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Exclusive b 2 s Il (B 2 K* II)

Flavor Changing Neutral Current (FCNC)
Forbidden at tree level in Standard Model (SM)
Loop-induced FCNC is possible

Radiative and Electroweak penguin B decays are
sensitive to physics beyond the SM

B.F and lepton flavor ratio(Ry-)

K* longitudinal polarization(F,) and
lepton forward-backward asymmetry(AFB)
Isospin asymmetry(A))
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Wilson coefficients and B - K*|*I-

¢ Wilson coefficients

o . from electromagnetic penguin diagram

(size is determined from b = s vy, but sign is from b = s |*I)
Co : from vector electroweak

Cio : from axial vector electroweak

Differential branching fraction (B.F.) and
Forward-backward asymmetry (Acg) in B > K'I*I-

% o ~9E[C,CVA + M C.Co(VT, - (1-1) + AT, (1+- )]

dq Mg

B.F.,, A, F, ... can be interpreted in terms of Wilson
coefficients
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KOI*I- Branching Fractions

1

65/M BB s 383M BB
PRL 103, 171801 (2009) PR D73, 092001 (2009)

BB — K*H7) = (10.7 16 £0.9) x 1077 BB — K*(t07) = (78772 £1.1) x 1077
B(B— K{T4™)=(4.8705+03)x1077 B(B— Kt47)=(344+0.7+0.2) x 107"

. 1

5 o @ Kil

= aall l} 0.7}

o B el

—  0.& | A< Q.5

T ol '_IH‘"M_

% == . T T —

T 02 Lol

o 4] 0.1

l_'\g Uﬁ I'III 1 | 1 | | 1

o ® KNl

E 0.3l f& 0.7

T ooz el

2 = 1o 05

% 01 mﬂ.ql_uu_lu}uu_luu

= osf J
Y0 25 5 75 10 125 15 175 20 225 25 %ﬁ-
':l'E.':GE"I'IE-"':E] .D_ ] L L 1 L L L L L
- : J/1) (1) veto regions T2 9 8 Sovuy t1em@®
—— : SM expectation w/ min. & max. form factors Lines are SM predictions w/ various form
from[Ali et al. PRD 66, 034002 (2002)] factor models.

March 10, La Thuile Bondar A. EW Rare Decays 6



F. and Agg for K7l | CY
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Apg(B>K™pp)

: K* polarization Apg: FB asymmetry
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B> X Il analysis D

/O
“Semi-inclusive” reconstruction : sum of 36 exclusive modes

X: charged K /KO + = 4 (=1 =), Il: e*e” /u*tu

-1+1- 0 0 |+]|-
BO>K*+m|*| BO—>KO, I+ s p ~
- - 0 0]+]- .
K*m 0+l KO w0l /
Kte e+l KOm*m I+l ,"E)\ I
-1 | — !
K+ mnrOl |- KO m-mll* 1 B : d’lXS
OS ‘\_,' \\I )
+ - | 4| -
KOnm+mm*ml* + charge ¢
B+>K*I*I- onjugate
+ 0 +|+]-
K+ 0]+ B*>KO |+
0 ++0]+]-
KO bt |+ ~60% coverage
Ktr+mmll+l- s of all X, state
KOt m+mOl+|-
ot =t |+ |-
Kl ° ~80% coverage

assuming K =K¢

Compared to the exclusive analysis (B>KOIl),
inclusive mode is theoretically clean, but experimentally hard.




B-> X Il analysis

« Opposite sign C; would enhance branching fraction of B — X ¢/

. inti ' (*)
’==3 657M BB Modest form fa'ctor uncertalnnes' relative tp K\ 00
bmt Preliminary « Belle update with sum-of-exclusive technique,

X.=K+nr,n=0-4

© 200  Belle Preliminary 2 140 % Belle Preliminary
o C = r
S 180 {* S 120F %
S 160 + e
S ol a 1m:5
£ 120 S 8oL
o 100E @ gof
80K C
60F 40L
405 ;
205 20 A
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M, (GeVic?) M, . (GeVic?)
My < 2 GeV 19, significance 1 GeV< My, < 2 GeVis significance

Large backgrounds:
Combinatorial from continuum & semileptonic B decays
Leakage after J/i and 7/ vetoes, mis-id in X_ 7" 7, other 1 states, X, lv
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B-=X_l Branching Ratio

— 6 (10 prelirPirgla?mn-s
x [ =3 u
E' 5 F y gﬂ.ﬁ g fl flog-scale)
= Z e E1;
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T 0.1
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65/M BB
Preliminary
_ +0.19 —6
B(B — X.0) = (3.33 £0.8019:19) x 10

*Total branching fraction is for g2 > 0.2 (GeV/c2)? &

extrapolated to entire M, region

Standard model prediction [Ali et al. PRD 66, 034002 (2002)]:

Bsm(B — X 00) = (4.24+0.7) x 107°

March 10, La Thuile

Bondar A. EW Rare Decays

BB — X ¢7)

f alél ¢ HFAG
FIE August 2009
it —— Bzlls
- R — Pocpuos
- Kptp —— Mow Ava.
& Ko'e
- FiE
e gt - +0.76 —0
e 15.00 ;oo
— 4 A
— R*cc
—g= Kt /
——— T
SETE
i‘ arte
0o T
Branching Ratio x 10€
11

0.0



/O

BELLE

|C,|: determined from B>X.y

Xsll Branching fraction
)

3.33 + - 0."80 +0'19_0.24;.

preliminar

y0.0 ' '

-
o

b—=sl*17) [1077]

Xsll Branching fraction for M(I*))?= 1-6(GeV/c—
4 SM(1.57 +- 0.16)

1.60 +- 0.51 @, I
World Average (2005)

4
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0.0
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7

0.96 +- 0.20+013 IRl C. sign flipped case
Belle 604fb Is unlikely
eliminar | R | 40 x10°

Theory calculations(NNLO): Gambino(2005) 12
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Searches for B-=Kvv

* Previous best upper limits (90% CL):
BaBar, semileptonic tagging:

351M BB

B(B* > K"'vww)<4.5x107° @? arXiv: 0911.1988

Belle, using full hadronic reconstruction of one B:

B(B* > K*vv)<1.4x10°°

: 535M BB
i

ezrral PRL 99, 221802 (2007)

B(B’ - K1) <16x10°°

SM prediction:

Br(Kvv)=(4.5+-0.7)10® W.Altmannshofer, A.Buras et a/ JHEP 0904, 022 (2009)
Br(Kvv)=(3.8+12 ,)10®¢ G.Buchalla, G.Hiller and G.Isidori PRD 63,014015 (2000)
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B->Kvv with Semileptonic Tagging

 Method:

— Tag one B using D™ ¢#v (~1% efficiency)
— Look for a lone K (K, plots shown, K* in backup)
— Multivariate technique (bagged decision tree) to select events

v  [Narsky, arXiv: phy3|csz’050715?v1(2004g
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Bramablns Eeastlam Eranching Fracticn
March 10, La Thuile Bondar A. EW Rare Decays 14



b > sy

B.F. of inclusive b 2 sy
Xs mass distribution
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Photon candidates/{0.05 GeV)

Inclusive b->sy 657M BB
_ , =2l PRL 103, 241801 (2009)
» Fully inclusive measurement (only 2 . v
the ¥ w/ E™>14 GeVis 1.26 GeV < E < 2.20 GeV 2T T —

reconstructed): \L{
— Divided into two streams: 4 g

« MAIN - without lepton tag
« LT —w/ lepton tag, reduces qq background

— A data sample of 68 fb! taken below Y(4S) is used to subtract
e* e~ — qq backgrounds from 605 fb-! on-resonance sample.

10°
Left: photon energy o
=T Pho ; 7

(L M distributions in data for on Other decays
. - Beam bkgd
[ ... | resonance, off resonance, Mis-ID

10°E "= . Mis-ID hadron
: and continuum subtracted Signal

m}? on res. - data ' ~ samples. ..:'“ﬁ:

107 lod off ! Right: photon energy phadetat
- scaled off res. - data .
- signal / background 10 _

1']. . . . T ‘o L e
- subtracted distributions. 7 and n 1 1
s 2 25 s Tas e backgrounds dominate L L I 3.5

ES™* (GeV) E-™ [GeV]
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Inclusive b->sy

<——> : control regions (no yield expected) ARRRRARS REns RRASRALE MRS B

”""?‘ HH:LI n-tagge d‘:

4 = -l
= i | Ir
2 20000]: JIH "
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g Il | :
- allr) =" PR e
E 0 - L :*'.1 a = LIT
<3000
— 5
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* Untagged and tagged spectra are oo

combined:

30000} iﬂ H -

S S

20000 H } =
% 10000 1 } { } : —
T B ¥
3_1 0ooon daverage —E

20000} | 1

| 1-1 1 11 1 I I | I 1 1 1 I 11 1 I 1 1 13
14 18 18 2 22 24 26 28
ES™ [GeV]

— Corrected for selection efficiency.

— Including statistical correlations
between tagged/untagged spectra.

657M BB

B(B — Xv) = (3.45+0.15+0.40) x 1074

March 10, La Thuile

PRL 103, 241801 (2009) 1.7 GeV < F. < 2.8 CeV
: ~ .
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Inclusive b->sy

ETmin
Clea incl {01) H. ._H 206Gel”
657/M BB
PRL 103!‘ 241801 (2009) Belle semi-incl (01) I I —_—— } | 22Gel
B(B — XS'F]/) — (3.45 :l: 0-15 :l: 0-40) X 10_4 BaBar semi-inct {05) } I_._I_ I 1.9 Gel”
1.7 GeV < E, < 2.8 GeV
BaBar incl (06) I_I_. } | L96Gel”
aBar had. ta S— 9 Gel’
Consistent with NNLO SM calculations futlarfad tes @0 TH ¢ H 2o
[Misiak et al., PRL 98, 022002 (2007)]:
Belle incl (09) | |_._|_| 1.7 Gel’
Bsy (B — Xsv; By > 1.6GeV) =
(315 :I: 023) X 10_4 Naive average I 57024

|
3 35 4 45 35
Briilo’
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Inclusive b 2 sy

CLEO [9.1 b
PRL87,251807(2001)

BaBar [81.5 fb
PRD72,052004(2005)

BaBar [81.5 b
PRL98,022002(2007)

BaBar [210 fo}
PRD77,051103 (2008)

Belle [5.8 b7
PLB511,151(2001)

Belle [605 fo
arXiv0804.1580(2008)

HFAG 2008

- = Becher Neubert [PRL98,022003(2
NNLO T =« Misiak et al [PRL98,022002(200

2 3 4
BF(B—X.7) (10%) scaled for EY =16

5
GeV

(3.29+0.53)x10*
(3.35 )% 10
-0.51
(3.9240.57)x10"
(3.91£1.11)x10*
(3.69+0.95)x10™*
(3.37£0.41)x10™

(3.52+0.25)x10"*

D07)]
)

600

soof

&
=

Migs [GeV]
Lid
i
L=

200}

100}

I:"EII 10 20 30 40 50 &0 70
tanf

Ulrich Haisch, arXiv:0805.2141v2 [hep-ph]

HFAG average B.F(B2>XY)g, >1.6 cev = (3.52 £ 0.25) x 10

¢ Agreement with SM (latest NNLO calculation)
¢ Strong constraints on generic 2HDM charged Higgs

March 10, La Thuile
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Conclusion

* Rare EW B decays provide a valuable tool to test
Standard Model predictions.

* Both Belle and BaBar have accumulated a large set
of data with which these decays were studied...

We can look forward to many results using
the entirety of the Belle and BaBar data sets...

...but many modes require significantly improved
statistics:

* LHCDb
» Super B factories
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Introduction Belle II PID
KEKB — SuperKEKB Belle II EM Calorimeter

Belle II Vertexing Summary

New Superconducting /
permanent final focusing
duads near the [P

i

dipoles with shorter
gy B
Redesign the HER ares to
squeeze the emitance.

increasing dynamic aperture:
larger crossing angle
20 = 22 mrad — 83 mrad
smaller asymmetry
35/8 GeV —» 4 /7 Gev
optimizing lattice:
o ~ 400 s —L=8x10% cmZst

(target 600 s)

[Beam Channel]

TiN coated beam pipe with
antechambers
. r.







dBR(XD/dM,,, 2

This range is
sensitive to NP

><10\6 . T.Goto et al. PRD 55 4273 (1997)
% 0-7f prelimijnar 3.0 —
2 J/ ' v
=06 Vv y —  __FFE % = +1. SUGRA | i }
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‘ \
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\ ! ; e
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0 L1 L L I L1 I—.I—-l-l | I | I 1 L1 Iq L1 1 L /
5 10 15 20 25 SM oo
0.0 1.0

M, 2 (GeV/&) o8 10
(st < 2.0 GeV/ CZ) $=Mp, / My pole

MC normalization:

based on the BR _ :
measured in this analysis.  RALWIAR\/(@N=VTol=le =R d[o]oF

M(l*1") distribution is consiste

23



B->Kvv with Semileptonic Tagging

¢ Method:
Tag one B using D(®¢v (—1% efficiency)
Look for a lone K
Multivariate technique (bagged decision tree) to select events
v [Narsky, arX|v:phy3|_¥cs/0507157v1(2(|)g)i4(_§%]dI Regian

------ Signal MC ‘ =

459M BB
Preliminary
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Vv K- 0 0.2 0.4 0.6 08 1 107 0 0.2 0.4 1 10

+ . 0.6 "". .
K" Classifigfrut k! Classifiewput

6 ; :
g 12- Data g | —— Data '
s el —=— Background MC e L —=— Background MC ]
"" —— Signal MC w ; '
= 5 S| {—— SignalMC ~ feq -
o C 2 C
: K* - >
Z 8 z C
= C ) b
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!. . 1_ ................ I S R J' ............. - ‘ —
FPTPERErE—— P F— 1t
f96 0965 097 0975 098 0985 099 0995 1 P P S T B Y T |
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1
BDT Output
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B->Kvv Upper Limits

459M BB
Preliminary

DeC|S|on tree outputs in 5|gnal regi

§ o ——Data .| & [ [—Dau g2 F "~ T——Data
& e Snamc $ _____‘zgfi,kgr:,,“gd L S El A —— Background MC
2 10 N S— g /( 5 —— Signal MC X 10
o C 2 = 5 50[
5 8 § 4 S -E -
g g‘ (S, — % 40
§ o S 3 M
< [ Z L ' 1 g 30
41— 2l :: .................... e A < -
C 1 . I ] 20
2 IS N T e — = I N I 11
; — . '_J__::iﬂ_‘_' for
Pse '0'9'5'5"697'"09?5"(:95"0'9'8'5"u'sé'l';ol'}g_s'gt"ti djzll'—é' e I . =
utpu %4 0985 096 087 098 oggtompu: 075 . 0.8 085 . s O
Total Branching Fraction UL Partial Branching Fraction ULs
+ 0 0 ‘ ‘
CL K K K* & K" |For p*k*)<1.5 GeV/c| For p*(k*)>1.5 GeV/c
- . - = = y = —5
90% L3 » 107 56 x107° | 1.4 x 10~° 3.1 3 107 0.89 x 1077
- . _5 " —5 = -0 —5
95% LG x 10 G.7 5 102 | LY 210 4.6 % 107 L1 % 19~
B ; 4
(=i B* - K* vV, 90% CL < I B, K%v¥,90%CL
¢ I ~— BaBar 351M BB — Belle 535M BB
___ BellentsMBD ~— BaBar 459M BB
] g:g:;::?:la?ﬁ |:| Buchalla et al.
PRD 63 014015(2001) WU T T s i R
0““0.15““‘11““1.15“1‘2““‘2f5l“1113““3.15H“4““4.15“ % 0 0.2 0.4 0.6 0.8 1 1.2 14 1.6

Branching Fraction Branching Fraction

SM Prediction [Buchalla, PRD 63, 014015 (2001)]:  B(B — Kvv)=(3.8";5)x10°
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Inclusive b->sy

Branching fractions, mean and variance of the photon energy for lower thresholds
and systematic uncertainties.

BF(B — X,v) (10™%) (E,) (GeV) AE? = (E2) — (E,)" (GeV?)
EP | [Gev] [170 1.80 1.90 2.00] 1.70 1.80 190 2.00| L 70 1.80 19[} 2.00
Value 3.45 3.36 3.21  3.02(2.282 2.294 2.311 2.334|0.0428 0.0370 0.0302 0.0230

+statistical 0.15 0.13 011 0.10]0.015 0.011 0.009 0.007 [ 0.0047 0.0029 0.0019 0.0014
fgystematic || 0.40 0.25 0.16  0.110.051 0.028 0.015 0.009(0.0202 0.0081 0.0030  0.0016

Systematic Uncertainties

1. Continuum (| 0.26 0.16 0.10  0.07|0.033 0.018 0.009 0.004|0.0111 0.0048 0.0016  0.0005
2. Selection 0.15 0.12 010 0.08 [ 0.016 0.009 0.005 0.002] 0.0089 0.0029 0.0011  0.0004
3. 7/ 007 0.05 0.04  0.02]0.011 0.006 0.003 0.002 0.0068 0.0022 0.0007  0.0003
4. Other B 0.25 0.14 0.06  0.02|0.033 0.017 0.007 0.002 | 0.0121 0.0051 0.0017  0.0004
5. Beam bkgd. || 0.03 0.02 0.02  0.01]0.002 0.001 0.000 0.000]0.0006 0.0003 0.0001  0.0001
6. Unfolding || 0.01 0.01 0.02  0.02]0.006 0.005 0.005 0.004|0.0008 0.0006 0.0005 0.0004
7. Model 0.01 0.01 0.00  0.01]0.002 0.001 0.000 0.001 [ 0.0010 0.0006 0.0004  0.0004
8. Resolution || 0.05 0.03 0.01  0.00] 0007 0,004 0.001 0.000]0.0026 0.0011 0.0004  0.0001

9. v Detection || 0.03 0.02 0.00  0.00] 0005 0,003 0.002 0.001]0.0015 0.0007 0.0002  0.0000
10, B — Xyy ([0.01 0.01 0.01  0.01] 0,000 0.000 0.000 0,000 0.0000 0.0000 0.0000  0.0000
11. Boost 001 0.01 002 0.02) 0.002 0.002 0.004 0.005) 0.0012 0.0005 0.0008  0.00049
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B 2 K*I*l-: Isospin asymmetry

Mikihiko Nakao “Review of Radiative Penguin Measurements” at Rencontres de Moriond EW 2009
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~ 2F :
‘q: - ey "
15F o BaBar ﬂ
1 i_ ‘%‘,ul_-{a}' E* ’L b) &7 ”]
0.5F 1 Lj I
O g-- ----------------------- % _' _IE: P%ﬁ
-0.5 #— 8= i { n el T
- — K11 ¥ ﬁ. crl o1 Ha g
1 — R ww ”’Hﬂrh J
3 Kl S Higsrnrmilly
:]Zl o . l_K||BeIIe % _.{ }Jﬂ‘ﬁl(n
“0 2515 75 10 125 15 175 20 22.5 25 ”m"mﬁ”ﬂ“ S

q (Gev /e’ )
“ In SM, A, is expected to be small

¢ Babar found a large negative A, in the low g2 region

March 10, La Thuile Bondar A. EW Rare Decays 27



