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e Introduction to CP violation in BY decays

Flavour tagging

e Search for CP-violation in B — D u"vX decays

o Evidence for BY — D{'D{") decay and measurement of AIEP /T
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Why measuring BY decay properties?

e B mesons live for a relatively long time (c7g ~ 0.5 mm)

o &ls ~ 1~ 10%
FBS

e Measuring CP asymmetries in B® decays
will shed further light on | V4], |Vis|

e Complementary to B factories (sensitive to Ago)

» SM predicts relatively small CPV effects

» Measurement of large CPV contributions in BY decays can provide
indirect evidence for physics beyond the SM 1
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B meson mixing

Unitarity triangle in Bg system
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Area o< level of CP violation

» SM CP violation phase 33" is predicted to be small®:

63" = —263" = —2arg(— 2y ) = 0.04 £ 001 rad

M5 =T g7
it _ _Bdwm)—f  Bs()—f AT
> Flavour-specific asymmetry ag, = — > Sls

= tan
BI(t)—f + ng(f)—>7 i ¢s ‘

L A. Lenz and U. Nierste, JHEP 0706, 072 (2007), arXiv:hep-ph/0612167
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CP violation in BY — BY mixing

|BY > M-t My — it |BY >

. . . d s 2 2 s

Schrédinger equation: i% | 20 = s o
B> Miy — it M — il |Bs >

2
In SM: 'y from long distance contributions; Mi> dominated by top quark box diagram

Matter <—— Antimatter

— w _ Mass eigenstates:
b S |BL >= p|B%> +q|B%> =~ CP even
B O luct uctl | B 0O |By>=p|BY> —q|B?> =~ CP odd
S . . 5 CPV: |p/q| # 1, or interference
between direct/mixed decays
S w
Charge asymmetry (B — pu+X): Interference: 0
ge asy y ( L ) e B -~
N-——N+t+ 1_‘5‘ ~ sin 20 :[ decay D5+X
A= N—+NT+ o7 -
s

Lars Sonnenschein, RWTH Aachen, IlIA CP properties in semileptonic Bs decays with D@



B meson flavour tagging

Opposite side (OS) Reconstructed Side (Same side = SS)
X

+

B 0
__]_3__, - /
D
U LT \“ B:_-..
v

» Reconstruct Bs decay on one side, flavour at decay time is given by
charges of decay products, measure momentum and (transverse) decay
length L1 (to determine proper lifetime)

» Tag flavour at production using either opposite side b-hadron (most b's

are pair-produced), b 5
o —_— * _——
or same side hadron dsee 10

from fragmentation o \\‘s—} K" u \vs:} Kt

» D@ combined tagging power (SS 4+ 0S): P = ¢D? = 4.7%
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D® B? decay analyses w

e Search for CP-violation in B — D v X decays

o Evidence for BY — DD decay and measurement of AP /T,
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Search for CP-violation in B; — D u"vX decays w

D@ Collab., Submitted PRL, Fermilab-Pub-09-140-E L =50f1

e CP violation phase ¢s has been measured by D@ and CDF

with some deviation from SM
M N
5 o s _ BY)—f Bs()—Ff _ Al
o Flavour-specific asymmetry az = —rﬁ(t)ﬂf oo Am tan ¢s
. S
is complementary
e Former D@ dimuon a, analysis depends heavily on B

asymmetry results from B factories.
e In contrast to BY — J/1)¢ CPV measurements no angular analysis

> No explicit trigger requirement (most events single muon triggered)

» Two reconstructed B — y+D; X final states:
a): Dy — ¢n~ (with ¢ — KTK™) and
b): Dy — K™K~ (with K% — K*7)

H‘ \I I ] ""EW
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Search for CP-violation in B, — Dsuv X decays

» Reconstructing inv. masses: m(K+tK~), m(K*7~)
» Initial state flavour from OST
» Final state flavour from B — X muon charge

> likelihood ratio method (uDs isolation, vertex x2, track transverse momenta)

K+t K~7~ invariant mass distributions

o< F <~ 25000
S L L C -1
% 20000[~ DO, 5fb™ —+ Data > r DO, 51 ~+ Data
. :
S [ nomsample — Fit © 20000~ H K* K sample
=) [ g a
£ 15000~ =3 B
£ [ £ 15000~
g L g r
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oo } 5000/~
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Search for CP-violation in B, — Dsuv X decays

e Asymmetry a3 contributes to mixed BY decays:
Nf|/z\,—f|2(1—a?s)e_(r5t) . cosh(Arst/2%7cos(Amst)

rBOS(t)H? =
s 0 i g d bkg. .

e a7 as well as By semileptonic asymmetry a% (and a determined

fs d p Y] Y s fs

from unbinned likelihood fit to
L= LY, (- YL ppres Py PMUCT) )i (5, 0,k

e PDF's P; take into account detector asymmetries:
Ap = (14 qAg)(1 + YAdet) (1 + aB7AG) (1 + qvARB) (1 + BvAsy ) (1 + gBAGp)
with muon charge g = +1, pseudorapidity of Dsu system 1 = 0 (v = +1)
and toroid polarity § = +1

> A, = muon reconstruction asymmetry > Ag, = forward backward asymmetry (more
measured using J/v — utu~ muons go into proton direction)

» Aget = North south asymmetry of > Ag, = After magnet polarity flip remaining
detector detector forward backward asymmetry

» A, = Range out asymmetry (charged > Agp = Detector asymmetry between north
track magnet polarity acceptance) and south bending tracks
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Search for CP-violation in B, — Dsuv X decays w

Asymmetries with statistical uncertainties

e Separate fit for uT¢m™ utor ut KK Combined
and uT K%K~ samples as x 105 —7.0+9.9 203+249 —-1.74+09.1
ad x10% -214+363 50.1+£195 405+165
o B oscillation frequency b8 % 103 224106 —01+135 —3.1+83

fixed at Amg =17.77 ps™*  Ag x 100 —184+15  —20+15 —19+1.1
Ager % 103 32415 31+15 31+1.1

o B? decay width difference A, x 103 -36.74+15 —302+£15 333411
fixed at Al's = 0.10 ps Ay x 103 11+15 02+15 06+1.1
Aqp x 103 43+15 20+15 3.1+11

v

Asymmetry in semileptonic B? decays: |af = <71.7 =E 9.1(stat)f;:§(syst)) x 1073

Factor 2 improvement over previous direct measurement (D@ PRL 98, 151801 (2007))
Consistent with a3, from di-muon analysis and more precise (D@ PRD 76 057101 (2007))
Consistent with world average values of Al', Amg and ¢s

Expected to be combined with di-muon result (D@ PRD 74, 092001 (2006))

vV V.V Y
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B, — p&) pt) decay and ATSP /T,
D@ Collab., Phys. Rev. Lett. 102, 091801 (2009) £ — 2.8 fb-1

» 1 of semileptonic Ds decay has to satisfy inclusive single muon triggers

» Consider BY — D& p) decays:
7's and 70's from D} decays are not identified

DORun Il (2.8fb™)

. 100001

> one Ds — ¢m (with ¢ — KTK™) and 3 i

other Dy — ¢uv (¢ — KTK™) O 8000

. . . o N

» Branching fraction extracted by normalising S 6000~

BY — DD to BY — DI decay. S

B s — 1224 y. ,(8% 4000

> Alo=T, — Ty S 2000~
> ArCP reven o rodd § L ‘ ‘ ‘

: 9718 19 20 2.2

> Possible new physics: AT = AFSP cos ¢ ' ' ' m((prD (GeV/cz)

» BY — £ DME contribute largest to Al

» Shifman-Voloshin limit (mp—2m.—0, N.—o0): ATFSP saturated by [(BS — D_S*)Dﬁ*))

+cosds  j—5——Cos bs
» 2B(Bs— DsDs) ~ AI'SCP< = ZszrLcos + 1*2><5r:°s ) with fraction xf of CP-odd component

rodd /reven — v /(1 — x¢) = ATSP can be measured without lifetime fit
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B, — D)D) decay and ATCP/T,

» Fit to 2-dim. distribution m(é7) of hadr. Ds cand. vs. m(KK) of semileptonic Ds cand.

» 4 components: e Correlated DsDs signal,
o (2x) uncorrelated Ds signal with Ds background,
e correlated DsDs background (pp — c, Bg — DS(*)qb,uu, Bg — DS(*) DS(*)KX)
(*)

» Signal template extracted from B? — Ds™ v sample

» Projections of 2-dim ML fit {m(¢7) vs. m(KK)}
> 26.6 & 8.4 signal events (3.20 significance above background)
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B, — DD decay and ATEP /T,

> Measured | B(B? — DI D{M) = 0.035 + 0.010(stat) = 0.008(exp syst) 4 0.007(ext)

» Consider heavy quark hypothesis (PLB 316, 567(1993)) along with SV limit
= No CP-odd component in decay, i.e. xf = 0 with theo. uncertainty ~ 5%

» Within SM mass eigenstates coincide with CP eigenstates

arsP  28(B9-p{ply
e o) = 0.072 + 0.021(stat) + 0.022(syst)

-1
04 DORun Il (2.8fb™)

”'78\_ — B9 pp® » Result consistent with SM prediction
= e — s = Ys UUs
03 o B g and current world average value
< -~ SM » Need to
02 s b dashed: 68% C.L. e disentangle CP structure of final state

dotted : 90% C.L. e control theoretical errors
= Powerful constraint on BY mixing
and CP violation
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Tevatron and D@ are performing well (CDF too)

e Search for CP-violation in B — D_ utvX decays performed:

Measured | a3, = (—1.7 == 9.1(stat)3:§(syst)) x 1073

e Evidence for BY — D)D) decay (3.20):

B(B® — D' D) = 0.035 4 0.010(stat) & 0.008(exp. syst) & 0.007(ext)

AreP  2B(B?—DD{Y)
= |77 T BE— Do) 0.072 £ 0.021(stat) = 0.022(syst)
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