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Scope of this talk
tree-level decays
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contraints on the UT that are unaffected

(or nearly so) by loop processes.
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Vuo| and B now

Vuo: Tree (+QCD)

SM benchmarks



values from PDG 2010

‘VUb‘ Theory
required-to
o Inclusive predict
signal
B }X shape Sndt r E

231 GeV 2.64 GeV
[Vip| = (4.27 £ 0.15¢p £ 0.19¢, +0.30xN1.0) X 1072 large (irreducible?) theory uncertainty
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values from PDG 2010

Vub| !

Theory
required-to
o Inclusive predict
signal
B }X shape Sndt r E

231 GeV 2.64 GeV
[Vip| = (4.27 £ 0.15¢p £ 0.19¢, +0.30xN1.0) X 1072 large (irreducible?) theory uncertainty

e Exclusive
f Theory to predict form factor.
B }‘ Lattice QCD can do this, keeps improving.
Error LQCD-dominated.
V| = (3 38 +0.036) - 107

MILC: PhysRevD.79.054507 error equally divided between exp, lattice-stat, lattice syst
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values from PDG 2010

‘VUb‘ Theory
required-to
o Incluswe predict
signal

}X shape Sinds o E

231 GeV 2.64 GeV
[Vip| = (4.27 £ 0.15¢p £ 0.19¢, +0.30xN1.0) X 1072 large (irreducible?) theory uncertainty

e Exclusive
‘5 Theory to predict form factor.
B }‘ Lattice QCD can do this, keeps improving.
a,d

Error LQCD-dominated.

<%

V| = (3 38 +0.036) - 107

MILC: PhysRevD.79.054507 error equally divided between exp, lattice-stat, lattice syst

° Leptonlc Vb Theoretically cleanest: Decay
constant (~probability that u,b
meet inside B meson) from LQCD

V| = ( 52j:05exp ) 4+ 0.05(theo)) x 107?
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e [n 2011, BaBar and BELLE published new
|Vub|-exclusive measurements: 10

o
> .
o 167 -
BaBar: |V,,| = (3.09 4 0.08 £0.1270:35) - 1073 o 14 =
PhysRevD.83.052011 (2011) PhysRevD.83.032007 (2011) X r ]
G 12 =
<3 I R X
BELLE: |Vy|= (3.43+£0.33)-107" G =
PhysRevD.83.071101 (2011) g 8; _____ FNAL/MILC a
8 —— HPQCD %
a- —— BGL fit to data =
2i BK fit to data B
C e data
e Compare incl/exclusive determination: [ I T

Unfolded g? (GeV?)

My average: |Vis| (excl) = (3.264+0.33) - 107?
PDG 2010: |V (incl) = (4.27 £ 0.38) - 103

(a similar tension in the incl/
excl determination of |Vco|)
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Vo]

A d|sturbed benchmark

¢ In 2011, BaBar and BELLE published new
|Vub|-exclusive measurements:

BaBar: |Vip| = (3.09 £ 0.08 £ 0.127705%) - 10725 =%
PhysRevD.83.052011 (2011) PhysRevD.83.032007 (2011) JiL oA

BELLE: |Vy|= (3.43+£0.33)-107"

PhysRevD.83.071101 (2011)

e Compare incl/exclusive determination:
My average: |Vyp| (excl) = (3.26 £0.33) - 107°

PDG 2010: |Vi| (incl) = (4.27 +0.38) - 1073

(a similar tension in the incl/
excl determination of |Veb|)
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A d sturbed benchmark
* In 2011, BaBar and BELLE published NewW sosizs e A e RN M
Vub]- _exclusive measurements: A
BaBar: |Vi| = (3.09 4 0.08 +0.1279:35) - 10—3}_:"'?';" R
PhysRevD.83.052011 (2011) PhysRevD.83.032007 (2011) _\" ~ o , -
BELLE: |Vip| = (343+0.33)-1073 -7 &

PhysRevD.83.071101 (2011)

e Compare incl/exclusive determination:
My average: |Vis| (excl) = (3.264+0.33) - 107? -

Sae

PDG 2010: |V (incl) = (4.27 £ 0.38) - 103

(a similar tension in the incl/
excl determination of [Vcp|)
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Vo
A di sturbed benchmark
* In 2011, BaBar and BELLE published New susesizwymmeremsrssosn o o
IVub|- _exclusive measurements: g b e e

_a' J‘ '.’ i o
BaBar: |V,,| = (3.09 & 0.08 & 0.1215:30) - 10 3.‘ e
PhysRevD.83.052011 (2011) PhysRevD.83.032007 (2011) SIS

BELLE: |Vy| = (3.4340.33)-107°
PhysRevD.83.071101 (2011)

e Compare incl/exclusive determination:

My average: |Vis| (excl) = (3.264+0.33) - 107?
PDG 2010: |V (incl) = (4.27 £ 0.38) - 103

(a similar tension in the incl/
excl determination of [Vcp|)

Should We arrest the theorlsts”?
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Tension between B—T1v and sin 23
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: 95% CL for combined fit with sin(23.)
and BR[B — tVv]. The orange dashed area indicates
the 1 o confidence level.
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Y and Am now

Amd& Ams (loop)

Currently: y(direct) =68° + 13°, dominant error: statistics
Y(from side) = 68° + 4°, dominant error: Lattice QCD

Jonas Rademacker (Bristol)
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Gronau, Wyler Phys.Lett.B265:172-176,1991, (GLW), Gronau, London Phys.Lett.B253:483-488,1991 (GLW) Atwood, Dunietz and Soni Phys.Rev.Lett.
78 (1997) 3257-3260 (ADS) Giri, Grossman, Soffer and Zupan Phys.Rev. D68 (2003) 054018 Belle Collaboration Phys.Rev. D70 (2004) 072003
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http://arxiv.org/abs/hep-ph/9612433
http://arxiv.org/abs/hep-ph/9612433
http://arxiv.org/abs/hep-ph/0303187
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http://arxiv.org/abs/hep-ex/0406067
http://arxiv.org/abs/hep-ex/0406067

B=—D(2-body)K*

* CP-violating rate asymmetry

_ (B~ = fpK ) -T(B" = fpK") /DK_\

[(B- — fpK~)+T(B+* = [pK*) B~ GLW KKK
= 2rprp sin(y) cos(ép +9dp) / R N_ /
rpe! S PDK

where, for GLW, R=1, rp=1 and dp=0.
R<1 for ADS.
— i6p
/DK%G
- - B~ ADS K'w K
e Counting experiment. All parameters can i’
be extracted by simultaneously analysing TB@NI_)K _}

several decay channels (although external
CLEO-c input on dp helps).

Gronau, Wyler Phys.L ett.B265:172-176,1991, (GLW),
Gronau, London Phys.Lett.B253:483-488,1991 (GLW)
Atwood, Dunietz and Soni Phys.Rev.Lett. 78 (1997) 3257-3260 (ADS)
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/I/DK\
“GLW” - D decays to CP eigenstate B KK K
TBKI_)K

D CP KA CP+ E New BELLE result presented at Lepton-
535 . PRELIMINARY Photon 2011 (BELLE-CONF-1112)
aBar : 0.25 + 0.06 + 0.02
PRD 82 (2010):072004 '_*_ _ D_;CP_F
Belle ; ny 0.29 + 0.06 + 0.02 z J—
clear LP 2011 prelimjnary "B 2 g 80
. CDF I EE N 0.39+0.17 + 0.04 8 2 70
evidence | Pprpsi, 031105{R) (2010) T * i < S o
LHCb. ' 0.07 £0.18 £ 0.07 50
for CPV | ik 2w 201 1‘631 E E a0
in CP+ | Average ‘*\@> 30
i N
0.2 0 0.2 0.4 0.6 0.8 . - o 1:
20.1-0.05 0 0.05 0.10.15 0.2 0.25 0.3 0.
Dp KA E3a o
CP' PREEIE’I[I};‘I;RY —_ D — C P_
5 ! ?" 50 o Vv
BaBar | -0.09 + .07 +0.02 o Q
it — H 3 40 3
PRD 82 (2010) 072004 s ' = S
i : = 30 =
Belle . n -0.12+ 0.06 £ 0.01 2 £
LP 2011 prelimi'nary : E 20 IE
: 10
Average 0 -9.11£0.05 -
HFAG ' 0 . . 0 2.8 ik
T e : £0.1-0.05 0 0.05 0.10.15 0.2 0.25 0.3 912,05 0 0.050.10.15 0.2 0.25 0.3
-0.26 -0.24 -0.22 -0.2 -0.18 -0.16 -0.14 -012 -0 -0.08 -0.06 -0.04 -0.02 0O 002 0.04 ﬁ E ‘GQV] A E "Gevl
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ADS with B=—D(KmK* at LHCb

e Significant signal (40) for BT — (K+7T_)DK_ + cc
suppressed mode in 343/pb.
e
* Data-driven methods reduce & 4. LHCb Preliminary
systematics: 2 KT 343 pb’!
2 20F 2\ |+
g HH;_:
e production and detection & A\ |-
asymmetries from data P |T
10_—
e PID efficiencies from data B
r—— G o g | | .u. i
e |Jse Bi—’D(KT[)T[i as ) P AR P . o 0 o o &) BRIRIN S o e
. . 5100 5200 5300 5400 5500 5600 5700
normalisation mode. m(B) (MeV/cr2)
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ADS with Bt—D(Km)K* at LHCb

-
Bt—=D(KmK* <
signal. :
Bt DKMt =
=
reference &
mode 2
2

Jonas Rademacker (Bristol)
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19,
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B_—>(J'CK)DK_, DLLK> 4 B+—>(J'EK)DK+, DLLK> 4
LHCDb Preliminary fg LHCD Preliminary
343 pb’! % 15k 343 pb’!
=
\
\O
2
2
i
5200 5400 5600 075200 5400 5600
m(B) (MeV/c) m(B) (MeV/c%)
B—>(nK) v, DLL <4 B*—(xK) ", DLL, < 4
I LHCb Preliminary g [ LHCb Preliminary
7 20k 343 pb’!
p=
)
\O
= 10
=
2
0
ok IR T LA L e 1O I

IPPP Workshop on 4th generation
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B*—D(Km)K* summary
D_Kn KA pg F'm

PRELIMINARY
BaBar » i -0.86+0.47 712
PRD 82 (5010) U?zoﬁa T :
Belle N -0.39 1025 “0.0s
PRL 106 (2011) 231803 ‘
CDF , -0.82 + 0.44 + 0.09
PLHC2011 prellmlnar'f )
LHCb » -0.39 £ 0.17 £ 0.02
EPS 2011 preliminary !
Average | 0.46 +0.13
HFAG %

-18 16 14 12 1 -08 -06 -04 -02 0 02 04 08 0.8

huge CP-violation asymmetry of ~50%
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ADS from B—=-D*K

e D* goes to either Drt° or Dy. The two modes are related by a 180° phase shift,

thus providing additional phase information.  ppace_relation helps resolve

i : (KErF] o KF i ambiguities. Current results
2 5 2 indicate negative
% j ] l ‘% cos(dp*+0p)cosy
fﬁ UGt H | \ & and positive
g L “'012 lu_a sin(Op*+0p)cosy
AE (GeV)
D* D’ KnKA,, [HX D* Dy KnK A, [EZid

PRELIMINARY PRELIMINARY

........ S —

BaBar
PRD 82 (2010) 072006

0.77 +0.35+0.12 BaBar 0.36,£ 0.94 103

H—P. | L v I
i A PRD 82 (2010) 072006 ' :

New results at Lepton Photon. BELLE-CONF-1112

Belle L . 0405330 Belle 051785+ 0.08
] [ H L] . . ¥
LP 2011 preliminary LP 2011 preliminary
Average : -0.43 + 0.31
Average | 0.72+0.34 g : §
HFAG HFAG A
1 1 > 3 2 1 1 2

Jonas Rademacker (Bristol)

IPPP Workshop on 4th generation
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Dalitz analyses to extract y

Most precise gamma measurements
to date come from 3-body decays.

Jonas Rademacker (Bristol)

[ntermediate state

Amplitude |¢;|

Phase d; (°)

K*(892) 1

K

K Sw

K £o(980)
K fo(1370)
Ks f>(1270)
K SO01

K 509
non-resonant

1.656 £ 0.012
(14.940.7) x 1072
1.96 4 0.04
0.30 £0.05
1.32£0.03
0.21£0.03
2.56 £0.22
1.02£0.2
1.0 (fixed)
(33.0£1.3) x 1073
0.405 4 0.008
0.82£0.10
1.35 4 0.06
1.66 £0.11
0.31 £0.05
6.140.3

137.6£0.6
320.2£2.2
3073+ 15
1288
313518
81x9
70+£6
10311
0 (fixed)
1143+£23
2129£23
308 £8
30243
218+4
236 £11
146 +£3

Similarly, D—=KsKK

IPPP Workshop on 4th generation

— Ko
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m2 (GeV?/c*)

Dalitz Plots for y at Belle&BaBar

DY — Ks7r+7r_

(O8]
T

T N T T T

m? (GeV?/c?)

BaBar: arXiv:0804.2089

Dﬂavour

_|_ amplitude _|_

model

m? (GeV%c?)

N
(]

05}

w

2.5 3
m2 (GeV%/c?)

- 3r———m—mm—m—
& ] .".':-
8§ | i
= 25 e, _|_
o~ I Lo,
oA, B
1.5 i '§y’, .
1 [ Q ': . ® .
| . c‘. ,..
0.5 = ¥a,
““““““““““““““““
0.5 1 1.5 2 2.5 3
m2 (GeV%/c?)

*includes pre-LHCb ADS/GLW constraints, but result is completely dominated by Ksrirt and KsKK Dalitz plot results)

BELLE: arXiv:0803.3375v1 [hep-eX]

Model required to interpret measured D-Dalitz plot in terms of complex
amplitudes (magnitudes and phases)
Model dependence introduces uncertainty between 3°-9°. Would
eventually limit LHCb’s precision.

BaBar: Phys.Rev.D78:034023,2008, BELLE: arXiv:0803.3375v1 [hep-eX]
CKMfitter: Eur. Phys. J. C41, 1-131 (2005) [hep-ph/0406184], http://ckmfitter.in2p3.fr

Jonas Rademacker (Bristol)

IPPP Workshop on 4th generation
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CLEO-c and BES I

ete 93|353770!9DT)
e Threshold production of correlated DD.

e Final state must be CP-even with L=1:
D mesons must have opposite CP.

e Final state is also flavour-neutral.

¢ That gives us access to both amplitude
and phase across the Dalitz plot.

\I_X

(3770) — D®(Ksm 7™ )DY (KT 7 ™)
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CP and flavour tagged D°

7 Dfiavour > K*e™ Ve

q) ) \
Diiavour— KsTTH T

- 8 D°

t.simulateddata ., ..o
0 0.5 1 1.5 2 2.5 3

M2(KsrT/GeV2

o
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CP and flavour tagged D°

7 Diiavour—= K*€™ Ve /DCP+ ~KK

LI) ) LI) )
> Dftavour = KsTTHTT™ \Dcp-—> KsTTHTT™

E: 31 O ET' 3 D
Q { k_ < . —
D 25k D D 25! \‘ CP
© S %
T " : | r '
= o2F ¥ 52
X ek <
(aN] 1.5 Al 5
e 7t £ ‘
1; : 1:7 T
. - . -
0.5 os |-
obSimulated data ot isiiins, oLSimulated data . ...
0o 05 1 15 2 25 3 0o 05 1 15 2 25 3
1|.‘ -‘1-‘
m2(Kstt*)/GeV? m2(Kstt*)/GeV?
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CP and flavour tagged D° at CLEO-c

7 Diiavour—= K*€™ Ve /DCP+ ~KK

q)” \ LI)n
Dﬂoavour_' KsTT T ™~ Dep-—= KsTT 1T
Sn“.. L

w
T

. oo
I . . . .
1k AR v
Tt Lt
R TR B
L B OIS PR P Y TR

CLEO-0 Phys RewD80:032002,200 | CLEO-0 Phys;RovD80:q32002,2009]

0 1 2 . 3 0 1 2 3
.[+

m2(Kert)/Gev2 ¥ M2(KsTT)/GeV2
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First model-independent y measurement (BELLE)

S
(=)

< 3 —~ 3=
‘ Flavour-taggead & | 2 8
D—Ksnrt Dalitz 8 2° o 325 7
plot Tt 2 ¥ T 2 6
ozm °¥ 5
‘ %1‘5 E15 A
1 1 y
- 2
05,/ B M 0.5 7
i % 05 1 15 2 25 3 05 1 15 2 25 3 1
mz(K;x') (GeV?/c? mz(Kgn+) (GeV3/c?)
[72]
' ° € 100f
y = (7730109 £ 4.26£ 4.3) § :
rg = 0.145+ 0.030 £ 0.011 £+ 0.011 = 80r
op = (129.9 £15.0 £3.94+4.7)°, g 60
=
=

N
o

where the last uncertainty on y of 4.3° the
former model uncertainty of 8.9°

o

Bin
BELLE: arXiv:1106.4046. See also Anton Poluektov’s talk at Moriond EW 2011 (from which | lifted several of the plots shown here):

http://belle.kek.jp/belle/talks/moriondEW1 1/poluektov. pdf
CLEO-c input:Phys.Rev.D82:112006,2010.
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http://arxiv.org/abs/1106.4046
http://arxiv.org/abs/1106.4046
http://belle.kek.jp/belle/talks/moriondEW11/poluektov.pdf
http://belle.kek.jp/belle/talks/moriondEW11/poluektov.pdf
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:1010.2817
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:1010.2817

Why stop here

e \Why stop at 3-body decays?

¢ 4-body amplitude analyses
very promising for y
measurement at LHCDb.

e First step: “quasi two
body” (coherence factor)
analysis. See next slide.

Jonas Rademacker (Bristol)

) K'Kn'mw),K
\DK/

rB e|(5 ’y) JR and G. Wilkinson

Phys. Lett. B 647 (2007) 400-405

/DK"\
(K'm ' )pK-

e

rB el (5 /Y) Atwood, Dunietz and Soni (ADS),

Phys.Rev.Lett. 78 (1997) 3257-3260
Atwood, Soni: Phys.Rev. D68 (2003) 033003
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http://arxiv.org/abs/hep-ph/0611272
http://arxiv.org/abs/hep-ph/0611272
http://arxiv.org/abs/hep-ph/9612433
http://arxiv.org/abs/hep-ph/9612433
http://arxiv.org/abs/hep-ph/0304085
http://arxiv.org/abs/hep-ph/0304085

/DK\
Coherence Factor Analysis of: (K'mn ' )pK-

i(mD <N

Atwood, Soni: Phys.Rev. D68 (2003) 033003 rB e

e Treat K31 like two-body decay with single effective strong phase op.

e New parameter: Coherence factor R < 1.

F(B_ — (K+37T)D K_) X r% + ( 53”) + 2RK37T7“B7“§3 008(53 + 5K37T — fy)

e CLEO-c’s coherent Y(3770)— DD events allow measurement of R, Op.

Phys.Rev.D80:031105.2009
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http://arxiv.org/abs/hep-ph/0304085
http://arxiv.org/abs/hep-ph/0304085
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:0903.4853
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:0903.4853

Krirtirt and Kniirt® Coherence Factor

+0.20
Rksx = 0.33 5 Ry, 0 =0.84 +0.07
14 . o
+26 0 ok = (2277
6E3W=(114_23) ( -17)
5350 5390
L300 93300;—
‘5250 %9250
200 200
150 150
100 1005
i 1 o CL
50 30
v b b b b B e - b b b b b b b b By
% 0.10.20.30.40.50.60.70.809 1 00 0.10.20.304050.60.7080.9 1
: : - " - R
Low coherence in K31t implies low sensﬂn)ﬁyf-‘ﬂto Y on its Knn®
own, but as a low R helps measure rg, it still has Very COherent!
significant impact when combined with other modes. Phys.Rev.D80:031105,2009
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BaBars B~ — (K_T('_'_?TO)DK_ + cc

B™ — (
+cc

K+7T_7TO>DK_
~20 events

(a)

\®)
=)

=
!

o

1

;ﬂi 1
i

Events/(1.8 MeV/é)
5

E e @ﬁ; |

%)

-U]O
\e]

524 26m (GeV/c )

Events/(18 MeV/c?)

Raps = (9 1+7 G(Stat) 3 7(Syst)> x 1073

Raps < 21

x 1073

at 90% CL

Phys.Rev.D84:012002,2011.

B — (K a"r)pK~

~ZOOO events

= BB peak
BB non-peak
T continuum

2 522 5.24

e

526m_ . (GeV/c?)

rg < 0.13 at 90%

First to use CLEO-c’s coherence factor measurement.

Jonas Rademacker (Bristol)
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http://www.slac.stanford.edu/spires/find/hep/www?eprint=arXiv:1104.4472
http://www.slac.stanford.edu/spires/find/hep/www?eprint=arXiv:1104.4472

CKM-fitter & UTFit results

1.0

0.8

0.6

p-value

0.4

0.2

0.0

- C
b e L
MOV --- D(") K(*) GLW +ADS "B 0.002
s --- D(*)K(*) GGSZ 3 Combined s -
Full Frequentist treatment on MC basis e CKM fit © i
B LI | LI "‘|_ LI I T T | LI | LI | LI ! LI | LI i 30 001 5 __
B ," "|_ ’ \ . +13 \° ' "\_ i E r
n P VS (68—14) i ] a i
: [ ‘ P : Q
C ; P ] O 0.001
L i ! \ . o -
C ! i : ] 0. B
/ Y 0.0005
L 1L 4'"]_ - = L1 1 | 11 |\.T"t'-|'—|‘ 23 | l L1 1 | L1 1 ‘|\'\|. L1 ] r
0 20 40 60 80 100 120 140 160 180 0

Y (deg)

EPS 2011, does not yet include new LHCb constraints

Now (roughly) agree on uncertainty, but - given they use the
same input - the central values are surprisingly different.

Jonas Rademacker (Bristol)
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Time-dependent Bs—DsK at LHCb

N

0
Bs
N\

e Clean, tree-only y: Bs—DsK, B—DMm, but
much larger interference with former.

e |[ngredient 1: Identify Bs—DsK signal (RICH
particle ID crucial)

7]
Sloa

Lrli] e Y] Sdin

S50 Senn - - oA - A

Mass (MeV/c?)

B|B, - D; K*|=[1.97+0.18 stat)

Jonas Rademacker (Bristol)

+0.19
—0.20

(syst)

/l 500

+0.11
—0.10

IPPP Workshop on 4th generation

LT , , O

—_— & LHCH Prelimimary o =7 BV --B= DK = " b Prediminary o7 = 7 TeV| -=B=s DK
B ¥ it ! Wz D k" ¥ : [ RS
o=z ? W0y 2 D ply

LI Magner up 8 et o - Magner down ? 4 e
3 N=195218 =§L—} ﬁ‘.,h_ = N2 19 .H‘_,_} D’_I"_
Sk L i
&< B0 & By

) | By o | iy
LZL Os'= pE™ 8= ok ™

Es— 'k |L u B ok
Q DB'—)l- - O#-ox
o o : T
s w400 signal W ol
O D C'm:ll . D Combinarorial
= 1 eventsin :
J L ]
= -1 :
1/3 fb -
St

L L
2
Mass ( Me V™)

(fJ/fq)x107*

o

e Ingredient 2: Time-dependent
asymmetries - demonstrated
in flavour specific Bs— DsTt.

LHCDb preliminary

\'s = 7 TeV, 341 pb™ OST+SST

P2

AmSI = 17.725 £ 0.041 £ 0.025 ps’!

0. 0.2 0.3
t modulo 2x/ Am, [ ps ]

(most precise Ams measurement
today, result compatible with CDF)
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Bohh' oy

e B, B—pp, Bs— KK proceed (at tree tree: +¥

level) via b—u transitions and are thus /_\
sensitive to y. penguin: d'peng

B

. T

o O

® Penguin contributions complicate \ Q%’
things. Can by disentangled using U- —20 5 oo ~N

spin (B—mrt, Bs—KK at LHCDb in future)

or isospin (B-factories) to extract tree- “Ez T T =
06 A 2 E i) CHEP 10 —:
level y. ; : E
0.5 z _:
_of ] \ 3
e Without subtracting 23, B—mirt, B—2pp e =
measure «. 02 3
0.1 -—f
Y B .
°'°o.4“Aalz“‘o.o“ of:“‘u ‘ofoA“ole 1.0

P

o dominated by B-factories’ B—pp
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Bs— KK lifetime

* Measures (approximately) the CP-even Bs ~ § ¥f teormimnanfourtov _
lifetime and is thus sensitive to Al 1st step  § o R I
to time-dependent B—hh y measurement. & «f SR =

T s0f [,
® o LHCb, 5

e | HCb use MC-independent correction for ::: 2010 data S

trigger bias (hadronic trigger is based on i: ca 37/E>|C3 o 5

SeIeCting |Ong'|ived decayS). T '5450&'§'5‘i5|:;0§ i"ﬁ'!"*selo;';';' S700 80l

Nucl Instrum Meth.AS70:525-528 2007: Phys Rev.D83:032008 2011: LHCb-PUB-2009-022 M
& Fuicopoimnay,Ns=7Tev | —Data
2 = — Fit E
o ReSU|tS: E 80;— :gsa:'glfound _g g
LHCb g T ER
TBe KK = (1.44 4+ 0.10 £ 0.01) ps coF- 13
LHCb-CONF-2011-018 s0F- LHCD, 1
= 4 Z
52 e = (1.53 £ 0.18 £ 0.02) ps N3 2010 data 4 5
CDF Note 06-01-26 2o0b- ca 37/pb 38
SM _ 10f- N
TBS_>KK—(1.390:|:0.032)I)S an T
Robert Fleischer, Robert Knegjens Eur.Phys.J.C71:1532,2011 0 2 ‘ ® 8 10 pr::ier tim<1a4[ps]

THEAG our = (1.48 £ 0.02) ps
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http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:1004.4855

Direct CPV in Bg— Kt at LHCDb

)

4,3000—
; .
e LHCb
25001 -— e = RERliminaLy o
< £ \'s =7 TeV Data
= [
gzoun = K+ )
O E TE
1500

1000

500

0

W 1

!
5 5.1 52 53 54 55 56 57 58 u5 5.1 5.2 53 5. 4 5 5 56 5.7

K*x invariant mass (GeV/c?)

ACP (BO — K+7T_

i S
o

5 5.1 5.2 5354 55 56 5.7
K'n* invariant mass (GeV/c

LHCb
Preliminary
\'s =7 TeV Data

K-nt*

%8

- — 3.2509.; A Preliminary

LHCb

\s =7 TeV Data

K-nt*

8
K'x* invariant mass (GeWc§)

) = —0.088 = 0.011 = 0.008

LHCb
o 160 Preliminary

% 51 52 53 54 55 56 57 %s
K*n invariant mass (GeV/c

Acp (B = 7TK™) = 0.27 £ 0.08 £ 0.02

Jonas Rademacker (Bristol)

IPPP Workshop on 4th generation

Compare to prev. world-
average:
Acp(B® — K*1~) = —0.0981 0012
Best single measurement,
first 50 observation.

First evidence of CP
violation in Bs decays.

Prev result by CDF:
Acp(BY = 1TK™) =0.39+0.17
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Dalitz Analyses of B decays for CPV In trees

e B°—Knm° to extract a tree-only constraints on " BO—oKmm® S
Y using isospin. Measured at BaBar. Limited o »F 15
sensitivity due to smallness of the tree g st 5
amplitude. Authors suggest a similar analysis in NEZ: 10} i

: ' -
Bs decays could lead to better constraints. ok Wl
Theory: M. Ciuchini, M. Pierini, and L. Silvestrini, Phys. Rev. D 74, 051301(R) (2006) : 3 1o
Exp: BaBar: PhysRevD.83.112010 0" . LD
0 5 10 15 20 25
* “Double-Dalitz analysis” of Bq— DK, D—Ksnmn M.y (GeV/c)

allows a clean extraction of y w/o external
input. \ By— DKt

Poluektov & Gershon, Phys.Rev. D81 (2010) 014025

D— Ksrtrt

e Measuring  w/o a penguin contribution is
possible with time-dependent analyses of B® —

(o) (o) -
Drt° or B® — Dttt decays
J. Charles, A. Le Yaouanc, L. Oliver, O. Pene, and J. C. Raynal, Phys. Lett. B425, 375 (1998)
Latham & Gershon, J.Phys.G G36 (2009) 025006

o = N [ o [N ©
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http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E112010&v=7d74520a
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E112010&v=7d74520a

Summary & Outlook

e B-factories / Tevatron continue to publish plenty of beautiful flavour
physics results with final / close-to-final data sets.

e The coming flavour-physics years will be LHCb’s. With ca 1/3 of the 2011
dataset, LHCDb is already competitive and in many channels provides the
most precise results.

¢ \With 2011 data LHCb will be in a position to measure tree-level y from
B— DK decays to about 5° to 10° - that’s of course just the beginning.
CLEO-c and BES-IIl input will play an important role in high-precision y
measurements - principle proven by BaBar (coherence factor) and BELLE
(Dalitz analysis).

e Improvements on [Vub| rely mainly on improvements in theory/LQCD -
except B—Tv, where a future flavour factory could have significant impact.
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Evidence against 4th generation

CAN NOT BE JUST SM4 o
* Simple SM4 light higgs seems strongly (Amariit Son)
disfavored by data
oswa/ osm3 ~ 9 (the reason why a wider range for SM4 has (Xiao-Gang He)

been excluded compared with SM3)

?
Ltion is ruled out:

There seems to be a lot of evidence against
a “straightforward” 4th generation - are the

solutions contrived workarounds??
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SM benchmarks

e With 2011 data ition to measure tree-level y from implies a precision of

B—DK decays@g aout 5° , . a few degrees after
CLEO-c and BE: ' important role in high-precision y 5/fb at 14TeV
measurements - prlnC|pIe proven by BaBar (coherence factor) and BELLE
(Dalitz analysis).
—How precisely do you need to know y?
Determination of V (Ulrik Egede)

Use BFs of B - K*up, B - puv, D - K*uv, D - puv
Pirjol, Grinstein PRD70 (2004) 114005

— Any ideas for other cans of worms to be thrown at Vi, by LHCb?

=How Is any of this relevant to 4th generation physics”

Jonas Rademacker (Bristol) IPPP Workshop on 4th generation SM benchmarks 34
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CLEO-C’s input to y

e CLEO-c’s input is concerned with dp, the
phase difference between

GeV?

A(D°— Ksr*mr) and A(D°— KsTt*r) =
at each point on the Dalitz plot.

e Measure the cosine and sine of this phase
difference, averaged over bins:

0 he— F— e I": I‘PI :1::F;:’|‘|~r\-|"| 4
0 05 1 15 2 25 3

ci= {cos(dp)) i,si= (sin(dp)) i MAKsTe)/Gevs

.
.
M TR |

Giri, Grossmann, Soffer, Zupan, Phys Rev D 68,054018 (2003).

e This input allows model-independent y

measurement. *bin width uniform in dp based on
BaBar model PRL 95 (2005) 121802
Jonas Rademacker (Bristol) IPPP Workshop on 4th generation SM benchmarks 37


http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=hep-ph/0303187
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=hep-ph/0303187

Optimal binning

e v sensitivity improves if 0p is as

Equal-d binning based on

constant as possible over each binl'l.

Other considerations for optimal .
binning include event numbers per bin, N 2.53_
robustness against migration etc. % ;
i?ﬂ}

e Results for several options based on &xf :
BaBar and BELLE amplitude models £
were obtained. ol

e Choice of model will not bias result - 0-5:‘|

instead a bad model reduces the
statistical precision of the result,

BaBar model*

4280910-001

[00)

\l

D

bin pair number

N
CLEQO-c: Phys.Rev.D82:112006.2010.

w

H BN NN
a1

N

|
—

|
o

SO

you might get blind, but not biased.

[1] Bondar, Poluektov hep-ph/0703267v1 (20

Jonas Rademacker (Bristol)

07)
IPPP Workshop on 4th generation

1 I1.OI Ll I1 5I 1

1 I? nl Ip 5I - ISIO

m?(Kstt*)/GeV?

Phys. Rev. D 78, 034023 (2008).
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http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:1010.2817
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:1010.2817

B~ K-t K~
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s

e In 2011, BaBar and BELLE published new [Vubl|-
exclusive measurements:

BaBar: [Vis| = (3.09 £ 0.08 £ 0.121755) - 107°

PhysRevD.83.052011 (2011) PhysRevD.83.032007 (2011)

BELLE: |V,,| = (3.4340.33) -107°

PhysRevD.83.071101 (2011)

e Compare incl/exclusive determination:

My average: |Vis| (excl) = (3.26 +0.33) - 107°
PDG 2010: |V (incl) = (4.27 +£0.38) - 1073

e A similar tension exists in the incl vs excl
determination of [Vcp|

Jonas Rademacker (Bristol) IPPP Workshop on 4th generation
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PhysRevD.83.052011 (2011)

—— HPQCD
a— —— BGL fit to data
ol BK fit to data
e data
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>
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http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E071101&v=ef931fe0
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E071101&v=ef931fe0
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E052011&v=ec094195
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E052011&v=ec094195
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E032007&v=671d2a77
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E032007&v=671d2a77
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E052011&v=ec094195
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E052011&v=ec094195

B+— D(2-body)K:
e Measure: /DK\

o o -
ratio suppressed/favoured (only ADS): B~ GLW KKK
B~ = fpK~)+ (BT = fpKT) rBem[_)K/

I'(B- = fpK~)+ (Bt — fpKT)

= 15 473 +2rprp cos(y) cos(dp + p)

— 8D
DK rpe
CP-violating rate asymmetry / \

4 _ DB o fpE7)-T(B" - TpK") B~ ADS K'wK
"~ T(B- = fpK-)+T(B* = fpK*+) TBG}@;_\W)I—)K}/

= 2rprp sin(y) cos(ép +9dp) / R
where, for GLW, R=1, rp=1 and 9p=0. /DK—\
e Counting experiment. All parameters can B- “anti-ADS” K-t K-
be extracted by simultaneously analysing

several decay channels (although external DK™

. Gronau, Wyler Phys.L ett.B265:172-176,1991, (GLW),
CLEO-c input on dp helps). Gronau, London Phys.Lett.B253:483-488,1991 (GLW)
Atwood, Dunietz and Soni Phys.Rev.Lett. 78 (1997) 3257-3260 (ADS)
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http://www.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B265,172
http://www.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B265,172
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http://arxiv.org/abs/hep-ph/9612433
http://arxiv.org/abs/hep-ph/9612433

B*—D(Km)K* summary

D KnKA, [ D_ KntKR,  HS

PRELIMINARY PRELIMINARY
BaBar , -0.86 +0.47 712 BaBar. . " » 0.0110 + 0.0060 + 0.0020
PRD 82 (2010) 072006 PRD 82:(2010) 072006 T
Belle i .0.30 +0.28 +0.04 Belle 0.0163 *0:0044 +0.0007
PRL 106 (2011) 231803 o g PRL 106 (2011) 231803 . *; —
CDF ) | -0.82+0.44 +0.09 CDF : k 0,0221 + 0.0086 + 0.0026
PLHC201 1'pre|iminar¢ PLHC2011 preliminary '
LHCb -0.39+ 0.17 + 0.02 LHCb! . 0.0166 + 0.0039 + 0.0024
EPS 2011 preliminary | — . EPS 2011 preliminary ™ —
Average i 0.46+0.13 Average 0.0160 + 0.0027
HFAG 7 : HFAG —*—]

" " L " " n M 2 M H L "
18 16 14 12 A1 -0.8 -06 -04 -02 [§) 0.2 04 06 0.8 -0 0.01 0.02 0.03 0.0«

huge CP-violation asymmetry of ~50%
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ADS from B—=-D*K

e D* goes to either Drt° or Dy. The two modes are related by a 180° phase shift,
thus providing additional phase information.

Events /10 MeV
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1 o
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New results at Lepton Photon. BELLE-CONF-1112
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Phase-relation helps resolve

ambiguities. Current results

indicate negative
cos(0B“+0p)cosy

and positive
sin(Op*+0p)cosy
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Loops vs Trees

e The co-incidence (?) that x=90° gives two pairs of nearly de-coupled tree vs
loop measurements. (Of course tree-level benchmarks are also important for
many other New-Physics sensitive channels.)
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