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Outline

e Why measure o

e B-physics laboratory — BABAR

e Latest results on hadronic b — wu:
- B — 77
- B — pr
— 5 — pp

- B — aqm

e Penguin pollution and «

e Prospects with o

e Do we understand penguin
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Standard Model of Matter

e Fermions (spin:%) —- occupy space and constitute matter

matter anti-matter
quarks leptons anti-quarks  anti-leptons

(d\(u) (e[ w) (d\(a) (e[ w)

S C ] Vy S o Vy
AN AR NSNS
-e/3 2e/3 -e 0 Q e/3 -2¢/3 e 0

Sl BN

e “Forces” (bosons mediate interactions):

Electro-Weak (v, 2, W¥)
Strong (gluons) c

Gravity (not in model yet...) e
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Standard Model of Interactions

o Weak Z e EM (photon) 7 e Strong (gluon) 8
d—< d d
d d d
W— e Weak interactions are special:
g change of “flavor” and “family”
L
(e.g. b— u)
“L d'y = Vg - |d) + Vs - [8) + Vi, - |b)
W+
) violate C'harge and Parity symmetry
d%{ weak violation of CP
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Look Beyond the Standard Model

e Why does MATTER dominate (Sakharov):

— C'P-asymmetry
— baryon non-conservation
— non-equilibrium

e Need something beyond the SM

— C'P-asymmetry not enough
— dark matter ...
— Higgs and mass hierarchy problem

e New Models (e.g. SUperSYmmetry)
quarks (spin=3) TAYER s§uarks (spin=0) (d\(a)

S C heavy — S
SPANY YA

bosons (spin=1/0) W,Z/H XY, X7 (spin=1) (dark matter?)
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B-Factory Design Measurements

e Rate B — X = |A]* = (X |Hiw|B)|* = learn Hiy
e Rates B — X vs. B — X |A| # | A| = direct CP-violation
e Rate with time B’— B%(t) — X and B"— B(t) — X

D(t) o< e /™8 (1 4 C x cos(t/Tmix) TS X sin(t/Tmix))

C ‘A| — |121‘ gzoo ., BaBAR
S o< sin (arg(mix) + 2 arg(A/fl)) é
it
5(b) ‘/752 C t%d d g . 4 .
< E I
KB KA(B7) B Ve ¢
€ & -05/- A
4 Vie Ve s D22 modes

A= (Np— N3)/(Np + Np)
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B-Factory “Physics Book™

e Measure sizes and phases of quark-mixing d,s
|d") = Vg - |d) + Vis - |s) + Vi - |b), etc

/ d’ \ ( Vud Vus Vub \ ( d \
s =1 Via Vs Vi S
\ 0" \th Vis th)\b)

e Overconstrain Unitarity Triangle:

b—ulv B omm B°B® mixing
B— py
S 4 ¥ . .
&f ’ “ (e) Phases = CP-violation
Y B = arg[_%d%b*/vudvub*]
Ved Ve S = sin(2a) with b — u (BY — 7f77)
Bs— pKs Bi WKs
B DOK" b— clv B ol G = arg|—VeaVey™ /ViaViy™]
B~ mm, K S = sin(23) with b — ¢ (B — J/YK")
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Unitarity Triangle in 2004 (“before o)

15 T | | T T T T
. i ’excluded area has CL<0.05‘
(1) Sides :
1+
05
= 0 -
-05 -
-1 -
| ICHEP 2004 :
_1.5 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
-1 -0.5 0 0.5 1 15 2
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Unitarity Triangle in 2004 (“before o)

(1) Sldes : ' excluded area has CL<0.05

(2) €K

L | fitter

| ICHEP 2004

_1.5 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
-1 -0.5 0 0.5 1 1.5 2
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Unitarity Triangle in 2004 (“before o)

15 T | T T T | T T [ T T T T I T T T T
. " | excluded area has CL<0.05 | :
(1) Sides : - \\\
L é \

(2) ex

(3) Angle 3 o5

= O e e e

-0.5

N | fitter

_ ICHEP 2004

_15 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
-1 -0.5 0 0.5 1 1.5 2
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New Physics in Unitarity Triangle

e What if there is New Physics in mixing loop: 50) q d
NP NP Ko(RB° < ~ KO(RB°
Amd — Amd|1 -+ |ASM‘| (L | B W“,,C’,LWW (5)

sin(23) — sin(20 + arg(1 + {ﬁg;\leiqbw)) Y e s(b)

e Not much constraint without « or 7 (e.g. Agashe et. al, hep-ph/0509117):

ANP NP
A | ig )

sin(2a;) — sin(20 — arg(1 + ewme
v =7 — (o + ) not affected

15 i | — | — ‘ L L A A BB A ] 180 Il
: SM CKM Fit ] L 0 o
1r | ] wd EXC|Uded 95 /0 CI_ —os
i —0.7
05 - ] 120 .
100 '
¢NP5’ s
= 0 - ] 80
L —04
05 |- a 0 —03
40 02
1+ — 20 _01
% New Physics in B"B~ mixing

r 0 I |||||||| I T 1 1 71 I T 1 T 71 I T 1 1 71 I T T T 71 _0

15 L | Lo 1 \ \ 0 1 2 ﬁ 4 5 6

1 05 0 05 1 15 2 d

f’ | A /1A%
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Unitarity Triangle in 2006

e Recent results: — Am, in 2006
— « in 2004-2006 = overconstrain UT = NP constraints

L of
o N
<o
2.5
- excluded NP
2r . . .
L In By mixing

0O 20 40 60 80 100 120 140 160 180

P
e Statistical methods for illustration in this talk: (p’;'

— CKMfitter (www.slac.stanford.edu/xorg/ckmfitter)
— UTFit (www.utfit.org)

— other fitting packages (Frequentist /Bayesian)
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“Physics Book” sin(2a): B — nm

e With ideal b — u: S = sin2a with B(t) — n 7~

but “penguin pollution” Aa = sin(2a + 2A«)

A = QT - T + Qc - C -+ Qap - P
A 7 w? 7 . n
“Tree" b b < "Penguin
W*i? d wr ; “ 7 4
5 a d g q /&
u,d = u,d wu,d - u,d wu,d - u,d
isospin factors
ar ac ap | Branching (107°)
B — ata~ V2 0 V2 5.240.2
B — 7t 70 1 1 0 57+04
B — 7970 0 1 1 1.34+0.2

e Note isospin triangle: (1) A(m 7)) /vV2 + A(#x'7") = A(r"7?)
(2) no “penguin” in A(7w"7")

note: ignore small EW penguin, can include
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Measuring o with B — 7w

o A, —,+(t)=Ccos(Ampt) — Ssin(Ampt)

s=3ms N i
THE O

e Gronau/London construction: measure all B — 77
(1) no “penguin” in A(nt7Y) = exp(i2a) =
(2) 2A = arg(fl—z) — arg(%)

from isopin triangles:

sin(2a — 2A«q) = Im(%%)/w = S/V1— (72

o= gsin”! (S/\/1—02> + A«
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Measuring «: Taming the Penguin

1 .. —1

o B — )

— d

-S _and C..in B—an"n™ ’ T
u,d o u,d

— taming penguin pollution A« - main challenge e )

b d

o B — prrT ;:2;9;;‘1
— not CP eigenstate, more parameters u,d T

— interference = complexity, resolve ambiguities and penguin

o5 —pp
— similar to B — 7, but vector-vector, unique B — p’p" (new)

— three triangles: Aj, A (P-even), A, (P-odd)

e B — aint (new)

— similar to B — prr
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Another Aspect of “Penguin”

Z/
5 e No neutral quark-mixing (e.g. b — s, d) /&
beyond the Standard Model

S S
e Possible with virtual loop (penguin): ¢ s )
S
heaviest known particles in loops
t (~180 GeV) and W (~80 GeV) b >

e Sensitive to New Physics, e.g. H*, H/TW (¥V/X7) to ~500 GeV

S S
g _ g
t 5 q 5
b S b S

e First gluonic penguins (1996/97): B — 'K, wK,.. (cLEO, PRL 80, 3710)
SU(3) relate b — s to b — d penguin in B — w1 = large penguin pollution!
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Getting the B's



Producing B Mesons

e Need hundreds of millions B mesons to study ~ 109 decays

— ¢"e” collider PEP-II
— E(e7)>E(e") = boost B to measure decay time

“signal”: ete” — 1°(45)(bb) — BB
“background”’: etem — qq — “jets” Npp ~ 384 x 10°

12/03/2006 04:20

I
o
o

:Ij\\!\\\\!\\\\!\\\\!\\\\!\\\\!\\\\!\\\\l

BaBar

PEP Il Delivered Luminosity: 406.28/f = g
BaBar Recorded Luminosity: 390.85/fb
Off Peak Luminosity: 37.43/fb

W
a1
o

PEP-11
Rings ™

w
o
o

Positrons
—— Delivered Luminosity
—— Recorded Luminosity ~ j——
—— Off Peak

200l

N
A
o
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0| Y/ S,

OO s e
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BABAR Detector

e Silicon Vertex Tracker

e Drift Chamber

e Cherenkov Detector

e Electro-Magnetic Calorimeter

e Muon/Magnet system
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Event Reconstruction

e Fully reconstruct B decay products, trigger ~ 100%, photons

eg. B —mtr, (3)(), 7 () (), miE

e Do not fully reconstruct the other B, inclusive
from 1(4S) — BB

% S

I il
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B-decay Analysis

Fully reconstruct e.g. B — 77~ (vy)(77)

e Vertex

e Momentum

e Energy

e Particle Type ID

Constrain ee™ — 17(4S) — BB

e c ¢~ beam momenta beam spot

e ¢ ¢~ beam spot

Look at the other B

e Event “shape”
e Vertex -
e Flavor tagging (B/B)
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Silicon Tracker Resolution

M W
S Imp?ct parameter //7/\§\\ = =
(high pr) ~ 30um ‘// \\4% \\ ——
e Beam-spot o(x,y,z) \\\ \ ///‘ =
~(150, 5, 10000)pm \§£;¢/ ~> — e
e L
compare oaz, ~180um, Bvycrp ~250pum
R SN
- ':-'I. . . '— o h -
;;/:: 25 :'.:-: #‘U‘: ‘1-"# —'::‘H'.:r' ﬂ-"‘_al:"r N ':.__-H' *
s AdO resolution vs. ¢ -
Bl ~ e S Py
3 k-\_\_._/’f_ S &
= B _""I.l--'l-‘c B
O - N
-3.0 2.0 1.0 q) 2r(-)ad) 1.0 2.0 3.0



Tracking System

e Silicon Tracker (1) 4 Drift Chamber (2) = Particle Tracking

— (1) dominates position and angular
— (2) curvature (momentum) in the magpnetic field

momentum pr ~ 1.5GeV/c, o, ~ 10MeV/c

e S N BN A A NI
Cosmic track study _
—= 324 --—1015 1749 ~— 15 ' ¢#+~
| ~ | o447
§ '_Q"O/
& I 0‘6'0
£ 10p 5 |
= ~ o 4
—— 2 vy
b Q’O”O
\\ii/ o5 =
[ o(p)/p; = (0.5+0.1xp)% |
0.0_ 1 1 1 1 ] 1 1 1 1 ] [ 1 1 L 1 1 1 1
¢ 0 2.5 5 7.5 10
p; (GeVic)

Andrei Gritsan, JHU December 15, 2006



Particle |dentification

e Cherenkov angle 6. from DIRC [T s oo
PMT's

— prlmary K/ﬂ- Separathn Purified Water /\\
1?32550rg)1mmr11h\|/3||(dntﬁ?s I(_)igtr]c;[her ' \
cos(f.) = 1/06n , O.=f(p, mass) | o .
Trajectory \
. Wedge
— from 2.5 to ~100 separation e / e 1 et suraca—
- j %Baré / : tandoff Box
— boost = momentum /angle correlation 71 mmﬂ}ng"‘m o S
——4.90m —| - 1.17m }
) B B L B B L C B B L L N BN
Control 1 :
1200/~ BABAR Sample A 10 BABAR -
D tagged D—Krt | : _
1000 99 Q\b sl K/t separation -
& with DIRC
T
o
21 -
0 | IR R I T T [T SN T T AT TN TN N R ST N N A
1.75 4.25

K/t momentum (GeV/c)
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Kinematic Observables

e Reconstruct e.g. B—p'pt— (777 )(

— Vector resonance masses (m,)

e Separate signal/background (¢"e™—71"— BB)

__ 2
MEgs = \/E beam

500 T

—p2  AE=E®"—

w IN
3 3

N
3

events/(1.25 MeV/c?)

g

background

. BaBAR
- Control Sample

- B'=DT

Sample
1y B oD

B XTT |

N
o
o

events/(6 MeV)

0 L

e T Dy

>20 Mg (GeV/c?)

.15
AE_(GeV)
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Explore the Other B

o Tag flavor B vs B: (i i (
tag e

Btag — K+7 ,u+7 etc Y(4S) .- -

ot
K

Biag — K~ =, etc ol
effective Q:ZEi(l-Qwi)Q ~ 30% :

e Measure proper decay time At = Az/(Gvyc SN
®Res.(Az) ~ 180
e~ 1A/ % (1 £ S(1-2w) sin(AmyAt)...) es.(A2) s

study with B — D™ ~xT | etc

e Suppress “jetty” background: event-shape £ (NN, Fisher,..)

eTe” — qq eTe” — BB
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Computing and Analysis

e BABAR ~ Petabyte of data {%

(1) Select N ~ few k events/analysis:
fj — (mE87 AE? mg, eka "9 57 Qtaga At)

L

(2) Extract signal yield (vs. background) and parameters:
N —
likelihood L = exp (—an> H (an Pi(Z;; )) — maximum
i j=1 \ i
e Probability Density Function:
Pi(Z;) = Pin(mgg) - Pio(AE) - Pis(E) - Pia(Al, Qtag, S, C)
or in more complex case (angular/mass/Dalitz analysis)

Xpill(eka mrg, .., Ata Qtaga S) C) g)
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B — 7w



BY — gta—

e Combined fit of B — 777~ and K*x 7, DIRC PID in the fit

N, =075 %42 Ny = 2542 £+ 67 combinatorics

B B A B B 250 T T N EEE
‘51005 m . (S - ]
% N ES ] % 200; %ATBAR _]
S 8 + s - + \ reliminary
To) C u
g 60— N
@ 40F
. +
o Tt :
0 ﬂmfﬂ R B fﬁv“'f H PR R E R | ‘ R
5.27 5.275 5.28 5.285 5.29 5.27 5.275 5.28 5.285 5.29
Mg (GeV/C) Mg (GEV/S)
— 150F —~ T T —
I 3
E c§3 300 .
3 100 S f
a | @ 200 .
T 5o 3
m i W 100 7]
i - + 4+
B +)
0 S, i
- 0 Tty -
L, AT R . AT ob—— L e
-0.1 0 0.1 -0.1 0 0.1
AE (GeV) AE (GeV)

“sPlots” arXiv:physics/0402083

hep-ex/0607106
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CP(t) in B — ntn™

Ssin(AmAt) — C' cos(AmAt)

80
60
40
20
0

BY tag

Events/ ps

BABAR

Preliminary

80
60
40
20
0

Events/ ps

0_55_ Asym.

-0.5F-

A

Asymmetry / (2 ps)

0://—%—'\§T

2_ _
m_ -
A~

= | +_
@llllllllll

S = —0.53 £0.14 £ 0.02
¢ =-0.164+0.11 £0.03

0.5

-0.5

= | T T T T T T T T T T T T | T T T T | =

- . BABAR -
L FNgpreliminary:
i T ;;.,_/CL:O.9997§ i

S | | | | | | | | | | | | | | | | | | | | | A

-0.5 0 0.5 1
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BY — gt

e CP violation established in B — 777, in part due to penguin

= getting « is difficult

E Oéeﬁ‘:%Sin_l (S/\/1—02>
ICHEP 2006

PRELIMINARY
0 |

_ +—
----- BaBar--i- _ Qeff + A
Belle |
& Average

-0.2 -

<7

%

]
o
<

b0

2N
2\
Pe%
bt

5

%5
o

0o

7
K
%S

50

%

%
505

<2

%
”/

!
et

35
L

X

-0.4 -

(X
<
<

£
K2
<

<
<
K

55
0

3
35
5

<2

<
K

X

X
<2

ol

%

e
2
o<
o
(<5
S
>

oS

K

<D
X X4
bo%%
<

X
\:Q

-0.6

-0.8

need to measure:
B+

_y 0t
0.6

-0.4 -0.2

2 SCP
Contours give -2A(In L) = Ax” = 1, corresponding to 60.7% CL for 2 dof
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BY — 797 and BT — 7t #!

e Significant signal in both modes:

N(BO%WW)ZI4O:|:25 N(B* — 7'z %) =572 £ 53

S E@ < 150 .
\40 S~ |
g ]H # S )l
100~ =% —
o 30— TR +
02 % F &
*g O_ ..g 50% .és |
> S C
(11 10— 0 B
: i T +_.H#+HH 1]
C . | , ! | . | )
85 552 5.25 5.26 5.27 5.28 5.29
Mg (GeV/c?)

e No SY possible with B" — 77" (no vertex):
B = (1.4840.26 £0.12) x 107 B"" = (5.124£0.47 £ 0.29) x 107°
C" = —0.33 £0.36 = 0.08
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Penguin Pollution and o with B — 7w

B(10-°)

ar «ac ap

C

1 1 0
0 1 -1

5.1+0.5+£0.3

V2 0 V2158+0.44+03] —0.16+0.11+0.03

1.5£04%£0.1] —-0.33 £0.36 = 0.08

e Ambiguities: 4 triangle orientations = 4-fold A«
a <« (90° —a) = x2 = 8-fold a

e penguin pollution: |Aa| < 41° at 90% CL

—
3

—

1.2

1

0.8

0.6

0.4

0.2

BaBaA

preliminary

%

OL | |1

70 80
|a-aeﬁ| (degrees)

0

vs. 0(Qeg) ~ 5°

BaBAR

preliminary

1 1 I 11
80 100

1 I 11
120

1 I 1 1 1 I 1 1 1
140 160 180
o (degrees)
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5 — pp



5 — pp

o B — pplike B— 7w

— but 3 amplitudes:
Ao, AH (P—even), AJ_ (P—Odd)

e Three sets of S/, and C' /1, and triangles:

e Need angular analysis to separate Ay, AII' Al
dl' o cos?0ycos? 0y |[Ag|* + § sin®6ysin® 6 (|A)[* + |AL|?)

e Do not need full angular analysis ...
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Longitudinal Polarization in B — pp

e Fortunately Ay dominates = just like B — 7w

(V — A) of weak interactions and spin flip suppression:

2
Ag~l o > A~ e > A~y
d —\ ——\
/ ' <= -
W
) — - N —
v v
0 d > 0. d Cp— —

e Experimentally:
fr(pp™) = |A; 12/2|A7 |7 = 0.97 +0.02
Fr(ptp®) = |AT12/S A0 = 0.91 £ 0.05
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N(ptp~) =615+ 57 N(ptp") = 390 =+ 49

< I ' ' ' 1 < L 80:7 a
> 1 BABAR (@ = | @
E 100 8 E 60;’ +
ST ; g T
= o & 20
> (m @ i
L 1 e Y o | S S 07“\““\““\“7
%_25 5.|26 5.'27 555 5.9 5.26 5.27 5.28 5.29 -0.1 0 0.1
Mes (GeV/c?) mes (GeVic?) AE (GeV)
5 3 L g0l %100}
g = 100 % 80? % 80-
g 8 = 60F = .
% g Q 3 60?
0 % 50 > 40 3 40
i & 201 & 207~
O | | | | L O: ‘‘‘‘‘‘‘‘‘ L 0\: I | |
05 06 07 08 09 1 0.6 0.8 1 04 06 08 1
Meere (GEV/C?) m(Te 1) (GeVic?) m(TeTe) (GeVic?)

Bt~ =(2354+22+41)x10°% B =(1684+22+23)x107"°
fr = 0.977 £ 0.02419-012 fr = 0.905 + 0.04219-923

e Note: B(p™p) > B(ntr); fr(pTp) ~ 1
hep-ex/0607092, 0607098
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B’ — ptp~

e CPin B — p+p_

S, =—0.19 +0.2113%

1
&eﬁ—§

sin™! (Sp/v/1—C2) = (95.57¢3)°

Crp =—-0.07+0.15+0.06

BABAR

preliminary

T
=
o
o
II|III|III|III|III|III|III|III|III|III

(@

P

ocoo

N ONDOD

1
o

Asymmetry

o o
o »

\ il in

CCP

+ -
P P ScpVSCep @

PRELIMINARY

04

0.2

BaBar
Bele |
2 Average

-0.4 -0.2 0 0.2 0.4

Scp

Contours give -2A(In L) = sz =1, corresponding to 60.7% CL for 2 dof
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Taming the Penguin with B — p’p" (new)

N(p°p°) =100732 £17 = 3.50 evidence hep-ex/0612021
fr = 0.877013 £0.04

B = (1.077535 01s) x 107°

GeV/E)
&

AN AN AR R A M) AR A AARM A 360?
>40; E S
o b \\(;50,
[ ] L
B — o WL
8 ®f ] 8l
o 1 u>J r

oh ] WE=T=
S 3 F

] 0

BE E
nE mES E
5 E
C - d
Y e 4l
55 525 5%5 5% 526

\
\
A
rerrrtrerit e et
521 5215 528 528 529 526 008 -006 -004 -002 0 002 004 006 008 05 06 065 07 075 08 08 09 0% 1 105 0 01 02 03 04 05 06 07 08 09
M, (Gev/c) AE My hel.,

interference with B® — a77F — (p’75)7T systematics

e Uncertainty on « is very sensitive to B — p’p":
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Penguin Pollution and @ with B — pp

ar ac ap B(107°) fr

ptp~ | V2 0 V2[2354+£22+44.10.97740.02470013
ptp® | 1 1 0 | 168422423 |0.905+0.04270-0%
% | 0 1 -1 | 107 T IS | 0.87 P52 +0.04

e Ambiguities: 4 triangle orientations = merged into one A« range
a < (90° — ) (no O measured yet)

penguin: |Aa| < 18° at 68% CL a € (74°,117°) at 68% CL

N><25_'I'"'I""I""I""I""I""I'_ dl_
< 200 - ool
151 = 0|
5 5 - | 1-CL(«)

10:_ _: 0_4__
5k = -
Y £ —~ 0'2__

O:.IZI """" P——— de———— '27 """"" L [ N R N A

30 0 _10A0(ppo(deg)lo 0 30 O a0 B0 100120140160 ('d '1;30

a (deg
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B — pm



Resolving (90° — ) Ambiguities

e sin(2a) = ambiguity a < (90° — ), e.g. B — nm, pm, (pp)r, etc

e Angular-time analysis of B — p™p~ could solve:
—Im(Ag(t)AL(t)") = cos(2a)sin(AmAt)
— hopeless with 1 ~ 98%

e Dalitz-time analysis of B — 77 7!

— interference A" (p"n~) and A= (p ") K
Tm(fyfle™™) = c "
Tm(f, f*) cos(2a) + Re(f, f*) sin(20)

f+ and f— Dalitz params. (e.g. BW) ° . s_=15GeVi/c?

- = - ol
o Dok, bt
_ 0 30
interference
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Dalitz analysis of B — pm

e Dalitz-time analysis of B — 77 7"  N(37) = 1847 4 69

— key: time-dependence and interference of p™7~ and p 7"

—[t]/7go - -
|‘A§t7r(t)‘2 — 647_ . [‘ABW‘Z + ‘ABW‘Z + (‘A37T‘2 o |-A37T|2) COS(Amt)
. + 2Zm |(q/p) Asr A, Sin(Amt)]

e Function of Dalitz plot (s1,s2):  cos(2a) & sin(2a)
Az = [ (51, 82) A (pT 1) + f-(s51,80) A" (o~ 7") + fo(s1, 52) A" (p"7")

‘ \ ‘ T T
150 |- BABAR - BABAR
PRELIMINARY 200 [~ PRELIMINARY]

100 -

100 |- 150 -

Events /0.13

100 =

a
o

Events / 0.0011GeV/c?
Events / 0.04GeV/c?

50 -

5.275 5.28 5.285 -1 05 0 05 1 05 1 15 2
Mg (GeVic?) AE' m,. (GeVic?)
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Dalitz analysis of B — pm

S =-0.01+0.12 + 0.028 AS =0.06 £ 0.13 £+ 0.029

o :
Get Q2B parameters C = —0.15440.090 £0.037  AC = 0.377 £ 0.091 % 0.021

e SM penguin pollution P(p™7T) and phases from interference:

ABY — prn) =T(p e ™ + P(p™n)
ABY — pnt) =T(ptn )e™ + P(ptn™), etc ...

5, —arg [jgggﬂ = (34£29)° € (75°152°) at 68% CL

i T T T T T T T T T T T T \7 r T T T [ ]
1r ] 1r ]

BABAR ] i BABAR -
[ PRELIMINARY 1 i PRELIMINARY]
0.75 0.75

C.L.
C.L.

05 | 05 |

0.25 | 0.25 |

-100 0 100
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Put Everything Together: o



Put Everything Together

e Combine all three sets:

— B — 7 (combined with BELLE reduces ambiguities)

— B — pp (p"p" BaBsr only)

— B — prm (BaBar only)

1.2

0.8

1-CL

0.6

T
- fitter

— Beauty06

B > T ,
B — prt(Babar) [ Combined |

B—pp e  CKM fit

04 :

Sea-

. ..' A}
R, g
Ll Y \

60 80 100 120 140

160 18u

a (deg)

o = (92.6g4)°

(larger of CKMfitter and UTfit)

= T T I T T T T I T T T il
B [ -
0.6 = 2 BEAUTY 2006 |
0.5 :—E sin2B /% =
o T Y3
04— 2 =
- % / -
-3 7 -
0313 a -
02 -
0.1 \
C Y ]

0 = al 1 I 1 1 I 1 I I 1 IBI N
04 0.2 0.2 04 0.6 0.8 1
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CKM Unitarity Triangle
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New Physics Constraints from Unitarity Triangle

e New Physics in B; mixing (model-independent):

SM
w
o

w

ALPIA

2

1.5F

ANP / ASM

il

0.5}

Ui

rejected

llllllllllllllllllIIIIIIIIIIIIIIII
00 20 40 60 80 100 120 140 160 180

d(;IP

e Constraint on « is critical: (3, Am, V,; not enough
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Future of «

e Taming the penguin:

- -

T

™ T

— unique to B — pp (vs. 7m): vertex BY — p'p" — 7
— measure SY and C"Y with A0 (¢)
— Aa"’ from the same triangle

— resolve triangle ambiguities

e New b — u modes (B — agm, aim, bym,..)

+

—new: B — a7t — (p'n5)nT - nfr ot

similar to BY — p=rT
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B — ai7T (new)

. p S = 0.37+021+0.07
Blaim?) = (40£4) x 10 C'= —0.10 4+ 0.15 + 0.09

N(ai7™) = (608 & 53) AS = —0.14 4+ 0.21 £ 0.06
AC =0.264+0.15 £ 0.07

errors same as B — pp —

> o 40
= 260 o0 |
2 © | = %
2 Zag PR
3 2 | S 40]
" > 20 o
W 20
ot ==
01-005 0 005 01 525526 527 5.28 5.29 £ o5 © ]
AE (GeV) Mg (GeV) E of —t— S
. e~ = i ]
e Challenge: bound penguin in « g -05 | | —_—
. 5 0 5
— USE SU(3) with B — K17T, alm At (ps)
| . 0 Ala;mT) = (S &£ AS) sin(AmAt)
— Dalitz analysis like BY — pm —(C'+ AC) cos(AmAt)

Andrei Gritsan, JHU December 15, 2006



Measuring o with p’p (future)

e Toy MC with x20 data

> - > > [
e 1 £'r =
=r ot A @"‘_ 1 =t =
% C 10 p eff ] @ : S [
o 1 of ol
o 1 Ot o
P - [ - -
o[ o r Qr
| | L | |
0 45 (}90 135 180 0 45 180
eff
e L N I T T T T T T T T ] L
20 0.0 00 = Aaoo_'g__ o -
St P p eff 4 B 1 &
ot 1 ot 1 a9 F =
o | | OF 1 © /
- - £ 5 —
ol | ar 1 o Z
A A ! L A R e Tl N . NS el
0 45 90 135 180 -120 -80 -40 0 40 80 120 0 45 90 135 180
aeff JANG | a

L s B S Sy B S S
> ]
i
o ]
I i
Q —]
(@]
-
& A
R Y A ]
0 45 90 135 180
a
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Do We Understand Penguins After All 7

. . . W+ (H+
e New Physics in penguins (?7) L WO HD
oy’
_ s
t(q) .
. B 5 . .
sin(2/3) ; « Polarization
u,d u,d
o E BABAR
~ i
S n (2[3 ) S n (2 ) DPF/JPS 2006 —/< B
PRELIMINARY ﬂ: r
*k
b—sccs World Average H?H 068+003 ﬁ 0.75 B —> QS I §
cpK Average * O39+018 ~—
77777777777777777777777777777777777777777777777777777777777777777777777777777 @\
n K Average '—*_—' 061+C:)07 —| 0504,
Kg Kg Kg Aver‘age * 051+021 <E:
Ky Auelage ——— — | 032021 sl VLT
ks Avelage — S S
foK Average * : O42+017 -
77777777777777777777777777777777777777777777777777777 R R 000k N NN
K K K Average - i 058+013 0.00 0.25 0. 075 1.00

' 50
0.2 0 0:2 0;4 0:6 | 0:8 1 fL — ‘AO‘ /Z’AA‘Q
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Polarization Puzzle in Penguins

e Standard Model (V — A), similar to B — pp

> Ay~ > A~ me
=
—
=
=
—
d > d e ——
w f A fL(oK7) = 0.506 £ 0.040 £ 0.015
o * Ao = A > A
g TN fL(0K3) = 0.853X31065 + 0.036

mKn (GeV)

e Conflict models: QCD, EW, annihilation, NP; would affect p’p" (?)
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Summary

e Measurement of «

— important CKM UT parameter: CP-violation

— needed for New Physics constraint in mixing

e Experimentally difficult

— rare modes B — 7w, pm, pp
— penguin pollution

02 N,

ol e Wl N 1A
0 20 40 60 80 100 120 140 160 180

— nonetheless obtain o = (92.6*38;5)0

e Future

— constrain penguin, e.g. CP(t) in B — p"p", ay7

— is there New Physics in penguin?
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B — pm Decays: Quasi- Two-Body Approach

e B — p=7T not CP eigenstate
(S + AS)sin(AmAt) — (C'+ AC) cos(AmAt)

B decay | HFAG B (1079)
pOr? 1.8+ 0.6
o
g_ﬂ 24.0 4+ 2.5
p Tl 10.8 £ 1.5
ot 8.7%1.1

e Q2B isospin analysis unfruitful (12 params):

sin(2ac 4+ 64 ), sin(2a + 6, ), sin(2a + o)

+-— —+
VE o E VA=A =T

AO+ A+O
AJF__A_JF—'_W_W:TQ

— better if very small p'7"

Lipkin/Nir/Quinn/Snyder, Gronau
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