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Neutral Meson Mixing

= Mixing occurs when the mass eigenstates differ from the flavour eigenstates:

U D12>J: [)U D0> i — (1@ EU> i \ellvriwtg a{é)l,;r;irlw(gHC:Tlconservation

= The mass eigenstates and their time evolution are obtained diagonalizing the Schrddinger

equation:
9 (D't i [ D°(t)
"ot ( D(t) ) = (M-30) ( D(t) )

/
Heg = M — SF effective Hamiltonian, M and I Hermitian Matrices

= The mass eigenstates propagate as free particles with different masses m+ 2 and widths [ 1 2:

Dy (1)) = e~ m2=iT12/20| , 5(0))

(g)z . A[i‘k-;) — lriz/‘z
p) M —il'12/2
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DO Mixing Parameters

= Mixing Is described by the mixing parameters:

| | I

Lo mzmy 'y =19 | oLty

L — Y — o wi _— 5
b - v,

= | et’s consider the state of a neutral charmed meson that was a DY att = O:;

1
« The probability that the flavour is unchanged at %’104 x = 0.5% y = 0.5%
time tis: 3
%102
|<D()|D“(f)>|2 X (,—r[ [('(_)Sh(!/l—‘f) 1 ('(_)S(.I'rf)] 10
10
- The probability that the flavour is changed at =~ ™
time tis: s
(DD ()] ox e~ [eosh(y't) — cos(aTt)] ™
R
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CP Violation Observables

T s

§5 0

g 0 = CP Violation in the decay if 4;\ # A D

Tt’; ;9, » need at least 2 amplitudes W|th different strong and weak phases, the observables
< : are in form of asymmetries:

2 5 L AR = AP

O o Acp(f) = T 5

8 5 | A=+ |Af|?

O £

=

= CP Violation in the mixing if (]?M — |2
P

» probability of DO — DO is different than the CP-conjugate D° — DO

indirect CPV

= CP Violation in the interference between decays with and without mixing

o 5° :

q A

----------

exp [i(df + of)]

direct CPV +
indirect CPV

f strong + weak phase

DO
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Standard Model Predictions

short-distance contributions long-distance contributions
T
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e virtual particles in the loop e real intermediate state
e CKM & GIM suppressed e dominant contribution
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The Standard Model predictions on mixing and
CP Violation parameters are affected by large

L 100E-04 1 e, . ) uncertainties due to the difficulties in the

5 1.00E-05 l e R computation of the dominant long-distance
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Experimental World-Averages
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BaBar Contributions

QA e D0 — 1+, K+*K- Acp, AAcp
4‘§© o DO — i, K+K- Yop O eDo— Kekoo
& * DY = K X2 e * DO = (o — ')
e DO = Kot KsK+K- X, v O o Dyt = Kgri+ Acp= o+ 15)
e DO Kemrrd ), x72 e D+ — KsK¢ o+ 1D
NEW i,. DO — TI'+T|'—T|'O X, y [ D+ —) KSTI'+
PRELIMINARY ’ o D+ — K+K-77+
AESULT WD+ = T+ ALMOST READY...
RO
O QO Q X
(& O Cr=6ixp) b
O (@ Ace, AY (aka Ar) & .2
O - O \ ’\S\

e DO — 7t K+K- <2A NZ, (Q\ e D0 = K+K-T1T+77~
Q \SQ ‘(Q o D+ = KgK+m+71-

Q@ o D+ — KgK+m+71-
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The BABAR Detector

lere— Y(4S) , By = 0.56]

ElectroMagnetic
1.5 T solenoid S gl Calorimeter

6580 Csl crystals layers
et |D & 9 and y reconstruction

Cerenkov Detector et (3.1 GeV)
144 quarz bar it e 4 .
K, 1 separation

e (9 GeV)

|

Drift CHamber

40 layers
Tracking + dE/dx

Silicon Vertex Tracker
Instrumented Flux Return 5 layers of double

19 layers of RPCs (LSTs) sided Si strips
U & KL ID Tracking + Vertexing
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The

BABAR Dataset

As of 2008'04/11 00:00

2 - B 3 R T ;
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Time-Dependent
Amplitude Analysis of

_ the Decay DO—m+mm0 N
* allows to directly extract i / i

the mixing parameters

e first measurement with a
time-dependent
amplitude analysis of the
SCS decay DO—= #7110

e ¢e-Print; arXive:1604.00857
e submitted to PRD
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Direct Measurement of the
Mixing Parameters

 The golden channel to directly access the mixing parameters is DO = Ksrr+1-

 The DO—m+1m119 has a lower BR (~1/3) and it is less clean from the experimental
point of view, but it has the same properties that allows to directly access to x and v:

( .« neglecting CPV, |y and the CP-Conjugate |f
the relative strong phase between are the same state, provided the momentum
Arand Ay is not accessible and of the 1+ is exchanged with the momentum
would redefine x and y by a rotation of the 1-, and changes direction :

CP|rm+(P1) m(B2)mO(Ps)> = [m~(=P1) m+(=P2)m(-Pa)>
& e consequently both D° and D° decays belong
to the same Dalitz Plot and can be describead
DO f by the same amplitude:
“ Zf(s—, s+) =Af(84,8-) where s.= m2(ri=,m0)
f — DO—7+77-170 * the knowledge oithe relative strong phase
N / between Ar and At is not needed anymore
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Yields Extraction

e dataset: 474/tb on+off Y(4S) resonance

. Mp = M(7*71-119)
* assumes CP is conserved Am = M(T+TT+T-0) — M(TT+-710)
e DO are selected from D*+—=DOris*+ decays

e vields are extracted from a 2-D fit in the (mp, Am) plane

6000 12000

E I | I LI B R I I I %220001'*'1"'1'.’!"'r"'lv'f
= : :
g 10000 (a) 5 <00 (b) Background types:
~ Background types: < 18000 ; + ;
2 2 N
- T 16000 ; Combinatorial
® 8000 Combinatorial 4 :
w W 14000 + : - Broken-charm
. Broken-charm .

10000

4000 125K signal events 8000

91% purity 6000

2000 4000

7IIIIIIIIIIIIIIIIIIIII

llllllllllllllllllllll

lllllllllllllllllllllllll|1|lllllllll|llll

2000

llllllllllllIIIIIIIIIIIIIIIIIII|Ililll||llll

q.B 1.82 1.84 1.86 1.88 1.9 1.92 1.94 1.96 1.98 0.14 0.142 0.144 0.146 0.148 0.15 0.152
m(x*x'nC®) [GeV] A m [GeV]

Giulia Casarosa HQL 2016 13



Dalitz Plot Amplitudes

Fit to data results

e DY and
Dalitz P

e the tota

DO decays can be described with one single

amplitude can be described as a function of
DP position as a coherent sum of partial waves Wk

Ai(s—,84) = Af(s4,8-) = chWk(s+,s_)
k

* magnitude, phase and fraction of each resonance are
extracted from the time-dependent fit

» the values of x and y are blinded at this stage

25 3
m’(.-: =) (GeV)

R

BT AN,
SR .ﬁ?’j
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Events /0.0125 GeV

P

N B

Normalized rescual

islb?

State Magnitude Phase (°) Fraction f. (%)
p(770)* 1 0 66.4+0.5
p(770)° 0.554£0.00 16.1+0.4 23.940.3
p(770)" |0.73£0.01 —1.6£0.5 35.6+0.4
p(1450) |0.554£0.07 —7.7+8.2 1.1+0.3
p(1450)° 10.194£0.07 —70.4£15.9 0.14+0.1
p(1450)~ |0.53+0.06  8.2+6.7 1.040.2
p(1700)™ |0.914+0.15 —23.3+10.3 1.5+0.5
p(1700)° |0.60+0.13 —56.3+16.0 0.7+0.3
p(1700)~ |0.98+0.17  78.9+8.5 1.740.6
fo(980) |0.06+0.00 —58.842.9 0.3+0.0
fo(1370) |0.204£0.03 —19.6+9.5 0.3+0.1
fo(1500) |0.18+0.02  7.4+7.4 0.3+0.1
fo(1710) |0.404+0.08  42.9+8.8 0.340.1
£2(1270) |0.2540.01 8.842.6 0.940.0
fo(500) 0.26£0.01 —4.1£3.7 0.940.1
NR 0.43+0.07 —22.1+11.7 0.440.1

:
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Mixing Fit & Results

* Mixing modifies the pure exponential time-dependence to:

|.M(D0)|2 o —e 1Dt {|Af| lcosh (yI'pt) + cos (zT' pt)] <

1
9 - DIRECT DECAY

+ % [cosh(yFDt) — cos(zI'pt)] ‘é-"'(%'m MIXING AND DECAY

— 2 [Re (qA* Af) sinh(yI'pt)
&——ma— |NTERFERENCE
* atime dependent fit of the DP

—Im ( A% Af) sm(xI‘Dt)] }
distribution allows to extract:

& x—(I5_IZiO.6)%

y=(0.2 + 0.9 £ 0.5)%

DO
=] To = (410.2 + 3.8) fs
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Conclusions

e BABAR continues to produce charm mixing and CPV
measurement

»  stay tuned for the D*— 0 CP asymmetry

* [he first measurement of D° mixing parameters from a
time dependent analysis of DO—=m+11119 was presented

»  GooFit: a (public) GPU friendly fitting framework
R. Andreassen et al., IEEE Access 2, 160 (2014)
http://github.com/GooFit/GooFit

 Next generation experiments will Improve this
measurement currentlylimited by the statistical error
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Systematics

Source ( T [%]Iy [%])
“Lucky” false slow pion fraction 0.01 0.01
Time resolution dependence
on reconstructed D" mass 0.03 0.02
— Amplitude-model variations 0.31 0.12
Resonance radius 0.02 0.10
DP efficiency parametrization  0.03 0.03
DP normalization granularity 0.03 0.04
— Background DP distribution 0.21 0.11
—» Decay time window 0.18 0.19
ot cutoff 0.01 0.01
— Number of o; ranges 0.11 0.26
o: parametrization 0.05 0.03
Background-model MC time
distribution parameters 0.06 0.11
— Fit bias correction 0.29 0.02
—% SVT misalignment 0.20 0.23
Total 0.56 0.46
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Heavy Flavour Averaging
Group Summary Tables

Parameter No CPV No direct CPV CPV-allowed 95% CL Interval
in DCS decays
r (%) 0.49 F)1a 0.44 T 18 0.37 £0.16 0.06, 0.67]
y (%) 0.61 £ 0.08 0.60 +0.07 0.66 *500 0.46, 0.79)]
Sre (°) 6.9 "7, 3.6 1197 11.8 170, (—21.1, 29.3]
R, (%) 0.349 =+ 0.004 0.348 =+ 0.004 0.349 =+ 0.004 0.342, 0.357]
Ap (%) - - ~0.39 H1-8 (—2.4, 1.5]
q/p - 1.002 +0.014 0.91 02 0.77, 1.14]
o (°) - ~0.07 + 0.6 —9.4 319 (—28.3, 12.9]
Oprr (°) 18.1 +23% 20.3 +24.9 27.3 1244 —23.3, 74.8]
A, —~ 0.10 +0.14 0.10 £0.15 —0.19, 0.38
Ay - ~0.14 £0.13 ~0.15 £+ 0.14 ~0.42, 0.12]
Tyo (%) - 0.44 1512 0.13, 0.69]
Y12 (%) — 0.60 % 0.07 [0.45, 0.74]
b15(°) - 0.2 +1.7 [—4.1, 4.6]
HQL 2016
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