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Current status of CP violation
and the CKM matrix
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p
- All measurements of quark mixing & CP violation
consistent with CKM paradigm

- Several possible hints for effects of physics beyond the
SM(A_, B, K*I'T, B-1v)

- Large contributions from new physics not excluded
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Experimental situation

B factories have completed data taking
— publication rate still impressive

* Next generation experiments will provide much larger
data samples of b and c hadrons

- exciting new possibilities for analysis
LHCb (CERN) — taking data since 2009
- main focus of this talk
* Super B factories — data taking anticipated ~2015+
- SuperKEKB/Belle2 (KEK, Japan)
- SuperB (LNF, Frascati)
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LHCDb first physics

“Prompt charm production in pp “Measurement of the J/{ production
collisions at Vs = 7 TeV” cross-section at Vs = 7 TeV in LHCb”
LHCb-CONF-2010-013 LHCb-CONF-2010-010
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Copious yields at LHCDb
(e.g. In charm)

D* . Dmt*; D - KTt D* . Dmt*; D - KK D(S)i - KKT*

Events / (6 MeVic?)
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Copious samples of charm already available
 e.g. 10° D* - D1t*; D - KK events in 34/pb
e c.f. Belle: ~3x10° in 384/fb
Challenge is to control systematics to necessary level
* work in progress — expect world's best results in 2011
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Introduction

« Dalitz plot analyses have been around for a long time
- “On the analysis of tau-meson data and the nature of the tau-meson.”
 R.H. Dalitz, Phil. Mag. 44 (1953) 1068

* Only more recently have they been used to obtain
Information about weak phases (CP violation)

- No observation (50) of direct CPV in any Dalitz plot analysis yet

| will distinguish between methods that provide “qualitative
measures of CP violation and those that allow
“guantitative” extraction of weak phases

- le. Unitarity Triangle angles a, 3, y as wellas 5_and @_
- | will focus mainly on the “quantitative” approaches and on B physics

Tim Gershon 7
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Qualitative measures of CP violation In
Dalitz plots

An incomplete bibliography (more literature outside B physics)

e “B meson CP violation without flavor identification”
- G.Burdman and J.Donoghue, PRD 45 (1992) 187

« “CP violation in B mesons using Dalitz plot asymmetries”
- R.Sinha, hep-ph/9608314

* “Direct CP violation in untagged B meson decays”
- S.Gardner, PLB 553 (2003) 261

* “Observing direct CP violation in untagged B meson decays”
- S.Gardner and J.Tandean, PRD 69 (2004) 034011

e “A New 'Miranda' Procedure for Dalitz CP Studies”
- |.Bediaga et al., PRD 80 (2009) 096006

Tim Gershon 8
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“Miranda” procedure
a.k.a. Dalitz plot anisotropy
_ _N() - N()

V(@) + N (i)

Toy model (using B" - K'1t'11")

D
PSep

Without CP violation With CP violation
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« Good model-independent way to identify CP violation

« could be sufficient to identify non-SM physics in, e.g., charm decays
« Constant (DP independent) systematic asymmetries can be accounted for
e Can isolate region of the Dalitz plot where CP violation effects occur

Tim Gershon
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Quantitative methods —

Time-dependent Dalitz plot analyses

Tim Gershon 10
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Snyder-Quinn method for o

PHYSICAL REVIEW D VOLUME 48, NUMBER. 3 1 SEFTEMBER 1993

Measuring CP asymmetry in B — p7 decays without ambiguities

Arthur E. Snyder and Helen R. Quinn PRD 48 (1993) 2139

Stanford Linear Accelerator Center, Stanford University, Stanford, California 94309
(Received 24 February 1993)

- Methods to measure a exploit time-dependent CP violation in B

decays via b - u transitions (eg. B - 11'11")
d PRL 65 (1990) 3381

* Penguin “pollution” can be subtracted using Gronau-London

1A 1HAL |

* Ambiguities can be resolved If you measure both real and
Imaginary parts of A = (g/p)(A/A)

- le. measure cos(2a) as well as sin(2a)

Tim Gershon 1
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B - it mt’ — B factory results

e Results from

- Belle, 449 M BB pairs: PRL 98 (2007) 221602, PRD 77 (2008) 072001
- BaBar, 375 M BB pairs: PRD 76 (2007) 012004
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FIG. 10: Proper time distributiohs of good tag (r > 0.5) regions for fia; = B° (upper) and Srag = B° (middle upper), in
pta~ (left), p~«t (middle), p°«°

+

(r > 0.5) and poor tag (r < 0.5) degions, respectively. The significant asymmetry in th¢ p~ 7" enhanced region (middle)

corresponds to a non-zero value of UY .
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ST — B factory results

e Results from

- Belle, 449 M BB pairs: PRL 98 (2007) 221602, PRD 77 (2008) 072001
- BaBar, 375 M BB pairs: PRD 76 (2007) 012004

Experiment Acp(p*m ") C("m™"  S{p"w’) ACp T
BaBar -014%005+ 015£009+ 003011 039+009z%
N(BBF-375M 002 0.05 004 0.09
Bele  -012%005: -013%009+ 006%013+ 036+010%
N(BEF-449M 004 005 005 005
Average  -0.13+004  001£007 0012009 037008
A
p Tc CP ICHEP 2008
PRELIMINARY
BaBar " , -0.14£0.05+0.02
T Lal ™ H
PRD 76 (2007) 012004
Belle ‘ -0.12£0.05 + 0.04
T 1 5.3 t 1 H
PRL 98 (2007) 221602 ;

Average 013+ 0.04

HFAG correlated avefage

PRD 76 (2007) 012004

0.15% 0.?9 +0.05

AS (p*"mr ') Correlations  Reference
—001+014+ PRD 76 (2007)  Experiment c ('Y s (') Correlation Reference
EEE = Ll BeBar 010+ 040+ 053 0.04+044+018 0.35 PRD 76 (2007) 012004
- N(BEJ=375M “UAbziauEl. paziant : =
008013+ - PRL 98 (2007
0.05 (sta) 221602 = 049+ 0264028 0.17+057£0235 0.08 PRL 98 (2007) 221602
(BB)=449M
HIAG correlated HFAG correlated average
average Average 030+ 0.38 012+ 038 0.12 3 -
-004+£010 (stat) xz =4.2/5 dof ¥~ =052 def (CL=0.76 = 0.30)
(CL=052 =
0.60)
-+ E 0_0
p T C ICHEP 2008 p Tt C ICHEP 2008
PRELIMINARY PRELIMINARY
BaBar BaBar -0.10+0.40 + 0.53

bt
PRD 76 (2007) 012004

Belle
PRL 98 (2007) 221602

Average

HFAG correlated avera

0.49+0.36 +£0.28

+

0.30+0.38

-0.26 -0.24 -0.22 -0.2 -0.18 -0.16 -0.14 -0.12 -0.1 -0.08 -0.06 -0.04 -0.02 0O
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B - it mt’ — B factory results

e Results from

- Belle, 449 M BB pairs: PRL 98 (2007) 221602, PRD 77 (2008) 072001
- BaBar, 375 M BB pairs: PRD 76 (2007) 012004

Experiment A (pm )
N{BBBEJTBBE;’FEM -037%'% 540+ 000
N{BE}?TﬁBM 0.08+0.16+0.11
Average -0.18+0.12
A,
04
02 |
0
02
04
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B - it mt’ — B factory results

e Results from

- Belle, 449 M BB pairs: PRL 98 (2007) 221602, PRD 77 (2008) 072001
- BaBar, 375 M BB pairs: PRD 76 (2007) 012004

-C.L.

0 20 60 a0 120
/o (degrees) o] 50 100 150

+ 0 o (deg)
Contour from B - ittt only

Including also information on
Tim_Gershon B* - p'm’ and B* - p°mt* 15
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B - it mt’ — B factory results

e Results from

- Belle, 449 M BB pairs: PRL 98 (2007) 221602, PRD 77 (2008) 072001
- BaBar, 375 M BB pairs: PRD 76 (2007) 012004
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B 't t° — model dependence

 Nominal model
- Includes (p(770), p(1450), p(1450)) x (+,—,0)
- Gounaris-Sakural lineshape

- largest source of model dependence from varying
parameters of p' & p"

» Possible contributions from 1t'Tt” S-wave (o or
nonresonant)?
- U.-G. Meissner & S. Gardner, EPJA 18 (2003) 543
- J. Tandean & S. Gardner, PRD 66 (2002) 034019
- S. Gardner, U.-G. Meissner, PRD 65 (2002) 094004

« Not apparent in the ('t t°) data so far

Tim Gershon
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Cross-check model (and extract y?)
+ S T —
from B™ = TUTU Tt
» EXxploit interference between b - ccd and b - uud
- B">x " and charmless B* - 'ii'nt” (eg. B” - p°11Y)
Eilam et al., PRL 74 (1995) 4984, Deshpande et al., PRD 52 (1995) 5354,
Bediaga et al., PRL 81 (1998) 4067, Bajc et al., PLB 447 (1999) 313
« Most recent analysis — no signal for )(CoT[+ — NO sensitivity

—

C
(¥
=
-
—_—

MeV/c?
2

a
Events/(10 MeV/c?)
Tl

Events/(25

3.35 34ds 355 3.65

5
(R Y S m v 073,
m_,_ (GeV/c) my. (GeV/c?)

BaBar PRD 79 (2009) 072006

- But significant S-wave contribution (NR +f (1370)) seen

""" Tim Gershon 18
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Cross-check model (and extract y?)
from B - Ut T

TABLE III: Summary of measurements of branching fractions {averaged over charge conjugate states) and CF asymmetries.
The first error is statistical, the second is systematic and the third represents the model dependence. Also included are 90%
CL upper limits of the branching fractions of the components that do not have statistically significant fit fractions.

Mode Fit Fraction (%) B(B* — Mode)(10™%) Acp (%)
rErtrT Total 152406 +£1.210% 432444+£31153
PP (TT0)rE; pN(TT0) — ntr~ 532437425757 B.14+0.7+1.21] F18£T7+517,
Pt (1450)7E; p"(1450) — w7t~ 91+£23+24773 14+04+041)3 —6+28+£20120
F2(1270)7%; f2(1270) — nte 59+ 1.6+£0472% 0.9+02+017,7 441 £ 25 £1317
Fo(1370)75; fo(1370) — 7'7 180 +£3.3L£26 50 205055056 00 (<40) +72+15+ 1417
7 r T nonresonant 34.94+4.24+29103 5.3 +0.7+0.67,3 —14+144+ 71
fo(980)x™; fo(980) — xta™ - < 1.5 -
XeOT; Yoo — T - < 0.1 -

+ +

Nea®l ™51 Yoo — T T = {ﬂ.l =

BaBar PRD 79 (2009) 072006

- But significant S-wave contribution (NR +f (1370)) seen

Tim Gershon 19
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More time-dependent Dalitz plot analyses

Bt} > DPP time-dependent Dalitz plots,
CP-violating angles 2 8, 2 B + 7y, and discrete ambiguities

J. Charles ', A. Le Yaouanc %, L. Oliver , O. Péne, J.-C. Raynal

Laboratoire de Physique Théorigue et Hautes Energies * Université de Paris XI, Bétiment 211, 91405 Orsay Cedex, France

« B, - DD’ (b ccd transition) PEB425\(1998) 875
- measures 23, never done yet
° Bd - D+D_KS (b - CCS tranSition) T.Browder et al., PRD 61 (2000) 054009;

BaBar PRD 74 (2006) 091101, Belle PRD 76, 072004 (2007)
- measures 2(3, never done yet  (but note B, D*'D*K_analyses by both B factories)

« B -D_m'm (b- cud transition)

— measures 2[3, never done yet T.Latham and T.Gershon, JPG 36 (2009) 025006

B, - DK, (b- cus transition)

— measures 2[3+y done by BaBar R.Aleksan and T.Petersen, hep-ph/0307371;
! F.Polci et al., hep-ph/0605129; BaBar PRD 77 (2008) 071102

Tim Gershon 20
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B o DU T

* Neutral D mesons conveniently reconstructed as either

- D - Kt (quasi-flavour-specific); D - KK, 1t (CP-eigenstate)

)

e S - S R
= 1500 BaBiar | =2 Y BABAR
CG ﬁ prafirninary | ﬁ A prafirinary —
S Z :
E IO E 1500 -
;2 i é LY
- E 500 E u
< = W 500
0 " 35 i
0 3 3 4 5
m_ (GeV/c™)
L b BiBir | 2 BABAR
8 % 4“1_ prefiminary - % il Y prafiminary
- = F =
M O = =
L B = 400
cC S S
oG ™ 2
— ] - @200
@p) % o oo &
b 0 0

""" Tim Gershon
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Green dashed — background
Black dotted — signal

m_(GeVich)

}

]

Events / (70 MeVic

Events / (70 MeVic%)

4000 BABAR

3000

N0}

LK)

i

prafminary

m, (GeV/ic’)

ﬁUJ—IE{!lR;[R

400}

prafiminary

m, (GeV/c’)

BABAR-CONF-10/004, arXiv:1007.4464
(see also Belle PRD 76 (2007) 012006 & 21

related analyses of B* - D1t'mt")



B o DU T

e Neutra either

_D_} Model agrees well with data

. : : enstate
but contains some interesting features J )

L2 500 &
"CE % B = = WK}
C_U E HJ!JEI [\J_ 1& j E Lﬁml}— [ m -‘ ;_..:‘ ’_ ﬂi
Resonance Fit Fraction B(B" — Mode) B(B" = Mode)
(%) « Bl — hh) (1079 (107%)

Inclusive B — D'z x~ B.814+0.184+0.76+0.7T8+0.11
D3 (2460) =T 20.5+0.9+1.3+3.7 1.80+0.00+0.19+0.37+0.02
D;(2400) =t 2484254304129  2.1840.23+0.33+1.15+0.03 ‘e
pl 770V DY 33.442.0452410.0 2.9440.1940.534£0.9240.04  2.984+0.1940.5340.93+0.04
fa(12700 D" 0.8+1.1+1.6+3.4 0.8640.1040.16+0.31+£0.01  1.0240.1240.184+0.36+0.03
D3(2010) "« 15.840.94+1.243.7 1.3940.08+0.16+0.35+0.02 ‘e
D nonresonant 18.44+2.3+4.3+13.6 1.6240.214+0.414+1.2140.02
K matrix total 25.64+2.54+3.246.1 2.2640.2240.3440.584+0.03

W ~ I 2 = 04 R S 5 0= 5 4 5V

m_._. (GeV/ic™) m. {GeV/cT) m, (GeVieT)

_ BABAR-CONF-10/004, arXiv:1007.4464
Tim_Gershon First use of K matrix (see also Belle PRD 76 (2007) 012006) 22
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Time-dependent Dalitz plot analyses of

charmless hadronic B decays

+ B, - KKK (mainly b - sss)
- sin(ZBeﬁ) ambiguity for (pK broken

3 | BABAR | | ,‘" RABAR 1
\ Praliminary | g Prelminary/
f &0l
i n
o
“ 2
m >
H s i ©
(a) (b) %
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El gglﬁﬁ#y- 1 P Y E;r;‘lﬁiitg; 1 Q
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15| N
LM B
15 H BRI 05 1 15 2
B, k.
(© (d)
Figure 6: The change in the value of -2log({L) as a function of Sy, for (a) the whale DP, {b) the E
High-mass region, {c¢) fo(980}, and (d) ¢(1020). O
S
LL

« B K 1U'TT"
d S
- b-uus tree and b - sqqg penguin

- also useful for y measurement
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sin(2B*") = si

in(20;") EEXY

>
>

vy

PRELIMINARY
World Average _ i 0.67 £ 0.02
tHQCf"'BaBar 9e. ;_- . [ ".'"U‘EG-T-OEE§+UU3"
¥ PBelle : 1% : 0.67 135
= Average. : i i 0.44 T4
o TTTTTTBEBar T T T T T T T T T T U R E 008 £ 0.027
= Belle 5 FA- 0 0.64+0.10£0.04
= o Average; : B ; 0.59 +0.07
TR CTBEBar T T T T e L T g0 T
" Bele ; 0.30 £0.32°+ 0.08
w  Average'! ; i : 0.74+017
To T TBaBar LT T T e T U RS F 020 £ 0037
x Belle : 4 0.67 +0.31 +0.08
K Average ! — ' 0.57 £0.17
Ut BdEBar Ty g "'G.'SS'TS;?EEDZDEEU.US"
<  Belle ; i 0.64 525 +0.09+ 0,10
. Average: ; ot : 0.54 70
T T BaBar " e "'":'"""O'.S‘:?*EEEEEU.UE"
= Belle ; ; : 0.11 £0.46 + 0.07
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B = - | = - | A S USD*E}E
-~ Average: 5 + : 0.60 "oz
ST BaBar v i — AR T O R2' T 0.08 £ 0707
n Average o — 0.48 + 0.53
TS T BEBaAr TR R UAE TR T 007 £ 007
m = Average; ! : : i 0.20 + 0.53
&Y T BaBa ; T2 roTT 008
% Belle ! : : ¢ -0.43+0.49 +0.09
o w_ Average + ; : 0521041
T TBaBar T T T o U'Q *HE@“
Z % Average: ] i g7 *1E
""xm"é-"'BaBar T T - 00!1 +03ET +DD‘5+U09"
= o Average; : 0.01 +0.33
TWUXCTBaBar v T ”"l-—a\-—- 086+008+U0§"
t &« Belle , ! - |@68+o15+003*013
+, Average: i Y 0.82 + 0.07
——
-2 0 1 2
23

BaBar arXiv:0808.0700, Belle PRD 82 (2010) 073011,
BaBar PRD 80 (2009) 112001, Belle PRD 79 (2009) 072004




Quantitative methods —

Weak phases from direct CP
violation in Dalitz plot analyses

Tim Gershon
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v from B" - K't' ™

e Can apply same argument as for B - 1"t 1t", but now
Interference is between b - ccs and b - uus
- B"-x_K"and charmless B" - K''nt” (eg. B" - p°K™)

Lipkin et al., PRD 44 (1991) 1454, Deshpande et al., PRL 90 (2003) 061802,
Blanco et al., PRL 86 (2001) 2720

« Large penguin contribution with different weak phase

- method is not theoretically clean

- use flavour symmetries to reduce uncertainties

Tim Gershon 25
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BaBar PRD 78 (2008) 012004
See also Belle PRL 96 (2006) 251803

Model includes:
« K*°(892)T1+, K2*0(1430)n+

o (Km) *m" (LASS lineshape)
e P°(770)K*, w(782)K", fo(980)K+, f2(1270)K+, )(COK+
. fx(1300)K+, phase-space nonresonant

Tim Gershon 26
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B - K'Tt't™

TABLE II: Summary of measurements of branching fractions (averaged over charge conjugate states) and CFP asymmetries.
Note that these results are not corrected for secondary branching fractions. The first uncertainty is statistical, the second
is systematic, and the third represents the model dependence. The final column is the statistical significance of direct C'P

-

—

§

Events / (0.024 GeV/ch
§

150,  violation determined as described in the text. -

0 Mode Fit fraction (%) B(B* — Mode){10~%) Aep (%) DCPV sig.

o KTnoa total 544+ 1.1+45£0.7 28+£20£20+12 ]
K (892)r"; K*7(892) — KTn~ 13.34+07£07508 724044+0770F 43245241177 09¢ i

’ (Km)pPnt; (Kn)p® — Ktn™ 450+ 1.4 £1.2750%5%  2454+09+£217F]) +324£35+£207177 1.20 E;Cij
ATTOV KT p°(7T70) — nhm™ 6.54 £ 0.81 £ 058 7000 356 4045 £ 043 700 444+ 10+£477, 3.7
Fo(980) K™ f(980) — w7 m ™ 189+09+1.77,F  103+05+137,, —-106+50+117), 18a
oK T3 Xeo — wTw™ 120 019+ 015702 070 £ 010 £0.10 7008 —14+15+3 71 0.50
K*n~#" nonresonant 45+09+24 198 24+05+13)3 — —
K3"(1430)7 " K3"(1430) — Ktn~ 3.40 £0.75 4 0.42 tg;?i 1.85 £ 0.41 £0.28 TD-08  45+£234+412° 0.2a
w(7T82)K+; w(782) — ntx™ 0.17 £0.24 +£0.03 7008 0.09 +£0.13 £0.02 7008 — —
Fo(12TVK T fo(1270) — wrm™ 0.91 £027 £ 011702 050 £ 015 £0.07 701 —85 £22 413727 3.50
Fx(1300) KT fic(1300) — ot~ 133038 £086 7001 0.73 £0.21 £ 047002 428 +26+ 1371 0.6a

- T (1300)K", phase-space nonresonant

BaBar PRD 78 (2008) 012004
See also Belle PRL 96 (2006) 251803
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veraged over charge conjugate states) and CFP asymmetries.
ng fractions. The first uncertainty is statistical, the second
The final column is the statistical significance of direct C'P

B(BT — Mode)(10~%) Acp (%) DCPV sig.
544+ 1.1 £45+£07 2.8+£20£20£1.2
7240440707 43245241177 09« i
245+09+217]Y +32+£35+2077] 1.20 E‘”C;}
156 + 045 £ 043 700 444+ 10+£477, 3.70

1034+054+137 106450411734 1 87

Evidence for direct CP violation

But significant model dependence

Events / (003 GeVie?)

06 07 08 09 i i.1 07 08 09 i il 1.2
m,, (GeVic™) M, (GeVic™)

FIG. 4: Projection plots of the # 77~ invariant mass in the
region of the p(770) and f;(980) resonances. The left (right)
plots are for B~ (B") candidates. The top row shows all
candidates, the middle row shows those where cos gy = (),
and the bottom row shows those where cosfly <2 (1. The data
are the black points with statistical error bars, the lower solid
(red/dark) histogram is the gf component, the middle solid
(green/light} histogram is the BB background contribution,
while the blue open histogram shows the total fit result.

g B0 TUAL T U028 e o r M Td o .20
fs .03
.09 £0.13 £0.02 70 — —
150 £0.15 £0.07 708 —85+22+137% 3.50
173 £ 021 £ 047 D02 +28+26 £ 13717 0.Ger
onant

BaBar PRD 78 (2008) 012004
See also Belle PRL 96 (2006) 251803
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v from B° - KTtTt

Ciuchini et al., PRD 74 (2006) 051301, Gronau et al.,
PRD 75 (2007) 014002, PRD 77 (2008) 057504

« Use B - K*1m and B - K*'rt”
- form isospin triangles

- A, = A(B°>K*i)

Both contribute to B - K*rort®

- determine @ = arg(A_/A )

Need relative phase between B and B_ 283

— determine A = arg(A+_/,&+_) from time-dependent analysis of B - Ksn+n‘

Can now extract C|33/2 = Y (with corrections due to EW penguins)

Tim Gershon 29
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y from B® - Kmtirt — B factory results

« B - Kt t° results

- multiple solutions reduce precision

- improvemen

Tim Gershon
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t expected with updated analysis (arXiv:0807.4567)
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v from B° - Kt — B factory results

° Bd_)K TU OvAaciillte o A AnA A saAAm AFA 5

~ mutiple: /] = tan CD3/2[,0 O 24+ 0. 03]

— Improvernernt expecieu witT UpUdaleu araiysis (el AIV.UsU7.4907)

—

IIII|IIIM

awcluckl arca has GL = 0085 | |

072004

'ons)

qﬂ!l 0.2 0 0.2 0.4 0.6 0.8 1

Fal

»%?&@Wj i" @OK ;[y_:,m S \m /:m \j 402 Does not include all latest data » 31
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Other Related Ideas

Ciuchini et al., PLB 645 (2007) 201

- Exactly the same thing but with B_— K*'1t” and B_— K*’11° e+
3¢
- analysis then similar to the Snyder-Quinn method for a $e\‘e(

Ciuchini et al., hep-ph/0602207v1
« A similar idea with B - K**K~ and B_- K*OKS

-~ some complications since K*n‘KS not flavour-specific N

Bediaga et al., PRD 76 (2007) 073011
» Use isospin to relate B" - K'm'n" to B - K_mt"m”

- don't need m° — good for LHCb

- untagged analysis also possible

All good opportunities for LHCb

Tim Gershon 32
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Events/ (50 MeV /e?)

(also Belle PRD 71 (2005) 092003)
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arXiv:0808.0700
(also Belle PRD 82 (2010) 073011)
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Large nonresonant components
Poorly understood scalar (?) contributions

Tim Gershon
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vy from B - DK type decays involving
Dalitz plots

Tim Gershon 34
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How To Measure vy
* Focus on theoretically pristine measurement

— Interference between

b . c
B_O ODU

e colour allowed e colour suppressed
* final state contains D° e final state contains D°

Gershon.

?&h&_j li PIo
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Use of Dalitz plots in y
measurement

 Problems of conventional (GLW/ADS) B - DK analyses
- ambiguities
- unknown hadronic parameters
- lack of statistics

 Good way to address all these: study D decay Dalitz plot
(typically K 1t'1r")

- Dalitz plot analysis can disentangle relative amounts, and relative
phases, of D° and D° contributions
Giri et al., PRD 68 (2003) 054018; Bondar @ BINP Belle Dalitz plot workshop

- Very successfully applied by the B factories
BaBar PRL PRL 105 (2010) 121801, PRD 78 (2008) 034023;
Belle PRD 81 (2010) 112002, PRD 73, 112009 (2006)

- Similar idea: B — Dh° (time-dependent) — determination of cos(2p)

| Tim'Gefshon Bondar et al., PLB 624 (2005) 1;
\ AwbakiPhhses from Dalitz Plots BaBar PRL 99 (2007) 231802, Belle PRL 97 (2006) 081801
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s, (GeV¥c?

B_DK,D- K8n+n‘ results

BaBar PRL 105 (2010) 121801
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How to resolve model dependence

 Use CP-tagged D mesons to provide model-

iIndependent information about phase variation
1

2

a(D— =2l (D= ) +|a(D" ) +2]a (D> £ | A(D"= f)lcos(5)

* Can be done by charm factory (W(3770) - DD)
- CLEOc / BES / SuperB
* First measurements from CLEOC
- DK™ PRL 100 (2008) 221801, PRD 78 (2008) 012001
- D K, K31 PRD 80 (2009) 031105

- D> KST[T[, KSKK PRD 80 (2009) 032002, PRD 82 (2010) 112006
Tim Gershon 38
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Model-independent results on D - K_TtTt

PRD 82 (2010) 112006

. 15
Binning
3.0: |I8
25
% 20F
s L
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? 151
E -
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R 2 T S o e O O 0
05 1.0 15 2.0 25 3.0 — Sittisticul
m% (GGVQ-"'C“] ] - :-.IIE::;-;I Espaaitaibon
l |
-1.0 ={1.6 L 0.5 1.0 1.5
C
\ ., Tim Gershon (C, S) = weighted average of (cos 9, sin 8) across bini 39
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v from B° - DK™

« B°_ DK™ has many attractive features
- large CP violation expected — good sensitivity to y
- flavour specific - time-dependent analysis not required
- all charged final state

 But finite width of K® could be a problem
— other contributions dilute sensitivity

Turn problem into advantage:
- Dalitz plot analysis
- Exploit interference with D_*K, where D flavour is fixed
T.G, PRD 79 (2009) 051301; T.G and M.Williams PRD 80 (2009) 092002
e But now suffer B - DK model dependence
- Can be removed in B DKm, D~ K_mtrt double Dalitz plot analysis

_ T.G and A. Poluektov, PRD 81 (2010) 014025
Tim Gershon 40
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Other possibilities

| have of course mentioned only a small subset
of the Interesting B decay Dalitz plot analyses

* |n the unlikely event that | have any time left by
now, | would like to mention

— Bds—>J/un+n‘
_ Bds—>J/uK+n‘
_ Bds—>J/uK+K‘

Tim Gershon
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Summary

Dalitz plot analyses provide promising methods to
measure weak phases and CP violation

 Many attractive features ...

... but significant complications due to model
dependence

Need progress on several fronts

- Understand better (1tmt), (Km), (KK), (D), (DK) systems
- “Nonresonant” contributions and 3-body unitarity

- Methods to combat model-dependence

- Nabis initiative set up to try to address this

 Many new possibilities opening up with LHCDb

Tim Gershon
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Reminder — CP violation formalism

B
» Consider decay of N
neutral particle to a CP A
eigenstate — A £

411 ation in mixing
A
|—=|#1
A
— R .
[qA lation in interference
. S|4 7Y " mixing and deca
" Tim Gershon | P e

1 Weak Phases'from Dalitz Plots
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LHCD yields in B* - D1t & B* - DK*

with D - 1K B* - DK* with D - K

B*- D1t

1 1 ol 1 1 1

o~ ™

§1soo LHCb § 120 LHCb

® 1400 Preliminary ] Preliminary
= = 400

® 1200 \s = 7 TeV Data ® N's =7 TeV Data
A= = 80

—1000 m, = 5275.16 + 0.30 MeV =

.g 800 o = 40.661+ 3.169 MeV g 60 m, = 5278.15 + 1.57 MeV

$ 600 Op = 19.4612 0.624 MeV @ o = 21.896 + 1.529 MeV
] Ngigna = 7786 + 98 w 40 " Ngigna = 444 + 30

)
=

""l"
L AP

I . 0 2 < 2 I g L L L L
5200 5400 5600 5200 5400 5600
mg (MeV/c?) mg (MeV/c?)

£ D1 with D - 7Ot LHCb yield with ~34/pb : 444 + 30

B* = D1t with D - KK

- < o c.f. CDF with 1/fb : 516 + 37
S LHCb 1 5 nf LHCb
2 200F Preliminary 2 Preliminary
© | Vs=7TevData ] o 60}~ s =7 TeV Data
E 150 _: E 50 rnﬂ_= 5279.53 + 2.50 MeV E
| mesmsziamey g e DCP K ACP+ PRELRIRARY
S 1000 aa=53:539;1‘3,227 Mev S 30f T
a Ny = 1035 - 54 o o BaBar : L, 0.25 + 0.06 + 0.02
sof i: PRD 82 (2010j 072004 ok
ot 0;200 5400 5600 '_' o 5200 5400 5600 Belle b : H 006+0.14+005
_ _ CDF . L 0.39+0.17+0.04
LHCDb yield with ~34/pb : 1035 £ 54 | Pros1, 0a1165(R) (2010)| ©
T|m Gershon C.f. CDF Wlth 1/fb . 780 + 36 ﬁ:f(;age .,-,.. 0.24+0.06 45
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Prospects for y measurement from B - KK~

+1/— o —
B -K'K B 1T
S d
—~160~ —
v F | u,= 5.3612=0.0020 GeV/c® K u = 5.2762 = 0.0010 GeV/c?
2140kF = > ¥a 5
g 140~ LHCb A o= 0.02300 - 0.00090 GeV/c* g1 LuGh o= 0.02300 + 0.00090 GeV/c*
w [ Preliminary _ - Preliminary
w [ Vi = 254 = 20 & 120 v = 229:23
gﬂﬂr s =7 TeV Data g Vs =7 TeV Data -
3 100 35/pb 5100 35/pb
f= - [
Q - L]
& 80[ o 80
60— 60
40
20
k. J 1 11 L - —— l Ll L 11 1 'l ' 1 I’ F 'l L I L 1 ! 1 L L I i 1 L I L L
O5 5.1 5.2 5.3 5.4 55 5.6 5.7 5.8 % 5.1 5.2 5.3 5.4 5.5 5.6

5.7 5.8

Invariant mass (GeV/c?) Invariant mass (GeV/c?)

« LHCb yields in ~35/pb: 254+20 B_- K'K™ & 229423 B - U'TT"
. C.f. CDF In 1/fb: 130764 BS_> K'K™ & 1121463 Bd—>1T+T[_

« Expect first time-dependent measurements in 2011
- (Including measurement of B_lifetime in CP-even K'K™ final state)

Tim Gershon
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Prospects for direct CP violationin B - K™

L120F
E - LHCb
- Preliminary
& L Vs=7TeV Data
s [
< 80—
e B
E
@
o 60
40
20

 Raw asymmetries clearly visible in existing data

5.3

5.4

55 5.6 5.7 5.8
Invariant mass (GeV/c?)

f

Events / ( 0.0225 GeV/c* )
[=] [=] [=] [=] (=]
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0 T
B dis KTt

- LHCb

- Preliminary h 35/pb

- Ns=7Tevoaa __ |

5.5 .-- 5.7 l 53
Invariant mass (GeV/c?)

5.4

53

» Central values consistent with expectations & previous measurements
« Calibration and evaluation of systematic uncertainties in progress

Tim Gershon
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Toy model for B - rt'rtmt° Dalitz plot

Contributions only from p*mt-, pit* and p°mt°

TABLE 1. The time and kinematic dependence of contributions to the distribution of events.

Kinematic form

~ Amplitude measured

f"f”‘
A
frret
Fr *

Rel(f "' f™)
Re(f™f%*)
RE{foU*}
Im(f*fo*)
Im(f +f'lilt )
Imif " %)
Relf~f™)
Re(f ™ f°*)
Relf fnm}
Im{f~ fo*)
Im(f~f°%)
Im(f~f**)

PRD 48 (1993) 2139

a dependence (all P,=0)

(§:8F+5.5%)1/4
(S8 —5.5%/4
Im(gS:5¥)/4
Re(5,8F+5,5%)
Re(S,8F —5.8%)
Im(gS, 5% —g*S;8§ )
Im(S,5F+5,5%)
]mf.’S’;S: —§4§3‘]
Re(gS,5F —¢*S5,5 1)
Re(S:SF+5.55 2
Re(S,S¥—5,85)112
Im(g5,S¥ +¢*5,8§%) 12
Im(S,S*¥+5,55)12
Im(S:SF—-5,5%172
Re(gS. 8% —g*S, 812
Re(S5,5F+5,55.2
Re(S,8F—5,85112
Im(g5,5f —g*S,5%)
Im(S,S*+5,5%)2
Im(S,5F—5,55)1/72
Re(gS,5% —g*5,5%)2

1

1
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1
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1

sin(2e)
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sinl 2ex)

1
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1
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1
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f terms contain hadronic physics
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(lineshape, spin)

S,=A(P'm), S, =A(pT’), S =A(P’M), 4B



ST — B factory results

e Results from

- Belle, 449 M BB pairs: PRL 98 (2007) 221602, PRD 77 (2008) 072001
- BaBar, 375 M BB pairs: PRD 76 (2007) 012004

-0 - 0
nm'xrr’ U parameters n'mn I parameters
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PRELIMINARY PRELIMINARY
. .
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[ 1 1 5 N AU, P
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v 03 e 0041008
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Resolving the sin(23) ambiguity

e The Dunwoodie method BaBar PRD 71 (2005) 032005, Belle PRL 95 (2005) 091601
- B, - J/YK 1’ (b - ccs transition)

- Exploit interference between K*(892) and K* (1430)

 NB. ambiguity otherwise unbroken in B - VV analysis

g
e 2 o3 [ B'tag () _
= F
“tt 1.8 5
=,
I 16 — ; —— 10

Lk
b
v

14 + éﬂ _‘E | B fag (b)
12 ﬁ d i
1 ;F ) bt
0.8 ‘F)JE 1§ N_if_ "’ A
0.6 3;% _{P_ o @

Asymmetry
=
tn

0.4 .0 iﬁ F§—¢

0.2
0.5
0 — —
0.8 0.9 | 1.1 1.2 1.3 14 1.5 -
2 0 8 6 4 2 0 2 4 6 8 10
iy (GeV/ic') At (o)
FIG. 9: Comparison of the variation of v = ds — dy with FIG. 11: The distribution of At for events in the signal region,
; My for the Jfh KT events, for “Solution I” (open points, for (a) B and (b) B° tags with the fit result (full curve) over-
TI m G e rS O n « . . . . laid. In {c¢) we show the raw asymmetry in the number of B° 50
. Eq. {29” and “Solution 11 (fll!l points, Eq. (3[)))‘ WIFh that and B" tags in the signal region, (Ngo — Ngo)/(Ngo + Ngo),
Weak Phases from Dalitz Plots measured by the LASS experiment [22, 39, 40] (diamond for data, with the fit result (full curve) overlaid. Note that

L \-...___T_..-P' A et am R Inarkersj_ above distributions are not sensitive to cos23 since this de-
pendence vanishes when integrated over the angular variables.



Prospects for LHCDb

» Dalitz plot analyses are not something that we
will do with first data

- and, be warned, they are hard work

* But longer term there are many possibllities

- many channels that are well suited for LHCDb
e all charged (or nearly all charged) final states

- some have been looked at before
- many have not
— still room for new Ideas
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