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I Rare decays, new physics

» Rare decay W MY
» Loop sensitive to new N S S
physics/constrains the SM e s

9 Large theOry uncertainties Leading Feynman diagram

Ali, Lunghi, (04) | Bosch, ('02) Ali, (02)
Calculations Parkhomenko Buchalla Parkhomenko
B(BY — p0+)(x10~9) 0.66 + 0.20 0.7679 55 | 0.49 & 0.18(th) 4 0.04(ex)
B(BT — pt~)(x1076) 1.35 + 0.42 1.587052 | 0.90 + 0.33(th) £ 0.10(ex)
\Via/Vis| Limit from AMp,/AMp, < 0.25

|



I \Via/ Visl.and the unitarity triangle

#» CKM matrix unitarity a) A
V.V ViaVi
VuaVip + VeaVay + ViaVig, = 0 ‘ by ;
# Graphically represented by ’ Vede ’
unitarity triangle SR
» |V,;/Vis| from ratio of penguin
branching fractions A@\N
# Independent of mass splitting c¢=eo B=ao

AMp,/AMp, measurement

2 1—m2/M2 \"
(1_m%<*/M%> ¢*[1 + AR] I

(BT — py)
(BT — K*ty)

Vid
Vis




I Current Measurements

Value BaBar 2004 (this) (211 x 10° BB) Belle 2005 (386 x 10° BB)
B(BY — p°v) <0.4x 1076 (1.1710:5°1008) x 1076
B(BT — pT+) <1.8x107° <1.3x107°
B(B° — wy) <1.0x 1076 <1.1x107°
B(B — (p/w)V) <1.2x107° (13570731 Toi10) X 107
[Via/Vis| < 0.190 | 0.20077 035 (exp) 1) 0ag (theo)

» Combined BF reduces exp. uncertainty

B(B — (p.w)y) = & - (BB — p*9) + 25 (B(B® = o) + B(B® = wy)

TBO

(Isospin symmetry = I'(BY — p%v) = T(B% — wy) = sT(BT — ptv))

|



I PEP-11 B meson factory

SLAC/LBL/LLNL
SLAC-Based B Factory:
PEP-I1 and BABAR

Eloclrons %

nnnnnnnn

PEP-II [
Rinps : - i
it o :
. J High Enerpy Ring P d
(upgrade of existing ring) i
oth Rings Housed in Current PEP Tunnel

Flgure 2. 1 lllustration of SLAC and PEP |l




B production at PEP-11

» Asymmetric e~ e™ collisions =

boosted CM f
Lab Frame ose ame
» 10.58 GeV CM energy-the 1'(45)

resonance

Prob(TY(4S) — BB) ~ 1

9.0 GeV

mp = 5.279GeV = B’s are almost
at rest in CM frame

&P Production cross-section
o(ete™ — bb) = 1.09nb

2z

® Luminosity is usually quoted in fb—1 :
1fb~! ~ 1.09 x 10® BB pairs.



BsBsr detector diagram
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I Detector summary (I)

» Cylindrical coaxial array of specialized
subdetectors

» Boosted CMS: Asymmetric, higher
component density in the forward direction in
the lab frame.

o SVT: Silicon Vertex Tracker

® Precise position information for charged tracks

» Sole tracking device for very low momentum charged particles

|

» Position resolution ~ 30 um



Detector summary (1)

o DCH: Drift Chamber

$» Main momentum measurement for charged particles
® dJdFE/dx part of PID system

#® Estimated tracking efficiency: ~ 87% (GTL) (~ 99% within acceptance)

#» Very small charge asymmetry in tracking efficiency: e™ — e~ = 0.24%

» Tracking performance

» Kalman filter track parameter estimates

» Resolution of POCA to z axis

Ody = 23 pm, oz, = 29 pm

» Parameterized momentum resolution

op, /Pt = (0.13 4 0.01)% - pt + (0.45 £ 0.03)%



I Detector summary (111)

» DIRC: Detector of Internally Reflected
Cherenkov light

$» Designed and optimized for charged hadron PID
® B — K*04 relies heavily on the DIRC for K+ selection

® 4.20 w— K separation for 3 GeV tracks

» EMC: Cesium lodide Electromagnetic
Calorimeter

®» Calorimeter acceptance: —0.74 < cos 0. 151, < 0.93

# Photon energy resolution o & 2.3% at signal energies

» Superconducting coil: 1.5 T solonoid
magnetic field.

# |IFR: Instrumented Flux Return: muon ID I



I Analysis strategy

» Explicitely reconstruct B decays
® BT — pTy(pt — ntx0)
® B — py(p° = 7t7n7)

® B - wy(w— rtr 70

» High energy ~ signature
» 7 PID and K7 rejection
# Neural network and Fisher discriminant for

further background discrimination

» Likelihood fit to measure signal yield



I Sources of backgrounds

» Continuum with high energy ~

#» Dominant background
#» |Initial State Radiation ~
Asymmetric 7° /n decays
Suppressed with event shape variables

r
»

» B — Ky
® B(BT — K*Ty) = (38.7 & 2.8(stat.) = 2.6(syst.)) x 1079,

B(B? — K*97) = (39.2 £ 2.0(stat.) &+ 2.4(syst.)) x 1076
® Decays very similar to signal

» B — (p/w)(7’/n)
» Other B decays with high energy ~

s Mostly from B — X,y I



Selection variables

# Basic sufficiency and quality

criteria |
#» Event shape variables

# Discriminate against jet-like continuum

®» Event shape moments, photon-thrust axis
angle

# Standard BABAR B-Tagging

» Characterize classes of B decays

#® Also discriminate B decays from continuum
® Physics signatures

# Discriminate signal from other B decays

®» Decay angle signatures of Vector — 2
Pseudoscalar transitions

]
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I Neural networks

#» Nonlinear combination of
iInput variables

#» Information is distributed in
weighted connections

» Optimally treats correlations
among input variables

# Trained with Monte Carlo
simulated data

#» Output: 0 (bkgrnd) to 1 (sig)

|

Output Node

//l\

Hidden Nodes ‘

il @ @
E‘?o—u» 3 .g'—h =
E <

Xo X1 X2 X3
o @ @ @ @



I Continuum discrimination

25000~ [JptyMC L
300007 —o— Offpeak Data i
® NN output used as SR ot i |

Ikelihood fit variable
®» Loose cut on neural

network output B N
e NN(BO N PO’V) > 0.6 0 0.2 04 0.6 NNog 1
®» NN(BT — pTy) > 0.6 vipd!

® NN(B® — wy) > 0.65 S | ey f
5 0.15- iKn/z() |
» Event shape variables S . = Combnatoric T | [T%
c . T
similar for all true B de- & | [
0.05 4. Ll ! e
Ca'yS -‘T i L i _-:l‘:- -‘1:} | | .
0.6 0.7 0.8 0.9 1
NN Output I



I Fisher discriminant

0000 ]p*yMC -
8 8000;"‘ Offpeak Data

— Cont'er{JD_!'L’;‘;‘Q[':O¢
i L
*

#» Linear combination of
discriminating variables

# Used in likelihood fit 050 s

#» Signal shape variables

» |cos(Og)

» |cos(0p)

Events/0.050000

s |cos(0p)| (BY — wv)




I Suppressing B — K*~

» Peaks in signal region

» Misidentified charged Kaonin B — K*v

» Pion PID : pion likelinood selector
veryTight (all modes)

» Optimized m,, cut

» Discriminate with AE* and Fisher in fit

» Shared final state in B — w~
s From B — K*~ K*V — KSWO, KQ — T
s Vertex m ™

» Veto flight distance > 0.3cm (B — w~ only) I



I Suppressing B — (p/w)(7"/n)

» Helicity angle cut:
cos Op| < 0.75

» Physics variable
differences — | AN
Fisher discriminant T 05 0T 05
differences —_—

» AL differences

» Distributions for
B — p’y

# triangles: p'n 0302 01 0 orords

® squares: pO7rY AE (GeV) I




I Likelihood fits

» Set of discriminating variables ¥ (mgg, AE*,
neural network, Fisher)

» Parameterized PDF of data over variables
» Weighted sum of PDFs of classes of events
» Floating parameters a estimated in fit

#» Maximize likelihood function over data

Nclass Ncand Nclass
c@,a) =exp|— > n|-| [ | D nPil@;a)
=1 71=1 =1




I PDFEs for B — pv, B — wy

Five component PDFs:

» Signal

» Continuum q% Over four variables:
» B — (p/w)(n’/n) .

» Other B decays with LS

high energy ~ ALT

o
(B— X)) (B—py *® Neural Network
modes)s » Fisher Discriminant

modes)

|



PDEs for B — p'~v: mpg

Continuum K™y
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PDFEs for B° — p’v: AE*

Events / (0.015)

Events / (0.015)

Continuum

—
P2, = 1435100 |

=-1.288+0.16

P1dellaE(l) =
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|
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1000

Events / (0.01)

500

1500+

M Gevyin) = 3 :
<AE’ (GeV)(1)> = -0.006870 + 0.00066
OaE (Gev)(1)

Oy (GeV)(1)
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PDFEs for B — p"~v: neural network

Continuum K™y
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PDFEs for B" — p"~: Fisher

. X
Continuum K™y

— o) 30_‘ T T T T ]
S 1 T | ]
S 200+ - )
pu 2007 1 ] S Lo |
l‘; 150+ — P ] WL |
c i ) c
§ 100 . g )
& - i} ] 1] 0
S0 ) = —_ . L ]
I i I.D i — | |
—% ‘ | g 1200 ] =53 0 05
05 0 0.5 S 0000 1 Fishor
Fisher 3 L |
-~ 8007 B o) C T T T ]
—_ C T T T ] 7 L 4 0
0 1 € 600k 1 g 200- .
80 g 600 | g 7
s L 9 {3 400~ 1 2
S W 1 2150 -
= 60" . 200 1T ]
2 40 ] 0 £ 100- -
2 i 1 Fisher 5 50; ]
W20 - O ]
| | - O L 1 1 &
0 0 05 S g | 05 0 05
0.5 0 05 | ﬂa Fishor
Fisher



I Projection plots of results: B’ — p'-
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Projection plots of results: B
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I Projection plots of results: B’ — w~
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Systematic uncertainties: B — (”

W

BY — pOy BT — pty BY — wy
Description factor error factor error factor error
Number of B events 1.000 0.011 1.000 0.011 1.000 0.011
Tracking eff. 0.988 0.016 0.996 0.008 0.986 0.016
PID 1.000 0.020 1.000 0.020 1.000 0.020
Photon(w? /) eff. 1.000 0.030 0.971 0.060 0.966 0.060
70, n veto 1.000 0.010 1.000 0.010 1.000 0.010
Photon isolation cut 1.000 0.020 1.000 0.020 1.000 0.020
My (x) Mass cut 1.000 0.000 1.000 0.000 1.000 0.000
Neural net 1.000 0.046 1.000 0.018 1.000 0.046
MC statistics/bias 1.000 0.102 1.000 0.081 1.000 0.054
Total multiplicative 0.988 0.121 0.967 0.108 0.952 0.100
fit bias/systematic 0.0 i 0.0 o -1.05 e

)Y



I Individual BF measurements

B(+stat. == sys.) | 90%C.L. UL
Description NSig fit sys. € (x1079) (x1079)
BO — p0~ 03772 | 17 | 0.15840.019 | 0.011)2210-90 0.36
Bt — pty | 25.67152 221 0.13240.014 | 09279251013 1.76
B° — wy 8.315¢ | Tl | 0.086+0.009 | 0.46%7 3527095 0.97

# Significance evaluated by analyzing likelihood function
s BT — pT~:1.90 significance
» B — wy: 1.50 significance

# No individual mode meets the 3o significance criteria I
for claiming evidence of b — d~



Combined B(B — (p,w)7y)

» Simultaneous fit to all 3 modes
» Assume isospin relationship

I'(B? — p’y) =T(B” — wy) =0.5-T(B" — pTy)

» Measure combined average B

BB — (p,w)y) = % AB(BT = pty) + 2B [B(B® — p°4) + B(B® — wy)]}

TBO

= B(BT —p)

» Fit for effective number of BT — p*~ decays

Nett =2+ Npg - B(B — (p,w)7) I



I Projection plots of results: combine
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I Calculation of |V;;/ V|

# Relation

B(BT — pty)

BBt — K*tr)

Vid
Vis

2 1 — m?)/M%
1 —m?7. /M3

3
) ¢?[14+ AR] (1.6)

» Experimental mean BF ratio

B(B — (p/w)y)  (0.64+£0.34) x 10~°
B(B — K*v)  (3.930 +0.262) x 10—5

= 0.0163 £ 0.0087

» Uncertain theoretical terms
¢ =0.85+£0.10, AR =0.10 £0.10

P || =0.142 £ 0.038(exp) £ 0.017(¢) £ 0.006(AR)
» 90% CL UL: “;’id

< 0.195 (< 0.190 w/only oexp) I



N

0.8

0.5

04 L

Rl

exdudec areg has CGL <005 |
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I A A T e

02 0 02 04 0.6 0.8 1

inner: (¢, AR) = (0.85,0.10); outer: (0.75,0.10) I

02 November 2005, Syracuse University — p.34/49

=l



Summary of results: B — (p, w)y

Measurements

Value BaBar 2004 (this) (211 x 10% BB) Belle 2005 (386 x 10° BB)
B(BY — pOv) <0.4x 1076 (1.1710:5°1008) x 1076
B(Bt — pt7y) <1.8x10°° <1.3x10°°
B(B° — wv) <1.0x107° <1.1x10°°
B(B — (p/w)V) <1.2x107° (13570731 Toi10) x 107
Via/Vis| < 0.190 | 0.2007905¢2 (exp) o oo (theo)

Theoretical calculations

Calculations

B(B® — pPv)(x1079)
B(B+ — p+’y)(X10_6)
|th/vts|

0.66 == 0.20
1.35 £0.42

Limit from

+0.26
0-76_0.23

+0.53
1.58_0.46

AMp,/AMp,

0.49 + 0.18(th) £ 0.04(ex)
0.90 =+ 0.33(th) £ 0.10(ex)

< 0.25




I Immediate future

» Still seeking first BABAR observation of B — pvy

» Examination of possible disagreement with
Belle’s recent observations

» Direct determination of |V,;/V;s| with improved
B — py measurements

le ] R SRt p, ®7y (combined)
® BaBar’04, 191 fb"
p+Y ® Belle '05, 349 b
[ ]Alietal
0 hep-ph/0405075
p 'y pP-p

[ ] Boschetal.
hep-ph/0106081
| OJ'Y A R R x 10°®
2 3 4 5

Branching Fraction



Event shape: O

Signal event Jet event

Y w21

H Signal Monte Carlo
0.1 -
H qq Continuum Monte Carlo
K e 0.08—
et B
L Continuum: jet-like
0.06
0.04
Y(4S) rest fl‘ame Signal: uncorrelated
Thrust Axis 0.02
Unit vectort minimizing Zﬁ . _;;i|
Exclude reconstructed signal B components -1

Calculate t for remainder of event

-

cosO;=te P

Signal: B decay independtle:ytlly, uncorrelated D i St ri bu ti O n S fo r B O — K *O /y

rt of jet. hightl rrel




I Event shape: Fox-Wolfram moment

» Event shape moments

® p; ;: particle momenta Re=>_; |pEi|2|?j| Py(cosb;;)
9 Qij: ]5;'— ﬁj opening angle
®» P, the Legendre polynomials Background: Initial State Radi?StLo;l
® [, total visible event energy _ J/ +
’ RO — 1, Rl — O CM Frame ‘\ K’ from jet
» Ry normalization — —
: o T
o Jets: ng ~ 1, RQ}C—H ~ () o |
o

R> whole event, CMS: 2
jet PO, S
» R/ evaluated in s, recoil  piyibutions for B9 — &0+

frame: ISR I

& © 2 & n o

o G 2 o N o 5

S EO T T[T T[T T[T ITT T TTIT[TTTT] IE
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Event shape: L-moments

L I I

Characterize event shape
Defined w.r.t. an axis a

Four moments used:

{L2(vB), L1(t"), L2(t"), L3 (")}

Neural network input in B — py and
BY — wy

Provide as much continuum discrim-
inating power as 18 energy cones
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I Physics: Az

Lab Frame

,B@"y » Lab frame displacement
L between signal
"I~ candidate vertex and
: ROE vertex
g [Clsemanc 1 » Continuum: vertices
g”lio‘f’;;l‘i“élﬁ should nearly coincide
o i;J » BB events: vertices sep-
Cod TR T T arated by boost

BY — p%y Monte Carlo I



Physics: cos Op, cosOy
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I Physics: cos Op

» Dalitz angle of w for

[ ]signaimc _

S 0.05-
§0.04 —e— Continuum MC BO — WY mOde
20.03 3 ﬂoea? R Angle In mtr rest
& 002 * frame between 7+
0.01 * and 7w’ momenta
1 . ’ . coseD1 9 sin2 @D by simulta-
Figure 5.13: Distribution of Neous Isospin  and

angular momentum
conservation

|

cos ©p for BY — wr



I ROE flavor information

» Standard BABAR B-Tagging
» Set of variables characterizing classes of B
decays
» Developed to discriminate B" and B’

» Also effective at discriminating true B
decays from continuum

|



Neural network inputs

Modes Variables Configuration

| cos(©7)|, Ry, La(7), L1, L2, L3, |Az|,
BY — o0~ e-tag, p-tag, mg-tag, K-wg-tag, PF‘naX—’[ag, 14:5:1
Num. of Kaons, kaon Pﬁwax
| cos(©71)|, RS, L2(v), L1, L2, L3,

BT — pty e-tag, p-tag, ms-tag, K-ms-tag, Prygx-tag, 13:6:1

Num. of Kaons, kaon Pr*nax

| cos(©7)|, Ry, La(7y), L1, L2, L3, |Az|,
B — wry e-tag, p-tag, mg-tag, K-wg-tag, PF‘naX—’[ag, 14:5:1

Num. of Kaons, kaon Pﬁwax

Table 1: Neural net configurations



Continuum discriminant

oo e e P Applied after event v quality control, signal
T reconstruction, and PID

emien] *1 @ | jkelihood fit variable for B — py and B — w~
» Optimize a cut for B — K*~:

100

0.08[r —300
® Maximize significance

0.02

% o1 02 03 04 05 06 07 08 09 1 S S B
NN Output
LB e e o L R B LA B e 2

§ oo # S signal yield in 82fb~1

g ® B background yield in 82fb~! in mpg—AE*
oo : signal box
pur > Traing - ® Optimized value: nnoy: > 0.425719
O e e e & Signal acceptance: 0.825

Selection Eff

& Background rejection: 0.805



I Fisher discriminant

» Linear combination of discriminating
variables x

» Maximize distance d between populations

(@- (i1 — fl2))’
Z@',j a;Vija,

® a: coefficients of & defining discriminant

d —

®» i1, ji2: population means of ¥

#® V;;: joint covariance matrix of & over populations

» Used in likelihood fit for B — py and B’ — w~

|



Estimated background levels (200 1}

Mode BY — p94(200fb~1) || BT — pt(200fb~1) || B? — w~(200fb~1)
fit reg signal reg fit reg signal reg fit reg signal reg
Signal Eff 16.0% 13.7% 9.0%
Signal Yield 16.8 15.640.2 28.7 25.340.2 9.5 8.540.1
B — K*~ 11.4 9.240.6 4.4 3.0+0.3 5.0 1.640.2
B — (p/w)w%| 1.60 1.2040.02 7.0 4.740.1 0.50 | 0.35+0.03
B — (p/w)n || 0.99 0.58+0.02 6.5 3.54+0.2 2.2 1.340.1
Sum 2.59 1.7740.03 13.5 8.240.2 2.7 1.740.1
other BY BO 33.3 8.64+2.2 74.7 16.6+3.0 11.5 1.7£1.0
otherBT B~ || 43.2 3.5+2.0 95.6 19.844.8 14.0 1.241.2
Sum 76.5 12.143.0 170.3 36.5+5.7 25.5 2.84+1.5
Continuum 4025 300+£61 7050 400+£70 1763 175446




I PDFEs for B — pv, B — wy

Floated parameters

Ngig

Neontinuum

Ny s (Only for B — py modes)
Continuum Argus &, cont
Continuum Polynomial P1ag+ cont

® © o o o @

Continuum Polynomial P2a g+ cont

|



I Combined results B(B — (p,w)7y) (11

» Individual mode yields related by
X 4 Nsig(B+ —>P+'Y) :Neff'€<B+ —>P+'Y)
® Niig(B® — p%) = 0.5-E% N - €(B — p07)

Tr0
; Nt - €(BY — w)

9 Nsig(BO — ww) = 0.5

T

» Results

Ngg(pTvy) = 3557155 (25.67137)
Neg = 2697150 = Ngg(p%y) = 19.8%35 (0.3%77)
Nyg(wy) = 10.8%53L (8.3+37)

|
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