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(d  FCNC: Indirect way to search for new physics
J Polarization puzzle in B>¢$pK*



Polarization in B Decays to Two Vectors

 From Quantum Mechanics
At helicity basis: A = <V,V,| H| B> = Agy + A,, +
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Spin Flip Suppression and Amplitude Hierarchy

( Spin Flip Suppression => Amplitude Hierarchy

Naive SM =>f ~ 1



Polarization Puzzle

HFAG: Rare B Decay Parameters: http://www.slac.stanford.edu/xorg/hfag/rare/index.html

—— CLEO CDF HFAG

—— Belle PDG2004 .
—— BABAR —— New Avg. Aprll 2006
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Selected Theoretical Efforts Beyond Naive SM

d Within SM: new look at the previously neglected contributions

b b B D. . b
S S
s;L +r’4°C

c
- d 8
" D

0 nl

o wnl

Penguin Annihilation(PA) Rescattering(FSl)

Calculations suffer large QCD Uncertainties, essentially no prediction power

J New Physics : Ad Hoc NP-induced contributions

NP physics not clear;
Suffer similar QCD uncertainties;

Nothing conclusive yet!




Four-body Final State Decays Search Window

L 4-body Final State (FS) K*—>Km ¢p—>KK
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Five-body Final State Decays Search Window

L 5-body Final State (FS) K*—=>Kmnm ¢—>KK
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The PEP-II Asymmetric B Factory
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Integrated Luminosity As of 2008/04/11 00:00
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The BaBar Detector

Central Tracking: Silicon Vertex Tracker + Drift Chamber

Particle ID: Cherenkov Detector + dE/dx (SVT, DCH)

e, y Detector: Electro-Magnetic Calorimeter

1 Detector: Magnet Flux Return
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Charged Tracks (e, W, T, K, p)

A

—e 324 —--—I|0I5 -

O Central Tracking

SVT: vertex position + DCH: momentum

1. A track with p; =3 GeV/c

1749 -
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2. A typical B track with
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I I I I I I I 1 I I I
04 (o] GZO —] B . 7]
Multi-Hadron @ Oqgp 20 | Cosmic .
) ) Momentum resolution
Spatial resolution i ¢
0.3 |- — —_
° 2 |
B g 1
£02 - 7 S 10 -
o) © :
b —
(¢]
01— 8 — _
3g 829920005000000 I o(p;)/p; = (0.5+0.1xp;)% _
'.“'ooooo.
O | | r O 1 | 1 | 1 | 1 | 1
1-2001 0 1 2 3 1-2001 4 8

8583A28 Transverse Momentum (GeV/c) 8583A23 Transverse Momentum (GeV/c) 13



PID (Particle Identification)

d SVT/DCH dE/dX, especially for tracks with p;< 700 MeV/c

For pt> 150 MeV/c DIRC measures Cerenkov Radiation Angle 6¢

cos 6c=1/(Bn) = Oc=f(P, m)
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|ldentify the B mesons

O Bsignals ete” — BB %with (K*K)K,(1270)(K*t*rr) FS
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Reconstruct the ¢ and K*

Monte Carlo
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The Angles and Angular Distributions (4body FS)

(J  Four-body Final States (KK)(Km) Parity (-1) spin-J (Kt) resonances
BO->¢ K*(892)°, K*(1430)°(T, S), K*(1680)°, K,*(1780)°, K,*(2045)°

Vector Vector
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Phenomenology Paper Phys. Rev. D. 77, 114025 (2008),
A. Datta, Y. Y. Gao, AV. Gritsan, D. London, M. Nagashima, A. Szynkman "



Angular Measurements in o for Vector-Vector Decays
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The Angles and Angular Distributions (5body FS)

J  Five-body Final States (KK)(Krur)
B*->¢ K,(1270/1400)*, K,(1770/1820)* Parity JP=(-1)**! resonances + K,*(1430)*

Vector Axial-Vector
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R,,: kinematic parameters depending on the K,—(Krrt) spin eigenstates, no on A
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J  cosH,

(  5body FS (K*—=>Krmm)

Ideal Angular Distributions

distributions ( with the vector ¢ meson)

Blue : longitudinal mode f =1

Red : transverse mode f, =0
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CP Asymmetries in B>¢pK*

J Separate BB discrete B flavor observable

Qg =+ 1 for b-quark Qg =-1 for bar-quark

(1 Direct CP-Asymmetries " B
Overall Acp = [ -r — Poig — Toig
++1I- n;g + Ny
+ — 2 A |2
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e A 2 121 2
1 L
CP-Odd Transverse AJ@P = fi fJ; | 7 ‘ |
fi+171
Angular (Phases) CP Asymmetries
CP-Even transverse phase A, A§b|| = %arg(AHAO/AﬂAO)

CP-Odd transverse phase A, A = %arg(ALAO/ALAO) — %
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22,

%‘ﬂ Statistical Method
Estimate a set of parameters in a likelihood fit
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Extended Maximum Likelihood Fit

(J  For each candidate in the final data sample

1. Observables 7; = {mgps, AL, F, mgx, Mgz, 01, 02, Y, Qp)
2. Eventtype j Signal {B - ¢K*..}, Non-Resonant bkg {B->®(Kn), f,K*...}, Continuum

3. Probability Density Function (PDF)s for each event type

Pik(Z;) = Pin(mgs) - Pio(AE) - Pis(F) - Piu(mix) - OpgX
X Phel(mKW7 917 927 (I)7 kaa fJ_ka ¢J_k7 ¢Hk7 50k) X g(eh 927 (I))

4. If B>¢dK* appear in different final states, physics quantities are forced to be the same.

5. Interference between resonances are ignored except for the two K*(1430)

1 The combined Likelihood
N
= exp( ank) H (ank Pik(fj;&))
7j=1 i,k

-2In (L) minimized to obtain yields, angular, CP measurements simultaneously
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Interference Between Two Amplitudes

L Broad Scalar (Krt)* JP (0*) Scattering + resonant
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(  Full angular-mass PDF of Vector-Tensor (A) and Vector-Scalar (B)
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d Interference parameter 6, measured in B J/U (Kmt),*? 6,= 1t




Fit Validation

O Blind Analysis
v Validate the fit in ~ 1000 individual pesudo-MC experiments

v Inconsistency between fitted results and the generated value > systematic uncertainties
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Measurements

Phys. Rev. Lett. 98, 051801(2007)
Phys. Rev. D 76, 051103(2007)
Phys. Rev. Lett. 99, 201802(2007)
Phys. Rev. Lett. 101, 161801 (2008)
Phys. Rev. D 78, 092008 (2008)
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4body FS
B? -> ¢ (K*rr)




B°>¢ (K*r) Branching Fractions
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b (Km),* 158 +22 +13 43+06x04 +0.20+£0.14 £ 0.06
dK*(892)° 500+ 28 +19 9.7+0.5+£0.5 +0.01 £ 0.06 £ 0.03
dK*(1680)° - <3.5 Fixedto O
dK,*(1430)° 158 +20+7 7.5+09+£05 -0.08 £0.12 £ 0.05
dK,*(1780)° - <2.7 Fixed to 0
dK,*(2045)° - <1.7 Fixedto O
¢DO - <2.7 Fixedto O
> ‘ — " T T T T T T T % 20 i T N
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Polarizations and CP: Vector-Vector Decay B°-> $K*(892)

0.494 £0.034 £ 0.013

0.212 £0.032 £ 0.013

2.40+0.13 +0.08

2.35+0.13 £0.09

2.82+0.15+0.09

Adg
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+0.22 £+ 0.12 £ 0.08

+0.21 £ 0.13 £ 0.08

+0.27 £ 0.14 £ 0.08

Events / 0.0625

-2AInL

Polarization puzzle confirmed with better precision
Resolve the phase ambiguity with interference
without interf. (@, @) <=>(2r-@};, T-@ ) : (A,;? A,)
with interf. A,>>A
.v"l(‘);"J""I""I""IO""I T T T .'OU |o(v)'-|v
- PY o . O 0 4
@, oo Lo S5 %,
S I LV
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Polarizations and CP: Vector-Tensor Decay B%- ¢$K*(1430)

f, 0.901(+09% | )+ 0.037
f 0.002(*018 ) +0.031
o (rad) 3.96 + 0.38 + 0.06
¢ (rad)
6,(rad) 3.41+£0.13+0.13
Ace -0.08 + 0.12 + 0.05
AO
©pP -0.05 £ 0.06 + 0.01
Agp
Ag -1.00 + 0.38 + 0.09
A¢
Ado +0.27 £ 0.14 + 0.08

Events / 0.0625
(\9)
()

'O..

cosf, cosB,
L Vector-Tensor Puzzle

Vector-Vector ‘Ao‘ = ‘AJ,‘ >> ‘A_‘

Vector-Tensor UAO‘ o> \/‘A+‘2 +‘A_‘2]

SM'’s favor!

O Interference parameter §,~n
consistent with K*(892)/K*(1430) interference.

[ With interf
No interf.

Events / 0.0625

Q_ |

0 1
cosB, .



4body and 5body FS
Bt -> ¢ (K*n®/Knt/Kimtm)




B*>d(K.rt*)/(K*n®) Branching Fractions

J  Consistent results with B® decay modes

> >
QO [}
= =
e 8 |
@ T e
. 1.1 1.35 1.6
A E (GeV) my, (GeV)
Mode Yields (Kt*)  Yields (K*r°) B.F. (10°%) Acp
d(Krm),* 48+8+4 80+13+8 8.3+1.4+0.8 +0.04+0.15+0.04
dK,*(1430) 271613 381944 8.4+1.841.0 -0.23+0.19+0.06

d  Combining all 3 B* decay channels K t*/K*n®/K*mm

> >
= =
o ‘9. 100 [ + ]
: = b
g 2 50 +++ML 7
IJ>J S = + T * l -
> L
0.99 1.02 1.05 5.25 5.27 5.29
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B*=>¢(K*rt*rt) Branching Fractions

J  Vector—Axial-Vector decay observed

5.0 o significance including systematic uncertainty)

2 3| k1270 + ERIE

= L i [ve)

2 20} | = 20 .
P LI

E 10 § 10 _ +_i
> . L - .
Wt 0 ]

. -0.08 0 0.08
A E (GeV)

Mode Yields B.F. (10°°) Acp
dK,(1270) 116 £ 26 *1>_, 6.1+16+1.1 -0.23+£0.19 £ 0.06
$K,(1400) 7+39+18 <3.2 @ 90% C.L. 0C
$K*(1410) 64 +31%20 <4.8 @ 90% C.L. 0C
dK,*(1430) 64+14+7 8.4+1.8+1.0 -0.2310.19+0.06
dK,(1770) 90 +32+36, <16.0 @ 90% C.L. 0C
dK,(1820) 122 +£40 *%° <23.4 @ 90% C.L. 0C




B*>d(K.rt*)/(K*n®) Polarizations

W
e

Events / 0.1
S
i
I ]
?
|

cosb, coso,

0.00
d  Vector-Tensor B->¢ K*(1430) polarization O-801L0.10 + 0.03

Confirms the Vector-Tensor Polarization Puzzle

‘AO‘ =4, >>‘A_‘

Vector-Vector

Al +|af

Vector-Tensor ‘Ao‘ >> \/

J Due to limited statistics all angular A, fixed to 0
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Polarization in B*=> ¢ (K*t*m)

(O8]
-

14k

- T~
=
10 P e e 1
I S St SCSEEE D h -
- w, -~ - -
"""""" N i P -
Ee~-" e 1 RO Snl —
1 1 1 1 1

Events / 0.1
S
[

+0.12+4-0.06
0.46 —0.13—-0.07

d  Vector—Axial-Vector B->¢K,, polarization

naive SM f =1 => another polarization puzzle!

d Due to limited statistics, all angular A, fixed to O

(J  For all other modes, we don’t observe enough events .
f,=0.8 is chosen as best estimate from SM.

The polarization is varied from (0.5-0.93) to account for systematic uncertainties.
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Summary

d Studied B — ¢K§*) with each K* resonance (0.75-2.15) GeV listed at PDG

)’ | Mode B ->¢ B.F. (106 f,

0* | K,*(1430)° | 4.6 +0.740.6
0* | K,*(1430)* | 7.0 +1.3£0.9

1 K*(892)° | 9.2+0.7%0.6 0.51 +0.04 £ 0.02

1 K*(892)* | 11.2+1.0%0.9 0.49 % 0.05 £ 0.03

1 | K*(1410) <4.8

1 | K*(1680) <3.5

1+ | K,(1270)* | 6.1 £1.6+1.1 | 0.46(*012 . )(+09% )
1+ | K,(1400) <3.2

2+ | K,*(1430)° | 7.8 £1.140.6 | 0.901(*%4 )+ 0.037
2* | K,*(1430)* | 8.4 +1.8+0.9 | 0.80(**% , /) +0.03

2 | K,(1770) <16.0
2 | K,(1820) <23.4
3- | K*(1780)° <2.7
4+ | K*(2045)° <15.3

(J Observed several polarization puzzles that can not be explained in naive SM.
|A,| >> |A] Vector-Vector B-> $pK*(892)

2
Ve | Aol
@Y‘) A V|A,[?+ |A|? Vector-Axial Vector B-> K,
~N
@ |Ay| >> V|A,|?+ |A|? Vector-Tensor B-> $pK*(1430)
N, °

J
0’0

R

>
1

L)

0‘0



b->d Penguin Dominated Process

B.F =(1.2872 +0.11)x10™°

& QU

»|

K*
" K"

[ £, =0.80""1% £ 0.06 ]
f1 (b->d penguin) E= fi (b->s penguin) ?
L penguin * L s penguin <



Charmless B Decay Polarizations

HFAG: Rare B Decay Parameters: http://www.slac.stanford.edu/xorg/hfag/rare/index.html

: OK (1270) HFAG
=== ¢K"" September 2008
—_—— QSK*O
o —
. wK*0
: K*K*0
— — K*¥pt
@
: K*OpO
: |
. oK ;(1430)"
* 0
® K3 (1430)
" K*+p0
e p’p
—— CLEO == prp
—— Belle PDG2008 —e—l_ oip"
—e— BABAR —— New Avg. =1
I I ] ] ) !

0.2

0.4 0.6

0.8

1.0

Longitudinal Polarization Fraction (f.)

1.2



New Physics in the Penguin Loop?

J Scalar Interactions

O SUSY
E ¢, Ko A-As
SL < ==
SR i
St | <t/ = =
= =

K

New physics models cannot explain the puzzle or predict anything until we understand
better the nature of the NP and reduce the QCD uncertainties significantly.
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BACKUP SLIDES



Silicon Vertex Tracker Performance

(J Spatial Resolutions

SVT Hit Resolution vs. Incident Track Angle
E | Layeri-ZView  BABAR |
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. u'
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=

O Low p track particle identification
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dE/dx (a.u)
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0
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d

d

from nominal results with +1 o variation

flAl + 1= Hl4| +Raf(1- f)Re(4,4¢")

¢ K,(1270/1400) Interference Effects

d  Combine two K, using the fraction f of K;(1270) taken

Interference between 3 different channels

Channel K*n K,*(1430) t Kp
K,(1270) | (16%5)% (28+4)% (4216)%
K,(1400) | (94+6)% Not Seen (3%3)%
wf [T \ I S
E o, RED: K(1430)’n

1.2

-

08

0.6

I

Blue: K (892)°n

1.2

-

‘\\\‘\\\‘\\\‘\\\‘\\\‘

0.8

0.6

04

LD a N " am o N ) o
N AR R AR R AR R AR AR RN RRRRR AR

e R dma e S
Magenta: Kp

Blue: K (892)°n

Analytical Integrate the interference term over dalitz-plot a =0.357

J  Generate 1000 MC datasets with phase 6(0,11,0.5m), fit with and without interf.
The largest fit difference of the yields become the dominant systematic error oN

0N(¢Kl(1400))=11.0 (no effect on signf.)

GN(¢K1(1270))=10.3
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B*->K*(1430) (K t*/K*n®/K*it*ir) Joint Fit

J Different FS decays K,*(1430) - Kt /Kno/Kfmrme (Km)* = Kot /KA
Constrain same b.f. and polarization in all FS by combining likelihood in all channels

J Yields in different FS can be related by the relative efficiencies

€ JT* % € §T* % & JTTIT %
n = e (pK) rn = L (@ (Km)o)r; = = (p K5)

gKiJTO gKi;-[O EKJTO

O Directly fit two parameters:

f = Myt)
L T Riow = Nyt + Aysy + Ayyy + Aysy
v+ Ays

“1,2,3” subscripts are for Kgt*,K*n®, and Knum channels respectively

(J Calculate the yields in each final state, and propagate the errors accordingly

@ K5(1430) @(Kr),
ST Niot f1 71 T2 \ ny gL = nVTl(l - fl)
fi (ra—r1) +ri(re +1) " fi
VS
nyTi nysz =
nyry = . T2
1

nyrs = nyr2 X 13
g J

Implementation is further complicated due to combination of VT and VS decays e



Statistical significance due to nuisance parameter

d  Nuisance parameter f, when estimating signf. $K,(1270) /K,*(1430)

With 1(2) dof change assumption

®K,(1270) : 5.50 (5.10)

®K,*(1430) : 6.20 (5.80)

J  Start with no signal and see how often can we get the observed significance
with 62,000 MC datasets, and compare with the statistical expectation

Prob. (signf. >S): TMath::Prob(S*S,n_dof)/2.0

S 1 dof 2 dof. MC (events)

0 50% 50% 57.7%

1 15.9% 30.3% 24.5%

2 2.27% 6.76% 5.10%

3 0.13% 0.56% 0.39%
3.2 0.07% 0.30% 0.21%(77)
3.4 | 0.034% 0.15% 0.12%(39)
3.6 | 0.016% | 0.077% 0.063%(39)
3.8 | 0.007% | 0.037% 0.023%(14)
4.0 | 0.003% | 0.017% 0.010%(6)
5.0 | 2.9e-07 | 1.9e-05 0 events

nK11270nsig htemp

25000

20000

15000

10000

5000

Entries 61991

Mean 0.4034
RMS 0.7491
Underflow 0
Overflow 0
Integral  6.199e+04
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nK11270nsig

Significance Falls between (1, 2) dof

Full test till 5.50 requires 10 million jobs, ~40 days, B->pK*(892) show a similar trend till 50

d  Best Guess ©¢K,(1270) 5.30 $K,*(1430) 6.00
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