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Ly Sakharov's conditions of [
our Universe existence

* They were formulated in 1967

» Inspired by the CP violation
discovery in the kaon system

* Baryon number violation

- C, CP violation

» These processes happened when
the Universe was not in thermal
equilibrium
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Now =(6.1£0.3)x10™° (WMAP)

» Current estimates from the SM: ~10-2°
» 10 orders of magnitude difference
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F L

» CP violation (CPV) - violation of symmetry of
physics laws in combined Charge-conjugate

e CP violation
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The Standard Model of
Particle Interactions

I II III

Standard Model

Standard Model Lagrangian

Vua’ Vus Vub\ /d\
L= %(Uc—?) Vg Voo V, V| S
\Vfd st Vfb Y, \b

u

to CKM Matrix
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(0,1)

*x *x *x
aVep + VeqVoo  ViaVis

Area of the Unitarity Triangle is proportional
to the CP violation in the Standard Model due

W* + h.c.

=0

Sides and angles of the Triangle could
be determined using many physics

processes > Consistency check
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) Explanation by 6.W.S.Hou [
0 @ WAC 2/6/2009

s - Z—@ =(6.2£02)x107""]  |KM ~ 107
4 y
AMAS Too Small in SI\A
Jarlskog Invariant in SM3  (need 3 generation in|KM)

Normalize by 1"~ 100 GeV =~ | .J/T"% ~ 10=2"

EW Phase Transition Temperature Masses too Small!
~V.e.v.

) A

A Y B NP
M, —my)(m, —m; ) m; —

T — (m2 — m2V(m2 — m2\(
(m; —m; j(m; —m)(

y s n SM .
~3x10 7 is common (unique) area of triangle

/\CPV Phase Small, but not Too small
S >
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.\ 4™ Generation helps!

Explains large CPV in Bs mixing
Explains the Km puzzle in B /B, AA=Ay . 0- Ay +ry -~15%

Prediction: Large CPV in B, Mixing

T3 )
.
2 @)

g JE tt'
la".s-l/r'fz !

No Hadronic Uncertainty ... sin20®g ~-0.5t0 0.7

Q
Despite Amg,, B(b—>sfl) SM-like

WSH, Nagashima, Soddu, PRD’O?

Baryon asymmetry due to The new CKM* matrix could gain ~10*3|
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) CPV: CKM matrix NS

Wolfenstein parameterization of CKM matrix

1-£)2 A AR (p
. 1- £/2 AR |+ 0(4)

AA3(1—,0@ —AAZ(I—I_ZZp Vi j 1

A=siN(B¢apipho)*0.23
n~0.35 - CP violation in SM
From unitarity 2 V.V, +V. V., +V.V, =0 for B, system

us” ub

ch ~

_|_
VisVis  pon _ ar.g(_ VisVis J ~ i +O(4*)~ 0.02

VusVub (pM) = :
Vs VesVob  ~ ™ T\ Wl
/ ~T e
(1,0)

(0,0) -
Angle P, in SM small =& NP effects more accessible
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LANMTE?}J\K BSO . B_;) M|X|n9 & CP par‘ame'fer's w

Flavor eigenstates pr'opaga‘re according to the Schradinger Eq.

/- uc,t
[/Boﬂ.»J /M—/E MZ_I[/BSO(f))] b , s

uc,t

_ 1 on | B
Mass /BL>-WCD/BSO> 7/ 8 } Am, =M, - M~ 2‘/”12‘
) >

eigenstates 1 .,
/&,Fﬁ%@%—q/% Arg =1, -y~ 2[F,|cos o,
p+g

If q/p=1-> No CP violation

Phase ¢>" = ar'g(— 7_4] 0.004

12

. A
* New Physics effects ;" = 9" + ¢
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Semileptonic B, asymmetry w

» Directly related to the CPV: FE® > F)-TBE) > F)

S

“ BN S F)TB() > F )

+ a5 =as = AT/ Am, tan(y,)
* New Physics parameterization (A.Lenz&U.Nierste)
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e"“’SA

Mg = /MfZSMIS °A5 As = ‘As
Am, = Am|A,| = (19.30 + 6.74)ps -]
AT, = 2|5 cos(p + 92 )= (0.096 £ 0.039)ps™" - cos(p + o2 )

s

M| sinfes" +92) s sinfeS" +9?)
X —(4.97 +0.94).10 N

s —
afs o MSM,s
12

SM: ‘As‘ =1 and (DSA =0
+ aS is very small in the SM: +2-10-°
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LAI\I /—\QTEQ

Measurements of as, B %

b \..__
—

| LI | L I:i’/l [ LI L L | [
7
CDF pu || | 7 o | [l 0.115+0.283 +0.149
(Run I) | 7 |
Z
C DF LU H 0.026 £0.021 +0.017
(1.6 b ) prel. 7
Z
DO !.1[.1 E -0.006 £0.006 £0.008
(1.0 tb 7
DOD leptun %._{ 0.025 £0.019 +0.003
(1. 31 ) 7
e
%
Average 0.002 +0.009
| L1 | L1 1| L1 | | L1 1 | Ll 11 | L1 1l | Ll
0.2 0.1 0 0.2 03 04
Heavy Flavour
Averaging Group ASL (BS)

Estimate from Ar,, AM,and ¢,: as,=-(8.4*32 . ,)-10-3
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1
n
<
E L1 - kbbbl - (it
-_ AT, AT /T, & TS
. . . . -1 I
-2 -1 0 1 2 2
Figure 6: Tllustration of the bounds in the complex A, -plane for [A,| = 0.9 and ¢ = —7/4. We / N\
assume the following overall uncertainties: AN, (red or dark-grey) : £15%, AL, /AM, (yellow .. . .
or light-grey): +15%. a, (light-blue or grey) : +20% and ¢< (solid lines) : +20%. -2 New PhYSICS In BS - Bs mixing
-2 -1 0 1 2 3
Re As Dominant constraints:

= Am, agrees with SM.

. . = (0.--2,Al ) throu
* The a, contributions are weak v daganeton oo
analysis of Bs —)/y by
D/CDF (HFAG'08 update)

is 2.2C away from SM.
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¥ g Available statistics
- m Run Il Integrated Luminosity | 79 April 2002 - 16 April 2009 |

/

ss| Data in this talk: luminosity 5 fb-! (_
T T I N N T N I N N N N

J
N
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4.5

4.0

3.5

N
™~

NN
)
l

(A

Luminosity (/fb)

3.0 //
25 ///-
P

7Y

1.5

1.0 ,/ — Delivered

— Recorded

0.5 =

0.0
Apr-02  Aug-0

Thanks to the excellent performance of the Tevatron
and the DZero detector
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i DZero Detector w

. Speé’Frome’rer . Fiber and Silicon Trackers in 2 T Solenoid
* Muons : 3 layer system & absorber in Toroidal field

Hermetic : Excellent coverage of Tracking, Calorimeter and
Muon Systems

o Toroid &

g Muon Scintillators solenoid polarity
T F’*C"””*’” flipped regularly

. ,., | -' .- f“:a Low background
| =SS single and dimuon

‘ ‘\ Calorinets / “ m triggers =»

oL “ Lnﬂ”ﬁ_ﬁ_ \L largg B%ux

a1 N 7 semileptonic samples

10 ¥

0 & 14
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“4 Andlysisoutline D3

* Charge of the muon at the same-side = final state

* Charge of the muon at the opposite-side = initial

24 Aor 2009

state
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J\\ Truth level formulae for"
~ AM, and CPV (fs case)

Direct decay rates:

r(8(t) - 1" X)=N, Af\ze‘rs" 1cosh A
A T, cos (AMm.1) /2

- cos(AM,1) /2

F(Bzo(f) —>u X ) =N, Af—‘ e <rcosh

\

Mixed decay rates:
aur

M8+ > 1 X)=N,jA 1+')e ”{
(80(7‘) — U X ‘A_ (1 — {cosh — cos A/M 1 } /2

A

No direct CP violation = ‘Af‘ —

24 Apr 2009 Matter/antimatter asymmetry (S.Burdin @ W&C)



J\\ Time-integrated analysis
- No initial state tagging:

[(8.8,(t) > u'X)-T(8,B() > 1 X)_a; {1 ] COS(AMJ)}

M8, B.(+) >y X)+T(B.B(t) > X) 2| cosh(AT.t)

+ Time integrated analysis
F(B.,B, > ' X)-T(8.,B. - u X) _4ay
FNB.,B. - X)+T(B.,B. >y X) 2

» 15" DO publication on the direct
measurement of as;,
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J\\ Analysis with initial-state tagging
. Select only mixed decays

rBo(*) - i X)= N, A, 1+‘)e e (cos A'Z_sf (AM) /2
B (+) > w X N;|A. (1 ~a e {% ATt (Am.1)} 2
A ;

o _TB(H) > ﬂ*X)— M(B.(H) > 1 X)
T8 > X )+ T(B.(1) > X)
* No time dependencel
- Same-sign dimuon analyses
» Simple "counting” technique would work!
» Initial-state tagging is not 100% effective and
accurate =» use events with no tagging
- Include time dependence to improve accuracy
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)JK Detection level formulae w
A b

H p s
/ H ”vﬂ )
%ﬁ""B S BB
b; ’;} ;

P =T > £). +2‘d‘ T8 > £ 1—7\0/\
P =B > £) +2d +T(B2(H) > £) I‘Td‘
pr =B > 7). +2d +T(82(+) > 7) I_T‘d‘
p—rleery » 7) L @ - 7). 12

nN

» d is the initial-state tagging dilution (OST)
- d=0 = no initial-state tagging (~80% of the events)
- d=1 =» 100% accurate initial-state tagging
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Analysis Outline

) (more detailed)

—

Opposite Side -
I Reconstructed Side
X :
I
| — +
u(e) B LBSO (—)BLSO H
I I—T

- Select B, candidate
- B,2>vuD (=2 ¢m or K*K)
For each B, candidate
— Bg flavor at decay time from muon sign at the reconstructed side
— Transverse length L; and its error

— Transverse momentum P(B,) (use P(Dgu))
— B-hadron flavor at the opposite side (indicates Bg flavor at production time)
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cm

0.2

0.15

S
=)
N [T T

-0.15 -0.1 -0.05 -0 0.05 0.1 0.15 0.2

B —>B0—>V,u ﬂ\_vg
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PR

Signal Selection

pie) O\l 5 ;

- Select events with a muon
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LANCASTE QJ\K
& L
T b

Signal Selection

X
~N
IP
n(e) B N
PV
Cluster tracks into jets e

Find two tracks in the same jet with the muon

- different signs
- Impact Parameter significances with respect to the Primary Vertex

- common vertex
- @ mass
Matter/antimatter asymmetry (S.Burdin @ W&C) 23



LANNE?}J\\
Signal Selection

n(e)

Find third track in the same jet with the muon
- sign opposite to the muon
- Impact Parameter significance with respect to the Primary Vertex
- common vertex with kaons
- Dg mass
24 Apr 2009 Matter/antimatter asymmetry (S.Burdin @ W&C) 24



LANCA_STER’) K

F L
T -

Signal Selection

n(e)

- Combine three tracks into D, particle
- Decay Length significance with respect to the Primary Vertex
- common vertex with the muon
— some constraints on the pDg invariant mass
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. . . D@ Run II preliminary
Further improvement in S/B following
initial vertex, lifetime & mass window cuts:

TLANMH}]& Signal Selection Function w

600
e Set of discriminating variables
x; constructed for each event

. . 400
e Cut on combined variable,

product of likelihood ratios

(PDFs for background and signal
from data):

200

T _ PDF (x;) i
y—Hyf BTy o Lol -gl | H ..........

The following discriminating variables were used:

» Helicity angle;

+ Isolation;

* pr(KK):

» Invariant mass, M(uD.,):;
« M(K*K)
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PR

Signal Selection

X
O 0
n(e) BB o5
PV L'\,
Drg

For each Bs candidate
- Determine measured Visible

Proper Decay Length = _p
xM =m .(LT -pT%
P

BS

Matter/antimatter asymmetry (S.Burdin @ W&C) 27



" Proper Decay Length [

*  Proper Decay Length is ct, = M g

determined from the )
Visible Proper Decay D, i
Length K = Pr /
. BS
- K Factor takes into Pr
account the escaping s onx
neutrino and other G s00F _
miSSing pClr'TiCIQS 7002— .
- 600F- .
500;— .:
Y 4002— ‘
3002— ___E .
+ From MC, each decay *°¢
mOde 1005— . - _
81_3 04 0-'15 0.6 0.7 : 0.8 0.9 1 1:1 1.2 1.3

Pr(1D,)/p+(B)
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) TInitial State Tagging

F L
v b

I
Opposite Side -
I Reconstructed Side

n(e)

Use Opposite Side B-hadron
- bb pairs are produced
Same-side tagging for Bs requires reconstruction of a kaon

> charge asymmetry in Initial State Tagging due to
different cross-sections with the detector material
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A Inl’nal-s.’ra’r.e tagging w
' dilution

» Initial-state flavor discriminating variables
have different PDFs for b and bbar quarks
- OST y* = b-quark at the reconstructed side
and reverse
» Construct ratios for each variable

— IDDF;b_(X/). _ ?
Y/' o PDF;b(X/)’ y_]:[)//

» Dilution d=(1-y)/(1+y)
- £d2:(2.48io.21)°/o
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“)  Datasamples 3

S

Semileptonic samples at DO
- Bs>pemX: 81 394+865 (5fb1) -Bs>pK*K: 33 557+1200 (5fb1)

—~ - — 25000
(&) - K& B -1
% 200001 % C DO, 5 b —+- Data
© © 200001 M K* K sample — Fit
N - o - e x|~
S 15000 S - D — K*K_
% B ‘g 15000__ .......... D — K T
> B o N N *
" 10000} i ¥ D - KK
N 100003
5000 PO -
i ; 5000
0t |T T L i des il L] E ~ !r T\_'\., ) "f
N R A E N A KX TY, NP1 ST T st N S S
Mo (GeV/ED) 167965 10 195 |2 208 24 215 5. 2.25
KK Mk, (GeVic?)
Good mass separation between B, and B, B, and B, overlap

»~85% are used for the B, asymmetry measurement

» The remaining ~15% are coming either from Bu, Bd, Bs >D(s)Ds or
from different b or c quarks and not usable for the measurement
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B o+

., Fitting procedure

S

- Likelihood function for N events

=TT § @) ferepreene

+ where f, is the fraction of the ith source, |, is the
measured VPDL, o) - its uncertainty, y,,, -
selection variable, d,, - initial state tagging
dilution, Ap and Apgyst - detector asymmetries

+ PDF PM js constructed from the decay rate
formulae and the remaining PDFs were taken from
data.

- Minimize -2InL

24 Apr 2009 Matter/antimatter asymmetry (S.Burdin @ W&C) 32



B o+

)J\K Description of asymmetries

S

Ag, - production forward-backward asymmetry
- Should be 0 at Tevatron

A4+ - detector (material) north-south asymmetry

A., - range-out asymmetry

- change in acceptance and range-out of muon tracks that bend
toward, or away from, the beam line

A, - detector asymmetry between tracks bending north and
tracks bending south

A,, - second-order detector asymmetry
- Non-zero if A,, and physics asymmetries are non-zeros

These asymmetries are fully determined from the data
because the toroid polarity is flipped regularly
- 1% precision for entire DO sample

+ Totally: 5 detector + 1 physics = 6 asymmetries
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)J\& Detector asymmeftries %

Detector asymmetries were taken into account using a technique
developed for the dimuon analysis

> A(1+qvAg (1+vA G, )(1+qPYA, )(1+PY AL, )(1+gPA )

q - muon charge
y - sigh of muon n direction

6 e N E | | | b - toroid polarity
_r_r]_ - ‘i‘l- EGD : '-_-'—_-_-__'.. ““%-"- -"“-“ N -“‘; ---------------------------- ¢
= - : TR |
4.25n L [ P A 8 samples allow
i ! | R | e to determine all
3m_ | E— detector
\ asymmetries

Z (cm)

trigger/veto scintillators
24 Apr 2009 Matter/antimatter asymmetry (S.Burdin @ W&C) 34



s Kaon and muon asymmetries w

op
0005 DORunll,2.8fb" | - Kaon asymmetry was
: _}_ 1 determined in "Study of
£ 001 + + | Direct CP Violation in
E osh + B+—J/yK+(m+) Decays”
= ﬁ' ~ Phys. Rev. Lett. 100, 211802 (2008)
€ -0.02f
$ sk * Important for the
+ wKK* (K1) sample
bt R - K*and K- have different p;
0

> 4 6 8 10 12 14 16 18 20 thresholds
P, [GeV/c]

o P p— +l/-
FIG. 3 (color online). Dependence of the kaon asymmetry, IQ .Hile KT Lp(%K K ) sample
A =[N(K™) = N(KT)]/[N(K™) + N(K*)], on the kaon mo- The kaons are Symme"'r'lc
mentum pyg in eight bins of approximately equal statistics.
Errors are statistical.

Muon reconstruction ID asymme’rrz A(u) originates from the local
fit convergence (needed to reconstruct the muon E‘ar'ame‘rer's)
and was determined from the J/y—>uy sample at +

(-1.90+0.45)-10-3

e level
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° Signal

j DK ; |EF -6l 50, )T

- Combmm‘omal background
- Long-lived background

* Non-sensitive to the tagging

 Sensitive to the tagging
- Non-oscillating
- Oscillating with Am, frequency

— Prompt background
« Width depends on resolution
 Constant width

24 Apr 2009 Matter/antimatter asymmetry (S.Burdin @ W&C)

)J\& Proper Decay Length
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yore Fit

* Free fit parameters

‘ a,;; - B, semileptonic asymmetry ‘

d : .
d. - Bjsemileptonic asymmetry
Do : : i .

Was included into the oscillating long-lived
Term.

+ All detector asymmetries: A¢,, Aget, A

- asymmetry in the combinatorial background.

ros

Albv' Aqb

Matter/antimatter asymmetry (S.Burdin @ W&C)

24 Aor 2009

37



* Results of the asymmeftry fit with statistical
uncertainties

JJ\& Results

poomT pTKOK Combined
| o5, x 10° —7.0+9.9 20.3+24.9 —1.7+9.1 |
af, x 10°  —21.4+36.3 50.1£19.5 40.5£16.5
apg ¥ 107 —2.24+10.6 0.1+13.5 —3.1+8.3
Ag, x 10° —1.8%1.5 —2.0+1.5 —1.9+1.1
Aget x 107 3.2+1.5 3.1£1.5 3.1%1.1
Ao x 107 —36.7£1.5 —30.2+1.5 —33.3£1.1
Ag, x 107 1.1£1.5 0.2+1.5 0.6=1.1
Ag.p % 10° 4.3+1.5 2.0£1.5 3.1+1.1
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)}\\ Systematic uncertainties w

* Negative contributions:
- Mass fitting procedure: -0.0008
- Total branching fraction of Bs—>Dsuv: -0.0001
- Lifetime fit: -0.0001
- Opposite-side tagging: -0.0022

 Positive contributions

- The ad from the fit is 2.50 away from the SM and it
could affect the a3, in the uK*K mode due to the
correlation (no mass separation). Set it to O to estimate
the systematic error. Contribution is +0.0012
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e\ 1-0 contour

F L
T -

<«

. 0.03

0.02

- 1-c contour

0.01

» Unfavoured Arl', - 9, combinations
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L»f‘-‘-.l'\.lI /—\QTEQ

Measurements of as,

“ \..__
—

| LI | L /I [ LI L L | [
Z
CDF pu || | Z o | [l 0.115+0.283 +0.149
(RunT) | Z |
7
C DF LLLL H 0.026 £0.021 +0.017
(1.6 b ) prel. 7
Z
DO !.1[.1 E -0.006 £0.006 +0.008
(1.0 fb 7
DOD leptun % 0.025 £0.019 +0.003
A3m) 4 «—This measurement | —0.0017 + 0.0091(stat) 2% (sys?)
Z
Average 5 0.002 +0.009
| L1 | L1 1| L1 | | L1 1 | Ll 11 | L1 1l | Ll
0.2 01 0 01 02 03 04
Heavy Flavour
Averaging Group ASL (BS)

Estimate from Ar,, AM,and ¢,: as,=-(8.4*32 . ,)-10-3
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" e Conclusion w

F L
T b

The Bs semileptonic asymmetry was measured using 5fb-!

a® =-0.0017 + 0.0091(stat) ' 2%2 (syst)

- Fermilab-Pub-09-140-E
- arXiv: 0904.3907
- Submitted to PRL

Improves (and supersedes) the previous result by more than factor of 2

Agrees and will be combined with the dimuon result
- The precision improves by more than 30%

Complements the Bs>J/y ¢ CP violation results
Improves as, limits on new physics

More statistics is being collected thanks to excellent performance of the
Tevatron and detector.

Stay tuned!
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