N 7
‘f | Fay

Y e

. Physics School 2010:
aﬂA B Physics

| W 4

Lecture 1: UT angles I (Belle/BaBar)

Lecture 2: UT angles Il (Belle/BaBar)
Lecture 3: UT sides (Belle/BaBar/CDF/D0)
Lecture 4: Future Super-b Factories

Alan Schwartz
University of Cincinnati, USA

23-35 June 2010
University of Bern
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® will not talk much about history
* will not talk much about experimental technical details
* will not cover all experiments equally (Belle bias)
®* may not cover your favorite topic

* will probably run out of time



Why study flavor physics?

Bi g issues:

= [HC
why SU(2),xU(1)? Atlas. CMS
what breaks SU(2),xU(1)? ( ’ )
what gives particle mass?
what stabilizes the electroweak scale below 1 TeV?

(i.e., the “energy frontier”)

but let’s not forget:

Reminder:
solutions to the latter set may help us answer the first
set, and vice-versa

A. J.

=> Flavor “factory’:

why 3 generations? (are there more?) (CLEO, Belle, BaBar, CDF/DO0, BESIII,
why are the masses so different? Belle-ll, SuperB, LHCb)

why the pattern of CKM weak couplings? (i.e., a facility where large numbers
what causes the phase in the CKM matrix? of heavy quarks (c,b) or leptons
why do we live in a matter, rather than (t) are produced)

antimatter, universe?

An electron and positron
antielectron) colliding at high
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The Standard Model

matter constituents

Formi FERMIONS spin = 1/2, 32, 512, ..
ermions.
Leptons spin =1/2 Quarks spin =1/2
ElETen GM?/S/SZ Elhectric Skvier Approx ELectrlc
eV/c charge GeV/ 2 c arge
W iimox (0-0.13)x10-9 0 0.002
@ electron 0.000511 i @ down 0.005 ~1/3
W e o (0.009—0.13)><1o—9 0 ©) chamm | 1.3 2/3
mon | 0.106 1 Q@ stenee | 01 | 13
Vi nedtine+ | (0.04-0.14)x10-°| 0 &) wor 173 2/3
\
LI/ tau 1.777 = &) votiom 4.2 _1/3J
\
M ] Symbol| Name | Quark | Electric | Mass |Spin
esons. content| charge | GeV/c2

t pion | ud +1 0.140 | 0

K" kaon | su -1 0.494 | 0

p* tho | ud +#1 | 0776 | 1

B | B-zero | db 0 5279 | 0

Ne eta-c cC 0 | 2.980 0

A. J. Schwarty
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FrvA

net

Quantum mechanics: neutral meson mixing

The Standard Model of particle interactions prescribe interactions such as

b

W

d

u,c,t

u,c.t

774

d

}s

b

Since B° and B_0 are mass-degenerate, they form a 2-D basis of the
Hamiltonian, and the eigenstates of the Hamiltonian (mass eigenstates) are in

general comprised of both flavor eigenstates.

=> Mass eigenstates are not flavor eigenstates.

() -3

|B,) = p|B°) — q|B°)
|B,) = p|B°) + q|B°)

[By(t)) = elma=ta/2t|B,)
[BL(t)) = e/ B
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FlaviA | Neutral meson mixing, cont’d

net
b d |By,) = p|B% — q|B°)
|B,) = p|B°) + q|B°)
BO { W W }EO )
a 5 |BH(t)> — e(z’mH—I‘H/z)tlBI_I)

|1B.(t)) = e(imL_FL/z)tlBﬁ

1
0 —
BY) = 5, (IBL) + |Bg))
_ 1
0 S —
B) = 5. (IBL) — |Bg))
1 . .
|B0(t)) — 5 {|BL>e—(FL/2+sz)t + |BH>6_(FH/2+ZmH)t} / Possible CP violation

= e (T/2Him)t {cosh [(Av/4 4+ iAm/2)t] |B°) + (2) sinh [(A~v/4 + iAm/2)t] |§°)1
P oscillations/mixing I
]

|IB°(t)) = e~ (T/2+im) ¢ {(Z) sinh [(A~v/4 + iAm/2)t] | B°) + cosh [(A~v/4 + iAm/2)t] |B°

r'= (mgy+my) Avy=T,-T, Am =m,; —my,

T
2

(T +Tp) m =
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FlaviA | Neutral meson mixing, cont’d

Neglect CP violation (q/p=1), consider a final state reachable only via B® or B,
i.e., semileptonic decay: B’— D¢*v and B°— D*/-v. No CPV implies
A(B°— D¢+*v) = A(B°— D*/-v) and thus:

|A|2€_Ft

(D ¢tv|H|B%(t))|? = Yy lcosh(A~/4 + iAm/2)t |

— @ [cosh(A~/2)t 4+ cos(Am)t]

~ |A|Ze—1“t [1 + cos(Am)t] in B°-BP° system
(D¢ v|H|B(t))|*? = |A|226—1“t Isinh(A~/4 + iAm/2)t |’

= @ [cosh(A~/2)t — cos(Am)t]

~ @ [1 — cos(Am)t] in B%-B? system

=> fitting the decay time distributions of “right-sign” and “wrong-sign” decays
allows us to determine the parameter I' (decay width=1/t) and Am

A. J. Schwartz Flavianet School 2010, Bern: B Physics 6



FlaviA | Neutral meson mixing, cont’d

In fact, one does not need to measure the decay time dependence; one can
simply count events:

o0 A2e Tt 11 1 1
D ¢tv|H|B°(t 2dt:|—— —( )]
Jy WD™€v[H|B (1)) e b by
B |A|2e—rt 2 + CU2
4T 1+ a2
o0 Al2e” 1 1 1
[Z (D v HIBY (1) dt = Afer 7t 1 ( )]
0 4 ' I'\1+4+ x2
B |A|28_Ft mz
4T 1+ x2 |
5
N B N wrong sign B w2 .‘.?.‘
X = I\ total T 2(1 4 x2?) :
This is how B°-B® mixing was discovered, a time- &}
independent measurement by ARGUS at DESY "i
[Albrecht et al., PLB 192, 245 (1987)]: B
Xq =0.17 £ 0.05

(25 like-sign events from 0.10 fb'")
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FiaviA | Neutral meson mixing, cont’d

"

E .
=] Hastings et al. (Belle), PRD 67, 052004 z Egtfggﬂ
el (2003) [29 fb'] ©20000F ., . [\ - Signal B
@ S A Signal B
§ ..... E};gCT
Select dilepton (uu, ee) events: 10000 — qngT
M., ..> 100 MeV/c?, PR
1.1 GeV/c < p*< 2.3 GeV/c 0 T T TITiT)
AZ (um)
M . _—Mj/ e) < 0.05 GeV/c? N e [1-cos(amt)] = Fi_? tao(tal )0
U+ W 5 000 B gi?na“ B
B 5 I U,
— - B Bkg!""
49838 same-sign (SS) events B [ -
230881 opposite-sign (OS) events | .....
% 500 1000 1500
Simultaneously fit samples, taking = 0.8 A2 (um)
7=1.542 + 0.016 ps (PDG): 3 ! ~ cos(Amt)
@ [
< 0.6
m 3
Am = (0.503 £ 0.008 £ 0.010) ps™’ g [
= 04}
f/f,=1.0110.03%0.09 [
0.% A A A A 500 A A A .1 000. A A .1 500. A A

IAZI (um)
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FlaviAA

10

- ALEPH
(3 analyses)

DELPHI *
(5 analyses)

LEP

ete— 7— B°B? I

OPAL
— (5 analyses)
pp— B%b X DO
(1 analysis)
B factories (BABAR )
analyses

ete—Y(4S)— B°B° Y

(boosted)
Average of above
after adjustments
First generation: CLEO+ARGUS
ete—Y(4S)— BB (x4 measurements)
World average
for PDG 2010
“HFAG average

A. J. Schwarty

without adjustments

Heavy Flavor Averaging Group (HFAG) World Average

—
0.446 = 0.026 = 0.019 ps’
0.519 = 0.018 = 0.011 ps™
0.444 = 0.028 = 0.028 ps™
0.479 = 0.018 = 0.015 ps”
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”

0.508 = 0.005 ps™

0.496 = 0.032 ps™

0.507 = 0.005 ps™

04

0.45

Am, (ps'l)

0.5



FaiA| B factory performance to-date:

World integrated luminosity on Y{(4S):

1400

KEKB World

— P
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FlaiA| The Belle Detector:

net

s SVD: vertexing (lifetime)

s« CDC: tracking, dE/dx for pid

s« ACC: aerogel Cerenk. Counter
s« TOF: pid, trigger

s« ECL: ¢, y measurement

« KLM: u, K, measurement

11



FrvA

net

KEKB collider:

KEKB: running at the Y(4S) resonance

Electron
Source

= , Y'resonances = bb bound states
Ew :
i ] -
S [ 0
=L
T 10_— ‘ | F" _
o + :\ J \* i
+ ! | ] K
\E)/ 5 - ! * *’I+ \\* !‘ *\ B
O I + Loy 49 ‘*ub.q. ,_._g,.“_“.;ﬂ“"m_k4_, ]
L Y(1S) Y(2S) Y(3S) Y(4S)
S S T S T AR B ,,z.l.,..“.l....\.\.\l\
) 3 944 946 10001002 1034 1037 10.54 10.58 10:62
Mass (GeV/c?) ‘
s(nb)
2.
18- BaBar, PRD 72, I
1.6
At Y(4S) resonance: - .. 032005 (2005)
;* HER : High Energy Ring (Vs = 10.579 GeV) 12
r_:, LER : Low Energy Ring 1;— :
: o(bb) ~ 1.1 nb osE _
O'(CC) ~ 1.3 nb 052 1054 1056  10.58 'n;n13'r.‘gr;" ;m'\})o.sz
Fomnon Jan o(uu) = 1.4 nb off-resonance on-resonance
o(dd,ss) = 0.3 nb

A. J. Schwartz Flavianet School 2010, Bern: B Physics 12



I : [ ] [ :
FlaviA| Typical Analysis Steps
1) B—f selection:
_ \/ — 2 (e.qg., for B—nrtm:
— V7beam 7B 5.271 < m, < 5.287 GeV/c?
AE = E,—E,___ IAE| < 0.064 GeV)
2) Flavor tagging:
mainly K% u* é&* output: | q =21, quality r=0-1

3) Continuum suppression:

KLR = Lyp/(Lyg+L,,)

d el 004S00 BB

dell gg

4) Vertexing and At fit: Az, = yfc Atg

A. J. Schwartz Flavianet School 2010, Bern: B Physics
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FiaviA | Neutral meson mixing, cont’d

Y |
Nnat
L &

/1

Via
- -
L Ym/o
d S b d . *U,C,t b 3 - 5
Via
off-shell (“virtual”) states: Am on-shell states: AI'
Meson flavors Am/T AT'/2T when mixing observed
K9 s:d 0.474 0.997 1958
B° bd 0.773 <1% 1987
Bs" bs 27 0.15 0.07 2006
D° cu <0.029 0.011%0.005 2007

A. J. Schwartz Flavianet School 2010, Bern: B Physics 14



FlaviA

net

B-B? system, allowing for CP violation:

B,) = p|B°) — q/B")
B,) = p[B°) + q|B°)

Mz, — (¢/2)I'* M :
9 _ J 1y — (2/2)T'], ~ 12 _ i2¢, (phase of V'V,,)

D M12 - (’I:/Z)Fm M12
|IB%(t)) = e I/2HimM)t lcog (Azrmt) |BY) + (q) isin (Azrmt> | B°)

_ p _
IBO(t)) = e (T/2+im)t (p) ; sin (Amt) IB%) + cos (Amt> 1B,

\q 2 2 |

A 2,-Tt
(fIH|B°(t))|? = | flze 14+ A1+ (1 — |A]?) cos(Amt) — 2Im X sin(Amt) |
3 B A_ 2 Tt B 3 B

(fIH|B°(t))|*> = | f'; 14+ A+ (1 — |A]?) cos(Amt) — 2Im X sin(Amt) |

e = S 1 Prets

A. J. Schwartz Flavianet School 2010, Bern: B Physics 15



FiaviA| B-B° system, allowing for CP violation:

net

A . |2 It :
(fIH|B°(t))|*? = | f|2e 14 A1+ (1 — [A]*) cos(Amt) — 2Im X sin(Amt) |
o A.|2e-Tt B B B _
(fIH|B°(t))|* = | f|2e 14 A+ (1 — [A|*) cos(Amt) — 2Im X sin(Amt) |

. (] A(B°— f)

p) A(B— f) q) A(B°— )
3 types of CPV:
0 BO_,F
Z £1 CPV in mixing
TmA £ 0 CPV %n interferfence between direct
and mixed amplitude

A. J. Schwartz Flavianet School 2010, Bern: B Physics 16



FiaviA| B-B° system, CP violation:

net

In BY-B° system, |q/p| = 1. Now choose CP (self-conjugate) final state:

2 Tt
(f|H|B°(t))|* = |Af|28 :1 + [AI* + (1 — |A]?) cos(Amt) — 2Im X sin(Amt) |
2 Tt
(FIH|B°(t))|*? = |Af|2e :1 + A2 — (1 — |}\|2) cos(Amt) + 2 ImA sin(Amt)}
N-

BO—f o NBO—>f

N§0—>f + NBO—>.f

= A;cos(Am At) + S;sin(Am At)

1= _ 2Im)
P\ SRV

A(B?° : .
A = (q) (B"=7) = e?"1¢2?  (one weak phase)

p) A(BY— f)

= A, =0, S;~ sin2(¢; +¢) = —sin2¢’

A. J. Schwartz Flavianet School 2010, Bern: B Physics 17



FiaviA| The CKM matrix and Unitarity Triangle

net

All quark-quark coupling constants can be arranged in a matrix:

d S b
Vud V'u,s Vub u
U = Vea Ves Ve | ¢
Via Vis Vuw

Unitarity (UTU=1) prescribes 6 complex equations:

VV,+ ViV, +ViV, =0 Each equation can be plotted
in the complex plane as the
VaaViat VasVes T Vi Ve = 0 sum of three vectors:

VeaViat VesVis + VgV, = 0

cs ts

VJsVud + Vc’l.;vcd + ‘/t:‘/td =0

VitVaua T VaaVea T VitVia = 0

VJqus + chvcs + ‘/;;I:‘/ts = 0

A. J. Schwartz Flavianet School 2010, Bern: B Physics 18



FiaviA | The Unitarity Triangle, cont’d

net

VietVua T VaoVea T VigVia = 0

The internal angles of this triangle are phase differences, which can be measured:

Vo Ve
¢, (B) = arg <ﬁ>
o Convention: V,, and V,, are taken to

¢, (o) = arg VioVid be complex, others real
i —VirVua

VEV
o ( Sy
cb” cd

bs ()

A. J. Schwartz Flavianet School 2010, Bern: B Physics 19



FaviA| Measurement of ¢, (B) with B'— J/y K°:

net
b —— N\ "\N\NV——
A * * % W=
N = M A (th‘éb) (Vcchs> (Vchcs) £y L
M, A ViV, ] \ViV | \V_V*
12 f td " tb cb Ves cd "cs AAA ;
. ViaVib Voo Ved w+
ViaV Vs Vea
VYV (Vi) P o
—VaVea/ (ViaVip) 3
_ IMe
 [Mlein - c
= e 21 b < < @
= A(J/¢K°) =0 S(J/zp K©) ::in(2¢1)
\ d —— "\N\N\S—>— 5§
-

cYy AC

A. J. Schwartz Flavianet School 2010, Bern: B Physics 20



FiaviA| Decay time measurement:

At = Az fully reconstruct
,3)’ c ut a CP eigenstate

tag flavor of
non-signal B
via charges
of putative
daughters

A. J. Schwartz Flavianet School 2010, Bern: B Physics 21



=i’ Aubertetal. (BaBar), 4, | gy
29 PRD 79, 072009 (2009) 2™ po— wiosiK®
C P2S)K!
[426 fb'] S| Bk
#1000 B’— YICKg
m
52 522 524 526 5.28
mg (GeV/c?)
2 L 0 (@)
T 400 *B" tags =
£ 200/ -
0] — N -]
> L ]
B[ i N N
b - = - il rm . o ,
*g 0.4:— i (b)_:
02 . ] —
R iy
< 0 - i -
2 02F =
= 04 - . | . . . . | . . . | . . ]
5 0 5 At (ps)

Asymmetry = sin(2¢,) sinAmt
= sin(2¢,) = 0.666 + 0.031+ 0.013
A=-0.016 = 0.023+ 0.018

A. J. Schwarty

Measurement of ¢, (B) with B'— J/ip K°:

=d Chenetal. (Belle), PRL 98, 031802
S (2007) [492 fb™"]

8 400F(d) BY = JApK®  ©-g=+]
To) 400 9. -¢-J=-1
S 300 AN
S~ b ‘Q
_§ 200 99 Q’e,
£ 100 200" Qg
LL| O — oA\ L L T e
-
-'g) 0.5 T
g O ..................................................
<<'E>-O.5
_7.5. . ._5. . _25 . .O. . 25 . .5. . 75
'%fAt(pS)
sin(2¢,) = 0.642 + 0.031 + 0.017
A=0.018 + 0.021+ 0.014

Flavianet School 2010, Bern: B Physics 22



FlaviA| @, (B) with other final states:

ar=

8
el

Repeat measurement with other final states, then compare to B'— J/y K°:
(calculate A¢, ):

“Loop” diagram: V,,, V,, —
e_g_’ BO_, ¢ KOS b s ¢
(amplitude proceeds via E u,c,t 8
penguion loop; same weak g s
phase as J/y K°) - K
w,d a,d

VB4 Chen et al. (Belle), PRL 98, 031802 (2007) [492 fb™]

» 60

a : 40
Lo !

o 40} 30
PR 20
2 20}

£ | 10
W of Of
> e :
20.55 0.5:
e O: O
5-0.5: 0.5;-

75 5 25 0 25 5 75 75 75 5 25 0 25 5 75
-EAt(ps) -EAt(ps) At(ps)

A. J. Schwartz Flavianet School 2010, Bern: B Physics 23
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FrvA

@, (B) with other final states

et

b—ccs World Ayerage "I 0.67 = 0.02
Si H(Z(I)eff m """"  BaBar : ——— || 026x026x003
FPCP 2010 o Belle : s 0.90 3%
PRELIMINARY e BaBar ! 0.57+0.08=0.02
= , Bele ! 0.64 +0.10 + 0.04
< BaBar 090950
=> sin(2¢,) values from X Bele — ' 0.30 = 0.32 + 0.08
b— qqs now appear X ¥ BaBar ! g ~f ! 0.5520.20=0.03
consistent with values s Belle : —ft—— 0.67 +0.31 = 0.08
from b— ccs. Previously, > BaBar h———f| 0.35732%40.06 = 0.03
WA appeared lower... °. Belle i 0.64 702 +0.09+0.10
8% BaBar § - ' 0.55 7055 = 0.02
3 Belle > © 0.11£0.46 = 0.07
> BaBar . 0.60 *31%
.© Belle : i 0.63 %015
f,K,  BaBar : § 048+ 0.52 + 0.06 = 0.10
f,Ks ~ BaBar : — 40.20 & 0.52 + 0.07 = 0.07
o’ K, BeBar—— § | -072:0.71:008
¢on°K, BaBar g — 0.97 *5%
n v K NBaBar — goo1»os1+005 = 0.09
X BaBar : i | ——: 0.86x0.080.03
,Li Belle § {—0.68 = 0.15 = 0.03 32}
b—>qqs Naive average o : 0.64 = 0.04

-2 -1 0 1 2

A. J. Schwartz Flavianet School 2010, Bern: B Physics 24



Measuring mixing phases, cont’d

sin(2¢,) values from b— qqs appeared lower than values from b— ccs, but

theory predicts slightly higher:

Bevan, arXiv:0812.4388:

f8(980) K’ -;Not including LD amplitude
YIKO : -
K" E——
|
o K° E—
______________________________________ T
0
KO —
______________________________________ . R
o K° —
______________________________________ A
" K’ I
1 1 1 1 | 1 1 1 1 | 1 1 1 1 - 1 1 1 | 1 1 1 1 | 1 1 1 1
-0.3 -0.2 -0.1 0 0.1 0.2 03

AS = sin(2¢4)qqs - SIN(204) k0

B Beneke, PLB 620, 143 (2005), QCDF
I Williamson, Zupan, PRD74, 014003 (2006), SCET/QCDF
B Cheng et al., PRD72, 014006 (2005), QCDF

B Gronau et al., PRD74, 093003 (2006), SU(3)

A.

J. Schwartg

]3)0 §\%§<§:

could this be sign of new

phases from supersymmetry?
(i.e., 41 new phases in MSSM)

g

b —— -— 8

By WOk )

) 8
_d - d

A future flavor factory
will clarify this
(current measurements statistics
limited, expect factor of 5-10
improvement in AS)

Note: the benchmark value from
B — J/y K° will be improved
by LHCb

Flavianet School 2010, Bern: B Physics 25



Miy Ay (Vi) (VoY)

My, Af Via Vio Vb Vd
_ _‘QZ‘Qd/(VJqud)
=V Vi (Ve Vi)
[M]e’?
T M
— 20,

=|A_=0 & =sin(2¢,)

T

...iIf no penguin. But there is a penguin
contribution (with a different weak phase),
which breaks these equalities:

S =V(1- 2, ) sin(2p,+ x)

A. J. Schwartz Flavianet School 2010, Bern: B Physics
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FaviA| Measurement of ¢, (o) with B'— mtm - :

SH]

g

Y

g

Ol

|

SH]
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FlaviAA

10

$ %500 7 — Total
- ot
BELLE (5400 a K
) (q\ I A I Continuum
Ishino et al. (Belle), o300 M- Three-body
PRL 98, 211801 (2007) = ;
[500 fb'] 0200
- ; -
2100 ;""_"fi'-"-'l'_; """" ¥

A. J. Schwarty

Measurement of ¢, () with B'— n*m - :

LL

05270 02 04
AE (GeV)

[\®) W
o o
o o

o)

No. of n*n” events
o
o

Aubert et al. (BaBar),
arXiv:0807.4226 [426 fb]

Asymmetry
cooo
N A OO -

=)

-0.2
-04
-0.6
-0.8

2N

-III|III|III|I Il\ll III|III|III|III|III-

Illlllllllllllll\ll III|III|III|III|III

-1

1
AN~
1
n

Flavianet School 2010, Bern: B Physics
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BELLE

Ishino et al. (Belle),
PRL 98, 211801 (2007)
[500 fb]

Aubert et al. (BaBar),
arXiv:0807.4226
[426 fb1]

Cer

Measurement of ¢, (o) with B'— w*x-:

+ -
T T Scp VS Cp @

PRELIMINARY

---------------------------------------- - BaBar -
Belle 5
1 Average

-0.8

-0.6 -0.4 -0.2 0

Contours give -2A(In L) = sz =1, corresponding to 60.7% CL for 2 dof

A. J. Schwartz Flavianet School 2010, Bern: B Physics
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FlaviA| Maximum likelihood fit to At (B'— n*m°):

net

‘Ci — /|:f7T7TP7T7l'(A t,) —|_ fKﬂ'PKﬂ'(A t,)} : th(Atz T At,)

+ f, P (At) - R (At — At) dt

99" qq

—|At| /g
P](S.Eo)_>7T7T — € N { 1+4q(1—2w,) [.AmT cos(Am At) + S__sin(Am At)] }
e~ At/
P = o { 14 q(1 — 2w,) AT cos(Am At)} (A, =—0.109 £ 0.019)
B
oAt /74
P. = f————+1-f)0(At),
2T _
aq
f Fﬁw(AE9 Mbc).fﬁ(ﬂ-ﬂ-)

N [Fﬂ'ﬂ'(AE’ Mbc) + FKW(AE7 Mbc)]'ff(ﬂ-ﬂ-) + qu(AE? Mbc)'fﬁ(qq)

A. J. Schwartz Flavianet School 2010, Bern: B Physics 29



FlaviA| Isospin decomposition for ¢,(Q):

Gronau and London,

PRL 65, 3381 (1990) A(B° — -
( \/; T )+A(BO—>7TO7rO) = A(BT—7atx?

‘A;‘;l_ = \/a+—(1—Aﬂr) A(§0—>7T+7T_) A(B 00 _ A(p- r
Ay = Jar-(1+ A, /3 +AB —rn) = A(B"—w w)
A% = \AO = Va%*
‘A?ﬁz = ‘ —|—‘AO+2—\/_‘A ‘A ‘cos(w—&/2)

A
’A?ﬁ'z = ‘ ‘ + AT —ﬁ‘ZE_"Az@O’cos(w—l—m/Z)
By = (\A a2 = e
By = (|a%f+A)) /2
BL™ = |An <TBi/TBo> = a0 (1 /70)

0.0 A o

A" = ‘ th‘

Ay’ \A&? :
AT = A,

S&ﬂr— _ \/W sin(2¢, + k) = all determined

6 parameters + 6 observables
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FrvA

Isospin analysis for ¢, (Q):

net
2( —») Z (wexp o wth)z + ( 7r+7'r 7'r+7'r ) @ --- B — n;w (BABAR)
X Y o2 Xrc S --- B (Belle) e CKM fit
P 3 B — mux (WA)
1 1.0 | T I.I‘I T T T I T T T I T T T I T T T h"l T T I'I‘I TAT I I“I T I I,‘f T

L (D i l,|| ' | \ ' \ H|\ )

0.8+ @ 0.8 ,' || : -

' BELLE it i ]

’ ;o .’ V]

506" g R ;’ \

(&) ! B : i Y

- 0.4 \ oAt ,-' !

02 \/ \/ o2 5 | : ]

O weu .......‘...........‘. .......... ‘............‘ ........... presneen 0.0 : \'J}j._I;LJ 1 I__L'j 4 1 1 1 | L1 1 | 1 L1 | 1 1 1 | 1 1 1 :
0 30 60 90 1 20 1 50 1 80 0 20 40 60 80 100 120 140 160 180

¢, (degrees) ¢, (deg)
NOZ{VM --- B —pp (BABAR)
. . vonos T --- B — pp (Bell
Same isospin T
analysis for 1.0 l‘ T T T T T I T T T I T T T I ,1‘ :I I T T T T T T T T T

B'— pp system:

A. J. Schwarty

CKM fit '

1
no ¢, meas. in the fit

R B P

Flavianet School 2010,

40 60 80 100

120 140 160 180



FlaviA| Relation among ¢,, 0, and |P/T|:

Gronau and Rosner,
PRD 65, 093012 (2002) AB*—ntnT) = — (|T|e®rei®s + |P|er)
AB’—-ntn™) = — <|T|ei5Te_i¢3 + |P|ei6P>
A i(6+¢3)
= A — qA‘/TTl': 2¢21+|P/T|6 3
T PAL 1+ |P/T|e' %)
(6 =6,—0,)
Take ¢, as measured
in B"— J/iy K decays A = A2 —1 _ —2|P/T|sin(¢,+¢,) sin d
_ o IAIZ+1 1 —2|P/T|cos(¢,+¢,)coséd + |P/T|?
=> 2 constraints, 2 Tm\
3 unknowns S = —
A2+ 1

2|P/T|sin(¢, —¢,) cosd + sin2¢, — |P/T|* sin 2¢,

1 —2|P/T|cos(¢,+¢,)coséd + |P/T|?

A. J. Schwartz Flavianet School 2010, Bern: B Physics 32



FlaviA| Constraints among ¢,, 0, and |P/T):

net
-:J 1
-] 2 For any |P/T]
- z d < -4° (95% CL)
g & For any 6
* ) \P/T] > 0.17 (95% CL)
3100
o,
o 180
140
']E':' [ ]
1 1.2 o
N 0.8 . B 2 1.E 3
IPIT _ e !
1.2 :
A&: 1 =
RS
J.G
For |P/T|=0.6 (for example) gf
72° < ¢, < 146° (95% CL) F

G2 41 ) B 100 120 140 150 180
AR N T
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FlaviA| Measurements of ¢; (y):

u
(@) ® 2w g
w*,’ - . W
b V.:b," C B \6.& -
- S
B+ . " D() - - K+

Relative weak phase = Arg [V, V.o /(V V)]l =y

Final states f in which both D°— f and D°— f are possible will have both
amplitudes contribute: the subsequent interference causes CPV.

1) GLW method: use CP eigenstates
2) ADS method: use CF and DCS
3) Dalitz plot analysis: use 3-body

A. J. Schwartz Flavianet School 2010, Bern: B Physics 34



FlaviA| Measurements of ¢;: Gronau-London-Wyler (GLW)

net

Gronau and London, PLB 253, 483 (1991); Gronau and Wyler, PLB 265, 172 (1991)

u b
(a) (b) -

phase difference = y+0 (B+) or -0 (B-)

V2(B— Dp K)

\/2(B+_> DCP K+) B._> EOK_ Method:
measure 6 rates

reconstruct 2 triangles
extract y (¢3)

B*— DOK*
B-— DOK-

A. J. Schwartz Flavianet School 2010, Bern: B Physics 35




ﬁv_iA Measurements Of ¢3 > Gronau-London-Wyler (GLW)

B-— DOK-

Problem: the V ,-suppressed + color-suppressed decays B*—D°K*, B-— DYK-
have too small a rate to be well-measured at a B factory.

Solution: from two triangles we have (cosine rule):
Gronau, PRD 58, 037301 (1998)

2T (Bt —D,Kt) = A>+ A2+ 2AA cos(d +7) < A A(B-—D°K™)| _ )
— — - = =T
2I' (Bt > D,K*) = A+ A? — 2AA cos(d +7) A | A(B~— D°K")|

= | I((B*"-D,K")+T(B"—-D,K") = T(B"—=D°K")+T(B"—=D°K™)

=> this relationship eliminates the need to measure the small rate of I'(B*—D°K*)

A. J. Schwartz Flavianet School 2010, Bern: B Physics 36



net

FlaviA| Measurements of ¢;: Gronau-London-Wyler (GLW)

Define new observables: Gronau, PRD 58, 037301 (1998)

2
= 14 7+ 2r cos 0 cos ¢,

B(B-—D°K~) —|—B(B+—>50K+)
Al B(B_—>D1K_) —B(B+—>D1K+)
B(B_—>D1K_)—|—B(B+—>D1K+)
.A2 B(B_—>D2K_) —B(B+—>D2K+)
o B(B‘—)DZK_)+B(B+—>D2K+)

o = 2|[B(B-—D,K~)+ B(BT—D,K")|
'~ B(B-—D°K-)+ B(B+—D%K")

S 2|[B(B-—D,K")+ B(BT—D,K™)]
. =

2
= 14 r°—2rcosdcos ¢,

_ 2rsindsin ¢y
R,

—2r sin d sin ¢4

R,

=> 4 observables, 3 unknowns (r, 6, ¢;), solved

Last problem: the ratios R, and R, depend on D,, D,, D°, and D° branching
fractions to the final states used; some of these have notable uncertainty.

Solution: define 2 more observables: b
Gronau, PLB 557, 198 (2003) R72 =
= R1’2 ~ RD1’2/RDO RD0 =

B(B~-—D,,K)+ B(Bt*—D, ,K™)

B(B~— D, ,n~) + B(B*— D, ,7")
B(B‘—)DOK_) — B(B+—>DOK+)

B(B-— D%—) + B(BT*— D%xt)

A. J. Schwartz Flavianet School 2010, Bern: B Physics 37




Events / (0.0175 GeV)

CP even:
D'— K*K-, n*m
20149 +16 2 3
S0 B —>D'K -
CPeven I
40
20

-0.1 0.05 0 0.05 0.1 0.15 0.2
A E (GeV)

Rep, = 1.06 = 0.10 = 0.05

Acp, = 0.27 +0.09 = 0.04

A. J. Schwarty

Events / (0.0175 GeV)

Measurement of ¢, via GLW:

Aubert et al., PRD 77, 111102(R) (2008) [348 fb'']

N N o0
(=] o o
TTTT

[\
o
TTT

80
60
40F

20

0.15 02
A E (GeV)

0.1

Rcp.=1.03 +0.10 = 0.05

Agp. =-0.09 = 0.09 = 0.02

Flavianet School 2010, Bern: B Physics

flavor eigenstate:
D’— K- n*

D
(e}
(=}

Events / (0.0175 GeV)
) N
S =)
S S

1872 +51 7

4000

3000 - without en-

hancement A

2000 F 3

1000 F =

0 E ! Tl dat -\-'—-t-w------xa ~
-0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

A E (GeV)
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FlaviA

net

Measurement of ¢, via GLW:

Include Belle results [250 fb-1, PRD 73, 051106 (2006)] and also B— D K, DK":

Rp Averages

Beauty 2009
PRELIMINARY

Ap Averages

‘ Beaut! 2009

PRELIMINARY

o
[6]

< :

N4 Belle
o :

*O

Average

. BaE:§ar i © 1.06:0.10+0.05

©  Belle 1.13+0.16 = 0.08

:c% CDré: 1.30 £ 0.24 £ 0.12

- Average 1.10 = 0.09
""W;éﬁééE;éék """""""""""""""""""" 1.03=0.10 = 0.05

x Belle 117 +£0.14 = 0.14

Q% Avefrage 1.06 = 0.10
";émwéa’E:iék ''''''''''''''''''''''''''''''''''''''''' 131013003

X Belle 1.41 = 0.25 = 0.06
& Average | bW 1832012

5 BaBar Lk 1.09 + 0.12 = 0.04

X Belle 1.15+0.31 £ 0.12

+ & Average 110 £0.12
| BaBar ———247+035+009
g veage | = *—] 2172036

0O @© BaBar 1.08 +0.27 + 0.13

% Aveirage 1.03  0.30

a
-1 0 1 2 3

A. J. Schwarty

Average .

’ . BaBar 10.27 £ 000+ 0.04

<  Belle 0.06 = 0.14 = 0.05

i.) CDF 0.39 £ 0.17 = 0.04

e Average 0.24 + 0.07
o & BaBar = P -0.09 = (.09 = 0.02

S Belle 012+0.14+0.05

S A;verage -c§.10 +0.08

-0.12 = 0.08

0.06 = 0.10 = 0.02
0.13+0.30 = 0.08
0.07 £ 0.10

0.09 = 0.14

-0.23+0.21 +0.07

-0.23 + 0.22

Flavianet School 2010, Bern: B Physics

*
X
. o -
L 1O '
-1.4 92 -1 08 -06 -

02 0 02 04 06 08 1 12 14
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I—_IauA Measurements Of ¢3 o Atwood-Dunietz-Soni (ADS)

y

Atwood, Dunietz, and Soni, PRL 78, 3257 (1997); PRD 63, 036005 (2001)

For the “common” mode (reachable from both D° and D°), use a final state f such
that D°— f is Cabibbo-favored (CF) and D°— fis doubly-Cabibbo-suppressed (DCS).

Then interference between two competing amplitudes can be larger than in GLW
method

A(B- —D°K- —[K+tn-]K™) |’
A(B- —DIK—-— [Ktn—|K~)

-

B Dysp. K

2
*
‘/::b Vus

Vu b ‘/cﬂ.;

>B(D°—K*rn™)
B(D°— K+x~)

a,

Q

a,

Q

(Lf @)2 (0.33%) ~ 3

0.10

color suppression

A. J. Schwartz Flavianet School 2010, Bern: B Physics 40



I-_IaﬂA Measurements Of ¢3 o Atwood-Dunietz-Soni (ADS)

Expand GLW formalism to apply to non-CP common states:

B'— Dy, K

B*—D K-+ K*
B-— DOK-

B*— D°K*
B-— D°K-

I'(B-— Dy, _K~) = A°C?*+ A*C” + 2AACT cos(8, + 6, + )
(BT —>DK_7F+K+) — A’C? 4+ A2C? +2AACC cos(d, + 9, — )

Note: I'(B —D, K ) =T(Bt—D,, K") ~ A*C?

A JAB —D°K7)| _
(4=

|A(DO—>K )| )
|A(B-—D°K~)|

T JAD'—K-x+)| P

5
Q\Q|

A. J. Schwartz Flavianet School 2010, Bern: B Physics 41



FaiA| Measurements of ¢3 . Atwood-Dunietz-Soni (ADS)

I'(B-— Dy, _K~) = A°C*+ A*C” + 2AACCT cos(8, + 6, + )
(BT —>DK_7F+K+) — A’C? 4+ A2C? +2AACC cos(d, + 9, — )

<§ _ |A(B-—D°K")| _

_ JAMD =K~ _ )
A~ |AB-SDK-) —'® D

T JADY S K-t

Qlq

Define new observables:

R B(B——)DK'*'W—K_)+B(B+_>DK—7T+K+)
ADS B(B-— Dg-+K~)+ B(Bt+— Dg.-K%+)

= r% + r% + 2rgr,cos(d, + 6,) cos ¢,

" B(B™— Dy, K7)—B(B"—Dy_ K")  2rgr,sin(d, +d,) sin ¢,
ADS

B(B-— Dy, K-)+ B(Bt—Dy . K*) R aps

=> 2 observables, 3 B-related unknowns (rg, §,, ¢;), need to use external
information (in addition to external rp, 6,)
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FrvA

Nnet

1ICL

25 Dk+rp K
> L
2 200y o
= =
o o
N [x -
T 15 ~
0 o
= [
< )
O 0.1 ‘ >
1T} I, | L
Y “p
A_AJJ_A_t_tJ_u_A_Ex/LTTL‘L\Fﬁ.M——‘ T N N N
0.2 0.3
400( B
r 8000F DK-n+ T
350f E
B 7000F
> 300 > s
) - @ 6000
= o505 = F
e “Y% 2 50001
~ ~ N
@ 200f 4 a000f
5 r qC, E
150
> E >
& 7)) 3 3000
100 2000f
50 1000}
0»" e ) ol o | L
0.2 0 0.2 0.3 -0.2 -0.1 0.2 0.3

0 0.1
AE (GeV)
A. J. Schwartg

AE (GeV)
Flavianet School 2010, Bern

: B Physics

Measurement of ¢, via ADS:

Horii et al. (Belle), PRD 78, 071901(R) (2008) [605 fb-']

For B— Dy, K : no significant
signal (1.30 excess)

(rate is too low, the original
problem of GLW analysis)

AADS

—0.119% + 0.4

(no constraint)

+0.62 4-0.20
(078 —0.57 —0.28) %

2 2
’I“B—I—’I“D—I—

21 T cos(d, + 6,) cos ¢,

= rg<0.19

[cos(5,+5,)cos¢p; = -1, 90% CL]

43



Measurement of ¢, via ADS:

Aubert et al. (BaBar), PRD 80, 092001 (2009) [345 fb’] :
to increase statistics, use neural net and B-— D K- decays,
where K-— Kg

%/0.02

- N W A O N @ ©
o

D K+7- K

| e
> 00 0‘.1 0.‘2 0.‘3 0.‘4 0.‘5 0.‘6 0.‘7 0.‘8 0.‘9 1
&- 8 é’ ) Jl} . +l NN Output
G mp 5 ITL T .
> 2| D K* For B— Dy, K- , signal is
= S8 visible (fit yield: 11.5 £5.3
T o 0 6 events). Rough asymmetry
g 120 Al measurement is possible.
Q@ 100
LESO 2# Lﬂ T LLHJL
o JECE L N
52 5.22 5.24 5.26 5.28 53

mgs (GeVic?)

o
o

20

A,ps = —0.34 £0.43 £0.16

(consistent with zero)

52 5.22 5.24 5.26 5.28 53

mes (GeVic®) Raps = (6.6 £3.1 £1.0)%
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net

FlaviA| Measurement of ¢,via ADS:

Aubert et al. (BaBar), PRD 80, 092001 (2009) [345 fb-']

To constrain ¢; combine
both GLW and ADS results: 0.9 ;L |:l gm : rﬁ\?s
0.8 | — — - ADS only

1- confidence level

0.7 3

95% CL 0.6 =

10 (striped) 05 3

1.0 1T | 1T | 1T | 1T | 17T | T TT | T yl T TT | 17T 0_4 _z
— excluded area has CL > 0.95 3 0.3 =

- - 0.2 =

0.8 — — _%
E = E

0.6 — — =

GLW T>: § T T T T T §

o9 0.9 =

Q = =

o = =

c YO =

Q - =

S 0.7 —]

€ = =

o A o) =

S cF E

AF | =

ADS = 2 =
|||||||||||||II|III|III|III|III|III .E

00 / 5

0 20 40 60 80 100 120 140 160 180 = =

Y(deg) 0—...|...|...|...|.\../|...|...|...|...—

0 20 40 60 80 100 120 140 160 180
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FlaviA| Measurement of ¢, with a Dalitz plot analysis:

net

Giri, Grossman, Soffer, and Zupan, PRD 68, 054018 (2003);
Bondar, Proc. of BINP Anal. Meeting on Dalitz Analysis, 24-26 Sept. 2002

For the “common” mode (reachable from both D° and D°), use a 3-body final f
state such that the formalism for extracting ¢, can be applied to every point in
the Dalitz plot; this increases the sensitivity. Best sensitivity is for f = Kg n*m

G (b)
0
Vaus K+ \\\ C D
W+ I’ S \\
. ll' _

B G G 13() u “ K
M, = A(miv m?) + re'®t9) A(m?, mi) m, :mgg, wf;
m_ =m(K,, ™
M_ = A(m?, mi) -+ rei(‘s_%)A(mi, m?) A(B+— DYK™)
r = A . 1—0.2
A(B+—DOK*)
2 2 2
M. = () |A(mE, m2)[" + (r%), |A(mE, mD)" +
2 (A(mi, m?)||A(m?, mi)‘ r cos(d + H(mﬁ_,mz_) + ¢3)

Amplitude A(m?, m?) determined from D° — K}ntn~ Dalitz plot
(continuum production)
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FlaviA| Measurement of ¢,via Dalitz plot analysis:

net

Paw » Y Foluekiov et al. (Belle), PRD 81, 112002 (2010) [605 fb™"]

<O

= %1207--.----.----.--1,
= | DK =200
©100 | 1 =
a [ Q175
To increase statistics, use E 80 | 1 @150
B-— D% K- and B-— D° K-, with 60 I {1 5§15
D —D%z° and D® —D% 100 |
(in all cases D° — Ky vt ) 40 | ] 75
I 50
0 e 20 | §l |
For B-— D° K" (most sensitivity), < 25 l
L} 2 e —,—,—,—,—,—,—,—,—,Y— | | i S ]
require My,.> 5.27 GeV/c?, L 0 0.1 07522 524 526 528 5.3
|AE|<30 MeV. AE (GeV) M, (GeV/c?)
Yield: 756 events, 70% purity S o5 F————— T o
’ § [ D*0 K' § 35 7 EZZ]  signal _
w | DO—Dy0 o | 0 B=[Da'a -
. @20 - ] §3°?mm BBbar E
The decay model is s | @ 25| D charm ]
determined from continuum w15 | 1 = B wes |
D*—Dz*, D° — K ' ; | | @20 ‘;
this gives a sample of 290k 10 1 15 3
events with purity of 99%. | | ] 10 | :
] 5 * i ‘
it [ * e ]
0 ‘ 0 ]
-0.1 0 0.1 522 524 526 528 5.3
AE (GeV) M, (GeV/c?)
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BELLE

<O

Measurement of ¢;via Dalitz plot analysis:

Fit Dalitz plot with

=y Poluektov et al. (Belle), PRD 81, 112002 (2010); PRD 73, 112009 (2006)

Isobar model:

m?2 (GeV?/c?)

DK ntw 15}

f(m3_7 mz—) —

Fit fraction f

Za e'%i A, j(mi,m?) + Qpr g€ P NR
7j=1

//|aj ei“’jAj(mi, m?2)|? dmfL dm?

S a,e%A (m?,m?) : dm? dm?
J J e +

control [
sample: 1} ]
05 2
0j5 I 115 :I! 215 3
m?2 (GeV?/c%
5000 |- ‘ ‘ ¢ ‘ ‘ ‘ ‘

4000 |-

3000 |-

Entries/0.02 GeV?3/c*

2000 |-

1000 |-

L L L L
0 0.5 1 15 2

L
2.5

3

m2 (GeV?/c?)

A. J. Schwartz

25000 |-

Entries/0.02 GeV%/c*
g g
8 S

10000 |-

5000 |-

L L L L L
0 05 1 15 2 25 3
m?2 (GeV?/c*)

Flavianet School 2010, Bern: B Physics

Intermediate state Amplitude Phase (°) | Fit fraction (%)
Kgsoq 1.56 £ 0.06 214+ 3 11.0 £ 0.7
Kgp® 1.0 (fixed) 0 (fixed) 21.2 4 0.5
Ksw 0.0343 £ 0.0008 | 112.0£ 1.3 | 0.526 £0.014
K5 f0(980) 0.385 £ 0.006 | 207.3 4+ 2.3 4.72 £+ 0.05
Kgoo 0.20 + 0.02 2124+ 12 0.54 £0.10
K f>(1270) 1.44 +0.04 3429+ 1.7 1.82+£0.05
K fo(1370) 1.56 £ 0.12 110+ 4 1.9+£0.3
Ksp°(1450) 0.49 £ 0.08 64+ 11 0.11+0.04
K*(892)+7T_ 1.638 £0.010 | 133.2+£0.4 62.9 £ 0.8
K*(892)~m 0.149 £0.004 | 325.44+1.3 | 0.526 +0.016
*(1410)+7T 0.65 £0.05 120+ 4 0.49 £ 0.07
K*(1410) 7 0.42 £0.04 253 £5 0.21 £ 0.03
K§(1430)+ 2.21£0.04 35689+ 1.1 7.93 £0.09
K;(1430)™ 7w 0.36 £ 0.03 87+ 4 0.22 £0.04
K§(1430)+ﬂ' 0.89 £0.03 3148+ 1.1 1.40 £ 0.06
K3(1430) 7 0.23 £ 0.02 27546 | 0.093+0.014
K*(1680)+Tr 0.88 £0.27 82+ 17 0.06 £ 0.04
K*(1680)~ 7 2.1+£0.2 130 £ 6 0.30 £ 0.07
non-resonant 27£03 160 =5 5.0+ 1.0
48




D

\

BELLE

605 fb1
756 evnts
70%
purity

351 fb-!
610 evnts

A. J. Schwarty

(GeVZ/c?)

2
+

m

3

(GeV¥/c?)

25

2

m

2

m? (GeV?%c?)

m? (GeV?%c?)
Flavianet School 2010, Bern: B Physics

Measurement of ¢;via Dalitz plot analysis:

Fitting:

Unbinned maximum
likelihood (ML) fits to
separate B* and B
samples. Fitted
variables are m,, m.
M,., AE, cos6,, and a
Fisher discr. F.

For B-— D K- four
types of backgrounds
are considered:
continuum u,d,s:
continuum c; BB
except DOx; and DO .
L evels are obtained
from M, -AE fit; Dalitz
plot shapes from MC.
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net

Measurement of ¢;via Dalitz plot analysis:

- Fit results:
Define “Cartesian” QB% ]

fitting parameters:
B*— DY K*
2, = 1y cos(d + dy)
Y+ = r4sin(d + ¢;)
B-— DK
x_ = r_cos(d — @,)
y- = r_sin(d — ¢;)

These fitted parameters have
low fitting bias, negligible
correlation, and are Gaussian-
distributed.

Price: need additional
procedure to translate into
confidence intervals for
physical parameters r, 6, ¢;.
Belle constructs frequentist
confidence belts and uses
Feldman-Cousins procedure.

A. J. Schwarty

> 0.4

0.2

garaes < —
@ :

__ k_/B+—>DK+ _
-04:4: | -OIZ | IOI I012 I0T4
X

e

0
0 50 100150200250 300 350

d3 (degrees)

Flavianet School 2010, Bern: B Physics

> 04 M T o, K

- ---- B—[Dyl;;.K with A0=180"
0.2}

T

0.35 | _
0.3} -
0.25 | :
0.2 |
0.15 |
0.1Ff
0.05 |

0 50 100 150 200 250 300 35
d3 (degrees)

S0




B*— DO K+ g 300 E-B_>D0 K _
x, = r4cos(d+ ¢,) -§250§— _:
Y+ = r4sin(d + ¢,) Zzoof- _

B-— D' K- 150

x_ = r_cos(d — @,) 100 : :

y- = r_sin(d — ¢,) 50 | :

d3 (degrees)

Final results for B— D° K

€L
Y+

[605 fb-] :

—15.7

Results for B— D* K:
— +0.105 4+ 0.047 + 0.011

= +40.177 £ 0.060 £ 0.018

—20.2
—0.072

§ = (341.717%5°

A. J. Schwartz Flavianet School 2010, Bern: B Physics

ol
0 50 100150200250 300 350

L S

0.35 |

0.3
0.25
0.2
0.15
0.1
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Measurement of ¢;via Dalitz plot analysis:

0 50 100150 200 250 300 35
d3 (degrees)

decay model error

¢, = (80.811%% +5.0 £+ 8.9)°

—0.107 =+ 0.043 £ 0.011 7 0.161 Tpos0 &+ 0.011 1-0%0
= —0.067 + 0.059 £ 0.018 § = (137.47130 4+ 4.0 4 22.9)°

r = 0.196 7070 £ 0.013 T2

—0.012

+ 3.2 4+ 22.9)°
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78.4 +10.8\0
_ +18.9 o ( _11'6)
(]53 = (73.9 + 4.2 :|:8.9)




FlaviA| Measurement of ¢,via Dalitz plot analysis:

net

Aubert et al. (BaBar), PRD 78, 034023 (2008) [351 fb-']

To maximize statistics, use B-— D°K- and B-— D°K- (D —D°%x°, D ) with
D° — Kyt and D° — K K*K-. Also B-— D()° K~ (D° — Ks it only)

‘ T T T T T T ‘ T T T ‘ T T T T ‘ T T T T T T T T T ‘ T T T

o ol
ol ol
: 5 .
G 16 G 16
aNO [y (=]
£ £

e .o 1 |
1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1 l 1 1 1 l 1 1 1 1 1 l 1
1 1.2 14 1.6 1.8 1 1.2 14 1.6 1.8
m2 (GeV%c?) m?2 (GeV%c?)
control sample:
— ———T e B T T U L " —T —— T T — g ¥ y " r Y78 wa ke T —— T
DK, D° > Ksa'w | > | DYK, D' —»Ksw'mw = |D'K, D" > KsK'K'| > | DK D° = KsK'K| s = hoo po Sk i
05 4 oS ] 0.5 0.5~ - 7 0.1~ N
° ‘ 1T ‘ 1o of 1 ’ ]
03 4 05 . _0.5; _05; - ] I 1
L t l i -0.1 7
L | | P | | | L | L 1
0. 05 0 05 T ‘ TR -
" ' " x x* * ‘ * X 03 0 03 o1 0 o1
x* X
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FlaviA| Measurement of ¢,via GLW, ADS, Dalitz:

net

Combining all data (by CKM fitter group, ckmfitter.in2p3.fr ):

@ --- D(*) K(*) GLW + ADS WA
fitter .
Beauty 09 -T T D(*) K(*) GGSZ l:l Comb|ned
Full Frequentist treatment on MC basis —— CKM fit
1.0 i | | | | | | | |,'I | | | | | Il‘l | | | | | | | | | | I'l-‘l | | | | | | | |
- N * R _
- R il
08 — i \_‘ .
I N ]
L / \ i V . —
4 0.6 [~ ‘ i _ [combined]
- / \ _ +22 o
L|) - ’ ' . (73 -25)
- ? \ .
T 0.4 — \_‘ .
i \ |
0.2 — \_\ .
0.0 R [T LLJ\\..-L_L ]
0 20 40 60 80 100 120 140 160 180

o, (deg)
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FlaviA | The Unitarity Triangle from angles only:

10

" ] = - % >k %k J—
Triangle consistent with closure: V.V .+ V.,V +ViV,, = 0
0-7 | :.0 1 1 | 1 1 1 ! 1 1 1 I 1 1 1 I 1 1 1 I 1 ) 1 I 1 1 1 ]
0.6 sy ¢ | | fitter
B3 3 : Beauty 09 —
g i =
05 — @ : : 7
: g Sln 2¢1 : sol. ' w/ cos 2¢1<O :
L : (excl.atCL>0.95) ]
04 3 : ]
= — |3 ! -
0.3 — b, -
02 [ i 3
0.1 — =
0.0 : 1 |¢2 1 I 1 1 1 :
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

BUT: measurement of triangle sides has some “tension” = next lecture...
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FlaviA| Measuring decay phases

Another way to test

phases, test for new

amplitudes:
search for

I'(B — f)

direct CP violation

A. J. Schwarty

p

A, = |Ay e e
A = |A,| e e

|A; + A,

A¢ — ¢t—¢p
AS = &, — 8,

[Ad® + [Ap]* + 4| A¢]| Ap| cos(Ad + AD),

)

— |At| e—’id)t eiét

A = |A,| e etr

— — — - 12
rNB—f) = |[A+A,
= |A? + |Ap|* + 4| Ay

Ap| cos(—Ag¢p + AJ),

= |Aqp =

I'(B— f)—T(B — f)

(B — f)+TI(B — f)

ox sin A¢ sin Ad
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