CP-Verletzung und Unitaritatsdreieck
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B-Fabriken: Y(4s)
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BABAR Detector
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CP violation quantitatively: Unitarity Triangle

1 * & #
VitV t VeVt VuV,)=0

Vcd Vcb

Im

All sides & angles
can be determined
in the B-meson system!
V.V
Vcd V.—:b

J: Jarlskog parameter

T =TI |VaVinVis, V| G # . 15 m) (10) Re

All data compatible with CKM ?

Yes N

Precise determination New Physics beyond SM
of CKM parameters (Higgs sector, SUSY, ...)
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Different manifestations of CP violation

Neutral B-meson Mass difference between | t=0
mass eigenstates: heavy and light B meson: .
|B,>ocp|B’>+¢q|B’> Am,=M,—M, B

=
\ o
Funw
%
N\ & >
9
% —~

IB,>xplB’>—q|B’>

=~

_T(B(t)> )T (B(t)> f ) B A,
F(Bn[f)_}fcp)‘l'r(Bn(f)_’fcp)

_o 8
fcp -
2TmA 1-[aAf fo Pl
=——sin(Am,t)———-cos(Am,t) CP-Eigenvalue

1+ [+A |
¥ CP violation in Mixing: |q/P| #1
¥ CP violation in Decay: ‘ A #1

l fCP fCP
W CP violation in Interference between decay
ImA, #0

with and without Mixing:
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CP-Verletzung 1im Zerfall
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CP violation In decay In the B system

Tree ik
H”{ _‘_‘_b_é_‘_ HK r /4 ”}h

I,p{:‘q o, ) . il =
“"_}‘5\1 u} B -i_ff. i ri.rr} 3
400 |- - -
g BD A-I-u ' !
g B’ —» K n*
~200F | cOC=9|0+696 v
5 . PRI L ol
=
5 O L L £ { 2 ’ + | 2 M + | " + 5 ! M } L
52 5.22 524 526 5.28 5.3

MEs (GeV)

A = —0.133 £ 0.030 £ 0.009
(2 4.2 sigma effect)
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CP-Asymmetrie in B® - J/ /K,

r'xl,xr'\lf,"‘-,E |

osf i ]

kY |

0.0 2.0 40 1_y, 60

1.0 ' i
!

]

05k
1 Pigure 10: Time dependent rate of B° —
1 Jp K2 (—) and B® — Jjah K9 () for Ag =

—~1.0 - 4 sin28 = 0.5 and = = 0.70. The lower plot shows
, . N ] the asymmetry o{T).
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Time dependent
CP violation: Experimental Technique

T “Flavor Tagging”
Q==¢ (1-2w)* ~30%
Eg ',li: l-
Coherent B°B°-Production: > \ W el I
b L ¢ s K
e e’ -
Y(4S) | - H
ly>=IB"(1)B°(2)>-1B°(2)B°(1)> : rec | T
I
| Az | Ks m”
I '
e
At=Az/KBy)c B
(Az) =250 um
(By=0.56(BABAR), 0.42 (Belle))
(Az) =30 um without Boost
Bfgc = Bﬁ,’av (Flavor eigenstate) Il Oscillation, life time, ...
Bfac = Bg p ( CP eigenstate) I CP asymmetries
1¢
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Events/2.5 MeV/c?

Time dependent CP violation: Results
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A clean measurement:

Expected CP asymmetry:
A p(t)=sin(2B)-sin(Am_ At)
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CP violation & CKM matrix 2006: a new era

1‘5'"'I""I"'TI""I""I""

excluded area has CL >0.95

o,
<
\:
[=3
D}O
2>
<

1 CP violation in SM (CKMfitter):
| J=(3.11"72)-10 > @95%CL

CP violation Higgs mass
too small too large
to explain
- K baryon asymmetry
4k et 5 in universe
I @ by means of SM
i EPS 5005
45 L Ll | | | => Indirect hint for NP ... but where ?
-1 0.5 0 05 1 15
P
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Dgs — Dg -0Oscillation @ CDF i

Stephanie Menzemer
Physikalisches Institut, Heidelberg

for the CDF Collaboration

DESY, 13/14'" June 2006




Tevatron
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Neutral 5 Meson Mixing

Two-state mixing system:
e “‘heavy” and “light” mass eigenstates

e B (bs) and B (b35) weak eigenstates:

Production Flavor = Decay Flavor

B,) = J5(1Bo) + |B1) =0

— 1 . E_ p(t) = —e U"[1+cos(Amt)]

Bs) = % (1Bon) — |Bor)) o8}
e B and 57 may have different mass 2'21 f'l {\

and decay width O'si I l j

e Am=Myg — My 02 \ \ I’ \\ ff \' ﬁ\ N

0.1F

e Al =lg—-1¢ 0.0 f .U. U, TR */ \/ x/\‘a

e Solution in proper time (Al = 0) Decay Time [ps]

P(t)p..p. = Qie_t/'r(lJrcos Amyt)
P(f)B _B. = LT Z_t/T(l—(?{Z)S Amigt)
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Standard Model Prediction

CKM Matrix: transformation from mass to weak quark eigenstates

!

d v-;f.d L;I-S v;f.b d
S — Li?d VL?S L‘::b S
b Via Vie Vi b
Vi
b -t is s b —-—mnirmmvr‘s 5
_ (c,u) . B
- i i
Bs Wé - g‘“" Bg Bs (. cn Bs
_ (c, u) — _ _
s — b —_—hAaAanAe———
Vés t Ys w'
e Access to fundamental SM Parameters:
7 2 M& - nS(m?2/m? kT
.A}nq — W *(2 t/ — ) 'BS JC%BS H]‘Hlﬂ) 2
. T . . A;.-n ?T?BS . "rts 2
e Hadronic uncertainties cancel in ratio: mi de Va2
improved lattice QCD: ¢ = 1.210 737 (hep/lat-0510113)
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B — B Mixing Analysis

signal side

opposite side

1) B, selection & reconstruction
2) Measurement of proper decay time ¢t & ¢t resolution
3) Flavor tagging (main challenge at hadron colliders)
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Why is it so difficult?

B Mixing is very very fast! 0.1 T8, mixing Amg=05ps”
=~ { B, mixing Am¢=20 ps”
Challenges: = 0.051
i ) = ITH\ I ‘
e High vertex resolution S ]
= i T A
. : 0 0+ I
e High momentum resolution < :
NS 4 ‘\\ ,,-"
L. ) ] 4 je
e Large statistics 5-0-05_ BRI
e Good tagging P
_ 0 2.5 5 75 10
\ery complex analysis! proper decay time, t[ps]
significance = /222 _5 e--_unszgﬁ
g T

eld=: tagging performance (efficiency € and dilution D = 1-2"P,;;544),

a(ct): proper time resolution, for high Am, o(ct) is cruciall

S,B: signal and background yields
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Effect of Imperfect Tagging

Dilution dampens the observed oscillation!

E?U.E: 30.8
2 0.7 perfect tagging 2 0.7 dilution = 0.25
@ ]
© 0.6 - 0.6
EO.S — total E‘DS— — total
= .= — unmixed = — unmixed
w 0.4 — mixed w 0.47 — mixed
o] I 0 C
©0.3- 0 0.3k
o C o =
0.2F 0.2¢
0.15 0.1
' L % \ Foe vop | G g g | g gy ] e
0'8.0 0.5 1.0 1.5 2.0 0'8.0 0.5 1.0 1.5 2.0
decay time, ps decay time, ps

D = 25% — 62.5% of the events are correctly tagged.

*'Nr(t)TH%'J:‘E-d-_*‘T\"T(t)un?nin:ed s IO .
*'Nr(t)mz’xed—FP\r(t)unmi:.-:ed o D{.Ub(A?nSt)

Alt)

(in this example: Am.=25ps 1)
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Combined Amplitude Scan

A compatible with 1 for Amg ~ 17.25 ps— !

CDF Run Il Preliminary L=1.0fb"

| - datat 16 A 95% CL limit 167 ps’
| == 16450  © sensitivity 258 ps’

[V datat+ 16450
data £ 1.645 ¢ (stat. only)

Amplitude
b

1 B2 > I"D; X, Bg—,»DS'n*, Bg—> D, t* " T

0 10 0 '§o
Am [ps ]

Ale 1 (Ams=1725ps™) ~ 3.7
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Ams Measurement

Amg in[17.01,17.84] ps—! @ 90% C.L.
Am, in[16.96,17.91] ps ! @ 95% C.L.

-0, CDF Run Il Preliminary 1fb”
Q C —— hadronic
o F —— semileptonic
2 15 — combined
<

10f

f e 90%CL

S TG
15 16 19 120
Am, (ps )

Amg = 17317073 (stat.) + 0.07 (syst.)ps ™!

Systematic dominated by uncertainties on 7.
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V4] /| Vis| Measurement

1.5 I T T T T | T T T ity T T
excluded area has CL =0.85 E ‘3%%
v ’ AMg
Input Value Source Am TR
[ -1.21S:1°;Lcnepmd 1317
m(B ) 0.98320 PDG g 1
m(Bs)
¢ 1.2175035 | Lattice 2005
Amg 0.505 4 0.005 PDG
Amg 17.3 10ig:?g this analysis
‘lf”"ff ‘lf“’ ‘ o - ¢ sol. wf cos 2B <0 : 1
ane +0.001 +0.008 AT (excl-ateb=a=5) ]
0.208 5 gpa(€Xp.) Zygos (theo.) CKI L
i e
-1.5 P T T [ T SR ; P T T [ RN SRS SR AN T SO T S LA S M T
1 05 0 0.5 1 15 2

Belle measurement b — d:

Vial/|Vis| = 0.199 T8 055 (exp.) T0015(theo.)
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