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Particle Decays

Corollary

CKM matrix describes quark-flavour changing
Example

decays described by quark-flavour transformations
3 up-type quarks, 3 down-type quarks

Unitarity requirement imposes constraints on elements
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Particle Decays

Corollary
CKM matrix describes quark-flavour changing

Example

# decays described by quark-flavour transformations
# 3 up-type quarks, 3 down-type quarks
€ Unitarity requirement imposes constraints on elements

Vud Vus Vub
VCKM = Vcd Vcs Vcb

Vu Vs Vi
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Particle Decays

Corollary
CKM matrix describes quark-flavour changing

Example
# decays described by quark-flavour transformations
# 3 up-type quarks, 3 down-type quarks
€ Unitarity requirement imposes constraints on elements

Vud Vus Vub
Verm = | Vea Vs Vo
Ve Vs Vo

Unitarity erIdS (VCKM . VSKM = 1].)
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Unitarity of the CKM matrix

Conclusion
The CKM Triangle:

ViV + Vea Vi + ViV =0

B,— DK™

. VeV
B — DK cd Vcb Bo— JIWKS
B,— D", 3%

[
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Introduction

Unitarity of the CKM matrix

Conclusion
The CKM Triangle:

Via Vip + Vea Ve + Via Vi = 0

7 7¥
Vud Yub

B,— DK™

BS— DK B, JIWK®
B,— D", 3%

More triangle exist, e.g. for B; physics:

Via Vil + Vig Vi + VgViE = 0

8 =
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Angles of the Triangle(s)

The 3 Angles
f a=Arg {— &j‘é‘%}
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The 3 Angles
0 o=ae|-0Y
Vea Vi
@ 0= A |-
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Angles of the Triangle(s)

The 3 Angles

O a=are |-yt
A%

© 5= |-yt

© 5= s~

More Angles
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Angles of the Triangle(s)

The 3 Angles

e 5= Arg[ “‘lv"]
More Angles

Vis Vi

0 fs = Arg |-k
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Direct Measurement of ~

Bljf — 7T:|:(71':t +7T)

Small branching fraction

Measure ~ through mixing
of resonances w/o CP
phase

Direct CP-violating
asymmetries

J. Blouw

B=(16.2+1.2+0.9) 10
(7T + 7 )— resonance:

PO- fo, Xco -
access to cp-violation in
interference
e
o = = E E A

Measuring the CKM angle ~



Introduction

Direct Measurement of ~

Bf,: — 7T:|:(7T:t +7T)

® Small branching fraction

Measure ~ through mixing
of resonances w/o CP
phase

Direct CP-violating
asymmetries

J. Blouw

e 3=(162+12+09)-10°6
(7t + 7~ )— resonance:
/)O- fo, Xco - - -
access to cp-violation in
interference
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Direct Measurement of ~

B — nt(at +77F)

® Small branching fraction ® B=(162+124+09)-10°°
& Measure + through mixing e (7" 4+ 7~ )— resonance:

of resonances w/o CP %, o, Xco - - -

phase
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Direct Measurement of ~

B — nt(at +77F)

® Small branching fraction ® B=(162+124+09)-10°°
# Measure + through mixing e (nt + 7~ )— resonance:

of resonances w/o CP %, o, Xco - - -

phase ® access to cp-violation in
© Direct CP-violating interference

asymmetries
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Direct Measurement of ~

B — nf(xE +77)

# Small branching fraction ® B=(1624+1.2+0.9)-10°°
& Measure + through mixing e (7t + 7~ )— resonance:

of resonances w/o CP 0%, f, Xco - - -

phase ® access to cp-violation in
© Direct CP-violating interference

asymmetries
— interference between (p°, fy) and (xco) : sensitivity to CP.
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Feynmann Diagram

® M(xc0) =3414.76 + 0.35 GeV
® Yo iS a cc-state
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A Little Complication

® Apply common known Dalitz-plot analysis technique.
need fit function for each type of resonance:

a;: unkown (!!) parameter, amplitude fraction
0;: unkown parameter, phase(. . .)
F;: amplitudes from resonances included in fit

BT yields 0; = §; + ¢;
B~ yields 6; = 6; — ¢;

(=] =)
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# need fit function for each type of resonance:
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® a;: unkown (!!) parameter, amplitude fraction

@ 0;: unkown parameter, phase(...)

© F;: amplitudes from resonances included in fit
Split phase in cp-conserving & cp-violating part:

0i = di + ¢i

— need another decay to disentangle sum of phases
© BT yields 0; = 6; + ¢;
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Introduction

bb production at BaBar

PEP-1l at SLAC in Kalifornia

Electron-Positron-Collisions:
e : 9.0GeV e': 3.1 Gev
=> two storage rings

=== Boost

== center of mass energy: 10.58 (
« corresponds to Y(4S)

B-Factory

... but also Tau-Factory ete-TT!
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bb production at BaBar

BABAR Detector




Introduction

How to Analyse?

® reconstruct B*
which 7 belongs to which?
through which resonance did the 7’s go?
Example 1: BaBar analysis:

3 identical particles in final state
use Dalitz-plot analysis

AE = E} —\/s/2,

Mes = \/(3/2 +pi-pe)?/EF — P}
2 independent variables

(@

o 5 =
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Mes = \/(s/2+ pi - pa)?/ E? — pf
2 independent variables

o

J. Blouw Measuring the CKM angle ~



Introduction

How to Analyse?

® reconstruct B*

# which 7 belongs to which?

» through which resonance did the #’s go?
Example 1: BaBar analysis:

3 identical particles in final state
use Dalitz-plot analysis

AE = E} —\/s/2,

Mes = \/(5/2 +pi - pe)?/EF — P}
2 independent variables

o

J. Blouw Measuring the CKM angle ~



Introduction

How to Analyse?

® reconstruct B*

# which 7 belongs to which?

» through which resonance did the #’s go?
e Example 1: BaBar analysis:

J. Blouw Measuring the CKM angle ~



Introduction

How to Analyse?

» reconstruct B*

# which 7 belongs to which?

# through which resonance did the 7’'s go?
e Example 1: BaBar analysis:

(Babar: Amplitude Analysis of the Decay B — nEx® 7T, hep-ex/0507025)
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Introduction

Analysis Techniques

et + e — T(4S) — (bb) : aty/(s) = 10.5 GeV

Use kinematics of (bb) production at resonance
(Compare with LHCb: E(bb) and p(bb) not a priori known!)

kinematic constraints from bb production help to suppress
background

construct “invariant” masses of 2 combinations of «’s:

(G
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Analysis Techniques
e" + e — T(4S) — (bb) : at\/(s) = 10.5 GeV

© Use kinematics of (bb) production at resonance

© (Compare with LHCb: E(bb) and p(bb) not a priori known!)

© kinematic constraints from bb production help to suppress
background

@ construct “invariant” masses of 2 combinations of «’s:

]

Events / ( 0.0009 GeV/c™

52 521 522 523 524 525 526 527 528 529
me. (Gevic’)
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e" + e — T(4S) — (bb) : at\/(s) = 10.5 GeV

© Use kinematics of (bb) production at resonance

© (Compare with LHCb: E(bb) and p(bb) not a priori known!)

© kinematic constraints from bb production help to suppress
background

@ construct “invariant” masses of 2 combinations of «’s:

eg. Bt — nf(ryn7)
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Analysis Techniques
e" + e — T(4S) — (bb) : at\/(s) = 10.5 GeV

© Use kinematics of (bb) production at resonance

© (Compare with LHCb: E(bb) and p(bb) not a priori known!)

© kinematic constraints from bb production help to suppress
background

@ construct “invariant” masses of 2 combinations of «’s:

2 B

Events / ( 0.0009 GeV/c™

120
. eg. Bt — nf(ryn7)
_ P
S13 = mﬂ o
.
%28 = Moins

52 521 522 523 524 525 526 527 528 529
me. (Gevic’)
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Dalitz Plot Analysis

Example: D° — K{n+ 7~
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DE v WA WA

Example: D° — Kontn—

Plot invariant masses Resonances from
Why observe structure in Dalitz (7~ 4+ 7 = p% £(989))
plot? Resonances from
What did we expect? (7t + KQ = K*(892))

Rk: mass distribution
Tx: angular-dependent amplitude
Rk usual a Breit-Wigner

T(°>:1 Tmf—Zﬁ-Ey
= 318(B-9)? - (|A||4])?

Lt
o 5 =
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Dalitz Plot Analysis

Example: D° — Ko7 +7—

® Plot invariant masses Resonances from

© Why observe structure in Dalitz (m= + 7t = p°,£(989))
plot? Resonances from
What did we expect? (7t + KQ = K*(892))

Rk: mass distribution

Tk: angular-dependent amplitude
Rk usual a Breit-Wigner

T(O) =1, 7 = fzﬁ- g

TE = 413(8- )2 — (/1P| d])

o 5 =
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N
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Dalitz Plot Analysis

Example: D° — K9n+ 7~
& Plot invariant masses
& Why observe structure in Dalitz
plot?
€ What did we expect?

J. Blouw

Resonances. ..
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Example: D° — K9n+ 7~
& Plot invariant masses
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€ What did we expect?

J. Blouw
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Dalitz Plot Analysis

Example: D° — K9n+ 7~
& Plot invariant masses
& Why observe structure in Dalitz
plot?
€ What did we expect?

J. Blouw

Resonances. ..
# Resonances from
(m= + 7t = p°,(989))
© Resonances from
(7 + Ks0 = K*1(892))
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Dalitz Plot Analysis

Example: D° — K9n+ 7~ Resonances. ..

& Plot invariant masses &€ Resonances from

® Why observe structure in Dalitz (m~ + 7t = p°, £(989))
plot? & Resonances from

© What did we expect? (7t + KQ = K*(892))

Decay rate:
2

ar

= IMP Z k€ D(S12, S23)

ds130S23 p

Dk = Hk X Tk
® R, mass distribution
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& Plot invariant masses &€ Resonances from

® Why observe structure in Dalitz (m~ + 7t = p°, £(989))
plot? & Resonances from

© What did we expect? (7t + KQ = K*(892))

Decay rate:
2

ar

= IMP Z k€ D(S12, S23)

ds130S23 p
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® R, mass distribution
& T,: angular-dependent amplitude
© Ry usual a Breit-Wigner

J. Blouw Measuring the CKM angle ~



Introduction

Dalitz Plot Analysis

Example: D° — K9n+ 7~ Resonances. ..

© Plot invariant masses &€ Resonances from

® Why observe structure in Dalitz (m~ + 7t = p°, £(989))
plot? & Resonances from

© What did we expect? (7t + KQ = K*(892))

Decay rate:
2

ar

= IMP Z k€ D(S12, S23)

ds130S23 p

Dy = Ry x Tg
® R, mass distribution
& T,: angular-dependent amplitude
© Ry usual a Breit-Wigner
0 70=-1,7"="25.G
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Dalitz Plot Analysis

Example: D° — K9n+ 7~ Resonances. ..

© Plot invariant masses &€ Resonances from

® Why observe structure in Dalitz (m~ + 7t = p°, £(989))
plot? & Resonances from

© What did we expect? (7t + KQ = K*(892))

Decay rate:
2

ar

= IMP Z k€ D(S12, S23)

ds130S23 p

o
>
2
S
of

Dk = Hk X Tk
® R, mass distribution
Tk: angular-dependent amplitude
Rk usual a Breit-Wigner
TO =1, 7V = 25.§
T2 = 4138 G — (|p]|dl)?
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Dalitz: B* — ntn*r*

Usual Dalitz plot
Rescale co-ordinates:

Note: resonances occur at
bounderies. .. Empty space from charm vetoes
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Dalitz from BB background

BB background: usual co-ordinates
re-scaled co-ordinates:

Holes are from charm vetoes
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Results

Mass projections

Projection from B* onto m(n« 7 ~) Projection from B~ onto m(n—7~)

-

L
=
)
O]
)
o
=
I3
=
c
o
>
1

Events/(0.1 GeV/c
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Results

Mass projections

Project from B~ onto m(x~7~) Projection from B+ onto m(7" =)

I

[
S
(o)

[ F=]
(3. (=]
W B
(%)) (=]

Events/(0.1 GeV/c
[A]
[=]

Events/(0.1 GeV/c

(2
(=]

25

[
Q

-
L5
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Results & Conclusions

® BT — rEgEgT

: (16.2+1.240.9) x 10~
P°(770)7E(p° — 7tmT) -
p°(1450)7 % (p° — 77 )
1(980)r* (fo — ntm™) -
X’cOWN (X0 = 7w

(8.8+1.0+0.6) x 106
. (1.0£0.6+0.4) x 1078

(1.2+0.6 +0.5) x 106
) : < 0.3at90% CL

J. Blouw

(=] =)
Measuring the CKM angle ~
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Results & Conclusions

© Bt — rErta¥ ; (16.2+1.240.9) x 10-°
e °770)7t(p°® —» 7ntn~) : (8.8+1.04+0.6) x 10~

p°(1450)7*(p° — 7tm~) : (1.0+£0.6+0.4) x 1076
(980)n*(fy — nt7~) : (1.2+£0.6+0.5) x 10~°
XeoT(Xco — mF7m~) : < 0.3 at 90% CL
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Results & Conclusions

® BT - ntrfaT . (16.24+1.2+0.9) x 1076
@ °(770)nt(p° — 7tr~) : (8.8+1.04+0.6) x 107°
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Results & Conclusions

® BT - ntrfaT . (16.24+1.2+0.9) x 1076

e °(770)nt(p° — ntn~) : (8.8+£1.0+0.6) x 10~
® °(1450)7t(p° — 7wt7~) : (1.0£0.64+0.4) x 10~
0 ;,(980)rt(fy » 7tn~) : (1.24+0.6+0.5) x 10°°
© xoort(xeo — 7t7) 1 < 0.3 at 90% CL
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Results & Conclusions

® BY - ntrfaT : (16.24+1.2+0.9) x 1076

e °(770)7t(p°® —» 7ntn7) : (8.8+1.04+0.6) x 1078
® °(1450)7F(p° — 7t7~) : (1.04+0.64+0.4) x 107
O ,(980)r*(fp »ntm~) : (1.2+06+0.5)x 1078
© oot (xeo — ) 1 < 0.3 at 90% CL

Conclusion
No xco signal(!)
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® BY - ntrfaT : (16.24+1.2+0.9) x 1076

e °(770)nt(p° —» 7tn7) : (8.8+1.04+0.6) x 1078
® °(1450)7F(p° — 7t7~) : (1.04+0.64+0.4) x 107
O ,(980)r*(fp »ntm~) : (1.2+06+0.5)x 1078
© xeort(xeo — 7Tm) < 0.3ar90% CL

Conclusion
No xco signal(!) = CP-violation measurement not possible!!!
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