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Overview

Contents of talk

s Introduction to charmless two body decays
s Theoretical predictions and previous results
s Status of BaBar and PEPII

» Analysis details (selection, fit, backgrounds)
» Results and systematics

» Conclusion

Chosen to focus on one particular analysis

The search for four modes (charged and neutral)
B —1n'K*and B — n/'p

Territory of “rare” B decays being explored rapidly. ..
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Charmless B Branching Fractions
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Quasi Two Body Decays

JPC classification of light meson decays

mesons nickname
', ,n, K", Ke, K., n', etc. pseudoscalars
0’ p ,w, ¢, KT, K", K, etc. vectors
h(1170), b)*(1235), etc. axial vectors
£2(980), a,”(980), etc. scalars
£5(1270), a5 (1320), etc. tensors

, a
a

2

PP B —nK,mm,n'r... VW B — pp, o K*, ¢w...
PV B—1K*1npro,.. SP B — agr, for...

® B—yK*and B — rp are PV decays
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SU(4) multiplets

Meson pseudoscalar and 16-plets

based on central su(3) nonets (excluding n. and J /)

shown also are the baryon 20-plets (su(3) octet and based)
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The nn & n’ quark content

SU(3) nonet consists of singlet and octet states (3 ® 3 =8 @ 1)

1 _
= —(uu + dd + ss
Ul \/5( )

(uti 4 dd — 2s5)

—_

8 — —~=
n NG

Physical n and n’ states are octet-singlet mixed states:
n =mn1sinf —ngcosb

/

n° =mni1cosf +ngsinb

Assuming a mixing angle 6 = 20° (vector mesons 6 = 35°)

(utt + dd — s5)

2l

T}:

/

1 _
= —(uu + dd + 2ss
n \/6( )
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Theoretical Approaches (1)

Diagrammatic methods
# Methodology : )
s |Isospin & SU(3) éfﬁ TN
W d B %4 U
# Advantages gt iy d
s very intuitive T R
» powerful relations

. 7 W+ 7 1 W+
# Disadvantages b R
. ) d ’ N
s SU(3) breaking A
s a priori information .
» non exact results © (d)

(2) (b)
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Theoretical Approaches (2)

Effective Hamiltonian

e Current-current operators:

o Methodology 0 = Guonlva Bk,

Q35% = (ba)y—a(Bk)v _a;

» QCD operator product expansion - cuesiceensin operaiors -
. 5= Ok)v_a ) (G@)v-a,
» Wilson coeffs x operators

> ad
o

q
i V-4 > (Tyqz)v-a,
q
Bk)v-a ) (d9)v+4,

q
bmky)V—A Z(quz)V+A;
q

T

k
5

O L& O O
o

1 11 Il 1]

S S

# Advantages
» Better handling of QCD corrections

# Disadvantages
» Huge uncertainties in operator matrix elements
» One approach is QCD factorisation

BM1+

Other approaches: Soft Collinear Effective Theory & perturbative QCD factorization
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B — n’ K* diagrams

One loop b — s penguins

expected to dominate b%sn, b.%;s o K
5 ) S 5 ) u,,c{
ckm and colour suppressed i.d

. S Kt K . "
internal trees e e ud e
b u b u
ckm suppressed external _W?" _W?”
tree for B+ — n/K*+ o s K*0 B 5 K+
: d g d u = u
BY — ' K*V diagrams
identical to ’ KV vt .
: : : ; . Wt S
Variety of possible singlet '~ %" . . B+b_iun,
and rescattering diagrams  ud u,d v
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n — n’ puzzle

#® The decays »K and B — nK* are large
s BB’ — K" =63.24+3.3
s B(BT - n/KT)=694+27
o B(BY —nK*)=187+1.7
s B(B*Y — nK*t)=24.31370
# but why are B — nK and ' K* small?
s BB —nKY) < 1.9
s B(Bt - nK*t)=254+0.3
s BB —n/K*) <76
s B(BT - 7/K*t) < 14
# Various theory explanations

» sum rule put forward by Lipkin
s 1’ charm content

HFAG July 2005
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B(B — (n, 7) (K%, m, p)

CLEO
Belle
BABAR
PDG2004
New Avg.

]

-
B "
]
ey X

] np"

+

HFAG
April 2006

100.0

Philip J. Clark, University of Edinburgh — p. 11/46



B — n’p diagrams

ckm and colour suppressed ”—?“n/
. %/ U
Internal trees B 7
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One loop b — d penguins " wd
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Motivation

Decay mode Theoretical predictions Experimental status
SU(3) flavor QCD fact. HFAG(7/05) BaBar Belle

B -y K*0  3.0%13 3.972252 <76 <76 <20
Bt - y/K*t 28+ 517090 <14 <14 <90
BO — p/p0 0.0710: 52 0.0110 58 < 4.3 <43 <14
Bt —pn/pt 49707 6.375 9 < 22 <22 ——

Use increased dataset (runl-4) to tighten upper limits
Try to constrain theory predictions

Might get lucky (c.f. runi-2 yields)
S(nK*%) =210 S(K*T) =190 S(n'pT) =2.60

Magnitude of »' K* suppression vs. n' K enhancement
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PEPII at SLAC

SLAC/LBNL/LLNL
Asymmetric B Factory:
PEP-II and BABAR

High Energ;

Rin
(upgraJe) 5

Both Rings Housed in PEP Tunnel

®» Asymmetric collisions:
9.1GeVe [/3.1GeV et

® Construction
»® started in 1994
» completed in 1999

$ Design luminosity in 2000

eTe” — 1(45) — BB

E+

’ . anti B

o Bt
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BaBar Recorded Luminosity: 329.54/fb
Off Peak Luminosity: 28.35/fb

—— Delivered Luminosity

—— Off Peak

PEP Il Delivered Luminosity: 342.71/fb Y/

—— Recorded Luminosity ...
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#® Long downtime (electrical accident) 2004

# Luminosity problems so far in 2006
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Luminosity trends

RON

‘_'.’-\ 34 ‘_'./\ [ | | | : : j
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Increase of Peak Luminosity
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# Excellent performance of the B factories

# Design luminosity
s KEKB 1 x 10%* cm™%s!
s PEPII 3 x 10%3 cm—2s!

# Instantaneous luminosity frontier

Y ear
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The BaBar detector

Muon/Hadron Detector
Magnet Coil
Electron/Photon Detector
Cherenkov Detector
Tracking Chamber
Support Tube

Vertex Detector

O
5
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Datasets

The data sample for this analysis is 210fb " at 7'(45)
» corresponding to (231.8 & 2.6) million BB pairs.
Monte Carlo samples typically 120k events per mode

For B background studies we use 670 million generic
BB events.

Previous analysis data sample was 82 fb™’
s Published: Phys. Rev. D70, 032006 (2004)
» Contains good description of analysis techniques
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BaBar kingmatics

g X% I ndf = 8.994
& 8000 ¢ = 0.9034 + 0.0046
. . S L. = 5.279600 + 0.000021 GeV
Energy substituted mass: 5000\ ¢ 57009+ 000049 Gev
% J000F_| @c = 0:002803 £ 0.000020 Gev
Mmeg = \/(8/2 + Po - pB)z/E(% 3 G, = 0.00915 + 0.00026 GeV
3000

Energy difference:
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o
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Includes short tracks

N
o
o
(=]

Events / (0.008125 GeV )
&
o
o

[
a1
(=]
o

1000

500

III|IIII|IIII|IIII|IIII|IIII|IIIT

92 2015 01 w005 0 005 o1
AE (GeV)

Philip J. Clark, University of Edinburgh — p. 19/46



Helicity of the vector meson (p or K*)
® B—- PV
s BY spin 0 decaying to spin 0 + spin 1 final state
» Vector meson can only take on one spin polarisation
# Define helicity

® COS HH (cosine of angle between daughter 7 and negative B direction in vector
meson frame)

s signal has cos® 0 shape

32000:_I|||||||||||||||||||||||||||||||||_—
~

= - X%/ ndf =1.177 87
S 1800 p,=-0.48+6.2 a
S 1600F p,= 1124+ 696

2 1400 P, =-20.4 + 23

& oo D, = -47.4 + 46

1000

800
600
400
200
0 s~ 04 02
cos ehel K*
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Some analysis Improvements

— L A I A R | —
:— Truth Matched —:
E l:IGTVL - =
C GTL nr" ]
- " oA .
r N .
-1 -0.5 (@] 0.5 a1
Helicity of p*
T —7rtr - - - - 1 - - T 1 T T T T T3
E_ Self cross-feed _E
g I:IGTVL g
E cTL 3
g L Y 3
-1 -0.5 (@] 0.5 a1
4+

Helicity of p

Events / (0.02 GeV )

Events / (0.02 GeV )

1400 T T T T 1,.=0.620£0.018" T T
oo 1o =-0.010954+0.00065]
1C2°0.03885£0.0043 1
1000 0 —O 02779+0.00076
‘O 1194+0.0064 .
800 Yfin =5.638 —
600 _E
400 _E
200 _E
92 o135 0l 005 0 005 0L 015 02
M, (GeVv)
L L L U I
v *s;,z”b 4%
12005— O—Ca(;II'Q-O 1 :
10005— _:
800 =
GOOE— _E
4005— _E
ZOOE— _E
T i T TTT—— —
02 015 01  -005 0 0.05 01 015 02
M. (GeVv)

® GTL— GTVL for p and K* meson daughter pions

# Mass constrain n and ' for B candidates
® (5.2— 5.25) < mpg < 5.29
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Skim selection

# Inclusive skim (for case n' — nmr)
s 1.9GeV/e < p* <3.1GeV/c

# Exclusive skim (for case ' — pv)
» Necessary due to larger backgrounds
s Look for 16 B — ' X decays
s 1.9GeV/e < p* <3.1GeV/e

s mp > 5.15GeV/c?
s |AE| < 0.3GeV
s E, > 0.050GeV

Final state Signal efficiency (%) g efficiency (%)

n K* 40 3.8
n'p’/pT 58/36 < 4.5
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Event selection

#® ten decay modes

Criterion Requirement
o / K*O ’ / K*O
rr B gt o= oy B gt - n 490 < m(yvy) < 600
Tt K0 0 ey T KA 0 M 910 < m(nmm) < 1000
/ k= / *
$ 77777r7rKK07r+ , np'yKK+7rO 77/’07 910 < m(pv) < 1000
® Ml s Moy P K% 755 < m(Kx) < 1035
® Mrnp T Moy PT pt 470 < m(xw) < 1070
. e L 0 510 < m(7w) < 1060
® K candidate lifetime g ()
70 120 < m(yy) < 150
7)oy >3 K9 486 < m(7wr) < 510
. . . . f E 1
® Particle identifi cation y (from 7) v < 100
v (from =0) E, <30
s e/p/K veto for pions . om ) E., < 200
» tlght ID fOf kaonS Ntrks 2 maX[37Ntrks in decay mode + ]-]
Fisher, F —4<F <D

MES 5.25 < mrg < 5.29 GeV/c?
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qgq background rejection (1)

Rare charmless decays
» small signal / large background
s two body kinematics help remove background

Dominant remaining background is ¢g continuum

Reject jet-like topologies

Define “thrust” axis and cut on angle
® |cosfr| < 0.9 n . modes

® |cosfr| <0.75 1, modes
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qgq background rejection (2)

# Many other “event shape” variables, all highly correlated

# Distinguish signal from ¢g with Fisher (F) discriminant

angle between pp and beam axis

angle between candidate thrust axis and beam

» Legendre Polynomials Py and P,, angular distribution of
“rest of event” momentum flow wrt. B thrust axis

# Linear weights are applied to each varlable to maximise

S to B separation.

L. % Y P A a G
2 45 4 45 0, 05 . 1. 15 2
Fisher Discriminant

4 Sideband
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B B backgrounds

»

AFE and helicity cuts help
—0.200 < AE < 0.125 ( —0.200 < AE < 0.150 modes with 79)

® cosfy > —0.95 removes slow 7+ combs

® For 79 modes we remove slow 7+ or slow 7% combs

&
$

>
<

/
7

—0.8 < cosfOy < 0.95
—0.7 < cosBy < 0.95

modes
modes

/
nnww

/
Mo~y

Mainly backgrounds picking up extra particle (eg. B — n'K)

Identify remaining BB using generic MC then dedicated signal MC (added a1p/K*)

modes have less BB background than 1,~ (have not unblinded 7, p)

Signal mode (B% — n’ K*9)
Bkg. channel

Mode # MCe Est. B []B;
(%) (107°)

Norm. # #in PDF
BB B kg. Bkg. file

/
Bt — oKt

BO — 77371'K}<<0_|_7T_
BY — /'7?/7777T7TKS

BY — aYK*O(L, fr, = 0.7)
B —wK3? (L, fr=1)
Bt — af (ptn")K*O(L, fL

0.7)

1506 0.46 69 0.174
1540 0.7 19 0.151
1510 0.32 63 0.060
5329 0.03 21 0.467
2507 0.11 4 0.594
5331 0.02 42 0.233

12.8 658
4.7 240
2.8 146
0.7 38
0.6 31
0.4 21
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Some modes have large BB backgrounds

’ / d h 2 O 30 B B b k Signal mode Mode # MCe Est. B J[B Norm. # # in PDF
np,y I I IO eS ave = g S Bkg. chaunel %) (1075 BE Bke. Bkg. file

T

BT — alpt(L.fr=1) 3999 0.94 48 1.000 105 1509

Al I d . b k B — af (0Pt (L, fr=1) 4002 07 84 0.500 68.5 984
-. m O eS . Y 300 g S B s (L i =1) 2408 04 26 1.000 54.9 778
Bt — gtp?(L.fr=1) 2390 0.75 26 1.000 45.1 643

BY — af(pta®)p (L. fr =1) 4107 0.69 48 0.500 38.3 550

/ _|_ / O Bt - r:{f:" 3584 0.27 15 1.000 9.4 35

.. D ro p p e d 77 p an d 77 p BY — at(rt)n® 4799 042 15 0.500 7.2 103
p’y p’y BY — wpt (L, fi =0.88) 2768 0.25 12 0.891 6.1 88

BY — xaf 4157 0.07 33 1000 5.5 79

. . BY — poptat 2491 0.22 1o 1000 5 72

o Statl Stl Cal power S m al I Bt — af(pta®)n® 4057 0.26 15 0.500 15 64
Bt — Prta® 2484 0.18 10 1000 4.2 60

Bt — af (pPxtial(L, fr =1) 6650 0.14 40 0.250 4.1 58

. Bt = af (g )L, fr =1) 4105 0.07 48 0.500 Kl &Y

P Syste matics hu ge Bt — ot a0 12 olwo s o
BY — a3 (fm)pt 2458 0.4 10 0.394 3.6 52

Bt — pta® 1940 0.13 12 1000 3.6 51

BY — oy, K. 1511 0.23 63 0.101 3.3 47

BY — afp%(L, fr=1) 4518 0.66 2 1000 3 43

Bt — ptata— 2459 0.12 10 1.000 2.8 40

BY — aKO(L, f=10.7) 5329 0.12 21 0.467 2.6 7

Bt —pt KB, (L, fr =0.7) 2244 0.23 7 0.667 2.5 36

Bt — af(pta" ) K*O(L, fr = 0.T) 5331 0.11 42 0.233 2.5 35

BY — pm K (T fr = 0.25) 2500 0.36 9 0.333 2.5 35

BY — pm K (1, fr=0.35) 2502 0.43 9 0.229 2.1 29

Bt — alKH(Kta°) (L, fr=1) 5327 0.11 21 0.333 17 24

B® — af (e el (P )L fe=1) G639 0.04 64 0.250 1.4 20

Bt — gtp0%° 1938 0.06 10 1.000 1.3 19

Bt — gt KR (T, fp =0.T) 2243 0.29 3 0.667 3 19

Bt — wgt (T, fr. = 0.88) 2766 0.6 1 0.891 1.2 17

B — ay (p w)KT (KH )L, fr=1) 5323 0.07 42 0.167 1.2 17

Bt — af (pta® K0T fr = 0.7) 5332 0.12 42 0.100 Til 16

BY — af (p%r Kt (KHa") (L, fr.=1) 5325 0.06 42 0.167 1.1 15

Bt — patat 4151 0.08 5 1,000 0.9 13

BY — &JKO(T, fr = 0.7) 5330 0.08 21 0.200 0.8 1

Bt = glq—gtgt 4153 0.06 5 1.000 0.7 10

B® — pm Kt (L fr =0325) 2501 0.35 3 0.220 0.6 8

406.6 5831

Philip J. Clark, University of Edinburgh — p. 27/46



Maximum likelihood fit details

S HEZ ,where L; = Zn]

# Fit components, n;, for signal, g and BB

® For n'p’ we include an extra component 7’ f,

Variable (z;)  Signal (P) Continuum (P) BB background (P)

AE G+G Pl G+ P1

MES G+G ARGUS ARGUS + G+ G
F BG+ G BG+ G BG + G

M G+G  P1+(G+@)sig P14+ (G+ G)sig
Mg BW P2+ (BW)sig P2+ (BW)sig
m, BW P2 + (BW )gig P2+ (BW)gsig

cos 0 P4 P4 EXP + P2
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Toy Monte Carlo Studies

# Determine ML fit yield bias

# Signal and BB events embedded from SP5/6 MC
# Continuum ¢g events generated from PDFs

Mode Niotar Nsig Npg Nsig Ngg 0(Nsig) o(Ngg) bias
(in)  (in) (fit) (fit) (fit) (fi [evts]
Mo O 4837 21 46 22.04+0.3 429409 7.2 224 +1.0+0.3
1) K *O 23790 25 409 34.540.6 400.2 +5.2 14.2 122.7  +9.5+0.6
Man Kb+ 2114 108 16 11.64+02 16.2+0.5 3.8 10.7  +0.8 £ 0.2
M Kb o 9962 12 231 149404 2284+2.8 9.7 70.2  +2.9+0.4
MKy o 3020 45 46 55+02 47408 4.9 172 +1.0+0.2
M K7 o 12996 55 337 3.2+0.6 388.3+3.0 11.7 66.5 —2.34+0.6
Men P 17287 38 266 51.5+0.7 270.84+2.7 15.7 60 +13.5+0.7

i— 13329 35 289 14.3+0.7  294+2 11.0 41.8 +10.8 £0.7
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Neutral Modes — B° — n’K*/p

ML fit quantity TfﬂwK*O n;),yK*o n%ﬂwpolngﬁﬂfo n;wpoln;wfo
Events to fit 4837 23790 13329 40538
signal yield 226107 3511102 14.97106/-2.6750 blind
Fit BB yield 45.87225 3967112 289775 blind
ML-fit bias (events) +1.7 +9.5 +11.2/-3.8 blind
MC € (%) 20.1 17.2 24.1/26.8 18.2/7.8
Tracking corr. (%) 97.4 98.0 97.4 98.0
Neutral corr. (%) 97.3 100.0 97.3 100.0
Corr. € (%) 19.0 16.9 22.8/25.4 17.8/7.6
[18; (%) 11.6 19.7 17.5/17.5 29.5/66.7
Corr. e X [[ B; (%) 2.2 3.3 4.0/4.4 5.3/5.1
Stat. sign. (o) 4.1 2.2 0.4/0.2 blind
B(10~9) 41173 3.371% 0.4752/0.179¢ blind
UL B (10~9) - 6.3 3.7/12.0 blind
Combined results

B(10-9) 38714105 0.4% 53480140570

Signif. 4.5 0.3/0.2

UL B(1079) - 3.7/2.0
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Charged Modes - BT — n'K*/p

ML fit quantity

*+ / * / * / *—+
Thran Ko e Moy B o Myma K 0 Moy KL o

MrnP T Moy 0T

Events to fit 2114 9962 3020 10467 17287 44094
Signal yield 11.275 7 14.8%5L2 52734 3.175%0 5117172 blind
BB yield 16.57:L1 228172 46137 337170 265+62 blind
ML-fit bias (events) +0.8 +2.9 +1.0 —2.3 +13.5 blind
MC e (%) 19.2 16.4 11.6 8.4 14.7 9.21
Tracking corr. (%) 97.9 98.5 97.9 98.5 97.9 98.5
K¢ corr. (%) 98.2 98.1 = = = -
Neutrals corr. (%) 97.3 100.0 94.3 97.0 94.7 97.5
Corr. € (%) 18.0 15.8 10.7 8.0 13.6 8.61
[18; (%) 4.0 6.8 5.8 9.8 17.5 29.5
Corr. € x [[ B; (%) 0.7 1.1 0.6 0.8 2.4 2.5
Stat. sign. (o) 3.3 1.3 1.2 0.5 2.6 blind
B(10~9) 6.2732 4.77%5 2.9737 29797  6.873:2  blind
UL B (1079) 11.6 11.8 9.4 22.2 14.2 blind

B(10~°) 4972707 6.875 5173

Signif. w syst. (o) 3.6 2.3

UL B(10~9) 7.9 14
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Projection plots
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Projection plots
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Projection plots
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Systematics - B — 0/ K*/p

Quantity My KO 0 K*O 0O fo
Multiplicative errors (%)
Track multiplicity (C) 1.0 1.0 1.0
Tracking efficiency [C] 5.4 5.6 54
70y~ 1y eff [C] 3.0 1.8 3.0
Number BB [C] 1.1 1.1 1.1
cos O [C] 0.5 3.0 0.5
Branching fractions [U] 3.4 3.4 3.4/3.4
MC statistics [U] 0.6 0.6 0.5
Total multiplicative 7.3 7.6 7.2/7.2
Additive errors (events)
Signal Model [U] +0.55 +0.83 +1.2/0.48
Fit bias [U] +0.90 +4.8 +5.7/2.0
BB background [U] +0.82 +5.2 +14/3.6
Total additive (events) s e T/
Total errors [B(1079)]
" +0.26 +0.93 +1.6 /40.40
Total Additive —0.21 —0.64 062/ 020
+0.30 +0.94 +1.6 /40.40
Uncorrelated ~0.25 —0.65 T0.62/ 2020
Correlated +0.26 +0.22 +0.03/0.01
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Systematics— BT — n'K*/p

Kt K*t

i / / /
Quantlty 777771'71' KO+ 77pfy KO+ 777771'77

* - / *+ / +
KK—i—ﬂ.O npnyK+7rO 77777771':0

Multiplicative errors (%)

Track multiplicity [C] 1.0 1.0 1.0 1.0 1.0
Tracking efficiency [C] 5.9% 6.1* 3.9 4.1 4.0
70y~ 17y eff [C] 3.0 1.8 6.0 4.8 6.0
Number BB [C] 1.1 1.1 1.1 1.1 1.1
cos O [C] 0.5 1.3 0.5 1.3 0.5
Branching fractions [U] 3.4 3.4 3.4 3.4 3.4
MC statistics [U] 0.6 0.6 0.8 0.9 0.7
Total multiplicative (%) 7.6 7.5 8.1 7.5 8.2
Additive errors (events)
Signal model [U] +0.35 +1.1 +0.13 +1.6 +1.6
Fit bias [U] +0.45 +1.5 +0.54 +1.3 +6.8
BB background [U] +0.2 +1.9 +0.3 +17 +20
Total additive (events) o0 =7 e 7 2l
Total errors [B(1079)]
" 0.36 1.1 0.45 9.4 3.8
Total Additive o34 o7 040 88 T3
0.42 1.1 0.46 9.4 3.8
Uncorrelated 0140 "o ol Togs 3

Correlated +0.42 +0.31 +0.27 +0.19 +0.5
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Comparison to predictions

Central values agree well with QCD factorisation predictions
Also agree with SU(3) numbers

As expected BY — n/p is probably very small

© o o o

New upper limit for BY — »/ fo(— 77 ™)

Decay mode  Theoretical predictions Experimental results

SU(3) flavour QCD fact. HFAG BaBar Belle New results
B — n/ K*0 3.000% 39727 <76 <76 <20 3871700 450)
Bt — p/ K*+ 287035 51700 <14 <14 <90 49712708 (3.60) < 7.9
BY — g/ p0 0.0710 02 0.017002 <43 <43 <14 0472700 (0.30) < 3.7
Bt — n/pt 49797 63730 <22 <22 - 68732797 (230) < 14

BY — 1/ fo(— nt77) - - —  0.1796%99 (0.20) < 2.0
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Conclusions

® Measurement of ' K** and evidence for n/ K*+
® New upper limits for B — /o’ and BT — »/p™
® Level of B — 'K enhancementwrt. B — n'K*

Decay mode B(107Y)

1 1
B - g/ K*  38tH 100 (456) BO—pK* 187+ 1.7
K™ pr it 40719408 (360) Bt — K™t 24.3%59
. BY - /K%  63.2+3.3 B —npK% <19

BT — KTt 694+27 BT —nK* 2540.3
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