taken
from sidebands in Mup. Signal
distributions are from Monte Carlo.



B, —up and B, —pp at CDF

CDF Il Preliminary
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B, —up and B, —pp at CDF
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Likelihood ratio vs M, . One event is observed forB,—pup and two
events are observed forB, —uu. Expected backgrounds are
1.27+0.37 for B_ and 2.45+ 0.40 for B..



B, —pp and B, —pp at CDF

Preliminary CDF result for these decays:
BR(B. —>pp)< 1.0 x 107 at 95% CL

BR(B, —»pup)<2.3 x10® at 95% CL.

Recall the SM expectation

BR(B,—pp )=3.42 x 10°
BR(B,—pp )=1.0 x 1019



B hadron lifetime measurements

B hadron lifetimes can be calculated in Heavy Quark Expansion models.
To lowest order all b hadron lifetimes would be the same. To second and
third order splittings occur but are expected to be small.

Expect t(B*) > 1(B?) ~ 1(B,) >1(A,).

DO has recent measurements:
A,— JWA with Jy —pp
A,—A o X (semileptonic)

CDF has recent measurements:
A,— JWA with Jy —pp

Precision lifetime measurements of B, BY, and B..



B meson lifetime measurements from CDF

Care 1n understanding resolution functions and backgrounds

yield precision measurements of the B meson lifetimes in the
channels, based on 1fb' of data.
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. A, lifetime measurement from CDF
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Using the same method as in the high-statistics modes, CDF
has measured the A lifetime in the channel A,—J/yA with

JAy—up and A—pm, based on 1fb! of data.
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A maximum likelihood fit on three variables
(mass, ct, and error on ct) yields the lifetime.
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A, litetime measurements from DO

Based on 11b, the A, 1s observed in thedecay A,—J/wA with

JAy—pp and A—pn. A B lifetime measurement 1s also made with
this dataset.
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ADb lifetime measurement in the
semileptonic channel

DO has also made a measurement of theA, lifetime in the
semileptonic channel A, —A v X with A —pK_

e A Corrections must be made to the observed p
g 0 for the missing neutrino, based on Monte
= 4000 /\«._,_‘__4 Carlo.
a | y* fits to the lifetime are done 1n bins of
< 2000~ . .
& visible proper decay length.
LS L e

MK, p] (Gevic)

Example A mass plot for one bin of
visible decay length.



Recent DO and CDF measurements are
preliminary.

The world average does not include the
most recent measurements.

There appears to be a discrepancy of about
3.2 sigma 1n A, lifetime measurements

from the world average and the most
recent CDF measurements.
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Thanks to CDF for preparing this and
other comparison plots!




B hadron lifetime measurements
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B hadron lifetime measurements

B BY ratio maassrerent
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The most sensitive comparison to
calculations 1s the ratio, which 1s in
good agreement for B mesons.

Expectation from heavy quark
expansion for 1(B+)/t(B0)=1.04-1.08, in
good agreement with observation.



Conclusions

Spectacular B physics is being done at CDF and D(!

Limits on B.—pp are still well above the SM expectation, but they
are starting to push on expectations from physics beyond the SM.

BR(B,—up )< 1.0 x 107 (CDF)
BR(B,—pp )< 2.3 x 108 (CDF)
BR(B.—pp )<9.3 x 10® (DO0)

Precision lifetime measurements are being made of B mesons and
hadrons. These 1s perhaps a 3¢ disagreement in A lifetime,

otherwise all measurements are consistent.



Prospects

These results are based on at most 2fb' of data; many on 1{b! or less. Both
experiments now have more than 2{b' recorded, and the data continues to come
in at an impressive rate.

There are many results which I could not show, 1n particular CDF rare decays.
Visit the CDF and DO web sites!
www-cdf.fnal.gov/physics/new/bottom/bottom.html
www-d0.fnal.gov/Run2Physics/W W W/results/b.htm
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Thanks to my DO colleagues who did all the work.

I:l.'-'ll b CZE P D20 DA LA B OAd AL DAL
Ml o K [SeV]



