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@ D5 Physics Potential

e Tevatron has a huge procution rate and is uniquely able to study heavy states produced :
Bs, B, Ay, Zp, B**, BX* and other excited states

e Constraining the CKM matrix

B —= pORO Aly from angular analysis:
+
B —>=vVvVv
/ AL = 3779 %8x 107
Amg
B mixing

B — DOK_

Bg—DgK \

B—nn,Kn

')

e Search for Rare Decays: e.g. B — up

Bg—=J/ym’: sin(By)
e Search for New Physics:

e Indirect search: contribution from new particles in loops (BTeV sensitive to TeV mass scale)
e Especially interessting: hints from B-Factories for new contributions in b — sSs transition

Tevatron B-Physics program is complementary to the one from B-Factories!
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@ po Outline

e Most of our current analysis are limited by statistics

e Projections are hard to make for higher luminosities ...
(more signal but as well higher S/N, different trigger strategies ...)

e mainly concentrate in this talk on existing measurements and point out their potential

e Present and near future: CDF and DO
e CP Violation and Mixing
e Search for FCNC - Rare Decays
e Test of Heavy Quark Expansion:
Masses & Lifetimes, Hadronic Moments

e A little bit further ahead

e Physics plans for BTeV

S. Menzemer Oktober 2004, FPCP 2004, Daegu, Korea -p.3/2



@ po Triggering B Decays

015/ Otot & 1073, pick one B decay out of 103 QCD events
Trigger signatures: lepton (e, ) and displaced tracks
Generally 3 trigger types for different types of B decays:

e B decays to J /v
+ muon provides easy trigger B

- small branching fraction

e Semi-leptonic B decays
+ large branching rations — large yields

- missing neutrino

e Fully hadronic B decays gt /
+ ~ 80% of branching fraction @~~~ "2

D’ -
- requires silicon track trigger v

+
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@ D5 CDF versus D0 Detector

CDF

e Displaced track trigger
e PID: TOF and dE/dx

e Better mass resolution

Strong in fully hadronic modes

Central Calorimeter (E /H)

Central Muon

] A ] =
Ly /
""-Q‘\\‘k : Y .
N T
Forward Calorimeter (E) N /
Luminosity Monitor

Time of Flight

entral Outer Tracker
Silicon Vertex Detector
Intermediate Silicon

S. Menzemer

Forward Mini—drift

Shamber

[ Forward Scintillator |

Central Scintillator
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New, Salenoid, Tracking System ! Ll !
Si, Scifi, Preshowers> 5 1

DO

(m)
I + New Electronics, Trig, DAQ

e [arge muon coverage

e Better forward tracking

Strong in J /v modes

Strong in semileptonic modes
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@ no CP Violation in B — hh

Tree (T) amplitupde larger than penguin (P) in B; — 7, vice-versain By — KK

d(s)
(K"

d(s) TC+ (K+)
w
‘ G
u
(K d(s)
B T
d(s) d(s) K)
d(s)

e BR and Acp for charmless 2 body B decays are predicted but variety

of unknown amplitudes require reconstruction of a lot of modes

e Exploit U-Spin symmetry, 4 unknowns in time dependent asymmetry

d : ratio P/T hadronic matrix elements, 6 : phase of d, v, 3: weak phases
e Hadronic uncertainties cancel up to small U-Spin breaking effects
e Fleischer (2 fb_l)l O'(’y) = £+10°(stat)£=3° (SU(3) breaking)

e BR measurements, CP violation in B, — KK, Al'; from
By — K K (compare Bs — J/v¢), ...
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@ Do s B — hh (CDF)

e Trigger on track pairs with large impact Signal: 893 + 47, S/B>2

CDF Run 2 Preliminary,L = 180 pb !
parameter I e e

e Track cuts: PT1 e , (PT1 + PTQ) ; f—+++ B — h*h_-f
e B candidate cuts: L, : : +++
pointing constraint to primary vertex, I
Isolation cut: |
- e
I(B) = prmms .. mr R

e The 4 major expected modes overlap to form a single bump

e Approach: use mass + kinematics + track PID 1n an unbinned

Maximum Likelihood fit — extract the fraction of each component
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@ DE> B — hh: Separation of Modes (CDF)

Mass (w7 hypothesis) versus signed Fit Result

. . n CDF Run 2 Preliminary, L=180 pb !
momentum inbalance oo = (1 — s ) *qq S
>
(]
oy = 200
e B, — Km ° .
o CDF Run 2, Monte Carlo 5
;’ ! T T T T T T T T T [oN
O o 150
2 | eB, - Kn :
o Q 125
» 5.4 A _ L
S - 100
t§<5.35 L **H.u«.‘...,,.,..,.:::: ::"'W‘;;:&_;::,:.._,,.”..,..Wo ] o B — I ; 7T
® 53 b , ”"«-.?‘ } - 75
20 e *Uf o B — K . :
s2 o T, 1 25 | &
“HO || ]
as o0 LA ]
o ! # BS — KK O 48 5 51 52 53 54 55 56 57 58
51 F ’ - 7 Mass [GeV/c?
505 -1
5 1 1 1 1 1 1 1 1 1 . B Ww

-1 -0.8 -0.6 -04 -0.2 0 02 04 06 08 1

. Decay # events

CDF Run Il preliminary

Kaon/Pion separa- _ B— K n~ 509
tion from dE/dx: | B — ntn 134
1.40 (pr > 2 GeVic) B, — KTK- 232
calibration via ol _ 4

BS — K 7-‘- -
D* — D% — whth™ s,
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@ o B — hh: Results (CDF)

B sector

BR(Bd—>7T+7T_) .
E AT ) — 0.24  0.06 + 0.04

Ratio of B4y BR consistent with other experiments

Acp(By — KTn™) = —0.04 £ 0.08 &= 0.01

expect to reduce o by factor 2 with available data

Acp = —0.133 £0.03 4+ 0.009 (Babar), Acp = —0.088 £ 0.03 + 0.013 (Belle)
A p results compatible with Babar/Belle

B sector

BR(Bs — KTK~) = 0.50 + 0.08 + 0.07 * BR(Bg — Km) * (fs/fa)
BR(Bs — KT77) < 0.11* BR(Bg — K7)* (fs/f4)

Limits on rare By, B, modes *

BR(By — K+K~) = 0.17 %« BR(By — K)
BR(Bs — ntn~) < 0.10x BR(Bs — KK)

* Those limits might improved with a targeted analysis

CDF has data from 2 x more luminosity, with improved tracking and PID
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€ po Proof of Principle: B, Mixing

CDF: Soft Muon Tagger DO: Soft Muon Tagger

CDF Run Il Preliminary L~ 245 pb" P T T Nm)?g Run Il Preliminary
| B-ID°,D - Dn, (D° > K'r) o6 I
0.2 b
g 04 o S S
< -t iiiBE——— LGl
-0.21 -« =+ Total B fraction -0.45* L L
: «+= Total B fraction E 250 pb™ 0OS muon tagging
O 0:1 0-2 0-3 b 6‘ = ‘0.“'.)5‘ - ‘0I1‘ = ‘0.‘15‘ = ‘012‘ = ‘0.I25‘ ‘
Proper decay length [cm] VPDL, cm
Combined taggers CDF:
Amg = 0.536 + 0.037(stat)£0.009(s.c*) cD? (%) CDF DO
—1
+ 0.015(sys) ps SST 1.04 £ 0.35 £ 0.06 | 1.00 =+ 0.36
eD? = 1.820+0.114% 10.051
Soft 1 0.70 £ 0.0427 5557 | 2.54 = 0.18
* sample composition '
Combined taggers DO: Softe 0.35 =+ 0.05 i
Amy = 0.456 & 0.034(stat)20.025(syst) Jet-Q 0.715 £ 0.027 ~ 1
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@ Do e

B, Mixing Sensitivity

DO: By — uDX

D@ Runll Preliminary, Luminosity = 250 pb'1

CDF available modes:

e hadronic modes:

B, > pt KK +X (K'> K* 1)
DO Run I Preliminary
B o X S KK — ( —
| 94814253 D50 7" =4000 A T SE:K}'(‘); * Bs Dsm(Ds ¢m)
3000 33651239 D*—¢ 1" E o To.eo ’( ¢ 0] ook
q 4 h |
7 b wor S "o o. o e 1 BS - DSST‘-(DS - ¢7T)
B wox o000y ) [EER
=
@
2000 = 'BS —>DS7T(DS —>K*K)
20001
e B — Dgn(Ds — 3m)
1000 1000
e semileptonic mode:
0
® N7 18 19 2 21 22 ) L BS — ll/DSX(DS — Qbﬂ')
M(¢ ©*) GeV/c

CDF baseline:
eD? = 1.6%

o, = 67 s
Amg = 14 ps~!

CDF stretch:
eD? = 2.6%

o = 47 {s
Amg = 23 ps—!

For more on B mixing see talks from

A. Nomerotski & S. Menzemer

S. Menzemer

CDF Run Il Preliminary

Q 5; A mg sensitivity in 250 pb”’
g 4.5 F Combined Data
O 4r
'E 3.5¢
> ¢
»n 3f
2.5¢
of
1.5 -
1 Stretched
0.5F Baseline
O : 1 1 1 1 1 1 1 1 1 1 1 1
0 10 20

0
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@ DO = Rare Decays: 5, — upu

e FCNC don’t exist on tree level, suppressed on penguin level

e Theory prediction SM: BR(By(g) — pjt) = 3.5 x 1077(1.0 x 10~19)
G. Buchalla, A.Buras, Nucl. Phys. B398,285

e But New Physics possibilities !

60000

> -
- = r Jy DO Preliminary
= 50000} / ~200pb"
& -
% 40000
= -
& - M
5 300“”:‘! /u Y(1S, 2, 39)
20000} SM signal ( = 10% \
- Fyba
10000M / B

mmrldnl (u p) Mass [GeV]

Key 1ssue of the analysis at hadron colliders 1s to find discriminating

variables to reject huge background!
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@ Do my CDF: By — pps

CDF perform blind analysis BR(Bs — pp) < 5.8 X 1077@90%CL
BR(Bg — pp) < 1.5 x 10~7@90%C L

e Expected background

r I - 8. —8
By(d) : 1.05 4 0.30 (1.07 4 0.31) ~0 e et 8210

, e S S — 1
e Observe 1 common event in 30 — Sest published fimit (CDF)
> . —1 ]
. Py Extrapolations based on 110 pb
Bs(d) mass window s using In(w)1<0.6, P(B,)>6 GeV /c]
+i 15 - —
W\ * this result with 171 pb™" 1
~ 3 |
0 + - »
}E B2 CDF Il o
= 171 pb” 0 | -
= z 2
-~ 3 ° +~
o 2 E- c
2 s s £
E e O
= o ' TR
L %7 Q | CDFIl Preliminary 7
x| 90% CL Upper Limits
:’ 0 1(‘)0 2[‘]0 3(‘)0 4(‘)0 500
0 X 5% 7 Runll Integrated Luminosity (pb™)

28 5 52 54 56 58
M) [GeV/c’] .. _
He not sensitive to SM, but limit many models
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@ DO e

“j.Cut

-
Qe

D@ - Signal MC
--Sideband Data

10'2§

arbitrary normalization
3
T

-

Qe
B
T

u\uu\uiwvu"u\\uu\uu\uu\uu\uu
0 10 20 30 40 50 60 70 80
Transverse decay length significance

[
-
o

e L., significance: Lyy /0L gy > 18.47
o AD: |dpp — dutz| < 0.203 rad

e Isolation cut: I(B) > 0.56

e Mass M,,,,: 20 window (o = 90 MeV/c?)
e Use random grid search for optimization

e Use BT — J/¢ KT for relative normalization

DO: B, — uu

Results

e Expected background
Bg:3.7+£1.1

e Observe 4 events in 20 B

mass window

N

1.8 DD Preliminary

1.6
14
1.2

Signal region

Side Band 1 Side Band 2

0.8

# of events / 5 MeV/c?

0.4
0.2

[TTTTTTT HW\H“\\T\‘H‘\H‘\H‘\H‘\H

5 52 54 56 58 6 g.'z
invariant (i i) Mass [GeV/c']

PE
o

B
oor

BR(Bs — up) < 3.8 x 1077@90%CL
DO result; world best limit

S. Menzemer
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DS Testing HQET

Goal: Test the HQE predicted B lifetime hierarchy:

TB, K Tapo ~ TA, < TB; ~ TB, < Tp— < T=p—

e Fully reconstructed B from Di-Muon trigger (e.g. Bs — J/¢¢)

or Two Track Trigger (B — KK)
e Find vertex, 2D-distance L, invariant mass: M g, 2D momentum: p%

— proper time: ¢ = Ly, * Mp/p?
e Fit mass distribution only or simultaneously mass and lifetime

e Partially reconstructed (B — pD~ X) from lepton (+ SVT (CDF)) trigger

e Incomplete reconstruction:

—
o
T

Efficiency

cT = Lgy(uD) x Mp * /ﬁ:/p/:,ﬁD; k from MC

+ high statistic

- complex sample composition 02

- SVT trigger have biased c7 08507 02 03 04 05

ct’ (cm)
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@ DO e

Observation of 5. (po)

W

events per 0.2 GeV
[\]
O

events per 0.125 ps

Meson in J/yuX final state

A R R ]

-+ data 3
B heavy flavor background
B prompt background
[ signal .

6 6.5 7 7.5 8
yu invariant mass (GeV)

50_\\\\

40

0 1 2 3 4 5

DO Preliminary E

YU pseudo-proper time (ps)

Combined mass and lifetime fit

Fit Result:
e 95 + 11.8 signal events
e 66.0 prompt bgr. events

e 69.5 bgr. events from

heavy flavour

m(B.) = 5.9510 15 + 0.34 GeV/c?
7(B.) = 0.4487) 553 £ 0.121 ps

For the first time more than 5o

significance in access of B, signal!

More on heavy Bs in A. Nomerotski’s talk

S. Menzemer
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@ DES By, — J/1y¢ Lifetime and Mass

CDF Run Il Preliminary

2

e, s
[ 256119 sig.
100 Candidates Hl m(sig)

[ Fit prob: 89.6%

+

m(Bkg)

@
t=1
T

candidates per 5.0 MeV/c
[}

Candidates per 18 MeV/c?2

’ 2
““““““““““ (upuKK) mass, GeV/c

| IR R
51 52 — 53 54 55 ( D F
CDF Run Il Preliminary

5.6,
Invariant Mass (GeV/c")

(337 events) ] S FBodve + data

§ . g“’ 3 B ctsio)

- 10 % ct(Bkg )

ng é i3 —ct(Bkgy)

e A e

M(Bs)

M (Bs) = 5360 &= 5 MeV/c? = 5366.01 & 0.73 (stat)£0.033 (sys)MeV/c?
Ts/Ta = 0.9807 (570 ( stat)£0.003 (syst) 75 /74 = 0.890 £ 0.072 (tot)

Ratio respect to By — J /¢y K*Y
Other masses & lifetime results:

7(Ap) = 1.25+£0.26 £ 0.10 ps, M (Ap) = 5619.7 £ 1.3 & 1.2MeV/c? (CDF)
T(Ap) = 1.22119-217 + 0.043 ps, (DO)

BT, B9 B, and A 5 mass measurements are world best!
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@ DES Polarisation Amplitudes (CDF)

e B, — J/v¢: Pseudoscalar — Vector - Vector

e Decay amplitude decomposed into 3 linear polarization states
o [AP+[APHALP =1 pemm——n
e Ayg: S+Dwave — Peven " +

° AII - S+D wave — P even

. AJ_ : P Wave % P Odd -1 08 -06 -04 -0.2 coosG) 02 04 06 038 -3 2 -1 clI)>

e [T CP violation neglected
o B, 1 =~ CP even

® BS,H ~ CP odd

e Angular distributions are different

e Together with lifetime measurement, angular analysis can separate

both states and determine AI'gy — independent cross check for Am

S. Menzemer Oktober 2004, FPCP 2004, Daegu, Korea - p.18/2



@ po B, — J/¢¢: AT {(CDF)

| CDF Run Il Preliminary L~260 pb”'
2 —B,
<
g A” DB"
£
o
[+
E

" 1o contour

.1-1 I T R Y R N R 0 I Y N R TR S B B | 1
Real Axis
CDF Run Il Preliminary L~260 pb”'
2 [ By — Jly K® — CDF Run i
: r ["]Babar 2001
] []Belle 2002
f=
=)
©
E
5’% A Ao
0 L0
[ 1]
[ 10 contour
.1-1 I T R Y R N R 0 I Y N R TR S B B | 1
Real Axis

Analysis as well performed for

By — J/pK*

Aj = (0.510 £ 0.082 + 0.013)e(1-94:£0.3630.03)d
|A 1| = 0.354+0.098+0.003

CDF Run Il Preliminary L ~ 260 pb”
10° B > Jiy o -~ data

Ap = 0.784 4+ 0.039 £+ 0.007 mSia.,
_SigLight
7, = 1.053-1§ £ 0.02 ps i

— BKQ gportiived
Fit prob: 26.4%

candidates per 50 um
3
T

T = 2.0770°5% +0.03 ps
_ +0.25 i
AT/T = 0655033 +£0.01 |

AT = 0471057 +0.01 ps—?
e [, amplitudes compare well with
Babar/Belle
e With ~ 200 signal events CDF finds a large

value for the lifetime difference, ~ 3 o away
from AI'y =0

DO result ready soon!
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@ DO e

Motivation

much smaller branching

rations than b — ccs

test predictions from QCD

factorization

a & v measurement from
comparison of angular

distributions of various
B — V'V decays

Study b — sSs transition in
B S IIlOd@S; verify hints from B-
Factories for effectsin B; — ¢ K5 and
in B — ¢K*.

S. Menzemer

Charmless B — V'V

Bs — ¢¢ (CDF):

e Blind analysis

e For normalization topological
similar decay: Bs — J/¢¢
no uncertainty due to Bs/Bg cross section

o B; — J/yK*" for acceptance

corrections and cut optimization

CDF Runll Preli

L=179+10pb”

m, . [GeV/ic]

SimmamarmnaEm

Fog v e P g [ g 1o @ 0 10 4o e 1] 55w T
9%e 5 52 54 56 58 6
m, [ [GeWczj

sideband and signal region in M, — M p_ plane
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DS Evidence for B, — ¢¢ (CDF)

_ _ N(¢¢) e(J/9¢) BR(Bs—J/1v¢) BR(J/p—pp)
BR(BS — qbqb) — Nt (J/g)  e(dpd) BR(¢p—KK) =

e total acceptance from detailed simulation
N number of events (N“°"" includes muon trigger and reconstruction efficiency)
BR taken from PDG

BR(B,; — ¢¢) = (1.4 % 0.6(stat)0.2(syst)£0.5(BR)) x 107
QCD factorization: BR = 3.68 x 107°

41 o
CDF Runll Preliminary L=179+10pb’"
3 Expeea B e i
: ! ' )
g oF
g St . .
il Measure soon polarization
3 amplitudes (signal very clean) !
2:
% L Hl | 1]

Bs — ¢¢ mass

S. Menzemer Oktober 2004, FPCP 2004, Daegu, Korea
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@ DES Hadronic Moments

e ., 1s mostly determined by I'y;

FSZ(B . XCZV)) _ BR(b—>Xcll/) — |‘/Cb|2 % Ftheory

Tbh

e Uncertainties on V., dominated by theoretical errors.

o ['y;, V are related within OPE in HQET in expansions in 1/m; with

unknown coefficients
e Measure hadronic moments to nail down those parameters

e Measure first and second moment of M (X ) distribution (B — X_.lv)

— 0 *0 k()
Y —— (=1 X.={ D", D* from PDG , D**"}
2800__Jp -0 1- o* T 1+ o
I i 2 —D (x 0.05)
26001 D e = [ —D’ (x0.05)
: Tl %ﬁfum“ - D g = — D J
| ™ ~D < 2 C —D (X 2)
2400 4 % e = Dg 2
__ //// ” yy’y :_ Dj (X )
o| |mm N & X C Ol
-l e : P 4 C | Non-res. (x 2)
2200 e A //f?‘i:/ C
L [,/{/ij::;/ -
s B i
2000__ 7 D:// ~ S—wave — (k , !!
.zfi‘:/ —~ P orD—wave - PR o, v 1| «-’frJff\&ﬁ\ﬁ e gy ] ———
"D 2 25 3 3.5 4
1800 m (GeV/c 2)

Higher mass states: D™* Typical mass spectrum M(X.) (Monte Carlo)
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@ Do =

measurement:

my = (mpe) = (5.83 % 0.165¢ £ 0.08ex) GeV?

ma = <(m2m$ _ <m2D>)2> = (1.30 £ 0.695a1 + 0.20.) GeV*

Prniima = 0.48

derived quantities:

My={sg)—m% = (0.459 % 0.037g; & 0.019, & 0.062pr) GeV?

M, = <(5_q - (sH)F} = (1.04+ 0.255 + 0.07eg £ 0.105R) GeV?

pM15M2 = 0'62

& [ rmmmm e First measurement of hadronic moments in
Ot semileptonic B decays at pp
ot e Good agreement with HQET and previous
025 |- determination.
0.3
LSl — e Increased statistics and improved tracking
i, | R - lﬁ\pcrifm:zmilal.l and Branching Ratio Errors . . .
will lead to substantially more precise re-

0 0.1 0.2 0.3

0.4 0.5 0.6 0.7

sults 1n the near future

)\1 , A of OPE (p01€ mass S.G\hﬁ'zm@r) Oktober 2004, FPCP 2004, Daegu, Korea

Hadronic Moments (CDF)




@ DS BTeV: Detection in Forward Region

The high momentum b’s are at large 7 pp — bb + X
— larger decay length in lab frame
— less multiple scattering b production peaks at large

10 angles with large bb correlation

(opposite side tagging)

750

By |

5E

251

N

n = —In tan(g) 140 ot ey

100
120

100
o 120

BTeV detects in the forward region (1.9 < |n| < 4.5)
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@ D& BTeV: Detector

BTeV Detector Layout

12 Q 6 3 0 3 6 9 12

mefers Ring Imaging
Toroids Magnet Cerenkov

e Start construction 2005

e Start data taking 2009

Silicon Strips \ \

W\\\\\\\\\

Muon
Chamber

Electromagnetic
Cadlorimeter

Pixel Detectors

e high resolution pixel detector: 5-10um,
used for L1 vertex triggering

e PbW0, EM calorimeter for neutral particles, o RICH for PID

excellent spatial and energy resolution

each cristal: 28 x 28mm?2 x 22cm, stochastic term = 1.8%

S. Menzemer Oktober 2004, FPCP 2004, Daegu, Korea —p.25/2



@ DO e

BTEYV: Physics Reach

potential CKM physics reach with 2 tb™ 1 of data

Decay BR (x1076) | # of Events S/B Parameter Error or Value
B —ntn— 4.5 14,600 3 Asymmetry 0.030
Bs — DsK— 300 7,500 7 v — 2x 8°

B — J/Y(IT17)Kg 445 168,000 | 10 sin(203) 0.017
Bs — D™ 3000 59,000 3 Xs 75

B~ - DY Ktr )K~ 0.17 170 1

B~ - DY (KTK")K~ 1.1 1,000 | >10 v 13°
B~ — Kem™ 12.1 4,600 1 <4° +
B - Ktn— 18.8 62,100 | 20 v theory errors
BY — ptn— 28 5400 | 4.1

BY — pO70 5 780 | 0.3 o ~4°

Bs — J/y(IT17)n 330 2,800 | 15

Bs — J/(IH 1)y’ 670 9,800 | 30 sin(2x) 0.024

BTeV 1s not just doing SM but 1s sensitive to New Physics as well!

Using b and ¢ decays mediated by loop diagrams BTeV is sensitive to mass scales of up to TeV.

S. Menzemer
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@ oo Summary

CDF/DO:

e Results from ~ 250pb— 1 of data:

e Precision mass and lifetime measurements
(as well test of vertexing/tracking for future measurements)

e Search for CPV in the neutral B system
e First limits on rare BRs
e Future plans - 2fb~! of data:
e Achieve better than 1% accuracy on uncertainty on lifetime ratios
e Measure Bs mixing parameter x s, expect to measure 6 (Al's) ~ 5%
e Measure CKM angle ~

e Improve limits on rare decays

BTeV

e Detector is specialized on B-Physics needs, start data taking 2009
e Large range of B-Physics analysis due to high statistic and cabability to reconstruct neutrals

e Precision measurements of SM and beyond feasible

Future Tevatron program will be mostly complementary to the B-factories

S. Menzemer Oktober 2004, FPCP 2004, Daegu, Korea —p.27/2
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