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Intro duction to the Bd;s ! l+ l � decay I (SM)
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SM predictions

B R(Bd ! l+ l � ) B R(Bs ! l+ l � )
l = e (3:4� 2:3)�10� 15 (8:0� 3:5)�10� 14

l = � (1:5� 0:9)�10� 10 (3:4� 0:5) � 10� 9

l = � (3:1� 1:9) � 10� 8 (7:4� 1:9) � 10� 7

Experimental upper limits at 90% (95%)
CL

B R(Bd ! l+ l � ) B R(Bs ! l+ l � )
l = e < 5:9 � 10� 6 < 5:4 � 10� 5

l = � < 1:5(1:9) � 10� 7 < 5:8(7:5) � 10� 7

l = � < 2:5% < 5:0%
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Bs ! � + � � decay in the Two Higgs-Doublet Mo del
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SM prediction
2HDM

Bound from CDF

� Parameters of the neutral Higgs
sector cancelout

� Branchingfraction dependsonly on
chargedHiggsmassand tan �

� Branching fraction increases like
tan4 � (tan6 � ) in 2HDM (MSSM).

� Mode is complementary to b ! s

� R parity violating models can give

tree levelcontributions
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Bs ! � + � � in other extensions to the SM

The MSuGraModel

Mode is correlatedto (g-2)

SO(10) symmetrybreakingmodel

Model predict large enhancement/ tan6 �
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The Fermilab Tevatron Collider

� New main injector and
antiproton recycler

� Increasenumber of bunches
(6 � 6 ! 36 � 36)

� Reducebunchspacing
(3.5�s ! 396ns)

� Increase beam energy 900 !
980GeV(increasex-sectionse.g.
top production by 30-40%)

� Projected integrated luminosity
per experiment:

{ � 2 fb� 1 2006
{ � 8 fb� 1 2009

� Highestluminosity so far
1.03 � 1032 cm� 2 s� 1

� Nearly 0.5 fb� 1 on tape
per experiment

� Data taking e�ciency: 85-90%
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Integrated Luminosit y

CDF used171pb� 1 and D� used240pb� 1 for this analysis
1 billion eventsrecorded at D� as of August 2nd
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Why rare B physics at the Tevatron ?

� Producing large numbersof b�b pairs
{ � (p�p ! b�b) = 150� b at 2 TeV
{ � (e+ e� ! Z 0 ! b�b) = 7 nb
{ � (e+ e� ! �(4 S) ! b�b) = 1 nb

� Expect 1010 b�b pairspairs/year at 4 � 1031cm� 2s� 1

{ fragmentinginto all B-species:Bd; Bu ; Bs; � b; : : :

� Exploring the Bs sector

Con's

� QCD backgroundoverwhelming

� e�cient trigger and reliabletracking necessary

� soft pt spectrum, smallerboost than LEP

Key points for this analysis

� Muon system

� Muon trigger (singleand dimuon triggers)

� SiliconVertex + Tracker
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The D� detector
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D� Tracking region

� SiliconDetector
+ 6 barrelsw/ 4 layerssilicon
sensors
+ large externalarea disk at
the end

� Fiber Tracker
+ scintillating �b er ; 0.82
mm
+ 8 layer axial and stereo
+ R/O through VLPC in
LHe

� SuperconductionSolenoid(2
Tesla)

� tracking/vertexing up to
j� j < 3
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The CDF-I I detector

� Upgradedsiliconvertexdetector (SVX) and faster tracking drift chambers

� New scintillating tile end-plugcalorimeter

� Increasedmuon eta-phi coverage

� New scintillator time of 
ight system
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D� dimuon sample
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� Signalregionin D� is mB D �
s

� 2� = 5.160< mB s < 5.520GeV/c2

(mB D �
s

= mB P D G
s

-30MeV; 1� = 90 MeV)

� Signalregionin CDF is 5.169< mB s < 5.469GeV/c2 (coveringBs and Bd)
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Selection Cuts

D�
� Normalizeto the B+ ! J= K + decay

� Cut on Massregionof DiMuon sample4:5 < m�� < 7 GeV/c2

� Two good muonswith a net charge of zeroand pT greaterthan 2.5 GeV

� The triggeredmuonshavereconstructedtracks in the tracker

� Good reconstructedvertex

� A minimum pT of the Bs candidateof 5 GeVis required

� Cut on the uncertainty of the transversedecay length � (L xy ) < 150�m

38k eventsremain
CDF

� Normalizeto the RunI measuredB crosssection
� B s = 0:9�b for pT (Bs) > 6 GeV/c, jyj < 1
usethis as a baslineselection

� Requiredimuon trigger (2.7 < M �� < 6.0 GeV/c2)
di�erent thresholdon muon pT 1.5 - 3 GeV,analysiscut is > 2 GeV

� Standard track, vertexand muon selection

2940eventsremain
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Optimization procedure

� D� used� 80pb� 1 of data to optimizecuts
� D� performed randomgrid search of the 3 discriminatingvariables
� CDF performed grid search of the 3 discriminatingvariables(100 combinations)
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Grid Serach Random Grid Search

Background Signal
xx

y y

� Openinganglebetweenthe vertexdirection and the muon pair
"Pointing consistency"

� D� : Decay length signi�cance(c� / � c� ), CDF: c� of Bs candidate
� Isolationof the muon pair
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Optimization procedure II

� Keepsignalregionas a blind box
D�

� Maximizesensitivity of searchesfor new signals

� � + � �

a=2 +
p

B

following G. Punzi (physics/0308063test of hypothesisand limits )
{ � � + � � is the reconstructione�ciency for BS ! � + � �

{ B is the expectednumber of backgroundeventsin signalregion
{ de�ne � as signi�canceof the test

a is the number of sigmasfor � (i.e 95% ! 2 � ! a=2)
CDF

� Maximizeto get the best expectedlimit

< B R(Bs ! � + � � ) > =

P

n
N (njnback ) � P(njnback )

2 � � B s � � �" total �
R

Ldt
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D� : Discriminating variables - Optimization results
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Dé

Pointing angle
� < 0.203radians

Isolation> 0.56
Transversedecay length
signi�cance> 18.47

test

Iso =
pB s

pB s +
P

allT racks� R � 1
p

with

� R =
p

(��) 2 + (� � )2 � 1

test

Expect 3.7� 1.1 backgroundeventsin 240pb� 1
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CDF: Discriminating variables - Optimization results
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� M �� = M B s � 80 MeV/c2

(resolutionfrom MC is 27 MeV/c2)

� c� = L xy � M
pT (B ) > 200 mm

� �� = � (pTB ) � � (vtx ) > 0.1 rad

� I so = pT (B )
pT (B )+

P
R < 1 pT ( tr ack s) > 0.65

Expect 1.1� 0.3 backgroundeventsin 171pb� 1
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Unblinding the signal region

]2) Mass [GeV/cm minvariant (
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Dé Preliminary

Side Band 2

D�
Observed4 eventswhile expecting 3.7� 1.1 backgroundeventsfrom the sidebands
CDF
Observed1 eventwhile expecting 1.1� 0.3 backgroundevents
(in overlappingBs and Bd massregion)

28th August, 2004

DPF Riverside
Search for rare B decays at the Tevatron page 17

Ralf Bernhard
on behalf of the D� and CDF collaboration

University of Z•urich



Normalizing channel B � ! J= K �

� Usethe decay of the J= ! �� to cancel�� e�ciencies
(Apply samecuts to J= like above.)

� Vertex an additional track to the J= 

� Additional cuts on the Kaon and B �

{ Kaon pt of .9 Gevis required
{ � 2 of the vertex �t contribution not more than 10, togethernot more than 20
{ Collinearity of .9 is required

]2 [GeV/c±invariant mass B
4.8 5 5.2 5.4 5.6 5.8 6

# 
of

 e
ve

nt
s 

/ 1
0 

M
eV

0

20

40

60

80

100 Dé Preliminary

± Ky J/® ±B Fit of a gaussianwith a
quadraticbackground

NB � = 741 � 31 � 22

28th August, 2004

DPF Riverside
Search for rare B decays at the Tevatron page 18

Ralf Bernhard
on behalf of the D� and CDF collaboration

University of Z•urich



D� : Calculating the upper Limit

B(Bs ! � + � � ) �
NU L (nobs; nB )

NB �
�

� B �

��K

� B s
��

�
B(B � ! J= K � ) � B(J= ! �� )

f b! B s
f b! B u;d

+ R � �
B d
��

� B s
��

� NU L (nobs; nB ) is the Upper Limit calculatedusingthe Feldman-Cousinsmethod
4 eventsobservedand 3.7 � 1.1 backgroundexpected,NU L =6.82
(including systematicuncertaintiesvia MC integration)

� NB � is the number of acceptedB � ! J= K � events
NB � = 741� 31� 22 events

� " �� and " ��K are reconstructione�ciencies
" ��K ="�� = 0:229� 0:008� 0:014

� Correction factor for fragmentationf b! B s =f b! B u;d = 0:270� 0:034 PDG

� Assumeno Bd contribution i.e. R=0 due to its suppressionby jVtd =Vts j2

valid in all MFV models

B(Bs ! � + � � ) � 4:6 � 10� 7(3:8 � 10� 7) at 95%(90%) C.L.
Usinga Bayesianapproach:

B(Bs ! � + � � ) � 4:7 � 10� 7(3:8 � 10� 7) at 95% (90%) C.L.
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CDF: Calculating the upper Limit

B(Bs ! � + � � ) �

P

n
N (n; nback )

2 � � B s � � � " total �
R

Ldt

� N (n; nback ) is the number of candidates
estimatedusinga Bayesianapproachand includingthe associated uncertainties
1 eventobservedand 1.1 � 0.3 backgroundexpected

� � Bs= 0.9� b measuredby CDF in RunI

� � � " total = 2.0� 0.2%

�
R

Ldt = 171 pb� 1

B(Bs ! � + � � ) � 7:5 � 10� 7(5:8 � 10� 7) at 95% (90%) C.L.
B(Bd ! � + � � ) � 1:9 � 10� 7(1:5 � 10� 7) at 95% (90%) C.L.
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Conclusions

� New upper limits on Bs and Bd (CDF only) havebeenpresented
{ CDF: upper limits are

B(Bs ! � + � � ) � 7:5 � 10� 7(5:8 � 10� 7) at 95% (90%) C.L.
B(Bd ! � + � � ) � 1:9 � 10� 7(1:5 � 10� 7) at 95% (90%) C.L.
publishedin PhysRevLett 93, 032001(2004)
Result improvedthe Bs RunI limit by a factor of 3 and the Bd limit slightly

{ D� : upper limit is
B R(Bs ! � + � � ) � 4:6 � 10� 7 (3:8 � 10� 7)at 95% (90%)CL
Paper draft is waiting for collaboration approval
The most stringent result at the moment for the Bs

� Both experimentscontinueto increasetheir data samples...
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D� : Relative systematic uncertainties to BR ! � + � � )

Source RelativeUncertainty [%]

� B �

��K =�B s
�� 6.9

# of B � ! J= K � 5.1
B(B � ! J= K � ) 4.0
B(J= ! �� ) 1.7
f b! B s =f b! B � 12.7
Backgrounduncertainty 29.7

28th August, 2004

DPF Riverside
Search for rare B decays at the Tevatron page 25

Ralf Bernhard
on behalf of the D� and CDF collaboration

University of Z•urich


