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Bs,a Lifetime B. Lifetime Asymmetry bss Bayron Relative rate Summary

Outline JJK

® TJevatron
® DO detector
® Recent results in B-physics for:
® [ifetime of neutral B-mesons
® Lifetime of Bc* meson
® Semi-leptonic Bs CP violation asymmetry measurement
® Discovery of the baryon: (Qp* (ssb)

® Summary
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® Protons and anti-protons accelerated to \\\\\
Vs=1.96 TeV

" COCRSROFT-WALTON

® Rate of collisions ~1.7 MHz =

Antiproton Proton
Direction Direction

-

® Bunch spacing 396 ns

® Peak luminosity instantaneous ~3 x 1032cm-2%s!
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Asymmetry

bss Bayron

Relative rate Summary

Tevatron: Current Status

® From Run lla ~1.3 fb"! was recorded by D@ for analysis.

® TJo date:

e 520 b delivered by Tevatron,
® 454 fb' recorded by the D@ detector,

® Projected ~7-8 fb-| B & Run Il Integrated Luminosity | [
recorded integrated "Run |lb
luminosity by end Run lla | L /7L
of Tevatron running. : /)
~85% data|taking efficiency , , /| / /
® Results presented . | W V4 )
here based on data - ! /;/
from Run lla, e LJ//
and Run lla + Run llb. PrAa
| Ak — Delivered
05 7 ﬁ///ﬁ/ ] : — Recorded
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Summary
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e Run Il detector a significant !
upgrade from Run .
® Tracking system allows
coverage |Nn|<3, enclosed by
2T solenoid.
® Muon system |N|<2; heavily used in b-physics.
e D@’ ability to flip polarity of both magnet systems utilised
in asymmetry measurements. :
® Further improvements for Run llb:

Layer-0

mj

08

0.8

0.5

DO Detector

Preshower

Solenoid

Fiber Tracker

Silicon Tragker =

6 barrels, 8(+1) layer
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bss Bayron Relative rate Summary

Neutral B Meson Propertles

| A

S W b U, C,t
> > M - MH_I_ML
Bg u, Cat' AU, C,t _B_O %% Bg e 9
Ams = MH — ML ~ Z‘Mlg‘
° ° = s € ‘ M2 dominated by h — tts
= 1 = I'r +T'y
(BN _( M—iT Ma—iTu) (B =
dt \ BY 5 — 507 M-—2 BY Al'y =T —T'yg ~ 2|T'12| cos ¢,
® Neutral mesons, flavour and mass [12 dominated by b — ccs
eigenstates different: b _—
e |By)=7p|BY)+q|BY) — =l
B) = plB% —q|BY  pi+gd=1 Oscillation rate dependent on mass

. i CP—odd
e If CPis conserved, then [|Bm)=[B_~°")
|Br) = |B )

In SM the CP violating phase is very
small:

V b3
SM tsVip
= —20, = —2 — ~ (.04

® New physics effects may enhance this
value. ¢, =-28,+¢7

difference: Am(B;) = 0.507 + 005ps—*

Am(B,) = 17.77+0.12ps"" (PDQ)

In Bd system Al ~0;
Bs Al's /s ~O(10%)

CP-violating effects may be seen in studies
relating to the off-diagonal element ['|>

James Walder — Lancaster University
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Lifetime Results from Neutral B-Mesons A\

® Jwo recent analyses from DQ:

® Time-dependent tagged lifetime of Bg — J/¢

® Time-dependent untagged relative lifetimes of:

o B — J/Y¢
o By — J/YK*

® Tagged analysis increases precision, removes sign ambiguity in ¢S

® Simultaneous measurement of Bs and B4 is performed to allow direct
comparison of angular and lifetime parameters.

® Data corresponds to data-taking period 2003—2007, of ~2.8 fb-! integrated
luminosity

James Walder — Lancaster University 7 2 Nov 2008 — IOP, Lancaster
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BY — J /¢ A

® A‘golden’ channel in B-physics analyses:
® Pseudoscaler to Vector Vector decay

® CP-even: Amplitudes Ay, A |
CP-odd: Amplitude A

y4
A +
® Separation of even and odd modes with time-dependent angullar analysis of
final-state particles, i
. K™K~ a
® Decay chain: 6 Transversity y
0 .
® C(lean final state R
y > 0 g
Kt K~
SR . . K*
X
L

1_t
James Walder — Lancaster University 8 12 Nov 2008 — IOP, Lancaster




Introduction B. Lifetime Asymmetry

Initial-state Tagging

® |nitial-state same-side and opposite-side
tagging increase precision,
removes ambiguity on @ for given Al

® Event charge variables are formed for

opp05|te -side tags:
Z (C] pa) a=1{T,L}

Zz‘(pa)

® Same-side tagging uses correlations in
b-quark flavour and kaon charge from
hadronisation.

r={u, EV,SV, e}
Qr =

® Combined together in a likelihood ratio
method:

® Tagging power estimated using MC and
data comparison.

eD? = (4.68 £0.54)%

® Jx improvement from oppsite-side
only

bss Bayron Relative rate Summary

2500: DO , 2.8 fb’ * Data
o [ B =umo — Total Fit
u:' 4003 S I — Prompt Bkg
8- !i.!!! i h 1 'll" o
7 =g T THT e ae | THRY !
% 300— i H# H "!sl 14 ] + + A #
O i i “!"'.”"2.'"!."‘
£ 2001 =
O T
100

N, + N,
(o
NTotal
Ne — Ny
D —
N, + N,
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Introduction B. Lifetime Asymmetry bss Bayron Relative rate Summary
Angular Distributions /)ﬁ
; = Do, 281 . Data
o : i
48k candidate J/v, ¢ after selections; 5 | BY L Jiy R
~2000 Bs mesons extracted from fit: o [ 5.26<M(B)<5.46GeV - Total Signal
o100 ct/c(ct) > 5
® Unbinned maximum likelihood fit used: i
m(BS)9
proper decay time,
and the three angles that characterise the
final state.
° istributi into: 250
Background distributions separated into: z Do 2815 A
® Prompt: Directly produced J /1 with §2003_ B - J/y ¢ — Total Fit
other tracks, g | 5.26<M(B,)<5.46GeV Total Signal
: o b ct/c(ct) > 5
e Non-prompt:J/? from B decay with 11150 (ct)>

tracks from had. or multi-body decay of
B-hadrons
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Bs.4 Lifetime

Lifetime Results )
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: o f — Background
-0 -g 10:—
i SM Strong phases constrained & " E
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0.1 0.2 0.3 0.4 0.5
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Introduction B. Lifetime Asymmetry bss Bayron Relative rate Summary

Simultaneous Measurement of Bq;s Lifetime /K

® Simultaneous measurement of Bs and B4 is performed;
allows direct comparison of angular and lifetime parameters.

® B, meson decay using Bg — J /¢

® Bymesondecay B — J/ipK*
K* - K*pT
J/w N ,LL+,U_ CP-even: Amplitudes A, A |

. _odd: i A
® Selected for similar final state topology. S A=

® Selection requires two good muons, forming .J /1.
Combine with two oppositely charged tracks (within correct
invariant mass window) forming a common vertex.

® CP-conservation assumed in the Bs system.
01 = arg|AjAL §y = arg[AJA,]

dp = arg|Ag] =0
® Measured phase 0| = arg|AjA|| related by

5 = b2 — &

® CP-conserving strong phases:

James Walder — Lancaster University |2 12 Nov 2008 — IOP, Lancaster wl
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Mass Distrib_ution )

J
k%
: = 5000
® After selections we find: =
334k B4 candidates and 24000
42k Bs candidates. 8 F 0 0
23000 . B — J/WwK
® A simultaneous unbinned likelihood fitis |8 | Total fit d P
220005 —— Prompt background
performed to both samples. T e Non prompt background
® Background contributions used in the 1000
PDF: | TR e
® Prompt component from |/ and > sz 53 4 8s  56
. s f o g Mass (GeV/c%)
r rom ronisation =
acks from hadronisatio L 8005 () ~2| DO, 2.8 fb™!
® Non-prompt: /P from B decay, tracks E 7005 < BO N J/Mb
for @ meson from hadronisation or  |& 600? S
multi-body decays of same B meson. | 500
£ 4000 , I—
D 3005_ —— Total Fit
® Plots are projected results of the fit for = - —— gl‘ompt back{g)mﬁnd ;
T 2000 on prompt backgroun
100
01:111111111111111111111111111111‘””1””‘1
510 52 53 54 55 56 5.7

Mass (GeV/c?)
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B. Lifetime

Asymmetry

bss Bayron

Relative rate

Summary

Results from B4 Combined Analysis

A

® Projected results of the fit to the
proper decay length distributions plotted
® Fit results:
Parameter BY BY Units
| Ao|? 0.587 £ 0.011 0.555 £ 0.027 -
1Ay |7 0.230 £ 0.013 0.244 =+ 0.032 -
01 —0.38 £ 0.06 — rad
02 3.21 + 0.06 — rad
5“ — 272_1_(1]%3 rad
” 1.414 £ 0.018 1.487 £+ 0.060 ps
AT, = 0.085% 0 0rs ps
Nsig 11195 £ 167 1926 4 62 —
® Systematic uncertainties from:
Alignment,
PDL resolution,
Mass background distributions,
Likelihood fitting robustness.
James Walder — Lancaster University | 4
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Bas Lifetime: Results J/&

® Ratio of lifetimes:

Ts
— = 1.052 £ 0.061(stat) 4+ 0.015(syst)
Td

® Width difference in the Bs system:
AT, = 0.08510-072(stat) £ 0.006(syst) ps—*

® The polarisation amplitudes in the two system are consistent:

Ba: |Ap]* = 0.587 £ 0.011(stat) & 0.013(syst) Babar: PRD 71,032005 (2005)
, |Ap]* = 0.566 £ 0.012 % 0.005,
‘AH‘ = 0.230 + 0013(stat) + 0025<Sy81}) ’AH 2 _ 0.204 + 0.015 + 0.005,

, AL = 0.23040.015 % 0.004,
Bs:  |4p|? = 0.555 & 0.027(stat) £ 0.006(syst)

|A)|? = 0.244 £ 0.032(stat) & 0.014(syst)
BELLE: PRL 95,091601 (2005)

BO B’

|Ap|?> | 0.571£0.015 0.578 £0.016
[Ajl? | 0.216 £0.017 0.244 £0.018
|A]? | 0.2134£0.017 0.178 £0.017

hep-ex: 0810.0037 sub. PRL

James Walder — Lancaster University |5 2 Nov 2008 — IOP, Lancaster W|
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B. Lifetime é&

® B differs from By4s due to heavy mass of the c-quark.

® B.decays via weak decays of b or ¢ quark (other quark

spectates), or via annihilation.
Additional decay modes — shorter lifetime (predicted: ~1/3)

b rad b b b

® Analysis from Run lla dataset, corresponding to ~1.3 fb"!
integrated luminosity

12 Nov 2008 — IOP, Lancaster wl
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B. Lifetime Zk

> 1801 |
o : N
g 160E- DO 1.3 fb Total
d s vauof 4 000000 - Signal
o E
/< - » 120 | Jhp MC
u C el 100‘_
S S onk Iﬁ Prompt
b Z > 80_—
> LLI - :
W 60:_ :
. < 40;— — -, [
20 % :__:"r"- il
Ob i et
3 4 5 6 7 8 9 10

® Selectdecay B — j/y(pt, )T+ X M(JApu) [GeV]

® First identify selection of tracks of opposite charge, compatible
with a muon, with 2.90 < m(u™, 1) < 3.26 GeV /c?
® A third muon is selected and combined with.J/% in mass window
. . 3 <m(J/Y, ) < 10GeV/c?
® Template method used in fitting background contributions.

® ~ |5k events selected.

® B signal is observed with significance 6.4C. W‘

James Walder — Lancaster University |7 12 Nov 2008 — IOP, Lancaster
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B. Lifetime é\K

® Background contributions from ‘fake’ tracks, non-correlated
JIP, 4, BE — J/v(u, )K= (uFv) and c€ with prompt J/P
production are accounted for using MC and data.

® |ifetime determined using:

® Displacement of B meson from PV, duy = Zpw — Zso =
I — dxy " PT
R om(J/pp) Y pr
Visible proper decay length (VPDL), L., G790
B m(B.)
e = e ()

® Semileptonic decay means pr(B:) not fully
reconstructed (neutrino).
From MC, the ‘K’ factor is determined in 6 bins of M(J/Q ).

_ pr(J/vp)

s pT(Bc)

James Walder — Lancaster University |8 2 Nov 2008 — IOP, Lancaster




Introduction Bs,a Lifetime Asymmetry bss Bayron Relative rate Summary

B. Lifetime J/&
s _ pr(J/Yp)

" pr(J/ ) pr(B.)

® F[ull unbinned simultaneous maximum-likelihood fit to
lifetime distribution and mass used to extract lifetime.

® cr(B.)=1L - K

7(BF) = 0.44877 5% (stat) £ 0.032 (syst) ps
~880 B. mesons estimated from fit

€ F ) . ;
G 10°- DO 1.3fb™ Total Fit hep-ex: 0805.26 14, sub. PRL
S & — Signal B. Lifetime
@ : Jhp SB+u
C 402l Prompt
10°E
S S 7 A N JAp+Track o
w +
10 B CDF Il Jiy | (prelim.) e 0.476 *%3.10,018
T A A\ A N N
- 25 0.3 ——
VPDL [cm] B, lifetime [ps]

Theory ~0.55+0.15 ps

James Walder — Lancaster University |19 12 Nov 2008 — IOP, Lancaster W|
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Searches for CP violation in Bs Decays A

® Search for CP violation in the semi-leptonic decays of
Bs-mesons.

® Events selected in the decay: [, — [) /ﬂL vX

D, — om
® Charge asymmetry measurement: 4 .
s N@"™D;)— N(u D) ¢ — KTK
L N(utDy)+ N(u=Di)

® Final-state Bs flavour determined from muon charge

® |[nitial-state flavour from opposite-side and same-side tagging
techniques

® Time-dependent fit improves on previous untagged

time-integrated analysis
PRL 98, 151801 (2007)

® |Integrated luminosity 2.8 fb-!.

James Walder — Lancaster University 20 12 Nov 2008 — IOP, Lancaster
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Searches for CP Violation in Bs Decays /

| u®r candidates |

D@ Run Il Preliminary

«,14000—

® After selections ~54k Ds candidates are 3, | [Lat=2am

obtained in the fit. 10000 No, = 53592+ 718

. Dt~ 14k

8000 —
® Must account for asymmetries from ook
sources: detector, range-out, toriod- 000
polarity, sign(muon psuedo-rapidity). 2o

11 [ L1 1 1 I | .. I L1 1 1 I L1 1 1 I 11 11 I Ll 1 1l 1 11 L1 1 1 L
1.7 18 185 1.9 1.95 2 205 21 215 22

2
quW(x’ e dpv’) =pvrpr(z, K, dpr) : 6'6(1 + qu'YuAfb)(l + ’YuAdet)(l + quﬁ’VuAm)(l + ﬁ'VuAﬁ'y)(l + quﬁAqﬂ)v M(KKx), GeV/c

® Proper decay length also requires j— D@ Runll Prefiminary L =281
10°
K-factor |
cTp, =¥ - K 510" ¢
1B . ﬁﬂDs_ = 2 [
r=-—+ "L .cMp S0y
(" )? g |
T o 10 F
+p- z | D;s signal region
K — pT(:LL S ) 1}
pT(Bs) \

-0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
VPDL, cm
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Introduction Bs,a Lifetime B. Lifetime bss Bayron Relative rate Summary
Semileptonic CP asymmetry: Results yk
‘4
Parametor Runll [Tt — 2R fh—'
. —0.0024 + 0.0117
a’ —0.0(8( £ 0.0371
Abg —0.0182 + 0.0271
Asp 0.0000 £ 0.0021
Aget 0.0001 £ 0.0021
Aro —0.0323 = 0.0021
Ag, —0.0005 £ 0.0021
A 0.0029 £ 0.0021

® Time-dependant tagged semi-leptonic charge asymmetry
measured as:

as; = —0.0024 + 0.0117(stat) T Josa (syst)

D@ preliminary result

with 2.8 fb-! integrated luminosity

® Main sources of systematic uncertainty from efficiency curve
estimation and cc background contribution to the sample.

® Previous result: PRL 98, I5180AII(2007):
> tan ¢, = 0.0245 £ 0.0193(stat) £ 0.0035(syst)
e
® Most precise direct measurement to date.

James Walder — Lancaster University 22 12 Nov 2008 — IOP, Lancaster W|
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Doubly-Strange Baryon: Q) é&

® D@ reported first observation of {2} (bss) baryon.

® Analysis made using Run lla (~1.3 fb-!) dataset.

® Fully reconstructed decay: €, — J/9Q~
(similar to =, analysis) O~ — AK~

p A — pr™

® | ong-lived decay chain,
requires extended tracking

James Walder — Lancaster University 23 2 Nov 2008 — IOP, Lancaster
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B. Lifetime

Asymmetry

()p: Selection

Relative rate

Summary

As usual, a J/Y candidate is required from two good, oppositely charged muons.

Events passing this selection are re-reconstructed using the extended version of our
tracking algorithm;

provides increased efficiency in reconstructing low-pr, high impact parameter tracks.
is constructed from two tracks pr > 0.2GeV/c

AN — pr™

1.108 < m(pr~) < 1.126 GeV /c?
The ()~ candidate is formed from A and a track forming a common vertex

(assumed a kaon).

A Boosted Decision Tree selection is also formed @
using quality and kinematical variables of the
daughter particles.

Invariant mass from basic selection

<)

Events/(0.005 GeV

W

(=]

o
1

500

=
(=1
o

100j

' DO, 1.3 b~ (a)

} + Right-sign
i —— Wrong-sign 3

200j

|
| i \lll\
o 1 ot Il | oo Telll
||I‘ |IH I
U

After applying B
selection

M(27) =1.672GeV/c?

O

140

eV

0 120

_—y
o
(=)

Events/(0.00
(00]
o

T

40

20

?

60}

' DO, 1.3 fb ™!

{ Right-sign

. —— Wrong-sign

| ] | ‘ [ L1 | I I I I I

(b)

.6

1.65 1.7

" M(AK) (GeV)

24
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Introduction Bs.4 Lifetime

vertex.

® Mass resolution is improved using variable:

B. Lifetime

Asymmetry

(p: Mass

® ()~ candidates with 1.662 < m(AK ) < 1.682GeV /¢
were combined with J/v' candidates to form a common

M) = m(J/PQ7) +
(M (J/¢) —m(pu)] +
[M(Q27) —m(AK™)]
® From 79 candidates fit yields:
7.8 £ 4.9 (stat) of® Do wiong-sign
ighal events o
Sigha . af
: %ﬁrrl.ﬂ.nﬂﬂﬂﬁ.l‘nm.
O ;i Q" sidebands
® Worong-sign (AK ™) gs“ -
sample shows no ;H{L_%%ﬂﬂﬂﬂ
excess w sg_(d) A sidebands
58 6 62 6.|4Mg.:s ?(:gevil

Events/(0.04 GeV)

b
(=)
T l T T

Relative rate

Summary

A

DO
- 1.3fb""

=N
=
|

-kt
N
T T T

II|II|IIII

IIIII|III|II|

58 6

62 64 66 6.8

M(S;) (GeV)

James Walder — Lancaster University

25

12 Nov 2008 — IOP, Lancaster

Do}



Introduction Bs,a Lifetime B. Lifetime Asymmetry Relative rate Summary

(),: Observation

® A 540 statistical significance is observed;
Probability of 6.7 x 108 of background fluctuation to signal
level (or greater).

® Systematic uncertainties obtained through varying event
selection criteria, signal and background models, and
momentum scale.

e M(Q,) = 6.165=+0.010 (stat) 4= 0.013 (syst) GeV/c’

hep-ex: 0808.4 142, accepted PRL

® Using the results from recent =, observation
flo—=8y) B(Q, — J/9Q7)
flb—Ey) 5’(:5 — J/YE")
= 0.80 £ 0. 32(Stat) o 22(syst)
® Allows an estimate to be made of:

James Walder — Lancaster University 26 2 Nov 2008 — IOP, Lancaster
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Introduction Bs,a Lifetime B. Lifetime Asymmetry bss Bayron Summary

B, decays to J/¥ and ¥(25) A

® Main search for CP violation through Bs decays use the decay
B — I/},

® Results are currently statistically limited;
so establishing new decay channels gives possibility for

increased precision.
BY - ¢(2S8)¢ BT — J/YK*

® Select the decays BY s I/ BT — ¢(28)K*

J/p — pTp”
P(2S) — pp”
® Analysis dataset based on 1.3 fb™! integrated luminosity.

where, : b — KTK~

® Only events passing the di-muon trigger considered.

James Walder — Lancaster University 27 12 Nov 2008 — IOP, Lancaster



Introduction Bs,a Lifetime B. Lifetime Asymmetry bss Bayron Summary

Invariant Mass )/ A

® [wo muons combined to form J/YP, P(2S) and momenta
corrected using mass constrained fit.

® ( constructed from two kaons with 1.008 < m(KTK~) < 1.032 GeV /¢’

® Discriminate from prompt decays with IP significance cuts

® |nvariant mass distributions
L 205 B . (28) K* DO 1.3 fby’ = - B;—y(2S)¢ | D13
é’ ]gg Ng. =535+ 30 g - : :
= un
Q S\
= =
= H = = i ALK X7 .. I
2.9 5 5.1 5.2 5.3 5.4 5.5 5.6 2.8 49 5 51 52 53 54 55 56 57 58
Invariant mass (u* w K*) [GeV/c ] Invariant mass (u* uw” K" K)) [GeV/c ]
©1800F R+ - -1 % 220 0 1
51600:—8 — Jhp K DO 1.3 fb > 200 B, — J/ ¢ | DO 1.3 fb
S1400- Ng. = 6276 = 97 S Jeoc Ngo =565:26 | R
- £
)
= >
= : = :
2.9 5 5.1 5.2 5.3 5.4 5.5 5.6 2.8 49 5 51 52 53 54 55 56 57 5.8
Invariant mass (u* w K*) [GeV/c?] Invariant mass (u* w K* K) [GeV/c?]
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Introduction Bs,a Lifetime B. Lifetime Asymmetry bss Bayron Summary

Bs decays to J/¥ and ¥(25) A

: : : B(B — ¥(25)M) B Nw(zs)M. €J /v M
® Relative yields given by: "z 7y N ort oasnn

B(J/ — pTp~)
B(¥(25) — ptp~)’

Decay Efficiency Yield
B+ — J/WYKT (1.074+0.02)-10"° 6276497
BT — (28)K™ (1.1440.04) - 1072 535430
B — J/¢ ¢ (14.4+£0.7) - 10~° 565+26
BY? —(28)¢  (15.240.6)-107° 4048

® [Efficiencies and Yields:

® Results:
Observation of B. — v(28)(u"n )o(K"K™) at D@, with 40 * 8 signal
events,
Relative decay rates:
B(B, — ¥(25)¢)
B(BY — J/¢¢)

_|_ —
B(B* — ¢(2S)K*) (J/9,9(25)) — ptp
B(BE = JjpKE) 0.65 4+ 0.04 (stat) +0.03 (syst) £ 0.07(B)

hep-ex:0805.2576 sub. PRD-RC

= 0.55 £ 0.11 (stat) 4+ 0.07 (syst) £ 0.06(B)
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Introduction Bs,a Lifetime B. Lifetime Asymmetry bss Bayron Relative rate

Summary J/&

® Brief summary of recent D@ B-physics results; complements and competes
with B-factories.

® First direct observation ( >50 ) of (1, (bss) bayron.
M (9, ) = 6.165 £ 0.010 (stat) + 0.013 (syst) GeV /¢’

® Tagged analysis in Bs system yield CP violating phase:
$s = —0.577 30 (stat) g o3 (syst)

® Lifetime measurements made on simultaneous B%qs), and in B*. mesons.
7(BY) = 1.414 £ 0.0178 (stat) ps  7(BY) = 1.487 £ 0.060 (stat) ps

7(BE) = 0.44870-038 (stat) & 0.032 (syst) ps
® Relatives decay rates measuredin BV — J/i¢  BY — 1)(25)¢

B(B, — ¢(25)¢) B(B* — 9(25)K™)

B(BY — J/¢¢) BBE S J/gpRE) — 005+ 0.04 (stat) £ 0.03 (syst) =+ 0.07(B)

— 0.55 & 0.11 (stat) = 0.07 (syst) = 0.06(B)

® No significant deviation from SM processes observed.
® Many analyses to be forthcoming with increased datasets, using Run |lb data.

® Most results statistics limited — DO will improve as more data collected.
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