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Outline C

B and D multibody decays at B factories
— Why Dallitz analyses were/are so attractive

 Dalitz (time dependent) analysis

* Measurement of y
 Measurement of a
* D-mixing

* Some very recent highlights

Many thanks to my BaBar colleagues for figures and plots
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e Study CKM matrix parameter
e Search for deviations from Standard Model

predictions (the Holy Graal of New Physics...)
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The hadronic uncertainties e

B -> Kpi system

Charming Penguin ~ A% V. V.,'~ A’ e ainamg,

AB - K m)= | Vi VX P - V,,\ (,b‘x {E-Pcmy
V2 B ok ) = | Ve Vi x |- | Vi Virx (E+Pan

V2-AB = K 1) = |V, VX P - lus w X E +E,+A -P oM
AB =K' m)=4 Vs V' X P + | Vis Vis X {A -P e}

/

“sInitially though to be a good place to measure CKM gamma angle
*»In fact a place where hadronic interactions played a basic role.
s Theorists argued for years they can “predict” hadronic interactions effects,

in fact selling their “model”...
s An experiment driven approach (Ciuchini et al) was more solid (but not satisfactory)

What about measuring hadronic interaction directly ?
Angular analysis in B or D multibody decays
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B and D meson multibody decays a”“

Belle Coll., PRL. 98 (2007) 221602 BaBar, sub PRD, arXiv:1201.5897
449M BB pairs. BO --> pi+pi-pi0 0 1 — 10 710 +, —
pI+pI-p 417M BB palrs B K"K Kg, Kgs >7n'"m
o - i ; F E asof ~ T 7T
Ss00-(3) b |@o0p ®) sonall et - om E R
8400 : (5250 _ ----- SCB:F !3503588 oo f %3502
8300 8200 3 a9 st; E =P
= s | | 150 kg ,/ 0 1 S
5200 4 | L100f | 158 R
2| // 2 ///// E -
Ll % . — O 19 Boe O 00s
2 522 5.4 526 528 5.3 0.2 > .
M, (GeV/c?) "AE (GeV) "gs (0VIE) ARGW

*»Full reconstruction of multibody final states with high efficiency
s Great particle ID (pi, K), good KS and pi0O reconstruction

s»Well defined initial state kinematics and good momentum and
angular (inv. mass) resolution
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Dalitz plot in B and D decays C.

K*K-K? Dalitz plot composition:

Non-resonant

eg.: R=¢,f,(980), etc. eg.: R

BO—K*K-K°® amplitude in the Isobar Model:

A= Z: ¢-fr  f=resonant amplitudes, NR
r c.=complex isobar coefficients

A= Z Crfr the f,’s interferel!
. r

Be&s8 38 83

10

(-]
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Three body decays Dalitz

dlI’ = ‘MP 3 dm2Bcdml240
32(2m)3 My,
_ X: Heavy meson
Resonance R dominated
amplitude
M(ABC|R) =} (AB|Ry,)Tr(\/545)(CRID")
my
— 2,5, dB% (0 BE(0)Tr(v/5a5).)  Propagator

Angular distribution (Breit Wigner)

(Zemach/Helicity Form factor(s)

formalism) ( Blatt-Weisskopf)
Isobar model
(not overlapping resonances R) M(ABC) = co + Z cRM(ABC|R)

R
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DO decays and Charged B
decays into D°K

Measuring CKM vy

BaBar Coll, Phys.Rev.Lett.105:121801,2010
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Weak and strong interaction [N~

Gronau, Wyler, 1991

b _
P ‘ﬂ(B’ - DOK")‘
r, = 1 =0.1-03
LAB~ — D°K™))
] 0, = strong phase
“ y = weak phase
b

ol

Pictorial view of decay rate of B- —D° K- with D° —Kg n*m

2
m,

A= -

0sf

DO decay amplitudes!!!

DY decay amplitude used as input for B decay amplitude description

vialinuova vavuuww v
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' IN
Dalitz models o

® KO 717t: 10 BW resonances (isobar) for P(dominant)-D waves + K-matrix for U7 (first >4c evidence !)
and KTt (LASS) S-waves (K-matrix formalism deals with broad, overlapping, multi-channels resonances).

4

® KOKK: isobar model used for the first time (K%a,(980) S-wave and K°(1020) P-waves dominate).

:Qm(m | 487k evts :2 w A ﬁ :2 60001~ A {;3.
2 | purity:97.7% % 'f \ ,v! It I ‘ <
. ' y¥Ydof=1.1 S o) " \ } | o \ ;’ 53,
80 | fit frac. ~104% 2 I folde \J:' A E
: NSNS S
Slu(xx; ‘ W E 200 ‘V! \ ../ R ' ﬁﬁ"\ / » f
/ f \./ \ { \ F f '

v
| 2 3 I T 3 Vs 1 s 2 1 2 3
m? (GeV/cY) m? (GeVic) m (GeVic!) m2 (GeV?/c?)
_______ N ‘
, 2000 g %, ¢ A < CETETn
.f ‘;‘1 f 1 -fmum ‘ 69k evts
s 4
§ 1 . 0,
8 1500 ko }L 8 1500 | t # é ‘ purity:99.3%
3 i RRE: A L 1¥dof=1.1
e A ¢ 8 % ; e . ~ 0
S 10 fy S \ # S fit frac. ~152%
< | R < boox £ S sm
g W | N 2
g f ] } ' G
> 500 ‘ poo> s / > | 1.2~
w ' | (Y / LY |
" \ “'\\e..‘“ \ ’
()/’ L L 0 = A 0- . ! - L
1 12 14 16 18 1 12 14 1.6 18 1 12 1.4 16 18 1 12 1.4 16 18
m? (GeV¥c’) m3 (GeVc?) mZ (GeVic*) m2 2/t
: 2 (GeV“/cY)
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-
ne S-wave K-matrix o

No clear indication from scattering exp of BW structure
(http://arxiv.org/abs/hep-ph/9611235)

Tr=F;, = (I-iKp);'P;.

% . . V. V. Anisovich and A. V. Sarantsey,
< Scattering matrix gur phys. J. A 16 (2003) 229 [arXiv:hep-ph/0204328].
T . 1 — gScatt g g 1 —s40 m2
i Kz" — scatt 0 1 7] e tm )
. ;(8) (fzj o gscatt sgeatt + zﬂ: mZ — s s Sag §—$a—5
= _ Parameters fitted!
Py Production vector
: 1 — prod ,B g2
| S — 8§ o
0 o

31: An intuitive description of the K-matrix representation of transition amplitude.

jasmm, KK, mm, n'n’, and 4m.
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Dalitz model detalls

Component iy Oy (deg)  Fraction (%)
K(892)"  L740£0.010 139.0+£0.3  55.7+28
Ki(1430)~ 82407 153 4 8 1024 1.5
K3(1430)" 1410 £0.022 384+10 22416 CAK'm
K*(1680)" 146 +0.10 ~174 +4 0.7+ 19
K7(892)7  0.158£0.003 —427+12 046+ 0.23
K; (1430)* 0.32 £ 0.06 143+ 11 < 0.05
K3 (1 13();* 0.091 + 0.016 85+ 11 <0.12 DCSK'm
p(770)" 1 0 210+ 1.6
w(782) 0.0527 £0.0007 1265409 09410 mmP,D
£2(1270) 0.606 + 0.026 1574422 06407 waves
By 0.3+0.1 —T8T£16
B 10.89 + 0.26 ~159.1 £26
Bs 242420 168 + 4
By 0.16 +0.24 90.5 + 2.6
prod 7.94 +0.26 739+ 1.1 T S- wave
B 20+0.3 ~18+9 (K-matrix)
tun 5.1£03 33+3
prod 3.23 £0.18 48425
ghrod ~0.07 £ 0.03
T S-wave 11.9+ 2.6

M (GeV/c?)
I (GeV/e?)
P

OF

R

OR

a

;

1.463 £ 0.002
0.233 £ 0.005
0.80 +0.09
233 £0.13
1
=531 £0.04

107 +£0.11
-1.8£03

Kt S- wave

Component 0 0r (deg) Fraction (%)
K 980)" 1 0 7.8
Kio(1020) 022740005 -362410 449
K3fo(1370)  0.04£0.06 “2E80 0l
KIH(210) 026140020 -946 03

Kao(1450)° 0654009

-9%z10 126

K= ao980)7  0.562£0.015
Kap(1450)%  0.84£0.04

17193 16.0
97z4 218

K¥09(980)" 0118 £0.015

1387 0.7

Gianluca Cavoto
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or alternatively e

1 Very pure sample (95%)
Dalitz m Belle, 540 fb—

Resonance  Amplitude  Phase (deg) Fit fraction

~ R
§ . % ol K*(892)~  1.6294+0.005 1343+0.3  0.6227
5 S oo} K3(1430)- 2124002 —09+05  0.0724
2 £ K3(1430)~ 0.87+0.01 —47.3+07 0.0133

@ - K*(1410)~  0.65 4 0.02 111+2 0.0048

e o K*(1680)—  0.60 + 0.05 147+ 5 0.0002

. o K*(892)F  0.152+0.003 —37.5+1.1 0.0054

o K3(1430)* 0.5414+0.013 91.8+15  0.0047

o . , R K3(1430)t 0276 £0.010 —106+3  0.0013

o? (GOVic') TR e K*(1410)t 033340016 —102+2  0.0013

- 3 K*(1680)*  0.7340.10 103+ 6 0.0004
Foeooo },ﬁy p(770) 1 (fixed) 0 (fixed) 0.2111
om0 S oo w(782) 0.0380 +0.0006 115.1+0.9  0.0063
Em £ o fo(980) 0.380 +£0.002 —147.1+0.9 0.0452
- B g fo(1370) 146 £0.04 986+14  0.0162
o0 seen f2(1270) 143+0.02 —13.6+1.1 0.0180
o 3000 p(1450) 0.724+0.02 40.9+19  0.0024
o ’:: oy 1.387 £0.018 —147+1 0.0914

, \ o9 0.267 £0.000 —157+3  0.0088
oM ey PoaeLassl M ety  NR 2.36 £ 0.05 155 + 2 0.0615

4 Dalitz model: 13 different (BW) resonances and a non-resonant contribution

4 Results with this refined model consistent with the analysis performed for the
Belle ¢35 measurement, PRD73, 112009 (2006)

4 To test the scalar w7 contributions, K-matrix formalism is also used

Gianluca Cavoto 13



CP violation and vy C

600+31 D°K-

3F
% 3
T E Al .o, | Opposite sign K*
- : -4 W\ 1 either Doubly
' i) | Cabibbo suppressed
1 2 T 2 3 decay
m? (GeV?/ch) m? (GeV2/c?) OR
B- < B* differences Interference with
mean CPV b->u transition

Gianluca Cavoto 14



2>"rs. Y extraction C

B+ Fit results: 12 (3x4) Cartesian coordinates
®) . =(x®) (%)
2%, =(X (OF Y9+ ) (), 27 = Almost Gaussian behavior near physical bounds
=( Re ,Im ){r(*)sge'( (B~ )} (rg=0), better than the 7 physics params.

o

~Y DK

0.2

-0.2r

Babar obtains: y = (68 +15_14 +4 #3)°

CP violation at 3.5sigmas!

Model systematics

Gianluca Cavoto 15



BO—n*nn® time-dependent Dalitz
analysis

The best place to measure alpha
with no hadronic hassles...

BaBar Coll, PRD 76 (2007) 012004

Gianluca Cavoto

z)

16



=,
Time-dependence e

1 | A37r | 2
(27)3 8m,

Time-dependent Dalitz analysis ~ dI'(B’ — #Tn 7") = dsids_

. st = (p++po)?
Mandelstam variables

s— = (p—+po)

’AZSIZW(At)’Q — [|A37r’2+|237r‘2:|:(|A37r|2 — |-Z37T|2) COS(A'nl'dAt)

+ () — 1 -
BObar (B?)) + 2Im [A37r zw sin(A'mdAt)

decaying

Ase = (FLAT+f2A™ + foA°

Agw = [+ A0+ [ A7+ [0 crargoo
Isobar \ the p

model: f(s,,s) Weak and :
1) €eakK an AK K _—ic K
strong phase A = T"e + F

Gianluca Cavoto 17



ngm n u /-)
Bilinear coefficients, U and | [N~

|Asz|? + | Asye|? )

HG{—I—,—,O}

LPUE + 2 )

Ii<0'€{+,—;0}

(Re[fof31USRe — Im £, f71 US™)

Tm (AsrAz,)

27 real parameters

2.

H€{+3_30}

el + >

H<U€{+a_?0}

— Normalized to U,*determined from the fit
— Unique solution, gaussian!!
— Easy combination among exp.’s

K.O. +

charge of {7+ :Re(Im)
the p e

I

IRe

ngn KU

Sensitive to 7Im

interference e

pattern!

| AR £ |A%|?

Re(Im) [A®A7* + A% A7
Im [A®A™] |

Re [A"A7* — A7A™]
Im [A®AT* + A7A™] .

Gianluca Cavoto

}

Branching
fractions and
direct CPV

Mixing induced
CPV

(Re [fuf2] I + Tm [f. f2] I5°)

18



Dalitz Model INFN

* p dominated
— Rel. BW Gounaris-Sakurai L/ :

10 |

» p(770), p(1450),p(1700)
mass and width from o |
tand e’e- data (Aleph & CMD-2 ) = 1

» ntt scalar allowed

in systematics evaluation " F . ALEPH + GLEO
C GS model
—— GIS for p(|770) onl}/ 1
» Crosscheck relative phase o o5 1 15 225 3
s (GeV?)

on signal data

Gianluca Cavoto 19



Square Dalitz Plot L.

1 mo — Tnmin 1
m! — . 0 o f— - .
o= T Areeos 277‘16“ax — mgﬁn 1), 0 = 7;—90’ Signal only M
: ) SR S e RenY BpUmY
- e s
Helicity g
angle

Most of sensitivity from
interference region!

el

Measure terms like cos
(2a)sin(Am At)

Extract strong phases
directly

1.5 GeV/C2

Dashed lines: isocontour for | /57— _¢

Gianluca Cavoto 20



Signal description

— 22% p*r and 13% p%° are misrecontructed (track or cluster
from other B)

» Self-Cross Feed events
» Concentrate in corners: where interference sits...

on Dalitz

— efficiency ¢(m’,6)
— SCF rate fgoe(m’,6)
and

— SCF resolution
function on Dalitz

* Detailed parametrization
P g(m’,0)

* At resolution

f, SCF(m ’, H)&

Gianluca Ca»
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Smallest of the three

di-pion inv. mass N B
(signal enhanced) g ST
v
e
o 20
c
()]
>
L

Events / 0.07

100 |

+ B-background

0.5 1 1.5 2
m, . (GeVic))

100

50

Events /0.07

nai o' 23



Fit resu

IltS

INFN

(

U.* average BF(p+n-)

JaN

Excess of pOn?

U~
Direct CPV p*mw

v

Parameter Description Result
Ut Coefficient of |f|? 1.0 (fixed)

g Coefficient of | fol? 0.98 + 0.07 + 0.04
Ut :> Coefficient of |f-|? 1.32£0.12 £ 0.057,
Uy o Coefficient of | fo|* cos(AmaAt) —0.03 +0.11 £ 0.0
U= 2 Coefficient of |f-|? cos(AmaAt) —0.32 £ 0.14 £ 0.05

Lus ol Coefficient of |f, |2 cos(AmaAt) 0.54 + 0.15 + 0.05
Io @] Coefficient of | fo|? sin(AmgAt) 0.01 +0.06 + 0.01 |
I < Coefficient of |f_|? sin(AmgAt) —0.01 +0.10 £ 0.

I+ Coefficient of |f+|” sin(AmaAt) —0.02+0.10 £ 0.

p

U= Coefficient of Im[f4 2] —0.07 £0.71 £ 0.73
UiRe Coefficient of Re[f; f*] 0.17 + 0.49 + 0.31
U;’_lm Coefficient of Im[f+ f*] cos(AmgAt) —0.38 +1.06 £ 0.36
U;;R" Coefficient of Re[f; f*]cos(AmyaAt) 223+ 1.00£0.43
= Coefficient of Im[f+ f*]sin(AmaAt) ~1.99 +1.95 +0.34
i Coefficient of Re[f f*]sin(AmaAt) 1.90 + 2.03 £ 0.65
Ul Coefficient of Im|[f+ f3] ~0.16 + 0.57 +0.14
UlRe =CD Coefficient of Re[f f3] —1.08 £ 0.48 £ 0.20

;6'“‘ O Coefficient of Im[f; f3] cos(AmzAt) —1.66 +0.94 +£0.25
v GCJ Coefficient of Re[f; f§] cos(AmaAt) ~0.18 + 0.88 + 0.35
'3 !G—J Coefficient of Im[f4 f3] sin(AmaAt) —0.21 £ 1.06 £0.25
158 Coefficient of Re[f+ f3]sin(AmgAt 0.41 +£1.30 £ 0.41

T
Ut 9 Coefficient of Im[f- f3] —0.17 +0.50 £ 0.23
Utghe = Coefficient of Re[f_ f3] ~0.36 + 0.38 + 0.08
U-g™ b Coefficient of Im[f- f3] cos(AmaAt) 0.12+0.75 £ 0.22
Ut Coefficient of Re[f- f§] cos(AmaAt) -0.63 £0.72 £ 0.32
"3 Coefficient of Im[f- f§]sin(AmzAt) 1.23 £ 1.07 £ 0.29
IR Coefficient of Re[f_ f3] sin(AmgAt) 0.41 + 1.30 + 0.21

Gianluca Cavoto

Mixing induced
CPV

Statistical and
systematic errors

Full covariance
Matrix available

(both statistical and
systematics)
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0.75 |

1-C.L.

0.25 |

Finally, o and & L

Relative phase B0 — o=+ and BY — ptn—

04— =arg (ATTA7)

0.5 F

3, (deg)

S4— = (34 +£29)°

A

AR — Th'e—ia_i_Pn'
ZR — TFG-H:Q _}_PF

Strong isospin: PO = —(P+ -+ P_)/2

I i I i I

0.75 |

-
@ o5
0.25 |
0
0 50 100 150
o (deg)

No constraint on a at 20

Gianluca Cavoto 25



DO—K*nn® time-dependent Dalitz
analysis

A constraint on DO mixing
parameters

Gianluca Cavoto

z)
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INFN

Neutral mesons oscillations

Time evolution for meson of known flavor at t=0

mo — MM
T P:F2+F1

(13 7 F2 - Fl 2
Long-range Y= "5

“Short-range” S

IMO(t)) = e 72 (oosh(Afyt/2)\]\/[O> — z%sinh(Ayt/Z)\]\_[O>)

Where Ay=(y+iz)l' 5= (Ty+Ty)/2—i(ms+ mo) \

— An opposite flavor

MC “oscillates” into M°! component appears after a
(also dubbed “mixing’) while!

Gianluca Cavoto 27



Flavor tagging C

Use D° from D"*—)D"yr* decays:

D“ Flavor at production
/% Charge of pion *tags”
zﬂ . 47 initial flavor as D’ or D?
m

DK "I'J/< Flavor at decay

« Same flavour: Wrong-Sign (WS)
mixing may have occured

* Opposite flavour: Right-Sign (RS)
Charge of X ldentlfles decay flavor unmixed events

Ay = (f|H|D)

Gianluca Cavoto 28



A

? Double-Cabibbo Suppressed DecaysaF

Hadronic decays do not uniquely identify decay flavor
Get unmixed wrong-sign decays from DCS decays

DCS decay: Mixed decay:
D°—>K*7- KT D’—K*r K
Vus V*ud ‘
V*Cd W Vcs W
& - L d _ _C -} ~eaf s
DO_ - Il D0 —>IP - K+
Relative rate ~0.3% Relative rate: 0.005% (for x¥0.01)

Ay = (f|H|D°)

Gianluca Cavoto 29



Separating x and y

)
INFN

First evidence Phys.Rev.Lett. 98 (2007) 211802 in DY —Kmxt
BUT Kx only cannot separate x and y

Need info on strong phases

DO K-t

2r

—
T T T

N'_‘
Py i
< 1.5
S,
P
= L
i -
"i/ 0.5
S
f;\l_|
N’\J
< 15000
()]
O, I
v 10000
) i
O L
S i
< 5000;
c
(4y]
O
o)
<

m2(K-n%) [GeV/c?)?

Witd. Cand. .
102 °L
; I
o 19
10 2
&
lt:
1 =S 05
S
o ] L 200
>
() L
# S, i
_."&" ;’,«,’ - 8 L
: i s 100
* : =
- AN = §e)
% c
",. :r’ (4]
Ry - O
T2 T3 e
=

N

—
LI

_______

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

m?(K*r%) [GeV/)?

| Wtd.l Cand.

10

DCS decays proceed
primarily through K™z~ while
CF through K-p*

10"

30



3

? Mixing in D°—K*m 7’
D’ — Ktr—7°
Two ways to reach same final state = interference! D° - D0 o gto— 70

mix

Time dependent WS rate

wa(slz’ Slg,t) — e_Ft{lAflz <— DCS
Interference —=>  + |Af||Af| [y" cosd 7 — ' sin (Sf} (T't)
— $/,2 _I_ ,y//2 B
Mlxmg —> _|_ 1 |Af|2(rt)2}

f=Ktn"n" A= (fI[HID"), Af = (fIH|D")

Yy’ = ycosOgpno — T SIN O gm0

' = xcos Ok rro + Ysindgrro

d..0 * Strong phase difference between CF and DCS decay amplitudes

Gianluca Cavoto 31
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INFN

? RS and WS (m,., Am) fits

Determine signal and background yields in subsequent Dalitz analyses.
0.145 < Am < 0.146 GeV/c? 1.85 < mgppo < 1.88 GeV/c?

3 3 .
140?—(1'0' L B ?<|1(')' L P B EISIgnaI Signal and
i ] - ] T 0 :
Sl BaBar 1 ao0; BABAR | mmis-tagged D . sideband
o m 3§ s A ] mls—re.cons’Fructed D regions
i ] : | m combinatoric
80F { 2% :
6oF {150 1
402- — 100F 1
20F 1 s0f J L 3
n: o ] ,\:l | ] ]
450_ T rorrT (r~r T T T
: BABAR | 200¢ BABAR ]
400F preliminary i preliminary ]
350F m ;
s 1.75 . k . 1.95
m_, (GeVic?)
signal box yields:
Category N events (RS) | N events (WS)
Signal 639802 + 1538 1483 £ 56
Combinatoric 1537 £ 57 499 4+ 57
Mistag 2384 + 57 765 £ 29
Misreconstructed D° 3117 4+93 227+ 75
0
1.8 1.9 014  0.45 015 015 |4ca Covow 32

my.... (GeV/c?) A m (GeV/c?)
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D°—K-a*a’ RS Dalitz fit C©

Time-integrated analysis to determine CF amplitudes, flf

goo[.
>
Boof- 0
g +
£ T
b
&
2000~
1000
o 02 04 06 08 1 12 14 16 18
2
m

Gianluca Cavoto 33



- 160
Resonance Amplitude Phase (degrees) | Fit Fraction Q
p(770) 1 (fixed) 0 (fixed) 652 £45 N 5 140
K™ (1680) | 1.52 £0.06 443 £32 039 £0.04 > 29| ;.
K37(1430) | 0.030 + 0.001 —167.5 £ 2.5 0.31 4 0.03 L - 120
K3°(1430) | 0.0431 =+ 0.0007 13.4+0.9 0.73 4 0.06 (D '
K*~(1410) | 0.2440.01 39.1+4.1 0.17 4+ 0.02 —  ,lE= 5, 100
K~ (1430) | 2.95 4 0.05 183.7 +0.9 3.6 4 0.3 T e T
K*=(892) | 0.382+0.001 163.3 +£0.2 10.3£0.7 ! R :
A T(1410) V.17 0.U1 —221.U=x 3.0 U.00Y == U.0001 i M -
K3°(1430) 2.53 +0.01 91.6 + 0.3 8.3+ 0.6 E 1.5
K*9(1680) 2,74 4+ 0.07 —17.0+15 14+01 I
K*0(892) 0.400 + 0.001 34403 11.14+0.7 _
p(1700) 6.06 £ 0.09 1363 £0.7 I1+£03 -
Total fit fraction = 106% 1 B
05 _I PN SN TN T N T Y SN T I T W l.‘\:?‘. i--|'<|'.' !

Effective range parametrization for Kn S-Wave
D. Aston et al., LASS Collaboration, Nucl. Phys. B 296, 493 (1988).

Scattering amplitude

T = sin 536i63 + sin dRe

Non-res

05 1 15 2 25

mZ . [GeV?/c!]

idR 2B

Resonant

34
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DO(t) —K*mwa® WS Dalitz

)
INFN
C

Through t-dependence, distinguish DCS amplitudes from the CF amplitudes arising from mixing.

< ﬁ-o350|""|""|"'|""|"*:
) E Q 160 J < (d) ]
=y C ~ - (] + 0 .
250 X ; E
© > 140 E T ;
S ook g . &) . -
El: O 120 ] @,_2; - signal E
= r ] . .
S 1s0f g 100 3 S - mis-tagged D]
o 5 8 13 - mis-rec. D° ]
E g . § +combinatoric
50: m 40 _: m + —E
U a— 12 3 20 : M = “ﬂ ’ E
0
tK*n'no [ps] ) : 15 2 25
- 2
M. o [GeVZich
Resonance | Amplitude | Phase (degrees) | Fit Fraction (%)
[[o(770) T (fixed) 0 (fixed) 398 £6.5
K3°(1430) [0.088£0.017 | —17.2£129 2.0+0.7
K 7(1430) | 6.78 + 1.00 69.1 +£10.9 13.1 £ 3.3
K*t(892) [ 0.899 +0.005 | —171.0 +5.9 35.6 +5.5
Ki0(1430) | 1.65+0.59 | —44.4+185 2.8 +1.5
K*0(892) | 0.398+0.038 | 24.1+9.8 6.5+1.4
p(1700) 54+1.6 157.4 4+ 20.3 20+1.1
x%/ndof = 188/215 = 0.876
Total fit fraction = 102%
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-
DO mixing World Average ("'™"

" March 2012 i

- CPV allowed
x and y must be measured z

independently to understand

nature of DO mixing 1) = 5 -----------------
Mutlibody decays play =
a fundamental role in thiS 0.5_ - h_______ ................ k Wy
DO K-+ :
DO —Ksmtr i |
D0 -KsK+K-
U 1 1 1
-0.5 0 0.5 1
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INFN
Summary C

* Multibody heavy mesons decays amplitude
analysis have played an important role in weak
interactions (CKM paradigm) investigation

— Measurements of o and y

» Multibody essential to understand short range
Interaction.
— D%mixing
— This experimental program need a detector
able to reconstruct with good resolution and
high efficiency several different multibody final
states (n° rec and particle ID are must)



A

And today, what is at the cutting edge? af

— LHCDb (and CDF) is adding new information on
B and charm physics.
— Charm physics seems to provide excitement

» CP violation dop(D - f) = LR =D =T(D =)
(CHARM12) P2 HFND =)

The data:
AAcp = Acp(D - KYK™) — Acp(D — nn7)
= (—0.656 +0.154)% World average

l ~ 40 from zero I

Is this New Physics or only some (tricky)
Standard Model long-range effect?

Gianluca Cavoto 38



=,
Back to multibody! C

Y.Grossmann, et al.,
DO—atrn0 http://arxiv.org/abs/1204.3557
— T Measure amplitudes in D -> PV, VV decays
Use isospin relations between amplitude
|dentify Al =1/2 and Al =3/2 amplitude

(Ap*ﬂ—— -+ Ap—ﬂ+ + 2‘4p07r0)_
(,‘ip—,r* + f’ip*ﬁ— + Qf’ipowo) =
G(Ag — fig) = —12'1'-a3€.i(51(31 sin ¢q,

[3%]

s, (GeV/c*)

1 1 1 1 I 1 1 1 1 I 1 1 1 1 I

SM Al =3/2 A, carries no weak phase.

0 R 3 If this diffirence is not zero, NP!
s.(GeV%/ch

PHYSICAL REVIEW D 78, 014015 (2008)
Dominated by I=0 amplitude (WHY??)

A Dalitz analysis to discover New Physics at high scale ?
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INFN

Back up
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J

B- —DO(Ksr*m)K- e

b

Pictorially:

| A(mlzwf > m12<Sn' ) |2 = ‘ + reldtids

(assuming CP-conservation in DY decays)

*

V.,V

u cS

Amplitude ratio: .
r,=|A(B-—=D K )/A(B” — DOK‘)‘ =~

x [color supp] ~ 0.1

*

I/cb Vus

— Higher rg higher sensitivity
« Extract from data

— Need input for D decay amplitude
« High D flavour tagged sample: Dalitz model



. )
Events selection INFN

. . c, =0.08
 Kinematics and topology c.=-0.140 GeV
c =0.045 GeV
» To suppress continuum AB B ) o
background +(mo) = cx=(cx F¢) (mo/mg™)

N , B - B
BABAR | AE = 2AE-AFE,—-AE_)/(AEL—AE_)

PRELIMINARY

150 —
Remove

AE dependence on
¥ momentum

100

2]
[«]

Events / 0.0011GeV/c?

0 i

5.275 5.28 5.285 150
2
mg (GeVic?)

5.272 < mps < 5.288 GeV/c?

100

Events /0.13

Nn+n_n0 = 1847 + 69 -1 -0.5 OE, 0.5 1
e, =24% —1 < AE' < 1

ptm
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Backgrounds

— Mainly continuum

» Neural Network with several inputs 100

— Neutral and charged B

» Hundred exclusive final states

analyzed
» 18 categories
— 6 BY charmless decays
— 8 B* charmless decays
— 2 b—c decays

» (pm)*,pp,pK,Knr,a,m,D,...

— Flavor- Dalitz correlation
accounted for

INFN

75

50 F

Events / 0.084

25

~
~

|
; 0
/
/

Continuum

Maximum likelihood fit

105
NN ouiput

+ B-background
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0.5

04

0.3

0.2

0.1

Resolution effects

TM events

B}« generated

09
0.8
0.7
0.6
0.5

0.3
— 0.2
— 0.1

o

0.2 04 0.6 0.8

ml

—h
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Events /1.5

At distribution

-10 0 10
At/c(Al)

Gianluca Cavoto
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Systematics studies N

— Dalitz plot model:

« toyMC: Generate with alternative models:

: Relevant for
— Nonresonant (uniform) component

interference
— Scalar n*m~ component parameters
» [low mass scalar, f,(980),f,(1270)]
— p lineshape

— Check relative amplitude assumption

« Vary mass and width
Relevant for
— B-background Q-2b
« Assumption on CP contents > parameters
— And more

 Fit bias (negligible) /
« Parameters other PDF (background Dalitz, fg)



)
Quasi-2body parameters ("'

A(pEnT) ~ (8 £ AS) sin AmAt — (C + AC) cos AmAt

asymmetry
U U= 21 21_ vl —uf
C'+:,_+a C'—:,__a ’S'+:,_+! ‘—:_9 Aﬂ‘: ,+ _!
L'_?_- L'-_'_ L'_?__ L’ -_'_ P L’_?__ + l,' j-
prIr pt prIr pt
= —0.142 0.0« 015
» They include interference effects Apr 0.142£0.041 £0.015,
» Averaging S and C C = 0.154 £0.090 £ 0.037 ,
S = 001 +£0.12£0.028 .

Cv - (Cv-{- + C'_)/Q, AC‘V — (C'v-}- _ C'_)/Q_, AC' —_ 0.377 j: 0.091 :t 0.021 y
0.06 £ 0.13 £ 0.029 .

S=(St+57)/2, and AS = (ST —57)/2 AS
Systematics dominated by

B-background CP content
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Compare B%p*and g)/p' 1 """"

more intuitively: orer P“ﬁ“ﬁéf E

05F 3

Kt~ = (q/p)(A™/AT) ),

& ol _

|ﬁ;+—|2 —1 025 -

AT = : :

P |Fi+-|2 +1 05F :

—0.75;— —i

A;’W_ — 0.034+0.074+0.03 11-"'6'75"'05"6'2'5"'o"'éz's"b'é"d7é”'_1
_ An

AT —0.38 1012 4 0.07

Gianluca Cavoto

3o effect
(syst. included)
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Summary of B background /NN

Class Mode BR [107°] Expected number of events
0 B — ptp% 19.1+3.5 524 10 |
0 Bt — af(— (pm)*)n° 20.0 + 15.0 32424
0 Bt — a¥(— pt—a—t)rt 20.0 + 15.0 19+ 14
1 BT —xtp° 87£ 1.0 3£ 8 |
1 Bt — KT 43+ 0.6 64+ 1
2 Bt — mtK3(— wtn) 83+ 0.4 10+ 1
3 Bt — 7%t 108+ 1.4 63+ 8
3 Bt — 7t K3 (— 779 3.7+ 02 154+ 2
4 Bt — xtg0 55+ 0.6 4+ 2
4 Bt — Kt70 12.1+ 0.8 8+ 1
5 Bt — (K®**)(1430)7)t — (K*7m)t 200+ 5.4 38+ 5
6 B" - K*T(— Kar™) 33+ 04 2+ 1
7 B" = ppy 252+ 3.7 67 £10
7 B — (ay7)? 39.7+3.7 30+ 4
8 B — Ktn™ 189+ 0.7 124+ 0
9 B — m~ K*t(— K*n9) 3.3+ 04 20+ 2
9 BY — K0 (1430)\r — Kr" 112+ 22 212 + 34
10 B? — yK*0(892,1430)(— (K*77)%) 274+ 1.5 14+ 1
10 B — n'K*0(— K+7™) 1.3+ 0.5 944
10 B? — 7/ (— py)n° 04+ 02 3+ 2
11 B = p KT 99+ 1.6 103 + 17 |
12 B — Km0 re 46+ 4.6 38+ 38
13 B — 'K 2(— ntx7) 58+ 0.5 50+ 4
14 B = D~ (— 7~ n%)rt 75+ 2.3 599 4+ 184
15 BY — D°(— Ktx—)x° 11.0+ 3.2 100 + 29
16 B - D%(— ntn—)n0 0.4+ 0.1 354+ 9
17 B? — J/(— ete™, utp)n® 26+ 0.5 T+ 15
18 BY — {neutral generic b — ¢ decays} — 173+ 15
19 Bt — {charged generic b — ¢ decays} — 396 + 20
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Off-resonance Dalitz distr.

: :_'n

4

e

e . i _f

R e s 2 s
i e e
qRRPEE b e

te %

ml
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INFN

A

Q-2b parameters cov. matrix &

Apn C AC S AS
Apr 1.93
C —0.71 9.68
AC —0.55 2.63 8.93
S —0.03 —0.71 —0.13 15.3
AS —0.03 —0.57 —0.07 3.93 17.08

Multiplied by 1000

Gianluca Cavoto
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A. Poluetkov

Belle data set

Belle result (357 fb1)
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INFN
‘-_’//

[hep-ex/0604054, PRD 73, 112009 (2006)]
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Belle fit results o

Fit parameters are x,=rj cos(xp;+0) and y,= ry sin(xp;+0)

(better behaved statistically than 7,,0,®;)

Unbinned maximum likelihood fit with event-by-event background
treatment (AE-M,. included into likelihood)

T T T T T > 1 I S

04} -

0.2 -

of .

-0.2 .

04 5

04

X X X

x= 0.025'%072 x=-0.128'%1% x=-0.784 705
y= 0.1 701':_ 'f 1973 y= —0.3391'(?_ 11 5782 =-0.28 1To?;3450
x,=-0.1352:06° x,= 0.03270:120 x,=-0.105%147
y,=-0.085+2:090 y,= 0.008+0,137 y:=-0.0041015¢
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S. Descotes-Genon /‘)
Dalitz plot, resonaces, K-matrix(.

Isobar Approximation a

[

— K-matrix parametrization for overlappina resonances

1,5- | [
-- Breit Wigners

'— K-matrix | P

" |-- Breit Wigners
540 | — K-matrix

l 1,2 1.4 1.6 1,8 I 12 14 1.6 1.8
E (GeV) E (GeV)

@ BW not unitary if resonances are close !

— Better for it S-wave description s



J.Zupan /‘)
Theory helps INFN

* Model independent
c; = ] dp A12,13 A13,12 cos(012,13 — 013,
Unknowns: g
8 = [dp Aj213 A131251n(012,13 — 013,
# entangled states: consider the following decay
Ifs
D
“r’; - CLEO-c
CP tagged
W(3770)
4 re Sample!

ith bin of K¢m+t#~ and jth bin of ¢
F-i,j X 7’;7’:}9 = T;T:]g — 2((’2(’? -+ .S‘.Z',-S'g)
» if ga CP even (odd) eigenstate, s7 =0, 7% = T]:f’ = *cf,

no sensitivity to s;
® if g=Ksntr~ and j =i (j = i) one measures s? 55
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A. Poluetkov :
INFN

Binned analysis of CLEO-c data_

Number of events in D’-plot: Kl-

Number of events in B-plot
| M, =h,[K, +7K_, + KK, (xC, +yS))]

Number of events in D p-plot

N, =hp K +K_ +2|KK_C,]

m2 (GeV?/c?)

C.=<cosAd(D)>, S. =<sinAS(D) >

0 T T T (s

0 05 1 15 2 25 3

m? (GeV?/c') 5 5 o
C’+S =1 (=1if bin size is small enough)

e C,, S; can be obtained from B data (M) only = Very poor sensitivity

e C, from Dgp, S, from B data = Poor sensitivity for y
+4/1-C.’ = Bias if bin size is large

e S. constrained as S, =



ol

Measurements of y in B =D

Basic idea Gronau, Wyler, 1991

Tree level only t e —>B_/ f
u \

interference between b — cius and b — ucs

« Multiple incarnations: D decay to CP eigen., flavour
eigen., multibody decays

« Use of D*0 (both D% and D% !)
— and K*
» Neutral and charged B decays



=
Charm physics with B-factory am

— 450
A C 7]
> ] w;
£ a00[- BaBar Runi1-5 1/
o - m
E = PEP Il Delivered Luminosity: 429.23/fb // .
3 350 |_ BaBar Recorded Luminosity: 412.96/fb -
3 B Off Peak Luminosity: 37.43/fb // ]
® 300:
: L] + - 1. o B i i i
BaBar is a B-factory: e'e—>Y(4S)—bb & [ —— Delivered Luminosiy //

= o50[__. —— Recorded Luminosity,

c_(bb)=1.1 nb, but - —— of Peak /—’

5(cé)=1.3 nb = /
Millions of reconstructed charm hadrons ™ /z/
BaBar is also a charm factory 100 f
S0 _
HMM%WWW Il
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