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w B Mixing Theory

T 1T,
B(t)> M-——  M,-——= ‘ B(t)>
QO Decay of two-body system ; 9 ‘_ _ 2 3
|| B)) w1 I B(V))
d B mixing depends on |M,|, |T';,] and
phase ¢ = arg(- My,/T';)
> ¢, = O(|V,|*(m /my)?*) ~4 - 107 = 0.2° (SM)
1 Two mass eigenstates
> Light [B.)=p[B")+q[B’)
> Heavy B,)= p‘ |30>_q‘ §0>
» Masses M, y; and widths I', B,
v Am=My—-M; =2M,,| (SM: ~20ps™!)
v AT =T, —Ty=—Am Re(I';,/M,,) = 2|T',,| cos 0 (SM: ~0.1ps!)
v AIVAm = [I',/M,| = O((m,/My)*) (SM: ~5 - 107)

> a, =Ay=Im(I,/M,,) = |,/ M,| sin ) = A/Am tan ¢  (SM: ~2 - 10°)
v" CP asymmetry in flavor-specific B decays
v" measures CP violation in mixing

10/10/2006 S. Burdin /Bs Properties/ 2



w.Search for New Physics in Boxes

d Small effecton I,
» I'j, stems from tree-level decays

d M, is very sensitive to virtual effects of new
heavy particles
- Am = 2|M,,| can change
> Am=17.77+£0.10(stat.)=0.07(syst.)ps! (CDF)
agrees with SM - no strong effects

Q aswellas @ =arg(-M,,/ I',,)
> |AI' |= ALy, |cos ¢ | is depleted
> |ag| is enhanced

v upto 51073 (Nierste)

O Currently Tevatron is the best place for

measurements of the B, properties 5 N %
> Large B cross-section et 1.1/
» Production of all B species o — .
> Large boost of B mesons = e T
> But large background %//////// /. \K*\\?\K\E\; m em

10/10/2006 S. Burdin /Bs Properties/ DO 3



w DZero Detector

d Spectrometer : Fiber and Silicon Trackers in 2 T Solenoid
O Energy Flow : Fine segmentation liquid Ar Calorimeter and Preshower

O Muons : 3 layer system & absorber in Toroidal field

» Toroid and solenoid polarities are being reversed regularly - low systematic error in
muon charge asymmetry

O Hermetic : Excellent coverage of Tracking, Calorimeter and Muon Systems

& "t opt o m=ie

I8 Muon Scintillators =
_———
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w AI', and @, from B 2J/y ¢

Q TI,, dominated by decay b->ccs C
from decays into final states __ b
common to both B° (bs) and BO (bs) C
W
S
B2>J/y ¢

J A mix of CP-even and
CP-odd states could be

K+
f ¢ < - separated using
° K angular distributions of
J/y and ¢ decay

S
b C + products

u
J/U[ < ~ 1 Simultaneous fit to
u lifetimes

EO
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w A, and @, from B 2J/w ¢

1 fbl data sample

50

~ - E
% 4505_ 210 E * Data
= 400EB, — J/y 0 o Data b F Bs=>JW¢  —Total Fit
s — Total Fit . F Mass 5.26 - 5.46 GeV ___. Toi1 Sianal
:' 350} — Prompt Bkg S_ B g
g —— non-Prompt Bkg g102 - 9 e GP-even
@ 300 % E
[ - T { % 00 e
o C he) B H
E 250 5 - f
© 200[= } 10

isof- 103945 B candidates s

100 Fit prob: 81.8 % ]

10_1 I
Mass (GeV) -0.1 -0.05 0

To. =1.5210.08* 0, ps

Different lifetimes of

B 1+0.08 +0 0 the two mass eigenstates
+0.09
— = +
AT, o, = 0-1755 ps” Bl treqr,. =—0.92£0.47

=-0.79%£0.56
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DES 45, fiom BSD D,

Q T, dominated by decay b->ccs from_decays C
into final states common to both B (bs) and b
B (bs) _
O Al=2|I',|=I'(B2ve")-I"(B°4) W C
S

d B,~>D*D is pure CP even
d B,2>DO* D inclusive is also CP even with
5% (?) theoretical uncertainty

S _
C D 2Br(B§ — D" Dé*)_)z Alce 1+Q(£j
I I
ESO 85 | Dunietz, R Fleischer, U.Nierste hep-ph/0012219
S
. DI Qg=0>Als=Alc

10/10/2006 S. Burdin /Bs Properties/ 7



w Br(BOS QD(*)_I_S D(*)-S)

d 19.3 £ 7.8 sighal candidates s o i« signal region

)

d Backgrounds
o B -DYDI"KX 044:030 &)

o B -~ DM DY X suppressed
¢ B, - uvDpX 1.27 + 1.14 o

1fb”

* cC—+ ug¢D,” lifetime cuts o 0Tl

-
©
[

ts / 4.5 MeV/c?

O Br(B. -~ D"'D!"") = D2 Runl Prelimina
= 0.071 = 0.032 (stat) “ o5 (SYSY) & .

10

ATcp/T(BY) = 0.142 + 0.064(stat) 7023 (syst)

—0.050
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Al VS, 7
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DY Run Il Preliminary
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Flav. Spec. WA 5 CDF 2004

D, BR(D,*D,*)

-0.1

=
w
TTTTIrrryprrnri TTTfrrrryrrrrprrrryrrrryrrrrynri
RN LR RARN LR LN RN LN L

-0 il TN S T A T W N
ljil34 0.036 0.038 0.04 0.042 0.044 0.046 0.048 0.05 0.052 0.054
cT (n::m)I
PR T T NN SN SN SN S AN TN TN TN T NN SN SN SN SN [T T TN TN T NN SN SR SO S NN S R
1.2 1.3 1.4 1.5 1.6 1.7 _ ‘S.S
T (ps

10/10/2006 S. Burdin /Bs Properties/ 9



w Same-Sign Dimuon Asymmetry

A, - N(bb = I"I"X)=N(bb = I"I"X) _ f,Z,A5 + f.ZA;
N(bb = "I X)+ Nbb = I1-X)  f,Z, + f.Z.
1 1 B Amq B Arq
Loy 1 T Ya=or
yq Xq q q
= CP = chtorpol=+1
/! = CP = '/'+ L ‘f+ a0 -
*B magnet xB aoonn |-
polarity o :
L - R > — o -
P P p P o0 "
xB «B
forward forward  F | o~ | ™F -
backward backward I | e o e A S T o
/'+“-CP+4 ,'- ,'+ - CP = f ____ PT [Gevic] _ phi
*B magnet *B w-o:—l smon:
polarity [
| — - | — . 000
P p P P
xB *B -
1fb-', ~3M dimuon events

10
D[ ]

gxpol=+1

gxpol=-1

Few processes contribute to same-sign samples (no charge asymmetry in f|rst order)

Magnet polarities are reversed regularly - helps to study detector effects
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w Result on Same-Sign Dimuon
Asymmetry (hep-ex/0609014 )

(J Dimuon charge asymmetry
> A=-0.0028+0.0013(stat.)=0.0009(syst.)

J CP-violating parameter
9{(580 )

2

d
=5 0.0023+0.001 1(stat.) = 0.0008(syst.)
1+|e 4
BO

» assuming A;_ =0
 Preliminary result is used in rest of the talk for
combinations
> A im=-0.0013+0.0012(stat.)+0.0008(syst.)
» Using Ag_ =+0.0011£0.0055 from CLEO and B-factories
> > Ay =—0.0076£0.0102

» Combinations will be updated soon
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Asymmetry
in Semileptonic B, Decays

DO Run Il Preliminary

6000 B2 — D uvX ¥2/ndf = 66.2/45

|
—
N
—
o

 Integrated asymmetry s

in large sample
B,>Xu*D-(>om)

5000

#events/0.01 GeV

B
o
o
o

~27K (uD,) events

3000

#

2000

1000

:-JII|IIII|III!ﬁ'llllllllllllll

-t

m _ N(B,—>u'D)-NB;—-uD) 1 x ,_1
= N(B, —» #'D.)+N(B, > u'D,) 21+x 7 A = ASL

Ay =+0.0245 £0.0193 £ 0.0035
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w Combined DO Result on A 4

d A, from same-sigh dimuon sample (preliminary)
A, =-0.0076+£0.0102

d Ag, from B> uD X sample
Ag =+0.0245 £0.0193 £0.0035

L Combination of both D@ results

Ay = irs tan(¢,) =—0.0007 = 0.0090
m

4 constrains theSAI's and ¢, measurements
AT tan(@,) = A> Am, =—0.01£0.16 ps™

» using Am=17.77+0.10+£0.07 ps-! (CDF)
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w Combined DO Result on AT, & ¢, 3 /

. +0.10 ) )
AT, =0.17%5 ps™ With constraint from A,
_ +0.53 +0.09
_ 0.7 - _ +0.44
E_ C  semileptonic charge % DY - combined ¢ 0 56 041
30-6:_ asymmetry band {_’ B > Jiy o
:0-55 AT xtan(@,) =-0.01x0.16 ps’ —Pp Asl constraint
0'4;_ - D (Bs - Jhlj (D) — SM 5?25; likelihood scan ¢s
— "E' ’ C% semileptonic charge asymmetry constraint
0.3 o W Ar=4r gy Xcos(p)| & [*.
0.2F - -0.56" 541
0.1 1:_ ‘
0 E— 0.5 ..‘-. J ‘..".
-0-1;— 93 104 n.ITs'. ..... -0.15.5.'.'.' TR
- :I 1 1 1 1 I 1 1 1 1 I 1 | 1 I 1 1 1 1 I ] 1 1 1 I
0.2 3 ¢s

-2 - 0 1 @, (radians)
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DO Operation

- D@ fully recovered after complicated shutdown
1 50% more data is available

m Monthly Data Taking Efficiency | 19 April 2002 - 24 September 2006
m Run Il Integrated Luminosity | 19 April 2002 - 1 October 2006 ]
100%
2.0 -
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90% -
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o b W 1% 230 i ey (. P
80% = ™% 1.7
T: . 4% 1.6 l{
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81 /
T 6% =13 rd
s 79T € /
g =12
S > A=
E so% £ 44
w 8 / 1.47
£ 1.0 —
41% 390 E 0.9 /
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w Conclusion

L DO is performing a complex study of key
parameters of the B, system at Tevatron

» Exciting progress in the AI'; measurements

> First results on CPV in B.—B mixing

v" Flavour specific asymmetry A;_
v CPV mixing phase ¢, from B,.2>J/y ¢
v Constraints on ¢, from two measurements of Ay

- New results are coming
J Stay Tuned
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Backup Slides
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Background in the same-sign
dimuon sample

* Sources of background.

Background Cut

Cosmic Rays Timing requirement

K= and 7=+ decays pr > 3.0 GeVie

Punch through Muons must traverse toroid

Wrong sign, W=, Z decay p7 < 15.0 GeV/e
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| ' Systematic errors in the same-sign
dimuon asymmetry analysis

Source of Error AA
K= Decay + prompt 1 0.00068
Sample Normalization 0.00018

Misreconstructed charge  0.00015

Detector 0.00015
Cosmic Rays 0.00010
Punch through 0.00001
Total 0.00074

Largest source of systematics from K* decays.
Difference in inelastic interaction length for A vs. K.
Presence of S = —1 baryons (A, X, Y*).

Correction: —0.0028 £ 0.0007.
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10/10/2006

Systematic errors in the Bs

semileptonic asymmetry analysis

Source AA

Mass fitting 0.0027
Sample composition 0.0022
7T interactions 0.0004
Contribution from A%,  0.0002
Total 0.0035
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“ By 2> V1+V2 (Jly+0) ie. Spin 0 - 1+1 L=0,1,2

% L=0and 2 corresponds to CP even; L=1CP odd g
< Angular distribution can be written in terms of helicityH = =B

1215l

» Most suitable coordinate bases: Transversity basis
» Transversity basis is convenient for separation of CP-even and CP-odd
components of the decay amplitude
> Polar coordinates in this basis are defined in “J/y rest frame” and “¢ rest frame”

we cosé@=transversity

0 rest frame

J/Y rest frame

-
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e
\\\\)6 d°T 1 Iyt Iyt
,0\(09 (t) N T, = 3¢ (L + cosdg)e™ " + (1 — cosdp)e™*
Oeo@\) dt dcos@ dy dcos
2| Ay(0)]* T, cos®9(1 — sin” 6 cos® p) T = %{(1 — cosdg)e™" 1 4 (14 ﬂﬂgﬁﬁb)e_rﬂt}
+ A (0)F T.. sin’ (1 - sin*'sin’ ) v'3¢ - CP-violating weak

phase ; in SM ~0.3

v'§, 6, > CP-conserving
strong phase ; ~ |r] and 0

+|AL(0)* T_ sin®¢sin” @

1
+ —|Ag(0)]|A;(0)] cos(dy — 8;) T. sin 2¢psin® §sin2¢
V2 ” ' VA,(0) , A, (0) >CP-even

; linear polarization amplitude
+ {T|An(0)||Ai(U)| cos s sin 29 sin 26 cos ¢ at t=0
: VA, (0) >CP-odd linear
1 polarization amplitude at t=0
—~|A4y(0)]|A L(0)| cos 8y sin® 1 sin 20 sin EP}E (e7"# — 7" sin(d¢)
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Observable BSW <2 Soares ?{Cheng © 1. (_;(_}5(51} = —() 08T {_05(52) =rhs Al =017 6@ =07
T 0.81 0.82 0.75
Lo 0.41 0.89 0.55 2. cos(dy) = —0.987 cos(dy) =0.765 Al =-0.17 d¢p =235
oq T T T
5 o o o 3. cos(d1) =0.987 cos(dy) =-0.765 AI'=017 d¢=0.79
b I3, Sore, P o, DG ) 2t IR g o0s(0) = 0.987  cos(dy) = ~0.765 AT =017 06 =-2.35

& H.-Y. Cheng, Z. Phys. C69 (1096) 647.

07E For almost all theoretical models
2 | |semileptonic charge . .
0.6 asymmetry band solution 1 is the most favorable
[20_5 F AT x tan(30) =-0.0120.16 ps” solution from data set we have
- used to measure the observables
0.4 DD (B, — Jiy 0) — SM
- BUT
0.3 | AT = ATy, x [cos(39)|
0aF- 1 We have three more equally
E u -3 probable solutions from the same
01 data set depends what choice you
of- make for 8, 8, & A’
0.1f Due to
-020, 5 — 0 ] Angular distribution equation

2 3
é ¢ (radians)
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DE> DO Br(B’. D™+ D™~ )
J Semileptonic D, decays (need trigger)

B — DL (gu'v )DL (g7 )

3 Normalize to BY — D ¢z Ju v

Br(BS . DS(*J_D;*}_) . Br( D5 - (P l“'_ \'r)

] Measure ratio R= l
Br(B. -~ uvD."")

Mass (¢ )

= D2 Run Il Preliminary

L~ _1 -l-_.._._-..
2000 1fb s

2 Look for additional ¢
(798 48 2 21 22 23
m(¢ 7) GeV/c?
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