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Scope of Talk

* To present updated branching fractions (BF) and CP
asymmetries (Ap) for rare (charmless) B decay modes

* To show how BF and A, are used with theoretical
models to put constraints on the Standard Model and to
search for New Physics.

NB: All results are preliminary unless referenced.
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How Good 1s the Standard Model?

LEP
Coupling Constants

CPLEAR
£ consistent with €P
 Tight CPT constraint

K [ex] and B sectors [Am,,

consistent with each other

and SM (theory)

A. Hocker et al, Eur. Phys. Jour.
C21 (2001) 225, [hep-ph/0104062]
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Motivation for Rare Decays

* SM is a very good approximation to reality
Hence AN s g

Common

 Need to consider processes where 4" is
small in order to be sensitive to new physics.

* Hence processes dominated by penguin loops,
or CKM - suppressed decays
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Procedure

Compare nature (precise, experimental measurements)
with SM (theoretical models) for sensitive quantities.

Agreement gives an alternative route to (p, 1) and
additional constraints on the unitarity triangle.

Disagreement means:
— New Physics .... OR

— Refinements needed to theoretical calculations ...
....AND Model-independent calculations needed
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The (theoretical) Problem

How to go from here ...

M,

B

M,
to branching fractions and CP asymmetry

John Fry Lepton Photon 2003 6



Classes of theoretical calculations

* QCD Factorisation (my,>> Aqcp)
Amps factorise to LO (A/ my) all orders og

Naive factorisation recovered in LO

* Phenomenology

Amplitudes of dominant processes related to
measured BF and each other via SU(3)

 Model “Independent”

Isospin & minimal dynamical assumptions
— bounds on deviations from SM
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Visualising QCD Factorisation

M

B
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N e

<Mm|Q|B> = FB=m T * f, @, +FB"MT *f & +Tf, &, *f,, ®y *f D_
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Pictorial Phenomenology
B — ¥
N e
M m

d,s

U
LI

Leading Order — Naive Factorisation
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Direct CP Violation

CP asymmetry occurs 1f the decay B — f ( and 1its charge conjugate)
1s mediated by two amplitudes with different strong and weak phases:

dy = alei(51+¢l) + a2ei(52+¢2) 0: strong phase CP-even
_f _ alei(él_%) N azei(éz—qbz) ¢: weak phase CP-odd
_ 2 2
A, = 4j : ~ 1%y mp—— 22511612 sin(0, —0,)sin(¢, - ¢,)
a.| +la, a; +a, +2a,a,cos(0, —0,)cos(¢p, —¢,)

Naive Expectation:
Ap small for Kt (n'rt) Dominant penguin (tree)
Ap large for o™ Unless dynamically suppressed
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Overview of B Production and Decay

PEP-2 (SLAC)
E.-.=9GeV E.. =3.1GeV Exclusive B Meson
Vs = 10.58 GeV ot Reconstruction
(B7)ras) = 0-56 RO CP cigenstates
rec
Y(4S) —}n— Flavor eigenstates
> |
- +
c € =0 T
. BY, |/\/\'\"‘ |
y anti B I I
- ) | | =

e Az K

” : p o -

— — ¢
At~ Az/c i}
fe{VIras) Inclusive Reconstruction
(Az)pp ~ 260 pm B-Flavor Tagging

B,.c. = Bp,, Flavor eigenstates % Resolution function and Tagging
B,oc = Bjgng Signal: ™ Branching fraction; Acp; CP Analysis
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Signal Selection
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Discrimination of B and Continuum

Arbitrary Units

Arbitrary Units

0_ A A e R e
0 0 2 0 4 06 08 1
cosOr

B produced (almost) at rest in Y (4S) frame

K

Isotropic B Jetty Continuum

} Combine into a Fisher (or NN)

John Fry

500— Monte Carlo

u,d,s,c
backgrpund

400 .
ignal

Arbitrary Units

2

I0.5I - 1 1.5
Fisher Discriminant
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Search for B _p p,,. @ BaBar
Use the DIRC to reject K, m, e, u

Signal Eff = 91%
Background Eff = 3%

Total signal efficiency = 37%

I\ (U8) = (o)
S S =) =)
I

Events / ( 0.00358 GeV )
S

0%\I\|\I\\‘\I\I|\\\\|\I\I‘I\\I‘I\I\|\\\\l\l\%

52 521 522 5.23 5.24 525 5.26 527 5.28
mc (GeV)

300

200

100

0 20 40 60 80

[0, - 0.(exp)]/oy,

Ny = —0.373; (stat) =7} (syst)
<7.5(90%C.L.)
Br(B’ — pp) <2.7x107" (90% C.L.)
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In PDG2002

Heavy Flavor Averaging Group

August 2003

Compilation of B* Baryonic Branchin Pl‘d{ tions

All branching fractions are in units of 107°

New since PDG2002 (preliminary)

New since PDG2002 (published)

| RFPP# Maode PDG2002 Avg. BABAR Belle CLEO New Avg. |
159 ppr < 160 3061072 + .37 < 160 3.06 +0.82
— ppK~* New 5.661 05 = 0.62 5.66 £ 0.91
- ppK *t New 10310554 10.3+3.9
163 pA < 2.6 < 2.2 < 1.5 < 1.5
167 Aprt 620 + 270 187112 + 56 240 £+ 6015 208 + 54
- T (2455)p New <93 < 80 < 80
- T (2520)p New < 46 < 46
168 Aprta® < 3120 1810 £ 290F20 1810 + 595
. T, (2455 )pn® New 4120 £ 130 £ 170 420 + 214
169 Arprtata < 1460 2250 + 250750 2250 £ 678
. %, (2455 )prt New 440 £ 120+ 120 4404170
— f‘ (2455)pm+mt New 280 +90+90  280+127
— A, (2593)prt New < 190 < 190




Summary of BF (10-°) for Kmxt, ww and KK

Mode BaBar Belle CLEO Average
K™ 1790907 | 185+x1.0+x0.7 | 18023 x1.2 18.1 £0.8
KO 7t 175+18+«13 | 220x19+x1.1 | 188+3.7+2.1 19.6 £ 1.5
K+ O 1281210 | 128x14+12 | 12924 +1.2 12.8 £ 1.1
KO 70 104+15+08 | 1262414 | 12.8+x40=x1.7 11.2+x14
T T 47 0.6 +0.2 44+£06=0.3 45+14+x0.5 46 +04
¥ 55+x1.0+£0.6 53+x1.3+0.5 46 +1.8+0.7 53+0.8
70 70 21+06=03 | 1.7+0.6=0.3 <4.4 1.90 = 0.47
K+ K- <0.6 <0.7 <0.8 <0.6
K+ KO <13 <34 <33 <13
KO KO <16 <32 <33 <32
John Fry Lepton Photon 2003 17




B — Kr, nn, KK
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QCD F: Ratios of miw & Kit BF’s

Data (2001) BBNS NPB606 (2001) 245
Data (2003) Inconsistent ?
T3 3 K 2 A -

Tt fTge Br(ztw ) f2Br(w*+a")
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Comparison of BF and A, with Theory*

Mode | BFg,, | BFpQCD | Acp Expt | Acp pQCD | Acp QCDF
(10 (10 (%) (%) (%)
Krn | 182+08 13-19 -9 + 3t 13 --22 +5+ 10
K+ | 19.6+1.5 14 — 26 146 0.6 —-1.5 0+1
Ko | 12.8+1.1 814 0+7 10 —-17 +7 % 10
K0 | 11.2+14 8 — 14 3+37 344
- | 4.55+0.44 611 16 — 30 6+ 13
T+T0 53+0.8 2.7—4.8 7 + 14 0 245
45 + 60

T Belle:

-8.8+3.5 £1.8
BaBar -10.7+4.1+1.2

John Fry

I Keum and Sanda hep-ph/0306004
Beneke and Neubert hep-ph/0308039
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Disentangling the BOh+h- contributions (T)

Monte-Carlo plot below shows:

B ¢ h*h- from hadronic trigger B, o wrBs ¢ KK~ B, ¢ K e,

Includes B, omr, BYKK, ByK 7, and & By ¢ K: miz (From Monte-Carlo)
By K _all pile up-in-the same region
aV
W, e Lo rph,
\i . . " 1T "1
% 400 ++ CDF Run 2 Preliminary o | B —v1m
2350 — ++ B — h'h™ ‘ 120 b Bd_)KTE
*ESOO i 280426 signal events | ;
o I ++ Mean 5.252+0.004 GeV /] 100 - BS_)KTE
250 ++ Width 0.041£0.004 GeV/cH CDF Bs_)KK
4 80
200 }- +++ i
+ 1 [l
150 | * i
I +++ i 40
100 | ++ i
[ M%&AAM“ | 2 |
50 - .
- ! ! ] ! ! e ! | Yo o
¢ 4-.2I I I4-.4-I I I4.EI I I4-.8I I I5I I I5.2I I I5.4-I I IS.GI I I5.8I I IE e S

77w Mass (Gev,/c?) ) - (Gﬁv/cg}

Must disentangle contributions from each mode
To do this we use:

-Kinematical variable separation M__ vs a=(1-p,/p,)q;
--dE/dx based K and = identification

g




Disentangling the BOh+h- contributions (II)

dE/dx calibration using D** ¢ DO,

M_. vs a for each Boh*h- mode
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Sanity check: Measure Ratio of Branching Ratios S

CDF : I'(B, ¢ n*n-)/T(By K*=x-) = 0.26 +0.11+0.055, PDG:

Yield for each mode:

By ¢ -  148+17
Bd 0 Ks s 39+14
B, ¢ K& s+ 3+11

CDF

B, ¢ K*K- 90+17(stat) +17(stat)

Method works | Confirmed by Sanity
check against ratio of branching ratios
Have first observation of B_ ¢ K+K-
Tt+s a CP Eigenstate: Can use this

To measure AT'. as well !l

First observation |

John Fry
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Disentangling the BOh+h- contributions

(Blessed results)
+ ACP(B,2Kxn) = 0.02 = 0.15(stat) + 0.017(syst)

 BR(B,2>nt)/BR(B,>Km) =
0.26 =+ 0.11(stat) + 0.055(syst)

+ fs X BR(B,2>KK)/fd X BR(B,~Kn) =
0.74 = 0.20(stat) + 0.22(syst)

‘Yield of B,2>KK+7#,90 sl.f(staty +17(syst) =



Is Rescattering Important?

BF(10-%)
BaBar | P QCD’
+ 7 < ; KK | <0.6 0.05
K" : K
) ')( ' KK? | <22 1.7
T i K'KO | <1.6 1.8

‘Chen and Li, Phys. Rev D63, 014003 (2000)

e Could modify branching fractions and CP asymmetries
in str and Kt decays, complicating extraction of a and vy

« KK decays are more sensitive to rescattering
— Could have significant enhancement through (for example) DD

or 7t intermediate states

No sign of rescattering (FSI) yet

John Fry Lepton Photon 2003
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BF & Aqp for B — pm, pK, o, oK

Mode BF (10°) | BF (10% | A % Acp Y%
(BaBar) (Belle) (BaBar) (Belle)
B *m | 22.6x28 | 29164 | -11zx7 -38 + 21
B *K 7318 | 151 +4.1 | 19+18 22 +23
B 00 <25 6.0 + 3.1
Bt | 11.0£2.7 23 17
Bt  Om | 93x13 8023 | -17x11
Bt OK* <6.2 <12
B KO 5314 <17.6
B KT 50+1.1 6.7+x14 -5+16 620
B Y <3
B* mh 54=+1.1 59 =+1.5 4 +17 48 =23

John Fry
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Belle B =0 n, K




BaBar:

K*0(892)
K*%(higher)

D°

B — Kmmt Dalitz Plot

Branching Fractions 10 -6

seafot

(GeV/c?)?

2
piA A

m

10.3+1.2719
K*0—K+ ni- '
T T T T | T T T T | T T ]
1| B+ — 10(980)K+, f0 —m+m 9.2+1.2%%1
BABAR -
reliminar ]
PreimInary 11 B+ — ye0 K+, xe0 »mtn 1.46+0.35+0.12
_%1| B+ - DOx+, DO =K+ - 184.6+3.2+9.7
f0(980) | - B+—higher K*0n+, 25.1+2.0+11
1| K*0—K+n- e
| B+ = p0(770)K+, p0 —n+x <6.2
1| B+ = K+ n- + (non resonant) | < 17
1l B+— higher fK+, f —=n+n <12
25
m2. (GeV/ic®)*
30




Belle: Dalitz Plot Amplitude Analysis

140 fb'! B* — K*K*K- (Signal 1400) and K*r* 7t (Signal 2584)

Resonances:
Knt o K*(890), K*(1430), p(770), %.,(3400), £,(980), X(1350)
KKK ¢(1020), %,(3400), X(1500)

Background parameterisation — fitted with large (7%) sideband sample
A, = Z a.e ™+ BW(K")+BW(p)

Signal parameterisation — f1x masses, widths except X, f,

_ iy [ % o, D2
ASignal = EaRe +|— et +—-e
R Slz S23 NonRes
Fit to signal + background and determine amplitudes and phases
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Belle Branching Fractions from Dalitz Plot

Table 7: Summary of branching fraction results. The first quoted error is statistical, the second is systematic
and the third is the model errar.

Mode B(BtY — Rht) = B(R — hth™) x 10°

K+atr~ charmless total
K*(802)"«F, K802 = Ko™
K3(1430)x™, K5(1430) = K+trn~

K*(1680)n+, K*(1680) — K+tn—
K3(1430)n, K3(1430) — Ktr~
ATTOV K, p(770) — ntm—
fol980)Kt, fo(980) — mtm™
f2(12T0V KT, f2(1270) = ot n™

Non-resonant

- - +4.4+HL5

455 £2.17 55Ty
- +0.5440.56
.67 £ 0607, 360 5

25.0 + 1.6724400

(6.00 £0.84F55F007)

< 5.3

<34

3.94 + 0.61+0-37+0.T0
10.3 4 1.1F10+02

< 3.5

1.34+6.3
13.5 + 1'?_—|-1.1—n.ﬁ

K+tK+K~ charmless total
K+, ¢ - KTK~
fR(1525) K, f3(1525) = KYK~

Non-resonant

29.4 4+ 1.1721402
4.24 + (.37 31+0.00
<77

+1.641.1
22.5 + 2116+

+

If.ﬂKhF: Xe) =
Xf.ﬂK+: Xel — H+K—

1.17 + 0,291 11405
0.85 + .24 F0.06+0.16




B — 3 body, charmless

. HFAG August 2003
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events/0.1

Longitudinal Polarisation B_ V'V

f =0, /T

100% Pol — CP even /[ T
Expect: f; ~1—-0O(M?,/M?p)

2 . D . D
%dcosiiosgz — % {i(l — f1)sin® 0y sin® O + f7, cos® 01 cos? 92}

80

B! — p+ P g S%B:R + -
Ng=9322¢9 2 )0 PP

BaBar [> 50] S o 7
Cos(9,) Mg 2 ~

= ==

2
-0.75 cos0, 0.95 5 mg (GeV)
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B and o I(>x< [BaBar & Belle]

(Errors

approximated)

BF (107) Acp %

Long. Poln %

BO 00 1<21(90%CL)
B0 27+£7+6 99 + 7 + 3
B + 0 |225+£57+58| -19+23+£3 | 97+7+4
Belle 31.7£71+£67| 0£22+3 95+ 11 +2
Bt OK* [10.6+3.0+24| 20+32+4 | 96+15+4

» CP asymmetries consistent with zero

* Polarisation 1n agreement with expectation

John Fry Lepton Photon 2003

38




Why we need Theorists

d,s
C| S n+n0
g,d,s W- 0
u,d,s b . U

I/L;?I/ud ~ X

Mode CKM (Tgecay)” Ratio | Exp Ratio | BF (10-9)
K'x* 1 1 1 1 19.6
K** 1 1.85 1.85 0.65 12.7
qar A 0.66 0.03 0.27 5.3
np” A2 1.71 0.085 0.46 9.1
p*p’ A2 2.9 0.145 1.35 26.4
The VPSTE effect (Form factor corrections at 40% level)
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The unique decays B — n® «t® and p? p°

BF give model-independent Grossman Quinn bound
limits to the CP angle o PRD 58 (1998) 017504

BF (B’ = a'n") o< BF (B’ — p’p”)

. 2

sin“ (o —ot ;) < .

( 2 BF(B" = n'*m") BF(B® — p*p")
1.9+0.45

sin’ (o — o < — (0.55(90%CL
e Y TINYT (O07%CL)

<2.1
27 +8

sin” (ot — Oy ),y < — (0.10(90%CL)

0. - Opg] <50° (rer) and < 20° (pp) at 90% CL

p* p~is dominantly longitudinal polarised, CP-even final state
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B — ¢ KO BaBar & Belle

B W+
b 5 (l) » Expect similar BF all modes
s
B f g _ * BF(¢mt*) <4 107 [90% CL]
S K® No indication for rescattering — as KK
o
d u ud *Polarisation unexpectedly small
Mode BF (10-%) Acp (%) Polarisation %
¢ K¢ 7.6+1.4  9.0+2.2
¢ K* 10.0+1.0 94+1.3 4+9 1+13
¢ K*0 11.2+£1.5 10.0+1.8 4+12 T7=+16 657 43+10
¢ K** 12.7£2.4 6.7+2.2 16 £17 -13+£31 46 £ 12
John Fry Lepton Photon 2003 4l




Events / 12.5 MeV

Events / 12.5 MeV
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BR(B*>¢K*) at CDF

CDF Preliminary 120+ 7 pb'

2t B oK e CDF Preliminary 120 +7 pb’
O I o -
> yF 22.816.7 events — Fi o _ [ B'oJ¥YK"
2 “F sideband S 70— 406 + 26 events
o 18k ! 2
- E 60:
:16: = -
§ 14f £ 50f
: 12F s f
: o} s ©F
2T g _F
£ 8: = 30
5 8f \ E T p
F-4 F =
6 ‘ 20
» \ -
4:— | s ] 10
2 i by -
:\\\Il\llllI\II‘+\I\*II\\IIII+I|II\I g_sl — I4_9I — I5I — I5_1I — I5_2I — I5_3I — 54 — 55
T 5 51 52 53 54 %.5 Mass (GeV/c ?)
Mass (GeVic

BR(B*=>¢K*) /BR(B*>J/y K*) = 0.0068 +0.0021 (stat.) £ 0.0007 (syst.)

Using PDG 2002 for BR(B*==>J/y K*):
BR(B*2>¢pK*) = (6.9 £ 2.1 (stat.) £ 0.8 (syst.)) x 10
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B — n0OK® and nOr, p BaBar and Belle

Mode BF (10-%)
Belle BaBar
nK* | 53+19 2.840.8
n K¢ < 4.6
n' K* 78 £ 11 76.9 £5.6
n' K' 68 + 13 55.4+ 6.6
M 54+2.1 42+1.0
n <7 28+13
340
M pY <55

John Fry

Mode BF (10-)
Belle BaBar
n K** | 26.5+84 | 25.7+4.2
n K*0 | 16.5+4.8 | 19.0+2.6
n'K** | <90 <12
n' K*9 <20 <6.4
np* <62 |105+34
4.8 0
np" 14.0+54
3.80
e’ | <4

Lepton Photon 2003
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Theoretical background: N K, K " modes

I W
b S b s ) e
n, 1 RK*, K™ Nk mk
o s e U enhanced
B ot p+ LGt Interference =
5 u 'K*
Kt,K* .17 nk, mk
u - u u >~ " suppressed
(a) (b) H Lipkin Phys Lett B254 (1991) 247
U !
A 7 . .
CKM suppressed K*, K* " Flavour singlet diagram:
W § Also important for 7' K *
< -
B* ’ N K+, K**
u > u U U
(c) (d)

Similarly for K °, K ™ except no external tree
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B — n0OK® and nm, np BaBar and Belle

Mode Acp (%) Mode Acp (%)
Belle BaBar Belle BaBar

n K" -324+22 n K*+ 15+ 14

n KO n K*0 3+11

nKt | -2+£7 | 4+5 n K**

n KO n K*Y

M -51 +20 np’ 6+ 29

Large asymmetry predicted for n* , small for np*
Chiang, Gronau, Luo, Rosner and Suprun [hep-ph/0307395]
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CP Asymmetry in Charmless B Decays
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CP Asymmetry in Charmless B Decays
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How does theory stack up?

Good phenomenological understanding of Branching
Fractions for 2-body PP and PV decays

[Chiang et al hep-ph/0307395; Beneke et al hep-ph/0308039; Keum et al hep-ph/0306004 ]

Factorisation models give insight into dynamics, but:
— BF for i° ni° looks to be in disagreement with all predictions
— BF for ¢K, n' K, 1 K* final states underestimated in QCDF

[ Annihilation contribution may be too large Aieksan et al, hep-ph/0301165 ]
Asymmetry data 1s not yet precise enough to test models

There 1s still a considerable role for model-independent
theoretical calculations
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When 1s 1t safe to claim New Physics?

For B — ¢K¢, n'K¢, K'K-K we expect to measure:

S =sin(2p) + A, C=A, where A =0 (\?)
If S and C are measured precisely (AS, AC << A?=0.05)
Claim new physics 1f: |C| > 5A, or |S- sin(2p)| > SA

A might be enhanced: Grossman bounds A using 1sospin

b s relations and ratios of BFs.
= AKKKg) = 0.2, AMKy) = 0.5
A = ViV @ _ O()Lz) GLNQ _ Hep-ph /0303171
VoV a Must measure = 20 BFs precisely
u-amplitude might be large to improver the limit on A!
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Summary — What have we learned?

Precision measurements of branching fractions are testing
factorisation models — to destruction??

Precise measts of Ap will enable further tests of models.
Is there a hint of a signal 1n K*7t-?

B — 1K, nK*, 'K, n'K" are now almost understood, but
polarisation << 100% in ¢K" is a puzzle

Measuring the BF for ni” itV is a triumph, but the value is
surprisingly high. Increased focus on p®p? for |a - o ¢

Measurement of many more decay modes 1s needed to
make model-independent tests of NP meaningful

The expected increase in luminosity of the B Factories
promises a continuing, rich harvest of physics
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