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BaBar@PEP-I| taken as
I N d eX example. Belle@KEK-B is

comparablein all respects

CP violation and the Standard M odel

Time-Dependent CP-Violating Asymmetries
and Asymmetric B-Factories

Reconstructing B Mesons
Other ingredients:. tagging and vertexing
Fit for sin23

Measurement of the other angles

R. Faccini

LNF spring school



Chapter |

CP violation and the Standard M odel
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What is CP violation and why arewetrying
| to study it? |

Start with the“mirror” transformations C,

P,and T:

C = charge conjugation C’=1
P = parity inversion P2=1
T =timereversa T2=1

Any symmetry has an associated non-observable quantity:

CO no absolute sign of electric charge

P [0 no absolute right-handed coordinate system
T [ no absolute direction of time

How can you tell if an extraterrestrial being is made of matter or antimatter?
(solution in a few dides)

R. Faccini LNF spring school
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In 1956, Lee and Y ang proposed, and in 1957, Wu

Parity Violation

and others showed experimentally, that natureis not invariant under the
PARITY transformation.

In the Standard Model, C and P are maximally violated in charged weak

interactions...
C
T
et - NO
YES W < " W- "
Vi \Z
P
e+|_ L
+ _
NO W < W B YES
Vg > Vr
R. Faccini LNF spring school



CP Violation

In 1964, Cronin, Fitch and others found that even CP symmetry isviolated in the
weak decays of neutral Kaons.

In the Standard Model, CP violation can be accommodated in (again) the charged
weak interaction, in the quark sector.

YES NO
a. 9 CI_
W= < )
W we
_ q R
dr
P
q dr
W < R W < i
— aq
g. — q,
NO YES
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Significance of CP Violation

Historv of the IIniverse

If C, P and CP are violated, does nature
respect any mirror Ssymmetries?

CPT: combined actionof C, P,and T isa
symmetry of any local relativistic field
theory.

If CPT isagood symmetry, CP violation
[ T violation.

Sakharov’ s three conditions for a net
excess of matter over antimatter in the
universe include CP violation.

Answer to “extraterrestrial” puzzle: ‘ask it if the
KL decays most of the timeinto alepton of the
same charge as the nucle’

5= Br(K, - m1"v)-Br(K, - 17V

— ———=0.33%
Br(K, - m1"v)-Br(K, - 1"V

R. Faccini
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How can physically observable CP-violating

effects arise?
0, Is a phase that does change sign under CP;

d, Is aphase that does not change sign under CP.

A Aq
) e — —_— — —
exp(i18,) A, exp(-18,) A,
A ) A
& : 5 =6,=0
@ A, + Aexp(iB,) L
o0 -
QQ ~ O ’* Q\%'b It .
& > @)@@ el 8, AL+HA, exp(-le&l
\¢ N &S
< 5, \P,}e* < 2
] \QL; > = \# >
A, A,

P(i-f)-Pi-fa 2|A; A, [cos(d,-6,)-cos(5,+6,)]= 2 |A, A, sin(3,) sin(6,)

[1  CP-violating asymmetries between the decay of a particle and its antiparticle can arise from the interference
between two decay amplitudes with relative CP-violating and non-CP-violating phases.

R. Faccini LNF spring school



CP Violation in the Standard M odel

Any physical phasein a coefficient (mass, coupling strength) of the Lagrangian
can violate CP symmetry.

We can generally make coefficients real with suitable choice of phase convention for
fields.

In the Standard Model, a nontrivial phase does appear in the unitary mixing matrix
between quark weak interaction and mass eigenstates, in the case of at least three
generations of quarks. The elements of this matrix, V ,,, describe the coupling of the
W boson to quarks p and g. The matrix is called the Cabibbo-K obayashi-M askawa
(or CKM) matrix.

It is possible to parametrize the quark mixing matrix such that the only elements that

have a significant complex part are the two that are furthest from the diagonal: V
and V.

d s b
) - CKM matrix
t - (™= = complex)

R. Faccini LNF spring school
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“The’ Unitarity triangle

The unitarity condition that gives the most open triangleis
Vio Vet Ve Vgt Vi Vig=0

Thefirst and last terms contain the most-off-diagonal elementsV , and V.4, those with
the most significant complex part.

It is convenient to divide each term by the middle term so that the base of the triangle
has unit length.

(P.N)

Vuh*vud

Vcb*vcd

(0,0) (1,0)

R. Faccini LNF spring school
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What werethe constraintson thetriangle
beforethe asymmetric BFs?

IV 4l Is determined from

IV u/V ol 1S determined from the mixing in the B, system, and
momentum spectrum of charged leptonsin theratio of B, to B, mixing.

semileptonic B decays.
(p’n) *
th th

Vub*vud
Vcb*vcd VCb VCd

(0,0) (1,0)

Measured rate of CP violation in the K system (Je,|) restricts the upper
apex of the triangle to lie along a hyperbolain the complex plane.

R. Faccini LNF spring school
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Experimental Constraintson the Unitarity
Triangleprior to BFs

Existing measurements restricted the upper apex of the
triangle to liein thisregion.

|: ]. T T T T T T T T T
0353 —
In asymmetric B-

o Factories, we measure
] the angles directly.

-1 | | P -

-1 0.5 0 0.5 1

P

R. Faccini LNF spring school
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Chapter |1

Time-Dependent CP-Violating Asymmetry
and Asymmetric B Factories

R. Faccini LNF spring school
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In aB Factory

BO
Since J(Y)=1 and J(B)=0 and the BO mesons have to obey the bose-
einstein statistics

o_o>_ =) 0 S
|Y(4S)>:|BB |B"B
J2

Two B mesonswith opposite flavour are produced in a coher ent
State

R. Faccini LNF spring school
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BO. BOI\/lemg

b Vi t Vi d
d N b
th th

Meson mixing provides a source of error-free non-CKM phase shift by 6, —8, = 90° (i ):
IBO ()10 cos(Am t/2) [BOCi sin(Am t/2) |B°Texp(2iB)

The interference between BY BO mixi ng and decays into a CP eigenstate (accessible to both
BYand BY) provides the cleanest theoretical predictions:

cos(Amt/2) +cos(Amt/2) exp(—2i0)
/—\ S
BO \ / CP CP BO —~— BO/fCP
+ i sin(Am t/2) exp(2iB) | SIN(Am t/2) exp(—2i[3) exp(2i0)

with a CP-violating asymmetry = sin 2([3 — 0).

The CKM angle @ is associated with the mixing box diagram.
The CKM angle 6 depends on thefinal state f

R. Faccini LNF spring school

A(B® - 0y

20 = Arg(—=—~
AB® - f) oK
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CPn Oscillations+ Decay

Study the oscillation frequency in decay channels common to B2 and B°

r(Bo(t) - F)-T(B(t) - f) _

_ (I=| A [") cos(AMLt) + 21mA sin(AMt)

CTFBt) » )+ (B(t) - f) 1-]Af
Ao AB = PV A | N |
A(B S f )\/td\/t; A * the measured A depends on the final state
* if only one amplitude contributed |A|=1
Examples for these lectures:
f Arg (%) Al output
mixing By—IvX, DO, pay 0 ~0 AM g,
“sin2p” By— JWKO,@KO 0 1 sin2p
“sin2a” Bo—Ttr,pp ~(-2y) ~1 sin2a
sin(2f+y) B,—D")mr ~(-Y) ~0.02 sin(2B+y)
R. Faccini LNF spring school
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Experimental Technique

B-Flavor Tagging

At=Az <By >c |
Accurate and unbiased B Meson Reconstruction

measurement of the vertices Low BR (10-°) means high
luminosity

R. Faccini LNF spring school
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Time-dependent asymmetry

Because of correlation of B® and B state, need to measure difference in decay times
to see asymmetry due to interference between mixing and direct decay:

M(BO - fep) O

[ BO — f [] It i i
( P e e't[1 + sin23 sin(Am At)]

[1- sin23 sin(Am At)]

asymmetry [ sin23 sin(Am At)

Integrated asymmetry =0

R. Faccini LNF spring school
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From theideal world to “reality” ...

CP analysis:
reconstruct f-, and tag other side as
BO or BC.
L -
:L_:;_ Btag: 0 . - Btag: BO
I:I_1§— L : -—____;"- % R

Mixing analysis:

tag both sidesas B9 or BO; e.g., fully
reconstruct one B decay to a non-CP
state; tag other side.

12 ™

ot /' \ B°B%or BOBO

B 4

of _

«B°B%orB°B°® |

2; rd e

phm—— oo e e DO P o B s o SR

-~z [ ] =

—= -4 = ) G
Decay Time Differemce (resco-tag) (psh

First add dilution due to imperfect tagging. Assume the mistag rateis w =
22%. Time-dependent CP asymmetry is diluted by (1-2w) = 0.56

g 3 Fi)
[L.5:— g
D4
= :
o2 o o,

A e T
- 1: — " -'“:-—\‘“-——-
e -3 = o =z a &
Drecamy Timee Diftferaencs (reco-tag) (pesh

= ;_— il

= i— |I ]

TE /% Extract wfrommixing
6 r) \, analyss.

£ -_"x_
[ e T

0 = e

R. Faccini
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From theideal world toreality...

Now add effect of imperfect measurement of At. Assume double Gaussian Az
resolution of 100 microns (80%) and 300 microns (20%). [Byc ~ 170 microns/ps]

0.9
| = oy s

o.aE P 12

D'T;_ : .. 1 u_

0.6 i E

I]'E;_ " -H_—

0.8 r 6

0.3 o E ab- 4 A ]

0.2 ST e, of .

u--ln::__-—-:=:‘:_f'-_ P T T T h:h:h:"—_“—f-=-—.__ I]: _;-__:_-—-ﬁ"f:f 1-{-"\—-_:1_______

= —4 —= o = = & -5 -3 -2 o = 4 [

Deacay Time Differemose (reco-tag) (psh Decay Timnee Difference (reco-tag) (psh

Finally add background contribution. Assume Ng/Ng ~ 10:1 for mixing analysis, 50:1
for CP analysis.

-6 -y -z o = 4 5 6 ry = 0 = = s
Decay Time Difference (reco-tag) (ps) Decay Time Difference (reco-tag) (ps)

DK

R. Faccini LNF spring school
20



PEP-I1 & KEK-B

Decay time determined from decay distance
between B decays Az = At (c By)

In Y(45) CMS daughter B's travel only Az ~ 20 pum

Boost at PEP-II / KEKB decay gives much larger
separation <|Az|> ~ 250/200 pum (BaBar/Belle)

« measurable with high resolution Silicon Vertex

Detectors (typical resolution 200 pm) E.=3.5GeV
E-=8 GeV

E.=3 GeV

E—o.1Gey bY=0.56

Low Ener

g (5D

Lab B¢

e‘—-—b.% et

B

By = 0.43

R. Faccini

LNF spring school
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PEPIl @ SLAC

R. Faccini

LNF spring school
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The Detectors
Multi-purpose 4n detectors

— Precision vertexing with silicon strip detectors
— Tracking with central drift chamber

— PID (BaBar: DIRC, Belle: Aerogel+TOF)
— Super-conducting coil

— EM CsI calorimeter

— Muon detection with RPCs

WARNING : All future detector
descriptions refer to BaBar

"

i |\\ N
b . %
L

|-1

R. Faccini LNF spring school
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The BaBar experiment

Detector G

| i 1 [ Instrumented
: ' : ' | — Flux Rewm (IFR}) “ J K L
a Scale 4m LR / Barrel
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BABAR Coordinate Systam 1015 | 1748 -'ll IJ"_ Coil
" e 1149 L 40801 48 / — Electromagnetic €1 lj
Cryoqenic il ~1143 Sy al=/ " Calorimater (EMC)
Chirminey e, & | lea70/ F ¢
S AT | | A
Charenkoy | ' ' ;o el
K+ Delacior — [ : " ; ——— = L _— ‘Silicon Vertex K+
(DIRC) % < h JJ' ﬂ‘ ‘T y J Tracker (SVT)
;! II 1 - - . - . r —L g
= = 5 ¢ Er'EH
Wagnetic Shiald L cap
DIRG i #_f-f'ﬂ__ Earward
i - | [ 7 —L’ " End Plug 25+
Bucking Coil——-3 ; i
A N ! 1375
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PEP-Il Dalivared 205.35%b
BABAR Recorded 197.14/7b
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ne >BABAR Author List

o

)

AL

~ 600 collaborators

J

R. Faccini
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Chapter I11
Reconstructing B M esons

R. Faccini LNF spring school
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B FACTORY:
flavour eigenstates

« BY - DO-mtt, DO)-p*, DO)-g;*,
J/WK™0

« B~ - DO J/WK-, W(2S)K-

» Kinematic variables for signal and SRR
background estimates e

A (Y

AE=E*_-Vs/2  o0~15MeV W SR

Me= V(94 - p*52) o0~3MeV /

Bty 1 Mic*

E Neutrzl %EE— Chizrg e
=5 B Mesons S 3 B Mesons
=== purity 83% essf- purity 85%

e - — - 3

At T e

R. Faccini LNF spring school



J/W Ksreconstruction

Reconstruction of B—JWK, , JW—ee,pu and K, —TITt
requires:
* reconstruction of charged tracks, in particular daughters
of long living particles
[1 Drift Chamber (DCH)
o identification of electrons and muons
[1 Electromagnetic Calorimeter (EMC)
[ Instrumented Flux Return (IFR)

LAIREL Pl

R. Faccini LNF spring school
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an1e

a01e

ania

aa1z

a08E

008

LR

JPL/Pt

DCH Performances

S
S
n . 0‘
: &5
3 &
: A
SRS
<0

Momentum resolution
op, /P =a®bP,

7 candidates/1.7 MeV

N7

600

400

200

0

0.52

TSN BABAR
{}.48I I{l.li‘)l - I{}.IEI - I{l.lﬁll |

M(t TN GeV)
K mass reconstruction

R. Faccini
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Calorimeter - Insertion of last Module

~6500 crystals of Csl ~18 X,

04/13/98

R. Faccini

LNF spring school
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EMC performances

o, 2.3% _, 39
= [11.8% g, =( +0.04)mrad
E 4/EGeV) VE(GeV)
s T - [T T T
~0.07 ey g 145 .
- ' = e = o 1% = ¥y
r 0.06 « Bhabhas = 12|
!}[ﬁ: o Yo — My y El{l—] an—yy ;
B - — MonteCarlo : — ManteCarlo
0.047< i ]
0.03
0.02 I
0.01- - o
ﬂ-l_ . . {].-" ilpaaalariaal ST ow o B
10 ] 0 05 | 1.5 2 25 3
Photon Energy (GeV) Photon Energy (GeV)
R. Faccini
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Entrias / 0,007
g
=

Bob N

Electron 1dentification

(==
h

Electron Idenuficanon Efficiency

Electron/charged hadron
separation based on:
- shower energy (E/p)
- lateral shower size
- dE/dx and O, consistency
sssssssssssnnnnw(l | ;
osp + "7 = Control samples:
oo e = -efficiency: eter - efeefer
- R - pion mis. ID:
8 . KO _
o KO, and 3-prong t decays
b2 =
”,_.' T e B
D 05 I 1.5 2 2.5
Momentam [CeV/c) LNF spring school



BremsStrahlung recovery

Need to improve reconstruction when e - ey able to
make prediction on where the photon will impact.
Requires good granularity

ki

Point where the
; Bremsstrahlung
o BCCUrS

Ji'y mass with Bromestrabdung recovery -

: J ‘ Effect on JW mass reconstruction
|
R
Eo oo RS
:I_-'LJ-I_: I-:I_I r '?-r & Ij_ll-l II! e ] o I.]:?hl .I._I-;I!I" LNF Spring g:hOOl
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{ and K, 1dentification

« K, identification needs:
- hadronic shower shape information (transverse granularity)

- impact position determination (only measurement of K,
direction)

» L identification needs:
* large amount of traversed material (p identified as a MIP)
* large solid angle coverage

iron layers interspaced of Resistive Plate Counters:

e easy to shape, I.e. high coverage
e finer layers at the beginning of the shower

R. Faccini LNF spring school
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| nstrumented Flux Return

Endcap
L RPG layers e

=i i T

60cm of Iron, . WA

13cm of Brass

\

BACKWAR:

o ¥ 5 :;.-.-1 s,
e - MR
RPC section A =8
S T :'_';:'__':: Hre f
i

e

/ ; o Barrel

19 RPC layers
65cm of iron



Efficiency

Muon efficiency and purity

1.0 1 : : : :
| 1+ t oy " Cut_on |
. lpﬂ'*w“ n‘hl ++i +m"+u++|ﬂ+ll fl - # interaction lengths
i - IFR hit pattern rejects
|,+ y hadron showers
0.6 | |
|Muﬂn5 . consistency with a MIP
0.4 Tagging *piuns in the EMC
' { Jw |
Semileptonic -
0.2 end-point Muon selection:
T { l l l } i 90% efficiency for
n"""l , T gt © bﬂ 1<p < 3 GeV/c
00— |+ | | ‘fﬁ# | # with ~4 % pion fake rate
0 1 2 3 4 5
Momentum (GeV/c)
R. Faccini LNF spring school
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Some History

*'Only’ 5 interaction lengths: o =
o few % of Tt survive with no ) et W N S
interaction g:?%: . “"‘*Q:Qﬁ
e upgraded to 7 interaction lenghts 24 AN
e Low RPC efficiency (original i ; \\ \1
chambers going down 1% per O
month) o \
- operational problems with : |
temperature 82
- defect at construction time / i crversiy of spons L

0 55 60 65 70 75 80 85 90 95 100
- Forward Upgraded in 2002 and now Muon Efficlency
fully performant

R. Faccini LNF spring school
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CP sample: cleanest modes

ésnn_ Jhpl(g 88M BB
E 00— '4'(23)'(9_;
' 0
wa- Xet''s [1506 events
| MeKs | Purity 94 %
JyK'°
100
22 5.22 5.24 5.26 538 53

R. Faccini LNF spring school



K, reconstruction

eAsk for a “large and short” IFR cluster not
matching with any track or ...
e ... an EMC cluster not consistent with

photon
e use the direction ( K, angular resolution:

~60 mrad ) to close kinematics and

determine K, momentum (B mass is imposed
to B candidate)

The IFR K, efficiency ~ 30 %

R. Faccini LNF spring school
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CP modes: J/WK |
CP eigenvalue is opposite to JJWK ¢ because K, has opposite CP

100
: Signal 3/¥ K, L
| J/¥ X background I
- Continuum bckg A0
F « data e
0 - . 30 F
: . Purity =56% ., |
o |- )
: pear |
“20 -10 O 19 2 30 40 S50 ED @ BD r'-;:.; 16 o 10 20 %W 40 ®1 &0 70 B8O

[ralkal {EM] [tk {IFF)

Reconstructed with Reconstructed with
calorimeter IFR
R. Faccini LNF spring school
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Chapter |V

Other Ingredients. tagging and vertexing

R. Faccini LNF spring school
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Experimental
Technique

B-Flavor Tagging
/-

v

/
-
P

_O ———_

>
K -
__Vu

~ o~ ‘>+

Jy

At=AzZ <By >c
Exclusive
_ B M eson Reconstruction
Accurate and unbiased

measurement of the vertices Low BR (105) means high luminosity

R. Faccini LNF spring school



Tagging with leptons

b quarksaretagged by negatively charged leptons.

wW- .- v

b quark (Q =-1/3) c quark (Q = +2/3)

Anti- b quarksaretagged by positively charged leptons.

BUT : cascade events can mimic opposite tag

e

-
anti-b quark (Q=+1/3)  anti-c quark  anti-s quark (Q = +1/3)

R. Faccini LNF spring school




Tagging with Kaons

b quarksaretagged by negatively charged kaons.

w- - W
b quark (Q =-1/3) cquark  squark (Q = -1/3)

- K-

Anti- b quarksaretagged by positively charged kaons.

BUT:
* \W decays can also contain Kaons of any charge
» also neutral kaons could be produced

e s-quarks can aso produce ¢ -K*K-, KK, mesons

R. Faccini

LNF spring school
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Detector of Internally Reflected Cherenkov Light

Basic Design idea:

Have the radiator and the light pipesin the same
physical space

Fused synthetic silica:
e Resistent to ionizing radiation
 Long attenuation length
e Low chromatic dispersion
o Appropriate refraction index

R. Faccini LNF spring school
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DRC

Light Coneisamplified in awater filled tank and photons are detected by FMT

[Rittla i |

R. Faccini LNF spring school
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DRC:

from the photonsto the angles

Mown Dip FG FR )
054 -155 pi e
05 185 & m _ et @l

09t 548 pi e

)
o
o
:
# Beco Hits (in tune’ f : SRy ;
R. Facgi © Reto Hirs (backer, e e

* Best solunons (FG)

Bun Mo = 5933
ETime = 25300
EDare = &17000C
Event =10

S Severa PID

o 7 hypotheses are
u Dﬂl
;o tested
5
) Stroulation

# Electran
+ Pion
a Praton LNF spring school
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Cherenkov angle measur ement

0.85 BABAR

0.75 -/

0.7

0.65 ™

Momentom  (GeVic)

cosO.=1/nf

ac,track = O-c,ly/\/ N %

E | . :
3000 | M BABAR {
[ il '
'
| [ ]
I 1 4
: Fo
1 A i +'r
Z _‘__,.r-"'; ot AT
n.. —

ol4 145 LINE] Q155 14
My My, (Cevic’)

rtand K candidates from D° decays
tagged by soft tfrom D™; about 11%
contamination from backgrounds

©_resolution:

ele” = ol8.) = L5 mead
=
T e
=
D
i —--------—l-'"'. .'l..

R. Faccini
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PID in DCH

M easur ement of energy loss by

lonization in traversing the cells

dE/dx vs momentum

BABAR

($pun AIRIJGIR) UEILW PIJRIUNLY 9%, (08

Track momentum (GeV/e)

LNF spring school
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PID in DCH: performances

Gas mixture design:

« Light gas (Helium) to reduce
multiple scattering

 Heavy and complex gas
(Isobutane) to avoid recombination
and increase gain

Feature extraction: from TDC and ADC
reading to charge.

» Elephant CHIP returns total
Integrated charge in time intervals
(ADC) & time at which threshold
IS overcome

Truncated mean algorithm

* 7% dE/dX resolution

» K/rtseparation better than 2o up to
700 MeV

350

k{11

250

Tracks

150

104}

dE/dx resolution for Bhahhﬂs

Y e e L N e e Y Y e Y e e e R S e e =

L6 -0.4 -0.2 0 0.2 04 .6
(dE/dx - dE/dx_ )/ dE/dx,

R. Faccini
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KAON ID PERFORMANCES

Uses:

SVT and DCH dE/dx
DIRC Cherenkov angle

'I-I

Kaon Efficiency

T Mis-1D as K

(.8

0.7 |

0.1

0.9 |

03 |
0.2 |

Performances
evaluated on control
samples
T e e
BABAR
D“sample
| i i | B
2 i
: S
2 3

Momentum  (GeV/c)

R. Faccini
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Tagging Algorithm

Category = (%) w (%) J /0)

Lepton 9.1 +£ 0.2 334+06 79+0.3
Kaon I 16.7 = 0.2 10.0 £ 0.7 l T+ 04
KaonII 198 +£0.3 209 +08 6.74+04
Inclusive 20.0 4+ 0.3 31.5+09 27 x03
All 65.6 = 0.5 28.1 = 0.7

Effective efficiency:

Q=¢(1-2w)*
L] _1
g’(sin2p)

Ji BaBARr
— NAC

Ll |
= T
~TE
00s -

{1 >% 05 .75 1

Number per B per bin

Inclusive: Neural network exploits information carried by non-
Identified leptons and kaons, soft pions from D™ decays

R. Faccini
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Vertexing Algorithm

o~70 um

\ Brec direggion

Brec daughters

.,
(S
.
..
Y
Y
Y
.
.t
Y

g I Interaction Point

czj Beam spot T~
/ S ~Bgdirection
TAG Vertex >
0~180 um TAG tracks, W
< >
~1lcm

One of the two B mesons is fully reconstructed (“CP’), while the other is
only partially reconstructed (dropping tracks with bad x?)

Full power of the SVT and of the kinematic and vertexing constraints
exploited

R. Faccini LNF spring school
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Silicon Vertex Tracker (SVT)

BABAR

5 double-sided layers

*Radiation hard (2 MRad)

sradius = (32 - 140) mm

sangular acceptance in lab: 20.1° to
150.2°

143k channels (0.94 m?)

R. Faccini
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Silicon Vertex Tracker

Kevlar/carbon-fiber support rib 51 detectors Fy
Carbon-fiber endpiece \ z=0

N

e

20 cm

Cooling ring
Upilex fanouts

Hybrid/freadout 1Cs

Carbon-fiber
support cone

Bea_m_pipe ”' BD"M"*-E | - :'35D_mr

-"l 30 cm il 40 cm l‘"

-5 Layers of double-sided Silicon detectors
+ 300 um thick /AC coupled
- Poly-Si bias resistors
- ~150 000 r.o. channels / active surface ~1 m?

* Inner 3 layers: track impact parameters
 Outer 2 layers: pattern recognition and low P, tracking
(arch-shaped to minimize the Si to cover the solid angle and avoid large incident

angle)

« Point resolution: 15 (40) um inner (outer) layers
Multiple scattering is the limiting factor



Vertexing Algorithm: performances

One of the two B mesons is fully reconstructed (“CP’), while the other is
only partially reconstructed (dropping tracks with bad x?)

cr(um) Lcp JAVA

Core 45 110
(fraction %) (80) (65)

RMS /0 190

In order to use all the detector . t

L0 | _+ -+* B - -TL-.’?"—ﬂ'r‘_
knowledge we use the event _ [t H |
per event error and = %

. . = 200 |- + + —
parametrize the resolution = | b
function with scaling factors R et
H""""""-.""il--

R. Faccini At:AZ/< By C> I- o a0l 02 Ve 0.0



Chapter V

Fit for sin2f3

R. Faccini LNF spring school
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M easur ements of 3

Charmonium K9

Penguin and tree have the
same weak phase

J/y
- - _ C
b '0‘ C —_ t g
., < C b K
5 " w-
B, 4 d d K
La RN W- ( )
_— ..' '-_ a D *)+
b -
R E t < C
— ** C
BO b C DO-
d d d d
< °
_ S ¢
t —
- S
b i KO

DOD™ and J/WTd

Penguin and tree have different
weak phases: asymmetry not
necessarily = sin2f3

oK? and nOKO

Mostly penguin. In principle
measures sin23, but sensitive
to new physics

R. Faccini

LNF spring school
60



Fitting Strategy

Mixing and sin23 measurements are done with the same strategy: do a
global fit to all the events that can carry information:

Mixing : tagged flavour eigenstates

sin23 : tagged flavour and CP elgenstates

Extract as many parameters as possible from data

parameter # param s
sin2p 1

A m ¢ 1

w & Aw 8

At resolution 8 x 2
Background Tt 6
Background w 8
Background At 6

Sensitive evts

cPp +— Only in CP fit
flavour € Onlyinmixing
flavour

flavour and CP
sidebands

sidebands

sidebands

Bigoest correlation with sn23: 12%

R. Faccini

LNF spring school

61



Blind Analysis

The sin23 analysis was done blind to eliminate possible experimenter
bias

« The amplitude in the asymmetry A.(At) was hidden by arbitrarily
flipping its sign and by adding an arbitrary offset

e The CP asymmetry in the At distribution was hidden by
multiplying At by the sign of the tag and by adding an arbitrary
offset

» The blinded approach allows systematic studies of
tagging, vertex resolution and their correlations to be done while
keeping the value of sin25 hidden

* Theresult was unblinded two weeks before publication for final
checks

R. Faccini LNF spring school
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Mixing M easur ement

Simultaneous likelithood fit to each tagging category; mixed and unmixed
events with common resolution function
VAT e"At [1+ (1-2w)cos(Am At)] O R(At;a)

Allows extraction of mistag rates and resol ution function parameters

w A0 T .
::— s Unmixed Events BABAR 1
o 300 -
‘-ﬁ -
Fully reco’d B’s § 200
-
i
100
E sl E
5 es| BaBar BE 400 for—pmmmmmet e e
E &y i - Mixed Events
- WAL = 300
B3 1
ok &
o2 |
B8 [
s F 2
«a | |
: 2
| ipel

10
At (ps)

Am, = 0.519 + 0.020 (stat) = 0.016 (syst) ps™ (BaBar hadronic)

R. Faccini LNF spring school
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hi ps

o 1000

4

Entn

[

Raw Asymmetry

Charmonium K9

10

Entries / 1 ps

]

RawjAsvmmetry

Sin2B = 0.739+0.048
(Belle+BaBar) T

R. Faccini LNF spring school
64



0.013 from
vertexing

0.007 from
tagging

0.020 from
background

0.020 from
fit technigue

Total 0.035

SOnres

CFP Sample

R. Faccini

%/ St em at I CS JAKT | Jw K] | J K Full
Signal parameters

At signal resolution 0005

At signal resolution ontliers 0,003

At Art Effect +0.002
sienal dilutions 0,007

At sienal resolution model +0.003 | £0.006 0004
Tail secale factor L0003 | 0016 | 0024 | 0003
Background parameters

Signal probability: CP sample +0.007 | | 0L 005
Signal probabilitv: By, sample 40,0002

Mg endpoint 0001 T 20001 T Z0.001 0
CP background peaking component +0.007 +0.006
CP background CP content {Argns) +0.017 +0.013
CP background CP content { Pealk) +0.015 +0.011
C'P background T +0.003 40,003
C'P hackeround resclntion 0002 00,001
Bay background mixing contrib. +0.002 | £0.002 | £0.002 § +0.003
By, backgronnd peaking component +0.007 il +0.002 § +£0.001

external parameters
B" lifetime +0.014 | £0.010 | £0.031 | £0.010
Mg 0000 | £0.000 | 0021 § E£0.010
Jp K
Total (w/0 Amg and BY lifetime] | | +0.057 | +0.013
detector effects

» scale + boost 0100015

sealn spot 40,005

SVT aligmmnent 0,010

Monte Carlo correction 0014

= =
[otal systematic error 0088 | £0.065 | 010§ £0.035
statistical error 0100 | 0,193 | 0559 | L0088




Unitarity triangle Fit with golden modes

I= 48

=
=
™

Probability density
o
.

e
E
e

02 -

R. Faccini LNF spring school
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OPAL 08 '
a2’ 18405

ALEPH 00

0.847 ~+0.16 '
CDF 00

+ 041
078l

BABAR 02

0.7 £ 0.0687+ 0.034
Balle D3

07331 0057100258

Average (charmonium)
0.736 + 0.048

EABAR D4

+ 008

047403400
Belle 03
086205,
BABAR 03
L
SF 00P40344003 . &

=  Belle 0=
042410271005

0 BABAR 04
fKa

+ 051

162 p £ 01
00 BABAR 04
Ks

+ 038

D48’ 011

Charmonium Modes

oi”

+ 017

=
g 0.561025
> Belle 03
+0.19
0.51+026°
Average (= panguin)
0.4210.12

1
I -
1
‘ Winter 2004

05 1 1.5 2
F spring school

f ]

Average (Al
0.65 +0.045

-3 -25 -2 1.5 -1 -0.5

|
|
0
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Precision M easurement of angles

15
! 3 Biggest allowed
N / discrepancy on
i oKs in SM
0.1-

=
\
, RS S \
0.01 \AQF\\ Sys err

----------------------------- \ Sys err

Statistical errot

lepton tags
0001 ————————" (stat err.
10 100 1000 10000 100000 ~70%
Integrated luminosity (/fb) Iarger)

Only J/WK, will be syst. Limited, but one can use only the cleaner
tags to reduce the error. All comparisons still stat. Limited.

R. Faccini LNF spring school
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Chapter VI

M easurement of the other angles

R. Faccini LNF spring school
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Measuring a: B - TT'TC

a : .
L Treeis promising because

u
u
d T -E :Vub :e—2|y
T V,
... but penguin has a different phase
: d
u 7'l+ F)
< rop Lo
;' S P T+P oo T ri2atkey)
T+P 142
=
|s P large?

YES (see next dlide)

R. Faccini
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L arge penguins. B - K1

Lag TTK*
’ J Poon ) K

ol
ol
wnl

Ann = Ton + Prin

Akn = Tkn + Pn
H TiVidVid PrnlVid Vi
0 02T, ¥ 5P,

Themeasured A, ~2A . impliesP/T~0.6!!!
(Naive but conceptually right)

R. Faccini LNF spring school
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Need to measure

| sospin analysis

Tt

K__=Ar

o]

AB® - " )

AB° - " m)

)9()

Ingredients:

statistics

* T has contributions from Al=3/2 and Y%

* P has contributions from Al= %2 only because of =0 for gluons

* no |=1 TtTtstate can be produced in B decays because of bose-einstain

AB® - ) =

A(B+ - 7T+7'lo) :7

AB®° -~ m'm) = 1

¥ Ay

1
%As/z ﬁpi/z

1 1
_EAM +% Ai/z

A(B™ - 1) zg'&s/ze_ﬁy

AB® - ") = 2

1
%A_%/z

AR - °7F) :%Am

_T A€

2i¢

—2|y +_ Allze—z(p

VG

R. Faccini
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| sospin analysis (I1)

[ Two relationshipsin the complex plane :

%A(BO - )+ AB » Tt ) =AB" - T 1

Rotating the plane appropriately :

M easure B - 1P
and B2 - P
separately or prove
them small

8418A3 E{E“"'Tﬂ_ﬂa} = A{E.Pﬂ TI:+J'[¢}

R. Faccini LNF spring school
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Experimentally: LARGE BACKGROUNDS

e+e_ — Uu e+e_ - BOEO — T n Car_]...d'i.date

“Jatg"—> AT candidate

_-frcandidate

» Spherical B eventsvs|et-like continuum:
» Techniques exploiting event topology and angular distributions

e Fisher variable
» Combine two “monomials’

L, -Zp, and L, —Zpl‘cos(e )‘

» Use asadiscriminating varlable in the Likelihood

R. Faccini LNF spring school
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High energy K/ Separation

-PMT + Base
) -11,000
/ PMT's
DI RC: Pl Wt F {
» Cherenkov light emitted by the track ) fioih
g 17.2% mm -hlr.h.:'luln-:u = t_'g:l':lw
around aconewith |cosg =1/ng (35,00 thlm e
Trajectory ¢ y
» Photons ar e captured by internal / N N
reflection in the bar and transmitted to a /
PMT matrix. ' I i "'~ Window -~ Standof Bax
480 |I a7 mm-—= = 10mm o
»Resolution a(8,) = 2.5 mrad (e*e - ) SEEAEERgESEEaesasme
|:-|.,.|..., ....1...|...|- . BA_BA_H
| BABAR | | Cherenkov angle 8 Is :
o | ” X | lused inthelikelihood
~ 3 m separation
5| with DIRC | | to separate 1t 1K, KK )
] 8o at 2GeV/c -
- :
. <250 at 4GeV/c - , K hypothesis
T2 b - 4 Tt hypothesis
- D*+ - DOT[+,DO — K_r[+- 0 i L i ._‘fljnlL l"l.n.. P -
W TP EPEPEF B B B B =M -10 L1 10 20
1.75 K/ momentum {GeV/ie) 4.25 Kaon (0_-0_K)o(0,)
R. Faccini LNF spring school
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Likelihood fit

450

background

[0 Extended global maximum likelihood fit — signal yields (ns9)
Mg, AE, Fisher, O, At
[1 Uncorrelated variables

($'n,
each event i : | = € [ ihl |_i
N! i
L =3 0B () + 2, IR (%)

Independent control samples to study
Probability Density Function for both BKG and SIG

R. Faccini LNF spring school
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Events / | ps

{2 ps

A

<CL\\\ WWCPAwmmifgc>
Acp(At) =2 +1|”;|* sin AmAt  — cos AmAt

it
BABAR
g 2 It 05<r<1.0
LA L B L B B I
20 (@ + . _E
_ 15 0 = e
n ] | EB
20 L Ap N T l
5

Al ?PE} T 5

0 s Belle: 140 fb™
o RSN | - 5.26 CPV (1)
st ] BaBar: 113 fb?

T ~920CPV

T

=)
in
.

R. Faccini LNF spring school
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e CP Asymmetries

Disagreement at the ~ 2.20 level between Belle and BaBar

L DAL AL L L B L I L L
BABAR (Summer 2003)
—0.40+0.22+£0.03
—a—
Belle (Winter 2003)
—1.00+£0.21 £0.07
—
Average (Summer 2003)
0.74+0.16
S
PR BTSN TEPE L I A
2.5 -2 -1.5 -1 -0.5 0 0.5

R. Faccini

LNF spring school

BABAR (Summer 2003)
—0.19+019£0.05
H—e—

Belle (Winter 2003)

—0.58+0.15+0.07
—.
Average (Summer 2003)
0.46+0.13 |
—A—|
1 1 1 1 I 1 i 1 I 1 1 I 1 L 1 1 i 1 1 1 L
-2.5 Z -1.5 1 -0.5 0
Gtﬂ!

78
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TP and n identification

n Hlass E_ =300 MeV

#2000 —

=

i BaBar
10000
il n"-mass = 135.1 MeV

n-width = 6.9 MeV

G000 —
h'r"""-l'-“-"-u':\-”.__m_'
4000
2000
!}. A i A0 L AT P e A TN P i LI VI WL I L I o
006 008 049 042 044 096 0.18 0.2 02 0.24
m. (Gev)

0,,=16 MeV/c?

0.4 0.45 0o 0.55 CLE LED

{Gevfc]

¥y Mass

Belle: a(m,,) ~5SMeV

entries / 2MeV/c*

o KS— TOTP

BABAR

800 0m=10 MeV/c2

4mﬂ.'l 0.425 G455 0475 05 0525 055 0575 0.8

o Mass (Gev/c?)

LNF spring school
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m°r® has now been seen.......

“ | &'BABAR @
.8_ | 210k
3 3 5
= | T s H Hﬂ
v, I i |
&L T ] §4juu IBLE LL
2 7 l A Y H{n o
| a0\ 5.2 522 5.4 5.3
EF L r ey
9.2 ] 5.l22 ] 5.J24 | 52‘(6}r\;/5% 26 + 9 events
My (GeVie ) BR = (1.7 0.6 + 0.2) 10
46 + 13 events 3.40 significance
BR=(2.1+£0.6+0.3)10°
4.20 significance
R. Faccini LNF spring school
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...... but wedon't likeit !

Too small for isospin analysis
Too large for useful bound
e.g., Grossmann-Quinn bound (PRD58, 017504, 1998)

BR(B®%/BO—#07%)
BR(BT—ntx™)

Sin?(aepr—a) <

R. Faccini LNF spring school
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B->p*p~: it gets better....

Mode BR
BY/BY — ptp~ (30+£4£5) x107°
BE — ptpt (26.4 4 6.4) x 107°
BY/BO — p%p0 | (0.6270 52 £ 0.12) x 1076

B 2 pPisvery small!
Grossman-Quinn bound 1s useful

0 - 0 | < 16° (13°) @ 90% (68.3%) C.L.

R. Faccini
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B->p'p"asymmetry  §BaBar

Events/ 3 MeV

223 m Es(Geefg%

Siong = -0.19 + 0.33 £ 0.11
Ciong = -0.23 + 0.24 % 0.14

R. Faccini
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B->pp isospin analysis

0
0

o (deg)

a = 96° £ 10° (stat.) £ 4° (syst.) £ 13° (penguin)

Preliminary, neglecting interference, NR contribution, I=1 amp.

R. Faccini LNF spring school
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. B - otT?
Trying two approaches.

*Measure sin2a 4 and individual BF and the apply the
1Sospin rel ationships:
[1 Quite hopeless, also because of multiple solutions

Do the full time-dependent and Dalitz analysis —

Izzspin analysis of pr aystem (Fe, negleded)
12

I m ﬂ [ Hoie” sl
1 - i = o =
- — bR | A

R A
' rea

R. Faccini LNF spring school
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Full Dalitz analysis

U Time-dependent fit of complex T’s and P’s and o :

total of 9 free parameters + one global normalization + one global phase

f27e0 L ( I+ z)cos(ﬁmd&r))

L]

v

AE:

A,

e F

: ]sin(&mﬂ,ﬂt) - (

31" 3rx

Norm
B ta 1
3 gzm’orm( - |A | —2Im[A A ]sm ,ﬁmﬂt (‘A | —|A |)cos amd&f)J
Bu<p & w0 O-O(N].OO in 113 fb! with no
o ambiguit
S guity . L Preliminary
mral
BY (t)<I Bﬂ—rp . > T ~
2004 ;‘;

Bo (t}< z_z > P g 70

sL:'
(]

+
2064t 0 &
ci(blinded)



Sensitivity toyin B®=» D) 1t

CP violation appearing in interference between 2 amplitudes
: : P e Final states are not CP eigenstates
Dominant diagram d J
b = c transition '4@ e No penguin pollution

_ u
e b - u transition = relative weak

C - ). phase y between the 2 amplitudes
O) QD()
e Mixing = 23

d e Relative strong phase d between
the 2 amplitudes

Suppressed diagram :
b > u transition .< = Measure sin(2p+y+o)
BB (B® —~ D)= 3.10°

d favored
— 0 g F._ . (B° = D )=10"
P e
Z \/a CP violation proportional to:
b = VgV VgV | = 0.020

R. Faccini LNF spring school
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Deter mination of sin(23+y) from Time
Dependent Evolution

e Time evolution for D1t final states:

B° decays: R(D'n*,At) =N e'r|m|{1+ C cos(Am,At)+ Ssin (Am,At)}

B® decays: R(D'n*,At) =N e'r|m|{1- C cos(Am At)-Ssin (Am At)}

e Time evolution for D*t final states:

B° decays: R(D*n',At)= N e'r|“|{1+C cos(Am At)-Ssin (Am,At)}

B® decays: R(D'm",At)=Ne *{1-Ccos(am,At)+Ssin (Am,At)}

o imi i * 2r .
Similar equation for D' Tt S=1 r25|”(2[3+y—5)5
1 p? o b= [-0.04,+0.04]
— ~ — r .
C_l+r2~l S=1+r25|n(2[3+y+5)5
Need to know both S and S to determine (2B+y)and 0
@ There are four ambiguities in (2 B+ y)c]ez‘ermiﬂd tion

R. Faccini LNF spring school
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Deter mination of Amplitude Ratio: r

L 0 (*)+ —_
(*) A(BO N D(*)—n+) r ~ Br(B - DS n ) VCd fD(*)
r(D"'m=r,., = . = 0.02 (*) 0 )=t
( ) =0 A(B® - DO ") Br(B, - D"'1T") |V ng)
Simultaneous determination of sin(23+y) and r., is BaBar — hep-ex/0207053 (2002)

not possible with the current statistics
¢ UseB?->D/*m (I. Dunietz, Phys. Lett.

B 427, 179 (1998)) r(Dm) =0.0210%  r(D'm)=0.017°35%

o and SU(3) symmetry
Add another 30% systematic error for SU(3)
breaking uncertainty and for missing W-
exchange diagrams in calculation _

d *
V._ ,<P§” ﬁm V., 4D”+

. b . . b T
BO 7'[_ BO 7'[
d - d -
R. Faccini LNF spring school
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Partial Reconstruction

( -1 Y -—1000 o
6 /b = 000 1 =se0- Kaon tag -
(hep-ex/0310037) " Lepton tag - T
- o7 0T Tl P ek
|Rec0nstructed| e E P= 54% i P=31%
e ' 1 =300
E a0 ] E ]
g s -
o ] 100
1U'DF P
o— ' ' ' - —
. i 1.82 1.84 1.86 1.88 1.82 1.84 1.86 1.88
No EfﬁCIEIlE?,’ loss for D ey vty gy
reconstruction Dp Combinatorial BB Peaking BB Continuum
o a 0.15
. : < ME Kaon tag
Myuiss = 1) invariant mass u.u&t
U :
oA P
&/ - 1
ih e 1 o AL R TSNS IIeT ST
4 NBM; +N3m; i 8642024568
At (ps)
R. Faccini LNF spring school

90



Full reconstruction

k1 AL : :
81 fb Time evolution for
(hep-ex/0309017)
lepton category
signal events purity 2 |
B DR NNGZ0 -8 AMNELOTIN | 9 1002 e il
B 5 D'n 4746178 94.4% PR E:= A B _p
\. - E 50
m IS = JE |"';I:'|:J|'.I'J i JEJ;E' 2
fi' 000 - ) B*»D=x ﬂ'. ]
= ] background I
1000 [ ]
i | 5
E.“
() wermaaanas _ e -10 0 10 -10 0 10
5.2 5.22 5.24 5.26 528 53
mg; (GeV/icT) At {FEJ
R. Faccini
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Constraintsin the p, n Planefrom BaBar

M easur ements

Constraint from SinN(2B+Y) assuming a given value of r with 30% theoretical error

Constraint from B” — 02"

1.5 v 1 -
: A a = 2r sin(2B+7y) cosd
i AW oo .
s Standard cr}@ﬁp v b = 2r sin(2p+y) cosd
_ﬂ.___ | 1 ".'- . ' . 1
. 08 ¢ = 2 cos(2B+y) (r sind-r'sind
05 [ EiI'I[Eﬁ'}:' )
06
: « Clep
= 0 05 | Fullreco | Dn | -0.022 + 0.038 £ 0.020 | 0.025 + 0.068 + 0.033
B Dz | -0.068 + 0.038 £ 0.020 | 0.031 £ 0.070 £0.033
s | o3 [Partial reco| Dex | -0.022 0,038 +0.020 |-0.022 + 0,038 +0.020
A i 0.2
|
gy} v =
R — 0 13
-1 -5 0 0.5 i 1.5 2 08—
I-'-' u.a:_
Infinite statistics ——» o
R. Faccini LNF spring school

92




What Shall Thou Remember

» There are |lots of phenomena associated to CP violation weak interactions among quarks, and
the Standard Model has only 1 parameter to explain all of them

 redundant measurements test SM and are sensitive to New Physics
* info summarized in the Unitarity Triangle
*There aretwo Asymmetric B-Factories, KEK-B (Japan) and PEP-I1 (US)
» there is one experiment on each of them : Belle and BaBar
e their luminosity are about 12 and 8 1033 cm2 s respectively
* they have collected ~200fb-1 respectively so far
» CP violation manifestsitself in distribution of the time elapsed before the decays of B mesons

» B-Factories need to be asymmetric in order to stretch time intervals
AB - f) o128

» Given afina state ‘f’ we are sensitiveto Im(A) where A=
AB - f)

» examples where shown on how to measure all angles

PHYSICS PROGRAM AT B-FACTORIESISMUCH BROADER,

BUT | ONLY HAD 3HOURS ...



APPENDICES
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M easur ements of y

Contributions from b - u transitions bring a dependence of
CPV from y

= Measure y directly in direct CP asymmetries & B+ decay rates
= Measure 2p+ywith CPV in mixing

Two cases
A’\’)\2 = N 4 ]
1A Ld i A Ld DO~ sin2p+y: A, doubly
_ W0 _
B L Do 5 ' cabibbo suppressed
d d
AlN)\3 _ AZN)\3
S b T -
A, K P——e——T oo giny: A, colour
B= _b : C s ~
U u D@ Bou <; e SUPpressed
R. Faccini
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~ elf _éo A(BO > D+

" BN

BC A,,~0.02 sin(2B+y)sin(AmAt) D*TT

N A

~ [Vl ey ABO > D*m)

Grafically: _ ADo 4

DOK*
/ \,
Sensitive to siny f] K+
._/
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y from B2>DK, the classic Gronau-
London-Wyler (GLW) method

D, is CP-odd or CP-even neutral D combination

_ AT(B-—DiK )+ (B¥—=D.K")
R+ = 2 = ok T (BT =Dk

A, — [(B—=D.K)-T(B*—D.K")
+ = (B —D.:K )T (BT—=D.KT)

with
/ strong phase

Ry =1+41% +2rp cocosf}f

+2rpsindgsin~y
Y — B B
== Hy

Measure Ay, Ry: solve for dp,rp, and ~;
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DK

D — F

Events 10 MeV
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Events 10 MeV
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—o30 —aia 0.0 =~ 1- [-%-1-}

AE (GeV)

—oE0 —oo =N - -} FR1- o200

AE (GeV) AE (GeV)
1_1 12 —r—r—r—rrrrrTTTTTTTTTT 12 —r—r—r—rrrrrrrrTrTTTTT7
| [ sal.
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|:::|~_| E E al | ]
. ] ] al ]
S : g Ty
—o2a —0.14a 0.0 =% | -] [~ %1 ] —02a —0a 0.0 a.10 =51 -]
AE (GeV) AE (GeV)
Belle Babar

7.7+ 0.5+ 0.6%

8.31 + 0.35 + 0.2%

0.06|x= 0.19 = 0.04
-0.19|£ 0.17 £ 0.05
1.21|£ 0.25 £ 0.14
1.41|£ 0.27 £ 0.15

0.07|= 0.17 £ 0.06

8.8+1.6+0.5%
8.31+0.35+0.20%

D - K*K-, 1T

o 1 D> KgT®, Ko,
Ksw, Kgn, Kgn’

O(90M)
BB pairs
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GLW

No useful constraints yet.
*Asym = 2r; sSindg siny ~ (0.0-0.4)siny
eStat uncertainties ~ 20% / experiment
|mportant point:
*Thisand (likely) all other methods will not
work by themselves at the B-factories.
*But: when combined together they might.
«Combinations are straightforward
[1 Root-N statistics

R. Faccini LNF spring school
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Atwood-Dunietz-Soni (ADS)

U
K

W — S

b C

b >
() ot B we
_

:| \

Like GLW, but common DY%D?° final state not CP eigenstate.
 ADS: Cabibbo favored and doubly-Cabibbo suppressed
e e.g. DY>K*t and D°>K*Tr
 Both singly Cabibbo suppressed
e e.g. KK
* Treatment like to GLW, but strong phase in D decay comes in

R. Faccini LNF spring school
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ADS

e.g., for final state K*rt ratio of ADS rate to Cabibbo favored
modes, D9>K'1t" and c.c. is simply:

r_|_1ri__ -
ﬁgg[[i'—wﬂ];:’*‘% - ’?"% T ‘?"% 2rTp COS((SE + op + ’}’)
- 1K+
ggg[[g+i_]]?{ % — ’?"% T ‘?"% T 2’?”‘3’?"}3 COS((SB -+ 5[} — "}f)
Where

0 LK+ B
rd = pap—i—r = (3.9+0.6) x 1073

Bonus: large CP violation because rg ~ 1

R. Faccini LNF spring school
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aBA BAR ADs (Kmtmode) aBA BAR

p—
[
T

(a)

Events / ( 0.0025 )
o
I | L

A

5.2 5.22 524 526 5.28 5.3
mpe (GeV)

No signal = turn it into limit
g <0.22 (anyy)
s <0.20 (48 <y<73%)

R. Faccini LNF spring school
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A promising method

Interference in the Dalitz plot of B >DK" with D/ID>Kg 1T TT.

B- —DO%" B- —DK-
AB)=f(M?*,M2) +r,g°f(M? M?)
AB)=f(MZ,M?)+r,e®™{f(M?,M?)

B+ —DOK* B+ DK+

M*=mass(K.t")
f =Dalitz D decay amplitude

R. Faccini LNF spring school
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Belle Analysis

f = sum of resonances
determined from large
sample of D"> DOt

(Ligy = |

O ——— N W N W N W EE N NN m Ew N E——

R. Faccini

Resonance Qur it

Amplitude Phase, © Fit fraction
a, K, 1.66+0.11 218.0+3.8 11%
AT K, 1 ] 21%
m K, {3.30+1.13)-10 114.3+2.3 0.4%
S 950 K, 0.405x0.008 212.9+2.3 4.8%
o, K, 0.31+0.05 23611 0.9%
FA1270) K, 1.36+0.06 35213 1.5%
FA1370) K, 0.82+0.10 30818 0.9%
K" (&e2yxt 1.656x0.012 137.6+0.6 60%
K892 m- 0.14910.007 325.2+2.2 0.5%
R"ﬁ 1430 =" 1.96+0.04 357.3+1.5 5.8%
K ‘i;u.wrn - 0.20£0.05 12818 0.1%
K" 1430) =" 1.32+0.03 313.5+1.8 2.8%
K (1430) "z - 0.21+0.03 281.51+9 0.07%
K'(1o8m *u- 2.56+0.22 70x6 0.4%
K'(iosm -x* 1.02+0.22 102411 0.07%
Mon resonant | 6.1+0.3 146+3 24%

LNF spring school
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B> D/DK D/D - K

K7(892) bands

s

M - (GeV 2)
ll %]
LF

e .
15 |
o :Ji-.
sl el %

05 1 L5 2 25 3
M2 (GeV?)

D" from B — DK —I—O 09 D" from B— DK
rp = 0.28_0'11 7 and 7 -interchanged)
~v = 86° + 20°
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B> D/D

D’/D > D/D1t

D/D>K TTTT

K*(892) bands
\L P

- 3
- o ¢ "
= L 20 events D 19 events
D 75 2 25 |
- ® : .
= L B
N 2 "< 2
- L -
15| _.'i ]s -
®/ o0
W .
ol
= 1} ]
ot ®
a5 | s °® 0.5 -
| | | | | L l l l
05 1 15 2 25 3 05 ! 1.5 2 25 3
2 IRTL 2
Wy o (GeV?) M - (GeV?)
D" from B — D*K D" from B-— D*K
(7 and 7 “interchanged)
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