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Introduction

@ Summarize 3 sessions and 13 talks (7 theory, 6 experiment)
e lifetime and mixing, weak mixing phases in B® and B? systems, V.
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Contributing talks

NIERSTE, Ulrich Lifetimes and mixing parameters of neutral B hadrons
GARRON, Nicolas Lattice determination of f,, fz, and &

KREPS, Michal Measurement of ¢, at CDF

BORISSOV, Guennadi Measurement of ¢ at D&
HANSMANN-MENZEMER, Stephanie Measurement of ¢, at LHCb
PETROV, Alexey CP violation in charm mixing, theory

MALDE, Sneha Lifetimes and mixing parameters of neutral D mesons and
neutral B hadrons, experiment

MEADOWS, Brian CP violation in charm mixing (B-factories and Tevatron)
GERSABECK, Marco CP violation in charm mixing (LHCb)

CIUCHINI, Marco Measurements of sin(23) and cos(203), theory

LI, Jin Measurement of CPV with B — (cc)K® and B? — J/yh” decays
ROHRWILD, Juergen Theoretical situation for V4, Visand V4,

WAGNER, Wolfgang Prospects for direct measurements of | Vis| and | V|
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B mixing and lifetime |
The neutral B, (g = d, s) system is described by the following equation

(2 (120)) — (- Lge) (18400 )

dt \ [By(1)) 2 |Bq(1))

The famous box diagrams give rise to off-diagonal elements M/, and '}, in
the mass matrix /19 and the decay rate matrix 9

Diagonalization of /19 and ['7 gives the mass eigenstates

CP-odd: By :=pB+gB , CP-even: B,:=pB-gB
with  |p|* + |q|* = 1

with the corresponding masses M/, M, and decay rates I'/;, '}
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B mixing and lifetime |l

IM{,|, [TY,| and ¢q = arg(—My,/T{,) are related to three observables:

@ Mass difference: AM, := M, — M] = 2|M{,| ( + 3 ,\r/;ﬁ“z Sin® ¢og 4 >

|M{,| : heavy virtual particles: t, SUSY,

@ Decay rate difference:
ATg:=T] T} =2 |Cos¢q( 8\M g
Ir{,| : light real particles: u, c, ... no NP — below hadronic uncertainties

SII’] Qg+ - )

@ Flavor specific / semi leptonic CP asymmetries:

* By — fand B, — f forbidden
* no direct CP V|olat|on [(f|Bg)| = |(f|Bq>|
e.g. Bs — Ds 't or By — Xlv (semi leptonic)

2

ra, rd AT ra,\>
al, = |mM +o</\/;§> _AI\; tan¢ch< >
12
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B mixing and lifetime Il

In the SM one obtains

G2 )
Mg = 15 55 (Vi Vio)2 M5y So(Xt) Bs, 3, Mg, B
st ‘ 0/
AT = <240Mev> [O.1OSB+O.024BS—O.027BR}
ATs 4 By Br
= 107. 1462 +106° —11.97

@ Lattice parameters f5_, B.,... - N. Garron

@ Numerical results/ updates - U. Nierste

@ CKM elements Vi, Vis, Vip - J. Rohrwild, W. Wagner
© Test via lifetimes - U. Nierste, S. Malde

Note:
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Lattice Predictions

Non-perturbative matrix elements that appear in mixing (lifetimes)

. _ 8
(Bqgl(bq)v-a(bq)v-alBg) = gBqungBq
2 Bg,
¢ = fgsB
By~ Ba

Advanced stage of lattice calculations
@ statistical error = computer power: “easy” to estimate
@ systematic error

@ “under control”: finite lattice spacing, finite volume,...

e “very hard to control”: e.g. is there a systematic error due to the use of
staggered fermions?,....
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Unquenched lattice results (a selection)

Group By B, £ ng Heavy Light
(MeV) (MeV)
FNAL/MILC  195(11)  243(11) 1.205(52) 2+1 Fermilab Asqtad
@ lat 08-00
HPQCD 190(13) 231(15) 1.268(33) 2+1 NRQCD Asqgtad
PRD 09
RBC-UKQCD 1.13(12) 241 Static [Domain Wall
PRD 10
ETMC 191(14) 243(13) 2 Stat. +Int.  Twisted Mass
@lat 09
ETMC 194(16)  235(12) 2 Stat +Int. Twisted Mass
JHEP 10 new method
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SM expectations for mixing observables and Vi,

AT
rs = 0.147 +0.060 — 0.13+0.04
S
a, = (2.06+0.57)-107°
6s = 0.24°+0.08°

Alg B
ai = —(48+1.1)-107*
6y = —5.2°1150

AL = 0.494a5 +0.506a% = (—2.3793)-107*
Vie = 0.00865%9 0002
Vis = 0.04072799%9%8
Vb = 0.99913370399060

Lenz, Nierste 2006; Nierste; Rohrwild from CKMfitter
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Test via lifetimes |

Strategy
@ HQE describes mixing 12 and lifetimes
@ I12/M;2 sensitive to new physics
@ lifetimes insensitive to new physics
@ Test HQE via lifetimes
Theory predictions

7(Bs) -3 -3
1 e [-5-107%41-10
~(Ba) [ ]
7(BT)
-1 = 1.063+0.027
7(By)
7(Ap)
—1 = 0.86+0.05
7(Ba)

IBEWARE: Theory for A, not complete: NLO-QCD+ lattice are missing!
Nierste; Lenz 2008; Gabbiani et al.
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Experimental result for lifetimes

ALEP EP| C2 197 —— 1.21+0.11+0.00

OPAL PLB426 161 ——— 1.29"9% (5,+0.06

DLPH EP) €10 185 - 1.11*%%% 15 +0.05

COF I PRL 77 1439 = 1.32+0.15+0.07

DO Il PRL 99 142001 —a— 1.218%0130 1, +0.042
DO Il PRL 99 182001 ——t—t 1.29010120 ) FO08T o
CDF Il PRL 98 122001 JfyA (1.0 o) 15930983 c+0.033
CDF 1119406 Ax B 1.401+0.046+0.035
CDF 114.3fb? - 1.537+0.045+0.014

PDGO06: 1.23+0.074
i | | |

0.5 1.0 1.5 2.0
T(Ag)/1(BY) = 1.020+0.030+0.008

Theoretical predictions 0.83 -0.95

g+ = 1.638 £ 0.011 ps (PDG 2010), 750 = 1.525 £ 0.009 ps (PDG 2010),
50 = 1.53 4 0.025(stat) 4 0.012(syst) ps (CDF 5.2 b~ 1),

50 = 1.45 4 0.04(stat) £ 0.01(syst) ps (DD 6.1 b~ 1),
AT = 0.075 4 0.035(stat) £ 0.01(syst) ps~—!' (CDF FPCP 2010)
AT, = 0.15 £ 0.06(stat) + 0.01(syst) ps—! (DD ICHEP 2010)
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New physics effects

General parametrization of new physics effects in mixing
Mos =T, Mizs= MY, Ag; Ag=|Age%

leads to the following relations for observables

AM; = 2|M1S£/,[s - |Ag]
ATs = 2[Tyz4]-cos (3™ + ¢5)
. izl sin (¢ + ¢2)
(M3 ]
oIV = 28+ ¢ + M, + 5N

Discussion of penguin contribution by Marco Ciuchini
Remember: ¢3M = arg(—M5,/T$,) and 3s = arg (— Vis Vi / Vs Vi3
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Status of mixing-induced CPV in B°(1)

535M BB | 14000 465M BB |
E signals - 1200 _
= =%t B2J/YKs g B0 tag B, 5 @]
R 7 - Sl signals |
£ 10“: + o.-f‘; Y £ 200 B ) ) \ 1
= sz B >, CP-Odd uz r _..4#-55;‘ R
" 04F O
g 71 et 1 m Eﬂ:;}_ R e
T T 7 et
= o= +'+4"1‘"‘ K _E_gzg: \++r—17|’§4 _%
Xe1 s “uE E
=R =} (O
g N.Ks 2t % E
= CP-even £'": ¢ E
. Eoar + (m:
= JY K_,_ —Eusrl = :Ei{diik_i_ 4~+ 3
z < o DR
L w3 +

=25
A((pv)

sin2¢,= 0.650 +0.029 +0.018
[PRL 98,031802(07)+PRD77 091103(08)]
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Status of mixing-induced CPV in B%(2)

Coming soon : Final Belle sample

(2]
=3
(=1
o
T

b= cos from 772 x 106 BB pairs = final Belle data sample

) ; L 5000
s >
] : # @
2 | 2Eegm = o0
T op00f —E vk i 3 ted sensitivity:
0 — B waasyi; I ~ 3000 ,
£ B2, Ks ﬁ 2 2, ”) =2 0.024
1 | 2 2000
1000 o
— J 1000
A
0 ey 0 el LR
5.2 522 524 526 528 53 00 12141618 2
M, (GeVic?) Pg (GeVic)
Jp KD J ¢ KO ¢ (2S)K L % 1 K? Ngg (x 108)
Signal yield ('10) | 12727115 | 10087154 | 198146 943133 772
Purity (*10) [%] 97 63 93 89
Signal yield ('06) | 7484+87 | 6512+123 - - 535
Purity ('06) [%] 97 59 - -
New tracking software helps to increase signal yield. 9
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CDF FPCP B — J/i)¢ results

CDF Public Note 10206 (18 July 2010), no new results since ICHEP

CDF Run Il Preliminary L=521"

0.6 —— e5%cCL
L — 68%CL
0_4; —=— SM prediction
— 02f \
L )
., 0.0 = =
ol (C
-0.2F =
-0.4fF
-0.6F
o o L s L
-1 0 1
Ps (rad)
@ 5.2fb~!, B €[0.02, 0.52] U [1.08, 1.55] rad at 68%CL
= ¢§/¢’¢ = —0.54 + 0.50rad (our estimate)
@ S-wave taken into account in the fit
@ Selection: optimized directly stat uncertainty on 3, (before was /S/(S + B))
@ 6500 B? — Jip¢ candidates
@ SSK calibration checked on data with B? — Dy 7+
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DD ICHEP B? — J/i)¢ results

Preliminary
= FDo.eim! 6= -042£018
'p 041 B?_”GJ/;; f= 3.01+0.14
B BT AM, = 17.77+0.12 ps~?
L? 02F 68%
4 E —_ o CL
: —95% CL
0.0 ErrT T T
02
04
E 1 L L 1 L
3 -2 -1 0 1 2 3

¢3/*[rad]

@ 611 ¢/ = —0.767938 (stat) £ 0.02(syst) rad.
@ About 3400 signal events (~ 2 times less than CDF with similar lumi)

@ Checks F-B asymmetry of cos(v) distribution versus K*K— mass that there is no
significant s-wave contribution, but do not account for possible contribution in the fit

@ Constraints strong phases to the values from B® — JApK*0
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Tevatron ICHEP B? — J/)¢ results

CDF Run Il Preliminary L=52f"

0-6:’ : Z;:ﬂ gt Preliminary
r v E -1 6 = —0.42+0.18
0.45 —e— SM prediction 1)00_,‘6‘.]1/3; J: s aolt014
L \ ¢ AM, = 17.77£0.12 ps™|
< 0.2
C — 68% CL
i F @ —95% CL
., 0.0r = | ) o i
3 oo (C
-0.2; =
'04} _0.4 E
060 3 2 1 0 1 2 3
Y N NI S B J/[rad
. 4 1 $7¥[rad]
B (rad)
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LHCb B — Ji/X peaks

L ~600nb~!, I — ptp~

~ —
(8] r .
> r LHCb Nejgnas = 184933 + 572 .
aP5000F~ - Signa -
> L Preliminary B/S = 0.551+ 0.0024 ]
0 I _ m, = 3090.2 + 0.054 MeV/c? ]
920000f- \s =7 TeV Data 0o = 16,14 0.052 MeVic? ]
§ E ]
(115000 3
10000F 3
5000F -

E 1 1 1 E

2900 3000 3100 3200
Py invariant mass (MeV/c?)

Mass resolution currently ~ 1.35x MC.
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LHCb B — Ji/X peaks

L ~600nb~!

0 *0
B"— JWyK 0
v B o
t>0.30 ps
t>0.30 ps
% sk IF-’HCI'b i Nejgna = 1.26402 % 17 T uf LHCb
£ sop Frefiminary sl 2 [ Preliminary Nyjgnsi = 27 55
g E Vs =7 TeV Data cm=8.212MeVICI @ 12|~ \s =7 TeV Data
F a0 S of
§ f £ r
2 F o
> o 3 r
w 30 w 8 —
r of
20 £
¥ .
A H LI L
C D 0 2
05700 5150 5200 5250 5300 5350 5300 5450 5150 5200 5250 5300 5350 5400 5450 5500 ° 5550 ~ 560
m(Jhy K®) (MeVic?) mly ¢) (Mevic?)

Proper time resolution currently ~ 2xMC (~ 0.08 ps). However, good enough
to resolve Am (with more stat) and will improve with better alignment
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B? — JAb¢ sensitivity projection (LHCb)

=
©
= sk CDF 5.2fb™ FPCP 2010
= o
5 [
s
® [
04 -
[ DO 6.1fb™ ICHEP 2010
os LHCb preliminary 7TeV; o(bb)=292ub
— Uncertainties on o(bb)
ok and BRvis(BS - J/y@)
01 |
SM value
0 L Il Il
0 01 02 03 04 05 06 07 08 09

BEWARE:

AT, = 0.075 + 0.035(stat) = 0.01(syst) ps~' (CDF FPGP 2010)
AT = 0.15 4 0.06(stat) + 0.01(syst) ps~' (DD ICHEP 2010)
and ¢/¥? uncertainty decreases when AT grows!
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BY — J/f,

B(B? — Jfpfo)B(fo— 7t m™)
B(BY— Ji¢)B(¢— KTK™)

Since B(B? — Jib¢p(KTK™)) = (6.4 £2.0) x 10~*
= BB Jfy(rTn7)) = (1.3 -2.7) x 10~*

~ 0.2 — 0.3 [Stone et al, PRD79, 07024 (2009)]

Belle result: 2D fit to AE and m(n*n-)

23_6)%\

Y
Mip,
S

Events/(6 MeV)
©
whn

Non-resonant J/Ynn

e AR

: L L
01 005 0 0.05 0.

S e
L
Events/(36 MeV/c?)
- ~ w :
SN ow
LA A U e i

[4
o

2 04 06 08 1 12 1

0.1 5 0.2 4 6 18
AE (GeV) M., (GeVic?)

6.0+4.4 events
1.60
BB’ = J/wf)B(f, » 7°77)<1.63x107 (90% CL)

update with 5 times more data (121 fb™') on going ‘

Belle also observes B? — J/yn and B? — JAn'’
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Semileptonic asymmetry

D@ measures A% = (—0.957 = 0.251(stat) = 0.146(syst))%

-0.01
Evo &, SM prediction is (—0.0237%.9%)%
-0.02 . Stand;lr(l Model Measurement is ~ 3.2 away from SM
0.03 r —B Factory W.A.
EDOBD, uX
P S BN L A I
-0.04-0.03-0.02-0.01 0 0.01
o
20 T .- g
anag ]
1= 4 T
an il = ] Hypothesis p-value
E ' 3 ] Ag=1 250
> ) ] As=1 270
Ayg=0s=1 340
2 @A New Physics in B, - B, mixing
2 4 1 2 3

o
Re Ag

without 2010 CDF/D@ results on BY — JAbé
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D ICHEP B? — J/)¢ results including asl and DsDs

.-
L LAARN LAARS LARS

[
|

02 E BY — J/4¢ +al+ B(BY —» D DY)

-0.4 —

D@, Preliminary — 68% CL
2.8-6.11b" —95% CL

SM

constraint

3 2 1 0 1 2 3
¢2/¥rad)
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LHCb projection of ag;

LHCb propose to measure &, — a’ by determining the difference in the asymmetry
measured in B! — Dy (KK7)my v & B — D™ (KK7)my"v. Same final state
suppresses detector biases. Provide orthogonal constraint to D dileptons.

300,

% I T T ]
2> [ LHCb Preliminary - «
E asol- VB =7 TeV (0.57+0.06)pb" " E
§. [ —Neutral 0.01
w Fo— Double-charged
% 200 -
2 I
'E F (Du)
O 150 .
L -0.01
100f- .
oF LHCb expectation with
1 -1 (stat error only),
pour el 7] assuming DO central Sy
2 -100 o " value and no NP in a%
KKr Mass - D, Mass / MeVc ¥

Events already being accumulated
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Via, Vis and Vi

Top-Quark Decay Single-Top Production
w q q’
f > < Vio (Viss Via) _>w t
(s,d) b
ver g b & D
_ B()Wb | Vi |?

PT BOWG V2 + | Vis? + | Va2

D@ result Phys. Rev. Lett. 100 (2008) 192003 (£™= 0.9 fb~!):
Rp = 0.97 7903 (stat.+sys.) R, > 0.79 at 95% CL
= V24 [Via|? < 0.263 - |V |?
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Direct V;, Tevatron result

:’-.-" 3F Tevatron Preliminary, August 2009
2 | Foro™=314pb
o r s+
O2,5[ [PRD8S 054024, 2002]
8 [ Iv)=091:008 q q q t
=
$ 5 95%C.L. limit:0.79
& [ Forc!®¥ =346 pb b Fx t W
1.5 [PRD74 114012, 2006] ,"
t |th| = 0.H§ + .0.07 g b qa , B
[ 95% C.L.limit: 0.77 A ’
- \\ ’
: Vi |7
0.5
i 02 04 06 08 1
|‘*'“°|2

CDF and D@ Collaborations:

% arXiv: 0908.2171 [hep-ex]

Tevatron starts to be limited by systematics
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Charm Theory |

Usual definitions:

AM AT
r Y= or

In principle the same formalism as in the B-system
BUT Keep in mind: now IMo/Mio = O(1)

Still no satisfactory theoretical approach available
@ Exclusive approach: Falk, Grossmann, Ligeti, Nir, Petrov
@ Inclusive apporach: Georgi; Ohl, Ricciardi, Simmons; Bigi, Uraltsev

Very important question:
How large can CP-violation in D-mixing in the SM be?

@ sometimes in the literature: 103 is an unambigous sign of new physics
@ Petrov: at most ~ 103 in SM; 102 is a “smoking gun” signature of NP
@ Bobrowski, Lenz, Ried!, Rohrwild: not excluded: upto 51073 in SM
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Charm Theory Il

Despite the big problems to determine the SM expectations to D-mixing:
D-mixing gives very strong bounds on new Physics models

Petrov; Golowich, Hewett, Pakvasa, Petrov 2007

Sensitive up to scales of 102...10° TeV

Also very interesting effects in decays of charmed baryons - see Alexejs
Petrov’s talk
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Charm experimental status

Combined result of Belle, BaBar and CDF

y (%)

& 8 8

CPV allowed
15—

A. Schwartz et al

°
5 .
T T
Arg(a/p) [deg.]
e B8 &8 3
9

i
% arXiv0803.0082 g
0
_— (updated FPCP 2010)  _ag
No —= =l | N
MiXing (SN Beo 'a'rt, A Y T AR R S NO
1 -05 0 05 1 15 2 02 04 06 08 1 12 14 16 18
xeh CPV

Il

@ D-mixing established at 10c level while no single experiment has yet a 50
observation

@ the most significant contribution are the least constraining in term of
excluding "no-mixing"

@ Babar and CDF find x2 < 0
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Charm at LHCb

First presentation of charm cross-section results
In broad agreement with theory

D +c C. Cross- sectlon

£O T T T T T ]
= 107 . LHCDAS=7 TeV 3 LHCb,Ns=7 TeV
10 =S 20<<25 1L 2.5<y<3.0 {

1 f —e—Ltch Preliminary ' —@—LHCD Preliminary

Pythia(LHCD tune) —— Pyihia(LHCE tune)
107 | ===-saketal 1E BAK etal ]
——MGetal ——MG etal
T AN I S I SAEN A SR ANAVAVEN S RTINS AR S A PN NS AR S AN S A WA A AT WA WA
[ T T T T T ) T T T T T T T "]
10 LHCb\s=7 TeV LHCb,\ =7 TeV
0 3.0<y<35 |- 3.5<y<4.0 {

1 f —e—LHCh Preliminary - —@— LHCb Preliminary

—— Pythia(LHCD tune) = Pythia(LHCD tune)
107 | = Baketa AL ====-8aketa ]
—MGetal —MCetal
L L L L L L L L L L L L L L
T T T T T [ i
1° E Hobas—rTevy? 1 2 3 45 p6 [GgV/cf
10 = 4.0<y<4.5 {
1 f {e—LHoo Preiiminary - 1 Es
—— Pythia(LHCD tune) "‘{-\., D
101 | o===BAKetal p
I e EE 2 I I I I I

o 1 2 3 4 5 6 7 8
p..[GeV/c]
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Charm at LHCb

Many D decay already reconstructed
Acquired LHCb data sets approach existing data sets of other experiments

| 24nb! DO— KsK*K-

< 400 ! T & F ———
£ LHCb s sF LHCh
@ 350 Preliminary [ E Preliminary 3
= Vs =7 TeV Data = Ssof \=7TeV Data
5 300 Yield 682:39 B F Yield 123417
e s
< 260 £
S 200 K
E E
£ 10 E

100

50 3

] 1 L 0 + 1 1

5 10 0 5 10
m(D° ) - m(D) - m(1*) (MeVic?) m(D° ©*) - m(D% - m(z*) (MeV/c?)

Mixing and CPV analyses in preparation
Expect to acquire enough data to significantly increase sensitivities in the
course of next year
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Charm prospects

o Dalitz plot model . a Information on overall strong
phase 5, isadded @l

uncertainty shrinks

o () K’ (')
WK () 15 fit com
= )

uan ) KE ey

S KA (B
(B}
aos aos

(a) Super B 4S onl)

Y
Yo

v Xp o005 2 X o005 ] Xy o005
ep = (w2ty2)x 1074 |gesy | @0 = (@zta2)x107* || =p = (=x+2.0)x107°
yp = (ex+19)x10~4 |7 | vo = (@ex17)x10* |7 | vo = (zz+12)x10¢

Real improvement would come from running at the /(3770)
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Conclusions

@ Good progress since last CKM workshop

@ New experimental results from this year in the B sector
@ Final sin253 from Belle expected in near future

@ Lattice QCD keeps up improving precision

@ Several numerical updates on theory side

@ Charm mixing still waits for single 50 measurement

@ CP Violation in charm starts to touch region where it will be hard to claim
new physics
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@ Tevatron is still accumuating data

@ Belle has 120 fb~! at T(5S) to analysis compared to 23.5fb~! analysed
now

@ LHCb collects data quickly
@ Super B factory is going to happen and can provide new improvements

@ We had few interesting discussions (specially about penguin
contributions to CPV), hopefully we can make progress in next two years
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