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excellent performance of
Tevatron in 2004 and
2005

machine delivered 900-
1000 pb-t up to now !!
recorded (DG, CDF)
~480-530 pb-1 2002-
2004
~270 pb-1 2005
high data takin
efficiency ~85%
current datasets analyzed
~200-500 pb-!
analyzed

compare with ~100
pbtRunT

Tevatron performance

D0 & CDF Run Il Integrated Luminosity

through 31 May 2005
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Solenoid 1.4T
Silicon Tracker SVX
up to |nj<2.0

SVX fast r-¢
readout for
trigger

Drift Chamber
96 layers in |n|<1

particle ID with
dE/dx

r-¢ readout for
trigger

Time of Flight
—particle ID
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DY detector

2T Solenoid
2T SOlenOld Fiber Tracker

beamline shielding
reduce background

forward Muon + oy _ i~
Central Muon [ ——
detectors :

excellent coverage .
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B 7*5 B production at Tevatron

e

Pro's:
large cross section >10% x larger than at

present B-factories Y(4S) O'(pﬁ —> bE) ~ 150 Hb

all kinds of b hadrons produced:
B, B., B, B** A, &, ..
T @s =2TeV

Con's:
QCD background overwhelming

efficient trigger and reliable tracking
necessary

soft p; spectrum, smaller boost than
LEP

Key for B physics program:
Muon system

Muon trigger (single and dimuon
triggers)

Silicon Vertex + Tracker
trigger on displaced vertices/tracks
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2 Purely leptonic B decay .

purely leptonic B->I* |- decay is a flavor 3
changing neutral current (FCNC) b . o u

in SM forbidden at tree level ; Yo

proceeds thru penguin/box diagrams, . d u
helicity suppressed > /W

SM: BR(B,->ptu)~ 3.4x10-°
depends only on one SM operator in

. . . . + -+
effective Hamiltonian, hadronic b W P
uncertainties small t
B, relative to B, suppressed by |V,,/V|% ~ 1 Ty T ™ _
0.04 if no additional sources of flavor . " gt
violation

Current published limits:

SM expectations:

Br(B, >/ 1 Br(B. /) Lo Bt Br(B.—>+/)
/= | 34x10% 8.0 x 1014 /= | <6110° <54 -10°
| 101070 3.4 x 109 w | <83-10% < 4.1-107
= 31%10° 74x107 o7 < 25% <5.0%




Purely leptonic B decay

excellent probe for new physics Two-Higgs Doublet models:
models ; f b s , .
particularly sensitive to models w/ | s
extended Higgs sector W §H+ e
BR grows ~tan®pB in MSSM v | L

2HDM models ~ tan*p

mSUGRA: BR enhancement
correlated with shift of (9-2),

also, testing ground for

+
minimal SO(10) GUT models b ) z
R, violating models, ¥ _
contributions at tree level S U

(neutralino) dark matter ...

R, violating:



mSUGRA model: strong
correlation between BR(B->p+u-)
with neutralino dark matter
cross section especially for large
tanf

constrain neutralino cross
section with , within and
greater than 2c of WMAP relic
density

S. Baek et al., JHEP
0502 (2005) 067
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CDF:
364 pb! di-muon triggered data
two separate search channels
central/central muons
central/forward muons
extract B, and By limit
D:
240 pb™! (update 300 pb-!) di-muon
triggered data
both experiments:

blind analysis to avoid
experimenter's bias

side bands for background
determination

use B*-> J/y K*as normalization
mode
J/y -> utu cancels pru-
selection efficiencies

7*5 Experimental search .

DO —

The challenge!

L SM signal (x 10%)
o ./ /
M

10 12

I 6 8
Mass(u,u) [GeV]

blinded signal region:

D@: 5.160 < m, , < 5.520 GeV/c?,
+2c wide, =90 MeV

CDF: 5.169 <m , < 5.469 GeV/c?,
covering Bd and Bs; 6=25 MeV



Pre-selection D@:
45<m, <70 6GeV/c?
muon quality cuts
pr(n)>2.5 GeV/c
m(u)| <2 1
pt(B, cand.)>5.0 GeV/c 100
good vertex

° 4.6 4.8 5 5.2 5.4 5.6 58 [ 6.2 6.4
Pre-Selection CDF: invariant (1 u) Mass [GeVic']

4669 < m, < 5.969 GeV/c?

muon quality cuts

pr(1°2.0 (2.2) GeV/c CMU (CMX)

r:q‘l'((BBs) |‘3‘<1“1d-)>4~0 GeV/c Potential sources of background:
)

e continuum pp Drell-Yan

9°°d.ve”ex . e sequential semi-leptonic b->c->s decays
3D displacement L;p between primary « double semi-leptonic bb-> puX

and secondary vertex e b/c->ux+fake

o(L5p)<150 pum o fake + fake
proper decay length O <A < 0.3 cm

Signal region

# of events [ 0.02 GeV/c?




Optimization I

> 10—
SRR DG
D@: E K
- L 2 1072
optimize cuts on three discriminating = =l
variables SN
angle between putp~ and decay length 10|
vector (pointing consistency) k Signal MC
transverse decay len ?Th significance al “ | ----Sideband Data
(B has lifetime): L, /o(L,,) 107 %
isolation in cone ar'ound Bs candidate 0 20 40 , ;60 80
Decay length significance
Z qonk [Cut DO £:0.06- D@ —Signal MC
= : Si . = : ---Sideband Data
= [ Signal MC = i
h -2— .1 b w w W . —
< 10 b ---Sideband Data use sighal MC and 1/3 of - 0.04
:i'. ) "wf . .« . |
ool | W ™ : (sideband) d.a‘ra for optimizc i ut| ..iwy
| - random grid search 0.02- I =
10°by TR EE] © maximize &/(1.+VB) T
0 1 2 3 8_-.--I'.|..V|...|...-'u
2 0.4 0.6 0.8 1

Pointing angle [rad] - total efficiency w.r.t 38k |
selection criteria: 38.6% Isolation



CDF: discriminating variables

1/N dN/dLikelihood

0.5

0.4+

0.34

0.2+

0.14

0

pointing angle between pu- and
decay length vector

isolation in cone around B,
candidate

proper decay length probability
p(A) = exp(- M Apy)

CDF Preliminary

Byg =i I

364 pb’”’ _
Signal
(Pythia MC)

Background

(data sidebands)

0 010203040506070.809 1
Likelihood

Optimization I1

=
ha

= T . o2
S | CDF Preliminary g
% BS(FP %“ "'l ) U‘] (]
Z0.15 v =V
- 364 pb : =
01 10
0.05 10
ol | .l . . 10 i . iy
48 5 52 54 56 5B 0 005 01 015 0.2 0.25 0.3
M,, / GeVic? h/cm
5
§°-3 5 03 —bdack round
z &
Eo.za .30_23 (data
" 02 g T B—pn
© (Monte Carlo)
015 Zo.15
cut -
0.1 0.1 -—CUt . o
.
0.05 0.05
L,\_“_ aet
i) 05 15 "0z 02 0B 08
Ao/ rad isolation

construct likelihood ratio
for optimization on
“expected upper limit"

LH cut efficiency w.r.t

pre-selection criteria:
34.8%



E * Unblinding the signal region

e

N§ CDF Preliminary 336 pb” CDF:
2 |B_,—uw CMU-CMX
s [ e central/central: observe 0, expect
g 2 52 0.81+0.12
5 38 Central/forward: observe O, expect
sideband 49;_’ sideband 066 + 013
1
DD
PRL: observe 4, expect 3.7 + 1.1
"T85 52 54 56 58 upda’re: observe 4, expect 43+12
M, / GeVic?
2 SCDFP limi 364 pb”’ ~ 2¢ . .
2 ole,wn s owuon “% 1.8-D@ Run Il Preliminary
] 2z > 1.6 Signal region
o 2 s 2 145 o .
2 5% = 125 Sideband 1 Sideband 2
sideband 4;;':_0; sideband % Og%_
" S 0.65
> 0.4
= 0.2
0 0:L T |

48 5 52 54 56 58
M,, / GeV/c?

46 48 5 52 54 56 58 6 6.2
Invariant mass (" 1) [GeV/c]



Normalization

relative normalization is S | COF Prefiminary |\ R
done to B+ -> J/y K = 00| 36400 suna 00104 o0t
advan-‘-ages: E Slope -0.054+ 14.14
utu-selection efficiency e N(B")=1785£60
same
. . . 2004
high statistics
BR well known 0]
disadvantages:
fragmentation b->B, vs. ""575 52 505 53 535 54
b—> Bs invariant mass / GeV/c?
DJ: apply same values of ~120F |
O SPET 2 : L 4E |
S;g(cigmma‘rmg cuts on this Emo:_pg B o Jiy K
s < 80p Ng. =906 + 35+ 22
CDF: no likelihood cut on S 60
this mode :.S 40"
7]
- 20
= = * Y
-

~52 54 56 58 I
Invariant mass (W 1" K*) [GeV/c]



The Limits

BR(B>ptu)=N_/Ng, x €5, /eg, x £ /f, x BR(B* -> J/y K*)-BR(J/y -> ptp-)
gg+ /eg, relative efficiencies
f /f, fragmentation ratio (in case of B, limit) - use world average value with 15%
uncertainty

N.B.:

D mass resolution is not sufficient to separate B, from B,. Assume no B
contribution (conservative)

CDF sets limit on B, & B, channels
all limits below are 95% C.L. Bayesian incl. sys. error, D also quotes FC limit

COF B_->up | 176 pb-! | 7.5%x10-7 | Published

DD B.->up | 240 pb-! | 5.1x10-7 | Published

B, limit x2 better
than published Babar
COF B,->pu | 364 pb-! | 2.0x10-7 | Prelim limit w/ 111 fb-!

D B.->uu | 300 pb-! | 4.0x107 | Prelim.

CDF By->py | 364 pb-! | 4.9x10-8 | Prelim




best limit from CDF:

BR(B,-> u'n)<2.0x 107 @95% C.L “
constraints SO(10) model severely

stay tuned for Tevatron limit combinatign

Limits

Example: SO(10) symmetry breaking model

m,,=3 TeV, m,=500 GeV
T T i T T T T T T

500 =

200 =

L St St .55 Sl

|
BR(B, )

R. Dermisek et al.
JHEP 0304 (2003) 037

Contours of constant Br(B,.—pu*u)




Sensitivity analysis
B> prud

long-term goal: investigate b -> s |* |- FCNC
transition in B, meson

exclusive decay: B, -> puo
SM prediction:
short distance BR: ~2x10-6
about 30% uncertainty due to B->¢ form factor

2HDM: enhancement possible, depending on
parameters for tanfy and M,,,

presently only one limit
CDF RunI: 6.7x10°@ 95% C.L.




Sensitivity analysis
B> prud

D@: 300 pb of dimuon data Dilepton mass spectrum

normalize to resonant decay B, -> inb -> s || decay
J/y ¢

cut on mass region 0.5 < M(up) <
4.4 GeV/c? excluding J/y & ' . Iy -

two good muons, p, > 2.5 GeV/c 1 25|

two additional oppositely charged g
tracks p;»0.5 GeV/c for ¢ 0.75}

¢ candidate in mass range 1.008 < 9|
M(9) < 1.032 GeV/c? — Ve

0.2E5¢

good vertex 7 cev?

p;(B, cand.) > 5 GeV/c
B, collinearity > 0.95



Sensitivity analysis
B> wrud

dimuon candidates combined with additional ¢ candidate (looser
selection)

70000 F
60000
50000
40000
30000
20000
10000

# of events / 0.02 GeV/c?

III|IIII|IIII|IIII|IIII|IIII|III&I
Q
e
c
-
]
®
3
-
.
<<

1 2 3 4\ 5 )
invariant (u u) Mass [GeV/c]




Sensitivity analysis
B> wrud

Optimization with following variables in random grid search
pointing angle
decay length significance
isolation
use resonant decay B, -> J/y ¢ with same cuts as normalization
gaussian fit with quadratic background: 74 + 11 B.-> J/y ¢

Mean = 5354.95 MeV
16~ D@ Run Il Preliminary | Width = 27.32 MeV
Signal = 74
Background = 22
S/(S+B) = 0.767

14

12

10

# of events / 10 MeV

q Ninmygpgl
| | | | | | | | | ||”| I [ | —

i3 5 52 54 56 58 6

Invariant mass (u* p” K+ K) [GeV/c]




Expected Limit

expected background from sidebands: 5.1 + 1.0 events
sensitivity/average expected limit (@95% C.L):

<BR(B,-> ¢ p"'u)/BR(B,-> J/y ¢p)>= 1.3 x 102 expect x5

if BR(B, -> J/y ) = 9.3x10 PDG2004 is used: TRprov e
w.r.t previous limit
<BR(B, -> ¢ pp)> = 1.2x10°

S 1.§E_D9 Run Il Preliminary Box still closed
> 1.6E Signal region
3 1'4 Fatatataraserataatateteretatale
“~ 1.2 sideband 1 sttt Sideband 2
v 1 | s R
Z 08
Z 0.6 5 5
2 0.4
= 0.2 SRR,
0L| d T T T 252 10525030 500 300 SR |
46 48 5 52 54 56 58 6
Invariant mass (U 1w 0) [GeV/¢™]




Study of FCNC charm
decays

. pt= i~ hep—ph/0112235
FCNC in up-type flavor sector: DR

S0 o e
large areas of parameter space for I
hew physics still unexplored

e.g. R, violating models could enhance
c->u I*I- transitions

Strategy: establish first resonant Dt -> | |
¢ 7t -> pru- it then search in continuum YT

for non-resonant decay i DO Preliminary
D@: select in 508 pb! of dimuon data T
0.96 < m(¢ -> up) < 1.06 GeV/c?

combine p*u-with track p,>0.18 GeV/c
in same jet for D, candidates with
1.3 <m(pp nt)<2.5 6eV/c2,

average 3.3 candidates/event
choose best vertex-y2

R I
1.5 GeV

-

rEvents / 40 MeV/c

ol v w1
0.50 0.70 0.90 1.10 1.30

mu i) (GeV/cd)




construct likelihood ratio for signal (MC)
and background (sideband) events based
on

isolation of D candidate I
transverse decay length significance
Sp

collinearity angle between D

momentum and vector between prim.
& sec. Vertex 0,

significance ratio Ry = impact
parameter of nt/ S;
correlations taken into account

good agreement in D, yield between data
and MC for different LH ratio cuts

Likelihood cut chosen to maximize £¢/Ve,

Optimization

035
03-
025~
02"
0.151
0.1

0.5

07:\:; -

Likelihood ratio

0

Pl
014 02 03 04 05 06 07 08 09 A1
likelihood ratio d

40"
35
30
257
20

150

T

10=

o

5——¢—

#Lf

_:II\|IIII|\Illlll\Illlll‘Ill\ll\lll\ll\‘ll\ll\\ll
8.5 055 06 065 0.7 075 0.8 085 0.9 095 1

likelihood ratio d



Dy -> ¢ " -> pru n*

observe 51 Ds candidates with D—on"—n u'u” D Preliminary
expected background of 18 40

excess with (>7c) significance

first observation of resonant decay .,
Dt -> ¢ it -> pru- it as benchmark

fit yields 13 + 5 D* events (2.70)

limit on D* -> ¢ n* -> p*u- ntalmost
factor 3 better than previous
experiments

accomplished first major step in
FCNC three-body charm decay .
program | Y50 1685 190 2.
Future: search for excess in non- mu ) (GeVie?

resonant continuum region

— T T [ "~ " " T " T T T T T
0.96 < m(W'W) < 1.06 GeV/c?

d> 0.9 d>0.75

30

20

Events / 20 MeV/c

10

E =
ol -
J e =]

a —

B(D™ — ¢n™ — a7 ) < 3.14 x 107° (90% C.L.)

,



least well known ground state B
meson

theory: large mass and shortest
life time

measurement of B properties
are good test of quark model

both quarks can decay semi-
leptonically

first observation of B, in

semileptonic decay inRun T
(CDF): 20 + 6 events

B. meson

W+

g
C
[
’t
|
|

<

PDG 2004 B,

Compare to BO

m [GeV/c2] 6.4+04

5.2793 £ 0.0007

T [ps] 0.46 +0.17

1.536 + 0.014




e

BA->J/y IFv

D@: 210 pb-1 of dimoun data
combine J/y (-> pru) with
extra high-quality muon in event
perform simultaneous fit to

J/y + nmass and (pseudo-)
proper decay time

average correction factor to
account for missing v
momentum:

231 candidates, signal of 95 + 11
+12

m=595+0.14+0.34 GeV/c’

r=0.448""1+0.121ps

~0.096 —

events per 0.2 GeV

events per (. 125 ps

B 7*5 Semileptonic B, decay I

DD prel
L L R L L L L B B
30 data
heavy flavor backgrou
= prompt background
20 signal
15

[ 6.5 7 7.5 H]
YL invariant mass (Ge¥)

5“ T T T T I T T T T

DO Preliminary 3

YLl psendo-proper time (ps)



B 7*5 Semileptonic B, decay II O

CDF Run Il Preliminary: L = 360 pb'1

g 8F ]
L2 7t — O - fake
BE->J/y+1I+v % o 0- fake J1y
CDF: 360 pb-! of dimoun data = 5 0-BB
combine J/y (-> pwp-) with extra high- S HN
quality muon in event 2 o | H [ L
detailed study of background sources L% (3 _LLSé
fake “third" muon or fake J/vy O34 567 8 9 10,11 12
b[—>J/w] b [— u] Mass(J/yu) [GeV/cT]
60.0 + 12.6 signal events above background
. . -1
measure BR-c relative to B -> J/y K* for __ 45DF Runil Preliminary: L = 360 pb
. “o 400 ¢ - B.—J/yuX candidates
pT(B) > 6 G@V/C- § 35E + D-TotaI:ackground
G 30
0 25-
S 20¢
o(B)xBR(B: — J/y + u” +0) @ 15-
+ + + = S 10
o(B))xBR(B~—>J/y+K") L%’ 5
0.249 +0.045(stat.) £ 0.069(sys.) ! o (life.) Q5456 7 8 9 10 11 12

Mass(J/yu®) [GeV/cT]



B.mass from fully reconstructed
decay mode

CDF Run 2 Preliminary 360 pb'

so far large exp. uncertainty on mass I B* — Jiy K*
=400 2252 + 53 candidates
-> use fully reconstructed mode for e Resolution: 11.5+0.3 MeVic?
better resolution £ 3505— Fit Probability: 46 %
. £300-
two-body decay mode B.—~J/y n* best choice g -
: 4 2250
CDF: analysis uses 360 pb S
B=-> J/y K* as control sample (topological 1soE.
similar) :
perform blind analysis search 50§

mass region 5.6 < M(J/y nt) < 7.2 GeV/c2, [ N
100x wider than expected resolution D15 52 525 53 535 54 545 5.5 555 5.6 565

cut opTimize on signcd MC (S) and Jiuk Mass (GeVic?)
background data (B) in mass window

maximize ==S/(1.5+VB) as balanced score Summary of cut values used:

function for “discovery” and limit-setting L. pp(m) > 1.8 GeV/c
390 candidates in window remain 2. Lol >44
3. ¥*(3D) < 9.0
4. dy(B) < 65 um
5. pointing angle < 0.4 radians
6. % (T <26

7. cl < 750 um



B.mass from fully reconstructed
decay mode

before unblinding CDF Run 2 Preliminary 360 pb”

define in advance pr‘ocedur'e for Ng 6:— B Jivrt - B, Mass = 6.2870+0.0048 GeV/c
signal peak search 2 [V Resolution (fixed) = 15.5 MeV/c’
. - Signal: 18.9.+ 5.7 event
define in advance level of 2 5__ Mlg::exp. b;ckg;.\:!?(]}.zﬂ.at evts
acceptable "false” probability that ¢ ¢ under peak
background fluctuates into signal: & 4f .
p=0.1% T L J
[3+]
deploy toy MC with background only © 3 a - .
to define score function value -
corresponding to p=0.1% 20 i
apply procedure & score function to - H S[ L 1
data | E— o -
(_:DF Run Il Preliminary 360 pb’ E | | | | |
35 f 0 6.2 6.25 6.3 6.35 6.4 6.45 |
] JIy 7 Mass (GeV/c?)

]
=]
I
———

Scare function S/(1.5 +\B)
[*)
I

- .
RN RN RAL

signal of 18.9 + 5.7 events found

N .
TV T T

—

[

I
-

7

2
s
.
Bt !

o .
TTTTT

5.8 6 6.2 6.4 6.6 68 7
M Mass (GaWcR)



B. mass from full reconstructed

This work . 6600 - ! !
- (fﬁw+1i‘!-y).l"2
B m potential models
6300 1 w potential NRQCD
o~ B ® latice QCD
DO Run Ii ~>E 6400
g . :
e f -
= 6300 = _ ¥ i ; -
HL‘Q N ]
S S jooSTIIIIIIIIIII ==
CDFRun | - -
P B B B S R SR 6200__ ]
56 58 6 62 64 66 68, ]
B.Mass (GeV/c")
6100 I I | | | | |

|
221 233 (177 (24  [25] [26] (8 (7

M(B,) = (6287.0 + 4.8, = L1, ., MeV/c?

precision on M(B_) improved by a factor 100 !
main systematic uncertainty from background
shape given by low statistics

good agreement with theory



CDF & D@ provide world best limits on
purely leptonic decay By, -> pup-

with more statistics to come enhance
exclusion power/discovery potential
for new physics

current sensitivity for b -> s I+ |-
transition in exclusive B, -> p*u-¢p decay
shown, still factor 5 away from SM

first observation of benchmark
channel D -> ¢ n* -> p*u- n* as first
step towards a charm rare FCNC decay
program

clear signals for B.*-> J/y + I* + v,
allowing to study mass & lifetime of B,

most precise mass measurement from
fully reconstructed B, -> J/y =*

Conclusions

Knowledge must come through action; you can
have no test which is not fanciful, save by trial.

Sophocles,
Trachiniae

Greek tragic
dramatist (496 BC
- 406 BC)




Experimental status

previous experimental results on B.->up (@95% C.L)
CDF (100 pb-!, Run I): 2.6 x 10-¢ PRD57(1998)3811

CDF (171 pb-1): 7.5 x 10-7 PRL93(2004)032001

D@ (240 pb1): 5.0 x 107 PRL94(2005)071802

D prel. (300 pb-)

CDF prel. (360 pb)
Will cover these results




single lepton triggers
semileptonic B decays

variety of triggers with raised
p; threshold, pre-scaled and/or
supported with track/displaced
vertex triggers

two-muon triggers
from J/vy
tracks <> matched p
ps(n) > 1.5 GeV/c
two track triggers
displaced tracks & vertex

fully hadronic reconstructed
modes, e.g. two body charmless
decays
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