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Introduction )k\

CP violation in mixing of neutral B mesonsis avery active
research direction

Several new results are published recently
Even more are expected

SM predicts a very small value of CP violation compared
to the current experimental sensitivity

Uncertainties of the SM prediction are even less

This opens an excellent possibility of searching for the
new physics contribution by detecting a significant
deviation of CP violation from zero

— one of the "null tests' of the SM
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— Can occur in any flavour-specific decay of neutral B mesons
— Semileptonic decays provide the ssmplest way to measure it

o Experimental observable of CP violation in mixing -
semileptonic charge asymmetry of B, and B, mesons, or the
asymmetry of the "wrong-charge" decay of B mesons:

G(B, ® m X)- G(B?® m X)
aq 0 _q q .
* G(BY® mMX)+G(BY® m X)’

g=d,s
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Mass mixing matrix £

* Semileptonic charge asymmetry is o gt !_.i
related to the parameters of mass g
matrix (M-il"/2) describing the %

propagation of (B°,B°) system:

i

uct b

.

DG

q — q 12
ag = tanf

qu

+ Am,and AT, arethe massand width  |PMa = Mg = My > 2my;
difference of two physical states B/ DG, =G,, - G, » Z‘quz‘ cosf 2
(heavy) and BS- (light) | |

12 )
« my*2and T ,'? are non-diagonal f2 = gae_ m(12 g
elements of the (M -1I"/2) matrix G, 5
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CP violation In mixing
In the standar d modé€

e SM prediction of CP violation in mixing:

3,

3

=(-4.1+0.6) 10°*
= (+1.9+0.3)" 10°°

— using prediction of ady and a%; from

A. Lenz, U. Nierste, hep-ph/1102.4274
— Very small values and even smaller uncertainties
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Veasurement of afy (0@) %)

charge asymmetry of reconstructed
semileptonic BY decays:.
— B> p*D*v: ~545K events
— B> pu*D v : ~740K events
— Noinitia flavour tagging: measure
Integrated asymmetry

e N(B°,B°® m'D”)- N(B°,B°® m D)

" N(B°,B°® m'DY )+ N(B°,B°® m D)

and trandate it into ad
* resulting ady is reduced by factor x,~0.186

— Reversal of magnet polarities significantly
reduces systematics

Result:
ay = (+0.68+ 0.45+ 0.14)% (DO)
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Measurement of a?y (BaBar) Jk

Origina method to measure ady o /

Semi-inclusive selection of o B

semileptonic B° - [*D*~v decays ~~_

Tag initia state of B® by the charge \:

of additional kaon from the second - F.Simonetto, EPS-2013

B meson; BADBAR F’re]imfnar(j
CN(TKY)- N(I'KY) M= (2252

A SIS o S

CP-eigenstates
- #® other Peaking
| Bl p*=*

~5.4 M partially reconstructed decays

BO — I+ D* _V %I eCted m—- :ﬁﬂ:j::izatﬂriﬂl
The most precise value of a% ~t e
obtai ned:

Jad =(+0.06£0.16°0%)% (BaBar)lys, ;- == !




M easur ements of ad |

e Combination of all avallable results

aj = (- 0.05+0.56)% (BaBar,Belle)
ay = (+0.68+0.45+0.14)% (DO)
aj = (+0.06+0.16'02)% (BaBar new)

« Mean value of these measurements (my average):

a§ = (+0.23+0.26)%

« Consistent with the SM prediction
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M easurement of a°; (DQ)

2

w
o
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Charge asymmetry of
reconstructed
semileptonic BY, decays:
— B% - p*DM)-yv : ~204K events Z
— D,— om decay used
— Noinitia flavour tagging: measure
Integrated asymmetry

wD?)/6 MeV/c

N
o

LANCASTE ’Jk\

x10°

B? (BY) — u* D v (weighted)

DO Run I, 10.4 fb™
N(D) = 203513 + 1337

N(D") = 47965 + 1173
—— Signal Fit

Background Fit

-
e
"u
-
N,
.
LTS
L
"
-
-------
e
-----
M

|
2.2

st Ps DS)-)- N(Bg’ s

B2® m DY)

M (orF) [GeV/c?]

N(B?,B?® m'
A= 0 po
N(B?,B

s S S S

® mD{)+N(B?,B2® m D)

and tranglate it into a°y
 Reduction factor isx,= 0.5

— Reversal of magnet polarities significantly reduces systematics

Result:

aS = (- 1.12+ 0.74+ 0.17)% (DO)
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M easur ement of as; (LHCb) JQ

» Charge asymmetry of reconstructed
semileptonic B, decays:
— BO% - pu*D)~wv 1 ~185K events 10
— Clean signal selection with low
background
— Noinitial flavour tagging
 Reduction factor isx,= 0.5

— Production asymmetry is suppressed
due to high oscillation frequency of By

— Reversal of magnet polarities
significantly reduces systematics

e Result: A,
aS = (- 0.06+0.50+ 0.36)% (LHCD) 10°

-
.......

1800 1850 1900 1950 2000

Candidates / ( 3 MeV )

A E LHCh Magnet down
10)

_ arXiv: 1308.1048 [hep-exp] 1800 1850 1900 1950 2000
m(K'K'x™) [MeV]
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M easur ements of as, |

e Combination of all avallable results

aS = (- 1.12+0.74+ 0.17)% (DO)
a5 = (- 0.06+ 0.50+ 0.36)% (LHCh)

« Mean value of these measurements (my average):

as = (- 0.48+ 0.48)%

« Consistent with the SM prediction
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Dimuon charge asymmetry (DQ) = Jk\

N++_ N--
N+ N

AO

— N**, N= — number of events with two muons of the same charge
— Measured in pp collisions so far

o After subtracting all possible background sources (not
related to CP violation) the residual asymmetry reflects the
contribution of CP-violating processes:

ACP = A- Abkg

e ~3.90 deviation from the SM expectation
(PRD, 84, 052007, 2011)
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Contributionsto dimuon )&
charge asymmetry

« Mixing of B mesons is a natura source of dimuon pairs at
pp collider — CP violation in mixing contributes to the like-sign
dimuon charge asymmetry

X _
Ve B *BO ﬂ

....
....
4

e Considered so far as the only contribution to the like-sign dimuon
charge asymmetry:

A = AL
AT = K,a + K 8]
— Linear contribution from both ad, and a3

- K, and K, — determined by the production and decay properties of B, and B,
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Comparison with LANCASTE )k\

dimuon asymmetry rmor ran
e Combination
e Using only direct measurements < :
of ad, and a3; we get: y E—
Ace =(-0.024£0.094)% (fromag,ag) il
| DO

— to be compared with the dimuon result: _
_0.024 dimuons

A = (- 0.272+0.092)% (from mim’)

N HFAG
: . -0.03
» Thereis some tension between 0z 001 0 0oL,
these results, at about 20 Ag (B)

This comparison is obsol ete because a new source of the
like-sign dimuon asymmetry is identified recently
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Contributionsto dimuon J&
charge asymmetry

* Recently one more contribution to the like-sign dimuon
charge asymmetry is identified
— G. Borissov, B. Hoeneisen, PRD 87, 074020(2013)

e It comes from CP violation in interference of decays with
and without mixing

A = AT+ AL
A(rtnFI’X = Kdag + Ksa;
(A8 =kegr D

\QM

— This contribution is proportional to Al /T
— Ky — determined by the production and decay properties of B,

— It ismuch larger in magnitude than the contribution from CP
violation in mixing considered so far 15



CPviolation in interference ! JK\

e CP violation in the interference of B° decay with and
without mixing to the same CP-eigenstate fina state f-p
which decays to muon

G(B°® f..)! G(B°® f_,)

e This type of CP violation also contributes to the dimuon

vl




Example: B9 D*D- )k\

e Consider the process producing the positive like-sign dimuon
pair:

PP® bB°X
b® m'X
B°® D'D: D*® m'X

— Thestate D*D~ is CP-even and is accessible from both B® and B°
— Both D* and D~ can decay to muon, but only D* — u* X contributes to
the like-sign dimuon pair sample
* Numerically, the asymmetry is huge in magnitude
and negative in sign:

— = 0 + -
G(§O® D+D_) G(Bo® D+D_) =-sin(2b) % >»-0.328| [Xy4 =
G(B"® D'D')+G(B"® D'D") i >




B, meson contribution =N

e Contribution to the dimuon charge asymmetry:

Xy DG, . « = Dm,
’ d —
+x5 G, Gy

A (B - e

« Corresponding contribution from B, meson is strongly
suppressed.

AICnFE(Bs) M- Sln(st) 1 %s

DG, . Dm
X G

— sin(23y) = 0.036
~ AFJr.=0.15%0.02
— XJ/(1+x2) = 0.037
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Numerical values s

e SM contribution to the like-sign dimuon asymmetry due to
CP violation in interference of B° decay with and without
mixing is

AR (SM) = (- 0.035+ 0.008)%

e To be compared with the SM contribution due to CP
violation in mixing, considered so far:

AZX(SM) = (- 0.008+ 0.001)%

e and with the experimental value of the like-sign dimuon
asymmetry:

A =(-0.272+0.092)% (experiment DO)
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Width difference of B° Jk\

Contribution A", is proportional to Al
Prediction of the width difference of BY in the SM:

DG,

d

(SM) = 0.0042+ 0.0008

— seeA. Lenz, U. Niegrste, arXiv: 1102.4274 [hep-ph]
Experimental value is less precise:

DG,

d

(SM) = 0.015+ 0.018

Need a better experimental measurement of Al
— "Forgotten null test"
— SeeT. Gershon, arXiv:1007.5135 [hep-ph]
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Comparison of all measurements Jk\

Dimuon charge asymmetry:

A, =(-0.272+0.092)% (DO)

Using independent measurements. [A. = K a§ + K.a5 + Kg D(Sd
- ad, =(0.23+0.26)% (my average) -
— a°% = (-0.48 + 0.48)% (my average)

- AT,/ T,= (1.5 1.8)% (World average, PDG-2013)

A =(-0.147+£0.175)% (Independent measur ements)

— Results are consistent within 1o
— Precision is determined by the width difference of A",/ T
— Need to improve the precision of Al,/ T
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Final result on dimuon J&

asymmetry (DQD)

DO collaboration prepares the final result on the dimuon

asymmetry

Full statistics

Complete analysis of the dependence of asymmetry on muon
Impact parameter

M odel-independent result on A
Provides an independent measurement of ay , ady , A,/ 'y
Will be available soon (hopefully)
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Conclusions SN

Study of CP violation in mixing — avery active research area

Severad new results (DO, LHCb, BaBar) became avallable
recently

~3.80 deviation from the SM expectation in the dimuon charge
asymmetry

|ndependent measurements of ady , a%y , A,/ 'y are consistent
with the dimuon asymmetry within 1o

This comparison depends on the value of Al'y/ 'y which is
Known with poor precision

New measurements of this "forgotten" parameter are required
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