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CP violation and related issues
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e CP asymmetry

CP asymmetry:

_ P(EO _)fcpﬁt)_P(BO = fepst) _

a, =—= = A,
I 0 0 q 2y
e P(B —)fCP,)-I-P(B _)fCP’) ﬂ:;A—
—(1-| 4, [)cos(Amt)+21m(A, )sin(Amt) s
2
14, |
2P in decay: |A/A| =1
Al = 1
£P in mixing: |q/pl = 1
2f 1in interference between mixing and decay: [A] =1, Im(L) = 1
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@%@ Decay asymmetry predictions —J/yKg

Take into account that we measure the n* =

component ofK; - also need the (q/p), for the K
system

Tree contribution:

a/Pdg A/A

e / (a/p)¢

\

VVu (V¥ Y ViV
Z 77'//1( L cs cb C Ci —

ViV \VVis NV

I/z‘b th b Vd *
= s * ° VL I/L
UWK (I/tbl/td cb I/Cd ﬂ ¢1 = arg[ VdVb J
wd” th

Im(4,4,) =sin2p
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P,

Penguins b->ccs decays?
c C
free / b wﬁcqq penguin
b \Y; Sq
> Ve _
W C qu N C
V.kcs < S
A(ces) =V, 1, (T + PE = PY+V, 0, (P~ P))
How much does P contribute? p' _ pt a. m?
eFew percent to the first term  "penguin — T ~ 12 In ~ 0(0-03)
Vcchs*=M2 T mb
*The second (P only) term Vus v, -
contributes ~0.1% pengum( V.V g j ~ }/‘penguinﬂ’2 ~ 0(10 3)
ch’ cs
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ﬁgﬁﬁﬁ Reconstructing chamonium states
==

Reconstructing final states X which decayed to several
particles (x,y,z):

From the measured tracks calculate the invariant mass
of the system (i=x,y,z):

M= EY-Q b

The candidates for the X->xyz decay show up as a
peak in the distribution on (mostly combinatorial)
background.

The name of the game: have as little background
under the peak as possible without loosing the events
in the peak (=reduce background and have a small
peak width).
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A golden
channel event

May 17-25, 2005

oar = 9.6(10.7)GeV / 2

aar = 12.1GeV /‘_-9

L2\ . :
FERA Reconstructing chamonium states
(T
1600 BT 0 T
Dimucas Dieplons 1, Viekd: 6611, 2195,
Yiekt: 656802 300, Vield £z 0. g Mean 4149205 HeVie!
Mean. 30667 £ 0.1 eVt Mean: 366534 Fned) 1 o Vit 87204 Mei?
| b 91+ 00NV Ll vidh 1181 ey | 40F T Ykt 1337, 2120, 1
LU 1M, 4506 MeVic Constined]
T Wil 95 WY Corstaned)
"o L e B
3 5 190 5 0
[} [ F [}
= | | z Zz
R e e e o o
£ | Dicketrons |2 3
S| Viek 506742 374 2 1000 3 200
w w w
Maar: 30563 0.1 Mevi? | i
Widh: 1062 0.1 Mel!
80 E
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P (g P P e L {0 0 | R [0 O S S o S R
250 s 300 % G ] 340 360 W M 02 030 04 050 060
Dilplon mass (GeV/c' Diepton mss (GeVlc) - My, (G
Jfaf - -'-jrl;i_.1 te— P(2s) = ;Jlji_.f to= Xels X2 = ‘f_,-" My

aan = 7.0GeV /¢?




Reconstructing K%

Ke—atn™
-

o = 1.1GeV /e*

e -
30000 f-
\ sk
A
20000 |- fi 4
)
} \ 3 ol—u L [ ity |
| 0.30 040 0.50 0,60 0.70
faral .F + 3 Dipion mass (GeV/c’)
/ A Ko — 7ix0
g y u‘_'_' aar = 9.3GeV fe?

0
0470 0.480 0.480 0.500 0510 0.520
Diplon mass (GeVic™)
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i
s Reconstruction B meson decays

Reconstructing B meson decay at Y(4s):
Improve the resolution by taking into account that only
two B mesons are produced in an Y(4s) decay.
In the expression for the invariant mass use the energy
of the beam in cms (1/2 total energy in cms) instead of
the reconstructed energy (which involves information
on particle identification)

-> beam constrained mass M,

M, =(Eq, 12 - B,
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CP=-1 eigenstates

Reconstruction of b-> c anti-c s

Reconstructed decay modes for 78/fb, 85M B B pairs, Belle 2002

result
600}~ r—— Sum -
0 i {K K] BY . events %
i JWKs(Ks —ntm) | 1285 | .976
) JWKs(Ks — 77%) 188 .824
o »(28)Kg
= s00|- *er 1 - (1(28) = £H-)Kg 91 957
= (¥(28) = Jfyata—) 112 911
El r——=diyK X1 Kg T .058
§ nelne = KsKn)Kg 72 646
= Ne(ne = KK7")Kg 49 725
200 - - Nel(ne = pp)Ks 21 .936
1 | JE*(K* = Ker") 101 917
total CP = —1 1996 | .935
[ J/KL, CP=+1 1330 | .627
o Erines e el en e A L " Total 3326 | .807
5.200 5.225 5.250 5.275 5.300

Beam Constrained Mass (Gevic?)

My =

v
Ef)[‘{lll\ -7

o
PBeandidate

2958 events are used in the fit

a2
FERACEE

LT

D

J/‘P(‘P,chﬂc) Ks (K*o)

from 88(85)x10¢ BB

CP=-1 eigenstates

sample (ne=-1)

Reconstruction of b-> c anti-c s

BaBar 2002

result
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D B — J/L’JK g

- Background

T T T T T T T T

P( QS)I(U
Xel K
??CI{{)

T UK

3.22

5.24 5.26
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Reconstruction of b-> c anti-c s

e CP=+1 eigenstates

4+ detection of K’y in KLM and ECL
4+ K direction, no energy

S0
1330 events T
Purity = 63 % 4
400 —
£ 4
3 O J K, (834 events) ]
S aoof O J0¥K XBG,K, detected —
P B JW X BG, other 4
8 W combinatorial BG ]
H 4
s 200 —
£ i
S
= B
100 =1
1]

; 0.0 0.5 1.0 1.5 20

i —_— pg™ (GeVic)

4+ p* = 0.35 GeV/c for signal events
4+ background shape is determined from MC,
and its size from the fit to the data

=  Measurement of CP violation - continued

LT

1 B Full reconstruction

Vertexing

]
I
Y (4S) ) X a0
resonance_positron ; | K
- : v h
(3.5 GeV) Lo n

electron (8 GeV) B, B K
I t
! K
i
; H Flavor tagging

Az~200um

Determine At from Az = SyeAdt:
4 clock start: resolution on tag side 140 um (e = 91%) - charm decays
4+ clock stop: resolution on CP side 75 pm (e = 92%)

N.B. typically Az = Byerp = 200 pm




%ﬁi‘*‘f Effect of charm decays on time resolution

Prompt Charm
B tracks ZTag tracks Zrec
At> 0 (d/¥=a——=—=> O
. et D flight :
o !|<—}—>|G( mg) g direction |
Afrrlmz::ls - Arfrue % [ | >
:1—: A fmzas 5
bias
Underlying principle: tag
Prompt Charm vertex dominates resolution
- 2 B tracks%tag  tpacks

{ ——>

b e Dflight  At< O

b | W direction
I i

Armeas - Arfrue <0

CTRR T

; Alvais :
~Z axis i ias
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P! Vertexing - check with
e lifetime measurement

F=D

Use B - D~at, D*~xt, D ~p* BY — J/iKg and B® — J/yK*° decays

§ = Data
= — Fit
£ - BG
5 oL

+ time resolution: 1.43 ps

+ BY lifetime 1.551 £ 0.018 (stat) ps
(preliminary)

+ PDG: 1.542 £ 0.016 ps

May 17-25, 2005 Course at University of Barcelona Peter Krizan, Ljubljana




Flavour tagging 1

Identify BY/B° by the charges of the decay products of the associated B

Inclusive leptons
4+ high momentum £~ b—el v
4+ intermediate momentum ¢ c— sty

Inclusive hadrons

4+ high momentum 7+ BY - DW=+, DO=pt(pt = 7t 70), ..
4+ intermediate momentum K+ —KtX
+ low momentum 7~ D®— 5 D7

Efficiency > 99.5%, €cffective = 28.8 £ 0.5%
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Flavour tagging 2

Tagging is not perfect: there is always a chance w that the tag is fake (less for leptons
more for kaons).

— The asymmetry oscillation is reduced, sin Amgt — (1 — 2w) sin Amt.
— Needed: w for each event.
Classify events into six cathegories in a tag quality variable r.

Calibrate the relation (1 — 2w) vs.  with data: measure the BB mixing amplitude
(using BY - D**¢=p, D"+ 7~ and DM+ p~ decays) in 6 intervals in 7

(OF-SF)/(OF +SF)

[

-+

08

. {ﬂ;b:‘:

0. -+ 06} o
05 -

TN

0 2 £ _\lun{’ 3 i Atlps) sl

02} %




i Flavour tagging 3

l r interval €1 wy e
[ 0.000 — 0.250 0.398 0.458 £ 0.006 0.003 = 0.001
2 0.250 — 0.500 0.146 0.336 + 0.009 0.016 £ 0.002
3 0.500 - 0.625 0.104 0.228 £ 0.010 0.031 = 0.002
1 0.625 — 0.750 0.122 0.160 {00 0.056 + 0.003
5 0.750 — 0.875 0.094 0.112 = 0.009 0.056 = 0.003
G 0.875 — 1.000 0.136 0.020 = 0.006 0.126 +):004

Table: tagging efficiency, wrong tag probability and

effective tagging efficiency ¢(1-2w)? for six intervals in the

tagging variable r.
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bl Final result

+ q&,=+1 CP is violated! Red points differ

%+ q&, =1 from blue.

1IN-dNId(At)

Red points: anti-B® -> f, with
CP=-1 (or B® -> f, with CP=+1)

Blue points: B -> f, with CP=-1
(or anti-BO -> f, with CP=+1)

(Neas N MNen tNeg)
Al
ta =]

S i w o Belle, 2002 statistics
iSO O B2 SO (78/fb, 85M B B pairs)
At (ps)
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Fitting the asymmetry

Fitting function:

At/ 7

P, (At)= {1+¢(1-2w,)Im Asin Amt}® R(t)

Resolution function:
from self-tagged events
B—D*lv, Dm, ...

Miss-tagging probability

g=+1 or =-1 (B or anti-B)

Fitting: unbinned maximum Tikelihood fit event-by-event

Fitted parameter: Im(L.)
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w2 .
ik BaBar vs Belle sin2¢,
L T

? [ § B s [ al
;Lum -4 |,1:,- 05 (a) Combined
5 P asymmetry e —
gos . ) P / \ . .Wb}(cc]K [ 1}i
& 5 s&=1)
g. nm > ::s+ : R
05 E-05 4+ |
2 e ' a T G A
E100F & B tags é n——‘?*f—_—'—"—‘t'&..;—_—’:;
ot [+
05 (d) Mon-CP sample-:
-05 |
) § % 4 2 0.2 4 6
At (ps)
° ¢ At (ps) At[ps]
At[ps]

sin2¢,=0.741+0.067+0.034 (BaBar)

2002 statistics sin2¢,=0.719+0.074+0.035 (Belle)
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)—;’f‘\\—\ _ ._
(o] b-> c anti-c s

CP=+1 and CP=-1 eigenstates

a, =-—Im(4, )sin(Amz) _

Asymmetry sign depends on the CP parity of 2 _ 1 fep
the final state fep, Neep==+-1 fer 77fcp p A

fep
JvKs () CP=-1

o]/y: P=-1, C=-1 (vector particle JP°¢=1-): CP=+1

oK (->n* m): CP=+1, orbital ang. momentum of pions=0 ->
P(rn*n)=(rnn*), C(n =*) =(n* =)

eorbital ang. momentum between J/y and K¢ I=1, P=(-1)!=-1

J/w K (3n): CP=+1
Opposite parity to J/y Ks (=" ), because K (3=) has CP=-1
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ﬁﬁ@ Comparison between CP=+1 and CP=-1

LT

(NgmsrNgw MM #Nge o)
S o o
2 =] (] —

CP = —1 sample

sin 2¢n = 0.716 & 0.083

L
g2
=

T

-8 -6 -4 =2 0 2 4 6 8
At (ps)

T 04f
T 0
z'“i. ”2._/+:—+—\*: CP = +1 sample
S o=
= ool W sin2¢; = 0.78 + 0.17
o} +

TR
At (ps)

N.B. Plotted: raw asymmetry. The amplitude of - sin 2¢) sin AmgAt is reduced due
to wrong tagging by a factor (1 — 2w).
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[l Checks, systematic errors

Same analysis for flavour specific final states, where there should be no asymmetry

BY _ D*EnF BY — J/YK*0, K*° — K*g— B - D*tv
T 04 3 04 7 04f
g z z i
s 02 H o 02 _|_ 7 02
g o g . 3
£ 0#5_{_ == Sl | _+_ } #i‘ql‘ | Y ﬂ++ ﬁ_—o—-—i—-&-
z0 42 # T 202t
-4 ! -0t l
i e el e = P ey T [ty e P e i
S 64202463 o R T I A S 46420246 8
At(ps) A ps) Atps)

“sin 2¢5," = 0.035 £ 0.032 “sin 2¢;" = —0.021 £ 0.093 “sin2¢;" = 0.004 £ 0.017

Systematic errors:

vertexing 0.022 | resolution function 0.014

possible bias in sin2¢; fit | 0.011 J /¢ Ky, background fraction 0.010

Amg < 0.010 | 8 < 0.010
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More data....

EEEN
E=
=

Larger sample ->

esmaller statistical error (1/4/N)
ebetter understanding of the
detector, calibration etc

OF =
045 :

04
-> error improves better than 5

with 1/4N

03
0.25
02F[

Csinz2gp

015}
olf

f

005 |

D:""""""""'
0 20 40 60 80 100

Million BB pairs
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Fit with free |\ ]

time distribution:

—|At)/ T 2
e 2ImA . | A" -1
P. (At)= 1+g(1-2w,)| ————sin AmAt + ————cos AmA¢
Slg( ) Q( [)|:|ﬂ,|2 +1 |ﬂ,|2 +1 :|
\ J
Y
fit with direct cF
Im\/|A| and |A| as free parameters Al = 1

[A]=0.950+0.049+0.025 (Belle,PRD66,071102(02))
sin2¢,=0.719+0.074+0.035
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a2 1 -
— sin2¢, — status 2004
L T

B—J/y K B—J1/y K,

] <2 | |

B - JYK (200 sor ! BABAR

D oo - I I

&= .

A s | — JIWK(272) 400 1 1y K, signal

g; 300 1 1 J/w X background

S "l N...=4150 1 |Non-J/w background

8 . s19 200 1

8 I

& j 100
N i mab=e e .

B" — J/yK : Reconstructed mass [GeV/c?] 20 -0 0 10 20 30 40 S0 60
Considerable increase in statistics.
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JIyK + JIyK, (6872 signal events used in fit) sin2 (I)]_ -

= T status 2004
Teo | pelle pre
% “% FByag=B°
Z ad acp
p— o . L .
0s | Poml‘ flavor tag - ++ |
e T '
E'M 3 L 1 1 I \cd-““l\“:\:\.
R

£ os by Good flavor tag o
2
@ 0 :
2l T | H
o s — sin2¢,= 0.666 * 0.046

- -6 ] -2 ] 2 4 3

¥ appy At [ps] 8 Belle

sin2¢,= 0.722 + 0.040 * 0.023
BaBar
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R e sin2¢4(B) from other processes

sin2¢, is the CP asymmetry parameter in
b — ccd (tree+penguin)
eb — sss (penguin only)

C * *
rree /¥ Ao =n Vi Vi | Va Ve
— Ks Ks * *
b Vclb‘ C 8 g thth Vchcb
- i y Im(4,, ) =sin 2¢, =sin 23

A(ced)=V,V,, (P; =P+ V, V. (T + Pf —Py)

o |
<
*
2
3
o
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5 FBABAR, pretiminary e
E 20 —— Signal + backgrounds =
F «earses Sum of backgrounds .
3 L 4
S 15 g
= C ]
2 10 4} =
T F .
s [ ]
w O =
S, ol H s 3
G" Il+ 11 L .
5.2 5.22 5.24 5.26 5.28 53

mes (GeVic?)

Tree and penguin contrib. O(\3);
remove Ixfcpl=1 assumption 1in f'izt:

sin2¢,(B) fromb - ccd

B »J1/¥n°

(BaBar,
hep-ex/0207058(02) ;
Belle,
hep-ex/0207058(02))

in leading order
Se=-mesin2e; A=0

m(4, ) . | if |” -1
a, =——>"9-sin(Amt)+————cos(Amt)
R EY /If ] )tf \
Sf ——o—" Ag¢ -
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/\ .
FRE sin2¢,(B) fromb - ccd
[F iy
2Im(4,_) |4, - Prediction: in
A = 144 T Sln(Amt)+|/1 % 1COS(Amt) leading order
fep fep S =-1M S'I n2¢ /'4 =0
Sf «e——o— e &> o : f
I w0 owm || Tlmimems
$=0.05+0.49+0.16 (BaBar) .
A=-0.38+0.41+0.09 2 E
=-0.9320.49+0.11 (Belle) £ ]
A=-0.25+0.39+0.06 5 E
g 3
g °% 3
2 :
g0 3
consistent with sin2¢, and 0! R “'
At(ps
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