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B, Physics @ DO
B, Lifetime

) S P rogram @ DO AT Br(B.—D_D,) October 30, 2009

Derek Strom
Ar_: B.—-J/VYO

* D@ has a rich B physics program.
— First double-sided bound on B, mixing parameter, Am..

— Precision lifetime measurements of B, A, B_, B°, B-.

* Large boost at Tevatron is good for lifetime studies.
— Al', measurement provides tests SM predictions.

— 0®_measurement tests for CPV and new physics.
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DO Detector AT Br(BD.D.) October 30, 2006

Derek Strom
Ar_: B.—-J/VYO
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Tracking (|n| < 3) - Silicon Microstrip Tracker (SMT), Layer0 (Runllb Upgrade) Silicon
Detector, and Central Fiber Tracker (CFT) inside a 2T magnetic field.

Muon (|n| < 2) — One layer tracking and one layer scintillation trigger counters.
1.8T toroid followed by two similar tracking and trigger layers.
Good muon triggers produce high yield.

- Large B samples.
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Derek Strom

AT: B.~J/YO
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Data used in these analyses:

B, Lifetime: 0.4 fb
Al Br(B,—D.*D.*): 1 fb"
Al : B.—J/WY ©: 1 fb
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B, Theory

Ar: Br(B,—D,D,)) Derek Strom

AT: B.~J/YO

Schrodinger Equation B -E mixing

uct

sl i é ;

Two physical B, eigenstates, B, and B,

B,, and B, expected to have different
masses and lifetimes.

Am=M, -M, ~ 2‘M12‘
Al =T, -T, =2,

:p’Bs>+‘J‘E-s>sz odd Cos ¢

B, = p‘BS>—q|BTS>z cp even, p’+q° =1
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Bs Lifetime AT : Br(B,—D,D,) clover

Derek Strom

AT: B.~J/YO

* Spectator model of heavy hadron decays predicts all hadrons with
the same heavy flavor content have identical lifetimes.

* Observed charmed hadron lifetimes suggest non-spectator effects
are not negligible in such decays.

* Heavy Quark Expansion (HQE) theory accounts for non-spectator
effects in decays and predicts lifetime differences among different b
hadrons.

* B-meson lifetime measurements tests the predictions of HQE
theory.

Spectator quark not

/ negligible in b hadron

u, s lifetimes.
b Hierarchy of B
lifetimes

Test HQE prediction
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Channel AT, Br(B,~D,D,)

AT: B.~J/YO

Derek Strom

- B, identified through the semileptonic decay channel
— B,—»D,pvX
— D,—-dm
- O >KK

* Events selected with inclusive single-muon triggers.
— 3 level trigger system Vv
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B, Lifetime
October 30, 2006

Selection AT, Br(B,~D,D,)

AT: B.~J/YO

Derek Strom

*  Muon penetrates toroid * pr(H)>2.0GeV
* All tracks within same jet * p(y) > 3.0 GeV
« X?prob (D,) > 0.1%
« X?prob (B,) > 0.01%
. Helicity(D,) > 0.4

. p.(K)> 1.0 GeV
. p.(1) > 0.7 GeV

+ Tracks with nSMT and nCFT 21 * Pr(D;)>3.5GeV
* No lifetime cuts! e p(uw.rtD,)>2.0GeV
« D, decay vertex displaced from * 1.008 < M(®) < 1.032 GeV

primary vertex in direction of P(D,) « 1.6 <M(D,) < 2.3 GeV

« 3.4 <M(B,) <5.0GeV
K

Helicity angle ¢
D, - / rest frame
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B, Lifetime
October 30, 2006

Reconstruction AT,: Br(B,—D,D,)

AT: B.~J/YO

Derek Strom

D> ®m

— Tracks with p; > 1.0 GeV assigned M(K)

— Oppositely charged pairs combined to form a ® candidate.
— 1.008 < M(KK) < 1.032 GeV.
— ©® Combined with a track with p; > 0.7 GeV

— Opposite charge from muon gives “right sign” combination.
— Track assigned M(1r)
— Three tracks (KKtT) used to form the D, vertex.

— Additional track requirements:
* Atleast one hitin SMT and CFT.
* p;(D,)>3.5GeV

B, — D,y X

— B, decay vertex found by intersecting the p track with the flight direction of the D,
candidate.
» Required to be displaced from the primary vertex in the direction of the D,
momentum.
— 3.4 <Mass(B,) < 5.0 GeV/c?

— B, not fully reconstructed because neutrino is not detected.
DPF Honolulu, Hawaii 11
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B, Lifetime
October 30, 2006

An aIyS I S Ar.: Br(B,—D,D,) Derek Strom

AT: B.~J/YO

B, lifetime, 1, is related to the decay length, LXy, in the transverse
plane.
1 = lifetime
ct=mlL,/p; p; = transverse momentum of B,
m = invariant B, mass

— Missing neutrino prevents a full reconstruction of the B..
— Correction factor K introduced to estimate p.(B,)
K=p:(D.M)/ p:B,) Determined with MC

— Pseudo-proper decay length (PPDL), A ,used to determine the B,
lifetime.

A=L,m/p(D,y)=ct/K
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AT,: Br(B,—D,D,)
AT: B,.—JIWO

Derek Strom

Signal: Gaussian fit to “right-sign” D,y

candidates. E 30005_ D@ Runll Preliminary ;?"'i‘@ DO, 0.4 fb"
: ] » &
Background: second-order polynomial = 2500?’4*:‘,@%@@*&‘“‘5 Y
fit e F : %  x%dof =0.64
’ " 2000 fcrerce oD, '
D—>CDTr(Cgbb|t_)o suppressed): 8 15000 %0 g e TP
Gaussian fit. § - 000000000,
O 10001~
: 500/ wrong sign”
Reconstructed D, candidates .
e e e b by by b by 1y
400 pb- 75 18 185 19 195 2 205 21 215

Mass(o ) [GeV/c?]
9176 + 242 (stat) £ 314 (syst)

M(D,) = 1958.8 + 0.9 MeV
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B, Lifetime
October 30, 2006

Background AT Br(B,~D, D) Derek Strom

AT: B.~J/YO

*  “Prompt”
— M produced at primary vertex + reconstructed D,
*  “Physics Background”
— M + D,where neither come from semileptonic decay of B,
— Included in signal sample
— Prompt D, from cc production + p

— Short lifetimes
— Can bias lifetime measurement

« “Non-B, Background” B— D,~D* X
— B—uD, B-— D, D*X
— Long lifetimes B.— D*D*X

— Smaller effects
— Softer p(n) from decay of secondary c-hadron
— Reduced by kinematic cuts

* Background contribution of each process evaluated with MC.
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B, Lifetime
B k d October 30, 2006
dackgroun Ar: Br(B,~D,D,) Derek Strom
AT,: B,.—JIWO
. . 1755.3 — 1800.5 MeV 1913.6 — 2004.0 MeV 21171 - 2162.3 MeV
. Comblnatorlql bagkgrounq b T —
events contained in the signal 3 3000T D@ Runil Preliminary - i DG. 0.4 fb-
sample parameterized using = C L T
“: . T~ 2500, Y .l S
right-sign” events from . it ST Y ,
sidebands and “wrong-sign” 2 2000/ b " e /dot =0.64
Lk -
events £ o D“ﬂ'@@wmﬂm g
B 1500 Rt TR L e
T [ Cm
g - 'D"D‘EI"D'D’D'.D.D
_ O 1000t
signal .
(1398 : ” 500:_
right-sign” events from i
[ | | M e | I ]

. A T BT P e N A
sidebands 75 18 185 19 195 2 205 21 215
Mass(o ) [GeV/c?]

“‘wrong-sign” events
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Derek Strom

AT,: Br(B,—D,D,)
AT: B,.—JIWO

* PPDL distribution from signal region fitted with an unbinned maximum log-
likelihood method.

- Both B, lifetime and background shape determined in a simultaneous fit to the
signal and background samples.

Ns NB
L= Csig ]:[[fsigf;ig + (1 _ fs‘ig)f;ck] Hfgck?
; J
Ng — Number of events in signal sample
N — Number of events in background sample

f, — ratio of D signal events from mass distribution to total number of events
in the signal sample

F,, — signal probability distribution function (normalized exponential decay, K
factor, and a gaussian resolution function.

F., — combinatorial background sample

DPF Honolulu, Hawaii 16
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Introduction

B, Lifetime

Ar.: Br(B,—D_,'D.,")
Ar,: B.—»J/IVYO

B, Physics @ DO

October 30, 2006

Derek Strom

1(B,) = 1.398 £ 0.044 (stat) , ,,s"%%® (syst) ps

Most precise result to date!
WA T1(B,) = 1.461 £ 0.057 ps
(B°) = 1.536 + 0.014 (stat) ps

B, lifetime is different from the B° lifetime by

mare than 1% _consistent with HOFE

Candidates per 50 um

—
o
w

—
o
)

-
o

7

T TT
T

DJ Runll Preliminary"% DO, 0.4 i

Source Syst. Uncertainty (ps)
Detector alignment +0.007
Combinatorial background » +0.014
Selection criteria +0.01
-0.0001
K factor determination +0.012
-0.007
Decay length resolution +0.012
non-B, background +0.010
-0.014
ccbar background +0.008
-0.003
Total +0.028
-0.025
Comparison to other results.
Experiment dataset 7(BY) (ps)
World Average(PDG) [11] 1.461 £ 0.057
ALEPH 91-95 1547515 £ 0.04
CDF 92-96 1.36 = O,nggzgg
DELPHI 91-95 1.427013 £0.03
OPAL 90-95 1.507018 +£0.04

Average of Dl measurements [16]

1.442 4+ 0.066

| CDF [17] 02-04 L3381 =0.0557002
0.2 -0.1 0 0.1 0.2 0.3 0.4 05 This Measurement 02-04 1.398 £0.0447 555
Pseudo Proper Decay Length (cm)
[hep-ex/0604046]
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Introduction B. Physics @ D@

B, Lifetime
. * * ° October 30, 2006
AFS. BF(BS—> Ds DS ) AT : Br(B,—D,D,) Derek Strom
AT _: B,—>J/Y®
Al =T -T
« How to measure Al'.? s
— Directly from B.—J/¥ ©® decays B> = |BEVEN>
* Disentangle CP even and odd final states. B> = |B;°°°>

— Estimate from Br(B,—D_*D_*) AT, = [(BEVEN) — [(B<OPP)

* CP even dominated final state
* Gives largest contribution in the lifetime difference.

Theory suggest:
2 Br(B,—D.*D.*) = Al ../ I" (1 + O(AI'/T"))

+ Relate measurement to CPV phase, ®,
— Al'x = Al'/cos®,

— @, is related to CP violation in B, mixing and is expected to be
small in the SM.

DPF Honolulu, Hawaii 18
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B, Lifetime
October 30, 2006

Channel AT,: Br(B,—D,D,)

AT: B.~J/YO

Derek Strom

- B, identified through decay to two D_*
_ BSO_) Ds* Ds*
-~ DF >y vod, d - K"K (semileptonic)
- D> dm, ®— K*K  (hadronic)

* Define 2 Samples u*

— (uD,): events containingp +D, > ®m [ 7
+ Produced mainly by B, »pvD}* [ 7

« Small sample of cc — p v D.*

— (M®D,): (uD,) + @
B,

DPF Honolulu, Hawaii 19
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B, Lifetime
October 30, 2006

Analysis AT Br(B,~D,D,)

AT: B.~J/YO

Derek Strom

* Estimate the following;
— N(uD,) — number of signal events in (uD,) sample

— N(pPD,) — number of signal events in (W®D,) sample
— f(By — pvD.*) — fraction of B, — pyvD_* decays in (uD,) sample
Ny, (MPD,) — Number of background events in (uPD,) sample

* f(B; — pvD.") and N, (MPD,) determine by subtracting contributions from all
other sources from each sample

* Measure R (detector uncertainties cancel) and extract the branching ratio.

i
— R 7 N(U®D,) - Ny o(HPD;) / N(uD,) 7(B,— pvD;)
- R = Br(B, —» D.,* D.*) Br(D, — pv®)/ Br(B, — pvD.*)

« Compute Br(B, — D.* D.*) using;
— Measured value of R
— PDG value for Br(D, — pv®)
— PDG value for Br(B, — pvD.")
— BaBar measurement of Br(D, — ®11) — combined average with PDG
DPF Honolulu, Hawaii 20



Introduction B. Physics @ D@

B, Lifetime
October 30, 2006

S e I eCtl O n Ar.: Br(B,—D,D,)) Derek Strom

AT: B.~J/YO

*  Number of muon hits = 2 « D Om
* Alltracks: - 1.7 <m(dm) < 2.3 GeV
— nSMT hits 2 2 — x2 (vertex) < 16
— NCFT hits 2 2 — |cos(8)| > 0.35, Helicity between D,
and K
* Piyp)>2GeV - D ®uv

— 1.2<m(Pp) <1.85 GeV
— X? (vertex) < 16
«  Py(m)>1.0GeV * B~ D,

— Opposite charge from p - m(ub,) <52 GeV
— X? (B vertex) <16

.+ P(u) >3GeV

« P(K)>0.8GeV — L(uD,) > 150 pm
— Opposite charge combinations * D— podD,
— 4.3 <m(udD,) < 5.2 GeV
d qD(DS—) CD'IT)Z 1.01 < m(KK) <1.03 GeV — X2 (Vertex) <16

— L(u®D,) > 150 pm
- ®(D,— dp): 0.998 < m(KK) < 1.07 GeV
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Introduction Physics @ DD

B, Lifetime
October 30, 2006

N(uDs) Sample AT Br(B,~D,D,)

AT: B.~J/YO

Derek Strom

« Number of (uD,) events estimated from Mass (o)

a binned fit to M(®1r) distribution.

L|'I+I

7000

&

+

4

Events /12 MeV/c?
1y

[4a] [=1]
o [=]
o o
o o

 Gaussian fit to both D and D, decays

4000

* Second-order polynomial fit to
background

3000 p Run Il Preliminary

2000 1 b’ e

1000

-qIIII|IIII|IIII|IIII|IIII|IIII|IIII

L1 T T T B T R B T R R
1.8 1.9 2 21 22 23

N (uD,) = 15225 + 310 T L e

Mass (KK)

L9000
=3
@
=3000
L]
#7000
=
@
16000
5000
4000
3000

D< Run Il Preliminary

2000 - 1 fb’

1000

g_lIII|IIII|\III|IIII|IIII|IIII|IIII|IIII|\III|I

| I | | | L1111 | I | | | L1l I | | | I |
0.99 1 1.01 1.02 1.03 1.04 1.05 1.06 1.07
m(KK) GeV/c?

=)
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Introduction B. Physics @ D@

B, Lifetime
October 30, 2006

N(uPDs) Sample AT Br(B,-D,D,) ek Strom

AT: B.~J/YO

Mass (¢ m) in (KK) signal region

‘Number of (u®D,) events estimated from % *F
an unbinned Log-Likelihood fit. 2w
Used all events in range £ Jr Jr
1.7 < M(D) < 2.3 GeV lH_F
0.998 < M((D) <1.07 Gev 53— D& Run Il Preliminary +
Single Gaussian used to describe the A '.!91' v P S
D, signal (4 ) Gevic?

Mass (KK) in (pn) signal region

Double Gaussian used to describe
the @ peak.

D Run Il Preliminary
1fb"

Events [ 4.5 MeVic®
>

N (U®D,) = 19.34 + 7.85

g_llllllllllllllllllllIII|III|III|III|III

S e Bk @ @

||I||||I|||T|T||||I||||I||||I||||I||

II|IIII
0.99 1 .01  1.02 103 1.04 105 106 107
mi{KK) GeVic?
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Introduction B. Physics @ D@

B, Lifetime
October 30, 2006

Sample Composition AT Br(B,~D,D,) Derek Strom

AT: B.~J/YO

Process Br(%) Process Br(%)
Br(B,—uvD,) 2.10

B°—D_ D*X 10.5+2.6
Br(B,.—uvD.*) 5.60

B:—D_D*X 10.5 £ 2.
Br(B.—uvD_,*) 0.20 e 0-5£26
Br(B,—uvD’,,) 0.37 B,—D.D. 12
Br(B,—1vD_*) Br(t—pv) | 0.51 B,—D,DX 154 +15.4

Fraction of events in (uD,) sample coming from B,.—pvD X

f(B, — pvD.*) = 0.79 £ 0.05
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Introduction

B, Lifetime

Background Composition AT Br(8,~D,D,)

B, Physics @ DO
October 30, 2006

Derek Strom

AT: B.~J/YO

Processes Contributing Number of Events
tO kag (HCDDS)

B.—D.*D.*

B—D,*D KX 0.44 £ 0.30
B.—D.*D.j*X ~0
B,—uvD/S® 1.27 £ 1.14
cc—udD* ~0
B,—pvD,* and ® from ~0
fragmentation.

Ny, (HPD,) = 1.7 + 1.2

DPF Honolulu, Hawaii
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Results

Introduction B. Physics @ D@

B, Lifetime
Ar,: Br(B,—D.'D.,")

October 30, 2006

Derek Strom

AT: B.~J/YO

N (uD,) 15225 + 310
N (u®D,) 19.34 +7.85
f(B,— uvD,) 0.79 +0.05
Ny (HPD,) 17+1.2
Br(D,—®1)g, .. 4.81+0.52 +0.38

Br(B, — D_*D.*) = 0.071 + 0.032 (stat) _, ,,s %2 (syst)
AT/ T =0.142 + 0.064 (stat) ., %8 (syst)

This estimate is in good agreement with the SM predictions

AT/ T, =0.12 + 0.06

[DQ Conference Note 5068]

DPF Honolulu, Hawaii

Source Uncertainty in
Br(B,—~D,'D,")
Br(D,—®1r) = 0.0440 £ 0.0520 +0.020
-0.014
Br(B,—pvD,*) Br(D,—®1) +0.012
Br(D,—®uv) / Br(D,—d1T) +0.005
f(B,—pvD.*) =0.79 £ 0.05 +0.005
Background contribution in N(u®D,) +0.007
Ratio of efficiencies +0.010
Reweighting of MC +0.011
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Introduction B. Physics @ D@

B, Lifetime
October 30, 2006

Ars BS_)\J/LIJ q) Ar: Br(B,~D,D;) Derek Strom

AT,: B,.—JIY®

« To a good approximation, mass eigenstates in B, system are
expected to be CP eigenstates.

*  New phenomena may introduce a non-vanishing mixing phase
0®d,, leading to a reduction in the observed Al' compared to SM

predictions Al'g,,:
— Al = Alg,, * |cos(0D,)|

« B, — J/V @ gives rise to a mixture of CP-even and CP-odd final
states.

* Possible to separate the two CP components of the decay and
measure the lifetime differences.

— Simultaneous fit to the mass, proper decay length, and three
angles of the decay products J/¥Y and O.

DPF Honolulu, Hawaii 27



Introduction B. Physics @ D@

B, Lifetime
October 30, 2006

S e I eCtI O n Ar.: Br(8,~D,D,) Derek Strom

AT,: B,.—JIY®

- B, J¥YO 2.9 <M(J/¥) < 3.3 GeV
- J¥Y - pp
— KK 1.01 <M(®P) < 1.03 GeV
« 2 Reconstructed p’s 5.0 <M(Bs) < 5.8 GeV
«  Number muon hits = 1 J/¥Y and ® have common vertex
« P(y)>1.5GeV o(ct) <60 um

« P(K)>0.7 GeV
ct=L,Mg/p;

.+ P(®)>15GeV

. P,(B.)>6.0GeV 23343 candidates
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B, Lifetime
October 30, 2006

3 Angle AnaIyS|S Ar.: Br(B,~D,D,) Derek Strom

AT,: B,.—JIY®

« The CP content B, J/¥ ® can be analyzed by studying the 3 angular
distributions (¢, 6, W) of the decay products.

& rest frame

M- KK defines xy plane

J/W¥ rest frame K* defines +y direction
x  Polar and azimuthal angles of py*, 8 and ¢

Helicity angle W
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B, Lifetime
October 30, 2006

B a Ckg rO U n d Ar: Br(B,~D,D) Derek Strom

AT,: B,.—JIY®

* Background is divided into two categories:

— “Prompt” — directly produced J/%W mesons formed together with
random tracks.

* Fitted with a gaussian function

— “Non-prompt” — J/W¥ product of B decay and & tracks come from
same B hadron

* Fitted with two exponentials: negative and positive cT regions.
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Introduction B. Physics @ D@

B, Lifetime
October 30, 2006

AT _: Br(B,—~D_D,’)
AT _: B,—J/¥Y®

Derek Strom

* Simultaneous unbinned maximum likelihood fit to the proper decay length,
three angles, and the B, mass.

‘1;3 450
Q
= e Data
2 400 BS — J/W 0 —— Total Fit
— 350 — Prompt Bkg
— N g-
2 j (4 \ =i $ 300F
< =11 f.sig F&z‘g—l_ [ 1 fs.r'g ) bkd] 5 =
=1 T 250
3 - .
200:— *
150
1005_ Fit prob: 81.8 %
505— D@ Runll Preliminary
* N - tOtaI number Of events 05-I = I5!1I = I5!2I = I5.I3I = I5.I4I = I5.ISI = IS!GI = I5.ITI = I5.8
° — Q] i M GeV
f,, — signal fraction s (81
- F, —function of the signal mass, proper decay length, and the decay angles
(9,6, ¥).

F., — product of the background mass, proper decay length, and angular

density functions. )
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B, Lifetime

October 30, 2006

Ang U Iar Flt ReSU ItS Ar: Br(B,~D,D) Derek Strom

AT,: B,.—JIY®

=250,
o ~ . . " B E
¢ D@ Runll Preliminary o =i~ D@ Runll Preliminary  « Data
i [ - GP-aten § £ Bsodiug — Total Fit
221}!}_— I _F: :r:t: 212{,__ 5.26= M{B,) <5.46 GeV —— Total Sianal
z F — Jiy o —-— lotalSigna g [ etclct) = 5 -
[ 5.26< PJ[B ) »5 46 GeV a ok
150/ ct/ l‘[ct] C } *
il *‘“‘*J\ T M T
100— -f--" ] i } \l\k
C wp - L
50— C-
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No CP violation hypothesis (6® = 0)
7(B,) = 1.52 + 0.08 (stat) ,,,; %' (syst) ps

Al =0.12 + 0.08 % 0.03 ps-1
CPV (0 allowed to vary)

1(B,) = 1.49 + 0.08 (stat) , ,, 20" (syst) ps
Al = 0.17 £ 0.09 % 0.03 ps"

5O = -0.79 + 0.56 + 0.01, 5Dy, = -0.03
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Summary Derek Strom

* D@ continues to produce interesting and competitive results in B physics

« Most precise results to date on B, lifetime!

— T1(B,) = 1.398 £ 0.044 (stat) , .5 %% (syst) ps
— Stringent test of HQE theory

* Tests of Standard Model

— Br(B,—~D_*D.*) = 0.071 £ 0.032 (stat) , ;s % (syst)
AT/ T = 0.142 + 0.064 (stat) , .., %® (syst)

- B,—-JYOD
1(B,) = 1.49 + 0.08 (stat) ,,, ¥ (syst) ps

Al =0.17 + 0.09 £ 0.03 ps-'
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* The time evolution of the three-angle distribution of the products of the
decay of untagged B, mesons, expressed in terms of the linear polarization

amplitudes [A,(t)]

BT(t)

2|40 (0)[? 052 (1 — sin? 6 cos?
dcosB dp deos v . |40(0)|" T3 cos” (1 — sin” 6 cos” p)

+sin® ¥ {|4 (0)]* T3 (1 —sin®@sin® ) + |4, (0)]* T_ sin” 6}

+% sin 2¢9| Ao (0)]|A}(0)| cos(d2 — 81) T4 sin® fsin 2

1
+<{ —|Ap(0)||A 1 (0)| cos ds sin 22 sin 26 cos
{ﬁ| o(0)[|A. (0)] cos 52 sin 2¢ 0

1
—|A}(0)||AL (0)| cos d; sin® ¢ sin 26 sin (p} 5 (e7Tmt —e~Trt) sin(5¢) .

where, T4 = 5 ((1+ cosdp)e T2t + (1 — cosdp)e " 7t) and T = 5 ((1 — cosdp)e 1t + (1 + cosdp)e T H?).
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