B mixing and CP
violation
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Qutline

CPV in the Standard Model
CPV and New Physics
Mixing formalism

Mixing measurements.

CPV in B4 and B, with special focus New Physics in
mixing. With current and future sensitivities.

In terms of CKM/CP-violating angles: I'll mention [, ignore
(the very important) Y, and discuss @s in some details.
Details on B,Y (and &) in Adrian’s talk.
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CPV in the SM and the
CKM matrix

/ Vud Vus Vub \' Amplitudes for d—u o Vud
Vea Ves Ve
\ Via Vis Vi )

® Reverse process = complex-conjugate:

® A(u—d) « Vud*

Need complex ® CP-conjugate = complex conjugate

elements in o A(d—u) o Vud*
CKM matrix

for CPV
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Structure of the CKM matrix

Quarks in SM:
u

CKM matrix order in phases up to
A= 0.22 O(N\3)
Vid Vus Vi 1 A A3 1 1 e ™
Vcd Ves Vcb A 1 >\2 1 i 1
Via Vis Vi A3 A2 1 e 1 1

Unitary matrix with 3 real parameters, one complex phase. This
single complex phase parameterises CP Violation in SM.

Striking hierarchical structure. Not predicted in SM, but allowed.
Leads to Wolfenstein’s idea to expand it in terms of A.

Up to A}, there are two complex elements with phases  and .
Both B and Y are related to the aforementioned single complex
phase and would vanish if it were zero.
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Entry points for New
Physics

2 Roads to New Physics

Direct Observations Indirect effects

Particles with MC? > E|... but they can have an effect as virtual
cannot be produced di- | particles, especially in loops.
rectly...

E= MC2 /
~\

= <

/
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Mixing Formalism

K Anikeev et al: arXiv:hep-ph/0201071v2
Isard Dunietz, Robert Fleischer, Ulrich Nierste: arXiv:hep-ph/0012219v2
Alexander Lenz, Ulrich Nierste: arXiv:hep-ph/0612167v2

e Time evolution |B(t)) = a(t)|B) + b(t)|B)
of B-Bbar
described by d

a (
Schrodinger Eq ' \ p ) T M — §F

M = mass

matrix M = M_:} Mo
My Moo

[ = decay

matrix r_ (1o T
[Ty Lo
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Mixing Formalism

® |n B- Bbar space:
My Mo ) I'1n To >
M — * F — *
( 12 M22 ( 12 I‘22
® Diagonalise (= find mass and width eigenstates):
! lef{ () /! Ij[{ 0
M= ( 0 Mg b= 0 Iy
® FEigenvectors

|Br) = p|B) — q|B) |Br) = p|B) + q|B)
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CPV in mixing

® CPV if CP eigenstates # mass eigenstates

CP|Bur) = (pIB)TqlB))
ezm_p‘B> _ 6—z/€q‘B> | |
a|B) F p|B) = F|Bu,p) if £ =

® K depends on convention. Convention-independent
statement:

No CPV in mixing < ‘g‘ =1 ars =0
p
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Mixing Parameters

o M1 and Ware Parameter SM (ca)
sensitive to loop Amg 2| M| 0'5195_1
contributions and A 2 | M7y i 20ps~
hence new physics Vg = arg | — M12> —0.9

d
P12

[ 12 is dominated Ve = arg | — MlSQ) 0.004

7y
by tree 15y | cos )y 0.003ps 1
contributions and TS, | cos ), 0.1ps~1
therefore unlikely AT ton D _5.10-2

T Am
to be NP AT _5
s tan 2-10
sensitive. Am vs

Circled = New Physics Sensitive
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Bd Mixing in the SM

Mediated by mixing diagrams (here for Bd):
b —%—M Vfd d
B® wi | w

0

*
Vo

both box diagrams oc (V}},Vig)? e
q —i23

So in the SM, in this phase convention, ]—9 x e

This is a CPV phase, and it occurs in B mixing, however, it is
not CP violation in the mixing.
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Mixing Phases

. Z&rds .. .
® There’s Yds as in ar = A ~tanyq4s .This is a convention-

independent variable thatrE%?ameterises CPV in mixing. In
the SM, it is very small in both the By and the B system.

The mixing phase 2 is the phase of the Bd mixing diagram
relative to the tree-level amplitude B4y — J/1/Ks and similar
decays, in the SM. B is large (21°).The equivalent in the Bs
system, —Jsor —X is very small (Gs ~ 1°).

¢d.s is the actual mixing phase, mcludmg possible NP-
induced phases ¢d.s = F20d,s + ¢
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Phases in the Bs system

In the Bs system all of the SM phases mentioned above are
essentially zero.

With the following assumption: NP phases affect M, and
not I'12,and usingMi1> > I'12, we get for the Bs system:

NP
s R Qs = P

Note that these three phases are conceptually still different
and that this does not work for the Bd system. It works
only because the SM phases related to Bs mixing are all ~0.

It is this absence of SM phases in mixing that makes the Bs
system a particularly sensitive probe for NP.
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The basic CPV and
Mixing Measurement

® Want to measu
N(B = f) = N(B = f)
N(B— f)+N(B— f)

Disclaimer: For simplicity, we neglected a few terms that should be taken into account for CPV in Bs.
This also does not take into account detector effects etc.

A(t) =

= Ctcos(Am t) + Sy sin(Am t)

For B-mixing measurements, f is a flavour-specific final state,
which only B can decay to it, but not B-bar (C=1, 5=0)

For f-bar, we’d measure A(t)=1-cos(Amt)

For CPV measurements, f is often (but not necessarily) a CP
eigenstate (no CPV — A(t)=0)

Need to know flavour (B or B-bar) at t=0.

Get decay time from decay distance and momentum.
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Mixing...
everybody does it

March 2007: DO mix, too.

1400
@ 1200

= Data

2

Neutral Kaons (s,d) do it _
g Misrecon. O°
- Cornbinatorial

-—— Mo mixing fit

=
=]
=
=]

e SRR RARE ”'W'”{”W'“P”I”W”W'”P”I“W'

Neutral Bd mesons (B,d) do it

800
600

Neutral Bs mesons (b,s) do it. 400
200

Events/0,2

And since March we know that
neutral DO mesons (c,d) do it,
too.

L
=

o

S

Residuals
=

i
£n
=

' T T T e i rn an rnrnmnnmn

t(ps)
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® B mixing is best observed in decays to flavour eigenstates

® |t is measured in time-dependent decay rate asymmetries.

® Frequency = Am/(2m), much bigger for Bs than for Bd.

. B (S|mula =vents)

Ii I ] |
'Il I il ', " ' M
I : I‘ I
l “.|n

[
02

BdT~ I2 6ps Bs:T << Ips
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Tevatron

..P T —

1_._96 TeV

B_c;:;ster

Tevatron

- . =
Rt e 4
——— - . T

Main Injector
& Recycler

Run II started mid 2001

P—D collisions at

2.5M collisions per sec-
ond. ~ 2,500 bb pairs
per second. X?2.

Make all kinds of B’'s.
Only source of signif-
icant number of Bg
mesons.

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007




Measurement Principle

flavours

at creation fully reconstructed B

b\ opposite—side B hadron
lepton Tag b—> [ B
KaonTag b—=> c=>s—>K

Vertex Charge b—> B~
2.Q(all tracks associated to Vtx)

Same Side Kaon Tag (Bs)
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A Bs— Ds(P(KK)T) 1T event at
CDF

— SSKT Track

—— Tag Muon
—— Other Track

- Candidate Track
) BeamLine

. Primary Vertex
@ B Vertex

. D Vertex

xleml -~ Path

CDF Tracker Inside the beampipe

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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Result

CDF Run Il Preliminary L=1.0fb"

o Am{“PF) = 17.77ps~?
+0.10ps ™ (stat) & 0.07ps ™~ *(sys]

—h
T TT T T T

1
—
T T T T

® Compare to SM prediction
from other measurements - —e—data
(CKM fitter): o[ — cosine with A=1.28

IIII|IIII|IIII|IIII|IIII|IIII| IIIIII
(SM) _ +4.1 J—1 0 0.05 0.1 0.15 0.2 0.25 0.3 035
Am>>" = 23.47, 5 ps

Decay Time Modulo 2n/Am, [psS]
period T ~ 0.35ps
(compare Bd: T ~13ps)

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007

o
1e.
)
=
a
€0
<
S
D
=
T




CPV in the interference between
mixing and decay

® The basic principle of all CPV
measurements is the same: Two or
more decay paths to the same final
state interfere.

® The measurable CPV quantity is the

mixing phase phase difference between those paths.
_26

B
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CPViolation in the interference

B DEtWEEN mixing and decay
I K.

o Iy tree diagram: all CKM Both

_ amplitudes
elements real, so phase = 0 . .
S involved in

¢ J/w Penguin diagram more tricky. Can ignore decay have
¢ contribution from lightest quark, u, in loop same phase 0,
(heavy is good in loop). Then CKM

elements involved: Vi, Vi, Ve, V5,
all real, so phase = 0. has phase 0

so their sum

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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sin23

mixingﬁéB \ ¢ The amplitude of the
7 2P CP violating asymmetry

B J/ ’[P K i is the sine of the phase

difference between the

U decay paths.

N(B — J/pK,)(t) — N(B — J/$K,)(t)
N(B — J/YK,)(t) + N(B — J/¢YK)(t)
= sin(20) sin(Amyg t)

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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At the B-factories

Decay of B to flavour
state defines t=0.

Due to quantum
entanglement, the other B
is opposite flavour at t=0.

Flavour- | . Get time difference from
eigenstate B difference in z

defines t=0

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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Latest Result from BaBar and
BELLE (updates from March 07)

A combination of CP-odd J/\pX
modes, J/P Ks being the main
contribution. To plot.

400

Also |/ K-long with opposite
CP - bottom plot

<BaBar, BELLE> 0.678 + 0.025
(Average by HFAG)

SM prediction from other

+0.044
measurements: 0.799" 5094

(CKMFitter)
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® More on sin2B in Adrian’s talk.
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The Bs system and (s

SJ/¢¢ sin (—253 -+ ¢é\7P)
Al \1“ 2| cos (Vs + @3 ") Bs ~ 0.02

aj, A tan (Vs + o2'") s ~ 0.004

® The phases involved in Bs mixing in the SM are essentially

zero. So if we measure something, it’'ll be NP (for now at
least - LHCb should soon be sensitive to 65 )

Measure effectively the same NP phase in many different
ways - CPV in J/P®, angular correlations in |/, Al', CP in
mixinig ( as or A ). Usually its simply called ¢ .

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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CPVin )/ ®

® Same thing works for Bs, just replace d with s quark.

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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CPVin )/ ®

® Same thing works for Bs, just replace d with s quark.

® (there are some additional complications - see later)

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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Al

® Al = width (inverse

lifetime) difference Parameter SM (ca)
between Bh and Bl 5 ‘Mii2 0.5ps |

S —1
No CPV in mixing, so it’s 2| My, | 20ps
also the width difference —0.9 = =5°
between B-even and B-odd. = _ M) 9004 = 090

d =T
Ald is too small to be ’FU‘ COS Pg 0.003ps
1§, | cos s 0.1ps=*

measured in the near ——trra, — 192

future, expect no A _
= AL tanqy, 2-.107°

enhancement from NP am;

(rather the opposite). Let’s

focus on Als.

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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Measuring Al

® Option |:Fit two exponentials to CP-mixed state (flavour
eigenstate). Drawback: Needs huge statistics.

® Option 2: Fit lifetimes using decays to CP eigenstates

® A bit problematic because of CPV - not only CP-even Bs
can decay to CP even final state.

® But because the mixing phase in the Bs system is so tiny,
this effect is small for decays that are not affected by

other CKM phases - e.g. J/P®P.And it can be quantified:
AT™* = ATl cos(¢s)

® This is for Bs — J/1¢ and similar. If additional phases

contribute (like inBs — KK)) they further reduce A

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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measurements, we nee
decays to CP eigenstates.

CP depends on angular
momentum state of VV final
state.

® Angular analyses can
disentangle different angular
momentum/CP states.

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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DO, 1.1 fb' « Data
— Total Fit

DO, 1.1 16’ « Data > s — Prompt Bkg

B — ¢ — Total Fit — non-Prompt Bkg
5.26< M(By) <5.46 GeV Total Signal

ct/o(ct) >5 — Background

® DO recently did
such an analysis to
measure Al and ®s.

/

)

Mass (GeV)

G

The plots on the
right are their fits to ¢
mass (top-right) and
the angular
distributions.

DO, 1.1 fb' . Data
B — JAp ¢ — Total Fit
[ 5.26< M(B,) <5.46 GeV Total Signal
— Background
ct/o(ct) >5

DO, 1.1 b’ * Data
Total Fit
B = Jy ¢
5.26< M(B,) <5.46 GeV
ct/o(ct) > 5

Events per 0.20

Total Signal
— Background

Fit prob 95.9 %

r08060402002040608 08060402002040608I1
Transversity Cos(y)

PRL 98, 121801 (2007)
Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007

_L_IIIIIIIIIIII’['III

< 31 >


http://link.aps.org/abstract/PRL/v98/e121801
http://link.aps.org/abstract/PRL/v98/e121801

Bs—|/W® at DO

DO ,1.1f6' BY—Jhp¢ - Data
Mass 5.26 - 5.46 GeV _ Total Fit

—h
<

® Result of lifetime fit
with s=0:

0.08 —1
AT = 0.127)75 ps

-
o

Candidates per 25.0 u m
%

® Fitting s :
os = —0.8 0.6 T |||||

-01 -0.05 0 005 01 0.15 0.2 025 03
ct (cm)

PRL 98, 121801 (2007)
Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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Bs—|/W® at DO

® D@’s result in p-Al space.
0.5

M
§-0.4
£0.3

<
0.2
0.1
-0
-0.1
-0.2

-0.3 M

0.4 Bl AT = AT, x lcos(¢g)!
-0-5 L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11
% 4 3 2 4 0 1 2 3 4 5
PRL 98, 121801 (2007) s (radians)

DG, 1.1 fb’
m Bl — Jhy ¢

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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CPV in mixing

CLf3:2 1 — E :mtan(w—l—¢NP)

‘The blue lines count.

‘They give the central

value and 10 theor
uncertainty.

Lenz, Nierste arXiv:hep-ph/0612167v2

3
¢NP
S
Measurements (B-factories and D@, some very recent results!)

A = —0.0047 £ 0.0046 A = +0.0003 £ 0.0093

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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What Next!

® Now and very near future:

® B factories keep improving results in Bd sector - but for the
really interesting issues in Bd see Adrian’s talk.

® New results in Bs system (Al, s in Bs—)/ ®) are in the
pipeline at Tevatron. Will have 8% as much data at the end of
Run Il, so ~16% the stats relative to D@ result shown.

® Near future (start next year): LHCb. Huge numbers of Bs (and
Bd), precision measurements of Al', ®s,ass and much more.

® A bit more speculative:

® Medium/long term: Upgraded LHCb:Very precise ®s, a5

® Long term: Super B factory, e.g.foral , phps ag,

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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New Physics Constraints

® Parameterise NP as: M7, = (1 + hge®79) _MféSM

 Thisimplies: ¢ = arg (1 + hee)

1-CL
LI L L L L L L L L L L [rTrrr1q

fitter - . .

FPCP 2007
FPCP 2007 |

C |III III|IIII|II_|_L|I

IIIIIIIIIIIIIII
15 2 25

h

Llr I UL ullly wuwocCTiliicLl o L1Vuoc<,, o L U uLIc
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Impact of Am.

180 —

® Parameterise NP as: 160

140

120 —

M 2 E
Amg = Ams |1+ hge™*7al -

80 —

® Constrains in the h-O
plane before and after

the CDF'’s (first) Bs
mixing measurement.

Ams measurement o
pretty much as expected
by SM, but reduces NP

parameter space

Zoltan Ligeti, Michele Papucci, Gilad Perez

hy
Jonas Rademacker, Heavy Flavour Forum, Cosener’s House,

N
o
o
~
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http://arxiv.org/abs/hep-ph/0604112v3
http://arxiv.org/abs/hep-ph/0604112v3

Impact of LHCb’s ® sensitivity

(for 2/fb = nominal year)

180 —

160 —

® Top plotshows NP -
constraints in 2006 =~

(incl CDF’s Am) e

60 —

Bottom plot for a NE

20

hypothetical LHCb 0
measurement of o
o, = 0.04 £0.03 100 |

(copied, scaled and otherwise
altered and manipulated by JR)

Projected LHCb
sensitivity for 2/fb:

o(¢s) = 0.02

arXiv:hep-ph/0604112v3
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Summary
B ® @J@ ?

Sin(Qﬁ),Amd,AFd,a?S Sin(¢8),Am3,AFS,CL;S

measured precisely and >30 above zero

unknown and highly sensitive to New Physics

Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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Outlook for NP
B ® ? @

Sjn(Qﬁ),AmCl,AFd,CL?S Sin(¢3),Am8,AFS,CL;S

® Because SM phases involved in Bs mixing* are so tiny, it’s esp.
. : s NP
sensitive to NP. sin(¢; ), Al', a%, all depend on same ¢

Expect significant improvements on (Al's, @) from
Tevatron. But non-zero ¢s measurement possible only for very
large NP phase. Would be a welcome surprise!

LHCb (~2009) Precise Al';and especially s down to SM
value with high NP-sensitivity. Expect also NP-sensitivity ina¥,

NP hints in Bq not so likely to come from Al'y, ajﬁs in near
future - but watch out for sin2f in Adrian’s talk.

*Not all SM CPV phases in the Bs sector are small. The CKM phase Y is large in the SM and is an important parameter to be measured in both Bd and Bs decays - see next talk.

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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Backup

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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Status Summary
B ® @J@ ?

Sin(Qﬁ),Amd,AFd,a?S Sin(¢8),Am3,AFS,CL;S

= measured precisely and >30 above zero

unknown and highly sensitive to New Physics

Bd: Amg and especially sin 23 measured precisely at B-
factories. Measurements/limits on Al', a?s exists, none
significantly above zero.

Bs: Am, measured recently. Paramter-space for others
limited, but no precise measurements, yet.

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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Event Sample

5600 full reconstructed hadronic Bs— DsTT decays,
3100 partially reconstructed hadronic Bs decays, and

61500 partially reconstructed semileptonic Bs—Ds | Vv
X decays

Best time resolution from hadronic decays. Need
momentum to reconstruct decay time from decay
distance. Missing momentum in semileptonic decays
deteriorates time resolution.

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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CPV in mixing

sr=a(i[]) - S

® Measure in untagged time-integrated decay rate
asymmetries to flavour-specific decays, usually semileptonic:

s, unt
qul, _'

N(u*D;)—N(u Df) aj,
N(utD:)+ N(u=Df) 2

Get higher stats (but more difficult systematics) w/o

reconstructing Ds, but measuring the di-muon asymmetry:
Nttt - N——
- N+t 4 N——

Current state of affairs (mainly B-factories and Tevatron)

Al = —0.0047 & 0.0046 5. = +0.0003 & 0.0093

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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Likelihood for hadronic/
semileptonic

FU”)’ reconstructed 3DCDF Run Il Preliminary L=1.01f"
hadronic decays < 10% of — combined
data sample. — hadronic

—— semileptonic

But nearly 100% of mixing
measurement.

Reason: No missing
momentum — Better time
resolution.

Crucial detector element:
Hadronic B trigger.

Lo Ll N B R
17 19 2
Am, [ps’]

Jonas Rademacker, Heavy Flavour rorum, Cosener’'s House, Z1 June ZUU/
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D@’s direct Asl

measurement

® D@ measured afs pg =2 (1 _
from 27k B—
(Ds—=®m)Y events. AL =

N(utD;

S

/

01 GeV.

® Systematic error % 7000
from detection 8000¢
asymmetry
controlled by
frequently switching
the magnetic field.

 5000F

#events/0
=S
o
)
<)

PRL 98, 151801 (2007) ' ' ' 21 M(q)gf*.);-: c;ewgz'3

s,unt

o =1.2340.97 (stat) £ 0.17 (syst)] x 107=.

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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Indirect measurements

Di-muon asymmetry (measures a combination of A5, AJ
N+t - N——
A =
NT+ 4+ N——

DO
1 d s f;XS
1 Agp, + A = —0.0023 + 0.0011(stat) + 0.0008(syst)

Lf!sz

CDF
Fixa(X —la/pl3) + fixs(1 = |g/p|2) = +0.006 £ 0.017

Combine this and result for and PDG for other
parameters HFAG get 43, = +0.0003 £ 0.0093

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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BaBar & BELLE

BaBar at the PEPII collider and BELLE at KEKB, two
experiments built to measure CP violation in the B system.

They collide e+ e- at an energy just high enough to

produce an Y (4S) (at rest in the e+ e- cm frame), a bound
b-bbar state just heavy enough to decay to ;@3 BY or BT B~
pair. (It is not heavy enough to decay to BY BO or any other
species of B hadron.)

To summarise: €+€_ — T(4S) — B g

Both started data taking in 1999

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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Asymmetric B factories

® Need to measure decay times much better than mixing period
(T~13ps for Bd) and preferably better than B lifetime (~1.5ps).

Don’t actually measure times, but decay distances. However, in
the ete- c.m. frame, the two B-mesons are essentially at rest.

No decay distance — no time measurement.

Trick: Collide e+ and e- with different energies to boost c.m.
frame. B factories get By~0.5.So in 1.5ps in the B frame, the
particle moves in the lab frame:

g 1

cfyt = 300—— - 0.5 - 1.5ps ~ —mm

pSs 4
That can be done. Resolution at BaBar: 0.07mm for fully
reconstructed B, 0.16mm for partially reconstructed B

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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The PEP-Il LINAC+Ring

PEP Il
Low Ener

s

N-;vrth Cramping

[1. 1% eV ) i .
Paositran Refurn Line Pasitron Sourne
|

&-0un
e

200 MaV/ FEF Il High Energy Bypass (HEEB)
injector
Sectar-10 PEFP I PEP " »

PEP I LE- il"li_EEt':" : "Rong (M.

Sactor-4 PEP Il [9 GeV]

et injeclor

3 km -

here is an animated version of this
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Asl in Bd system

Al = —0.0047 -

® B factories:

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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CPVinBs =)/ ®
vs Bd —J/PKs
Bd »)/ K Bs—|/Q P

® Large CPV phase Tiny CPV phase - SM
2B=42°. prediction 2x=2°

Good for seeing Good for seeing new phases
CPV in the SM. due to New Physics with little
SM “background”. If you see

Precisely measured CPV it’s New Physics (and it’s
at B factories. not MFV).

No precise measurement, yet.

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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Al from Bs—=|/ QP

DO, 1.1 fb' + Data

0. — Total Fit
DO, 1.1 16’ « Data Bs =y o — Prompt Bkg

BS — Jhy ¢ — Total Fit ' — non-Prompt Bkg
5.26< M(By) <5.46 GeV Total Signal
ct/o(ct) > 5 — Background

Y
£y
o

|

Events per 0.35

¥

51 52 53 54 55 56 57 58
Mass (GeV)

]
W

Dg y 1.1 fb-1 ¢ Data
B — JAp ¢ — Total Fit
[ 5.26< M(B,) <5.46 GeV Total Signall
— Background
ct/o(ct) >5

DG, 1.1 f6' * Daa

— Total Fit
B = Jy ¢

5.26< M(B;) <5.46 GeV

Total Si |
cto(ct) > 5 otal Signa

— Background

Events per 0.20

IIII:I_III

TT T[T T T T[T T T 7T

Flt prob 95 9 %

PN EETENE BETET L
-03 -06 -04 -02 -o 02 04 06 08 -0.8 -0.6 -0.4 -02 -0 02 04 06 08 1
Transversity Cos(y)

PRL 98, 121801 (2007)
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DO ,1.1f6' BY—Jhp¢ - Data
Mass 5.26 - 5.46 GeV __ Total Fit

—h
<

® Result of lifetime fit
with s=0:

0.08 —1
AT = 0.127)75 ps

-
o

Candidates per 25.0 u m
%

® Fitting s :
os = —0.8 0.6 10" L Ao

-01 -0.05 0 005 01 0.15 0.2 025 03
ct (cm)

PRL 98, 121801 (2007)
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DO result on Asl

% Constrained

DO, 1.1 fb'
mB;— Jy¢

® The plot on the . comp il
shows how the : semileptonic

charge

constraint from ' asymmetry
DO’s As|
measurements
shrinks the

error elipse in
the ®-Al plane. B AT = ATSV x Icos(¢)!

B -2 -1 0

2 3
d¢ (radians)

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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DO result on Asl

Flavour DO, 1.1 '
Specific WA

0
Lifetime BB, —~Jy¢

® The plot on the
shows how the
constraint from
Asl shrinks the
error elipse in
the lifetime-Al
plane.

% Constrained

SM

1.3 1.35 14 1.45 1.5 1.55 1.6 B 1.65
Ts (PS)

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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Note: To measure a mixing-induced CP asymmetry (S; term) in a b — sqq
decay of a B; meson one needs a neutral Kaon in the final state, so that the

b(d) — qgqs(d)  and b(d) — qqs(d)

decays of B, and B, can interfere.

(=) :
In a B, decay, however, one has a flavourless final state:

b(3) — qqs(3), b(s) — qq5(s)

and the needed interference occurs in any final state.

= B, physics is the El Dorado of b — sqq penguin physics!

Ulrich Nierste at Beauty 2006

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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CDF Run Il Preliminary

—~ datat1c 4 95%CLlimit  17.2ps”
1.645¢c O sensitivity 1.3 ps’

data+ 1.645¢6
data + 1.645 o (stat. only)

aN

—

@
o
=
a

£
<

O
(&) Y
r'-'.||||||h

o
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—— data
expected no signal

expected signal

o

5 10 15 20 25 30 35
Am, [ps’]

Jonas Rademacker, Heavy Flavour Forum, Cosener'’s House, 21 June 2007
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Trracking Run 63581 Evt 366774 300CT94 15:57:12 09-Mjr- beam plpe
(vacuum)

t=L/(By) veres

primary
vertex

Lifetime Measurements
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CDF Run Il Preliminary L=1.01b"

Neural Network Cut Based
Bs—[

MeV/c?

® 5600 full reconstructed
hadronic Bs—Dsm
decays, 3100 partially
reconstructed hadronic
Bs decays, and 61500
partially reconstructed
semileptonic Bs—Ds |
Vv X decays

r2
pere
o O
o O
o O

1000
500

MeV/cZcandidates pe

Neural Network, but Cut Based, but
not Cut Based - not Neural Network

r2
pere
o O
o O
o O

—
o
o
o o

[
o
o

Co b by v by by v Ty Lol by v b v b v ey by
48 5 52 54 56 58 6 48 5 52 54 56 58 6

candidate mass [GeV/cz] candidate mass [GeV/cZ]
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LHCb LHCD status Aspen'07  Tomasz Skwarnicki

B | LI © ittt
LHCDb Sensitivities with 2 fb -1

Subset of studied modes

Channel Yield Precision
Bs — Dy K™ 5.4k : o(y) ~ 14°
By—a'n 36k
Bs — K"K~ 36k

g 0 3.4k,
By = D7 (KmKK) K 0.5k, 0.6 k

B~ — D°(Kn" K n) K- 28k, 0.5k
B~ — DY (K'K ') K- 4.3 k
B™— D% (Ksn'n) K~ 1.5 - 5k . o(y) ~ 8° - 16°
By — ntnn® 14k : o(a) ~ 10°
B —p* 0’0" p,p%° ok, 2k, 1k
By — Jip(un)Ks 216k . o(sin2p) ~ 0.022
Bs — D¢ mt* 80k . o(Ams) ~ 0.01 ps™
Bs — JAp(uw)d 131k : o(¢s) ~ 1.3°

Bs —u'u 17
By — K*uu” 7.7k . o(CMCe*™M ~0.13
By — K*'y 35k . o(Acp) ~0.01
Bs — Y 9.3 k
D** — D°(Kx")x* 100 M

o(y) ~ 5° - 15°




|

Results: sensitivity to ¢d

Channels (sensitivity for ¢, with 2 fb1) oty Hrad|

B, » D,(K*K 7)D,(K*K 7*)
B, — J"l//(ﬂ+ﬂ_)77(ﬂ'+ﬂ'_ﬂ! (7}/))
By — J"w (11 )n(y)

B, > n.thh'h h" $H#K K™ $

0.133
0.142
0.109
0.108

2.6
2.8
3.9
3.9

Combined sensitivity for pure CP eigenstates 0.059

13.2

B, = J"yHu 1w WHK K™ $

0.023

86.8

Combined sensitivity for all CP eigenstates 0.021

100.0

Combined sensitivity with 10 fo™* at LHCb: o#p, $==!"1 ( rad (statistical)

Parameter

Sensitivity with 2 fb!

Channels

AT T,

0.0092

B—J/yo

0.00040

B—J/yo

0.007 ps™'

B,—D.r*

0.0036

B,—D,r*

 Results for Amg and w,,
are from B.—»Dr*

U Very precise value of Am,:
~ 0.04 % uncertainty

Lake Louise, Canada, 23.02.2007

Peter Vankov, NIKHEF
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Time Evolution of B
system

B (t)) = e"Mute—2lnt| By
B (1)) = e"iMrte3let gy )

1

5 (6_(iMLt+%FL)t|BL> 4+ 6_(iMHt+%FH)t’BH>)
p

1
= 2
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CPViolation in the interference

B DEtWEEN mixing and decay
I K.

Both

tree diagram: all CKM

amplitudes
elements real, so phase = 0 P

involved in

Penguin diagram more tricky. Can ignore decay have
contribution from lightest quark, u, in loop same phase 0,
(heavy is good in loop). Then CKM so their sum

elements involved: V¢, V},, Ve, V7,
all real, so phase = 0. has phase 0

e d both box diagrams X (Vfbvtd ),2
rt B° Vibreal but Vi ox e 'Y so
d »— - _

v.) v phase = -2f3

Jonas Rademacker, Heavy FlavBur Forum, Cosener'’s House, 21 June 2007
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