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The Tevatron GUTENRER S

The Tevatron is a pp
collider at Os = 1.96 TeV.

Large cross section:
s(pp ® bX) » 100mb

O(10°) larger than e*e-
at j(4S5)/Z°

Production of all kind of B hadrons
e.g. B, B°, B, B., L, ..

Total inelastic x-section is ~1O3’s(b5)
® Messy enviroment with large combinatorics
® need for highly selective trigger.
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Tevatron experiments  GUTENRREG

— Both detectors:

» silicon microvertex detectors
e central tracking in solenoid

e EM and Had calorimeters

e muon system

e high rate trigger/DAQ system

» excellent muon ID and trigger at L1
e excellent tracking acceptance

— CDF:

e particle ID (ToF and dE/dx)
= displaced track trigger at L2
e excellent mass resolution
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Outline GUTENRRRS

Many interesting B Physics results has been
produced and already published by CDF and DY
Collaborations

Concentrate on selected latest results for:

e B Lifetime measurements
e CP violation measurements
e Search for rare B decays

B, Lifetime Difference and Mixing
(Tuesday, 17t of october : Stephanie Menzemer)

Spectroscopy and decays of B hadrons
(Thursday, 19t of october : Manfred Paulini)
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GUTENRERG,

B Lifetime
measurements

16 Okt 2006 HQLO6 , Cano Ay 5



Interests in B hadron lifetimes ENGGESGx

— Test of non-spectator effects In
decays of heavy hadrons which
give rise to lifetime hierarchy:

t(B*) = t(B%) = t(Bs°) = t(N\y) » t(B)
— Heavy Quark Expansion includes

these effects (expansion in 1/mp)
and predicts lifetime ratios:

v t(BT)/t(B% = 1.00 = 0.05
X (fz/200 MeV)?2
1 t(Bs2)/t(B°) = 1.00 = 0.01
v t(AL)/t(B°) — 0.9
— The B*,B° lifetimes are precisely
measured at B-factories. A, and

BO ratios can be measured at
Tevatron.
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A\, Lifetime in Ay, & J/y N\ GUTENRERG,

— 538 + 38 A, events

t(L,) = 1.593

+0.083
-0.078

(stat) £ 0.033 (syst) ps

— Using world average B° & J/y KO,

lifetime:

an t(L,) _
w t(B°)

1.041 £ 0.057 (stat + syst)
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N, Lifetime in A, & J/y N\ (2)VTENGERS

o The world average on
t(\,)/t(B°) measurements
used to show —20 lower
value than the NLO
prediction so far.

D@ result consistent with
prediction

CDF result sits above the
prediction!

Need more experimental
Inputs to conclude the

issue.
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A, Lifetime Measurements
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B, Lifetime in B, & D mn X ¢V

o0 Semileptonic decay
from muon trigger

Candidates per 50 um
2 5

-
o

1 Latl Mot
1093 02 01 o0 01 02 03 04 05
Pseudo Proper Decay Length (cm)

w 400 pbr? />
= 1.420 + 0.043 (stat) + 0.057 (syst) ps mew

. f?-= 360 pbr
=1.381+ 0.055 (stat) g oy (syst)ps ty" = 1.466+0.059ps
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360 pb?
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B+/B° Lifetime ratio GUTENRERG:

360 pb1
B ® Dp,3p: *

«B* ALEPI—I(()]l)_(gg T T 1.08540.059+0.018
®) - 1.10+0.02 (stat) + 0.01(syst) ALEPH exclysive | 1271 "
t(B;) CDF Jjy K o 1.06£0.07:0.02

‘ coF D' o 1.11020.056") 50
mm DELPHI 911)_‘;} . 10017 40.10
wgw DELPHI topology } 1.06'13 +0.10
DELPHI to ‘?%’%X ot 1.065£0.02210.033
260 pb1 2 L3 Topology o 1.09+0.07+0.03
B® I'nDX: OPAL topgl:t)%z o 1.079i0.0f;l(i0.041
t(B") +0.041 e =T 0.993(.)1.61 o
5~ =1.123 £ 0.040 (stat) _;5ze(SYyst) 1037, 40.09
t(B,) 10377093 10,024
BELLE exclusive o 1.09+0.023:+0.014
BABAR excl(t;g_iafle) o 1.08+0.026+0.012
440 pb1 w World average f 1.073:0.014
o ) I0{6] | l0!8I - i - l1{2l | I1{4] |
B ® I'iDX : el
t(B")

) - 1.080 + 0.016 (stat) + 0.014(syst)
d
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CP violation
measurements
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charge asymmetry in B decays GUTENRGRS A

— Three possible contributions for CP violation
e mixing, decay and interference

— in case of mixing the flavour specific B Decays CP violation is
given by charge asymmetry

A = N(B ® fX) - N(B ® fX) _ DG

— — tanf
N(B® fX)+N(B ® fX) Dm

physical quantities
* |[M,|, 1G] elements of complex @
mass matrix .
- CP violating phase  f = argg— My, 0 R =
. . E

Gy, g

— Describtion of oscillation by three E o §<
w Ww*

— Details for Dm and DG./G, measurement
® see talk of Stephanie Menzemer
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Asymmetry in BO® K*p- CUTENRS

: .
— decay rate asymmetry in the XB?% op
o

hadronic mode B°® K*p ~ from
Interference between decay and

mixing CDF Run Il Preliminary L _=1fb™
_ _ % 1400 f B = ko
— B°®h*h- like B factories, but =k T L
- AN - 0,50 S KK
unique large sample of Bo.®h+h- 5 . f —iea
g- L - B? - K'm* +§:—> K
£ 800" [ Ay pre Ry >
. . o C ] A — pK'+ Kg - pK*
paéra’metfr — ﬁ'ﬂpctlﬂﬂ yleld -g 600 Ij Combinatorial backg.
B'—=#a™x + c.C. ( 0.160 + 0009) 1121 4+ 63 8 L I Three-body B decays
4001
B Ktz 4+ cc (0577 £0.010) 4045 + 84 -
200
BY 5 KYK~ +cc  (0.186 £ 0.009) 1307 + 64 -

1 | ||
% 51 52 53 54 55 56 57 58
Invariant tn-mass[GeV/c?]

Acp = = —0.086 £ 0.023 (stat.) +0.009 (syst.)
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Asymmetry in BO® K*p— (2)°VTENifS

Acpl B’ KT )

-0.040+ 0.160 £ 0.020

BaBar —— 0108+ 0.024 + 0.008

Belle —.— -0.093+0.018 + 0.008
-0.058+ 0.039 + 0.007

HFAG 2006 o 0.093+0.015
-0.086+ 0.023 + 0.009

New Average ‘o .0.095+0.013

[un-official . , , ,

-0.2 -01 0 0.1

— CDF is becoming a major player in the CPV game. The CDF
results is the second world’s best measurement.

— In agreement with the current HFAG world average (calculated
with the previous CDF result on 355 pb-1).
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Acp = s "T g — 0.39+0.15 (stat.) £ 0.08 (syst.)

— Compare rates and asymmetries of B°®K*p™ and B° . ®Kp™*
unigue to CDF — to probe NP with minimal assumptlon

using HFAG the amplitude ratio can be calculated:

|A(By = 7t K™)|* — |A(B; = 7~ K1)|?

- = 0.84 + 0.42(stat.) + 0.15(syst.)
A(By =+ ntK™)[* — |A(B, = n~ KT)?

— consistent with SM ([Lipkin, Phys. Lett. B621:126,.2005]
, [Gronau Rosner Phys.Rev. D71 (2005) 074019]) prediction of 1
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Semileptonic rate Asymmetry GUTENRERG,
In B decays

— decay rate asymmetry in semileptonic modes from
mixing only

— special interest for rate asymmetry for B, mesons
(not measured from B factories)

AS = N(B, ® I"'X) - N(B, ® I'X) _ D C. tanf
N(B, ® I'X)+ N(B, ® I'X) Dm

S

— SM expectation:

f. »0.3°
As, =(0.21+£0.04)" 10°*

— New physics could anhance the asymmetry:
A (NP) » 0.57 107
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— all B mesons give contribution to dimuon charge
asymmetry -

_ N(bb ® m*m*X) - N(bb ® m™m™X) >Oé o M

* N(bb ®n'm’X)+Nbb ®mmX) e =T
® clean channel
e relatively few processes contribute to sam-sign
samples
e To first order no charge asymmetry in
background processes

® Need to take into account detector effects, polarity
and sign of pseudorapidity
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w Dimuon charge asymmetry (2)ENifRGs

— Most precise measurement of Ag,

A, = -0.0044 £0.0040 +0.0028

—Ag_ contains contribution from B, and By
® Use B factory results to extract Asg,

A =-0.0076 £0.0102 (dimuon)
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w Asymmetry N Bsé Dsmn GUTENRERG; -

— decay rate asymmetry in the

oK | F
semileptonic mode B.® D-.m* D 5 D‘;.< K™
i/\ o,
om
P

— calculate over total untagged
rate asymmetry

_N(B, ® D;m") - N(B, ® D;m")

untagged _ 1 Ass — s
" N(B, ® D;m") + N(B, ® D;m")

S

— first direct measurement

A =0.0245 £0.0193 £0.0035

— combination with dimuon

measurement AZL’C = -0.0007 £ 0.0090
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— D@ result on B ®J/yT
I DG,=0.17+0.09+0.03 ps

I £=-0.79+0.56+0.01

— Combined D@ Result

DG, = 0.157 0% ps™
f, = -0.56!
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Combined D@ Results

= = '51 r I;I’IPE}P
(X £ £r = =

=
)

0.1

-0.1

-0.2

GUTENRERG,

g semileptonic charge * DI - combined

—  asymmetry band EE_ — -IJr‘-Lf i

E_ﬂ.]'*-c tan(&h) =-0.01+0.16 ps" AEJ constraint
- W DO (B, — JIy 0) — SM

= B AT = ATgy x [cos(60)]
:I 11 1 1 I | | | | I 1 1 I 1 | | 1 I | | | | I
-3 -2 -1 0 1

2 3
o ¢ (radians)
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Search for rare
B decays
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Motivation for rare decays SUTENi#S

— In the Standard Model, the FCNC decay of B am*m- is heavily
suppressed

b

L3

5

~
~
=

-
-

Y

SM prediction 2 BRB, ® m'm™) = (3.5+0.9) " 10~

(Buchalla & Buras, Misiak & Urban)

— Byamm is further suppressed by CKM factor (Vig/Vis)?

— SM prediction is below the sensitivity of current experiments
(CDF+D0): SM a Expect to see 0 events at the Tevatron

Any signal at the Tevatron would indicate new physics!!
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Search for rare decay B, ®mmUTEN G

CDF Il Preliminary (780 pb™) > EMU-EMX

— CDF constructs a likelihood ratio using e S
three discriminating variables Q 58 g
~ s | " &
O Py (x) se. Len 0.
Le = = ! = "t loB,
QPS(Xi) ¥ Opb(xi) R
P.,, IS the probability for a given sig/bkg to have a 5201 .t : oo B,
value of x, where i runs over all variables. fa t NI ’
A
— observe 1 B, ®mm, expect 0.88 + 0.30 (cc) R
— observe 0 B, ®mm, expect 0.39 + 0.21 (cf) 48 -, .7. N
L deta e et B

0.9 0.95 1
Likelihood Ratio (L)

9 300pb- ' .
— D@ optimizes cuts on three w18 Signal region
discriminating variables and % 16
Maximize S/(1+sqrt(B)) % 12 Sideband 1 Sideband 2
— 300pb-i: observe 4, expect 4.3+ {4
1.2 = 0.6
— +400pb-i(blind): expect 2.2 + 0.7 & g5
0 T %y |

46 48 5 52 54 56 58 6 6.2
Invariant mass (U u ) [GeV/c7]
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Limits for rare decay B, ®mntUTENEERS:

* Evolution of limits (in 95%CL):

CDF B,-=>mm 176 pb-? 7.5%10"" Published
DJ B,->mm 240 pb-1 5.1x<10-7 Published
DY B,-=>mm 300 pb-1 4.0x10-" Prelim.
DO B.>mm | 700 pbl |<2.3x107> Sei;?:il\r/?t-y
CDF B,-=mm 364 pb-1 2.0x10"" Published
CDF B,-=>mm 780 pb-1 1.0x10"" Prelim.

90%\51
Babar B ,-=mm 111 fb-? 8.3%x108% | Published

CDF B4-=mm 364 pb-1 4.9%10® | Published
CDF B4-=mm 780 pb-1 3.0x<10-8

Prelim.
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BR(B,—p"w)

—
<
-

10°®

10°

Tevatron reach for B, ®mm SUTENGFARG

TEVATRON BR(B,—>p*1v) Projection s

SM Prediction

— Conservative projection
based on sensitivity of
current analyses

— Ongoing efforts to
significantly improve
sensitivity of the analyses

.| T Tevatron can push down

to at least low 10-8 region

1

10

Integrated Luminosity (fb")
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Summary GUTENRGRSG

— measured L,, Bs and B+/BO lifetimes with high precision
e competitive or leading results

— precise or first measurements of CP violation in the B sector
with

e hadronic decays B°®Kp

= semileptonic decays bb®mm and B.®Dmn

— CDF and D@ already constrain new physics models, which
contribute to the decay B.®mm

e No event seen in —800pb-1!

e CDF and D@ will push sensitivity to 10-8 level

— CDF and D@ are complementory to the B factories and for
some measurements the precision become more and more
competitive

—more results from Stephanie and Manfred
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Backup
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Bd

Feynman diagrams for GUTE >
rate asymmetry A

Tree level diagram
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CDF Optimisation for B, ®mnfFUTENEAS

 CDF constructs a likelihood ratio
using discriminating variables I, Da, Isa

oRk) e
= - So12-780 pb?! !
* O Ps(xi) +O R (xi) U

P isthe probability for agiven sig/bkg to havea |
value of , where ' runsover all variables.

0.06 by 1040
5 ~ g5 - 0 oA oz 03
— M, /GeVic Alcm
CDF Il Preliminary - -
o CMU+CMU 3 g 0%
= u, ctlo., > 2 3% % 03 ——background
s Ty . z | g ac
c|=: 103: Z o2 g 0.25 (data
g T Sl T By—u'w %
- «Packground 015 3 (Monte Carlo) !
I i cut Z 015~ ¢ b
B - 0.1, —» -
signal % : I L
1 02 E_ (Bs_) I-1+I-1-) . :-I 0.05
g 1.5 % 0.2 04 OIB 08 1
Ao/ rad isolation
: . Optimize on expected upper limit
N e L,(optimized)>0.99

| | | | | |
0 0.2 0.4 0.6 0.8 1
Likelihood Ratio
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DJ Optimisation for B, ®mmSUTENASG

-1

~ Optimize cuts on three 10 F i cut DO
discriminating variables 2 o2l i1
-~ Pointing angle <
n 2D decay length significance 10°F | 1
n Isolation : b Signal MC
] 10_41 “+| ----Sideband Data
gllll;_l“—l.J_lJll_l_LJ_J_J.
n Ran_do_m Grid Search R TSRS
n  Maximize S/(1+sqrt(B)) Decay length significance
= 107 [ DO ='0.06- DO — Signal MC
E Signal MC £ i ---Sideband Data
Z 102 .- Sideband Data £ 0.04]
3 E-':II'I H.'*\'ﬂﬁi*. Wk s w‘hﬁ'ﬁ'
107 R : 0.02}
10k}, T o
0 1P, .2 l 3.:1 8.2 0.8 1
ointing angle [rad| Isolation
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