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Recap of Lecture 3 and Outline

» B, mixing from CDF and DO: still not seen

* “Direct” CPV seenin By —» Kn

* “Indirect” CPV in mixing (ASL) not seen yet

Now... Unitarity Angles!

- Methods
- Results
* sin2p (sin2¢,) - Statistics,
— b —cCs and b — s33 systematics
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sin2p (¢4):

time-dependent CP asymmetries
In b — cCs

S|
D
S|

Mixing-decay interference
JIyKg, JIYK , ...




sin2p from mixing & b—ccs “tree” amplitudes

_ B%mixing _ - B®decay - _ K9mixing
bt —d | |PTT N e || s T d
q/ p ~ e_IZﬁ A oC VCEVCS q/ p OCVcchd /Vc:Vcd
\ A |
\\J g £ g -i23
@ nen[2) () e
PJs A \P
THEORY: EXPERIMENT:
- all decay amplitudes have the same . “Large” branching fractions, i.e.:
weak phase = clean prediction BF(y(I"IMK(ntm)) =3.5 x 10~

Imo“\va) = —ImOLWKL) =smn(2P)=3S - High purity: up to 97% for JIyKg,

. . somewhat less for other
C=0 ‘7» =1 charmonium modes

VK
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Fit to tagged At distributions

Abe

BaBar (227 x 10°BB) o - LP2005
. Belle (386 x 10°BB)
s | T/ wKyg J/wK}
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- |
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sin2p ( sin2¢, ) fit results

Abe

LP 2005
Winter 2005 Heavy Flavor Averaging Group (HFAG)

72240. 023 5BR
sinimzﬂ.?zﬁiﬂ.m?{ﬂ? +0.040 4+ 0.023 (BaBar 227 x 10 BB}}

0.728 £0.056 £0.023 (Belle 152 x 10°BB)

C—0.031 + D_mg{ +0.051 40.033 £ 0.014 (BaBar) }

—0.007 £0.041 +£0.033 (Belle)

Excellent agreement betwaan BaBar and Belle in spite of very different approaches for flavor-tagging and
At fit. Techniques for time-depandent CPV analyses are well understood and constantly being refinad.

LPOS update (Belle 386 x 10°BB, J/wK" only)

sin2¢q = 0.6524+0.039+0.020 C=-00104£0.026 £0.036

Mew BaBar'Belle Averages

sin2¢q = 0.6854+0.032 C=0.0164+0.046
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sin2p in the (p, n) Unitarity Plane

sin2p and the region constrained only by measurements
of the sides: |V ,/Vl, Amg & Amy, &

07 [T ! T | L T | I T
0.6 i_\\% Sin 25 Amd Y titter
s ds 5 LP 2005 1
0.5 ::\_g\ -]
0.4 -g ’ | A4 . 3
0.3 ) Gh < o ~
0.2 €
0.1 elVub/Vcbl 5
B
O 1 1 I 1 1 1 I 1 1 1 I 1 1 1
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1
D CKMfitter group
LP 2005
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sin2p in the (p, n) Unitarity Plane

Including in the fit
sin2f3

and the measurements
of the sides:

IVio/Veol, AMg & Amyg, g

CKMfitter group
LP 2005

1 L ’ I Ll ] T LA ] . o) L l Ll T I L 1 T

" | excluded area has CL>0.95 |
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CP Analysis: a Blind Analysis

Blind Analysis in Particle Physics — Exciting “unblinding parties”...

Aaron Roodman
Stanford Linear Accelerator Center, Stanford, CA 94025, USA

PHYSTAT2003, SLAC, Stanford, California, September §8-11, 2003

omE— ¥ G4 - i

AN

A t (Blinded)
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CP Analysis: event samples

CP sample: 7730 ev. \ BaBar analysis, 2004
\
\
2000 |-a) K [ b) K \ Sample J'"l"t_ﬁ P{%) sin2/3
o B0, TyK S > 100 L Full CP sample 7730 76 0.722 £ 0.040]
= 'YK et I;; e 7y ‘as v e :
uljﬂﬂ ~ B'D‘ ES K BO_} .]-."I K lf?-ll-" S?%Jldbjﬁﬂrlflﬁsﬂiﬁ“ﬁs 415”.;' U. IEI :t LI.U"L
f LT ?(K) 3 E Vi I Jjy:K° 2788 56 0.57 + 0.09
T1000 B 7 Kets P | JRpK*O(K*° — K% 572 68 0.96 + 0.32
£ B> NKs § 2001 / T1999-2002 data 3032 77  0.74 £ 0.06
Z 500 = | 2003-2004 data 4608 77 0.71 + 0.05
ok 0 2 1 _JKS $(25)K5, X5, nKS only (ny = —1)
5.2 5.25 0 50 JWK: (Ks —mn) 2751 96 0.79 + 0.05
m_ (GeVic) AE (MeV) Jh K2 (K2 — n%r%) 653 88 0.65 + 0.12
x10° P(2S)KS (K2 — oo™ 485 82 0.88 + 0.14
) K*0 ) Xer K2 194 81 0.69 + 0.23
o 200 R neK - 287 64 0.17 + 0.25
2 2 300} elis
o | S % \ L tegory 100 96 0.756 £ 0.08
o | B iy o B. i epton category 3 .
z 130 =W P e ' KaonI category 648 93 0.75 £ 0.08
=~ 1001 o F|avor \ Kaon IT category 1021 =59 0.77 = 0.09
E L E . Kaon-Pion category 769 90 0.77 £ 0.15
Zosof = 100rejgenstate \ Pion category 835 87 0.96 + 0.22
H L . .
2 \ Other category 60T B8 0.23 + 0.51
me (GeVic) m GE‘WC% ;| BT sample 18204 88 0.003 + 0.020|
___________ Flavér sample
| 72878 ev. Control sample 18294 ev.
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CP analysis: B Flavour Tagging

Tagging efficiency extracted from measurement of the dilution of mixing
in the “flavor sample”, where missing and wrong tags dilute the

amplitude of the oscillation l

Leptons : Cleanest tag. Correct >95%
~ @5 ~ TABLE I Efficiencies e;, average mistag fractions w;, mistag
W_/H“““ v W+/H‘““ V fraction differences Aw; = wi{B") — wi(B"), and Q extracted
(h) @ = for each tagging category @ from the By, sample.
) C C g
Category ¢ (%)  w(%)  Aw() Q%)
Lepton 86+01 32+04 —02x08 7502
Kaons :  Second best. Correct 80-90% Kaon I 109+ 01 46+05 —07+09 9.0+02
WS wt _ Kaon II_ lT.E + 0.1 1?:.5 + 05 —07+08 81402
™\ C N |f= C S Kacn-Pion 13.7+ 0.1 23.7+06 04+ 10 38+£02
b— K_’/ b Pion 145+ 01 33.0+06 51+10 1701
U’ W+\/ W—\/ . i‘tlliler 13.3 + gé 41.1+08 24+12 03+01
74.9 £ 0.

d

Soft and hard pion tagging /

B® — D > &(l-20,) =30.5£0.4%
> Dir e BaBar

N\

T

tag efficiency

BO: fast -, soft =+

BO: fast n+, soft 7~

@, wrong tag probability

November 2005
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CP fit: likelihood parameters

Both Am, and sin2f: global unbinned maximum likelihood fit on data:
Aamy tagged flavour sample
sin2p tagged flavour and CP samples

parameters modelling mistag, At resolution and backgrounds: floated
to obtain an empirical description of these properties from data

parameter #params Determining
subsample

sin2pB 1 CP

wW & Aw 6x2=12 flavour

At resolution 7 flavour and CP

CP Bkgd t 8 sidebands

Eff. differences 7 flavour

Flav Bkgd w, Aw 24 sidebands

Flav Bkgd At 3+ 3 =6 sidebands

g 23 > November 2005 L.Lanceri - CP Violation and Flavour 12 IN:N



sinZp : systematic uncertainty

BaBar 2004:

TABLE III: Sources of systematic error on sin23 and |A|.

Source a(sin23) a(|Al)
C'P backgrounds 0.012 0.002
At resolution function 0.011 0.003
Jihb K backgrounds 0.011 N/A
Mistag fraction differences 0.007 0.001
Beam spot 0.007 0.001
Amg, T, AT /T, |A| 0.005 0.001
Tag-side interference 0.003 0.012
MC statistics 0,003 0.003
Total systematic error @ED 0.013

Thess
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sinZp : preliminary conclusions

- b — ccs : very good agreement with SM (CKM)
expectations

* Well understood and robust analysis methods

 The same methods can be applied to more
challenging channels, looking for non-SM effects:
b — sss

lﬁ*-!
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sinZp from mixing & b—s “penguin” amplitudes

 The CKM model passed its first

g W
precision test ! )

— The determination of (p,n) is now A 5 4
dominated by the measurement of sin2: s
what next ? J g B

 Start looking for non-SM effects \d@

— Best candidates: decays with the same SM expectation:
gzi:;(:)ar\:]vgak phase, but loop (“penguin”) Im(.,, ) =sin(2B) =S

— Look for effects of virtual non-SM particles C=0
in the loop ~

— Experimentally, the best modes are b —— \@?) 5 y
oKg, n'Kg; recently BaBar started also to 2 > g;RR'Z; g S
study %K, K, K*y %’<5 o

— non-SM signature: pattern of different J . J Ks
asymmetries for these channels
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sinZpB from b — s “penguins”

K Abe
LP 2005
"-,;l*.f
- 0, .1 5
b—e— " 0.K_K.K'K
R’ o >
g .
d , a i

P~ V;b‘l»’,”P” + VCEVCSP‘ — VFBV, P~ VC‘}}VN{P" —F j + V;blfw (P” —F )
ALz Ard(p—in)
b — cCs i-gquark penguin
gives sin 2o

[ Unitarity relation V Ve, + V3 Vi, +V iV, = 0]

e Other b — s penguins

- BY = 'K, f°K°, contribution from b — u tree( &(AAY(p —in)))
. B” = 7°K", wK" contribution from b — u tree, b — sdd instead of b — s3s

® SM corrections of €(A?) ~ 5% possible

X November 2005 L.Lanceri - CP Violation and Flavour 16




sin2p from b — s “penguins K Abe

LP 2005
SM expectations

Final State | 1)cp S Cy | Corrections

0K: -1 sin 20y 0 | u-gquark penguin

&Ki +1 — sin 20 0

KYKK? +1 —sin20; 0

n'Ks -1 sin 20y 0 |u-quark penguin, b — u tree
n'Ky +1 —sin2¢; 0

ﬁ}(ggﬂ}Kg +1 — 5in 20 0

K*K-K? |mixture | —(f. — f_)sin2¢; | 0

K+K‘K§ mixture | —(f1 — f7)sin2¢; | 0 )

VK? -1 1N 20 0 | b — sdd different from b — 5557
ng; -1 51N 20 0 |b— utree

fr=0.89+0.08+£0.06, ff =0.92+0.07+0.06 (BaBar) angular moment analysis
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sinZpB from b — s “penguins”: difficulties

b—s “penguins” :

— Smaller branching UALS 440 | 36.0 44% | 97%
fractions n'K. 33| 10.6 23% | ~60%
— smaller purities oK 4 1.4 42% | ~80%
10K, 6| 4.1 17% | ~50%

KKK 25 8.6 26% ~77%

« Theoretical problems:

— Sub-dominant SM contributions
with non-zero weak phase

— ‘“u-quark penguin” is CKM-

suppressed (~0.02), but n'Kq and
n'Kg also have “b — u tree” oK <0.05 <0.25
n'K, ~0.08 <0.35
ey 0 10K, ~0.08? <0.20
B0 i~ KKK, ~ 5% <0.25

0 .
K *Grossman, Ligeti, Nir, Quinn. PRD 68, 015004 (2003)

Gronau, Grossman, Rosner hep-ph/0310020
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Event samples: BY - ¢K, ¢K,, KKK

K.Abe
® g = \/E&am (3=, 8% (D,E)*isreplaced by EZ,  (signal: mp = 5.28 GeV) LP 2005

o AE =) .E;—Epam Ep = Epeam at B factories (i tracks for B candidate) (signal: AE = 0 GeV)

e For Kf assume two-body decay and compute Pk

Belle (386 x 10°BB)

BaBar (230 x 10 'f'BBj X0
. g
s
»l=
| @
=
| =,
Y|
5.22 5.24 520 5.28 2 F
z e L
m_. (GeVic™) ok
0 L. ' ' ' . 21
w :; _— -F;F]__ o
@E 15- — |'_-|K£] g.E 5.:'!2 5.‘3-1- 5.15 5.‘3& 53 g.E 5.‘22 5.:’.‘4 5.:'!'5 E.IEE 83
O ;[ N M, (SeWIc?) W, (e
s : : : AR
0 002 004 008 Ak
AE (GeV)
r [+
kS [] =& rame maaan E
E :i: Bl =G iram cantiouum §
2= z
L | e ﬂ
™ :
5.22 .24 5.28 .28 .
mg. (GeVic")

Li ke inood ratio
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At distributions: BY — ¢K, ¢K,, K*K'Ks

BaBar Belle KAbe
1F
3 TE—— o LP 2005
E'M; i j ' HE an} B
o i o
E ] ' == = — &4 1of
ae*hj: 1 {,,LAZ—. e
z O5f e g asf | ——
o L eds
E--ﬂ.: 1 E-}-=:Fr-ﬂ- ] E 0 h_‘_._rf-qlrl—‘ %
i -[l_ = = i z 4 ] E-{'ﬁ' e
At (ps)

15 -I5 -El.ﬁ ".!l 2?5 I5 75
0 0 +p— 0 Sl
(@) 0K, (b) 0K, () KTK™ Ky dotted line: Standard Model

oK —

P : , (i}
"sinlgy = +U'_5Uj:ﬂ'251—g.gjt Tsin20" = +0.4440.27 +0.05
C =0.00+02340.05 sin2¢{" = +0. 2740.0;
KK-K! g;ifﬂf.ﬂlaliﬂ.l?iﬂ.ﬂ?
TSin2e! = +0.55+£0.22+0.04£0.11 (CP) — = 8% g
C=+0.10+0.1420.04 "sin2¢; = +0.60+0.18 £0.0470:13(CP)
K+K-K? C=+0.0640.11+0.07

"sin2¢f = 4+0.09 +£0.337012 4 0.10 (CP)
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B’ - KKK, (plots from BaBar)

o
LA
1

“-;-E-f." :;ﬁﬂEw- T T T |_ émé_ =
=g E E i = A ;b'jylz r
= | 8 a0 B of
. 185 A A RS O
g3 12 3 sE 3
3 00 _é Ii 20} = DZé-Zb?I'Z } : +
10 _ m; : : &5? { | :—[—: o
823 524 526 528 5z D07 005 0 505 0.1 = osk s S
mes (GeVic) AE (GaV) Y :
-5 4 2 1] f_;:t{]_}sf
e At least two KE — T “tracks” (allow one KE — 107Y K Abe
e Interception of three KE tracks from IP-constrained fit gives zcp LP 2005
Goep = 75 ptm (comparable to 50 pm for J /wKY )
G- ~ 200 pmis still dominated by tagging-side resolution
BaBar Belle
"sin2¢(" = 0.631)7: £0.04 "sin2¢{ = 0.58+£0.36£0.08
C = —0.10+£0.251+0.05 C = —0.50+£0.234+0.06
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B’ - n'Ks, n’K, (plots from Belle) o

: LP 2005
n'KY!
_ IAs n'K}
ok 198 F
N ' — 80
s b k (yy)mFa s I
o E 1 1 L ﬁ Eﬂ—
m 5 g1
150 F T = i
b 3 2 s 4r
i g'v"ﬂ*'--)k p(er )y : |
ﬂ:l; 1 1 1 Ly E 2{]._
o . @
1wk
] " n(3m)rtm- T 6
0 4z 01 0 01 02 U5z 5pm 505 55 53 pE™ (GaVic)

&E {Ba¥} M, ¥5aW o'}

"sin2¢{ = 0.6240.12+£0.04
C=0.04+0.08+0.06

Enties/ 15 m==

BaBar 'K}

"sin2¢ = 0.30+£0.14+0.02
C=-0214£0.10+£0.02

T - <25 0 2% 05 U5
Allps)
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sinZpB from b — s “penguins”: conclusions

o K.Abe
sin(2p*")/sin(205" % LP 2005

PRELIAINARY
H—ccs Average W ! 0.69 + 0.03

{ o BaBar ] JfH 7 esoroas il

i X Belle . . ; 0.44 +0.27 £ 0.05

LT Aveage | byl i te4riode .

%.: BaBar .—-i;IL ' 0.30 + 0.14 + 0.02 Deviation from s1n E{i‘l[ value

i Belle ol i 062+ 0.12 £ 0.04

i Average i 0.48 + 0.08

BaBar | T oes M8 lo0 Gt - . -

i e 332 ! — L

i X Belle 0.AT7 +0.36 + 0.08 AS = "sin <0y —Sin 201

i« Average 0.75 + 0.24 vl

e i e ,]fr.l - o o All except '’K" are within ~ 1o

Belle . e L i 0.22 + 0.47 + 0.08
e Average |4 Va1 s e All except foK? have AS < 0
G, BaBar D — e H= [T eseticone
[¥] g .38 u u 1w

| X Belle . ; . 0.95 + 05 12 e No choice but to go for higher precision
H T Average | | — LI- 063030 measurements

e BaBar e {041 £ 0.18 £ 0.07 £ 0.1

N Belle ke | 060 £048 £ 004 1

X Average o i 0512004 gy

i ¥ BaBar - : | T063°0F g o4

i o Belle ; 0.58 + 0.36 - 0.08

- Average i 0.61 + 0.23

-1 0 1 2
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Four-Fold Ambiguity of ¢, ()

K Abe
LP 2005

23 (+180)°

sin2¢; = 0.685+0.032 —
67 (+180)°

cos 2@ from time-dependent angular analysis of B” — J/ wK*D(KSD?EDj |

e Sign ambiguity due to two choices of strong phases in the helicity amplitudes

e BaBar (88 x 10°BB): Resolve the strong phase ambiguity & by examining S-wave and P-wave
interference near K*(892)

cos2¢; = +2.?2tg;§g +0.27 (fix sin2¢; = 0.731)
Prefer 23° (+180°) solution at 86% CL
e Belle (275 x 10°BB): Assume s-quark helicity conservation (agrees with BaBar solution)
cos2¢; = +0.87 £0.74 £ 0.12 (fix sin2¢y = 0.726)
| Belle: time-dependent Dalitz analysis  B° — Dh”, D—K{z'z~ |
01 = (16+£214+12)° (95% CLregion —30° < ¢ < 62°)
Exclude ¢y = 67" solution at 95% CL

n November 2005 L.Lanceri - CP Violation and Flavour 24




Summary of Lecture 4

* sin23 measurements:
— b — ccs : very good agreement with SM (CKM) expectations

— b — sss : ¢Kg update from Belle now consistent with BaBar
and compatible with the SM

— b — sss : all compatible with the SM within = 16 , except n'Kg;
all below the SM except f,Kg; more data needed to
understand if there is a non-SM effect or not

* Next, lecture 5:
— Review of results on ©w, pxwt, pp and implications for sin2a

— Measurements of y
— Wrap-up on the Unitarity Triangle and CKM fits
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