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KEKRB and Belle
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Unitarity triangle
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sin2¢, is measured with a good accuracy at B-factories.
Measurement of all the angles needed to test SM.



CPV in Mixing

2
A A
B S f /fCP = ||B O\ f /fCP
e B oA e AR

_ . 2lm7,
A (t):r(B_O_)fCP)_F(BO_)fCP) SfCP :1+ ﬂTCP 2
cp ['(B” —>f,)+I(B" —>f,) TPANE
=—1[S,_sin(Amt)-C,_ cos(Amt)] C, = >

cP cP cp 1_|_ ﬂfcp
no Difference in decay

A =i AB" > Jer) rate for B® and B

fer AB’ = f,p)

- CP Violation




Direct CPV in charged B Decays

CP violation through interference
of decay amplitudes

[(B—> f)=4,+ 4, e
(B> f)=|A,+ A,e e

IB—o>fH=TB—fforp, #0andd, =0

S s 2|4)||4,|sinG ,)sin(d, )
TGN ) A+ |4 + 2|44, |cos( ) cos(d,)

One rate asymmetry is not sufficient to extract physical parameters:
« measure A and A, butneed A, A,, 4,,, O,



Kinematics and event shape

In T(45) decays, pairs of B mesons are produced near threshold.
Eg = Ecv/2, small CM momentum (300 MeV/c).
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How to measure TCPV

Reconstruct B;
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Selection of B—~>(cc)KO
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CP = —1 modes:
Mode Signal yield
B — J/YK2, J/p — 11~ 12681 + 114
B — (2S)K2, 4(2S5) — 11~ 908 + 31
(2S) — J/mtr™ | 1072 + 33
B — xc1K2, xc1 — J/1Uy 943 + 33

CP = +1 mode:

B — J/YK}

Signal yield: 10041 4 154

Missing information about KE momentum:
KE cluster reconstructed in ECL or KLM,
match it with the KE direction from
kinematical constraints.

PRL 108, 171802 (2012)



CP asymmetry in B~>(cc)K®

B — J/yK2 B — J/;be' B — 1(25)K2
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Combination of four modes:

S = 0.668 =+ 0.023 = 0.013 (syst)
A = 0.007 4 0.016 = 0.013 (syst)

PRL 108, 171802 (2012)

Systematic errors:

"= Measurement of sin2¢, (sin2p)

AS AA
Vertexing s £0.008
Flavor tagging 0003 +0.003
Resolution function +0.007 +0.001
Physics parameters +0.001 < 0.001
Fit bias +0.004  £0.005
J;";-‘:HE signal fraction +0.002 +0.001
J /K] signal fraction  +0.004 5000
/(2S)K?2 signal fraction < 0.001 < 0.001
vc1 K2 signal fraction < 0.001 < 0.001
Background At +0.001 < 0.001
Tag-side interference +0.001  +0.008
Total +0.013  +0.013

Significant improvement in sys. error



Final Belle data sample of 772 x 10° BB pairs

B - DTD—

Showed huge direct C' P-violation
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CPV in double charm
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Significance: 4.2c
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CPV in double charm

W BB

S=—-0.79+£ 0.13+ 0.03
A= 0.15£ 0.08+ 0.02

Significance: 4.00

PRD 85, 091106(R) (2012)

Significance: 5.40
PRD 86, 071103(R) (2012)



sin2¢,* from Penguin Decays

Standard Model New Physics

B’ @

no weak phase from decay NP weak phase

* no weak phase in b—(qqg)s penguin decays
— expect to measure S = sin(2¢,) [just as in B — y K¢]
— contributions from suppressed diagrams expected to be
small (Asin(2¢,) = sin(2¢,*™- sin(2¢,) ~ 0.01-0.1)
 if new physics introduces weak phase in decay, we could
measure something different than sin(2¢,)



B->K;K*'K- time-dependent Dalitz analysis
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sin2¢,®" in b—>sqq Penguins

sin(2B°") = sin(2¢;"

Moriond 2012
PRELIMINARY
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Determination of ¢,(a)

Time-dependent CP asymmetry: A (Af) =S sin(AmuAt) — C cos(AmaAt)

W T
Tree: u) n Penguin:

ar” _ m -
W;)/C ; b dJ, o+

b a (gQQ<u
d d[m™ i
. d dJ 7

Without penguin: Including penguin:

C=0 S=sin(2¢p,) C#0 §=.1-C’sinQe™)#sin(2p)

Use isospin relations to estimate the penguin

contribution: Gronau-London, PRL, 65, 3381 (1990) fm
Lipkin et al., PRD 44, 1454 (1991) AN

A =1/42 A + A

Neglecting EWP,
h*ho (I=2)=pure tree A =A"

Re
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Exploit isospin correlated decays e.g.

B % w7~ Bt = 7% and BY — #%#°

for all final states
@ 3 7 final state [ = 0,1 or 2
@ | # 1 because of Bose-statistics —+ [ =0, 2

o

for w70 final states
o h=+41—1=1.2

@ In the penguin the gluon carries | =0
therefore | = 0,1 (excluded by I and Bose

stat.)

@ — no penguin in A.g

To eliminate the penguin contributions we use

the isospin relations:
(M. Gronau and D. London, PRL 65, 3381 (1990))

i;ﬁ— L A% A0 = L

AT + A%,
V2 V2

,d-l_ﬂ _

Isospin analysis

ﬁﬁgﬂr = @2 + &Gf)g

Quantities needed:
o B(B = nrm™)
o B(BT — n™ 1Y)
o B(B" — 7’7
o Acp(B° = )
o Acp(B° — 77?)
o Scp(B° — nrm ™)

four-fold ambiguity



d,(ct) result from isospin analysis

|sospin analysis Belle only
data

B — w7 (772 - 10°BB)
B° — 7™ x°(772 - 10°BB)
B° — n°7%(253 - 10°BB)

8 fold solution
large penguin contribution
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B = p p’(W.A)
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Acp, Scp from BaBar

B. Aubert et al. {BaBar Collaboration), Phys. Rev.

D 76, 052007 (2007)

small penguin
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p-value
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Determination of ¢;(y)
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If D? and DY decay into the same final state, | D"’ > = ‘D 0>+ re '’ ‘170>
Relative phase: 80 =—@,+0 (B> DK), 0=+@,+0 (B*— DK")
includes weak (¢;) and strong (0) phase.
Amplitude ratio: , o 4(B~ — D°K")|/| A(B~ — DK ") |~ 0.1

Possible D° / D © final states:

: Gronau & London, PLB 253, 483 (1991)
CP elgenStateS (7272.’ KK) Gronau & Wyler, PLB 265, 172 (1991)

Flavor eigens’[a’[es (Kﬂ) Atwood, Dunietz, & Soni, PRL 78, 3257 (1997),
Atwood, Dunietz, & Soni, PRD 63, 036005 (2001)

Three-body decays (Kg7zz)  Giri, Grossman, Soffer, & Zupan, PRD 68, 054018 (2003)
Bondar, PRD 70, 072003 (2004)



Atwood-Dunietz-Soni method

D. Atwood, I. Dunietz and A. Soni, PRL 78, 3357 (1997);
PRD 63, 036005 (2001)

Enhancement of CP-violation due to use of Cabibbo-suppressed D decays

P = . = i
_,.-F"'""F-F .I:';:' -/-/-/_/_/_,_/-’_/-/_/-/-/_> .I:';:-
7 - U . u

o,
wo ool
=
i

(=

B~—>D’K~ - color allowed
~ D’>K*n - doubly Cabibbo-suppressed
B-—DYK- - color suppressed
D’ —>K*n~ - Cabibbo-allowed

Interfering amplitudes
are comparable



5 ADS method (Belle)

OHELLE

Belle collaboration, 772M BB pairs PRL 106, 231803 (2011)
B —[K'nw ] K™ (suppressed) and B~—/K 7" ] K~ (favored) modes are selected.
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ADS using B=D*K

study both modes: D' »Dx", Dy:

[see '"'On g, Measurements Using B2 DK™ Decays'', arXiv:hep-ph/0409281]

Signal seen
with a significance of 3.5¢
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Comparison of results
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ADS method
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3 Pnnnmmnmnu
5J Belle 0.038 *3214 + 0.002
LF 2011 prafiminary
A el . IO oo o
[T ¢ "'BabBar U T T T Oﬂﬁ5+003‘| M'fn"
5 PRD 80 (200%) 022001 ;

N n' #ér:araga * 0.066 + 0,033
o BaBEr T e 0008 6,008 Y500
HE ;nnumuu:mma i 0.009 + 0,008
O g ‘H "’ o2 £0.0037

ﬁ hverage I 0.012 + 0,003
1 ﬁl IHFV:Gm |_|| i . t| .
.08 H08 9 H04 002 o .02 0,05 .05 .1

Multiple solutions in ¢5(7y)




Gronau-London-Wyler method

[Phys. Lett. B 253 (1991) 483]
[Phys. Lett. B 265 (1991) 172]

CP eigenstate of D-meson is used (Dp).
CP-even D, >K'K,n"n"
CP-odd D, »> K;nl, Koo, Koo, K.

CP-asymmetry:
_Br(B- > D ,K)=-Br(B" > D,K")  2r,sind'sing,

- Br(B~ — D, ,K")+Br(B" - D, ,K") 1+ 7y +2r, cos &’ cos @,

/rll,Z

5 o) for D, 2 h o e
_ = ave opposite signs
o+nx forD, 1,2 PP 9

Additional constraint:
R = Br(B —> DLZK )/ Br(B — D1,27z)
1,2

2 /
~ Br(B—D'K)/Br(B—D"1) 75 + 275 C0SO"cOS g

4 equations (3 independent: AR, =—A4,R,), 3 unknowns(73,0,®;)



GLW method

Acp Averages i

" BaBar ‘t 1 025+0G,084002
(G Belle nmtqne:hunz
» CDF |4—*— um*dw:hnm
n& LHCb i 014J.qou.nu1
Avnregn ule:tnua
j BaBar 08t q07 002
Belle -0.124 6,08 £ 0.01

. Avnrege 411005
‘p BaBar 0.11:£ 6,09 001
¥  Bele 014010 0.01
B .. Average e 122007
b BaBar nnudm:hnm

¥ Belle 022+ 0.11£0,01
.45 Average e 3132007,
" BaBar '0.09+G13£0.08
5‘ Average doex0.14
n&jBaBnr T o23t g1 k007
-:? Average -das:l;ozz

-1 02 08 44 H2 3 02 04 08 083 1 12 14

Rep Averages it

Multiple solutions 1n ¢,

1,181 0.00 £ 0.05
1.0320.07 £0.03
1.30+0.24 £0.12
1.0120.04 £ 0.01

1031:003

"T1.0720.08£0.04 |

1.13+0.08 £ 0.05
1.10£0.07

T13120.13£0.08 |

1,160,153+ 0.03
1.25+0.08

T 1.0840.12£0.04

1.03£013£0.03
1001:009

217035009 |

217036

03 0.27 £ 013 |

. 1984030
3




Dalitz analysis method

A. Giri, Yu. Grossman, A. Soffer, J. Zupan, PRD 68, 054018 (2003)
A. Bondar, Proc. of Belle Dalitz analysis meeting, 24-26 Sep 2002.

D)=[D")+ret D)
Using 3-body final state, identical for Doand DO Kn'rm.

Dalitz distribution density: da(mK " ) Al de . dm?{ -
2
| A(mK : ’mlzgﬁ—) > = ‘ L peidEids

(assuming CP-conservation in DY decays)

If f(m’ PRy ) is known, parameters (7;,0,;) are obtained
from the fit to Dalltz distributions of D> K n"n from B*—>DK* decays

Only |f|2 is observable - Model uncertainty



D

<> Dalitz: fit results
Fit parameters are X, = 1y cos(x¢;T0) and y,= ry sin(+d;+0)

+ s
y Dpaje & X, V5 Y, %y D, K X, V8 Y, %

0.4
0.2 r

BaBar B* - BaBar B* |
Belle B* Belle B
oal BaBar B* _ BaBar B
' Belle B Belle B
B Averages | 4T Bl Averages |
1 | 1 1 | 1 1 |
-0.2 0.1 0 0.1 0.2 -0.4 0.2 0 0.2 0.4
Corttours give -24(k L) = 43" = 1, oorusponsing to 20,74 CL for 2 def x Conteurs give -24(I L) = 23" = 1, oo musponcing to #0.7% CL for 2 def X

Physical parameters rg, 0 and ¢, are extracted from x and y.



D

)

Dalitz: ¢, results

.@ j 0.35:-”'“”' o

- 1 o3} {1 B*—DK=*only:
3 3 5 +13
: 025 | ; _ 3 | o o

" 5 Cps | s s o
:_ w7 O | e

10} | o5} { B*—D K*only:

100 | 21

| | o1} ;=64 0 + 4°(syst) £ 9°(model)
S0 1 oosf

3 (degrees)
W W
2 e
o o
I

)

(2]

o
T

%050 100 150 200 250 300 351 0 50 100150 20025?:1221355}0 Bi—>DKilBi—>D "K*combined:

03;=18 _,, ° £ 4°(syst) = 9°(model)
rpg=0.16 £0.04 £ 0.01(syst) £ 0.05(model)
rpsx=0.21 £0.08 £ 0.01(syst) = 0.05(model)
Opr=1367"1%° & 4°(syst) + 23°(model)
Speg=343 ") © + 4°(syst) = 23°(model)

¢, (degrees)

5 (degrees)

Future improving is limited by the
model uncertainty

0 50 100150200 250 300 35( 0 50 100150 200 250 300 350
¢, (degrees) ¢, (degrees)

Stat. confidence level of CPV is (1-5.5-104) or 3.5¢
BaBar result:

=(68+15+4 % 3)°
3.0c CPV significance



Binned Dalitz analysis method

Solution: use binned Dalitz plot and deal with numbers of events in bins.

[A. Giri, Yu. Grossman, A. Soffer, J. Zupan, PRD 68, 054018 (2003)]
[A. Bondar, A. P. EPJ C 47, 347 (2006); EPJ C 55, 51 (2008)]

|Bin numbser ||

—y
n

M= = h{Ki+ 3 K_i+2v/KiK_i(xsci+yss;)}

m3(K r) (GeVieh)
82

X4 = rgcos(dg = @3) y+ = rgsin(dg = ¢3)

m*{ﬁ;ﬂ (GeV3ich

M=: numbers of events in D — KETT+?T_ bins from BT — DK=

, L
K:: numbers of events in bins of flavor D° — Kg?rJr?r_ from D* — D

ci. si contain information about strong phase difference between symmetric

- : 2 2 2 2 .
Dalitz plot points [mKEWJF'mKEW_) and (mKEW_. mKEWJF].

¢ci = (cosAdp), si = (sinAdp)



Binning & measurement of ¢, s,

Binned analysis reduces stat. precision.
Can improve this by choosing a binning inspired by D° — E}T_I_}T_
[CLEO collaboration, PRD 82, 112006 (2010)]

model

o515
~ 3¢ - -
I 5 g 1F
2 2.5 7 E B
" - £ 0.55
°::m f a oF
5 15F . -
E | 0.5

1 2 -

1 A
0.5( B

: -1.50—

I R N

m*-"{l(gn‘} (GeV2ich

- Measured c;. s; values and

Optimized D° — K§W+W_ binning predictions by Belle model
using BaBar 2008 measurement.

Optimal binning depends on model, but ¢3 does not.
Bad model = worse precision, but no bias!



Fit results

Free parameters: (x,y), normalization, background fractions in bins.

> 0.3

0.3
[l3-'[]2 [l1 0 I[]1 [IE [IE

X

o 350

2es

o= J00

deg

— 250

&

200

150

100

50

~ = +0.005 + 0.045 = 0.014 + 0.017

y_ =

corr(x_

JJ":

corr(xy, v )

= +0.13710027

,¥-) = —0.315
+ = —0.110 £ 0.043 = 0.014 £ 0.016

—0.050" 0022

= +0.059

+ 0.019 £+ 0.029

+ 0.011 £ 0.021

[ HLARARERRARERANSS = SAL RARAD:
. r'rl:fr:'_".\-x""'l
- ()] 3
g e ]
B —_— i
L ;
[ S ]
Ry f_-! i ]
E A\ -
Ll ||||I||||I||||I||||I||||I||||I:
0 &0 100 450 200 250 300 350
(s (degrees)
¢z = (77.3F

15.1
14.9

“ gal T ]
0.25 [ .
: .-"f-xll"- -"r-i_ xl"-.
nll : II,'. :__-'H'\-_.. IlIII IIII- :II_.-' x.'-_.l'.l -
F .'. b Il' [ '.I
oast /L)1) R
1 : II | | | 1 II l|
L[ W v
o1 E I | | | ]
: II ..'\-\.\..___.-'.. II .'H\. _ I III
= 5 ---_.ll l'.x -_.l'
0.05 | S R ]
-....|....|....|....|....|....|....|'
50 400 450 200 250 300 350
04 (degrees)
+ 4.2 + 4.3]9

rg = 0.145 = 0.030 = 0.011 = 0.011
6p = (129.9 £ 15.0 + 3.9 +4.7)°

st error is statistical, 2nd — systematic, 3rd — ¢;. s; precision.



1=

0T

..S'des of UT

0.6

0.5

04

0.3

0.2

01

0o

axcuded area has CL = 0855 T

! Am & Am,
A Rt

'Uﬂrh'12

&

+= IIII|IIII|IIII|IIII|IIII|IIII|IIII

1.02

UT CKM Measurement 6V/V  Ref.
Parameter
Vup™* (4.4£0.5)10° [10%
\'} 4.1+0.1)107= 3%
= { )  PDG
Vi (Amd)** (8.4+0.6)10° |7%
Via/Vis(mix) 3%
Vea 0.228+0.006 3% 1209.0085
Vi:single-t |~1.03=0.04 4% 1302.1773




V,, from inclusive B->XCIv

® HQE params & Vco[ from (Mr:) ern =T [MdT = f(E m, P pﬁj
1 b -—
Spectral moments Eﬂ Cut-off qualk masses Non- paturbatwe
parameters
, , Moments can be
® Need high resolution access to B rest frame, calculated for cut-off in E|
unfolded:
Hadronic invariant mass "
recoil
Lepton momentum 1 &
P <
B
e A > (i
® Use hadronic tag Biag— DUY T(45)
— 0 /
(Y=nmi,mmr,pKs,gK...), / e
to infer signal B: flavour, charge, p4 B 1ag



V,, determination —

2%
D
* Inclusive CL decay recoiling against B, . b 9
» Unfold to true l—aL

» Extra constraints on m, from b—s y photon spectrum
Hadron mass

Lepton momentum _ I
zﬂm E ‘ E—-« ].-1- F = Mg =7 »
u 1T T |I TT | TTT | TTT | TTT TTT | TTT | TTT | TT I| T II_ __ * _'.:I :_ - = = _,' - |
> 000F Bell * B? data “o - D, D ' = 135 o~
G_ e [1B—=X.ev > 1600 E + - 10p ;
=350 | 140 fb! HEB—X.ev = 3 . 8F
E B [1Secondaries o 1200 =5 ¢ ,Eﬁ 6 3 <l
Edm-_ []Combinatorial 00 - Babar v 4 ;,r"
B - ] e - & q
o [ [lContinuum 2 > = B
2 300 . v 000 F . 5 10 15
— B ] = :_ o L | ‘:]l‘l:'.c m:} [(’GE‘J.’C'}']
Wi 200F . 5 400
lm: -] [] s mm -
: 0 1 2 '
________ . m, [GeVic']

810608 T 12141618 2 2354
p B (GeV/c)
® BABAR, PRD 81, 032003 (2010)

Belle., PRD.75.032005 (2007) Belle, PRD.75.032001 (2007)



Exclusive V,

B— DUy differential decay rates proportional to |Vep|? & form factors.

w = U Upm = j:g:f:[; - D™ boost
dr(B — D*{7) GZ|Vep|? !
dwdcosf,dcosfy dy 4873 mp« V' w? — 1 P(w) | F(w, cos ¢, cos By, x)|*
dr(B — D ¢7) G2V 2 ]
G = g (metmo) mp(w? —1¥(G(w)P

1 normalisation point from
lattice-QCD at 0-recoil (w=1)

From experiment

Ve| x F.F. @w=1 Gg-p(1)=1.074(18)stat(16)sys F5-0*(1)=0.9077(51)stat(158)sys
pD pD* (F |: SlOpES) [Fermilab/MILC NPPS 140, 461(2005)] [Fermilab/MILC, arXiv:1011.2166]




D

et B->D*lv

e 772M BBbar events, 123K D*" |* candidates

* FF pars from fit to 1D hists (10 bins) of
W, c0SBiep, COSOY, X

Belle PRD&2, 112007(2010)

S 7000
2 o ¢ 40x40 covariance in F(1)|Vep| fit
£ a0
$ e
3000
2000
1000
077305 14 115 1.2 1,25 1.3 135 1.4 1.45 1. F(1)|Vcb| = (34?1{]211 _U)}{'ID‘?*
w
€ 10000 i —— p2 =1.21£0.02+0.02
— N signal preciciion wtar
8 Py
c MC bmchgrrand, Uneomabeied .. - .
@ 6000 P ——— ® Sys: Limited by track (fast&slow) efficiencies
u . ~0.8%, and B—D**lv
4000
2000

®B — Dlv FF’s, 1.6% accuracy (2.6% in 2008)

99 08 06 04 02 0 02 04 06 08 1
cos 0.



V, summary

® Small persistent discrepancy, up to ~2.4c; exclusive - inclusive.
® AExclusive~2%, Alnclusive~1-2%

HFAG EOF2011

H o H . 2
D 79 012002(200¢ 2
I ® L1 Belle D" 38 4+ 1.2+0.7 .
I 1 PRD 82 112007(2010) E
_ _ HFAG D*h:39.7+ 0.5+0.7 E
&
1 1 arXiv:1207.1158 g
L1 ° 1 1 HFAG Dh:39.7+14:09 “
r r arXiv:1207.1158
. Belle Kinetic:d1 .6+ 0.7+0.6
mg" = 4 54340075 GeV | & | PRD 78 032016(2008)
- Belle 15:41.6+ 0.7
|T"I|:.1“:h = 4 723+0.055 GeV : @ : PED TEDSED"E{E[}[}B] .E
. 4
. L1 |y HFAG Kinetic:41.9= 04206 =
|'I"'||;.k"-I =4 560+0.023 GeV 1 8 1 ar¥iv-1207.1158 =
+
HFAG 15420+ 0.5
rI'II::-‘E =4 691+0.037 GeV I_._I arxiv-1207.1158
[ | [ | I [ | [ | [ | I [ | [ | [ | I [ | [ | [ | I [ | [ | [ |
38 40 42

44 46
IV 1[x 107
cb

Exclusive

Inclusive



Exclusive V

2

v Imax
A ¥ 9 ¥ GE r ‘
2 (mel+m-2meEa)? > _ GF 2 3 22
}q (me-+mx--2mgkx) &()’(U:qmﬂm] = 943 dq pﬁ,|f.|_(q )
0
b g u One FF for B — =nlv 9
B é T — with massless lepton Gmaz ) :
p _ 1 / i dB(B — mlv)
|I’f;xb| 2 By dqg
_ 0.7 |
® Rates determined by |Vub| & Form o R —
Factors : — Fermilab
0.5 — HPQCD
s F — ISGW2

® Calculable at kinematical limits with
Light Cone Sum Rules or Lattice QCD

® Empirical extrapolation necessary to
extract [Vxp| from measurements

dB(B" = 1™ vdav P (ps YGev?

=
k=
T

-
L

=
)

010

g

5w 25
q* (GeV)



Belle =

Babar =

Belle mt°

Babar °

q?<12 GeV?

B->nlv results

%>16 GeV?2

I LI | I I
Untagged
S.L. tag
Had. tag

%

0.5 1

BF(B — = | )I[10™1

Untagged

Tag B —+ DUllv

Tag B — hadrons

BABAR Cut Belle

(2008>)

® Experimentally robust.

Cut

® Biggest (recent) advance: improved
hadron tag for m?miss analyses.

*— Reduced model dependence -
cross check of untagged.

Belle NN
(2011>)

) 02 04 06 08 3]1 Modes |1768 - ~1000
BF(B — = Iv)I10 B"'tag 0.4 0.14 0.28
BOag 0.21 0.1 0.18
High Low
o J
Low High




Exclusive V

1.|Vus| from partial g2 integral with FF

(theory/lattice). Error budget:

2% total rate
4% g2 shape
8% FF normalisation

2.Fit data & theory: LCSR or LQCD in
g?(2-3 shape pars + |Vu|, data & LQCD
correlations)

. i
1.Not precise enough to rule outany ~ ~ X s
,} 12+ A Belle untagged (13 bins)
themry (G’[hEI" than ISGWE) 1) i v  BaBar untagged (12 bins)
S 1ol e  BaBar untagged (6 bins)
HFAG PDG 2013 qg*(GeV/c)* |Vub|10°® ; [ Erﬁ:ﬁﬂ par )
LCSR Siegen <12 3.42+0.06%037 4 5, _E 81
LCSR Ball/Zwicky <16 3.58+0.06%059 g, | 6
LQCD HPQCD ~16 3.49+0.09+0.60 5 4 4t
LQCD FNAL/MILC |>16 3.33+0.08+0-37 4 4 2|
Global Fit (FNAL) |All 3.26+0.29 "u_' L
Global Fit (LCSR) |All 3.26+0.19




Inclusive V

¢ Total rate can’t be measured! Too much B—Xclv background.

® Remove b—clv: BUT lose part of b—ulv.

Measure I'(B— X {v)X

Fraction of the signal that passes the cut
— corrected for QCD, motion of b-quark

Problems: Restriction of phase space
creates complication, need models -

r m|I’~'f|~l|3|2 mbﬁg but Pal'tlal rates ﬂrmlvublz Mp10 0z}

V,ﬁ@,\

Cut-dependent
constant (theory)

parion model
lonematic it of b—o

including fermi maotion
(model}

—
= =

0.5

E; (GeV)




Inclusive V

pr>1 GeV
|||||||||||||||
gl | Babar p>1GeV Systematics % Babar Belle
B — X, i, (SF) 56 3.6
Belle pi>1 GeV B — Xyfiy (g — s5) 2.7 1.5
= - B — Xy £y exclusive 1.9 4.0
M—{ Average tagged B — X, £ vy unmeasured - 2.9
o y
Average untagged ALB _}XXE Eve g? E;P%
}w. | (endpoint) — Actle ' :
T 1 PID and reconstruction 3.4 3.1
t"@' Average all BDT - 3.1
PeE Other 2.1 2
seou Total 8.4 8.1
BLNP
|||||||||||||||
3 35 4 45 5 ® “Inclusive™ analyses not inclusive enough...
3 .
Vil 1071 ® Need much better understanding of Xul*v

Resonant & non-res., light quark hadronisation.
Common techniques used in Belle & Babar
Mxu,>1 GeV (exclusives) next frontier.



B->1tv

® Enters UT in 2 main ways:
eB(B—1v) « fe? |Vub|? (fs very precise)

G 2
B(B_ — T_I_J*r) P”‘EH”E (] _ i ) _{flvuf;rrlz'rﬂ
8 J FTTH

eB(B—1v)/ Amg « [Vuw|? / |Vid|?, Cancels fs uncertainties.

® New Had tagged results
PRL 110, 131801 (2013). arXiv:1207.0698
12“':‘ (Projected in all Mms? redi - (Projedted in Eea<0.2 GeV.) EEI]UIE— (a)
' ~ 25'— £] = n Babar
> 100} © [ Belle S 250F
& | < 200 X f
8 i : 2°200;
*~:~ _ | r 15; 1500 __#
5 aof background g 100 100f
wf . .
. signal (3.00) “ 55 50 o,u, 17, p
uu”btz' | rn:u nLa u:a 1|'“1.z uu -”-'-5-'“”'16”'15'”id”éé 30 % 02 04 05 08

Eecy (GeV) M. (GeVich E, g [GEV]



fg and |V ,| from leptonic decays

BaBar [468M] o (1.70:0.80=0.20x10*
(2010) semilep-tag PRD&1,051101 LQCD ~2 59 error on fE!-
BaBar [468M1 - (1.82 7 520.20010" I
(2012) hadronic-tag aryiv:1207.0608 _ .
BaBar (combined) R (1.79:0.48)x10° o | Endarzan
with correlations arxiv:1207 0608 B "1' """"
Belle [657M1 . (1.5 X 08t T — e
(2010) eemilep-tag PRDS82,071101
BEI I'E [F72M1 o {0.72 ﬁlﬂdﬂl‘lﬂ" Ihlll In!:f. Il|j1.|l Illlrjl = J_"II]II = I!f.jlfl = J::HI = I!JI_-'.I = 2N
(2012) hadronic-tag ICHEP 2012 f, (MeV)
Belle (combined) P (0.96:0.26)x 10
with correlations ICHEP 2012
W.A. ] {1.1520.23)x*n*
private average (MN) SM (1.2010.251-10* ICHEP 2012 ®
. 0 e 15
Nakao, ICHEP 2012 CKMfitter (0.73" 10
T I S
0 1 2 2 3
BF(B—tv) (107) -
( ( [Vub| (:Exp£LQCD) (x10°9)
Wl EE CKM fitwio BR(B —1v) ]
e 13 - Maas s (WA
-+ Moasurmerts (Bale) Differby 1.50 | Bapar | 5.320.7+0.1
b |"'|'"|"'|"'|'"|"'|"'|"'E IfEI'I'DI'
sl 3
o .| ; uncorrelated Belle 3.9+0.5+0.1
- ;
L el :
T —— ] WA 4.2+0.4+0.1
T 11 ol e by s by v by g s byl aas
i (1] [ 1] 15 12 i4 18 18 AL 33 24
BR(B —tv) x 10° —




V,, summary

HFAG PDG 20412 Incl. Range
@) (BLNF DGE, GGOU, ADFR)
> " " Babar4.33 = 027
m & 'Z:-Zi:],._| n=13 2]_'"""":'
- I'I o I Bel E.4.5:ll =0, Py
T GGOU:p >1.0 GeV
WA4.30 = 0.15'
= =114
— H H GGOU: HFAG EOF2011
HFAG PDiG2012 Excl. Range
1 1 1 1 Babar:3.44 = 0.10*
: I | Untagged, LCSR
g_-’ L 1ot | | Belle3.44 - 010"
o ' el ' Untagged, LCSR
72 B o~ || Belle:3.38 = 0.14°0%7
= Col tagged, LCSR
T | Lo | WA340=0077
> : el ' | HFAG EOF2011 LCSR
W . | WA:3.30 = 0.30
l l HFAG EOF2011 Global Fit
e . B>t v:3.87 = 0.53 = 0.09
o ] Belle, Lat.Ave. ICHEP 2012
' ° ] B—=tvd21=042 =010
I:I'J i WA (private), Lat Ave. ICHEF 2012
0 |-o—| CKMftter:3.42 *>2
= 9 Summer 2012
v = -e—| VUTFIT:3.69-010
O L Summer 2012
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

IV I[x107]

0207 Exclusive / inclusive
|IVub| differ by ~3c

LCSR: Khodjaminan et al. g2 <12
PRD 83:094031 (2011)

GEOU: Gambino et al.
JHEP 0710:058 (2007)



Summary

e Angle ¢,(B) is measured with 19 accuracy in b->ccs. No deviation
from SM is found in b=>sqgq penguin and b->ccd decays.

e Accuracy of O(59) is achieved in ¢,(a0) measurement using pp and
pr. Still is limited by statistic.

e (;(y) remains the most difficult angle of the UT to measure.
Good perspectives with higher statistics since the theoretical
uncertainties are very low.

e 3% and 10% accuracy are obtained for |V | and |V ,]|. 2-3c
discrepancy in inclusive / exclusive methods.

e Excellent agreement with Standard Model so far. Next order of
statistics is necessary to give an answer for the New Physics
existence.



