B hadron rare decays and lifetimes

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

Marj Corcoran for the CDF and DO collaborations



The TeVatron 1s working well!

Integrated Luminosity (1/pb) Many measurements

are now within reach
for the first time!
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B, —pp and B; —pp

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 :

% - BR(B. —uy1)—(3.42 £0.54) x 10°
t,C,UI L BR(Bd_)HH):(l-O + ().14) x 1010

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!

L0 goes 1nto the heart of DO 1n the summer of 2006
with less than Imm clearance!

Runlla= pre-upgrade and Runllb=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.

Many analyses at the TeVatron use likelihood ratios. One selects variables that distinguish
between signal and background. For each event calculate

LHR=IIS. /(TIS, +I1B,)

where S. and B, are the probability density functions for signal and background for each
variable. LHR should be close to 1 for signal events and close to 0 for background.



B, —up using 2 tb'!

Form a likelihood ratio based on six variables:

Muon pair isolation (AR=1) .
Transverse decay length significance (1, -T’:)/(|Pt| 0,,)
Pointing angle a (see below)
B impact parameter
Minimum p impact parameter
Vertex y? probability

Xy

o P (pp)

Secondary vertex

»
—P

For a well-reconstructed

decay, a should be small.
Primary vertex



B, —up using 2 tb'!
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The effects of LO are apparent in the improved uncertainty in
the transverse decay length. “p17” is the pre-LO0 data; “p20”
1s the post-L0 data.



B, —pu

I D@ Run lla Preliminary
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MC distributions are used for
the signal; M sidebands are

used for the background
distributions. The red arrows
shows the optimized cut location.

LHR>0.946 for Ila
LHR>0.982 for IIb

Optimization was done before
the signal box was opened!



D@ Run lla Preliminary

B, —pp at DO

LHR
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Invariant mass (u* W) [GeV/c’]

Mass window 5.05-5.62 GeV/c?

For the pre-upgrade data, there is
one event in the signal region n
mass and likelihood ratio.
Expected background is 0.8 = 0.2
events.

For the post-upgrade data, there
are two events in the signal
region, with an expected
background of 1.5 £ 0.3 events



B, —pu

DO Run lla Preli L :
2400 ¥ Runlla Pre 'm'"ary Normalization mode is
350EB* — Jhy K* j .
S300N;. = 1781554 B* —J/y K" with J/y—pp

Relative efficiencies of signal and

# QR g g T Eeees . pormalization determined from MC.
Invariant mass (u* u K*) [GeV/c’]

Preliminary results:
From Runlla: BR(B, —»pp)< 9.5 x10-* at 95% CL

From Runllb: BR(B, —»pp)< 4.0 x107at 95% CL

Combined 95% CL limit1s 9.3 x 10
Recall that the SM expectation 1s 3.42 x 10~
This limit/SM expectation=27



B, —uu 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 in 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 in CMX
P of muon pair > 4 GeV

Muon pair form a good vertex
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B, —uu and B, —pp at CDF

CDF Il Preliminary

102E

CMU+CMU
wu, ctlog, > 2

4+Packground

signal —"

(Bs— 1'w)
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Likelihood Ratio

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

B lifetime.

Background distributions are taken
from sidebands in M . Signal

distributions are from Monte Carlo.
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B, —uu and B, —pp at CDF

CDF Il Preliminary

- CMU-CMU

- 780 pb”

3 N(B®) = 4215+90
4 p+(B)>4 GeVi/c
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Normalization mode is
B* —J/yK with J/iy—pup

with relative efficiencies
determined by MC.



B, —uu and B, —pp at CDF

«,  CDFlPreliminary (780 pb’) CDF Il Preliminary (720 pb™) : :
2 | T *.CMUCMU % f . 7+, CMU-CMX S1gnal region.
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Likelihood ratio vs M . One event is observed for B,—pp and two
events are observed for B, —ppu. Expected backgrounds are
1.27 £0.37 for B_ and 2.45 + 0.40 for B,.



B, —uu and B, —pp at CDF

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

BR(B, —-pp)<2.3 x10* at 95% CL.

Recall the SM expectation

BR(B.—pup )=3.42 x 10° (Limit/SM=29)
BR(B,—uy )=1.0 x 10° (Limit/SM=230)



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 ©(B*) > ©(B°) ~ t(B,) >t(A,).

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

CDF has recent measurements:
A,— JyA with Iy —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 these
channels, based on 1fb"! of data.

B*—=J/yK* B'— J/yK" and J/yK, B, 6 —J/yd

_ - . - - -1
CDF Il Preliminary 1.0fb ! Signal region CDF Il Preliminary 1.0fb
> - _
g 3000— + Data E. + Data
- N — Data fit ] [0 signal
-ﬂ [ [ Signal region % g — B!(g
g 2500} [ Bkg region % 10 E — Signal+Bkg
= N =
W ool Ny K*)=12878 1=1.63040.016ps

o
|I8||I

0 5.18 52 522 524 526 528 53 532 534 536 538 015 01 005 -0 005 01 015 02 025 ?(i.’- 0.35
et (Jy K') [em]
Mass(J/y K*) [GeV]

A maximum likelihood fit on three variables

B* mass showing the sidebands
& (mass, ct, and error on ct) yields the lifetime

used to estimate the background.
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A, lifetime measurement from CDF

Using the same method as 1n the high-statistics modes, CDF
has measured the A, lifetime in the channel A,—J/yA with

Jhy—pp 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.



A, lifetime measurements from DO

Based on 11b, the A, 1s observed in the decay A, —J/yA with

Jhy—uu and A—pn. A B?lifetime measurement is also made with
this dataset.

E [=
~ = g 103 = e Data
13} C 7 -
=200 Data S E Bkg,,
= - (] = .
Q180 BkgA” % = - Slgnal
@so% B Signal §102 = — Total
-8140 :_ - TOtal -g E
% - @ |
-_2120 = (&) NE
3100 =
80 n
60
= 1
40— a
20 /
_l Lol I V] A L l akalad. I el 11 1 I 1 1 1 1 I 1 1 I | S I el l lelalak 1 L L L L L L L
852 53 54 55 56 57 58 59 6 6.1 0.2 0.1 0.2 0.3 0.4

Invariant Mass (GeV/c?) Mcm)

Maximum likelihood fit using the

A, mass, 174 + 21 events proper decay length and mass
yields the lifetime.
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A, lifetime measurement in the
semileptonic channel

DO has also made a measurement of the A, lifetime in the
semileptonic channel A,—A_"pv X with A" —pK_

Backgrounds are reduced by requiring a
D Run Il Preliminary 1.3 fb” minimum distance between the Ab and AC

- /\W vertices, and also by using a likelihood
: : ratio with five variables (1solation of the A;

P of the K, p, and A_; and M(A_p)

y* fits to the lifetime are done 1n bins of

B |
I||.i|i||||.|

gy i35 visible proper decay length.

M(K p) (GeV/c’)

Example A mass plot for one bin of

visible decay length.



H(K)

A, lifetime measurement in the
semileptonic channel

D& Run Il Preliminary The visible proper decay length must be

015 - Ay = ARV corrected for the p, carried by the
[ Ay X TRV unobserved neutrino. The K factor is
0 - ADOAD
- ' K=p(A/p(A)
. 05: b and is determined from MC.
i The final fit yielded 4437 £329 Ab
I events.
— _h“ﬁ' L ! I 'i P T R ,...__l_-s

K
K factor contributions for each subprocess.

CDF 1s expected to have a high-statistics A, lifetime measurement
in the semileptonic mode soon.



A, lifetime summary

Ay lifetime measurements

CDF (ABE 96M) ——
1.320£0.150£0.070 ps

Recent DO and CDF measurements are ALEP (BARATESEDY 1 210%0.11040.000 ps

preliminary. B 1.290 (+0.240-0.220) +0.060 ps

DLPH (ABREU 99W) | b—e—A
1.110 (+0.190-0.180) =0.050 ps

The world average does not include the po aBazovoso
1.220 (+0.220-0.180) £0.040 ps

most recent measurements. DO (DO 5179-Conf) —a—i
1.298+0.137+0.050 ps

D0 (Run1II Semilep) ——

Thel’e appears tO be a dlSCI’CpaﬂCy Of 1.280 (+0.120-0.110) £0.090 ps
about 3.2 sigma in A, lifetime
CDF (hep-ex/0609021) . ngo 83-0.078) £0.033 ps
measurements from the world average CDF Run 11 Prelim. L+
.580+0.077+0. ps
and the most recent CDF measurements. | Average 1230005 s
0 0.5 1 1.5 2 2.5

Ay, lifetime [ps]

The expected ratio of T©(A,)/t(B°) from HQE 1s 0.86-0.95.
The PDG value of ©(B® )=1.534+0.009.



B hadron lifetime measurements

B* lifetime measurements

B’ — J/y ¢ lifetime measurements

SLD (ABE 97J)

L3 (ACCIARRI 98S)
CDF (ABE 98Q)
OPAL (ABBIENDI 991J)
ALEP (BARATE 00R)
BABR (AUBERT 01F)
CDF (ACOSTA 02C)
DLPH (ABDALL. 04E)
BELL (ABE 05B)

CDF Run II Prelim.

World Average

&

1.660+0.060+£0.050 ps

&

1.660+0.060£0.030 ps

1.637+0.058 (+0.045-0.043) ps

L —
1.643+0.037£0.025 ps

—_——
1.648+0.049+0.035 ps

——
1.673+0.032+0.023 ps

_—
1.636+0.058+0.025 ps

——
1.624+0.014+0.018 ps

——i
1.635+0.011+0.011 ps

——i
1.630+0.016+0.011 ps

1.638+0.011 ps

CDF (ABE 98B)

CDF (ACOSTA 05)

D0 (ABAZOV 03B)

DO (RunlI)

CDF Run II Prelim.

PDG World Average

PDG Flavor specific

—_——
1.340 (+0.230-0.190) +0.050 ps

—
1.400 (+0.150-0.130) £0.023 ps

——
1.444 (+0.098-0.090) +0.020 ps

——
1.490+0.080 (+0.010-0.030) ps

Lo o |
1.494+0.054+0.009 ps

1.429+0.088 ps

——i
1.442+0.066+0.000 ps

14 148

1.56 1.64 1.72
B' lifetime [ps]

0.6 1

1.4 1.8 2.2
B%—lJ/y ¢ lifetime [ps]

Other measurements are in good agreement.




More on B_lifetimes

Lifetime measurements have reached the level of precision that we
have to be aware of the lifetime difference between the two mass
eigenstates, B, (heavy), and B, (light).

Semileptonic decays are an equal mixture and would therefore
measure the average. Specific final states, such as JAy® also
measure a mixture but a different mixture.

See Bob Kehoe’s talk from Tuesday:
AT’ =0.13 £0.09 ps’!



B hadron lifetime measurements

1(B")/t(B°) ratio measurements

L3 (ACCIARRI 985)

CDF (ABE 98Q)

OPAL (ABBIENDI 991I)

ALEP (BARATE 00R)

BABR (AUBERT 01F)

CDF (ACOSTA 02C€)

DLPH (ABDALL. 04E)

BELL (ABE 05B)

D0 (ABAZOV 05D)

CDF Run II Prelim.

World Average

_—
1.090+0.070+0.030 ps

L —

1.110+0.056 (+0.033-0.030) ps

—_——
1.079+0.064+0.041 ps

L . ——
1.085+0.059+0.018 ps

——
1.082+0.026+0.012 ps

—_—
1.093+0.066+0.028 ps

——
1.060+0.021+0.024 ps

o
1.066+0.008+0.008 ps

——
1.080+0.016+0.014 ps

—e—i
1.051+0.023+0.004 ps

1.071+0.009 ps

0.76 0.88

1 1.12 1.24
7(B")/1(B")

The most sensitive comparison to
calculations 1s the ratio, which 1s in
good agreement for B* and B® mesons.

Expectation from heavy quark
expansion for ©(B*)/t(B°)=1.04 -1.08,
in good agreement with observation.



Conclusions

Spectacular B physics is being done at CDF and D0!

No new physics yet! (Drat!)
Limits on B —pp and B,—pp are still well above the SM expectation, but
they are starting to push on expectations from physics beyond the SM.

Preliminary results, at 95% CL.:
BR(B,—pp )< 1.0 x 107 (CDF)

BR(B,—pu )<2.3 x 10* (CDF)
BR(B,—pp )<9.3 x 10°® (DO0)

Unofficial combined limit: BR(B.—pp )<5.8 x 103
Limit/SM=17



Conclusions 2

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.
There are many results I could not show due to time constraints.

In particular CDF has reported the first observation of these
charmless rare B decays:

B, —-Kn A,—pr A, —pK
BR(B, —Km)=(5.0 £ 0.75 (stat) £ 1.0(sys)) x 10-°



Prospects

These results are based on at most 2fb-! of data; many on 1fb-! or less. Both

experiments now have more than 2fb-! recorded, and the data continues to
come 1n at an impressive rate.

Visit the CDF and DO web sites!

www-cdf.fnal.gov/physics/new/bottom/bottom.html
www-d0.fnal.gov/Run2Physics/WWW/results/b.htm

CDF Il Preliminary 1.0fb™

+ Data
— Data fit
[ Signal region
[l Bkg region

N(J/y K*)=12878

Events/4 MeV
8
8 8

8
g

Ilglll

Thanks to CDF B group for their help!
Thanks to my DO colleagues who did the work.
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