CKM Reflections:

ResulTs from Belle and Babar

* CP asymmetry in CKM
* B factories & experiments
- Measurements of sin 2¢,

* Progress on sin 2¢,

* Progress on sin 2¢;,

* Other CKM

* Summary

Y ——

Kay Kinoshita
University of Cincinnati
Belle Collaboration




CKM and CP Asymmetr

Complex couplmg constant is CP- vuola’rmg

CP{f g f}-f

9

f (hermitian conjugate)

9 27

BUT to observe CP asym, need 2+ interfering amplitudes {T P}

T=gA P=g'A’' -> |gA+g

A'l IgA*+g A'*|

Equal only if relative phase of g,g'=0
Cabibbo-Kobayashi-Maskawa (CKM) ma‘rr'lx

- {weak<->mass} eigenstates s b’
d: d so that u | 1 0 0 |
E' = M |§ W-couplings are gx c| O 1 0
A generation-conserving
— . 0 0 1
u !Vud vus Vub ‘ complex . . +in 3-.d,
Vs Voo Vo preserves metric ¢ = unitary irreducibly
t \Vfd Vie Vi ] " orthogonality comple%
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3-generation CKM

Unitarity conditions -> 4 free parameters

ViVt tenke3y Vg™ VgtV " Veg# Vi * V=0

* *
=> Mub—ud_'_ 1 + M’rb—fd — O

* *
explicit parametrization(Wolfenstein): ‘ vcb¢ vcd vcb¢ vcd
1-\2/2 A k3A(p_|n) (041 _(120-,
O 1-a2/2 h2A (p+m) (1=p-m)
ABA(1-p-in) -A2A 1 (Pm)

"unitarity triangle"

irreducibly \VARVA:
complex! VudVib td Ttb
from d tes,
Py Vod

A=0.81 + 0.08
lp-nl = 0.36 = 0.09

11-p-unl =0.79 + 0.19 0.0 1.0

B-factories: measure angles, test self-consistency of CKM
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Observable CP asymmetries

-> o observe, need process w. all 3 generations (<- B decays),
interference between =2 processes

.g., B -> J/v K_.(Sanda/Bigi/C
eg J P K (Sanda/Bigi/Carter) mixin9+‘rr'ee (OCVTd*Z)

1'!"66 (r'eal V,J) OCV *V Ochb V-‘.d VCbVCS
= Mhy i1 b 1A
{ b " \<

\\\}szell / \}KS

measured /

identical hadronic processes

CP asymmetry from x-term(s) - no theoretical uncertainty: « arg(V,4%) = 2¢,
Bottom line: CP-dependent oscillation in time:

dN 1
o — (B — fop) = =Te 121 4+ myne psin2¢sin( AmAt));

2
-\ —1if B)y=B" “\41ifCp even) _u_
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B production: eTe” — YT(4S) — BB

N | At by asymmetric energy ete- -> Y(4S)
g | (symmetric Y(4S): CLEO 1979-2001)
g 153— - 1
S T S T Experimental design:
° - - (I | \ t‘1..v" ALIPYON e ey . _
° +T(IS) YRS YGs) *"'r(z;s) b B hadron (K/Tl'), lep’ron ID
94;1 9.46 100I01002 1034 103I7 1054 10.58 B 10.62 200 o
Mass (GeV/c) BR +hreshold <« Hm ver"rexmg
2nd decay statistics >»>107 events
. at t=At
t=0'!
\ AZRAT C
- b A mode @ t=At
i : R < 103

\((4?)> B, T | flavor tag @1t=0: e, y, K+, ...
CP=-1, first B decay effective eff ~30%

conserved (+=0), break CP
i PHENO 05
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KEKB & Belle

22 mn 5.5 — Lax = 1.53 X 1034 cm2s7! (world record)

w vﬁl/ Vs - Data (6/1999-4/2005)
: oo e + JLdt = 420 fbI@{Y(4S)of f(~10%))
S ; (>4.2x108 B events)

Superconducting
cavities (HER

KEKB B-Factory

ARES copper
cavities (HER)

SVD1: 152M B pairs
SVD2: 123M+

ARES copper . N ‘
cavities (LER) 'Q. - - . .
- '-—"_ = oray Charged 'rrackmg/ver'fexmg
- tunnel ° SVD

(8/03 )4 layer
- CDC: 50 layer's (He-ethane)
Hadron identification :
e+ target ° CDC: dE/dx
: @ * TOF: time-of-flight
« ACC: Threshold Cer'enkov m{
(aerogel) T \R
Electron/photon ;
« ECL: CsI calorimeter LSOl
Muon/K, e i N\ i
* KLM: Resistive plate =l
counter/iron -

8 GeV e-3.5
Gey e+
Linac

K. Kinoshita ~13 nations, 57 institutes, ~400 persons



PEP-II & Babar

0 L= 9.2 X103 em2s?
Data (1999-4/2005)

« JLdt = 250 fbl@{Y(4S)+off(~10%)}
(>2.5x108 B events)

PEP-II
Rings ™
2ositrons :

Low Energy Ring
BABAR Detector

Charged tracking/vertexing
* 5-layer DSSD Si pstrip

* 40 layers (He-isobutane)
Hadron identification

* tracker: dE/dx

* DIRC imaging Cerenkov
Electron/photon

* CsT calorimeter

Muon/K;

* Instrumented flux return

~11 nations, 80 institutes, ~650 persons H
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time-dependent CP analysis: overview

(BZ”C) ‘:{’_ e 1 .c L
1) CP final state reconstruction SRR
CXPIOH' i):c- :
- exclusive pair production of B =
* narrow resolution of collision energy 5ol
AE :E*cand-E*beam:O (E*beam:S v2/2) RERNANER LAY £ 11
o~10-50 MeV, dependlng onh mode 4= .,[.,.E‘::,:.c,.-.'. 0 Sm .:4:,,)%;;,,..-;“15;’::
M. . (Beam-constrained mass) e AR
M, =(E*,  2-p* 2)1/2 g9 g9 .
bc beam P cand e -
2) Flavor tagging: sign of other b :
all remaining particles in the event 2T " i
* high-p lepton (p*>1.1 GeV): b->- | __ AP
or 'rl'_ y net K char'ge b->K' :3:-: N c” i B

- * medium-p lepton, b->c-> I*
| lﬁ +  soft 1t b->c{D™*->DO1r*}
s> 51, * hard T b->{c}1"X
D~ DO K™ multidimensional likelihood, £599%

Tt incorrect tag reduces ¢, net (28.7+0.5)%
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3) Continuum suppression: 4) Vertex reconstruction

event parameters (“shape") At~Az/Byc
pR ., [BELLE EREIFIEES.

qq (.86

‘CS?'._:}-
Es-ig -+ *Cbg

5) Fit to At distribution:
unbinned maximum likelihood

K. Kinoshita PHENO 05 H
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B->{Charmonium}+K() -> sin2¢

Belle
00015417 evts

__&qgf_ﬂ Belle 140 fb~" PRD71, 072003 (2005)
o Q=1 sin2¢,= 0.728+0.056+0.023

<
A )

£ 400 | vnsnble in

& B No raw data| Ba0Ar 227 M evts hep-ex/0408127
2 500 | sin2¢,= 0.722+0.040+0.023

0 :9 ‘ ., os] Average:

- i S|n2<1>1 0 726+O 037

T 057 e
E 4

+v|— O i ! Amy ]
ZO- Amg & Am,,
= -0.5 i

" L c0n5|s1'en’r W Rqor‘ ‘rags ‘ P $in 2B

* 0.5<r<1.0 zero dlrec’r CP as>_/+r2+ W (O | BB 1P
7 ?gs++ \\\ L _

8 6 4 2 0 2 4 6 8 ’
At(ps) ﬁ
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sin2¢, in Time-dependent b->s - or new physics?

modes dominated by b->sqq penguins

b N Theoretically cleanest
K
u,c,t §
B+ |
g
g 8
K
U g ) u,d
N u,d, s
b S ’
K+ K*+ 777 T’
u , u, d, S
B u, c,t c g
J u b S
nn B~ W= K. K
u > U u = u

in the absence of New Physics, S = sin2¢,

K. Kinoshita PHENO 05 u



Reconstruction of b->s

[v=]
=
=]
L]
(=]

"Iy ¢Kg ; b (b) $K§ H () K*KTK} ; 253 fb-l
2% | 2ok 2001 }

AN B R | |

g:ZH = 1 L { %100 . « CP = +1
a . I Wt *+++;+ (angular
E“’HH # M a, / & ﬁf analysis)

;-@) folo50) K2 * oo @rxs | ok |
3 %} B '} % 15}

Bl it | Pt | | E AL
il | | Lweotons | | LART IR
, i{;:(g) K‘%WO q p :zz 5 ﬂ + o |
Rl oyl LV
gjﬂ_umww{# NE s A
LS T PR

10} 1'; S (low-Ry) |} = &

(@]

0 A i L L 0 L L i i L
§2 522 B4 52¢ 58 &3 52 8622 &2 G628 B2 6

. ' MQC(Ge\HcQ) ' h . M,;C(Ge\ffcg) . 524 M, s(éBeV/CZ?IZS 53
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Time-dependent CP asymmetry:

) oK Fb) K*K—Kg ) K
—t—+ P — AP o
& 0+ t s + = oF —H—H
T 05 305 'g -0.5F
; Ak poor‘ T&gsr 05 ; g AE 00=:r 05 ; AE Uﬂe:r 05 Pr'oJecTed fl"'
% 1rgood tags d & i /
Z osf Z osf z 0.5% k
& O _+_ %Dﬁ 0*_* _+ i 0f »
-0_5+ -05f + 05f + + & .
Sk 05<r<10 AF o teersto E 08<r310 ~SM 6XP€C1’01'|0H
1F I 1E 1 0.0 1F
s (d) "?KS o (e} wKg i (f) KS’;’T (hlgh R Xb) o KSKSKS
o+—+———¢- —*f e of 1 —-+-- - ~+—- - of -Jr- -_-i_- $ Y s S
%-0_5 %-0.5 - %-0.5 © -0.5F
S 00<rs0s e 0.0<r<05 E 00<rsos E al 00<r<05
E o ? 1§ ? 1F < 1F T
£ 0sh £ 05f ++ £ 05F 5 05f —t—
LT +++m0 ++~----1 [JE o
—;-— = = i i i B S R it ST
05F -05F ++ ‘ 05{ h
ok DE5=r 1.0 HE 0&5<zr=1.0 I AE 0521210 1 05<r<10
A E 08 U RE & EE Fh ih W oam mEC g R I T A Ty T 75825 0 28 5 75
Al IDs) Al Ins) At (ps)

A 5\ (Babar) hep-ex/0502017
hep-ex/0408090 hep-ex/0502019
hep-ex/0408095 hep-ex/0503011
hep-ex/0502013 hep-ex/0503018

PHENO 05 H

(Belle)
hep-ex/0409049
hep-ex/0503023
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Average "sin2¢," from b->s penguins

T T T T I T T

BABAR 04

. o 0.72210.04010.023
- - Belle 04

S|n2¢1(b >Squ - '8 0.7280.056 4 0.023

Average {charmonium - all exps.)

0.39 = 0.11 (Belle) SABAR 04,

¥ 0504025 ¢

0.45 + 0.09 (BABAR) | * %t e

- BABAR 04
R 0301 0.1440.02

Wor'ld Aver'age = %ﬂlsi%ﬁsm_oz; : i i
BABAR,04 | Al

Sln2(|)1(b->5'q7): 043 + 0.07 ¥ ngé?jio.m

—0.4710.4110.08 ! : :
(excluding K.K.Kg, foK,) qp  BABARM . i

-033

0.44 + 0.08 ¢ Belle 04

0301058+ 0.11
BABAR, 05

Compare with ccs: %” D0 £0.02

o.13

sin2¢,(b->ccs) = 0.726 = 0.037 [
CL - 2.1)(10—4 (3.70_) 05510221012

Belle 04 o
0491018 _

=004

¥
<
X
¥  BABARDS
X
N4

071 - 40.04

-038

| — - |
- statistics? (Belledd___ :
- experimental systematics? N "‘;,;ig?w(lpgi M Eommoos
0

Ll 1 1Ll 1 I 1 1 1 1
0.5 1 156

* theory corrections? 2 15 1 05
* new physics?

K. Kinoshita PHENO 05 u



Average "sin2¢," from b->s penguins

. " Charmonium P L]
sm2¢1(b->5qu = u.?ga—n.ua? 5 5 [i]
oK : :
0.39 = 0.11 (Belle) 0344020 P A
0.45 = 0.09 (BABAR) “D_Egsﬂ_ﬂ g e
World Average Bﬂag 0.26 P i R
sin2¢,(b->sgq)= 0.43 + 0.07 é D%iﬁ_ié N e———
(excluding KKK, foK.) & 0Ks | ,. ; , 00 O N .
0.44 008 Q0.5 "o ' ™ '
_ KKK : | i)
Compare with ccs: 0.6330.17 ; e e K B
sin2¢,(b->ccs) = 0.726 = 0.037 ngié }é%dr — " B
CL = 2.1x104(3.70 '
(3.70) Aﬂvdgrag% ?gs plenguu"la} . @ l
-s’ra‘risjrics? . DE 04 02 0 EIE D4 06 08 1
- experimental systematics? —n, xS,

* theory corrections?

* new physics?
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sin2¢,: BO->1re1T-

2 paths, each w/wo mixing: " _ar,gvfdvfb*
2 - x

1) Tree (T) V. V.. (M)

d_— T+ with mixing !
] }-r[— Ocvubvud *xv‘rb*zv‘rdz VZZVCB

Vip Vi + if T dominates, -> sin2¢,, as w J/y Ks\/fe,,

2) Penguin (P) 0.0 1.0
d ___— t

i iﬁ\ * if P, T comparable, A, may include direct CP violation

5w \d}r[— . (Jrli.f By_g = BOJ

oV, "V, —1if By—g = BY
dN 1

——(B — fop) = 2Fe_FAt(1 + q - [Argrcos(AmAL) +Syrsin( AmAL)|)

dt
A 20, S__~sin(2¢,+20)-2/(|\|2+1)
difference of—T

21 if direct CP
K. Kinoshita strong phase violation PHENO 05 H



sin2¢,: BO->1r* 11"

An observable time-integrated asymmetry hep-ex/0502035 A\

High quality tags (LR>0.86. 0.5<r<1.0)

60 60
- (a)gq=+1 (b) g = -1
g 40 g 40 i
= O _
S 30 S 30 “N,,=69+11
A | h
< 20 < 20
2 1) g
101/ 110
G i-':

K. Kinoshita PHENO 05 H



sin2¢,: BO->1r* 11

hep-ex/0502035 275M B evts hep-ex/0408090 227M B evts
200  f(a)g=+1 —— Total o . | r
a =
=

Raw Asymmetry

Asymmetry / 2 ps

E 0 E )
At (ps) At (ps)

A = +0.58+0.12+0.06 -0.09+0.15+0.04

S =-0.67+:0.16+0.06 -0.30+0.17+0.03

PHENO 05 a
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sin2¢,: BO->1r* 11

-0. 5 F\ 1-C.L. at (0,0) = 5.62x10°
e
1- c L‘at{ -0.62,0) = 513><1u*"

_‘11.

B = T Y

e

K. Kinoshita

4 05 0 05 1
S

Validation of results

+ lifetime

- sidebands

» K1t lifetime, mixing, CP asymmetry

- many subsamples - consistent results
- time-integrated asymmetry

- statistics - ensemble simulation study

PHENO 05 H



sin2¢,: BY-> p*p- hep-ex/0505049 232M B evts

S . CP depends on polarization

o 3 . ® = Longitudinal: CP = +1

;E a3 - B Transverse: CP mixed

@ 10— . 4' ' =
5 . - —— . . - N ..
R e ke CP fit includes helicity: ;@
/o A . : s : . . +0.071 2

P . ® 3 Jr 0.978 £ 0.0147 7539 4

o | 1 .

fL | 'S, = —0.33+0.2470%

o 4 y w- - .
b=t = A Cp = —0.034+0.1840.09
———

E‘EE:_ I | l I {ﬂ':

§ﬂ§+ — __T"'--._ll_ *

E.o2- T =

wi-0.4 e ——

<06/

08— | .
S ) e+ 7
Atlps)
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Constraints on ¢,

Gronau & Rosner, PRD 65, 093012 (2002)
ABY - ntn™) = —(|T]e¥Te'?? 4 |P|etP)
AB? - wtr™) = —(|T[e*"e %2 + |Ple")
d=0p — Ot

—2|P/T'|sin(¢1 + ¢2)sind
1 — 2 P/T ) cos(¢p1 + d2)cosd + |P/T
2|P/T|sin(¢y — ¢2) cos d + sin2¢o — |P/T|? sin 2¢,
1 —2|P/T| cos(¢y + ¢2) cosd + | P/T|?

Aﬂ'ﬂ'

2

STT?T

Known: sin2¢, =0.726+0.037
Unknown: |P/T|, 0, ¢
New constraints: A, S -> ¢, not fully constrained (CL contours)
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®,: isospin relations

Gronau & London, PRL 65, 3381 (1990)
Isospin-related final states, different T, P content :

A(BY — nt7n™)

\/E A(B“ ”’T”) - A(B—I— — '}'T_'_?T”)
A(B” — rta) ) H (p_ur'e T) |
> + A(B® — 7'71") = A(B~ — n~n")

-> solve & disenTangle:
B(B" - nx7)
A00 B(Bﬂ ?_[Jﬂ_(})
B(Bt — T x")

+ 1070, 110110 CP asymmetries

Also applies to pp

K. Kinoshita PHENO 05 H



in relations

x? analysis to constrain ¢,
(hep-ph/0406184)

1 Combined _;:
e CKM fit

0.4}
0.2
[ TP i i Ly ..."-.-"I ' B | T 1 s 0 a | 4 5
0 20 40 60 80 100 120 140 1860 180
a (deg)
Br _|: lﬂ_“:,I B m{ |f}_“} Hnn{ |ﬂ_ﬁ]| .Am il

—
L

Belle 44+0.6+0350+1.2405 2320008 1042 4340511007 [71°, 180°

(95.4% CL)
Babar 4.7 +06+0253 8206204 11720524010 0.12 +0.56 £ 0.06 [E}J o IH[]':’] l[.'f]'[]".'r‘ur [’I.}

Pe
Babar 30+£4+5 22527458 < L1(90%CL)

79°,123°] (90% CL)
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A. Bondar, Belle internal (2003)

(I) . Giri et al, PRD 68, 054018 (2003)
u E I.|I 7\'3(p W]) '-_J
; <
}\'G: : K \‘ " DU
w, i | W',
b x-'ul;;jg;\z ¢ B ‘G‘ 1—)&/2S
B u D u n K

A(BT — D°KT) =re'®= %) A(Bt — D°K*) (r ~0.1 —0.2)

IF DY D’ = Kgntn™ - My =My ot Mo =M -
AD" - Kgnmn™ ) = j(’m+ m?) — A(D' = Kgntn ) = f(m? mi)
M, = A(BT — D°K™)[f(m%,m* ] +ret®93) f(m? ;m?)]

M_ = A(B~ — D°K7)[f(m%,m?) + re'®T93) f(m? ,m?)]

f(mi m?2) from continuum DO H
K. Kinoshita PHENO 05



Belle: hep-ex/0411049 253 fb!

PR Babar: hep-ex/0504039 227 M B evts
. i c 3
DGII.TZ plO'l'S - | ;;25 ‘5:_-35:. B*->DK (a) %2_5 \:“% B-—>DK (b)
unbinned ML fit for ¢3, 0, r X
Results for |- . | P
=> 1.5 ". LI 15 . . 5 8
g->g’l‘<K 1 % '. ‘ ..l.'; E: 1 i}..:: R
B->DK" (K*->Kgr*) Tele |l RUT
X#(stat)s(sys)+(D model)+(nonresonant bg)™* ' M * Sh.d - T AP
r 93(%) 6(°)
DK Belle average
Belle 021£0.08=0.03£0.04 64191311 1571911 =21 (excl DK*):
Babar < 0.19 (90%CL 70+ 44+ 10+ 10 114 +41+8+10 (68+15+13+11)°

DK
Belle 0127517 £0.02 £ 0.04

7545
Babar 0.155 £1297 £0.040 £0.020 73+35+10=10 303+34+14 =10 (70+26+10+10)°

57T+11+11  321+57+11+21 Babar average:

DK*

Belle []‘.2-'113'_}; + 0094004008 112435194+ 1148353 +£35+8+2]1+49
K. Kinoshita PHENO 05 H




Belle: hep-ex/0408137
Babar: PRL 94, 011801 (2005)

Y1221 M B evts (2.10)
2 IV, 7V, [<0.19 (90% CL)

0.5F

VgVl Mf1pin] |

=> [1-p-wn| <0.86
(90%CL)

1 | I | 1 1 1 I i

/

0 0.5 1 1.5 2
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Factories 1999-2005:
» Total > 6.5 x 108 B pairs, results on ~ 5 x 108
» sin2¢, via KO to +5%
- alternative probes of sin2¢,- sensitive to new physics
penguin-dominated B -> sqq - suggestive!
» sin2¢, - direct CP violation, m/p modes -> +20°
* ¢5: first constraints -> +20°
* possible hints of b->dy (+ other CKM) ->
higher precision on sides

Next

- summer 2005 >450 fb! Belle, >300 fb! Babar
- multiple modes, techniques

-> improving precision on angles and sides;

CKM challenge is heating up - stay tuned!
B ——





