B° Mixing
* Neutral weakly-decaying self-conjugate pairs of mesons:
K%K’ D°/D°: Bglég; lg=d ,s]
» Mixing in neutral K, B, B_and D mesons discovered by [Lande et al., Phys. Rev. 103,

1901-1904 (1956)], ARGUS [Phys. Lett. B192, 245 (1987)], CDF/DO [Phys. Rev. Lett. 97,
242003/021802 (2006)] and Babar [Phys. Rev. Lett. 98, 211802 (2007)]

« Consider for example the B meson system:
« Two Flavor eigenstates whith definite quark content:

Bg=7)q, B_q():bq

describe particle interaction (production and decays)
« Two Hamiltonian eigenstates with definite mass and lifetime

B B

q, Light > q, Heavy

describe the propagation through space
* Propagation eigenstates are not flavor eigenstates: flavor eigenstates are mixed as

they propagate through space

» The two neutral K propagation eigenstates have very different lifetimes: convenient to define states
by the lifetime: K , Kq

« Neutral D mesons have mixing rate much slower than the decay rate: flavor eigenstates D°D° are
the most convenient basis 1
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O | | |
B~ Mixing
« Alinear combination of flavor eigenstates is governed by the time-dependent
Schrodinger equation:

n { {1 i1 i i1
Oy 4 J E"x f_ ( ) — ( ) — 7 - ( )
a|B”) +b|B") i H{, )= (M 21“} ,
where Heg =M - % Effective (not Hermitian) Hamiltonian
Mgl Mgg 2 le f’22 raetzcs;rl |ng e Mmasses an ecay

« CPT symmetry: M _=M_andl =T

 Off-diagonal terms related to transition d (s) ; U,C,1 ; b
amplitude from B® to B arising from box Iéd(s} : — V;:
diagrams with two W exchanges. 0 . W : —

« K/D mesons: dominated by long-distance B ST
contributions due to common intermediate v EW i Vv
states ib_. L _Jjd(s)

* B mesons: dominated by short-distance + PR — —
contributions (top exchange); long-distance b u,c,1 d (S)
contributions strongly suppressed (off the
region of hadronic resonances) 2
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B~ Mixing
« Eigenvalue problem gives complex eigenvalues and eigenstates represented as an
admixture of the flavor eigenstates:
|Q'|2 4+ |p|2 — 1 normalization condition

|BLu) = p|By)  q|By)
9 _ M7, — %_Fl*z
p Mz — 3172

. Eigenvalues Neglecting O(m? /m? ).
m—+T, =M, —L1, +2|M ,—LT Am=my;—m;=2|M >0
P2t 2T gt 20 AT=T,—T =2 ,|cos P
mH—%rH=M11—éF11—§ M12_%r12) (I):arg(_MU/Flz)
Am,=3.34x10" MeV For ComP;ZSSOWm_u
_ Am,=3.48X MeV
Am.=1.16X10"* MeV " e
Am,=945X10 ~Mel

« Sign of Am by definition
. Sign of A" determined by experiment. SM predicts ® ~ few degrees — ', <T' |

3
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O | | |
B~ Mixing
« Eigenvalue problem gives complex eigenvalues and eigenstates represented as an

admixture of the flavor eigenstates:

|Bru) = p|By) + q|By) lg|2 + |p|* =1 normalization condition

9 _ M7, — %Fl*z
p Mz — 3172
Neglecting O(m? /m? ).

* Eigenvalues
) AmzmH—mLz2‘M12‘>0

I I p
m——=0 =M, ——=I, +~|M, ,——=T
L™ 5L uT Ty 127 51 AFIFL—FH§2|F12|COS(I)
mH_érH:Mll_érll_g Mlz_érlz) (I):arg(_MU/Flz)

* In the limit of |g/p|~1 [Lenz, Nierste arXiv 1102.4274 (2011), Beringer et al., Phys. Rev. D 86, 010001 (2012)]:

AFq/Amq=|F12/M12|~5>< 10~ independent of CKM elements (same for B® and B°)
. Ard/rd=0.4Zi0.08%, AFS/FS=’I 95+2% width difference caused by the
existence of final states to which both BOq and BOq mesons can decay (b — ccq

are Cabibbo suppressed (allowed) for g=d(s))
Martino Margoni, Dipartimento di Fisica e Astronomia Universita® di Padova, A.A. 2015/2016
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O . v
B~ Mixing
« Time evolved state for an initially pure state at t=0:

BY(t)) =g (£) |BY) + E g-(t)|BY)

BY(1)) =g () | BY) + -9-(¢) | BY)

where
g+ (t) = e ™M T2 cos(Amp t/2)
g_(t) = e Mt 2 sin(Ampg t/2)
I=(T,+0,)/2, M=(M,+M,)2

« Time-dependent probability that the flavor states remain unchanged (+) or oscillate (-)

—D'gt
g+ ()% = c 2-.-; [cosh(% t) + cos(Am, t)]

5
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B° Mixing

. Time integrated mixing probability X,

Meson | M/MeV  Am/MeV I' /MeV AI'/MeV
K° 497.6 3.48 x 10712 368 x107'% 734 x 107!
D° 1864.9 9.45x107'% 1.6x107°? 257 x107
By 5279.6 3.34 x 1071° 443 x 10710 ~ 0
B. 5366.8 1.16 x 107® 4.39x 107 .58 x 10~

x2 4 yi Am ATl

Xq= 575 q= o Yg= or
d Z{iﬂg == l}l Fq qu

{md = (0.774 £ 0.008 [Bﬂ—Eg system )
(BY-BY system)

s =202 0.0

%, =0.182+0.015
%, =0.49930+0.00001

X:ded_l_fSXS

. X gives informations on Bq production fractions

6
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B° Mixing

« Time-dependent evolution depends on mixing parameters

Meson | M/MeV  Am/MeV I' /MeV AI'/MeV
K° 497.6 3.48 x 10712 368 x107'% 734 x 107!
D° 1864.9 9.45x107'% 1.6x107°? 257 x107
By 5279.6 3.34 x 1071° 443 x 10710 ~ 0
B. 5366.8 1.16 x 107® 4.39x 107 .58 x 10~
—Tat .
2_¢ ° Al Unmixed (+)
g (B)]” = [cosh( 5 t) + cos(Amy, t)] Mixed ()
o | (—)
(—) o . i 0_po
0.8l P(Xn(t) _’XU) Bdo _ Bdf} 0.8_:1 P(Xﬂ(t) _..X{]) By - B
[ 1M n
0.6 Oscillation period 0.6;'1 1 Oscillation period
- ~ 8 lifetimes 1 ~ 0.23 lifetimes
0.4 0.4}
U.2j 0.2
[ . t/T _'
0 4 5 0 7
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CPV in Mixing

I_‘12

*k i *k
2 M12 _Erlz
= |~ 1+

l
M12_5r12

where CDM, CIDr are the phases of M12 and F12
[Lenz, Nierste arXiv 1102.4274 (2011), Beringer et al., Phys. Rev. D 86, 010001 (2012)]

sin (@, —Pp)~1-3

‘1
P

M12

12

 If CP is conserved (is a symmetry of the Hamiltonian), the mass eigenstates are CP
eigenstates. In that case the relative phase between M and I vanishes:

* |g/p| # 1 implies CPV in mixing (so called indirect CPV)

BLu) =p|B) +4¢/BY |aI*+p|* =1 (@, =arg(~M1,/T)]
9 _ M5 — %Fl*z
p Mz — 5172

CP ‘BL,H>=1L‘BL’H>—>‘%‘=1—>CI>q:O

8
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CPV in Mixing

% l
q 2 My, _2r12 | R 1 i
‘— = ~1+ sin(®,, —Dp)~1—3 W ) (@, — D ~1+O( 2)]
P M ,— ;rlz . N =

where CDM, CIDr are the phases of M12 and F12
[Lenz, Nierste arXiv 1102.4274 (2011), Beringer et al., Phys. Rev. D 86, 010001 (2012)]

 If CP is conserved (is a symmetry of the Hamiltonian), the mass eigenstates are CP
eigenstates. In that case the relative phase between M and I vanishes:

* |g/p| # 1 implies CPV in mixing (so called indirect CPV)

« Effect can be observer through the CP Asymmetry:
Prob(B°— B’ t)—Prob(B°— B’,1) 1-|q/p[} |I?
ro (_g—> g ) ro ( g_> _g ): |q p|Z: | 12| Sln(I)q [quzarg(—M?zlrﬁz)]
Prob(B,— B,,t)+ Prob(B,— B,,t) 1+|q/pl, |Mi’2‘
e Independent on t
* Predicted to be very small in the SM [Nierste, arXiv:1212.5805 (2012)]

Al =(—4.0+0.6)x107"; ®,=—4.9°+1.4°
A,=(1.840.3)x107°; & =0.24°+0.06°

q9 _—
ACP_

9
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CPV in Mixing

% l
q 2 My, _2r12 | R 1 i
‘— = ~1+ sin(®,, —Dp)~1—3 W ) (@, — D ~1+O( 2)]
P M ,— ;r12 . N =

where CDM, CIDr are the phases of M12 and F12
[Lenz, Nierste arXiv 1102.4274 (2011), Beringer et al., Phys. Rev. D 86, 010001 (2012)]

 If CP is conserved (is a symmetry of the Hamiltonian), the mass eigenstates are CP
eigenstates. In that case the relative phase between M and I vanishes:

* |g/p| # 1 implies CPV in mixing (so called indirect CPV)

 Beyond SM [Lenz, Nierste, JHEP 0706, 072 (2007)]

» New Physics could modify M__ by introducing an additional contribution:

NP, g 2 ,SM.q , . i, o

My =My " Ay Ag=|Ale New Physics if A =|A | e¥#£1
r1 sin(9;" +9)

A |MSM q| IAql

10
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Measurement of Am @ B-Factories

» Assuming Al' =0 the time-dependent probabilities to have (-) or not (+) flavor
oscillation are:

E—]ﬂ\.tVTB{j

hi(At) = rr— 11 £ cos(AmgAt)]

- Neutral BOOI mesons are produced via Y (4S) decays. The wave function for the final

state is in an anti-symmetric coherent P-wave (L=1) state:

1 O\ =0 -0 0
v = == (1B9)B%) - |B)|B°)

- The B, mesons remains in this coherent state with exactly one B and one B° until

one of them decays. Then the wave function collapses and the second B meson
continues to propagate and oscillate until it also decays.

. If one of the B mesons decays into a flavor-specific eigenstate (Btag), it
unambigously determines the flavor of the other (B ) at this time.

11
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Measurement of Am @ B-Factories

« Asymmetric B-Factories: center-of-mass is boosted forward in the direction of the
electron (high energy) beam

e Time evolution described in terms of the time difference between the two B meson
decays in the center-of-mass frame, obtained from the distance between the two
decay verteces along the beam axis

B mesons almost at rest in the
center-of-mass frame
pB~3OO MeV

Az=ByAt

~250 pm
12
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Measurement of Am @ B-Factories

» Am obtained from a simultaneous fit to the time-dependent asymmetry of unmixed (+)
and mixed (-) events in decay channels specific to B° or B mesons (e.g. B — D™ I v)

e—]ﬁ.tVTB{j

hi(At) = [1 £ cos(AmgAt)] oL
4’?'50 m i
U -
W (Af)—h (Af) ol
A(At)=— - =cos(AmAt) E’:
h, (At)+h_ (At) gl
_ B
* Unmixed events: B°B° =

. Mixed events: B°B° and B°B°

 Measured asymmetry affected by experimental effects:
* Flavor misidentification
e Time resolution

« Analysis ingredients: Flavor Tagging of the Btag meson and

measurement of At
Martino Margoni, Dipartimento di Fisica e Astronomia Universita® di Padova, A.A. 2015/2016
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Measurement of Am @ B-Factories
Flavor Tagging

« Purpose: classify the Btag either as a B° or a B? at the time of its decay in order to fix
the flavor of the other meson (B_ ) at the same time

Signal meson usually fully reconstructed. B meson pairs are produced with no
underlying event and pile-up is negligible: tracks not belonging to the B__are

assumed to come from the Btagj decay

A large fraction of B mesons decay to a final state that is flavor specific. Usually
inclusive techniques are employed (e.g. Lepton, Kaon, slow Pion charge)
Two stages algorithms:

» Analysis of flavor-specific signatures

» Results combined in a final flavor tag using multivariate methods

» Figure of merit: effective tagging efficiency (tagging power) @ = €4ae(1 — 2w)?
* € fraction of events with tagging assignment
e w:mistag probability
e D=1-2w: dilution (factor by which measured CP and mixing asymmetries are
reduced from their physical values)
14
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Measurement of Am @ B-Factories

Flavor Tagging

Purpose: classify the Btag either as a B° or a B? at the time of its decay in order to fix
the flavor of the other meson (B_ ) at the same time

Signal meson usually fully reconstructed. B meson pairs are produced with no
underlying event and pile-up is negligible: tracks not belonging to the B__are

assumed to come from the Btag decay

A large fraction of B mesons decay to a final state that is flavor specific. Usually
inclusive techniques are employed (e.g. Lepton, Kaon, slow Pion charge)
Two stages algorithms:

» Analysis of flavor-specific signatures

» Results combined in a final flavor tag using multivariate methods

Tagging efficiency and mistag could be different for the two different flavors due to
detector performance not charge symmetric (expecially for K tags):

Epo +E5 — _
_ wWpo +wﬂﬂ &w — 'T_U_Eﬂ —_— wED s
2
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Measurement of Am @ B-Factories
Flavor Tagging

« Purpose: classify the Btag either as a B° or a B? at the time of its decay in order to fix
the flavor of the other meson (B_ ) at the same time

« Signal meson usually fully reconstructed. B meson pairs are produced with no
underlying event and pile-up is negligible: tracks not belonging to the B__are

assumed to come from the Btagj decay

 Alarge fraction of B mesons decay to a final state that is flavor specific. Usually
inclusive techniques are employed (e.g. Lepton, Kaon, slow Pion charge)
« Two stages algorithms:
» Analysis of flavor-specific signatures
» Results combined in a final flavor tag using multivariate methods

* Due to the mistag, the measured time dependence of events is now:

h e~ |Atl/Tpo + : Unmixed
hi VS (At) = 1F Aw - * Mixed
4'TBE|
+(D) cos(AmgzAt)] 16
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Measurement of Am @ B-Factories

Flavor Tagging

Purpose: classify the Btag either as a B° or a B? at the time of its decay in order to fix
the flavor of the other meson (B_ ) at the same time

Signal meson usually fully reconstructed. B meson pairs are produced with no
underlying event and pile-up is negligible: tracks not belonging to the B__are

assumed to come from the Btag decay

A large fraction of B mesons decay to a final state that is flavor specific. Usually
inclusive techniques are employed (e.g. Lepton, Kaon, slow Pion charge)
Two stages algorithms:

» Analysis of flavor-specific signatures

» Results combined in a final flavor tag using multivariate methods

Due to the mistag, the measured time dependence of events is now:
h, (At)—h_ (At)

h (At)+h _ (At)
Unmixed (+), Mixed (-), Asymmetry amplitude reduced by the dilution term D 17

=—Aw+Dcos(AmAt)

A(At)=

Martino Margoni, Dipartimento di Fisica e Astronomia Universita® di Padova, A.A. 2015/2016




Measurement of Am @ B-Factories
Tagging Power

* Mixing and CP results come from asymmetries measurements

« Assume N° and N° true number of events with a given flavor, the number of
reconstructed B decays are

 Measured Asymmetry True physical Asymmetry:
gree = N = N_ (1 —2w)A" = DA° A® = (No—No)/(No+No)
N+ N

o Statistical uncertainty:

I:J_Arr_'r_'
a0 =
AT 12w
1 1 1
UAIEL- O

— N T A0 X = —
I—Ntag Ntag = N+N AU -\/ETag(l - 21(?) '\/Q

18
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Measurement of Am @ B-Factories

Sources of Flavor Information

» Leptons: e, y produced in semileptonic direct B decays b — clv tag the flavor of the B
meson; cascade decays b — ¢ — slv provide opposite information, but have softer
momentum. Several kinematical variable used (q, p*, 6, p__, 6(l meSS) ..)

« Kaons: produced from b — ¢ — s transitions have charge correlated to the B flavor (q,
K-PID informations, nKs, p*, angles)

« Slow pions: produced from D* decays affected by large background. Pions selected
exploiting the small phase space available in the D* decay: D° and 1T emitted almost
at rest in the D* rest frame, have direction opposite to the rest of Btalg products in the

Btag rest frame (q, p*, p, 6, PID informations,...)

BaBar Tagging performance

Category | euag(%h)  Aerag(h) | w(%) Aw(%) Q%) AQ (%)
Lepton 9.7+ 0.1 0.2+0.2 2.1+0.2 0.2+0.5 8.9=x0.1 0.1+04
Kaon I 11.3x01 -01=x02 | 4103 0.2=0.6 9.6 0.1 —-0.1x0.4
Kaon IT 159+0.1 -01=x=02 | 13003 -0.2+0.6 8.7x0.2 0.0x0.5
Kaon-Pion | 13.2x 0.1 0.4x0.2 23.0x04 —-13=x0.7 3.9x0.1 0.5x=0.3
Pion 16.8x-0.1 —-03=x03 | 33304 -27x0.6 1.9 0.1 0.6 =0.2
Other 106 0.1 —-05=02 | 41.8x0.5 5.9 = 0.7 028+=0.03 -0.4=0.1
Total 77.0t01 —-03=x0.5 33.1=0.3 0.7+0.8
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Measurement of Am @ B-Factories

Resolution of At
 Difference of the proper times of decay of the two B mesons in the center-of-mass

frame: At=Az/By
- Experimental error are taken into account by convolving the R(dt, o, ) resolution

function defined in terms of the event-by-event error o, and ot = At- At with the
function describing the event rate, fFs(A¢)

Ph}"b &t} — / Ph}’S(&ttrue}R(ﬁﬁ: D’ﬁt)dﬂttru_eq

= i’h”’s(&t)@R(ét,m)-

« Typical Resolution Function:

s_.=1.01+£0.04 (lepton tag)
Rsig(ét: g.&t) — fcurchore (é-t:- HecoreT At Scure‘g.&t) + S e =1.20£0.02 (non-lepton tag)
ftailGrail (0%, HtailO AL, StailOAL) + S~ 3

fﬂutliETGDutliEr (5t:~ Houtlier Soutlier) - Soutlier~ 8 ps
M, s usually determined by the fit

20
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Measurement of Am @ B-Factories

Resolution of At
 Difference of the proper times of decay of the two B mesons in the center-of-mass

frame: At=Az/By
- Experimental error are taken into account by convolving the R(dt, o, ) resolution

function defined in terms of the event-by-event error o, and ot = At- At with the
function describing the event rate, fFs(A¢)

Ph}"b &t} — / Ph}’S(&ttrue}R(ﬁﬁ: D’ﬁt)dﬂttru_eq

= i’h*’s(&t)@R(ét,m)-

* Measured Asymmetry taking into account experimental effects

F . (At)=F _(At)
F . (At)+F _ (At)

A(At)= =F(D,Am,,0At)

Unmixed (+), Mixed (-)
21
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Measurement of Am @ B-Factories

Resolution of At

41« Factors contributing to the

a) | — Unmixed - resolution:
| Noresoluton  / \ ... Mixed - . Btag vertex: tracking, finite

lifetime of D mesons
- B__vertex: tracking

e Error on the By boost

N - determined from the beams
i b) — Unmixed energy

| Resolution realistic
- tagging

- perfect tagging

arbitrary scale

-------

- Typical o, ~50-100 ym depending

on event reconstruction and
dominated by the tag vertex

At (ps)

 Fit performed to extract mistag rate w, lifetime and Am
22
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Measurement of Am @ B-Factories
Babar Meas. using Partial B° — D* | v Reco (L=81 fb™)

[Phys. Rev. D73 012004 (2006)]

x 10P
“or Right charge
mof COrrelations I'm .

entries /(0.2 GeV?%/ c4)

- Continuum

A% %% S
i g
S sotrel
K550

G

PRSP
M2 (GeV'/c')

~ 2
M2 = (g ~Ep+ —Ee-) = (o + e
e Only the charged lepton from the B decay and the
slow pion from the D* are identified. Due to the

limited phase space available (m_- m_ ~ 150 MeV),

the slow pion is emitted within a one-radian wide
cone centered about the D* direction in the Y (4S)
rest frame.

 D* 4-momentum parameterized as a function of the
pion momentum

« B® assumed at rest

« Combinatorial background studied using wrong
charge (same sign) lepton-slow pion correlations

23
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Measurement of Am @ B-Factories

Babar Meas. using Partial B° — D* | v Reco (L=81 fb™)
[Phys. Rev. D73 012004 (2006)]

R - 2 -
M2 = (i — Ep-+ — Ee—) — (Pp=+ + pe-)?

< ok 2

(&) xlCl:

> " Right charge

o =wp COrTelations [ : . B__vertex determined from the lepton and slow pion
D : * " ngn

PR .. tracks constrained to the Beam Spot position

B o . ’

5 | Continuum

Btag vertex from lepton and BS

Flavor of B __from lepton and pion charges, flavor of
Btag from lepton charge

BKG reduced by cut on combined Likelihood ratio
using p, p_ and vertex probability

* 49K (28K) signal (BKG) events reconstructed

24
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Measurement of Am @ B-Factories

Babar Meas. using Partial B° — D* | v Reco (L=81 fb™)
[Phys. Rev. D73 012004 (2006)]

-«

G 6000 = o) 7

= - -daa  Unmixed

= [ 1 B”

< | [[7] other _ . . . .

E R R——  Signal is any combination of a lepton and a

5 | B BB combinatorial charged D* produced in a single B° decay
soop | B continuum

_ « BKG from continuum, BB combinatorial, B
o e T peaking BKG from B — D" m I'v, D™ " X with a
M, 2 (GeV/c™) T — | misidentification

| b)

1500 [ » data .
0 Mixed

» Leptons divided in: primary, cascade tag-side,
decay-side lepton from the unreconstructed D°

entries / 0.2 (GeV'/c")

| [0 other from the B decay not carrying any useful
1000 — [ By — ] . rec
. B BB combinatorial information
- [ continuum
500
G-m -7.5 -5 -2.5 a
| .1‘»'1“2 (GeV?/ic?) 25
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Measurement of Am @ B-Factories
Babar Meas. using Partial B° — D* | v Reco (L=81 fb™)

[Phys. Rev. D73 012004 (2006)]

o=
0.5

continuum a)

i+
+, T +*++++++*+*++++++e+*++"%r+ﬂi1+tt‘_* |
L . 2

-

MﬂW'F
BB mmbin;:;x+ I
-7.5 -5 -2.5 0

=10

=

M, 2 (GeV /c™)

=

% [ 1 B° D%lept
-E 3000 " HE B~ B, ,—lept
«“ - 1B DO—}le,pt
| M combinatorial
[ B continuum

-+

1000

0
-1 -0.5 0 0.5

1
ccsﬁm

Iviaruno iviargoni, Diparumento ai Fisica e Astronomia Universita® di Padova, A.A. 2015/2016

* Fraction of different sample components
from a fit to the M® distribution

e

O - Lz
B

------ [N
tag rec
| (primary)

| (cascade) | (decay side)

T

soft

+ Leptons from B and D° decay side

separated exploiting the angle between
the lepton and the slow pion in the center-

of-mass frame o



Measurement of Am @ B-Factories

Babar Meas. using Partial B —

[Phys. Rev. D73 012004 (2006)]

« Simultaneous maximume-likelihood fit performed to mixed (same sign leptons) and

unmixed (opposite sign leptons)
« Mistag and time resolution determined in the fit

Fo(M2) - Fiybt, o) + Fo(M2) - Fi(At, 00) + Su f5 (M2) - Fj (At o))
+[1= Sy f5 (M) = Fi(M2) = fr(MD]- FiAt, oarlryp, Amy),

-T:('ﬁr:- Fan ME‘|TB“? ﬂmr.f}

6000 | ©)

I:I B Primary
4000 ‘-B Cascade

[ B" Decay-tag
| Bl B Signal
2000 LD B Dec.-tag

- I Combinatorial
" Il Continuum

entries/(0.36 ps)

entries/(0.36 ps)

-10

Unmixed |

0

10
At(ps)

D*IvReco (L=81 fb™)

» Total PDF includes contributions from
continuum, BB BKG, charged B BKG and

signal

« At resolution described by a sum of three
Gaussians

« Relative normalization between mixed and
unmixed signal events constrained based on
the time-integrated mixing rate:

52 )
— X = ﬂmd " Tpgo
Xd= 501 + 2) 27
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Measurement of Am @ B-Factories

Babar Meas. using Partial B° — D* | v Reco (L=81 fb™)
[Phys. Rev. D73 012004 (2006)]

T ,=(1.504+0.01370015) ps; Am,=(0.511+0.007" ) s

Eﬁm{};ﬂ)l E‘ljlll
O i
= i BT F.(At)—F _ (A1)
=) —0 o . E - A(At)= =—Aw+Dcos(AmAt)
= i I:IED Primary ) =N F . (At)+F _ (A1)
.2 4000 Il B Cascade Unmixed Z1r -
‘E [ 1 B” Decay-tag
e |l B Signal

2000 FL B Dec.-tag

- [l Combinatorial
" Il Continuum

entries/(0.36 ps)
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Measurement of Am @ B-Factories
Babar Meas. using Partial B° — D* | v Reco (L=81 fb™)

[Phys. Rev. D73 012004 (2006)]

T ,=(1.504+0.01370015) ps; Am,=(0.511+0.007" ) s

« Systematics from vertex detector alignment, z-scale of the detector, fit range and

analysis bias (~1 o) from the MC statistical error

Source Variation STz (ps) §Am, (ps— 1)
(a) Sample Composition *+1.3% +=0.0003 =+ 0.0002
(b) Analysis bias +(0.0070 +0.0035
(c) 75— 1.671 = 0.018 =0.0014 +0.0008
(d) Dy 0.65 = 0.08 =0.0003 +0.0003
(e) Combinatorial BKG +0.0007 =+ 0.0002
(f) z scale ED. 0070 ID.ODZO|
(g) PEP-II boost +=0.0020 +0.0003
(h) Beam-spot position =+ - )
(i) Alignment o012 _ooms
(j) Decay-side tags =+ 0.
(k) Binning +0.0021 +0.0006
(1) Outhier parameters +=0.0028 +=0.0012
(m) Az and o4, cut +0.0033 +0.0033
(n) GExp model —0.0016 +0.0011

Total

+0.0182
—0.0131

+0.0068
—0.0064

MC statistical error

From comparison of
beampipe dimention
measured using scattered
protons and nominal one

From different sets of

alignment parameters
depending on detector
conditions
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Measurement of Amd

o | ~7-:. | * From a similar analysis using fully
T S o —— = | reconstructed hadronic and SL B° decays Belle
i"b-sz e BELLE found [Phys. Rev. D 71 072003 (2005)]
_ W S T,,=(1.53420.008+0.010) ps
0.5 Vi Am,=(0.511%0.005+0.006) ps "
- L. | e LHCb from B° — D 11", J/W¥ K™ (Most precise)
! f | / BABAR [Phys. Lett. B 719 318-325 (2013)]:
Vo f"i 23M BB
0.48- \ LY Am,=(0.5156+0.0051+0.0033) ps
I FFAG [
‘lﬁﬁﬂﬁﬂﬂl | M‘_i/ |
1.45 1.5 1.55 1.6
T(B ) in ps
CLHCH 11 - Lwcb 0 T 1T
04F 4B p ot 04 B Sy K™ B
- —— combined

Raw asymmetry

=t EER A
IS TN P

0.4 — 0.4}

Raw asymmetry

M 1 M 1 M 1 M L M L 1
5 10 15 5 10 15
BY decay time 1 [ps] BY decay time 1 [ps]




ALEFH
(3 analyses)

DELPHI *
(5 analyses)

L3
(3 analyses)

OPAL
(5 analyses)

CDF1°
(4 analyses)

Do

(1 analysis)
BABAR ~
(4 analyses)
BELLE "~
(3 analyses)

LHCb®
(3 analyses)

Average of above
after adjustments

CLEO+ARGUS
(¥4 measurements)

World averape
Fall 20 %4

"HFAG average
without adjustments
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Measurement of Amd

\\\\\\\\\\\\\\HT\\\\\\\\\.\\\

»
RS AR,

—

= I mwmxrx@x\-\&m\%\

0.4 0.45 0.5

0.55
Am, (ps™)

0.446 + 0.026 + 0.019 ps’’
0.519 +0.018 + 0.011 ps’

0.444 +0.028 + 0.028 ps”

04790018 0015 ps” DN ;= (O.SIOi 0.003) pS_1

0.495 £0.033 £ 0.027 ps”’
0.506 £ 0.020 £ 0.016 ps™’
0.506 + 0.006 + 0.004 ps’
0.509 + 0.004 + 0.005 ps’

0.514 + 0.005 + 0.003 ps’’

0.510 £ 0.003 ps™

0.498 +0.032 ps™

0.510 £ 0.003 ps™

« World Average
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