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Mixing formalism in a nutshell

s neutral meson mixing: matter changes spontaneously into anti-matter!

s occurs in SM via this 2" order diagram

b . W' g
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s mixing and decay generically described by Schrodinger-like equation

.d ((BB(t)) \ _ [ Mu— 3T Mz — 3T (B°|B(t))
‘a\ (BYB(t) ) T \ My — iTyy My, — il (BY|B(t))

s MandT are hermitian: M;; = j\,{; Iy = F:J
s CPT invariance: M1 = Moo I'1p = T

s phase difference of BO and BO-bar is arbitrary

--> 5 physical parameters: M ' [Mi2| [T'q2] @:arg< T



From parameters to observables

s time-evolution --> mass eigenstates

—0 :
|Br) = p|B°) +q|B") o mp, 4 1Ty
0 —0 with eigenvalues iT
|By) = p|B”) —q|B") mu +5l'n
s usually characterised by observables
M="E ;“ ML AM =my—m; T =" jr“ AT =TTy ;—i

s that can (within reasonable approximation) be expressed as
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mixing frequency decay width difference CP violation in mixing




From parameters to observables

s observables sensitive to NP in mixing

2

, ¢ I'12 | .
AM ~ 2 ;?\[12‘ Al ~ 2 F12| COS @ 1 — —I -~ ‘ . 12 S11 @
A P ;'1\[12
mixing frequency decay width difference CP violation in mixing
s in the SM, the phase ¢ is small both in Bd and in Bs
s NP models usually only consider contributions to M,
-] . NP sk W
My = MM NP d = M 4 NP

constrained by mixing frequency constrained by CPV and AT



Experimental observables: mixing frequency

s decay time allows to observe time-evolution
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Experimental observables: mixing frequency

s decay time allows to observe time-evolution
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_—— “tagging B”

can be charged or neutral

s |ook at “flavour specific” decays, e.g.
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Experimental observables: mixing frequency

s decay time allows to observe time-evolution

BY or B°
5O time _ “signal B”
S o BO B’
~~~~ (®)) O i _
BO Tt >E B mixed unmixed
S —s
~~~~~~ s B unmixed mixed
“tagging B”

/

s mixing frequency: count 'mixed’ versus 'unmixed'

Nunmixed . Nmixed

AR () = , , = cos AMt
( ) Nunmlxed _|_ lexed

s measurement requires flavour tagging and decay time measurement



Experimental observables: A

s decay time allows to observe time-evolution

_ N
B° or B°
BO time _ : “signal B”
S ay pt P
70 e >8 pt | mixed | unmixed
~~~~~~~ % p— | unmixed mixed
“tagging B” h
J
s from same observables, create CP asymmetry
e = N —-N 1 —|q/p|* decay time
I N++ 4+ N- 1+ |q/p|?* independent

s to probe CPV in mixing, use final state with zero predicted CPV in decay
s sometimes also called “semi-leptonic” asymmetry

s measurement requires very precise knowledge of detection asymmetries



Experimental observables: TD CPV

s now consider “non-flavour specific decays”
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“tagging B”

s interference between mixing and decay: “time-dependent CP violation”

N(B — f) — N(B — f)
N(B — f)+ N(B — f)

A(jp(t) p— = S SiIl(Amqt)

s Qives access to phase of mixing diagram

s measurement requires not only tagging and decay time, but also
knowledge of their respective dilutions



Di-muon charge asymmetry

s mixing leads to 'wrong charge' combinations in B->X mu

X v _ 9 —0 )
TS .l Bu’.,s \ Bd""ﬁ — —-_;
s measure CPV in mixing via wrong charge asymmetry
b = NelppT) = No(pp”)
fs — _
S Np(ptut) + Ny(pmp—)
s at hadron collider: method does not distinguish between Bd and Bs
--> measure linear combination with physics in
AT
b d S e _ 49
Afs = C Afg + (1 o C) Agg s AM

q
‘ function of fragmentation fractions,

mixing parameters, lifetimes and
decay time acceptance

s with value of C at Tevatron: A% (SM) = (—0.02310:002)%

CPV
parameter

tan ¢
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Di-muon charge asymmetry at DO

s experimentally very challenging

L _ o need to be
s asymmetries in muon detection efficiency controlled to
s asymmetries in backgrounds (e.g. muons from Kaon decay) beﬁeflthan
0.001!

s main player: DO at Tevatron
s |ow detection asymmetry due frequent field polarity changes
s control of background asymmetries using single muon asymmetry

s recent DO update, arXiv:1106.6308, -
subm. to PRD: ‘ s

AY = (0787 +£0172+£0.003)% ||| | W

+ Standard Model i
. g -0.02 | E= B Factory W.A. ::5
3.90 deviation from SM DOE DX
s consistent with other measurements - Il DO A}
... but single one of its kind 0047 peAlessCL.
(D0,9.0 ! |
s burning question:is it B, or B_? 20.04 20.02 0 0.02



Di-muon charge asymmetry at DO

s to probe origin, split sample by IP cut to change fraction of Bd

'é 1 DOMC 4 Oscillating decays B’ -§ 10 °[ DG, 9.0 fb” e Data
g 10 :,_ 3 Oscillating decays B’ E 10 8L DMS,Lmuons
L 107§
T 10 ¢
E E....|....|....|....|.... 106? | | | |
= 0 001 002 003 004 005 0 001 002 003 004 005
IP(u) [cm] IP(uw) [cm]
s |P>120 (both muons) e 002 I
v 7. DO, 901"
s less background 4 2
: . /(7 b2
s higher Bd fraction - [‘3%) oy
0 | ‘ . _
s result consistent with main result \ \
s extract ‘ e
-0.02 - .
ad, = (=0.12 + 0.52)% j -\
| 68% and 95% C.L. regions \ |
a’gl = (—181 + 106)% are obtained from ?:5]95*\_‘
-0.04 |- the measurements with R |
with large correlation pgs = —0.799 [ [Polections YA
-0.04 -0.02 0 l}aﬂz

s uncertainties too large to be conclusive ... o 12



LHCD plans for a

s additional experimental challenge: production asymmetry (no problem for Bs)

s studies concentrate on B -> D | nu, with fully reconstructed D
s |ess background than inclusive muons
s can distinguish Bs from Bd
s reasonable decay time resolution --> can do time-dependent measurement

s Dut ... exclusive reconstruction has a price
s to regain statistics, perform untagged measurements
s untagged rate related to flavour-specific asymmetry by

ars (1 cos(AM t)
2 cosh(AI't/2)

(fs, unt (t) —

note: in contrast to a,_, not constant in time
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LHCD plans for a

S

s two strategies to tackle production/detection asymmetries

s 1. take only Bs, measure detection asymmetry in control samples

s 2. measure the (time-dependent) difference

AA=A(Bs — Ds(KKm)uX) — A(Byg — D(KKm)u~ X)

s g sketch of what this means
m@0.0Z —

-0.02

-0.04

DO A 95% C L.
(DO, 901"
-0.04 -0.02 0 0.02

d
;)

s actual attainable uncertainties still very unclear

method 2

method 1
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Oscillations in the Bs system

oscillation frequency places strong constraints on new physics
+ SM prediction: Am>M = 16. 814% ps~'  PRD.83, 036004 (211)

method: time-dependence of mixing asymmetry for a flavour-specific final state

. Nunmixed ) — Nmixed ¢
AT = (t) (t) = cos(Amt)

o Nunmixed (t) _|_ Nmixed (t)
experimental requirements \

s flavour tag at 'production’ ignoring AT
s reconstruction of decay time

AT = (1 —2w) X e~ AMITL/2 % cos(Amt)

\ | finite decay time resolution

probability for wrong flavor tag

optimal time resolution requires fully reconstructed final state

s most easily accessible: B, — D3_7T+ 15



Bs mixing: latest measurement

s | HCb update in 341/pb, presented at Lepton-Photon 2011

15 MeV/c?

” 1000}

# B candidates

341 pb? __

LHCb preliminary

WE=T TeV

= data

fit

decay mode

# signal candidates

[l signal
5. DK
B comb. bkg.

BY = D (¢n )t
BY — D7 (K*K—)m+

BY — D77 non-resonant

4371 + 91
2910 £ 89
1908 4+ 74

# B candidates / 15 MeV/c?

1000

5400 5600 5800,
B; mass [ MeV/c"]
» data ﬂ: = data
341 pb™ —#it 2 341 pb™ — fit
Ml signal 0 Il signal
misid. bkg. ~ 500k misid. bkg.
LHCb preliminary BB.— DK 2 LHCb preliminary I B.— DK
s =7 TeV B comb. bkg. g YE=TTeV B comb. bkg.
5
Q
m
5400 5600 5800 b 5400

B, mass [ MeV/c?]

s average time resolution: ~44 fs

s flavour tagger performance:

s OST:
a SST:

e(1 — 2w)?
e(1 — 2w)?

(3.2 £0.8) %

5600

=

>

(1.3 -

- 0.4) %

5800,
mass [ MeV/c* ]

reduction in signal
efficiency due to
loss/dilution from taggingg



Bs mixing: latest measurement

s |LHCDb, preliminary result, 341/pb (LHCb-CONF-2011-050)

% 0.4
£

Amg, = 17.725 4+ 0.041 £ 0.026 pS—l < LHCb preliminary

—
0.2 Vs =7 TeV

s dominant systematics
s z-scale and momentum scale
s no 'easy' improvements expected

-0.2—
341 pb™ —'—

- 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 | 1 1 1 1 | 1 1 1 1
049 005 01 0. 0

15 02 _ 025 03 3
s compare older results t modulo 2n/ Am [ ps ]

5

CDF (2006) Amgs = 17.774+0.10+0.07 ps—'  (PRL97,242003 (2006)))
LHCb, 37/pb:  Amg, = 17.63 + 0.11 £+ 0.03 ps—*  (LHCb-CONF-2011-005)

s new WA:  Am™ =17.73140.045 ps—*

>

Vid

ts

= 0.2090 £ 0.0009 + 0.0046  (R. van Kooten, LP2011)
exper. lattice
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s experimental precision is
currently about 0.1%

LHCb: unlike in B-s system,
measurement is sensitive to decay

time acceptance

ALFEPH
(3 analyses)

DELPHI *
(5 analyses)

OPAL
[5 analyses)

Do
(1 analysis)

BABAR '
(4 analyzes)

Average of above
after adjustments

CLEO+ARGUS
(¥, Measurements)

World average
for Pz 2011

"HFAG average

without ad justments

LHCb preliminary result, using Bd->Dpi in 37/pb

AM,; =

0.499 + 0.032 3 0.003

Oscillations in the Bd system

T

et

—
e
.

y

04 045 0.5
1
Am, (ps™)

0.55

0.446 + 0,026 + 0019 ps'*
0.519 + 0,018 + 0011 ps’*
0.444 + 0,028 £+ 0028 pst
0.479 + 0,018 + 0015 ps'*
0.495 + 0,033 £ 0027 ps'*
0.506 £ 0.020 + 0016 ps
0.506 £ 0.006 + 0,004 ps

0,500 + 0,004 + 0,005 ps'*

0.507 £ 0,004 ps!

0,498 £ 0.032 ps

0.507 £ 0.004 ps*

(LHCb-CONF-2011-010, prelim.)

s first priority is to get much more stats; systematics can probably be reduced too
s Bd->D*uv gives much higher yields, but systematics not clear yet
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CPV in mixing via time-dependent CPV

s mixing induced CPV due to interference in decays to common final state

035
BY > f

k@

s if fis CP eigenstate, time dependent CP violation with pattern
N(B — N(B
Acp(t) = (_ ~ /) (B~ J) = S sin(Amgt)
N(B — f)+ N(B — [) L
S = SiIl((jﬁ)M — 2¢’D)

—®p

flavor at production

s b->ccs transitions: decay dominated by TREE amplitude
==> expect no NP in ¢, ==> CPV probes mixing phase ¢,

s 'golden' modes: Ba — Y Ks: S =sIn2p

By — 9o S = sin 23, 0



sin2f from J/WK , J/¥K (etc)

s final Belle/Babar datasets

Belle, Moriond 2011
350p
300}
250}
200}
150}
100F
50F

Entries / 0.5 ps

Asymmetry

Babar, PRD 79 (2009) 072009

sin(2p) = sin(20,) s

PRELIMINARY

2 (@ BaBar - | 0.69 +0.03 +0.01
< 400+ B° tags E PRD 79 (2009);072009 :
S . . BaBar x_ K. ! i | 0.69+0.52+0.04+0.07
3 | 7B tass ] PRD 80 lzoo@; 112001 T
.ai 2001 - BaBar Jiy {hadromc] K. : : 1,56 £ 0.42 £ 0.21
o [ ] PRD 69 (2004):052001 ,
B - Belle : : 0.67 +0.02 £ 0.01
o -
B 0'45 )_5 Moriond EW 2011 prellmlnary " :
E 02F E ALEPH : - L 0.84 2+ 0.16
2 of = PLB 492, 259 (2000) *
Z 02F = OPAL ; P 3.20 *1%0 + 0.50,
% o4E E EPJ C5, 379 (1998) ! *
2 3005 = CDF — 0.79 704}
a (©) 3 PRD 61, 0?2005 {2000) 1
S B = LHCb 0.53 2% 4 0.05
~ BY tags ; ] LHCb-CONF-2011-004
2100 ) - Average 0.68 £ 0.02
2 _ ] HFAG
L] O -
I?'__: 0.4 ¥ { ' (d}_: -2 -1 0 2 3
= 02 ,,'i%‘;i— . =
bl 0 ] — i ce _—
4 pa =S [ E
£ .02 T =
o J
04fF E
5 0 5 A (ps)
L Dy 42.8 £+ 1.5)°
HFAG average: . .

has some tension with results from global SM fits

ZIBSM,UTFit

ZIBSM,CKMFltter

(50.4 + 3.2)°

(56.3713)°

(summer 2010)

(PRD83,036004)
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BR(B — tv)

one part of the problem: correlation with the measurement of B->tau nu in the fits

0.30 ‘f1I0.3I T T T T T T I T T T T I T T T T I T T T ] —1 -CL 1-0 Lenz, Nierste, CKM Fitter
: 1 Moo PRD83, 036004 (2011))
025 — —
~ Measurements (1o) ] 0.8
B \ ] 0.7
0.20 — —
B ] 0.6
0.15 :— —: 0.5
- 1 [Ho4
010 —
- ] 0.3
N ] 0.2
0.05 - CKMfit w/o meas. -
: EPS 11 :
o0l Lo b b L 0.0
0.5 0.6 0.7 0.8 0.9 1.0
sin 23 _ 1 Prediction for B
% == | attice value >
1.0 [ T T
O.Bf— _|
» 0.5:— ]
© i
T o4l ]
O.Zf— -
0.0 :' | I
0.0 1.6 1.8 2.0
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penguin pollution

suppressed contributions may 'pollute’ expected CPV
S\IIK — SiIl(Z,B + 5SM penguins + gbgP)
[need picture plus result of U-spin symmetry]

can estimate contributions with BF of suppressed modes related by symmetry
s Bd --> J/psi pi0 and Bs --> J/psi Ks (PRD79 (2009) 014030)

1]

&)

=
=
e

CDF experiment
PRD 83 (2011) 052012

Events

LHCb experiment
LHCb-CONF-2011-048

=
=
e

O lidE.IE:? per 3 ME"!’"G__

| R
0 51 52 53 54 BS 56 A7
Jay K, mass (GeVic))

BB = J/¢Ks,
BIB°=JlyK,

0.041+0.007 (stat)
+0.004 (syst)+0.005(f./

(b}

B|B'=J/yK;
0.0378 +0.0058 (stat )
+0.0020 (syst)+0.0030(f ./ f,)

Tim Gershon
CKM Matnx 'Ovendew

\ TRy o 1
.'. S R TEE ..-I .l_' Attt W
N _~ JAy K mass (Gevic’)

27

(question: based on this, what are estimates of 'penguin’ polution?)



CPT and AI' /T

s introduce complex parameter for CPT violation (see e.g. PRD70(2004)012007)

L om — 5 0T _|BL) = pvVI—2|B) +qvT+2|B")
- Am — %AF Bu) = pv1+2|B") —qv1—2|B)

s extract from simultaneous analysis of CP and flavour specific states

s new result, Belle EPS2011 (prelim.):

Re(z) = (+1.9+3.7+£3.2)x10~
compatible with Babar

Im(z) = (—5-7 +3.346.0)x10™ analysis on 88M/232M BBbar pairs

AL, /T, =(-1.7+1.8+1.1)x107°
535 x 10° BB pairs

bonus: strongest single-experiment constraint on AT'/T

compare SM:
AT M 1 (my comp. using AT from
. = (5.87537)-1073 SM fit in PRD83,036004 (2011)
d and PDG lifetime)
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time-dependent CPV in the Bs-system

s time-dependent CPV in B; — J/4¢ allows to NP in mixing in Bs system

Swe =7V sings” = sin(—ZﬁEM + quP)

in contrast to 3, CKM-angle B, is very small

_2,@§M — (—2.08 + 0.10)° (PRD83, 036004 (2011))

s two most interesting modes

iy %‘é}m i %%}w

+\ }¢>(1020) KTK™ +\ }fo 980)— TT*TT-

4 narrow resonance --> clean s bit lower branching fraction
s vector-vector final state (“P-wave”) s vector-pseudoscaler
s requires time-dependent angular final state (“S-wave”)
analysis 2 no angular analysis needed

4 measure also AFS w/o external input
24



B, with B_--> J/We

s status quo, before LP2011

s CDF 5.2/tb, about 6500 events, o(gp,) ~ 0.5 rad
s DO 9/fb, about 5000 events, o(¢,) ~ 0.35 rad
s LHCb 37/pb, about 800 events, , o(¢,) ~ 0.7 rad

Indirect fit prediction with NP in B _;—E:: mixing

NOXYM @ CDF + new DOASL (91b7)
EPS 11

1-0[1'1[[I][[I
0.8 —
0.6 —

0a [ LHCb

i & *
0.2 — ; \/ DF

p-value

OolllllllllllJllllj lIIIIIII I
s

*SM (pred)

T '| T

¢DO (6.1 fb™)
= CDF (5.2 fb")

ALHCb (37 pb™")

100

150

s |HCb at LP2011: update with 341/pb

s about 10x more statistics

| CKMFitter prediction from fit with

NP phase, using A, but not ¢,

another hint of NP in Bs mixing?

s important improvement: account for S-wave contribution

25



Bs — J/v¢ at LHCb

s including S-wave: from 6 to 10 terms in angular/time distributions

LHCb-CONF-2011-049

decay
insertin

k Byl Tuif

1 A "-l.:

7 Agis)|®

a Ay

4 SR Agie] AL ()]

B R{Apic)Age))

] S Ande)A g (1) 1 /T siin T ain 39 cos
T Axit]® F1 — mn® 9 coa” )
8 | Bazipag) 4 wsnfuin? Fan 3¢
9 | SAz(E)AL)) v/Eainy 8o 20 con g
10 | BAzitpdein)) | AvBemeil —sin? foos®d

rates for an initial A7 :n wing to Jfdd can be
we terms mvolving

...... a factor —1 1

n front of

obtained from those above b

mixing (s ﬁn,iland cos{ Armgt])

et
by

The ter 10 are related to the deseription of the S-wave component, which has been
sbcted to Ihl"-u r]]‘. 515 ] ixpressed in Il:1'|1'|"-- of the sz ‘I Ayl mi ;h we 6 of the transver-
sity and S-wave a 3 af ¢ = 0, the time dependent !-_..J udes are given by

. AT Al
Ap|*(x A T'af langh —1 38 Sy inh | — sin &y siniA ma )],
-
Al Al
A [ A Patizogh | — comdy nh | —& | 4 sin gy sindam)] ,
I 7
Al Ay Tuf[ansh i cns @y sinh #L sin oy sinf A )],
. Al
BR{Ag(E)A L (8]) A |14 Faty_ pom(d )} singysnh | —:
ooy i_|]) oos 4, SINAME] 4 SIngd #y ) cos{Ame)| ,
. Ar Al
R Anf1).Ag[1]) Ag||Ag e~ comldy — dgjjemsh | —i os i, inh | —1
- in gy SInA TR,
e AglL)A L [E)]) £ | ) e = [ :.:.'\'..FI-:‘.SFH —
coa#) — dg)cosd, En(Ame) 4 sin(# — do) cos{Ami)|,
N - Al Ar
Ag[0)]? Ay %e"="|cosh | —& | + cosdasinh | —¢ n g sinjama]
R (o)A (1)) 4,14 Fati_ singd, — &, )singd, gnh ﬂ sinjd, — &) cosd, SnAm)
t cos| &) cos{ A
(A EMIF] T2 gin(4 |ecsh i_—;l. w4, 5N ar,
sin gy sinid e
. AT
Az} An(s Aa]|A Pati_ win da)singwsinh | —c
sin| d,) com g, smAmL)  cos{dy — 4, cos{ A
where we have chosen a phase convention such that &y = 0. The c]ccm time depends

Events/ (1 MeV)

accounts for ~4% “non-resonant” KK
in 12 MeV mass window around phi

LHCDb Preliminary
VS = 7 TeV Data, L = 337 pl

600

400

200

1040 1050
my (MeV)

1010 1020 1030
_ J
" V "
fit region

990 1000

note: S-wave contribution identified by
angular distribution, not by KK mass
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ML fit to LHCDb the data

ML fit with 10 physics parameters
s 7 angular amplitudes and phases

4 FS’ AFS, q)s

proper-time resolution,
calibrated on prompt J/psi

—f— data

sig. component

------- cp-even sig. component

— — cp-o0dd sig. component

s-wave component
——— bkg. component

complete pdf

gives o(t) ~ 50 ps E?_ms:__
only OS flavour tagging £ o
used, calibrated on J/psiK+

fraeD? = (2.08 4+ 0.41)%

LHCb preliminary
&= T TeV, L= 337 pb~

2 6 8
goodness of fit, using “point- Proper time t [ps]
to-point dissimilarity test” *) 5600 o \r""
ives P-value of 0.44 3 " +++ o

9 & 400#*":_':4_—_ ++:|¢;f:|-'d-:|__ﬁ
o _

200 o =

(¥) see eg. M. Williams, JINST 5 (2010) P09004 m; '_’; _ . \'H;\_E
[arXiv:1006.3019 [hep-ex]] PR '0'5' '_c',_' T

cos o

—T—T
LHCDb preliminary

\s=7TeV, L~337pb'

ot ‘ . ——
5300 5350

5400

B, mass [MeV]

Events/ 0.1
[4,]
S

F Y
=
=
TTT T T T TTT

1
LHCb preliminary
JS= 7 TeV, L - 337 pb™

300 -
200 — 3
E ,_/" T ]
100 - -~ ]
- '\-\\ .
F_~ ~ ]
c"—. - I PR " L 1
-1 0.5 0 0.5 1
cos

I 1 ' ' 1 ' ':

600 LHCb preliminary -
E=7TeV,L- 337 pb' 1

Events/ 0.31 rad
[4,]
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Ar_-; VS. Cbs Standard Model

(Lenz, Mierste: arXiv:1 102.4274)

rm— D.EE T T T T T T PR | T X |‘!I T
N 0.2 LHCD Preliminary E . /
Al _ \S=7 TeV, L=337 pb" IR
= @ 0.15 ' _.;‘f"}f{i
~ ¥ i
T 0.1 v J :
& 0.05 S
5 _ : = .
Y 0 '
fa) P : :
2 "~ -0.05 e ; —oB%Cl  ——
— -".'f NN —B0%CE
-0.1 | (\ );| : ——-g5%CL |
-0.15 hw:::-ﬂ"'r"; :
0.2 R 2
Most precise measurement of s -0.25™ 4 — ! T
e &.=0.13+0.18 (stat) + 0.07 (syst) rad ap
2
e Consistent with 5M ;an 6
<d s
4 T Evidence for Al 20 : 1
3
o Als=0.123 £ 0.029 (stat) + 0.008 (syst) ps”' 2
o

* [ = 0.656 + 0.009 (stat) + 0.008 (syst) ps’!

)



AT’
S

J/psi phi analysis also gives most precise single measurement of I'_and Al

";' D-"I?I TN Flavur-Slpecific e L
4 : 1(B2) HFAG B
-—:-ﬂ 02F POG 11 | 4
= :
o . i LHCb in J/psi phi (341/pb)
o g
0.1 : Theory
- Combined] 2
D__ j 1 1 | (AFS )
: ~\ 2T,
) - 0 >
| 5 Fop o (AL
024 | . I l ' " ' I= o QF‘-}
1.2 1.3 1.4 1.5 1.6 i
1T [ps]

slight inconsistency in " between direct measurement
and measurement with flavour specific decays?
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ey (o) £° at LHCD

t:} f’tJri
Eg{ 2 W

s some history
s predicted by Stone, Zhang (2009)
s first seen by LHCb (PLB689(2011)115)
s LP2011: first measurement of CPV

s angular distribution of psi and fO candidates

LHCb

-l

0.0 Preliminary Preliminary
o \/s = 7 TeV Data 0.02 Vs =7 TeV Data
" " 2 o M M M
-1 -0.5 ] 0.5 1 O-I -0.5 0 0.5 1
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candidates in f(980) region look pure scalar

--> No angular analysis needed
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5 LHCB-CONF-2011-051
%}J;’q-! 400 r —TTT
Igu#r b 350

T T ——
Preliminary

r = \'s =7 TeV Data
S\ < W 1 — L = 378 pb"!
_‘\ sJ fo(980) = Tr™TT 0 =0 BY—J/wKm
. @ 200 BO g .
s some history 5 .o By f

s predicted by Stone, Zhang (2009) " 00 -
s first seen by LHCb (PLB689(2011)115) s 77 570 - =¥ =
s LP2011: first measurement of CPV 5200 5300 5800 5500

s result from the LL fit

TR e B B BV AP A s e 300 ‘*\
R S s = -0.44¢o.44¢d.02_E (980)
< it

Events / (15 MeV/c?)
N
3

........................
.......

2 M M M M M 1 M r M M
500 1000 1500 2000
m(w*r) (MeV/c?)

s beware: hadronic uncertainties, e.g. arXiv:1109.1112 [hep-ph] >




combination of J/psiphi and J/psif0

s Bs -> J/psi f0 alone cannot constraint both I' , AI', and ¢,

a4

requires combination with J/psi phi

s simultaneous fit to both samples

s TDCPV gives no evidence (yet)
for NP in Bs mixing

Ps

(prelim, LHCb-CONF-2011-056)
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add more data
use same-side Kaon tagger
resolve two-fold ambiguity by relative
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EPS 11

Indirect fit prediction with NP in B _-B_ mixing
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in bins of M(KK) (Y. Xie et al., JHEP 0909:074, (2009))
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conclusions/summary

s precision measurements of mixing observables:
s mixing frequencies
s CP asymmetries in final states with no expected CPV from decay amplitude
s time-dependence CP asymmetries to CP eigenstates dominates by tree
diagram
s one tantalizing result: DO A_SL is 3.9s from SM prediction

s |HCb experiment is working on measurements in all these areas
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how about a_°?

s current HFAG average

|q/p| = 1.0002 £ 0.0028
Agr = —=0.0005 = 0.0056

s many measurements, most constraining:

Babar, 232M BBbar
q’/p| — 1 = (_08 - 2?(5tat) — 1_9(S}r5t._)) % 10_3, B. Aubert ef al (BaBar Collab.), Phys. Rev. Lett. 96,

251802 (20086).

Agq = (—1.1 = 7.9(stat) = 8.5(sys)) X 1073,
Belle, 87M BBbar
lg/p| = 1.0005 = 0.0040(stat) = 0.0043(sys). PHYSICAL REVIEW D 73, 112002 (2006)

s B factories still have quite a bit more data ...
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